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RECOMENDACION UIT-R BT.1885

Técnicas de medicion objetiva de la calidad de video per ceptual
paralaradiodifusiéon detelevision digital de definicion convencional
en presencia de unareferencia de anchura de banda reducida

(2011)

Cometido

Esta Recomendacion describe los métodos de evaluacion objetiva de la calidad de video para la
radiodifusion de television digital de definicion convencional que pueden medir la calidad de video
perceptual en condiciones de recepcion moévil y fija cuando las caracteristicas extraidas de la senal
de video de referencia pueden obtenerse facilmente en el punto de medicion.

La Asamblea de Radiocomunicaciones de la UIT,

considerando

a) que es conveniente tener la capacidad de medir automaticamente las degradaciones de las
senales de radiodifusion de video;

b) que la calidad de video perceptual de la recepcion moévil puede cambiar dindmicamente
dependiendo de las propias condiciones de recepcion;

C) que la medicion objetiva de la calidad de video perceptual puede ser util para complementar
los métodos de evaluacion subjetiva,

d) que se han propuesto al UIT-R tres técnicas de medicion de la calidad de video para la
radiodifusion de television de definicion convencional en presencia de una referencia reducida y se
ha demostrado que dichas técnicas proporcionan resultados equivalentes y coherentes;

e) que las técnicas de medicion objetiva de la calidad de video perceptual para la radiodifusion
de television digital de definicion convencional en presencia de una referencia completa se han
especificado en la Recomendacion UIT-R BT.1683,

recomienda

1 que se utilice cualquiera de los modelos objetivos de calidad de video indicados en el
Anexo 1 para realizar mediciones objetivas de la calidad de video perceptual de la radiodifusion de
television digital de definicidn convencional en presencia de una referencia de anchura de banda
reducida.

1 Introduccion

Esta prueba de RRNR-TV aborda las imagenes definidas en la Recomendacion UIT-R BT.601-6 y
dos tipos de miedos: referencia reducida (RR) y sin referencia (NR). Los modelos RR tienen un
acceso a anchura de banda limitado al video fuente y los modelos NR no tienen acceso al video
fuente.

Los HCR en cada experimento engloban la codificacion unicamente con efectos auxiliares y la
codificacién con errores de transmision. Los esquemas de codificacion examinados fueron el
MPEG-2 y el H.264 (MPEG-4 Parte 10). Los codificadores MPEG-2 funcionaron con velocidades
binarias comprendidas entre 1,0 y 5,5 Mbits/s y los codificadores H.264 con velocidades binarias
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entre 1,0 y 3,98 Mbits/s. Cada experimento incluy6d 12 secuencias de fuente de las cuales dos eran
una fuente secreta. Cada experimento incluia 34 HCR y 156 secuencias de video procesadas (PVS).
De estas PVS, 40 contenian errores de transmisioén y 116 contenian inicamente codificacion.

11 Aplicacion

La presente Recomendacion proporciona unas estimaciones de la calidad de video para las clases de
video TV3 a MM5B, como se definen en la Recomendacion UIT-T P.911, Anexo B. Las
aplicaciones para los modelos de estimacion descritos en esta Recomendacion incluyen, entre otras,
las siguientes:

1) supervision en tiempo real de la calidad potencial del servicio en la fuente;

2) supervision a distancia de la calidad de destino cuando se dispone de canales laterales para
las caracteristicas extraidas de las secuencias del video fuente;

3) medicion de la calidad para supervisar un sistema de almacenamiento o de transmisioén que
utiliza técnicas de compresion y decompresion del video, ya sea una sola vez o mediante
concatenacion de tales técnicas;

4) pruebas en laboratorio de los sistemas de video.

1.2 Limitaciones

Los modelos de estimacion descritos en esta Recomendacion no pueden emplearse para sustituir
completamente a las pruebas subjetivas. Los valores de correlacion entre dos pruebas subjetivas
cuidadosamente disefiadas y ejecutadas (es decir, en dos laboratorios distintos) normalmente caen
en la gama de 0,95 a 0,98. Si se utiliza esta Recomendacion para comparar los distintos codecs,
conviene emplear un método cuantitativo (tal como el descrito en la Recomendacién UIT-T J.149)
para determinar la precision del modelo en ese contexto particular.

Los modelos de esta Recomendacién fueron validados midiendo la calidad de video objetiva que
presenta congelaciones de trama de hasta 2 s.

Los modelos de esta Recomendacioén no se validaron para mediciones objetivas de la calidad de
video con un retardo constantemente creciente (por ejemplo, videos que no descartan tramas
perdidas tras una congelacion de trama).

Cabe sefalar que en el caso de nuevas tecnologias de codificacion y transmision que producen
efectos auxiliares no incluidos en esta evaluacion, los modelos de evaluacion objetiva pueden dar
lugar a resultados erroneos. En ese caso es necesario efectuar una evaluacion subjetiva.

2 Referencias

Las siguientes Recomendaciones del UIT y otras referencias contienen disposiciones que, mediante
su referencia en este texto, constituyen disposiciones de la presente Recomendacion. Al efectuar
esta publicacion, estaban en vigor las ediciones indicadas. Todas las Recomendaciones y otras
referencias son objeto de revisiones por lo que se preconiza que los usuarios de esta
Recomendaciéon investiguen la posibilidad de aplicar las ediciones mdas recientes de las
Recomendaciones y otras referencias citadas a continuacion. Se publica periddicamente una lista de
las Recomendaciones UIT-T actualmente vigentes.

En esta Recomendacion, la referencia a un documento, en tanto que auténomo, no le otorga el rango
de una Recomendacion.
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2.1 Refer encias nor mativas

Recomendacion UIT-R BT.500-12 — Metodologia para la evaluacion subjetiva de la calidad de las imagenes
de television.

Recomendacion UIT-T P.910 (2008) — Métodos de evaluacion subjetiva de la calidad de video para
aplicaciones multimedios.

Recomendacion UIT-T P.911 (1998) — Métodos de evaluacion subjetiva de la calidad audiovisual para
aplicaciones multimedios.

Recomendacion UIT-T J.143 (2000) — Requisitos de usuario para mediciones objetivas de la percepcion de
la calidad video en television digital por cable.

Recomendacion UIT-T J.244 (2008) — Métodos para calibrar la desalineacion constante de los dominios
espacial y temporal con ganancia y desplazamientos constantes.

2.2 Refer encias infor mativas

Recomendacion UIT-T J.149 (1998) — Método para especificar la precision y la calibracion cruzada de
métricas de la calidad de video.

Recomendacion UIT-T J.144 (2001) — Técnicas de medicion objetiva de la percepcion de la calidad video en
television por cable en presencia de una referencia completa.

Recomendacion UIT-T P.931 (1998) — Retardo de las comunicaciones multimedios, sincronizacion y
medicion de la velocidad de tramas.

Recomendacion UIT-T J.148 (2003) — Requisitos para un modelo objetivo de calidad perceptual de los
multimedios.

Recomendacion UIT-T H.261 (1993) — Codec video para servicios audiovisuales a p x 64 kbit/s.
Recomendacion UIT-T H.263 (1996) — Codificacion de video para comunicacion a baja velocidad binaria.

Recomendacion UIT-T H.263 (1998) — Codificacion de video para comunicacion a baja velocidad
binaria (H.263+).

Recomendacion UIT-T H.264 (2003) — Codificacion de video avanzada para los servicios audiovisuales
genéricos.

VGEG - Validacion de los modelos objetivos con referencia reducida y sin referencia para la television de
definicion convencional Fase I, 2009.

3 Definiciones

3.1 Términos definidos en otr os textos:
Esta Recomendacion utiliza los siguientes términos definidos en otros textos:

3.1.1 evaluacion subjetiva (imagen) (Recomendacion UIT-T J.144): definicion citada
opcionalmente.

3.1.2 medicion perceptual objetiva (imagen) (Recomendacion UIT-T J.144): definicion citada
opcionalmente.

3.1.3 proponente (Recomendacion UIT-T J.144): definicion citada opcionalmente.
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3.2 Términos definidos en esta Recomendacion
Esta Recomendacion define los siguientes términos:

3.2.1 Repeticion de trama andmala: se define como un evento en el que el HCR produce una
sola trama repetidamente en respuesta a un evento inusual o extraordinario. La repeticion de trama
andémala incluye, entre otros, los siguientes tipos de eventos: un error en el canal de transmision, un
cambio en el retardo a través del canal de transmision, recursos informaticos limitados que afectan
al comportamiento del decodificador y recursos informdticos limitados que repercuten en la
presentacion de la sefial de video.

3.2.2 Saltodetrama constante: se define como un evento en el que el HCR produce tramas con
contenido actualizado a una velocidad de trama efectiva fija e inferior a la velocidad de trama de la
fuente.

3.2.3 Veocidad de trama efectiva: se define como el nimero de tramas tnicas (es decir, total
de tramas — tramas repetidas) por segundo.

3.24 Veocidad de trama: se define como el ntiimero de tramas unicas (es decir, total de
tramas — tramas repetidas) por segundo.

3.25 Veocidad de trama prevista: se define como el nimero de tramas de video por segundo
fisicamente almacenadas para alguna representacion de una secuencia de video. La velocidad de
tramas deberd ser constante. Dos ejemplos de velocidades de trama prevista constantes son una
cinta BetacamSP® que contiene 25 tramas/s y un fichero VQEG FR-TV Fase I de 625 lineas YUV
que contiene 25 tramas/s; ambos tienen una velocidad de trama prevista de 25 tramas/s.

3.2.6 Condiciones dered en servicio: se definen como los errores impuestos en el tren de bits
del video digital como resultado de las condiciones de red en servicio.

3.2.7 Pausa con salto: se define como los eventos en los que el video se detiene durante un
cierto periodo de tiempo y a continuacion arranca de nuevo produciéndose una cierta pérdida de
informacion de video. En la pausa con salto, el retardo temporal a través del sistema variara en
torno a un retardo del sistema medio, a veces aumentando y a veces disminuyendo. Un ejemplo de
pausa con salto es un par de vide6fonos IP, donde un intenso trafico de red provoca que la pantalla
del vide6fono IP se congele brevemente; cuando vuelve a funcionar dicha pantalla se ha perdido
cierto contenido. El salto de trama constante y el salto de trama variable son subconjuntos de pausa
con salto. Una secuencia de video procesada que contenga pausa con salto tendrd aproximadamente
la misma duracion que la secuencia de video original asociada.

3.28 Pausa sin salto: se define como cualquier evento en que el video se detiene durante un
cierto periodo de tiempo y a continuaciéon arranca de nuevo sin que se haya perdido ninguna
informacion de video. Por consiguiente, el retardo temporal a través del sistema debe aumentar.

3.29 Veocidad derenovacion: se define como la velocidad a la que se actualiza la pantalla.

3.210 Errores de transmision simulados: se definen como los errores impuestos en el tren de
bits del video digital en un entorno altamente controlado. Entre los ejemplos pueden citarse las tasas
de pérdidas de paquetes simuladas y los errores en los bits simulados.

3.2.11 Veocidad de trama de fuente (SFR): es la velocidad de trama prevista de las secuencias

del video de fuente original. La velocidad de trama de fuente es constante. Para la prueba VQEG
RRNR-TV la SFR fue de 25 tramas/s o 30 tramas/s.

3.212 Errores de transmision: se definen como los errores impuestos en la transmision del
video. Como ejemplos de estos tipos de errores pueden citarse los errores de transmision simulados
y las condiciones de red en servicio.



Rec. UIT-R BT.1885 5

3.2.13 Salto detrama variable: se define como un evento en el que el HCR produce tramas con
contenido actualizado a una velocidad de trama efectiva que varia con el tiempo. El retardo
temporal a través del sistema aumentara y disminuira con el tiempo, variando en torno al retardo del
sistema medio. Una secuencia de video procesada que contiene un salto de trama variable tendra
aproximadamente la misma duracion que la secuencia de video original asociada.

4 Abreviaturasy acr 6nimos
Esta Recomendacion utiliza las siguientes abreviaturas y acronimos

ACR indice por categoria absoluta (véase la Recomendacion UIT-T P.910) (absolute
category rating)

ACR-HR Indice por categoria absoluta con referencia escondida (absolute category rating with
hidden reference) (véase la Recomendacion UIT-T P.910)

AVI Entrelazado de audio video (audio video interleave)
DMOS Diferencia de la nota media de opinion de diferencias (difference mean opinion score)

FR Referencia completa (full reference)

FRTV Television de referencia completa (full reference television)
HRC Circuito ficticio de referencia (hypothetical reference circuit)
NR Sin referencia (o referencia cero) (no (or zero) reference)

PSNR Relacion sefial de cresta/ruido (peak signal-to-noise ratio)

PVS Secuencia de video procesada (processed video sequence)
RMSE Error cuadratico medio (root mean sgquare error)

RR Referencia reducida

SFR Velocidad de trama de fuente (source frame rate)

SRC Canal o circuito de referencia de fuente

VQEG Grupo de Expertos en calidad del video (video quality Experts Group)

YUV Espacio cromatico (colour space)

5 Convenios

Ninguno.

6 Descripciéon del método de medicion con referencia reducida

El método de medicion de doble extremo con referencia reducida para la medicion objetiva de la
calidad de video perceptual, evaliia el comportamiento de los sistemas realizando una comparacion
entre las caracteristicas extraidas a partir de la sefal de video de entrada, o referencia, sin
distorsionar a la entrada del sistema y la sefal degradada a la salida del sistema (véase la Fig. 1).

La Fig. 1 muestra un ejemplo de aplicacion del método de referencia reducida para probar un cddec
en el laboratorio.
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FIGURA 1

Aplicacion del método dereferenciareducida de medicion dela calidad per ceptual
para probar un codec en €l laboratorio
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BT.1885-01

La comparacion entre las sefiales de entrada y salida puede exigir un procedimiento de alineamiento
temporal o de alineamiento espacial, este ultimo tiene por objeto compensar cualquier desviacion o
recorte de la imagen horizontal o vertical. También puede que requiera la correccion de cualquier
diferencia de desplazamiento o de ganancia, tanto en los canales de luminancia como en los de
crominancia. A continuacion se calcula el indice objetivo de calidad de imagen, normalmente
aplicando un modelo perceptual de vision humana.

Los ajustes de alineamiento y ganancia se conocen con el nombre de normalizacion. Este proceso es
necesario porque la mayoria de los métodos de referencia reducida comparan pixel a pixel las
caracteristicas extraidas de las imagenes de referencia y las imagenes procesadas. Un ejemplo seria
el calculo de la relacion sefial de cresta a ruido (PSNR). Unicamente se suprimen los cambios
estaticos invariables en el tiempo que se producen en el video. La Recomendaciones UIT-T J.244
y J.144 proporcionan métodos normalizados para informar sobre los valores necesarios a fin de
normalizar el video antes de evaluar la calidad objetiva. Las métricas de la calidad de video
descritas en el Anexo a la presente Recomendacién incluyen métodos de normalizacioén asociados.
Los métodos de normalizacién alternativos pueden emplearse para los valores de la calidad de video
del Anexo siempre que ofrezcan la precision en la normalizacion requerida.

Como las métricas de la calidad de video se basan normalmente en aproximaciones a la respuesta
visual humana, en vez de en mediciones de fendmenos de codificacion especificos, en principio son
igualmente validas para los sistemas analdgicos y para los sistemas digitales. También son en
principio validas para las cadenas donde se combinan los sistemas analdgicos y digitales, o donde se
concatenan los sistemas de compresion digital.

La Fig. 2 muestra un ejemplo de aplicacion del método de referencia reducida para probar una
cadena de transmision.
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FIGURA 2

Aplicacion del método dereferenciareducida de medicion dela calidad per ceptual
para probar una cadena de transmision
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En este caso, se introducen en un decodificador de referencia sefiales procedentes de varios puntos
de la cadena de transmisidn; por ejemplo, el decodificador puede estar situado en un punto de la
red, como en la Fig. 2, o directamente a la salida del decodificador como en la Fig. 1. Si la cadena
de transmision digital es transparente, la medicion del indice objetivo de calidad de imagen en la
fuente es igual a la medicion en cualquier otro punto de la cadena.

Se acepta generalmente que el método de referencia completa proporciona la mejor precision en las
mediciones de la calidad de imagen perceptual. Se ha demostrado que el método tiene el potencial
de una alta correlacion con las evaluaciones subjetivas realizadas de conformidad con los métodos
ACR-HR especificados en la Recomendacion UIT-T P.910.

7 Conclusiones del Grupo de Expertos en calidad del video

Los estudios de las mediciones de la calidad de video perceptual se han llevado a cabo en un grupo
informal, denominado Grupo de Expertos en calidad del video (VQGE), que informa de sus
resultados a las Comisiones de Estudio9 y 12 del UIT-T y a la Comision de Estudio 6 de
Radiocomunicaciones. La prueba RRNR-TV recientemente completada por el VQEG evalu6 el
comportamiento de los algoritmos de medicion de la calidad de video perceptual de referencia para
los formatos de imagen de la Recomendacion UIT-R 601-6.

Basandose en la evidencia actual, el UIT-T puede recomendar por ahora seis métodos RR
(Modelo A 15k, Modelo A 80k, Modelo A 256k, Modelo C 80k, Modelo B 80k (525 lineas
unicamente) y Modelo B 256k (525 lineas unicamente).

Las descripciones técnicas de estos modelos figuran en los Anexos A a C, respectivamente.
Obsérvese que el orden de aparicion de los Anexos es puramente arbitrario y no ofrece indicacion
alguna sobre el comportamiento de la prediccion de la calidad.

Los Cuadros 1 y 2 muestran resultados significativos de la prueba VQEG RRNR-TV. Para el
formato de 525 lineas, cuatro modelos (Modelo A 15k, Modelo A 80k, Modelo A 256k y
Modelo C 80k) son estadisticamente mejores que la PSNR y dos modelos (Modelo B 80k y
Modelo B 256k) son estadisticamente equivalentes a la PSNR. Cabe sefialar que la PSNR fue
calculada por la NTIA utilizando una busqueda exhaustiva de los limites de calibracion. Para el
formato de 625 lineas, cuatro modelos (Modelo A 15k, Modelo A 80k, Modelo A 256k y
Modelo_C 80k) son estadisticamente equivalentes y estadisticamente mejores que la PSNR.
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CUADRO 1
Prueba significativa para el formato de 525 lineas
Formato de 525 lineas Meor comparacion %gm%algg(;\g] Corréacion
Modelo_A 15k 1 1 0,906
Modelo A 80k 1 1 0,903
Modelo_A 256k 1 1 0,903
Modelo_C 80k 1 1 0,882
Modelo_B 80k 0 1 0,795
Modelo_B 256k 0 1 0,803
PSNR_NTIA 0 1 0,826

NOTA 1 — «1» en «Mejor comparaciony» indica que este modelo es estadisticamente equivalente al modelo
de mejor comportamiento. «0» indica que este modelo no es estadisticamente equivalente al modelo de
mejor comportamiento. «1» en «Comparacion con la PSNR» indica que este modelo es estadisticamente
equivalente al modelo de mejor comportamiento. «0» indica que este modelo no es estadisticamente
equivalente al modelo de mejor comportamiento.

CUADRO 2
Prueba significativa para el formato de 625 lineas
Formato de 625 lineas Mejor comparacion %gmga;gf\'ﬁ:{n Correlacion
Modelo_A 15k 1 1 0,894
Modelo_A 80k 1 1 0,899
Modelo_A 256k 1 1 0,898
Modelo C 80k 1 1 0,866
PSNR_NTIA 0 1 0,857

NOTA 1 — «1» en «Mejor comparacion» indica que este modelo es estadisticamente equivalente al modelo
de mejor comportamiento. «0» indica que este modelo no es estadisticamente equivalente al modelo de
mejor comportamiento. «1» en «Comparacion con la PSNR» indica que este modelo es estadisticamente
equivalente al modelo de mejor comportamiento. «0» indica que este modelo no es estadisticamente
equivalente al modelo de mejor comportamiento.

Los Cuadros 3 y 4 ofrecen informacion sobre los comportamientos del modelo en la prueba VQEG
RRNR-TV.
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CUADRO 3

Descripcion infor mativa sobre los comportamientos
del modelo en la prueba VQEG RRNR-TV
(formato de 525 lineas)

Formato de 525 lineas Correlacion RMSE OR
Modelo A 15k 0,906 0,418 0,385
Modelo A 80k 0,903 0,423 0,378
Modelo A 256k 0,903 0,424 0,378
Modelo B 80k 0,795 0,598 0,667
Modelo_B 256k 0,803 0,587 0,647
Modelo_C 80k 0,882 0,465 0,513
PSNR_NTIA 0,826 0,556 0,571

CUADRO 4

Descripcion informativa sobre los comportamientos
del modelo en la prueba VQEG RRNR-TV
(formato de 625 lineas)

Formato de 625 lineas Corréacion RMSE OR
Modelo A 15k 0,894 0,524 0,468
Modelo_A 80k 0,899 0,513 0,462
Modelo A 256k 0,898 0,516 0,468
Modelo_C_80k 0,866 0,585 0,583
PSNR_NTIA 0,857 0,605 0,564

Anexo A

Modelo A: Método dereferenciareducida dela Universidad de Y onsal

1 Introduccion

Aunque la PSNR ha sido ampliamente utilizada como medida objetiva de la calidad del video,
también se ha informado de que no representa adecuadamente la calidad de video perceptual.
Analizando la forma en que los seres humanos perciben la calidad de video se observa que el
sistema visual humano es sensible a la degradacién en torno a los bordes. En otras palabras, cuando
los pixels de los bordes de un video aparecen borrosos, los evaluadores tienden a dar notas bajas a
la calidad del video aunque la PSNR sea elevada. Basdndose en esta observacion, se han
desarrollado modelos de referencia reducida que miden fundamentalmente las degradaciones en los
bordes.

La Fig. 3 ilustra la manera en que funciona un modelo de referencia reducida. Las caracteristicas
que se utilizardn para medir la calidad de video en un punto de comprobacion se extraen de la
secuencia del video fuente y se transmiten. El Cuadro 5 muestra las anchuras de banda del canal
lateral para las caracteristicas que se han probado en la prueba VQEG RRNR-TV.
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FIGURA 3
Diagrama de bloques del modelo dereferencia reducida

Secuencia .
d?lll;/]i(tl:() ] > Transmisor —> Canal —> Receptor ;vsi?lcel(l)erneitlii?dea
> Modelo
» Extracciones de las ) RR
caracteristicas para medir > Canal
la calidad del video
BT.1885-03
CUADRO 5
Anchuras de banda del canal lateral
Formato del video Anchuras de banda probadas
Formato 525 15 Kbit/s, 80 Kbit/s, 256 Kbit/s
Formato 625 15 Kbit/s, 80 Kbit/s, 256 Kbit/s
2 Modelos dereferencia reducida EPSNR

21 PSNR del borde (EPSNR)

Los modelos RR miden principalmente las degradaciones en el borde. En los modelos, un algoritmo
de deteccion del borde se aplica en primer lugar a la secuencia del video fuente para localizar los
pixels del borde. A continuacion, se mide la degradacion de los pixels calculando el error cuadratico
medio. A partir del valor de este error se determina la PSNR del borde (EPSNR).

Se puede utilizar cualquier algoritmo de deteccion del borde aunque puede haber alguna pequefia
diferencia en los resultados. Por ejemplo, puede emplearse cualquier operador de gradiente para
localizar los pixels del borde. Se ha propuesto un cierto nimero de operadores de gradiente. En
muchos algoritmos de deteccion del borde la imagen del gradiente horizontal Qhorizonta (M,N) y la
imagen del gradiente vertical Qverica (M,N) se calculan en primer lugar utilizando los operadores de
gradiente. A continuacion, puede calcularse la imagen del gradiente de magnitud g(m,n) como

sigue:
g(mn) :|ghorizontal (m n)|+|gvertical (m, n)|

Por ultimo, se aplica una operacion de umbral a la imagen del gradiente de magnitud g(m, n) para
determinar los pixels del borde. En otras palabras, los pixels cuyos gradientes de magnitud rebasan
un valor umbral se consideran pixels del borde.

Las Figs. 4 a 8 ilustran este procedimiento. La Fig. 4 muestra una imagen de fuente. La Fig. 5
representa una imagen de gradiente horizontal Qnorizonta (M,N) obtenida aplicando un operador de
gradiente horizontal a la imagen de fuente de la Fig. 4. La Fig. 6 muestra una imagen del gradiente
vertical Queriica (IM,N) que se obtiene aplicando un operador del gradiente vertical a la imagen de
fuente de la Fig. 4. La Fig. 7 representa la imagen de gradiente de magnitud (imagen de borde) y la
Fig. 8 muestra la imagen de borde binaria (imagen de mascara) obtenida aplicando el umbral a la
imagen del gradiente de magnitud de la Fig. 7.
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FIGURA 4
Imagen de fuente (imagen original)

BT.1885-04

FIGURA 5

Imagen del gradiente horizontal obtenida aplicando un operador
de gradiente horizontal alaimagen de fuentedelaFig. 4

BT.1885-05
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FIGURA 6

Imagen del gradiente vertical obtenida aplicando un operador
de gradiente vertical alaimagen defuentedelaFig. 4

BT.1885-06

FIGURA 7
Imagen del gradiente de magnitud

BT.1885-07
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FIGURA 8

Imagen de bor de binaria (imagen de méascar a) obtenida aplicando
el umbral alaimagen del gradiente de magnitud dela Fig. 7

BT.1885-08

Alternativamente, puede emplearse un procedimiento modificado para encontrar los pixels del
borde. Por ejemplo, puede aplicarse en primer lugar un operador de gradiente vertical a la imagen
de fuente produciendo una imagen de gradiente vertical. A continuacion, se aplica un operador de
gradiente horizontal a la imagen de gradiente vertical produciendo una imagen de gradiente
sucesivo modificada (imagen de gradiente horizontal y vertical). Por ultimo, puede aplicarse una
operacion de umbral a la imagen de gradiente sucesivo modificada para encontrar los pixels del
borde. En otras palabras, los pixels de la imagen del gradiente sucesivo modificada que rebasan el
valor umbral, se consideran como pixels del borde. Las Figs. 9 a 12 ilustran el procedimiento
modificado. La Fig. 9 muestra una imagen de gradiente vertical Quertica (M,N) obtenida aplicando un
operador de gradiente vertical a la imagen de fuente de la Fig. 4. La Fig. 10 muestra una imagen de
gradiente sucesivo modificada (imagen de gradiente horizontal y vertical) que se obtiene aplicando
un operador de gradiente horizontal a la imagen de gradiente vertical de la Fig. 9. La Fig. 11
representa la imagen de borde binario (imagen de mascara) obtenida mediante la aplicacion del
umbral a la imagen de gradiente sucesivo modificada de la Fig. 10.

Cabe sefialar que ambos métodos pueden considerarse como un algoritmo de deteccion del borde.
Puede seleccionarse cualquier algoritmo de deteccion del borde dependiendo de la naturaleza de los
videos y de los algoritmos de compresion. Sin embargo, algunos métodos pueden resultar mas
eficaces que otros.

Por consiguiente, en el modelo, se aplica en primer lugar un operador de deteccion de borde
produciendo imégenes de borde (véanse las Figs. 7 y 10). A continuacion, se produce una imagen
de mascara (imagen de borde binario) aplicando el umbral a la imagen de borde (véanse las Figs. 8
y 11). En otras palabras, los pixels de la imagen de borde cuyo valor es mds pequeio que el
umbral te se fijan a cero y los pixels cuyo valor es igual o superior al umbral se fijan a un valor
distinto de cero. Las Figs. 8 y 11 muestran algunas imagenes de mascara. Dado que un video puede
considerarse como una secuencia de tramas o campos, el anterior procedimiento puede aplicarse a
cada trama o campo de video. Como el modelo puede utilizarse para videos basados en campo o en
trama, el término «imagen» se empleara para indicar un campo o una trama.
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FIGURA 9

Imagen de gradiente vertical obtenida aplicando un operador
de gradiente vertical alaimagen defuentedelaFig. 4

BT.1885-09

FIGURA 10

Imagen de gradiente sucesivo modificada (imagen de gradiente horizontal
y vertical) obtenida aplicando un operador de gradiente horizontal ala
imagen de gradiente vertical delaFig. 9

BT.1885-10
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FIGURA 11

Imagen de borde binario (imagen de méascar a) obtenida aplicando
el umbral alaimagen de gradiente sucesivo modificada
delaFig. 10

BT.1885-11

2.2 Seleccion de las caracteristicas a partir de las secuencias del video de fuente

Como se trata de un modelo RR, debe extraerse un conjunto de caracteristicas de cada imagen de
una secuencia de video de fuente. En el modelo EPSBR RR, se selecciona un cierto nimero de
pixels de borde de cada imagen. A continuacidén, se codifican y transmiten los datos de los
emplazamientos y los valores de los pixels. Sin embargo, para algunas secuencias de video, el
nimero de pixels de borde puede ser muy pequeio cuando se utiliza un valor umbral fijo. En el
caso mas desfavorable, puede ser cero (imagenes en blanco o imagenes de frecuencia muy baja).
Para abordar este problema, si el nimero de pixels de borde de una imagen es mas pequefio que un
valor determinado, el usuario puede reducir el valor umbral hasta que el nimero de pixels de borde
sea superior a un valor concreto. Alternativamente, pueden seleccionarse pixels de borde que
correspondan a los mayores valores de la imagen de gradiente horizontal y vertical. Cuando no hay
pixels de borde (por ejemplo, iméagenes en blanco) en una trama, puede seleccionarse
aleatoriamente el nimero requerido de pixels o saltar la trama. Por ejemplo, si se seleccionan
10 pixels de borde de cada trama, pueden clasificarse los pixels de la imagen de gradiente
horizontal o vertical de acuerdo con sus valores y seleccionar los 10 valores mas elevados. No
obstante, este procedimiento puede producir multiples pixels de borde en emplazamientos idénticos.
A fin de superar este problema, puede seleccionarse en primer lugar varias veces el nimero deseado
de pixels de la imagen de gradiente horizontal y vertical y a continuacion elegir aleatoriamente el
numero deseado de pixels de borde entre los pixels seleccionados de la imagen de gradiente
horizontal y vertical. En los modelos probados en la prueba VQEG RRNR-TV, el nimero deseado
de pixels de borde se elige aleatoriamente entre un gran conjunto de pixels de borde. Dicho
conjunto se obtiene aplicando una operacion umbral a la imagen de gradiente.

En los modelo EPSNR RR, los emplazamientos y los valores de los pixels de borde se codifican tras
aplicar un filtro gaussiano paso bajo a los emplazamientos de los pixels seleccionados. Aunque en
la prueba el VQEG RRNR-TV se utilizé el filtro paso bajo gaussiano (5 x 3), pueden emplearse
diferentes filtros paso bajo dependiendo de los formatos de video. Cabe sefialar que durante el
proceso de decodificacion, puede aplicarse un recorte. Para evitar la seleccion de pixels de borde en
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las zonas recortadas, el modelo selecciona pixels de borde en la zona media (véase la Fig. 12).
El Cuadro 6 muestra los tamafios tras el recorte. Dicho Cuadro también presenta el nimero de bits
necesarios para codificar el emplazamiento y el valor de pixel de un pixel de borde.

CUADRO 6

Requisitos de bits por cada pixel de borde

Formato ~ Tamano tras Bits por Bitspor valor | Numero total debits
p Tamanfo . . .
del video el recorte emplazamiento depixe por pixel
525 720 x 486 656 x 438 19 8 27
625 720 x 576 656 x 528 19 8 27
FIGURA 12
Ejemplo derecortey la zona media
BT.1885-12

El modelo selecciona los pixels de borde de cada trama de conformidad con la anchura de banda
permitida (véase el Cuadro 5). El Cuadro 7 muestra el nimero de pixels de borde por trama que
puede transmitirse en las anchuras de banda probadas.

CUADRO 7
NUmer o de pixels de banda por trama
Formato 15 80 256
del video Kbit/s Kbit/s Kbit/s
525 16 74 238
625 20 92 286
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FIGURA 13
Organigrama del modelo

Inicio

Registro espacial/temporal con
gama de busqueda completa

Estimacion de ganancia/
desplazamiento

Para cada posible desviacion espacial (A x, Ay),
se aplica un registro temporal utilizando
una ventana y se calcula EPSNR.

Por ultimo se elige la EPSNR
mas pequeila como VQM

BT.1885-13

2.3 Registro espacial/temporal y ajuste ganancia/desplazamiento

Antes de calcular la diferencia entre los pixels de borde de la secuencia del video de fuente y los de
la secuencia del video procesado que es la secuencia de video recibida en el receptor, el modelo
aplica en primer lugar un registro espacial/temporal y un ajuste de ganancia/desplazamiento. Se
empled el método de calibracion (Anexo B) de la Recomendacion UIT-T J.244. Para transmitir las
caracteristicas de ganancia y desplazamiento de la citada Recomendacion (Anexo B) se utilizé el
30% de las anchuras de banda disponibles en la prueba VQEG RRNR-TV. Como la secuencia de
video esta entrelazada, el método de calibracion se aplico tres veces: los campos pares, los campos
impares y las tramas combinadas. Si la diferencia entre el error en el campo par (PSNR) y el error
en el campo impar era mayor que un valor umbral, se utilizaron los resultados del registro
(desviacion x y desviacion y) con la PSNR maés baja. En los otros casos, se emplearon los resultados
del registro con las tramas combinadas. En la prueba VQEG RRNR-TV el valor umbral se fijo
a2 dB.
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En el punto de comprobacion, la secuencia de video procesada debe alinearse con los pixels de
borde extraidos de la secuencia del video de fuente. Sin embargo, si la anchura de banda del canal
lateral es pequefia, solo estdn disponibles unos pocos pixels de borde de la secuencia de video
fuente (véase la Fig. 14). Por tanto, el registro temporal puede ser inexacto si se lleva a cabo
utilizando una sola trama (véase la Fig. 15). A fin de solucionar este problema, el modelo utiliza
una ventana para el registro temporal. En vez de emplear una sola trama de la secuencia de video
procesada, el modelo construye una ventana que consiste en un cierto numero de tramas adyacentes
para encontrar la desviacion temporal Optima. La Fig. 16 ilustra el procedimiento. El error
cuadratico medio en la ventana se determina como sigue:

MSE, e = 1 Z(ESRC ()- Eva(i))2

iento

donde:

MSEyentana:  €s el error cuadratico medio de la ventana

Egre (1) : es un pixel de borde dentro de la ventana que tiene su correspondiente pixel en
la secuencia de video procesada

EF‘VS(I): es un pixel de la secuencia de video procesada correspondiente al pixel de
borde

Nuiento: ~ €s el numero total de pixels de borde utilizados para calcular el MSE entana.

Este error cuadratico medio de la ventana se emplea como la diferencia entre una trama de la
secuencia de video procesada y la correspondiente trama de la secuencia de video de fuente.

El tamafio de la ventana puede determinarse considerando la naturaleza de la secuencia de video
procesada. Para una aplicacion tipica, se recomienda una ventana correspondiente a dos segundos.
Alternativamente, pueden aplicarse varios tamafos de ventana y utilizarse el que proporciona el
error cuadratico medio mas pequefio. Ademads, pueden usarse diferentes centros de ventana para
considerar los saltos de trama debidos a los errores de transmision (véase la Fig. 20).

FIGURA 14
Seleccion de pixel de borde de la secuencia de video de fuente

BT.1885-14
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FIGURA 15
Alineamiento de la secuencia de video procesada con los pixels de bor de de la secuencia de video de fuente
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BT.1885-15
FIGURA 16

Alineamiento de la secuencia de video procesada con los pixels de bor de utilizando una ventana

PVS

Trama que debe alinearse

BT.1885-16
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Cuando se codifica la secuencia de video de fuente con altas relaciones de compresion, el
codificador puede reducir el nimero de tramas por segundo y la secuencia de video procesada tiene
tramas repetidas (véase la Fig. 17). En la Fig. 17 la secuencia de video procesada no tiene tramas
correspondientes a algunas tramas de la secuencia de video de fuente (tramas 2%, 4, 6* y 8%). En este
caso, el modelo no utiliza tramas repetidas para calcular el error cuadratico medio. En otras
palabras, el modelo lleva a cabo un registro temporal utilizando la primera trama (trama valida) de

cada bloque repetido. Por consiguiente, en la Fig. 18 solo tres tramas (3%, 5* y 7%) en la ventana se
utilizan para el registro temporal.

FIGURA 17
Ejemplo detramasrepetidas

SRC| A B C D E F G H
I 2 3 4 5 6 7 8
PVS A A C C E E G G
1 2 3 4 5 6 7 8
BT.1885-17
FIGURA 18

Manejo detramasrepetidas

SRC A B C D E F G H
1 2 7\3 4 N 6 7\7 8
PVS ya z B B D D F F
1 2 377 4 5 6 7 8
BT.1885-18

Es posible tener una secuencia de video procesada con repeticion de trama irregular que puede dar a
que el método de registro temporal utilice una ventana produciendo resultados imprecisos. Para
abordar este problema, es posible ajustar localmente cada trama de la ventana a un valor
determinado (por ejemplo +1) como muestra la Fig. 21 tras el registro temporal que utiliza una

ventana. A continuacion, se utiliza el ajuste local que proporciona el minimo MSE para calcular
la EPSNR.
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FIGURA 19
Ventanas con varios tamafnos
Trama que debe alinearse
PVS A B C D E F G H I
1 2 3 4 5 6 7 8 9
Ventana de tamafio 3 | |
Ventana de tamaiio 5 | |
Ventana de tamafio 7 | |
BT.1885-19
FIGURA 20
Centros de ventana
Trama que debe alinearse
PVS A B C D E F G H I
1 2 3 4 5 6 7 8 9
I |
[ |
| |
L J
BT.1885-20
FIGURA 21
Ajustelocal del registrotemporal utilizando una ventana
ssc | Al B|C|D|E|]F|G]|H I J K| L
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Trama que debe alinearse
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24 Célculodela EPSNR y postprocesamiento

Una vez realizado el registro temporal, se calcula la media de las diferencias entre los pixels de
borde de la secuencia de video de fuente y los correspondientes pixels de la secuencia de video
procesada, esta media puede considerarse el error cuadratico medio de borde de la secuencia de
video procesada (MSEporge). Por tltimo, se calcula la EPSNR (PSNR de borde) como sigue:

P2
EPS\IR: IOIOglo S —
borde

siendo p el valor de cresta de la imagen.
1) Tramas congeladas

Puede haber repeticion de tramas debido a las velocidades de trama reducidas y congelacion de
trama debido al error de transmision que degrada la calidad de video perceptual. Para tratar este
efecto, el modelo aplica el siguiente ajuste antes de calcular la EPSNR.

K X Ntotal_tramas

MSEtrama_congel ada_condderada — IVISEborde X N N
total_trammas — 'Vtotal_tramas congeladas

donde:
MSEtrama_congelada_considerada: €8 €l error cuadratico medio que tiene en cuenta las tramas repetidas y
congeladas
Niotal_tramas: es el numero total de tramas, Niotal_tramas_congeladas
K: €s una constante.
En el modelo probado en la prueba VQEG RRNR-TV, se fij6 K al valor 1.
2) Alta frecuencia y movimiento rapido

Si la secuencia de video contiene una cantidad elevada de altas frecuencia y movimientos rapidos,
la calidad perceptual tiende a aumentar para el mismo MSE. A fin de considerar este efecto, se
define como sigue la diferencia de trama normalizada (NFD) y la energia de alta frecuencia
normalizada (NHFE):

NFD = - FI_D y
energiamedia por pixel
1 altura anchura 5
donde FD= —> > > (Trama[ j,k]—Trama_,[j,k])* y N es el nimero de tramas utilizado
F i k=1 j=1

en el sumatorio. Cabe sefialar que se excluyen las tres diferencias de trama mas altas a la hora de
calcular FD con objeto de eliminar los cambios de escena en el calculo de la diferencia de trama
media, suponiendo secuencias de video de 8 s. La energia de alta frecuencia normalizada (NHFE)
se determina calculando el valor medio de las energias de alta frecuencia (véase la Fig. 22) tras
aplicar la transformada de Fourier 2D:

media de las energias de alta frecuencia
energia media por pixel

NHFD =
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Por ultimo, se utilizan las siguientes ecuaciones:

IF(SNFD > 0.35 && SNHFE > 2.5) {
IF(EPSNR < 20) EPSNR = EPSNR+3
ELSE IF(EPSNR < 35) EPSNR = EPSNR+5

}
ELSE IF((SNFD > 0.2 & SNHFE > 1.5) || (SNFD>0.27) && SNHFE > 1.3))  {
| F(28 < EPSNR < 40) EPSNR = EPSNR + 3
IF(EPSNR > 40) EPSNR = 40

donde SNDF es la NFD de fuente y SNHFE es la NHFE de fuente. Hay que tener en cuenta que
SND y SNHFE se calculan a partir de SRC y se transmiten como parte de los datos sobre las
caracteristicas (1 byte por cada uno).

FIGURA 22

Caélculo dela energia de alta frecuencia normalizada (NHFE). Las energias
de alta frecuencia se determinan a partir dela zona sombreada

HF HF

HF HF
BT.1885-22

3) Borrosidad
Para considerar los efectos de borrosidad se emplean las siguientes ecuaciones:

IF (NHFE/SNHFE < 0.5)

IF(EPSNR>26)  EPSNR = 26
ELSE IF (NHFE/SNHFE < 0.6)

IF(EPSNR>32)  EPSNR = 32
ELSE IF (NHFE/SNHFE < 0.7)

IF(EPSNR>36)  EPSNR = 36
ELSE IF (NHFE/SNHFE > 1.2)

IF(EPSNR>23)  EPSNR = 23
ELSE IF (NHFE/SNHFE > 1.1)

IF (EPSNR>25)  EPSNR = 25

donde NHFE es PVS NHFE
4) Bloqueo

Para considerar los efectos de bloqueo se determinan los valores medios de las diferencias de las
columnas. Suponiendo modulo 8, el grado de bloqueo para la i-ésima trama se calcula como sigue:

mayor diferencia en las columnas
segunda mayor diferencia en las columnas

BIK[i]=
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El grado de bloqueo final (Bloqueo) se determina promediando los grados de bloqueo de trama:

1 .
Blogueo = BIk[i
. namero detramaszi: 2

Por ultimo, se utilizan las siguientes ecuaciones:

IF(BLOCKING > 1.4)
IF (20sEPSNR<25) EPSNR = EPSNR-1.086094*BLOCKING-0.601316
ELSE IF (EPSNR<30) EPSNR = EPSNR-0.577891*BLOCKING-3.158586
ELSE IF (EPSNR<35) EPSNR = EPSNR-0.223573*BLOCKING-3.125441

}

5) Maéximas tramas congeladas

Los errores de transmision pueden causar largas tramas congeladas. Para considerar esta tramas se
utilizan las siguientes ecuaciones:

IF(MAX_FREEZE > 22 AND EPSNR>28) EPSNR = 28

ELSE IF(MAX_FREEZE > 10 AND EPSNR>34) EPSNR = 34
donde MAX FREEZE es la mayor duracion de las tramas congeladas. Cabe sefialar que si la
secuencia de video no es de 8 s, deben utilizarse umbrales distintos.

6) Ajuste lineal por tramos

Cuando la EPSNR rebasa un cierto valor, la calidad perceptual se satura. En este caso, es posible
fijar el limite superior de la EPSNR. Ademas, cuando se desea una relacion lineal entre la EPSNR y
la DMOS (diferencia de la nota media de opinién) puede aplicarse una funcion lineal por tramos
como la que se representa en la Fig. 23. En el modelo probado en la prueba VQEG RRNR-TV, el
limite superior se fija a 48 y el limite inferior a 15.

FIGURA 23
Funcion lineal por tramos paralarelacion lineal entrela EPSNR y laDMOS
Salida

. i - - Entrada
L1 L2 Ul U2

BT.1885-23

Los modelos de referencia reducida de EPSNR para la medicioén objetiva de la calidad de video se
basan en la degradacion del borde. Los modelos pueden implementarse en tiempo real mediante
utilizacion moderada de la potencia de calculo. Los modelos son adecuados para aplicaciones que
requieren comprobacion de la calidad de video en tiempo real cuando se dispone de canales
laterales.
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Anexo B

Modelo B: Método dereferenciareducida NEC

Este Anexo proporciona una descripcion funcional completa del modelo RR en el que son los
valores de actividad en vez de los valores de pixel para bloque de pixels de un tamafio determinado
los que se transmiten al extremo del cliente. La calidad de video se estima basandose en la
diferencia de actividad entre el canal de referencia de la fuente (SRC) y la secuencia de video
procesada (PVS). Las ponderaciones psicovisuales con respecto a la diferencia de actividad se
realizan para mejorar la precision de la estimacion.

Este modelo no necesita registros espaciales y de ganancia y desplazamiento que exijan una gran
potencia de célculo. Ademds, puede implementarse mediante un programa de 30 lineas y un
programa de 250 lineas en los extremos del servidor y del cliente, respectivamente. Por tanto, es
adecuado para supervisar la calidad de video en tiempo real de los servicios de radiodifusion que
son los méximos beneficiados de las implementaciones faciles y de baja complejidad.

1 Resumen

En el modelo RR, se transmiten al extremo de cliente los valores de actividad en vez de los valores
de pixel para los bloques de pixels de un tamafio determinado. La calidad de video se estima
basandose en la diferencia de actividad entre el SRC y la PVS. Las ponderaciones psicovisuales con
respecto a la diferencia de actividad se realizan para mejorar la precision de la estimacion.

Este modelo no necesita registros espaciales y de ganancia y desplazamiento que exijan una gran
potencia de célculo. Ademds, puede implementarse mediante un programa de 30 lineas y un
programa de 250 lineas en los extremos del servidor y del cliente, respectivamente. Por tanto, es
adecuado para supervisar la calidad de video en tiempo real de los servicios de radiodifusion que
son los méximos beneficiados de las implementaciones faciles y de baja complejidad.

2 Definiciones

Actividad — Valor medio de la diferencia absoluta entre cada valor de luminancia y la media de los
valores de luminancia para un bloque de tamafo determinado.

Bloque — Conjunto de M x N pixels (M columnas por N filas).
Trama — Una imagen de television completa.

Ganancia — Factor de escala multiplicativo aplicado por el circuito ficticio de referencia (HRC) a
todos los pixels de un plano de imagen individual (por ejemplo, crominancia, luminancia). La
ganancia de la sefal de luminancia se conoce normalmente como contraste.

Circuito ficticio de referencia (HRC, hypothetical reference circuit) — Sistema de video sometido
a prueba tal como un cddec o un sistema de transmision de video digital.

Luminancia (Y) — Porcion de la sefial de video que transporta predominantemente la informacion
de luminancia (es decir, la parte en blanco y negro de la imagen).

National Televison Systems Committee (NTSC) — Sistema compuesto de video de color
analdgico de 525 lineas [1].

Desplazamiento o desplazamiento de nivel — Factor aditivo aplicado al circuito ficticio de
referencia (HRC) a todos los pixels de un plano de imagen individual (por ejemplo, luminancia,
crominancia). El desplazamiento de la sefial de luminancia se conoce normalmente como brillo.
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Relacion sefial de cresta/ruido (PSNR, peak signal-to-noise ratio) — Relacion entre la maxima
potencia posible de la sefial y la potencia de ruido perturbador.

L ineas con alternancia de fase (PAL, phase-altering line) — Sistema compuesto de video de color
analogico de 625 lineas.

Exploracion de barrido por cuadriculas («raster scan») — Conversion de un modelo
bidimensional rectangular en un modelo unidimensional de forma que el primer punto del modelo
unidimensional procede de la primera fila superior del modelo bidimensional explorada de
izquierda a derecha, seguida de manera similar por las filas segunda, tercera, etc., del modelo
(desplazamiento hacia abajo) explorada cada una de ellas de izquierda a derecha.

Referencia reducida (RR) — Método de medicion de la calidad de video que utiliza caracteristicas
de anchura de banda baja, extraidas de los trenes de video original o procesados, en contraposicion
al video de referencia completa que requiere un conocimiento completo de los trenes de video
original y procesado [2]. Los métodos de referencia reducida presentan ventajas a la hora de
supervisar la calidad del servicio de extremo a extremo ya que la informacién de referencia
reducida se transmite facilmente a cualquier punto de la red de telecomunicaciones.

Region de interés (ROI, region of interest) — Reticula de imagen (especificada en coordenadas
rectangulares) utilizada para denominar una subregion particular de una campo o una trama de
video.

Escena — Secuencia de tramas de video.

Registro espacial — Proceso utilizado para estimar y corregir las derivas espaciales de la secuencia
de video procesada con respecto a la secuencia de video original.

Registro temporal — Proceso empleado para estimar y corregir una deriva temporal (es decir, un
retardo del video) de la secuencia de video procesada con respecto a la secuencia de video original.

Métrica de la calidad de video (VQM, video quality metric) — Medicion global de la degradacion
del video. La VQM se expresa como un solo nimero y tiene una gama de salida nominal que va de
cero a uno, correspondiendo el cero a la ausencia de percepcion de degradacion y el uno a la
maxima degradacion percibida.

3 Consideraciones generales sobre el calculo dela métrica de calida del video

El modelo RR transmite los valores de actividad para bloques de pixels individuales de un tamafo
determinado al extremo del cliente. Este valor indica la varianza de los valores de luminancia en el
bloque. La Fig. 1 resume el modelo RR. Como muestra la Fig. 24, la calidad de video se determina
basandose en la diferencia de actividad entre el SRC y la PVS. Ademads, se aplican ponderaciones
psicovisuales con respecto a la diferencia de actividad para lograr una mayor precision en la
estimacion. La estimacion de la calidad de video se lleva a cabo mediante los siguientes pasos:

1) El valor de actividad para cada bloque de pixels de luminancia de 16 x 16 del SRC se
calcula en el extremo del servidor. Todos los valores de actividad se transmiten a
continuacion al extremo del cliente. El valor de actividad de un bloque se define como la
diferencia absoluta media de los valores individuales y su valor medio.

2) Los correspondientes valores de actividad se calculan en el extremo del cliente con respecto
alaPVS.
3) En el extremo del cliente, cada bloque se evalia inicialmente con su error cuadratico, que

es la diferencia cuadratica entre los valores de actividad del SRC y la PVS.
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Se aplican ponderaciones psicovisuales a los errores cuadraticos en los bloques con
componente de frecuencia espacial elevada, un color especifico, una gran diferencia entre
tramas y un cambio de escena.

Se obtiene una nota provisional de la calidad de video a partir de la suma de los errores
cuadraticos ponderados de la misma forma que en el calculo de la PSNR.
La nota se modifica para reflejar las degradaciones perceptualmente muy dafiinas debidas al

bloqueo y a las degradaciones locales. Por ltimo, la nota modificada representa la calidad
de video medida de la PVS en el modelo RR.

FIGURA 24
Estimacion de la calidad de video basada en la diferencia de actividad

Extremo del servidor (SRC) Extremo del cliente (PVS)
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BT.1885-24

Algoritmo detallado

Extremo del servidor

Los pixels de luminancia de un SRC se dividen en bloques de 16 x 16 pixels en cada trama
trascurrido un segundo desde la parte superior de la secuencia de video. En el primer
segundo, la informacion del SRC no se transmite ya que es dificil para el sistema visual
humano detectar la degradacion de la calidad de video en las escenas que aparecen
inmediatamente después de la primera trama.

En cada bloque, salvo los del borde de la trama, se calculan los valores de actividad
(actividad SRC: ActSRC;;). La Fig. 25 describe los bloques cuyos valores de actividad se
calculan y transmiten. La actividad SRC se calcula como sigue:

1 255 .
ACtSRC, . =—)> X, - X
b1 256 kz;]‘ “ ‘
donde X es un valor de luminancia en un bloque de tamano determinado del SRC, X es su
valor medio, i es un nimero de trama y j es un ntimero de bloque en la trama.
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Los valores de actividad, que se expresan con ocho bits por bloque, se transmiten al
extremo del cliente en el orden de exploracion de barrido de cuadriculas («raster scany)
transcurrido un segundo desde la parte superior de la secuencia de video. Para transmitir la
informacién del SRC a una velocidad de 256 Kbit/s, los valores de actividad se transmiten
en todas las tramas. Cuando la velocidad se reduce a 80 Kbits/s, los valores de actividad se
transmiten cada cuatro tramas.

FIGURA 25
Bloques con y sin transmisién del valor de actividad

Bloques con transmision del valor de actividad (16 X 16 pixels)

Bloques sin transmision del valor de actividad (16 X 16 pixels)

BT.1885-25

Extremo decliente

Calculo del error cuadratico delosvaloresde actividad

Los pixels de luminancia de una PVS se dividen en bloques de 16 x 16 pixels en cada trama
transcurrido un segundo desde la parte superior de la secuencia de video.

En cada bloque, salvo en los del borde de trama, se calculan los valores de actividad
(actividad PVS: ActPVSi,j). A una velocidad de 256 Kbits/s de la informacion del SRC, los
valores de actividad se calculan en todas las tramas. Cuando la velocidad de la informacion
del SRC se reduce a 80 Kbits/s, los valores de actividad se calculan cada cuatro tramas.

255

ACtPVS | | = #;} =

donde:
Yi: es el valor de luminancia en un bloque de tamafio determinado de la PVS
Y: essu valor medio
i: esun numero de trama
j:  es un numero de bloque en la trama.

Los errores cuadraticos entre la actividad SRC y la actividad PVS se calculan como sigue:

E, = (ACtSRCLJ- — ActPV§; )2
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4.2.2 Ponderacion psicovisual parael error cuadratico

Para tener en cuenta las caracteristicas del sistema visual humano, se aplican al E;j tres tipos de
ponderacion, a saber, ponderacion para la diferencia en la frecuencia espacial, ponderacion para la
diferencia en la region de color especifica y ponderacion para la diferencia entre tramas de la
luminancia.

1) Ponderacion para la diferencia en la frecuencia espacial

Para esta ponderacion se utiliza un factor de ponderacion Wg= y un umbral Thg (véanse en el
Cuadro 8 los valores de Wsr y Ther).

B xW, ActPVS, >Ths
E,j — )
E., en cualquier otro caso

2) Ponderacion para la diferencia en la region de color especifica

Para un bloque determinado y sus ocho bloques circundantes, si el numero de pixels
(NumROIPixels) en 48 <Y <224, 104 <Cb< 125,y 135<Cr <171 es mayor que un umbral, se
lleva a cabo la siguiente ponderacion utilizando un factor de ponderacion Weg y un umbral Theg.

c E.i XxWe, NUMROIPiXs > Th
= E.;, encualquier otro caso

Véanse en el Cuadro 8 los valores de Wer'y Ther.

3) Ponderacion para la diferencia entre tramas de la luminancia

Se calcula la diferencia absoluta media (MAD; ;) de la luminancia entre un bloque determinado y el
bloque de la trama precedente. MAD; j se define como:

1 255 ,
MAD , , = ﬁz“o Y, =Yy

donde Yk es un valor de luminancia en un bloque de 16 x 16 pixels de la PVS e Y, es un valor de
luminancia en la misma posicion de la trama precedente.

La siguiente ponderacion se realiza utilizando los factores de ponderacion Wwapi, Wiap2 y los
umbrales ThMADl, ThMADz-

E; XWuoi, MAD;; >Thywo:
E, < E i XWuo:, MAD ; <Thyao-

E i, en cualquier otro caso
Véanse en el Cuadro 8 los valores de Wwap1, Wwanz2, Thvapt ¥ Thvapz.

4.2.3 Ponderacion en el caso de deteccion de cambio de escena
Para cada trama se calcula el valor medio de MAD; ; (MADAve) como sigue:
1 M -1
MADAve, = VZ MAD, ;

i=0

siendo M el nimero de bloques en una trama.
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Si MADAve es mayor que un umbral Thg, se considera como un cambio de escena. Cuando se
detecta un cambio de escena, Ej; se ajusta a 0 durante 15 tramas y tras el cambio de escena.

TRUE MADAve>The
SceneChang= _
ene-hang { FALSE en cualquier otro caso
E o { E.; xWg 15 tramastras SceneChange = TRUE
| E.i, en cualquier otro caso

Véanse en el Cuadro 8 los valores de Wec y Thae.

424 PSNR basadaen € error cuadratico dela actividad
Se calcula una PSNR basandose en la diferencia de actividad como:

VQ = 10 x log ,, 222X 255

m

Ave

1 —1

1 N-1 M
EAve: NXM ZZEI]

i=0 j=0

donde N y M son el nlimero de tramas y de bloques utilizados para el calculo de la PSNR.

4.25 Ponderacion paralosefectos auxiliares del bloqueo
Para esta ponderacion se utiliza un factor de ponderacion Wg, un umbral Thg,, y la informacion

de nivel de bloqueo BLave. (Véanse en el Cuadro 8 los valores de Wg. Y Thg.)

VQe VOXWs,  Blae >Ths'L
VQ en cualquier otro caso

BLave se calcula mediante los siguientes pasos:

Paso 1: Se determinan los valores de actividad para bloques de 8 x 8 pixels. Como muestra la
Fig. 26, el valor medio (Actae) de los dos valores de actividad en bloques adyacentes (ActBlock;,
ActBlock,) se calcula como sigue:

Act,, = %(ActBIock1 + ActBlock , )
Paso 2: Se calcula la diferencia absoluta de los valores de luminancia a lo largo del limite entre los
dos bloques. Como ilustra la Fig. 26, Y; oy Y2 representan los valores de luminancia en los bloques

derecho e izquierdo a lo largo del limite. Un valor medio de la diferencia de luminancia absoluta,
DiffBound, se expresa como sigue:

DiffBound = %i v, =Y,
i=0

Paso 3: El nivel de bloqueo (BL;j) se define mediante la relacion entre DiffBound y Actave, s decir:

BL,, = DiffBound
Act ., +1
Paso 4: El valor medio de BL se calcula asi:
1 N-1M -1
BL = BL
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Para los bloques situados en el extremo derecho de las tramas, el valor de BL; se fija a cero. Si
BLave €s mayor que un umbral predeterminado, se considera que la secuencia de video incluye un
elevado nivel de bloqueo y se aplica ponderacion al valor de la calidad de video calculada.

FIGURA 26
Pixel y valoresde actividad utilizados para calcular €l nivel de bloqueo

Bloque 1 Bloque 2
Actividad = Actividad =
ActBlock ActBlock ,

-
! !

Pixels a lo largo de Pixels a lo largo de
un limite de bloque un limite de bloque

(Y],o» Yl,la Yl,za Y1,3a Y],4a Y],sa Y],()a Y],7) (YZ.O’ Y2.1’ Y2.2’ Y2.3’ Y2.4’ YZ.S’ Y2.6’ Y2.7)

BT.1885-26

4.2.6 Ponderacion paralos efectos auxiliares de las degr adaciones locales

Para esta ponderacion se utiliza un factor de ponderacion Wy,, un umbral Thy,, y la degradacion
local LI. (Véanse los valores de Wi, y Thy; en el Cuadro 8.)

VQ<W| , LI <Th|
VQC{VQ en cualquier otro caso

LI se calcula mediante los siguientes pasos. La diferencia de la varianza de la actividad se utiliza
para detectar la degradacion local debida a los errores de transmision.

1) Para un bloque determinado y sus ocho bloques circundantes, la varianza de la actividad se
calcula para el SRC (ActVarsc) y la PVS (ActVarpys) y la diferencia absoluta de estos
valores de la varianza se determina como sigue:

AActVar = |ActVarg. — ActVar|

2) Se calcula para cada trama el valor medio de estos valores de diferencia absoluta.
3) LI se calcula como la relacion entre los valores maximo (AActVarws) y minimo
(AActVaryin) de la media.

Ll = AActVar, /AActVay,, AActVag, #0
1 AACtValks =0

VQ representa la nota de calidad de video.
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4.2.7 Parametros para las ponderaciones

El Cuadro 8 muestra los valores de los pardmetros para las ponderaciones. Estos valores se
determinan mediante un experimento preliminar con el conjunto de datos de prueba.

CUADRO 8
Par &metr os par a las ponder aciones
Tipo de operacion de ponderacion Valores delos parametros
Ponderacion de la frecuencia espacial We 0,36
Thee 25
Ponderacion de un color especifico Wer 4,0
Ther 175
Ponderacion de la diferencia entre tramas Wwap1 0,06
Thyapt 17
WMAD2 25
Thyap2 13
Deteccion de cambio de escena Wee 0,0
The 35
Ponderacion del bloqueo WeL 0,870
Thg, 1,0
Ponderacion de la degradacion local W 0,870
Thy, 1,67
428 Registro
1) Registro espacial

El modelo RR no necesita ningtn registro espacial. Ello se debe a que el error cuadratico se calcula
basandose en los valores de actividad que son mas robustos frente a las derivas espaciales que los
basados en los valores de los pixels.

2) Registro de ganancia y desplazamiento

El modelo RR no necesita registro de ganancia y desplazamiento. Los valores de actividad son
inherentemente libres de desplazamiento (es decir, componentes de cc) e insensibles a la ganancia.

3) Registro temporal

La secuencia PVS se divide en subsecuencias de 1 segundo. Para cada subsecuencia, se calculan los
errores cuadraticos medios de la actividad con cinco variaciones de retardo de hasta 2 SRC tramas.
Fl minimo valor de estos errores cuadraticos medios se utiliza finalmente como el error cuadratico

medio en esta subsecuencia. El retardo resultante de este minimo error cuadratico medio se ajusta
como registro temporal.

5 Caodigos de muestra

A continuacion aparecen los codigos de muestra en lenguaje C para el modelo RR.
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51 Cadigo comun para los extremos de servidor y cliente
/I Calcule the activity value
unsigned int CalcActivitybyRect(unsigned char * IpBuffer, int nWidth, int iRectWidth, int iRectHeight)
{
/I lpBuffer: Luminance Frame Buffer
/I nWidth: Frame Buffer Width
/I iRectWidth: Width of the rectangle to calculate an activity value.
/l iHeightWidth: Height of the rectangle to calculate an activity value.
unsigned int i, j, NnTmp, nSum;
unsigned char *pSrc;
pSrc = IpBuffer; nSum = 0;
for (j = 0; j < iRectHeight; j++){
for (i = 0; i <iRectWidth; i++){
nSum += pSrcfi];

}
pSrc += nWidth;
}
nSum /= (iRectWidth*iRectHeight);

pSrc = IpBuffer; nTmp = 0;
for (j = 0; j < iRectHeight; j++){
for (i = 0; i <iRectWidth; i++){
nTmp += abs(pSrc[i] - nSum);

}
pSrc += nWidth;

}
return nTmp/iRectWidth/iRectHeight;

52 Extremo servidor
/I Server side
int nStart = 30; // the frame number to start transmission (30 or 25)
int nMaxFrame = 240; // the number of total video frames (240 or 200)
int nFramelncrement = 1; // 1 for 256kbps, 4 for 80kbps
void ReadOneFrame(unsigned char, int, unsigned char *, int, int); // function to read one frame data
int NRim =16 // 16 or 32 (use 32 to avoid the problem in HRC9)
/l nWidth: Frame Buffer Width
/I nHeight: Frame Buffer Height
/[ lpSrc: Frame Buffer
for(int nFrame = nStart; nFrame < nMaxFrame; nFrame+=nFramelncrement){
ReadOneFrame(SRC_file_name, nFrame, IpSrc, nWidth, nHeight);
for (j= 16; j<nHeight-32; j+=16) {
for (i= nRim; i<nWidth- nRim; i+=16) {
IpOrg = IpSrc + i + j * nWidth;
nActSrc = CalcActivitybyRect(IpOrg, nWidth, 16, 16);
/I OutputSRCInfo(nActSrc); // Output or transmission the SRC information

5.3 Extremo cliente

/I Client Side

int nStart = 30; // the frame number to start transmission (30 or 25)

int nMaxFrame = 240; // the number of total video frames (240 or 200)

int nFramelncrement = 1; // 1 for 256kbps, 4 for 80kbps

int nFrameRate = 30; //30 or 25

void ReadOneFrame(unsigned char, int, unsigned char **, int, int); // function to read one frame data
void ReadRRData(unsigned char, int, unsigned char *); // function to read RR-data
/I nWidth: Frame Buffer Width

/I nHeight: Frame Buffer Height

/I lpPvsByte[3]: Frame Buffer (0:Y, 1:Cb, 2:Cr)

/I lpRRData: RR-data Buffer

/I double ddActivityDifference[][]: Store the activity-difference

// double ddActivityVariance[][]: Store the activity-variance

/I double ddBlock[][]: Store the blockiness level

/l'int nSceneChange: Scene change detection

33
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for(int nTemporalAlign = -2; nTemporalAlign <=2; nTemporalAlign++){ // Changing temporal alignment
for(int nFrame = 0; nFrame < nMaxFrames; nFrame++){
if(nFrame+nTemporalAlign >= nMaxFrames || nFrame+nTemporalAlign < 0){
continue;

}
ReadOneFrame(PVS_file_name, nFrame+nTemporalAlign, IpPvsByte, nWidth, nHeight);
if(((nFrame-(nFrameRate+nStart)) % nFramelncrement) ==
&& nFrame >= nStart ){
ReadRRData(RR_file_name, nFrame, IpPRRData);
ddActivityDifference[nTemporalAlign+2][nFrame]
= RRCalcObjectiveScore(IpPvsByte, IpPRRData, nWidth, nHeight);
ddActivityVariance[nTemporalAlign+2][nFrame] = gnActVar;
telsef
ddActivityDifference[nTemporalAlign+2][nFrame] = 0.0;
ddActivityVariance[nTemporalAlign+2][nFrame] = 0.0;

/I Blockiness Level
if(nTemporalAlign ==0)Y
ddBlock[nFrame] = BlockinessLevelEstimation(lpPvsByte[0], nWidth, nHeight);

/I Pixel copy for inter-frame difference calculation
memcpy(IpPrev, IpPvsByte[0], sizeof(char)*nWidth*nHeight);
if(nSceneChange){

nSceneChange--;
}

}

double ddSum[8][5]; // Sum of the Activity-difference for each second
double ddActVarSum([8][5]; // Sum of the Activity-variance for each second
double ddActVarMax[8][5]; // Maximum of the Sum of the Activity-variance
double ddActVarMin[8][5]; // Minimum of the Sum of the Activity-variance
int nnMin[8];
int nnNumFrames|[8][5];
#define LARGENUMBER 100000
for(int nTemporalAlign = -2; nTemporalAlign <=2; nTemporalAlign++){
for(int j=0;j<8;j++){ // for each one second
nnNumFrames[j][nTemporalAlign+2] = 0;
ddActVarMax[j][nTemporalAlign+2] = 0.0;
ddActVarMin[jl[nTemporalAlign+2] = LARGENUMBER,;
ddActVarSuml[j][nTemporalAlign+2] = 0.0;
ddSum([jl[nTemporalAlign+2] = 0.0;
for(int i=nFrameRate*j;i< (j+1)*nFrameRate; i++){
if(ddActivityDifference[nTemporalAlign+2][i] §
ddSum([jl[nTemporalAlign+2] += ddActivityDifference[nTemporalAlign+2][i];
nnNumFrames[jj[nTemporalAlign+2]++;

}
ddActVarSuml[jl[nTemporalAlign+2] += ddActivityVariance[nTemporalAlign+2][i];
if(ddActivityVariance[nTemporal Align+2][i]){
if(ddActivityVariance[nTemporalAlign+2][i] >
ddActVarMax[j][nTemporalAlign+2]){
ddActVarMax[j][nTemporalAlign+2] =
ddActivityVariance[nTemporalAlign+2][i];

}
if(ddActivityVariance[nTemporalAlign+2][i] <
ddActVarMin[jJ[nTemporalAlign+2]
ddActVarMin[jl[nTemporalAlign+2] =
ddActivityVariance[nTemporalAlign+2][i];
}

}

/I Local Impariment Level Calculation
double dSum = 0.0;

double dActMax = 0.0;

double dActMin = LARGENUMBER,;
int nNNumFrames = 0;
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for(int j=1; j<8; j++){
double dMin = LARGENUMBER;
double dMinSum = LARGENUMBER;
for(int nTemporalAlign = -2; nTemporalAlign <=2; nTemporalAlign++){
if(ddActVarSum[jl[nTemporalAlign+2] < dMin){
dMin = ddActVarSum]j][nTemporalAlign+2];
dMinSum = ddSum([jl[nTemporalAlign+2];
nnMin[j] = nTemporalAlign+2;
}

}

dSum += dMinSum;

nNumFrames += nnNumFrames[jl[nnMin[j]];

if(ddActVarMax[jl[nnMin[j]] > dActMax){
dActMax = ddActVarMax[j][nnMin[j]];

}

if(ddActVarMin[jlJ[nnMin[j]] < dActMin){
dActMin = ddActVarMin[j][nnMin[j1];

}

}

double dTransError = dActMax/dActMin;

/I Blockiness Level Calculation

double dBlockinessLevel = 0.0;

for(int i=0;i<nMaxFrames; i++){
dBlockinessLevel += ddBlock(i];

dBlockinessLevel = dSumBlock / (double)(nMaxFrames-nFrameRate);
/I Calculating the Video Quality Score
if(nNumFrames && nNumberOfBlocks && dSum){
dSum = dSum / (double)(nNumFrames)/(double)nNumberOfBlocks;
dSum = 10*log10(255.0*255.0/dSum); //PSNR based on the activity difference
if(dBlockinessLevel > dBlokinessTh){
dSum /= nBlockinessWeighting; // Weighting for blockiness level
}

if([dTransError > nErrorTh){
dSum /=nErrorWeightin; // Weighting for transmission errors
}

return dSum;

/I Calculating the MAD value
unsigned int CalcMAD(unsigned char *IpSrc, unsigned char *IpSrc2, int nWidth, int nHeight)
{
/l'\pSrc: Frame Buffer of the current frame
/I lpSrc2: Frame Buffer of the previous frame
unsigned int nSum = 0O;
for (y = 0; y < nHeight; y++) {
for (x = 0; x < nWidth; x++) {
nSrc = IpSrc[x + y*nWidth];
nSrc2 = IpSrc2[x + y*nWidth];
nSum += abs(nSrc - nSrc2);
}
}
return nSum/nWidth/nHeight;

/I Calculating a mean squared error with weightings
double RRCalcObjectiveScore(unsigned char *IpBuffer([], unsigned char *IpRRData, int nWidth, int nHeight)
{

int i, j, nActSrc, nActSrc2, nY, nCb, nCr, nYMin, nYMax, nCbMin, nCbMax, nCrMin, nCrMax;

int nMBX, nMBY, nMB, nStart;

unsigned int nMAD;

double e2, dMADFrame;

unsigned char *IpRec, *IpRecCb, *IpRecCr, *IpPrev1;

int NRim = 16 // 16 or 32 (use 32 to avoid the problem in HRC9)

nYMin = 48; nYMax = 224; nCbMin = 104; nCbMax = 125; nCrMin = 135; nCrMax = 171;

nMB = nMBY = nStart = 0;

e2 = dMADFrame = 0.0;

for (j=16+nStart; j<ilmageHeight-32; j+=16) {

nMBX = 0;
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for (i= nRim; i<nWidth- nRim; i+=16) {
IpRec = IpBuffer[0] + i + j * nWidth;
IpRecCb = IpBuffer[1] + i/2 + (j/2) * nWidth/2;
IpRecCr = IpBuffer[2] + i/2 + (j/2) * nWidth/2;
IpPrev1 = IpPrev + i + j * nWidth;
nActSrc = IpPRRData[nMB]; // SRC activity
nActSrc2 = CalcActivitybyRect(IpRec, nWidth, 0, 16, 16); // PVS activity
nActArray[nMB] = (double)nActSrc;
nActArray2[nMB] = (double)nActSrc2;
e2 += (double)(nActSrc - nActSrc2)*(nActSrc - nActSrc2); // Mean squared error
nMAD = CalcMAD(IpRec, IpPrev1, 16, 16, nWidth); // Inter-frame differnece
dMADFrame += (double)nMAD;
int NNumROIPixels=0;
for(int jj=-16;]j<32; jj++}{
for(int ii=-16;ii<32; ii++){
nY = IpRecii];
nCb = IpRecCbii/2];
nCr = IpRecCrlii/2];
if(nY >= nYMin && nY <= nYMax
&& nCb >= nCbMin && nCb <= nCbMax
&& nCr >= nCrMin && nCr <= nCrMax){
NNumROIPixels++;
}

}
IpRec += nWidth;
if((j & 1) == 11
IpRecCb += nWidth/2;
IpRecCr += nWidth/2;
}
}

/I Weighting for spatial frequency
if(nActSrc2 > gdwActThHigh){

e2 *= dActWeightingHigh;
}else if(nActSrc2 > gdwActThLow){

e2 *= dActWeightingMiddle;
}else {

e2 *= dActWeightingLow;

/I Weighting for specific color region
if(nNumROIPixels > dwROITh){

e2 *= dROIWeighting;
}

/I Weighting for inter-frame difference
if(nMAD > dwMADThHigh){

e2 *= dMADWeightingHigh;
}else if(nMAD > dwMADThLow){

e2 *= dMADWeightingMiddle;
}else {

e2 *= dMADWeightingLow;
}

nMB++; nMBX++;
}
nMBY++;

/I Calculating Activity-Variance for Surrounding Nine Blocks.
double nSumActSrc, nSumActPvs, nActVar, nActVarz,
nSumActSrc = nSumActPvs = nActVar = nActVar2 = 0.0;
gnActVar = 0.0;
for (j=1; j<nMBY-1; j++) {
for (i=1; i<nMBX-1; i++) {
nSumActSrc = 0.0;
nSumActPvs = 0.0;
for(int jj=-1; jj<2; jj++)
for(int ii=-1; ii<2; ii++){
nSumActSrc += nActArray[i+ii+nMBX*(j+jj)];
nSumACctPvs += nActArray2[i+ii+nMBX*(j+jj)];
}
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nSumActSrc /= 9.0;

nSumActPvs /= 9.0;

nActVar = 0.0;

nActVar2 = 0.0;

for(int jj=-1; jj<2; jj++)
for(int ii=-1; ii<2; ii++){

nActVar += (nActArray[i+ii+nMBX*(j+jj)]-nSumActSrc)*(nActArray[i+ii+nMBX*(j+jj)]-nSumActSrc);

nActVar2 += (nActArray2[i+ii+nMBX*(j+jj)]-
nSumActPvs)*(nActArray2[i+ii+nMBX*
(j*j))]-nSumActPvs);

}

}

nActVar /= 9.0;

nActVar2 /= 9.0;

gnActVar += abs(nActVar- nActVar2);

}

}
/I Average of the Activity-Variance for the Frame
gnActVar = gnActVar/(double)(nMBY-2)/(double)(nMBY-2);
/I Scene change detection

if(dMADFrame/ nMB > 35){
nSceneChange = 15;

}
if(nSceneChange){
e2 =0.0;

}

gnFrame++;
return e2;

/I Calculate Blockiness Level
double BlockinessLevelEstimation(unsigned char *IpBuffer, int nWidth, int nHeight)

{

[1]

[2]

/I lpBuffer: Frame Buffer
int i, j, nActSrc, nActSrc2, nDiff, nMB;
unsigned char *IpRec = IpBuffer;
double dBlock=0.0;
nMB = 0;
for (j=0; j<nHeight-16; j+=8) {
for (i=0; i<nWidth-16; i+=8) {
IpRec = IpBuffer + i + j * nWidth;
nActSrc = CalcActivitybyRect(IpRec, nWidth, 0, 8, 8); // Activity of the left block
nActSrc2 = CalcActivitybyRect(IpRec+8, nWidth, 0, 8, 8); / Activity of the right block
nActSrc = (nActSrc + nActSrc2)/2; // Average of the activity values
nDiff = 0;
for(int jj=0;jj<8; ji++)X{
nDiff += abs(IpRec[7+jj*nWidth] - IpRec[8+jj*nWidth]);
/I Difference of the luminance values at the boundary

}

nDiff/= 8;

dBlock += (double)nDiff/(double)(nActSrc+1);
nMB++;

}
}
return (double)dBlock/(double)nMB;
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Anexo C

Modelo C: M étodo dereferenciareducida NTIA

1 Antecedentes

En el periodo de tiempo 2003-2004 la National Telecommunications and Information
Administration (NTIA) de EE.UU. desarrolld6 dos modelos de calidad de video (VQM) con una
anchura de banda de referencia reducida (RR) de aproximadamente 12 a 14 Kbits/s para el video
muestreado de la Recomendacion UIT-R BT.601 [1]. Estos modelos se denominaron «VQM de
anchura de banda baja» y «VQM de anchura de banda baja rapido». Este tltimo era una version
informativamente eficaz del VQM de anchura de banda baja. El VQM de anchura de banda baja
rapido es aproximadamente cuatro veces mas rapido ya que extrae las caracteristicas espaciales de
las tramas de video que se han promediado previamente en vez de extraer las caracteristicas
espaciales directamente de las tramas de video UIT-R BT. 601. Se logran ahorros de célculo
adicionales para el VQM de anchura de banda baja rapido determinando las caracteristicas de
informacion temporal (es decir, el movimiento) mediante un submuestreo aleatorio de los pixels en
el canal de luminancia Y en vez de utilizar todos los pixels en los tres canales de video (Y, Cb,
y Cr). Ambos VQM han estado disponibles en nuestras herramientas informaticas VQM durante
varios afios y pueden utilizarse gratuitamente para aplicaciones comerciales y no comerciales.
Pueden descargarse las versiones ejecutables binarias de estas herramientas VQM y sus codigos de
fuente asociados [2].

Como la NTIA desed presentar ambos VQM a las pruebas de TV de referencia reducida (RRTV)
para una evaluacion independiente por el Grupo de Expertos en calidad del video (VQEG), escogid
presentarlos con diferentes categorias de velocidades binarias aun cuando tengan idénticos
requisitos de velocidad binaria RR. La NTIA decidi6 presentar el VQM de anchura de banda baja a
la categoria de 256 k y el VQM de anchura de banda baja répido a la categoria de 80 k ya que cabia
esperar que el comportamiento del primero de ellos fuese superior al del segundo. Ambos VQM
utilizaron el algoritmo de calibracion RR de la NTIA que aparece en la Recomendacion
UIT-T J.244[3]. Este algoritmo de calibracion exige aproximadamente de 22 a 24 Kbits/s de
anchura de banda RR a fin de producir estimaciones del retardo temporal, la deriva espacial, la
escala espacial, la ganancia y la desviacion de nivel.

Un interesante resultado de las pruebas de evaluacion VQEG RRTYV [4] fue que el VQM de anchura
de banda baja rapido se comportdé mejor que el VQM de anchura de banda baja en las pruebas de
525 lineas y 625 lineas. Es un resultado interesante puesto que demuestra que es mejor extraer las
caracteristicas espaciales de las tramas promediadas que extraerlas de las tramas no promediadas.
Debe investigarse si este resultado sigue siendo cierto o no para otros conjuntos de datos.
Actualmente, la NTIA no ve razon alguna para normalizar ambos modelos por lo que este Anexo
solo describe el VQM de anchura de banda baja rapido.

2 Introduccion

Este Anexo presenta un descripcion y un codigo de referencia para el VQM de anchura de banda
baja rapido NTIA. Este modelo utiliza técnicas similares a los del VQM general NTIA, cuya
descripcion figura en las Recomendaciones UIT-T J.44 [5] y UIT BT.1683 [6]. E1 VQM de anchura
de banda baja rapido utiliza las caracteristicas RR con una anchura de banda muy inferior que el
VQM general NITA, pero la extraccion de las caracteristicas y el proceso de comparacion es similar
en ambos. Para el video muestreado de la Recomendacion UIT-R BT.601 [1] el VQM de anchura
de banda baja rapido emplea unas caracteristicas RR que requieren aproximadamente de 12 a
14 Kbits/s de anchura de banda de transmisioén. Este Anexo describe solo el VQM de anchura de
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banda baja rapido ya que sus algoritmos de calibracion de anchura de banda baja complementarios
estan plenamente documentados en la Recomendacion UIT-T J.244 [3]. No obstante, para
completar la informacion, el codigo de referencia en este Anexo incluye el algoritmo tanto del
VQM de anchura de banda baja rapido como el de calibracién de anchura de banda baja asociado.
El coédigo de referencia también contiene ejemplos de funciones de cuantificacion para las
caracteristicas utilizadas por la calibracion de anchura de banda baja (estas funciones de
cuantificacion no forman parte de la Recomendacion UIT-T J.244).

3 Descripcion del VQM de anchura de banda baja rapido

31 Consideraciones generales sobre el VQM

La descripcion del VQM engloba tres areas primarias:

1) las caracteristicas de anchura de banda baja extraidas de los trenes de video original y
procesado;

2) los parametros resultantes de la comparacion de las caracteristicas de los trenes original y
procesado;

3) el calculo del VQM que combina varios parametros cada uno de los cuales mide un aspecto

distinto de la calidad de video.

Esta descripcion utiliza referencias facilmente disponibles relativas a los detalles técnicos.

3.2 Descripcion delas caracteristicas

3.2.1 Consideraciones generales delas caracteristicas

El VQM de anchura de banda baja utiliza tres tipos de caracteristicas: color, espacial y temporal.
Cada uno de estos tipos de caracteristicas cuantifica las distorsiones perceptuales en sus respectivos
dominios. La subrutina del cédigo de referencia «model fastlowbw features» proporciona una
descripcion matematica completa de las caracteristicas empleadas por el VQM de anchura de banda
baja répido.

3.2.2 Caracteristicasde color

Las caracteristicas de color son las mismas caracteristicas fconer coLor utilizadas por el VQM
General de la NTIA. Estas caracteristicas se describen detalladamente en el Anexo D.7.3 a la
Recomendacion UIT-T J.144. Las caracteristicas fconer coLor proporcionan una medicion de vector
bidimensional de la cantidad de informacién de crominancia azul y roja (Cg, Cr) en cada region
S-T. Por consiguiente, las caracteristicas fconer coLor son sensibles a las distorsiones de color. Las
caracteristicas fconer coLor del VQM de anchura de banda baja rapido de la NTIA se extraen de la
region espacial-temporal (S-T) de un tamafio de 30 lineas verticales por 30 pixels horizontales en
1 segundo de tiempo (es decir, 30 x 30 x 1s) mientras que el VQM general de la NTIA utiliza la
region S-T de tamafio 8 x 8 x 1.

3.23 Caracteristicas espaciales

Las caracteristicas espaciales son las mismas caracteristicas fg13 y frviz que se utilizan en el VQM
General de la NTIA. Estas caracteristicas se describen detalladamente en el Anexo D.7.2.2 a la
Recomendacion UIT-T J.144. Las caracteristicas fgi3 y fuviz miden el volumen y la distribucion
angular de los gradientes espaciales en las subregiones espacial-temporal (S-T) de las imagenes de
luminancia (Y). Por consiguiente, las caracteristicas fgi3 y fuviz son sensibles a las distorsiones
espaciales tales como la borrosidad y el bloqueo.
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Las caracteristicas fg13 y fuviz del VQM de anchura de banda baja rapido de la NTIA se extraen de
la region temporal-espacial (S-T) de un tamafio de 30 lineas verticales por 30 pixels horizontales en
1 segundo de tiempo (es decir, 30 x 30 x 1s) mientras que el VQM General de la NTIA utiliza la
region S-T de tamafio 8 x 8 x 0,2s. Ademas, para ahorrarse algunos calculos, se obtiene en primer
lugar previamente la media de los periodos de 1 segundo de las imdgenes de luminancia Y a lo
largo del tiempo antes de aplicar los filtros de realce del borde de 13 x 13 bidimensionales
indicados en el Anexo D.7.2.1 a la Recomendacion UIT-T J.144.

Una caracteristica espacial adicional se extrae de los periodos de 1 s de las imagenes de luminancia
(Y) previamente promediadas. Esta caracteristica es el nivel de luminancia media (Y) de cada
region S-T de 30 x 30 x Is (aqui denominada fyean). El objeto de la caracteristica fuean es
proporcionar una funcién de ponderacion perceptual del nivel de luminancia para las pérdidas de
informacion espacial (SI) medidas por las caracteristicas fgi13 y frvis, Esto se descubrira en el punto
sobre descripcion de los parametros.

3.24 Caracteristicastemporales

Pueden obtenerse unas estimaciones bastante precisas de la calidad de video percibida a partir del
conjunto de caracteristicas de color y espaciales descrito anteriormente. Sin embargo, como las
regiones S-T de las que se extraen estas caracteristicas abarcan muchas tramas de video (es decir,
periodos de 1s de tramas de video), tienden a ser insensibles a las breves perturbaciones temporales
que aparecen en la imagen. Tales perturbaciones pueden proceder de ruido o de errores de
transmision digital; y, si bien son breves por naturaleza, pueden tener repercusiones significativas
sobre la calidad de imagen percibida. Por tanto, se utiliza una caracteristica RR temporal para
cuantificar los efectos preceptiales de las perturbaciones temporales. Esta caracteristica mide la
informacion temporal absoluta (ATI), o movimiento, en el plano de imagen de luminancia Y y se
calcula como sigue:

f am =rms{rand5%|Y (t) - Y(t-0.2s)|}

Para lograr mayor eficacia en los calculos, Y se submuestrea aleatoriamente para que contenga solo
el 5% de pixels de imagen (representado aqui por la funcion rand5%). La imagen Y submuestreada
en el instante t-0,2s se sustrae de la imagen Y idénticamente submuestreada en el instante t y el error
cuadratico medio (rms) del resultado se utiliza como medida de la ATI. Empleando el convenio
indicado en el Anexo D.8 a la Recomendacion UIT-T J.144 esto también puede representarse como
sigue:

far) =Y rand5% ati0.2s rms

La caracteristica far es sensible a las perturbaciones temporales. Para un video de 30 tramas/s, 0,2s
representan 6 tramas de video mientras que para un video de 25 tramas/s, 0,2s representan 5 tramas
de video. La sustraccion de las imagenes que se encuentran separadas 0,2s hace que la caracteristica
sea insensible a los sistemas de video en tiempo real de 30 tramas/s y 25 tramas/s que tienen
velocidades de actualizacion de trama de al menos 5 tramas/s. Los aspectos de calidad de estos
sistemas de video de velocidad de trama baja, muy comunes en aplicaciones multimedios, son
suficientemente detectados por las caracteristicas fg13, frvis, ¥ fconer coLor. La separacion de 0,2s
también se adapta mejor a la respuesta de cresta temporal del sistema visual humano que la
diferenciacion de dos imagenes que estan separadas una trama en el tiempo.

La Fig. 27 proporciona un ejemplo grafico de la caracteristica fap para una escena de video original
(linea azul continua) y procesado (linea roja de puntos) de un sistema de video digital con errores de
rafaga transitorios en el canal de transmision digital. Los errores transitorios en la imagen procesada
crean crestas en la caracteristica fay. La anchura de banda requerida para transmitir la
caracteristica fary es extremadamente baja puesto que requiere s6lo 30 muestras por segundo para
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videos de 30 tramas/s. Otros tipos de ruido aditivo en el video procesado, como pueda ser el
generado por un sistema de video analdgico, apareceran como una deriva de cc positiva en la
historia temporal del tren de caracteristicas procesado con respecto al tren de caracteristicas
original. Los sistemas de codificacion de video que eliminan el ruido provocaran una deriva de cc
negativa.

Antes de extraer un parametro de error transitorio del tren de caracteristica fay mostrado en la
Fig. 27, es conveniente aumentar la anchura de las crestas de movimiento (crestas rojas en la
Fig. 27). El motivo es que estas breves crestas de movimiento causadas por los errores transitorios
no representan adecuadamente la repercusion perceptual de estos tipos de errores. Un método para
incrementar la anchura de las crestas de movimiento consiste en aplicar un méaximo filtrado a los
trenes de caracteristicas original y procesado antes de calcular la funcion del pardmetro de error
entre las dos formas de onda. Para el parametro de error basado en fap , se utilizé un filtro maximo
de 7 puntos de anchura (aqui denominado funciéon max7pt que produjo una muestra de salida en
cada trama que es el méximo entre el propio valor y los 3 vecinos mas proximos a cada lado (es
decir, las muestras en los instantes anterior y posterior).

FIGURA 27
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3.25 Cuantificacion de las caracteristicas

La cuantificacion con 9 bits de precision es suficiente para las caracteristicas Yyean, fs13, fuvis, ¥
fconer coLor mientras que la caracteristica fam debe cuantificarse con 10 bits. Para que el efecto sea
minimo en el cdlculo de los parametros de la calidad de video, debe utilizarse un disefio de
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cuantificado no lineal en el que el error de cuantificacion es proporcional a la magnitud de la sefial
que va a cuantificarse. Los valores muy bajos se cuantifican de manera uniforme a algin valor de
corte, por debajo del cual no hay informacion util para evaluar la calidad. Este disefio del
cuantificador minimiza el error en los calculos de los pardmetros correspondientes porque estos
calculos se basan normalmente en una tasa de errores o tasa logaritmica de los trenes de
caracteristicas procesado y original (véase el punto siguiente sobre descripcion de los parametros).

La Fig. 28 representa la grafica del cuantificador no lineal de 9 bits empleado para la caracteristica
fg13 original. La subruina del codigo de referencia «model lowbw compression» proporciona una
descripcion matemadtica completa de los cuantificadores recomendados utilizados por el VQM de
anchura de banda baja rapido. Si las caracteristicas caen fuera de la gama de cuantificadores
recomendados en el extremo bajo o alto (muy improbable), los parametros S-T obtenidos de estas
caracteristicas se ponen a cero de manera que no tengan influencia sobre el VQM global.

FIGURA 28
Cuantificador de 9-bitsno lineal parala caracteristica 73
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3.3 Descripcién delos parametros

3.3.1 Consideraciones generales sobrelos pardmetros

El célculo de los parametros supone varios pasos que siguen los diversos aspectos preceptuales de

la calidad de video. Estos pasos pueden implicar:

— la aplicacion de un umbral perceptual a las caracteristicas extraidas desde cada
subregion S-T;
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— el calculo de una funcién de error entre las caracteristicas procesadas y las correspondientes
caracteristicas originales;

— la agrupacion del error resultante en el espacio y en el tiempo.

En el Anexo D.8 a la Recomendacion UIT-T J.144 figura una descripcion detallada de estas
técnicas y su notacion matematica correspondiente para los nombres de los parametros, que también
se utilizard aqui. La subrutina del codigo de referencia «model fastlowbw parameters» proporciona
una descripcion matematica completa de los pardmetros utilizados por el VQM de anchura de banda
baja rapido. Para mayor sencillez, la descripcion de los parametros que se hace en este punto no
considera los efectos de la cuantificacion de las caracteristicas (por ejemplo, el tratamiento de los
valores de las caracteristicas que pueden caer fuera de las gamas de cuantificacion recomendadas).

3.3.2 Nuevos métodos

Este punto resume nuevos métodos establecidos para mejorar la correlacion objetiva a subjetiva de
los parametros basados en las caracteristicas RR con anchuras de banda de transmision muy bajas
tales como las utilizadas por el VQM de anchura de banda baja rapido de la NTIA (es decir, nuevos
métodos que no figuran en la Recomendacion UIT-T J.144). Conviene sefialar que no se han
encontrado mejoras para la forma basica de las funciones de error en los pardmetros indicados en el
Anexo D.8.2.1 a la Recomendacion UIT-T J.144. Las dos funciones de error que dan lugar de forma
consistente a los mejores resultados de los parametros (para pardmetros espaciales y temporales)
son una tasa logaritmica {loglO [fy(St) / fo(St)]} y una tasa de errores {[fy(St) —fo(St)]/fo(St)},
donde fy(st) y fo(St) son la caracteristica procesada y la correspondiente caracteristica original
extraidas de la region S-T con las coordenadas espaciales S y las coordenadas temporales t,
respectivamente. Los errores deben separarse en ganancias y pérdidas, ya que los seres humanos
responden de forma distinta a las degradaciones aditivas (por ejemplo, bloqueo) y sustractivas (por
ejemplo, borrosidad). Aplicando un umbral perceptual mas bajo a las caracteristicas antes de la
aplicacion de estas dos funciones de error se evita la division por cero.

Tras calcular los parametros S-T utilizando una de las funciones de error, dichos pardmetros pueden
agruparse en el espacio y en el tiempo para producir un valor de parametro para el videoclip. Esta
agrupacion de errores puede producirse en multiples etapas (por ejemplo, en el espacio y en el
tiempo). Un nuevo método de agrupacion de errores utilizado por el VQM de anchura de banda baja
rapido se denomina agrupacion de errores en macrobloque (MB). Esta agrupacion de errores MB
retine un nimero contiguo de subregiones S-T y aplica una funcion de agrupaciéon de errores a este
conjunto. Por ejemplo, la funciéon denominada «MB(3,3,2)max» llevara a cabo una funcién max
sobre los valores de los parametros para cada grupo de 18 subregiones S-T apiladas de la forma
3 verticales por 3 horizontales por 2 temporales. Para las subregiones S-T de 32 x 32 x 1s de las
caracteristicas fg13, fivis, ¥ fcorer coLor descritas antes, cada region MB(3,3,2) engloba una porcion
del tren de video que abarca 96 lineas verticales por 96 pixels horizontales por 2 segundos de
tiempo. Se ha observado que la agrupacion de errores MB es util para realizar un seguimiento de la
repercusion perceptual de las degradaciones localizadas en el espacio y en el tiempo. Tales
degradaciones localizadas dominan a menudo el proceso de decision de calidad. La agrupacion de
errores MB también puede implementarse como un proceso de filtrado de manera que en vez de
producir un solo valor de salida para cada MB, cada una de las muestras S-T se sustituye por su
valor filtrado MB, estando el MB centrado en la muestra S-T. Esto se denomina agrupacion de
errores MB solapados (OMB).

Un segundo método de agrupacion de errores es el sumatorio de Minkowski generalizado (P, R),

definido como sigue:
1 - P
Minkowski(P, R) = R NZM

i=1
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En esta expresion V; representa los valores de los parametros incluidos en el sumatorio. Este
sumatorio puede, por ejemplo, incluir todos los valores de los pardmetros en un instante
determinado en el tiempo (agrupacién espacial) o puede aplicarse a los macrobloques antes
descritos. El sumatorio de Minkowski en el que la potencia P es igual a la raiz R ha sido utilizado
por muchos disefadores de métricas de calidad de video para la agrupacion de errores. El sumatorio
de Minkowski generalizado, donde P # R, proporciona flexibilidad adicional para linealizar la
respuesta de los parametros individuales a los cambios en la calidad percibida. Se trata de un paso
necesario antes de combinar multiples parametros en una sola estimacion de la calidad de video
percibida, que se lleva a cabo con un ajuste lineal.

3.3.3 Parametrosde color

Se extraen dos parametros de las caracteristicas fconer coLor. Uno de estos parametros, denominado
color_extreme, mide las distorsiones de color extremas que pueden causar los bloques coloreados
de los errores de transmision. El otro parametro, denominado color_spread, proporciona una
indicacion de la varianza o dispersion de los errores de color. En vez de usar la medicion de la
distancia euclidiana para cuantificar las distorsiones (como se hace en el Anexo D.8.2.2 a la
Recomendacion UIT-T J.144) estos dos pardmetros utilizan la raiz cuadrada de la distancia
Manhattan. Siguiendo la notaciéon matematica del citado Anexo D.8.2.2 a la Recomendacion
UIT-T J.144, donde fy(St) y fo(St) representan la caracteristica fconer coLor bidimensional extraida
de la region S-T de los trenes de video procesado y original, esta funciéon de comparacion de
caracteristicas viene dada por la expresion:

fo(st)-1f (st)

sgrtmanhat(s,t) = J >

Cg.Cr

La medicion de la distancia Manhattan parece ser mas adecuada que la de la distancia euclidiana y
la funcion de raiz cuadrada es necesaria para linealizar la respuesta de los parametros a los cambios
de calidad. Siguiendo las notaciones matematicas que aparecen en el Anexo D.8 de la
Recomendacion UIT-T J.144 los parametros de color vienen dados por :

color _extreme=color_coher color 30x30 1s mean_sqrtmanhat OMB(3,3,2)above9%% Minkosski(0.5,1)

color _spread=color cohe color 30x30 Is mean_sqrtmanhat OMB(3,3,2)Minkosski(2,4) 90%
Un parametro de color combinado (color_comb) que contiene la combinacién optima de los dos
parametros color_extremey color_spread se calcula como sigue:
color _comb=0.691686* color _extreme—0.617958* color _spread
Este valor positivo del parametro color_comb se recorta a continuacion en el extremo inferior, lo

que se representa matematicamente (siguiendo la notacion del Anexo D.8.5 de la Recomendacion
UIT-T J.144) por:

color _comb=color _comb_clip_0.114
Este parametro color_comb se incluye en la combinacion lineal para el calculo de VQM.

3.34 Parametros espaciales

A partir de la caracteristica fg13 se calculan dos parametros espaciales, uno que mide una pérdida de
informacion espacial (S_l0sS) y otro que mide una ganancia de informacion espacial (Si_gain).
Siguiendo la notacién matematica del Anexo D.8§ a la Recomendacion UIT-T J.144 estos
parametros vienen dados por :

S _loss=avgls Y sil3 30x30 std 3 ratio loss OMB(3,3,2)Minkosski(1,2) Minkossk{1.5,2.5) clip 0.12

S_gain=avgls Y sil3 30x30 ¢d 3 log gin clip 0.1 above95%tail Minkosski(1.52)
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A medida que aumenta el nivel medio de luminancia (Y) de la subregion S-T ( medido mediante la
caracteristica fugan), disminuye la capacidad de percibir cambios en el detalle espacial (por ejemplo,
tal como la borrosidad medida por si_l0sS). Esto puede representarse introduciendo una funcion de
ponderacion (Y_weight) como muestra la Fig. 29 a los valores Si_loss de cada subregion S-T (es
decir, los valores Si_loss tras llevar a cabo la funcién de comparacion de tasa de pérdidas en cada
subregion S-T pero antes de las funciones de colapso espacial y temporal). La funcion de
ponderacion Y-weight es igual a uno (es decir, ponderacion total) hasta que se alcanza un nivel
medio de luminancia de 175 y a continuacion disminuye linealmente hasta cero a medida que los
valores de luminancia aumentan de 175 a 255. Esta correccion intermedia se aplica tinicamente a
los valores Si_lossy no a los valores Si_gain.

FIGURA 29
Funcion de ponderacion Y_weight para modificar los parametros 5 /0ssS-T

0!9 Lo \ ................. ................. ................ ................. ................ —
0,8 _ ................. ................. , .- ................. ................ —

0’7 L . ................. ................. ................. E e ................ —

ight

Y wei
(=]

W

T

0,3 Fromrrrrreemnnes ................. s ................ ................ -

0,1 Foveeriiiiininn e ................. ,,,,,,,,,,,,,,,,, ................ -

300

BT.1885-29

A partir de la caracteristica fyyiz se calculan dos parametros espaciales, uno que mide la pérdida de
informacion espacial Horizontal y Vertical (HV) relativa (hv_l0ss) y otro que mide la ganancia
(hv_gain). Siguiendo la notacién matematica del Anexo D.8 a la Recomendacion UIT-T J.144 estos
parametros vienen dados por las expresiones:
hv_loss=avgls Y hvl3 angle0.225 rmin20 30x30 mean 4 ratio loss ...
OMB(3,3,2)below1% Minkosski(1,1.5) clip_0.08

hv_gain=avgls Y hvl3 angle0.225 rmin20 30x30 mean 4 log gain ...
clip 0.06 OMB(3,3,2)above99%tail Minkosski(1.5,3)
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En las ecuaciones anteriores no se muestra que la funciéon Y_weight representada en la Fig. 29
también se aplica a los dos valores hv_|lossy hv_gain de cada subregion S-T antes de las funciones
de colapso espacial y temporal (tras calcular, respectivamente, los valores de ratio_loss y log gain).
Se aplica una funcion de ponderacion adicional (S_weight mostrada en la Fig. 30) a los valores de
hv_loss de cada subregion S-T. Ello fue necesario para reducir la sensibilidad de hv_loss en las

regiones S-T que tienen muy poca informacién espacial (es decir, valores bajos de la caracteristica
original fg13).

FIGURA 30
Funcién de ponderacion S/_weight para modificar los parametros Av_/ossS-T
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Los parametros de distorsion espacial pueden aplastarse (es decir, las excursiones que sobrepasan
claramente las que aparecen en los datos de prueba se limitan o comprimen) utilizando funciones
tales como la funcién de aplastamiento VQM que figura en el punto relativo al calculo de VQM.

3.3.5 Parametrostemporales

A partir de la caracteristica fan se calculan dos parametros temporales, uno que mide el ruido
aleatorio afiadido (ati_noise) y otro que mide las perturbaciones del movimiento causadas por los
errores de transmision (ati_error). Siguiendo la notacion matematica del AnexoD.8 a la
Recomendaciéon UIT-T J.144 estos parametros vienen dados por:

ati_noise=Y rand5% ati0.2s rms 5 ratio_gain between25%50%

ati_error=Y _rand5% _ ati0.2s rms max7pt 12 ratio gain above90%
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Para que los parametros ati_noise y ati_error sean mas robustos contra los desalineamientos
temporales, los pardmetros se calculan para todos los alineamientos temporales del video procesado
que se encuentren en el margen de 0,4 s con respecto al mejor alineamiento temporal estimado del
video original, y a continuacion se selecciona el minimo valor del paradmetro.

34 Calculode VQM

De forma similar al VQM General de la NTIA que aparece en el Anexo D a la Recomendacion
UIT-T J.144, el célculo del VQM de anchura de banda baja rapido combina linealmente dos
parametros de la caracteristica fyyiz (hv_lossy hv_gain), dos parametros de la caracteristica fgi3
(si_loss y si_gain) y dos parametros de la caracteristica fconer coLor (excepto que los dos
pardmetros han sido combinados en un solo parametro de distorsion de color denominado
color_comb). El parametro de ruido en el VQM General de la NTIA ha sido sustituido por
2 parametros basados en la caracteristica fary de anchura de banda baja aqui descritos (ati_noise
y ati_error).

Por consiguiente, VQMp g (abreviatura de VQM de anchura de banda baja rapida) consiste en una
combinacion lineal de ocho pardmetros. VQMgp viene dado por:

VQMir5 = { 0,38317338378290 * hv_loss+ 0,37313218013131 * hv_gain +
0,58033514546526 * Si_loss+ 0,95845512360511 * si_gain +
1.07581708014998 * color_comb +
0,17693274495002 * ati_noise + 0,02535903906351 * ati_error }

El VQM total (tras la adicion de las contribuciones de todos los parametros) se recorta al umbral
mas bajo de 0,0 a fin de evitar los nimeros VQM negativos. Por tltimo, se aplica a los valores de
VQM por encima de 1,0 una funcién de aplastamiento que permite una maxima sobreoscilacion del
50% para limitar los valores de VQM de video excesivamente distorsionado que caen fuera de la
gama de los datos de prueba.

Si VQME g > 1,0, entonces VQMgrg = (1 +¢)*VQMErg / (¢ + VQMELg), donde ¢ = 0,5.

VQMgrp calculado de la forma anterior tendra valores superiores o iguales a cero y un maximo
valor nominal de uno. El VQMg. s puede ocasionalmente rebasar el valor uno en el caso de escenas
de video extremadamente distorsionadas.

Para lograr que el VQMErp sea mds robusto frente a los desalineamientos espaciales, el VQMgrp se
calcula para todos los alineamientos espaciales del video procesado que se encuentran a mas o
menos 1 pixel del mejor alineamiento espacial estimado del video original, y a continuaciéon se
selecciona el minimo VQMg .
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5 Cddigo dereferencia paraimplementar e VQM de anchura de banda baja rapido

El objeto de este codigo de referencia es asistir al usuario a realizar la adecuada implementacion del
VQM de anchura de banda baja rapido. Aunque se utiliza el coédigo MATLAB® como codigo de
referencia, puede emplearse cualquier codigo de software que reproduzca los resultados indicados
aqui. Cada subseccion del § 5 contiene cdédigo MATLAB para la funcion indicada en el
encabezamiento de la seccidon (por ejemplo, salvar el contenido del § 5.1 en un fichero denominado
«fastlowbw_ref.m»). Ejecutar fastlowbw ref sin argumentos para recibir informacion de ayuda
sobre la forma de llamar a una rutina. Este codigo contiene la flexibilidad necesaria para ejecutar el
modelo en un videoclip corto (es decir, de 5 a 15 s de duracion) dentro de una secuencia de video
mas larga (por ejemplo, una secuencia de 1 minuto). Ello se hace desplazando el videoclip corto un
segundo y volviendo a calcular el modelo para cada desplazamiento temporal. Aunque no se
demuestra esta funcionalidad en lo que sigue, los comentarios en el cédigo y los argumentos
devueltos de «model fastlowbw parameters.m» se referirdn a esta capacidad. Esta capacidad
escondida puede ser util para implementar un sistema de comprobacion de la calidad de video en
servicio.

Cuando los vectores de prueba de muestra (es decir, los videoclips) se procesan con el codigo de
referencia VQM de anchura de banda baja rapido (funcion «fastlowbw ref.m»), se crean ficheros
de texto que contienen la calibracién y los resultados del modelo. En el siguiente ejemplo de
llamadas de funcion MATLAB, deben obtenerse ficheros de salida similares a los indicados a
continuacion (debido al proceso aleatorio utilizado por el VQM de anchura de banda baja rapido,
los resultados pueden variar ligeramente de los aqui presentados):

)

5.Reference
Code.doc
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Apéndice

Analisisdeloserroresde transmision
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Las pruebas de validacion de VQEG para el proyecto RRNR-TV incluian los formatos de
525 lineas (NTSC) y 625 lineas (PAL). Cada experimento incluy6d 12 secuencias de fuente y
156 secuencias de video procesadas (PVS). De estas 156 PVS, 40 contenian errores de trasmision y
116 unicamente errores de codificacion. Los Cuadros 9 y 10 muestran el RMSE y el OR para las
PVS con errores de transmision. Cabe sefialar que los RMSE y los OR se calcularon utilizando las
rectas de regresion obtenidas de todos los datos. En otras palabras, las rectas de regresion se
determinaron utilizando todos los datos. A continuacion, el RMSE y el OR para los errores de
trasmision se calcularon mediante las PVS con errores de transmision.

RMSE y OR paralapruebadevalidacion RRNR-TV (formato 525).
ET: erroresdetransmision

CUADRO 9

TODOS ConET SnET
Formato 525
RM SE OR RM SE OR RM SE OR
Model A 15k 0,418 0,385 0,574 0,500 0,362 0,293
Model A 80k 0,423 0,378 0,582 0,475 0,366 0,293
Model A 256k 0,424 0,378 0,584 0,475 0,367 0,293
Model B 80k 0,598 0,667 0,768 0,650 0,544 0,586
Model B 256k 0,587 0,647 0,763 0,600 0,530 0,578
Model C 80k 0,465 0,513 0,557 0,550 0,440 0,405
Model C 256k 0,511 0,609 0,584 0,450 0,495 0,578
PSNR NTIA 0,556 0,571 0,549 0,500 0,568 0,491
CUADRO 10

RMSE y OR parala prueba devalidacion RRNR-TV (formato 625).
ET: erroresdetransmision

TODOS ConET SnET
Formato 625
RMSE OR RMSE OR RMSE OR
Model A 15k 0,524 0,468 0,597 0,450 0,508 0,414
Model A 80k 0,513 0,462 0,594 0,500 0,494 0,379
Model A 256k 0,516 0,468 0,593 0,500 0,499 0,379
Model B 80k 0,887 0,724 0,545 0,500 0,986 0,716
Model B 256k 0,864 0,744 0,523 0,600 0,962 0,716
Model C 80k 0,585 0,583 0,282 0,200 0,663 0,647
Model C 256k 0,657 0,590 0,292 0,175 0,747 0,638
PSNR_NTIA 0,605 0,564 0,338 0,250 0,678 0,517
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The purpose of this reference code is to assist the user with proper implementation of the Fast Low Bandwidth VQM.  While MATLAB® code is used for the reference code, any software code can be used that reproduces the results given here.  Each subsection in section 5 contains MATLAB code for the function named in the section header (e.g., save the contents of section 5.1 to a file called “fastlowbw_ref.m”).  Execute fastlowbw_ref with no arguments to receive help information on how to call the routine.  This code contains the flexibility of running the model on a short video clip (i.e., 5 to 15 seconds) within a larger video sequence (e.g., 1-minute sequence).  This is done by shifting the short video clip by one second and re-computing the model for each temporal shift.  While this functionality is not demonstrated below, comments within the code and returned arguments from “model_fastlowbw_parameters.m” will refer to this capability.  This hidden capability may be useful for implementing an in-service video quality monitoring system. 


When the sample test vectors (i.e., video clips) are processed with the Fast Low Bandwidth VQM reference code (function “fastlowbw_ref.m”), text files are produced that contain the calibration and model results.  For the following example MATLAB function calls, output files similar to those given below should be obtained (due to random processes used by the Fast Low Bandwidth VQM, results may vary slightly from those presented here):


fastlowbw_ref '''rrtv_flogar_original.yuv''' '''rrtv_flogar_hrc1.yuv''' '''QCIF30''' '''none'''


 “rrtv_flogar_hrc1.yuv_calibration.txt” file with results similar to this:


none


    0  Horizontal Shift


    0  Vertical Shift


    1  Valid Region Top


    1  Valid Region Left


  144  Valid Region Bottom


  176  Valid Region Right


1.000 Luminance Gain


0.000 Luminance Offset


 1000  Horizontal Scale


 1000  Vertical Scale


    0  Temporal Delay


“rrtv_flogar_hrc1.yuv_model.txt” file with results similar to this:


0.512650 fastlowbw


0.156115 hv_loss


0.072374 hv_gain


0.174293 si_loss


0.028922 si_gain


0.080944 color_comb


0.000000 noise


0.000002 error


0.000000 vshift


0.000000 hshift


fastlowbw_ref '''rrtv_flogar_original.yuv''' '''rrtv_flogar_hrc1.yuv''' '''QCIF30''' '''rrcal2'''


 “rrtv_flogar_hrc1.yuv_calibration.txt” file with results similar to this:


rrcal2


    0  Horizontal Shift


    0  Vertical Shift


    1  Valid Region Top


    1  Valid Region Left


  144  Valid Region Bottom


  176  Valid Region Right


0.998 Luminance Gain


0.539 Luminance Offset


 1000  Horizontal Scale


 1000  Vertical Scale


    1  Temporal Delay


1.005 Cb Gain


0.218 Cb Offset


0.968 Cr Gain


0.098 Cr Offset


 “rrtv_flogar_hrc1.yuv_model.txt” file with results similar to this:


0.507892 fastlowbw


0.151204 hv_loss


0.071144 hv_gain


0.178214 si_loss


0.028708 si_gain


0.078499 color_comb


0.000000 noise


0.000124 error


0.000000 vshift


0.000000 hshift


fastlowbw_ref '''f:\sg9_rrtv\rrtv_calmob_original.yuv''' '''f:\sg9_rrtv\rrtv_calmob_hrc2.yuv''' '''QCIF30''' '''rrcal2scale'''


“rrtv_calmob_hrc2.yuv_calibration.txt” file with results similar to this:


rrcal2scale


    0  Horizontal Shift


    0  Vertical Shift


    1  Valid Region Top


    1  Valid Region Left


  144  Valid Region Bottom


  176  Valid Region Right


0.998 Luminance Gain


-0.185 Luminance Offset


 1000  Horizontal Scale


 1000  Vertical Scale


    0  Temporal Delay


0.857 Cb Gain


-2.043 Cb Offset


0.868 Cr Gain


-2.727 Cr Offset


“rrtv_calmob_hrc2.yuv_model.txt” file with results similar to this:


0.291195 fastlowbw


0.051529 hv_loss


0.056814 hv_gain


0.084128 si_loss


0.004541 si_gain


0.092818 color_comb


0.000000 noise


0.001365 error


0.000000 vshift


0.000000 hshift


Function Listing

45.1 Function “fastlowbw_ref.m”



175.2 Function “adaptive_filter.m”



185.3 Function “adjust_requested_sroi.m”



205.4 Function “block_statistic.m”



225.5 Function “block_statistic_shift.m”



255.6 Function “default_sroi.m”



265.7 Function “dll_calib_video.m”



315.8 Function “dll_default_vr.m”



325.9 Function “dll_features.m”



335.10 Function “dll_lowbw_calib_initialize.m”



335.11 Function “dll_lowbw_calib_original.m”



345.12 Function “dll_lowbw_calib_processed.m”



345.13 Function “dll_lowbw_calib_quant.m”



345.14 Function “dll_lowbw_gain_v2_original.m”



345.15 Function “dll_lowbw_gain_v2_processed.m”



345.16 Function “dll_lowbw_gain_v2_quant.m”



345.17 Function “dll_lowbw_temporal.m”



345.18 Function “dll_lowbw_temporal_features.m”



345.19 Function “dll_lowbw_temporal_original.m”



345.20 Function “dll_lowbw_temporal_processed.m”



345.21 Function “dll_lowbw_temporal_quant.m”



345.22 Function “dll_model.m”



345.23 Function “dll_orig_valid_region.m”



345.24 Function “dll_proc_valid_region.m”



345.25 Function “dll_video.m”



345.26 Function “filter_ati_random.m”



345.27 Function “filter_si_hv_adapt.m”



345.28 Function “join_into_frames.m”



345.29 Function “max_filterw.m”



345.30 Function “model_fastlowbw_features.m”



345.31 Function “model_fastlowbw_features_shift.m”



345.32 Function “model_fastlowbw_parameters.m”



345.33 Function “model_lowbw_compression.m”



345.34 Function “model_lowbw_sroi.m”



345.35 Function “quantiz_fast.m”



345.36 Function “read_bigyuv.m”



345.37 Function “resample_image.m”



345.38 Function “running_collapse.m”



345.39 Function “split_into_fields.m”



345.40 Function “st_collapse.m”



345.41 Function “tslice_conversion.m”






Function “fastlowbw_ref.m”


function fastlowbw_ref (original_file, processed_file, file_type, calibration);

% wrapper for fastlowbw_ref.  This is not the typical MATLAB interface, but rather

% an alternate interface required for compilation.

% 1) call with no arguments for help information.

% 2) if running inside MATLAB, add three quotes (''') both before and after

% every argument. 

if nargin == 0,

    fprintf('FASTLOWBW_REF -- Version 1.0\n');

    fprintf('  Take original and processed test sequences in raw BIG-YUV \n');

    fprintf('  file format.  Calculate NTIA Fast Low Bandwidth model and calibration.\n');

    fprintf('  This is reference software.\n');

    fprintf('SYNTAX\n');

    fprintf('  fastlowbw_ref original_file processed_file video_standard calibration model\n');

    fprintf('DESCRIPTION\n');

    fprintf('  Takes the name of a UYVY formatted file (''original_file'') containing an\n');

    fprintf('  original video sequence and UYVY formatted file (''processed_file'') containing\n');

    fprintf('  a processed video sequence.  Both files must contain uncompressed video in\n');

    fprintf('  either the UYVY or RGB color space.\n');

    fprintf('  ''video_standard'' indicates the frame rate and video size:\n');

    fprintf('    ''525''          525-line, 30fps video (720 pixels by 486 rows), "NTSC"\n');

    fprintf('                   Interlaced fields, lower field presented earlier in time\n');

    fprintf('    ''625''          625-line, 25fps video (720 pixels by 576 rows), "PAL"\n');

    fprintf('                   Interlaced fields, upper field presented earlier in time\n');

    fprintf('    ''VGA30''        VGA (480 lines x 640 pixels), 30fps video, progressive.\n');

    fprintf('    ''VGA25''        VGA (480 lines x 640 pixels), 25fps video, progressive.\n');

    fprintf('    ''CIF30''        CIF (288 lines x 352 pixels), 30fps video, progressive.\n');

    fprintf('    ''CIF25''        CIF (288 lines x 352 pixels), 25fps video, progressive.\n');

    fprintf('    ''QCIF30''        CIF (144 lines x 176 pixels), 30fps video, progressive.\n');

    fprintf('    ''QCIF25''        CIF (144 lines x 176 pixels), 25fps video, progressive.\n');

    fprintf('  ''calibration'' indicates the calibration options desired, and must\n');

    fprintf('  be one of the following:\n');

    fprintf('    ''none''       No calibration will be performed.\n');

    fprintf('    ''rrcal2''      Reduced Reference Bandwidth Calibration Version 2.0 (J.Cal)\n');

    fprintf('    ''rrcal2scale'' Reduced Reference Bandwidth Calibration Version 2.0 (J.Cal),\n');

    fprintf('                  including estimation of spatial scaling\n');

    fprintf('EXAMPLE CALL:\n');

    fprintf('  fastlowbw_ref ''original.yuv'' ''processed.yuv'' ''525'' ''rrcal2''\n');

    fprintf('RESTRICTIONS:\n');

    fprintf('  If the video sequences (after calibration) are longer than 15 seconds, then\n');

    fprintf('  only the first 15 seconds will be used for model calculation\n');

    fprintf('  Temporal registration uncertainty will +/- 1 sec.\n');

    fprintf('NOTES:\n');

    fprintf('  These algorithms are unchanged from those previously released to the public\n');

    fprintf('  (i.e., CVQM, BVQM).  Source code and binary executables are available for\n');

    fprintf('  download at www.its.bldrdoc.gov  These algorithms can be freely used for\n');

    fprintf('  commercial and non-commercial applications.\n');

    return;

end

% NOTES FOR PROGRAMMERS:

% 

% 1. To modify the temporal delay search range, change variable "uncert"

% passed into function dll_lowbw_temporal.m

% 

% 2. To modify spatial shift and scaling search limits, change variables

% "max_shift_horiz", "max_shift_vert", "max_scale_horiz" and

% "max_scale_vert" at the beginning of function dll_lowbw_calib_processed.m

% and dll_lowbw_calib_original.m.  These values must be identical for both

% functions, and are currently set automatically based on image size.

% Choosing larger values may make the algorithm unstable. 

%

% 3. The original file is referred to by an ID of "1" throughout, and the 

% processed file is referred to by an ID of "2".  These are referred to

% within functions by the variable name "fn" (i.e., "F" for "file" and "N" for

% "number"). 

%

% 4. To separate into upstream and downstream parts, simply call each

% function requiring the original file ("1") into one piece, and the

% functions requiring the processed file ("2") into another piece.  This

% code presumes downstream monitoring or bi-directional communication. 

% Some of the functions require both processed video file and the original

% features and results from the previous steps. 

% 

% 5. If implementing a system that is entirely down-stream (i.e., no

% communication from processed to original), then the original will need to

% assume a valid region.  Discarding the overscan is recommended (see also

% dll_default_vr.m). 

%

% 6. The reduced reference calibration routines and model presented herein

% use some randomized processies.  As a result, the results of this program

% will differ slightly from one run to the next.  This variability can be

% prevented by initializeing the random number generator with a constant

% value.  This will aid debugging. 

%

% 7. When comparing results from this implementation to results from 

% BVQM, slight differences will be obverved.  These stem from the random

% number generator, yet also because BVQM performs filtering over the

% results from multiple video sequences.  The places where filtering should

% be performed is mentioned in comments, below. 

% strip off the extra single quotes '' for Windows compile, comment these

% eval lines out for Linux compile

original_file = eval(original_file); 

processed_file = eval(processed_file); 

file_type = eval(file_type);

calibration = eval(calibration); 

% create names for output files & temporary file

temporary_file = sprintf('%s_temp.txt', processed_file);

model_file = sprintf('%s_model.txt', processed_file);

calibration_file = sprintf('%s_calibration.txt', processed_file);

error_file = sprintf('%s_errors.txt', processed_file);

cvqm_error(error_file, 0);

if strcmpi(file_type, '525'),

    video_standard = 'interlace_lower_field_first';

    rows = 486;

    cols = 720;

    fps = 30;

elseif strcmpi(file_type, '625'),

    video_standard = 'interlace_upper_field_first';

    rows = 576;

    cols = 720;

    fps = 25;

elseif strcmpi(file_type, 'VGA30'),

    video_standard = 'progressive';

    rows = 480;

    cols = 640;

    fps = 30;

elseif strcmpi(file_type, 'VGA25'),

    video_standard = 'progressive';

    rows = 480;

    cols = 640;

    fps = 25;

elseif strcmpi(file_type, 'CIF30'),

    video_standard = 'progressive';

    rows = 288;

    cols = 352;

    fps = 30;

elseif strcmpi(file_type, 'CIF25'),

    video_standard = 'progressive';

    rows = 288;

    cols = 352;

    fps = 25;

elseif strcmpi(file_type, 'QCIF30'),

    video_standard = 'progressive';

    rows = 144;

    cols = 176;

    fps = 30;

elseif strcmpi(file_type, 'QCIF25'),

    video_standard = 'progressive';

    rows = 144;

    cols = 176;

    fps = 25;

else

    error('fastlowbw_ref called with an invalid string for ''video_standard''.  Aborting');

end

if strcmpi(calibration,'rrcal2') || strcmpi(calibration,'rrcal2scale') || strcmpi(calibration,'none'),

    % fine!

else

    cvqm_error(error_file, 1, 'Calibration request string not recognized.');

    return;

end

model = 'fastlowbw';

try

    % for debugging, you'll want to comment out this try/catch loop.

    % the following print is to remind you to re-insert the try/catch back.

    % fprintf('COMMENT IN TRY!\n\n');

    % initialize file read

    dll_video('initialize', 1, original_file, 'uyvy', video_standard, rows, cols, fps);

    dll_video('initialize', 2, processed_file, 'uyvy', video_standard, rows, cols, fps);

    dll_calib_video('initialize', 1);

    % calculate seconds of video to be used.

    [total_sec] = min( dll_video('total_sec',1), dll_video('total_sec',2) );

    if total_sec > 15,

        total_sec = 15;

        cvqm_error(error_file, 3, 'File is longer than 15 seconds.');

        cvqm_error(error_file, 3, 'Results will be calculated using first 15 seconds only.');

    end

    if total_sec < 4,

        cvqm_error(error_file, 3, 'Video files are too brief.  Aborting.');

        return;

    end

    warning off;

    delete(calibration_file);

    warning on;

    if strcmpi(calibration, 'none'),

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Use "no calibration" values

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        shift.horizontal = 0;

        shift.vertical = 0;

        pvr = dll_default_vr(1);

        y_gain = 1.0;

        y_offset = 0.0;

        scale.horizontal = 1000;

        scale.vertical = 1000;

        delay = 0;

        % We don't need to do anything with the calibration values (above), 

        % because these are the defaults set by dll_calib_video.m.  

        % write results.

        [sucess] = cvqm_save_calibration(calibration_file, calibration, ...

            shift, pvr, y_gain, y_offset, scale, delay); 

        if sucess == 0,

            cvqm_error(error_file, 1, 'Cannot open file to write calibration results.');

            return;

        end

    else

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Start Calibration

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Determine whether or not to estimate scaling.

        if strcmpi(calibration,'rrcal2'),

            no_scaling = 1;

        elseif strcmpi(calibration,'rrcal2scale'),

            no_scaling = 0;

        end

        total_sec = floor(total_sec);

        % Assume the default low bandwidth valid region as a starting point

        [vr] = dll_default_vr(1);

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Initial temporal registration

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % calcualte low bandwidth temporal registration features on the

        % original video sequence.

        [ti2_orig, ti10_orig, ymean_orig, orig_is_white_clip, orig_is_black_clip] = ...

            dll_lowbw_temporal_features(1, total_sec, vr);

        % Quantize the original temporal registration features and encode.

        % Return variables are suitable for low bandwidth transmission 

        % (e.g., when saved to a *.mat file).  This save/load step is not 

        % demonstrated.

        [ti2_index, ti10_index, y_index] = ...

            dll_lowbw_temporal_quant(1, ti2_orig, ti10_orig, ymean_orig);

        % Reverse: go from encoded variables back into quantized original features.

        [ti2_orig, ti10_orig, ymean_orig] = ...

            dll_lowbw_temporal_quant(0, ti2_index, ti10_index, y_index);

        % calculate low bandwidth temporal registration features on the

        % processed video sequence.

        [ti2_proc, ti10_proc, ymean_proc, proc_is_white_clip, proc_is_black_clip] = ...

            dll_lowbw_temporal_features(2, total_sec, vr);

        % Print errors and warnings.  Note white & black level clipping, if any

        if orig_is_white_clip,

            cvqm_error(error_file, 2, ...

                'White level clipping detected on original video sequence may cause VQM errors.');

        end

        if orig_is_black_clip,

            cvqm_error(error_file, 2,...

                'Black level clipping detected on original video sequence may cause VQM errors.');

        end

        if proc_is_white_clip,

            cvqm_error(error_file, 2, ...

                'White level clipping detected on processed video sequence may cause VQM errors.');

        end

        if proc_is_black_clip,

            cvqm_error(error_file, 2, ...

                'Black level clipping detected on processed video sequence may cause VQM errors.');

        end

        % Compute temporal registration, using original and processed features.

        % variable "uncert" is the uncertainty in seconds that should be

        % searched by this temporal registration algorithmm.

        uncert = 1;

        [delay, sucess, is_still] = ...

            dll_lowbw_temporal (1, ti2_orig, ti2_proc, ti10_orig, ti10_proc, ymean_orig, ...

            ymean_proc, uncert, 'field');

        if sucess == 0 && is_still,

            cvqm_error(error_file, 2, ...

                'Still or nearly still sequence; initial temporal registration cannot be computed.');

        elseif sucess == 0,

            cvqm_error(error_file, 2, 'Initial temporal registration algorithm failed.');

        end

        % note if re-framing is indicated

        if mod(delay,1) == 0.5,

            dll_calib_video('set_reframe',1);

            delay = delay - 0.5;

        end

        % re-calculate seconds of video to be used (may have changed)

        [total_sec] = min( dll_calib_video('total_sec',1), dll_calib_video('total_sec',2) );

        if total_sec > 15,

            total_sec = 15;

        end

        % apply the temporal registration to all future video read calls.

        dll_lowbw_temporal_original(1, delay);

        dll_lowbw_temporal_processed(2, delay);

        [total_sec] = min( dll_calib_video('total_sec',1), dll_calib_video('total_sec',2) );

        if total_sec > 15,

            total_sec = 15;

        end

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Spatial Shift and [optional] spatial scaling

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        [seed_state] = dll_lowbw_calib_initialize;

        % compute original features.

        [orig_pixels, orig_horiz_profile, orig_vert_profile] = ...

            dll_lowbw_calib_original(1, seed_state, total_sec);

        % Quantize the original spatial shift/scaling features and encode.

        % Return variables are suitable for low bandwidth transmission 

        % (e.g., when saved to a *.mat file).  This save/load step is not 

        % demonstrated.

        [index_horiz_profile, index_vert_profile] = ...

            dll_lowbw_calib_quant(1, orig_horiz_profile, orig_vert_profile);

        % Reverse: go from encoded variables back into quantized original features.

        [orig_horiz_profile, orig_vert_profile] = ...

            dll_lowbw_calib_quant(0, index_horiz_profile, index_vert_profile);

        % Compute processed features   

        [shift, scale,status] = ...

            dll_lowbw_calib_processed(2, seed_state, total_sec, orig_pixels, ...

            orig_horiz_profile, orig_vert_profile, no_scaling);

        % print errors and warnings.

        if status.scale && ~no_scaling,

            cvqm_error(error_file, 2, 'Actual spatial scaling may be beyond search limits.');

        end

        if status.shift,

            cvqm_error(error_file, 2, 'Actual spatial shift may be beyond search limits.');

        end

        if (strcmp(video_standard,'interlace_lower_field_first') || ...

                strcmp(video_standard,'interlace_upper_field_first')) && mod(shift.vertical,2),

            cvqm_error(error_file, 2, 'Processed video will be reframed.');

            cvqm_error(error_file, 2, 'Actual temporal delay is 0.5 frames greater than reported value.');

        end

        if abs(shift.horizontal) > 8 || abs(shift.vertical) > 5,

            cvqm_error(error_file, 2, 'Extreme spatial shift detected.');

        end

        if scale.vertical ~= 1000 || scale.horizontal ~= 1000,

            cvqm_error(error_file, 2, 'Video scaling detected; please examine other scenes.');

        end

        % Apply above estimates, to all future video read calls. 

        %

        % If 2+ video sequences are available for the same system, ideally the

        % spatial shift and spatial scaling values would be filtered across the 

        % results from all video sequences (e.g., sort horizontal shifts and use

        % the median horizontal shift for all video sequences).  This increases 

        % the shift and scaling estimation accuracy, and is particularly

        % important for scaling factors.

        %

        % Since this reference code uses one original/processed video 

        % sequence pair, this cannot be demonstrated.

        y_gain = 1.0;

        y_offset = 0.0;

        dll_calib_video('calibration', shift.horizontal, shift.vertical, vr, ...

            y_gain, y_offset, scale.horizontal, scale.vertical);

        % re-calculate seconds of video to be used (may have changed)

        [total_sec] = min( dll_calib_video('total_sec',1), dll_calib_video('total_sec',2) );

        if total_sec > 15,

            total_sec = 15;

        end

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Valid Video Estimation

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % calculate original video valid region.  This returns 4 integers, so

        % quantization is unnecessary.  

        [ovr] = dll_orig_valid_region;

        % calculate processed video valid region.

        [pvr] = dll_proc_valid_region(ovr);

        % print errors and warnings.

        if (pvr.bottom - pvr.top + 1) / rows < 0.55 || ...

                (pvr.right - pvr.left + 1) / cols < 0.80,

            cvqm_error(error_file, 2, 'Greatly reduced valid region detected.');

        end

        % Apply processed valid region estimate to all future video read calls.

        %

        % If 2+ systems will be compared, ideally the same valid region should

        % be used for that scene for all systems (PVSs).  Choose the smallest

        % valid region, and apply to all PVSs.  

        %

        % Since this reference code uses one original/processed video 

        % sequence pair, this cannot be demonstrated.

        dll_calib_video('calibration', shift.horizontal, shift.vertical, pvr, ...

            y_gain, y_offset, scale.horizontal, scale.vertical);

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Luminance, Cb and Cr gain and level offset estimation

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Calculate low bandwidth gain/offset features on the original video.

        [orig_y, orig_cb, orig_cr, yesno] = dll_lowbw_gain_v2_original(1, total_sec);

        % Quantize the original gain/offset features and encode.

        % Return variables are suitable for low bandwidth transmission 

        % (e.g., when saved to a *.mat file).  This save/load step is not 

        % demonstrated.

        [index_y, index_cb, index_cr] = dll_lowbw_gain_v2_quant(1, orig_y, orig_cb, orig_cr); % quantize

        % Reverse: go from encoded variables back into quantized original features.

        [orig_y, orig_cb, orig_cr] = dll_lowbw_gain_v2_quant(0, index_y, index_cb, index_cr); % reconstruct

        % calculate Y, Cb, and Cr gain and level offset from the original video

        % features and the processed video sequence file.

        [y_gain, y_offset, cb_gain, cb_offset, cr_gain, cr_offset, sucess] = ...

            dll_lowbw_gain_v2_processed(2, total_sec, orig_y, orig_cb, orig_cr, yesno);

        cvqm_error(error_file, 2, 'Color Gain & Offset estimated but not removed.');

        % print errors and warnings. 

        if y_gain < 0.9 || y_gain > 1.1,

            cvqm_error(error_file, 2, 'Extreme Luminance Gain detected.');

        end

        if y_offset < -20 || y_offset > 20,

            cvqm_error(error_file, 2, 'Extreme Luminance Offset detected.');

        end

        if sucess == 0,

            cvqm_error(error_file, 2, ...

                'Warning: algorithm used to estimate Luminance Gain & Offset may have failed.');

        end

        if sucess == -1,

            cvqm_error(error_file, 2, ...

                'Luminance gain & offset algorithm detected extreme values or failed; results discarded.');

        end

        if isnan(cb_gain),

            cvqm_error(error_file, 2, 'Warning: algorithm used to estimate Cb Gain & Offset failed.');

        end

        if isnan(cr_gain),

            cvqm_error(error_file, 2, 'Warning: algorithm used to estimate Cr Gain & Offset failed.');

        end

        % Apply the luminance gain & offset estimates to all future video read

        % calls.  Do NOT apply the Cb and Cr estimates -- these are considered

        % errors that the viewer may object to.  

        %

        % If 2+ video sequences are available for the same system, ideally the

        % luma gain and offset values would be filtered across the results from

        % all video sequences (e.g., sort values and use the median gain for

        % all video sequences).  This increases the luma gain/offset accuracy.

        %

        % Since this reference code uses one original/processed video 

        % sequence pair, this cannot be demonstrated.

        dll_calib_video('calibration', shift.horizontal, shift.vertical, pvr, ...

            y_gain, y_offset, scale.horizontal, scale.vertical);

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Second temporal registration -- improved estimate

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % calcualte low bandwidth temporal registration features on the

        % original video sequence.

        [ti2_orig, ti10_orig, ymean_orig, orig_is_white_clip, orig_is_black_clip] = ...

            dll_lowbw_temporal_features(1, total_sec, pvr);

        % Quantize the original temporal registration features and encode.

        % Return variables are suitable for low bandwidth transmission 

        % (e.g., when saved to a *.mat file).  This save/load step is not 

        % demonstrated.

        [ti2_index, ti10_index, y_index] = ...

            dll_lowbw_temporal_quant(1, ti2_orig, ti10_orig, ymean_orig);

        % Reverse: go from encoded variables back into quantized original features.

        [ti2_orig, ti10_orig, ymean_orig] = ...

            dll_lowbw_temporal_quant(0, ti2_index, ti10_index, y_index);

        % calcualte low bandwidth temporal registration features on the

        % processed video sequence.

        [ti2_proc, ti10_proc, ymean_proc, proc_is_white_clip, orig_is_black_clip] = ...

            dll_lowbw_temporal_features(2, total_sec, pvr);

        % calculate temporal registration from the original and processed

        % features.

        uncert = 1;

        [delay2, sucess, is_still] = ...

            dll_lowbw_temporal (1, ti2_orig, ti2_proc, ti10_orig, ti10_proc, ymean_orig, ymean_proc, uncert);

        % print errors and warnings.

        if sucess == 0 && is_still,

            cvqm_error(error_file, 2, ...

                'Still or nearly still sequence; temporal registration cannot be computed.');

        elseif sucess == 0,

            cvqm_error(error_file, 2, 'Final temporal registration algorithm failed.');

        end

        % apply the improved delay estimate to all future video read calls.

        dll_lowbw_temporal_original(1, delay2);

        dll_lowbw_temporal_processed(2, delay2);

        % print errors and warnings. 

        if abs(delay+delay2) >= round(fps),

            cvqm_error(error_file, 2, 'Temporal mis-registration exceeds 1 second uncertainty limit.');

        end

        % write results.

        [sucess] = cvqm_save_calibration(calibration_file, calibration, shift, pvr, y_gain, ...

            y_offset, scale, delay+delay2, cb_gain, cb_offset, cr_gain, cr_offset); 

        if sucess == 0,

            cvqm_error(error_file, 1, 'Cannot open file to write lowbw calibration results.');

            return;

        end

    end

    % re-calculate seconds of video to be used (may have changed)

    [total_sec] = min( dll_calib_video('total_sec',1), dll_calib_video('total_sec',2) );

    if total_sec > 15,

        total_sec = 15;

    end

    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

    % calculate FastLowBW model

    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

    warning off;

    delete(model_file);

    warning on;

    % calculate features on the original video sequences, and save to file

    % "temporary_file"

    dll_features('Fast', 1, total_sec, temporary_file);

    % calculate features on the processed video sequence, and hold in

    % variable "proc_features"

    proc_features = dll_features('Fast', 2, total_sec);

    % Compute video quality metric, and return in variable "VQM"

    [vqm, pars, par_names] = dll_model('vqm',temporary_file, proc_features);

    % delete the temporary file with original features.

    delete(temporary_file);

    % Save model results to file.

    [sucess] = cvqm_save_model(model_file, model, vqm, pars, par_names);

catch

    cvqm_error(error_file, 1, lasterr);

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [sucess] = cvqm_save_calibration(file_name, calibration,...

    shift, pvr, y_gain, y_offset,scale, delay, cb_gain, cb_offset, cr_gain, cr_offset);

% [sucess] = cvqm_save_calibration(file_name, calibration, shift, pvr, y_gain, y_offset,scale, delay); 

%   % Open for writing 'file_name' & record type of calibration requested.

%   % 'sucess' is 1 if this function can write; 0 if fail to write.

%   % Record to file values produced by calibration 

% open file & remember pointer

fid = fopen(file_name,'w');

if fid <= 0,

    sucess = 0;

    return;

else

    sucess = 1;

end

% write out type of calibration performed.

fprintf(fid, '%s\r\n', calibration);

% write out calibration values

fprintf(fid,'%5d  Horizontal Shift\r\n', shift.horizontal);

fprintf(fid,'%5d  Vertical Shift\r\n', shift.vertical);

fprintf(fid,'%5d  Valid Region Top\r\n', pvr.top);

fprintf(fid,'%5d  Valid Region Left\r\n', pvr.left);

fprintf(fid,'%5d  Valid Region Bottom\r\n', pvr.bottom);

fprintf(fid,'%5d  Valid Region Right\r\n', pvr.right);

fprintf(fid,'%5.3f Luminance Gain\r\n', y_gain);

fprintf(fid,'%5.3f Luminance Offset\r\n', y_offset);

fprintf(fid,'%5d  Horizontal Scale\r\n', scale.horizontal);

fprintf(fid,'%5d  Vertical Scale\r\n', scale.vertical);

fprintf(fid,'%5d  Temporal Delay\r\n', delay);

if exist('cr_offset'),

    fprintf(fid,'\r\n%5.3f Cb Gain\r\n', cb_gain);

    fprintf(fid,'%5.3f Cb Offset\r\n', cb_offset);

    fprintf(fid,'%5.3f Cr Gain\r\n', cr_gain);

    fprintf(fid,'%5.3f Cr Offset\r\n', cr_offset);

end

fclose(fid);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [sucess, shift, pvr, y_gain, y_offset,scale, delay] = cvqm_load_calibration(file_name);

% [sucess, shift, pvr, y_gain, y_offset,scale, delay] = cvqm_save_calibration(file_name); 

%   % Open 'file_name' & read calibration values.

%   % 'sucess' is 2 if this function can read sucessfully; 0 if failed.

%   % 'sucess' is 1 if values look to be unreasonably extreme.

% open file & remember pointer

fid = fopen(file_name,'r');

if fid <= 0,

    sucess = 0;

    return;

end

sucess = 2;

% write out type of calibration performed.

fgets(fid);

% write out calibration values

shift.horizontal = fscanf(fid,'%d');

fgets(fid);

shift.vertical = fscanf(fid,'%d');

fgets(fid);

pvr.top = fscanf(fid,'%d');

fgets(fid);

pvr.left = fscanf(fid,'%d');

fgets(fid);

pvr.bottom = fscanf(fid,'%d');

fgets(fid);

pvr.right = fscanf(fid,'%d');

fgets(fid);

y_gain = fscanf(fid,'%f');

fgets(fid);

y_offset = fscanf(fid,'%f');

fgets(fid);

scale.horizontal = fscanf(fid,'%d');

fgets(fid);

scale.vertical = fscanf(fid,'%d');

fgets(fid);

delay = fscanf(fid,'%d');

fgets(fid);

fclose(fid);

% error check

if shift.horizontal < -50 || shift.horizontal > 50 || shift.vertical < -50 || shift.vertical > 50,

    % shift really unreasonable.

    status = 1;

end

[rows,cols,fps,durration] = dll_video('size', 1);

if pvr.top < 1 || pvr.left < 1 || pvr.bottom > rows || pvr.right > cols,

    % pvr really unreasonable

    status = 1;

end

if y_gain < 0.2 || y_gain > 3.0 || y_offset < -100 || y_offset > 100,

    % gain and/or offset really unreasonable

    status = 1;

end

if scale.horizontal < 500 || scale.horizontal > 2000 || scale.vertical < 500 || scale.vertical > 2000,

    % scale really unreasonable.

    status = 1;

end

delay_sec = delay / fps;

if abs(delay_sec) > durration/2,

    % delay is longer than half the file durration!  really unreasonable.

    status = 1;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function cvqm_error(file_name, code, message);

% cvqm_error(file_name, code, message); 

%   % Append an error message to file 'file_name'.

%   % each line should start with a number (in "code") and then contain

%   % message describing the problem or issue. 

%   % if code == 0, delete the previous file (if any) and ignore message.

%   % code=1    Data Input/Output invalid.  Operation impossible.

%   % code=2    Calibration values should be examined; a problem may exist.

%   % code=3    Fatal error

% open file & remember pointer

if code == 0,

    try

        warning off;

        delete(file_name);

        warning on;

    catch

    end

    return;

end

fid = fopen(file_name,'a');

fprintf(fid, '%d %s\r\n', code, message);

fclose(fid);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [sucess] = cvqm_save_model(file_name, model,vqm, pars, par_names);

% [sucess] = cvqm_save_model(file_name, model,vqm, pars, par_names); 

%   % Open for writing 'file_name' & record type of model requested.

%   % 'sucess' is 1 if this function can write; 0 if fail to write.

%   % Record to file values produced by model 

% open file & remember pointer

fid = fopen(file_name,'w');

if fid <= 0,

    sucess = 0;

    return;

else

    sucess = 1;

end

% write out type of model performed.

fprintf(fid, '%f %s\r\n', vqm, model);

% write out calibration values

for cnt=1:length(pars)

    fprintf(fid, '%f %s\r\n', pars(cnt), par_names{cnt});

end

fclose(fid);

Function “adaptive_filter.m”


function [filter_size, extra] = adaptive_filter (image_size);

% ADAPTIVE_FILTER

%   Given an image size, return adaptive filter size.

%   This function adapts the filter size of the spatial filters SI and HV

%   described in SPIE 1999 paper

% SYNTAX

%   [filter_size, extra] = adaptive_filter (image_size);

% DESCRIPTION

%   Given an image size (image_size.rows, image_size.cols), return the

%   optionimal SI & HV filter length ('filter_size') and the number of extra

%   pixels needed on all sides of the image ('extra').

%

%   Filter size adjusts automatically for the image size as follows:

%       QCIF, QSIF      SI5

%       CIF, SIF        SI9

%       VGA, 601, HDTV  SI13

% find adaptive filter size

if image_size.rows <= 216,

    filter_size = 5;

    extra = 2;

elseif image_size.rows <= 384,

    filter_size = 9;

    extra = 4;

else

    filter_size = 13;

    extra = 6;

end

Function “adjust_requested_sroi.m”


function [sroi,vert,horiz] = adjust_requested_sroi (struct, varargin)

% ADJUST_REQUESTED_SROI

%  Adjust the requested Spatial Region of Interest (SROI) as specified.

% SYNTAX

%  [sroi] = adjust_requested_sroi (struct)

%  [sroi] = adjust_requested_sroi (...,'PropertyName',PropertyValue,...);

%  [sroi,vert,horiz] = adjust_requested_sroi (...);

% DESCRIPTION

%  Given clip 'struct' (in the same format as GClips or Gsscqe), return the 

%  adjusted spatial region of interest ('sroi').  Return variable is a

%  structure, with four elements, 'roi.top', 'roi.left', 'roi.bottom',

%  and 'roi.right'.  NOTE: variable 'struct' uses only image_size and cvr.

%

%  'sroi',...       Requested spatial region of interest (SROI), overriding

%                   default values of SROI.  Must be followed by 4 values, 

%                   specifying the region of interest, in the order: top, 

%                   bottom, left, right.  SROI will be adjusted.  Default

%                   SROI given by function 'default_sroi'.

%  'hsize', value,  Horizontal size of S-T blocks.  SROI must evenly divide

%                   by this value, horizontally.

%  'vsize', value,  Vertically size of S-T blocks.  SROI must evenly divide

%                   by this value, vertizontally.

%  'extra', value,  This many valid pixels are required on all sides of the

%                   SROI, extra pixels for filtering.  Returned SROI will

%                   NOT include those extra pixels!

%  'yxextra', y, x, Number 'y' indicates the number of valid pixels required 

%                   on top and bottom sides of the SROI; number 'x' indicates

%                   the number of valid pixels required on the left and right

%                   of the SROI.  Returned SROI will NOT include those extra pixels!

%

%  Optional return arguments 'vert' and 'horiz' will, if present, be filled

%  with the number of abutting blocks that fit vertically and

%  horizontally within the SROI.

% REMARKS

%  The top-left coordinate will be odd, and the bottom-right coordinate

%  even.  Thus, an equal number of pixels will be used from both fields.

%

%  Functionality tested.

% read values from struct that can be over written by variable argument

% list.

roi = default_sroi(struct.image_size);

xextra = 0;

yextra = 0;

hsize = 1;

vsize = 1;

% parse variable argument list (property values)

cnt = 1;

while cnt <= nargin - 1,

    if strcmp(lower(varargin(cnt)),'sroi') == 1,

        roi.top = varargin{cnt+1};

        roi.left = varargin{cnt+2};

        roi.bottom = varargin{cnt+3};

        roi.right = varargin{cnt+4};

        whole_image = 0;

        cnt = cnt + 5;

    elseif strcmp(lower(varargin(cnt)),'hsize') == 1,

        hsize = varargin{cnt+1};

        cnt = cnt + 2;

    elseif strcmp(lower(varargin(cnt)),'vsize') == 1,

        vsize = varargin{cnt+1};

        cnt = cnt + 2;

    elseif strcmp(lower(varargin(cnt)),'extra') == 1,

        xextra = varargin{cnt+1};

        yextra = varargin{cnt+1};

        cnt = cnt + 2;

    elseif strcmp(lower(varargin(cnt)),'yxextra') == 1,

        yextra = varargin{cnt+1};

        xextra = varargin{cnt+2};

        cnt = cnt + 3;

    else

        error('Property value passed into adjust_requestetd_sroi not recognized');

    end

end

% set minimum argument values.

if hsize <= 0 | (hsize > 2 & mod(hsize,2)),

    error('hsize must be one, or a postive even number');

end

if vsize <= 0 | (vsize > 2 & mod(vsize,2)),

    error('vsize must be one, or a postive even number');

end

if xextra < 0 | yextra < 0,

    error('Number of extra pixels for filtering must be zero or positive');

end

% make sure are within CVR and have the extra pixels for filtering.

if roi.top < struct.cvr.top + yextra,

    roi.top = struct.cvr.top + yextra;

end

if roi.left < struct.cvr.left + xextra,

    roi.left = struct.cvr.left + xextra;

end

if roi.bottom > struct.cvr.bottom - yextra,

    roi.bottom = struct.cvr.bottom - yextra;

end

if roi.right > struct.cvr.right - xextra,

    roi.right = struct.cvr.right - xextra;

end

% % We agreed to remove this restriction on Dec 13, 2005.

% % make sure top-left coordinates are odd, and bottom-right even

% if mod(roi.top,2) == 0,

%     roi.top = roi.top + 1;

% end

% if mod(roi.left,2) == 0,

%     roi.left = roi.left + 1;

% end

% if mod(roi.bottom,2) ~= 0,

%     roi.bottom = roi.bottom - 1;

% end

% if mod(roi.right,2) ~= 0,

%     roi.right = roi.right - 1;

% end

% make sure region evenly divides by vsize & vsize.

while mod((roi.bottom - roi.top + 1),vsize),

    if roi.top < struct.image_size.rows - roi.bottom,

        roi.top = roi.top + 1;

    else

        roi.bottom = roi.bottom - 1;

    end

end

while mod((roi.right - roi.left + 1),hsize),

    if roi.left < struct.image_size.cols - roi.right,

        roi.left = roi.left + 1;

    else

        roi.right = roi.right - 1;

    end

end

sroi = roi;

vert = (sroi.bottom-sroi.top+1)/vsize;

horiz = (sroi.right-sroi.left+1)/hsize;

Function “block_statistic.m”


function [s1,s2,s3] = block_statistic(y,vsize,hsize,varargin)

% BLOCK_STATISTIC

%  Extract feature from each spatial-temporal (S-T) region, producing one number 

%  for each S-T block.  Takes a block of perceptually filtered images 

%  and produces features.  

% SYNTAX

%  [s1] = block_statistic(y,vsize,hsize,'Stat1');

%  [s1,s2] = block_statistic(y,vsize,hsize,'Stat1','Stat2');

%  [s1,s2,s3] = block_statistic(y,vsize,hsize,'Stat1','Stat2','Stat3');

% DEFINITION

%  [s1] = block_statistic(y,'Stat1'); divides time-slice of images 'y' into

%  abutting Spatial-Temporal (S-T) regions that contain 'vsize' pixels

%  vertically and 'hsize' pixels horizontally.  Then, statstic 'Stat1' is

%  computed over each S-T region, and the results are returned in 's1'.

%  When called with the names of two statistics, two statistics are 

%  computed and returned, and so forth.  Available statistics are:

%  'mean' ==> compute the mean over each S-T region.

%  'std' ==> compute the standard deviation over each S-T region.

%  'rms' ==> compute the RMS over each S-T region.

%  'fraction' ==> compute fraction of pixels that are greater than or

%                 equal to 1.0

% REMARKS

%  Functionality tested pretty well.

want_mean = 0;

want_std = 0;

want_rms = 0;

want_fraction = 0;

for cnt = 1:nargin-3,

    if strcmp(lower(varargin(cnt)),'mean'),

        want_mean = 1;

        want_mean_at = cnt;

    elseif strcmp(lower(varargin(cnt)),'std'),

        want_std = 1;

        want_std_at = cnt;

    elseif strcmp(lower(varargin(cnt)),'rms'),

        want_rms = 1;

        want_rms_at = cnt;

    elseif strcmp(lower(varargin(cnt)),'fraction'),

        want_fraction = 1;

        want_fraction_at = cnt;

    end

end

if want_mean + want_std + want_rms + want_fraction ~= nargin - 3,

    error('block_statistic ''Stat'' not recognized or repeated.');

end

% check block size request.

[row,col,time] = size(y);

if mod(row,vsize) ~= 0,

    error('vertical size of block must evenly divide the SROI.');

end

if mod(col,hsize) ~= 0,

    error('horizontal size of block must evenly divide the SROI.');

end

if want_mean | want_std,

    temp = sum(y,3);  % sum over time

    temp = sum( reshape(temp,vsize,row*col/vsize)); % sum block vertically

    temp = reshape(temp,row/vsize,col)';

    temp = sum(reshape(temp,hsize,row*col/(vsize*hsize))); % sum block horizontally

    y_sum = reshape(temp,col/hsize,row/vsize)' ./ (hsize*vsize*time); % reshape

end

if want_std | want_rms,

    temp = sum(y.^2,3);

    temp = sum(reshape(temp,vsize,row*col/vsize));

    temp = reshape(temp,row/vsize,col)';

    temp = sum(reshape(temp,hsize,row*col/(vsize*hsize)));

    y_square = reshape(temp,col/hsize,row/vsize)' ./ (hsize*vsize*time);

end

if want_fraction,

    y(find(y >= 1.0)) = 1.0;

    y(find(y < 1.0)) = 0.0;

    temp = sum(y,3);  % sum over time

    temp = sum( reshape(temp,vsize,row*col/vsize)); % sum block vertically

    temp = reshape(temp,row/vsize,col)';

    temp = sum(reshape(temp,hsize,row*col/(vsize*hsize))); % sum block horizontally

    y_fraction = reshape(temp,col/hsize,row/vsize)' ./ (hsize*vsize*time); % reshape

end

if want_mean,

    switch want_mean_at,

        case 1,

            s1 = y_sum;

        case 2,

            s2 = y_sum;

        case 3,

            s3 = y_sum;

        otherwise

            error('Code defect')

    end

end

if want_std,

    y_std = sqrt( max(y_square - y_sum .^ 2,0));

    switch want_std_at,

        case 1,

            s1 = y_std;

        case 2,

            s2 = y_std;

        case 3,

            s3 = y_std;

        otherwise

            error('Code defect')

    end

end

if want_rms,

    y_rms = sqrt( y_square );

    switch want_rms_at,

        case 1,

            s1 = y_rms;

        case 2,

            s2 = y_rms;

        case 3,

            s3 = y_rms;

        otherwise

            error('Code defect')

    end

end

if want_fraction,

    switch want_fraction_at,

        case 1,

            s1 = y_fraction;

        case 2,

            s2 = y_fraction;

        case 3,

            s3 = y_fraction;

        otherwise

            error('Code defect')

    end

end

Function “block_statistic_shift.m”


function [data] = block_statistic_shift(y,vsize,hsize,varargin)

% BLOCK_STATISTIC_SHIFT

%  Extract feature from each spatial-temporal (S-T) region.  Produce one set 

%  of features for each of 9 shifts:  +/- 1 horizontally & vertically.

%  See also function block_statistic.

% SYNTAX

%  [data] = block_statistic_shift(y,vsize,hsize,'Stat1');

%  [data] = block_statistic_shift(y,vsize,hsize,'Stat1','Stat2');

%  [data] = block_statistic_shift(y,vsize,hsize,'Stat1','Stat2','Stat3');

% DEFINITION

%  [s1] = block_statistic_shift(y,'Stat1'); divides time-slice of images 'y' into

%  abutting Spatial-Temporal (S-T) regions that contain 'vsize' pixels

%  vertically and 'hsize' pixels horizontally.  'y' must contain an extra 1

%  pixels on all sides, to be used for shifts.  Statstic 'Stat1' is

%  computed over each S-T region, and the results are returned in 's1'.

%  When called with the names of two statistics, two statistics are 

%  computed and returned, and so forth.  Available statistics are:

%  'mean' ==> compute the mean over each S-T region, in data(:).mean

%  'std' ==> compute the standard deviation over each S-T region, in data(:).std.

%  'rms' ==> compute the RMS over each S-T region, in data(:).rms

%  'fraction' ==> compute fraction of pixels that are greater than or

%                 equal to 1.0, , in data(:).fraction

%  Return value 'data' is an array length 9, with one element for each

%  shift.

want_mean = 0;

want_std = 0;

want_rms = 0;

want_fraction = 0;

for cnt = 1:nargin-3,

    if strcmp(lower(varargin(cnt)),'mean'),

        want_mean = 1;

    elseif strcmp(lower(varargin(cnt)),'std'),

        want_std = 1;

    elseif strcmp(lower(varargin(cnt)),'rms'),

        want_rms = 1;

    elseif strcmp(lower(varargin(cnt)),'fraction'),

        want_fraction = 1;

    else

        error('block_statistic_shift ''Stat'' not recognized.');

    end

end

% check block size request.

[row,col,time] = size(y);

row = row - 2;

col = col - 2;

if mod(row,vsize) ~= 0,

    error('vertical size of block must evenly divide the SROI.');

end

if mod(col,hsize) ~= 0,

    error('horizontal size of block must evenly divide the SROI.');

end

if want_mean | want_std,

    tempT = sum(y,3);  % sum over time

    loop = 1;

    for cnt1=1:3,

        rng1=(cnt1+row-1);

        for cnt2=1:3,

            rng2=(cnt2+col-1);

            temp = sum( reshape(tempT(cnt1:rng1,cnt2:rng2),vsize,row*col/vsize)); % sum block vertically

            temp = reshape(temp,row/vsize,col)';

            temp = sum(reshape(temp,hsize,row*col/(vsize*hsize))); % sum block horizontally

            data(loop).mean = reshape(temp,col/hsize,row/vsize)' ./ (hsize*vsize*time); % reshape

            loop = loop + 1;

        end

    end

end

if want_std | want_rms,

    tempT = sum(y.^2,3);

    loop = 1;

    for cnt1=1:3,

        for cnt2=1:3,

            rng1=(cnt1+row-1);

            rng2=(cnt2+col-1);

            temp = sum(reshape(tempT(cnt1:rng1,cnt2:rng2),vsize,row*col/vsize));

            temp = reshape(temp,row/vsize,col)';

            temp = sum(reshape(temp,hsize,row*col/(vsize*hsize)));

            data(loop).rms = reshape(temp,col/hsize,row/vsize)' ./ (hsize*vsize*time);

            loop = loop + 1;

        end

    end

end

if want_fraction,

    y(find(y >= 1.0)) = 1.0;

    y(find(y < 1.0)) = 0.0;

    tempT = sum(y,3);  % sum over time

    loop = 1;

    for cnt1=1:3,

        for cnt2=1:3,

            rng1=(cnt1+row-1);

            rng2=(cnt2+col-1);

            temp = sum( reshape(tempT(cnt1:rng1,cnt2:rng2),vsize,row*col/vsize)); % sum block vertically

            temp = reshape(temp,row/vsize,col)';

            temp = sum(reshape(temp,hsize,row*col/(vsize*hsize))); % sum block horizontally

            data(loop).fraction = reshape(temp,col/hsize,row/vsize)' ./ (hsize*vsize*time); % reshape

            loop = loop + 1;

        end

    end

end

if want_std,

    for loop=1:9,

        data(loop).std = sqrt( max(data(loop).rms - data(loop).mean .^ 2,0));

    end

end

if want_rms | want_std,

    for loop=1:9,

        data(loop).rms = sqrt( data(loop).rms );

    end

end

Function “default_sroi.m”


function [roi] = default_sroi (image_size)

% DEFAULT_SROI

%  Return the default spatial region of interest (SROI) for a given image

%  size.

% SYNTAX

%  [roi] = default_sroi (image_size)

% DESCRIPTION

%  [roi] = default_sroi (image_size); takes an image size structure with

%  two elements, 'image_size.rows' and 'image_size.cols', and returns the

%  default SROI for that image size, 'roi'.  The returned variable is also

%  a structure, with four elements, 'roi.top', 'roi.left', 'roi.bottom',

%  and 'roi.right'.

% REMARKS

%  If an image size is requested that does not NTSC / 525-line or PAL / 625-line,

%  then the default SROI encompasses the entire image.

%  

if (image_size.rows == 486 | image_size.rows == 480) & image_size.cols == 720,

    % NTSC / 525-line

    roi.top =    21;

    roi.left =   25;

    roi.bottom = 20+448;

    roi.right =  24+672;

elseif image_size.rows == 576 & image_size.cols == 720,

    % PAL / 625-line

    roi.top =    17;

    roi.left =   25;

    roi.bottom = 16+544;

    roi.right =  24+672;

elseif image_size.rows == 720 & image_size.cols == 1280, 

    % initialize maximum valid region.

    roi.top = 7;

    roi.left = 17;

    roi.bottom = image_size.rows - 6;

    roi.right = image_size.cols - 16;

elseif image_size.rows == 1080 & image_size.cols == 1920, 

    % initialize maximum valid region.

    roi.top = 7;

    roi.left = 17;

    roi.bottom = image_size.rows - 6;

    roi.right = image_size.cols - 16;

else

    roi.top = 1;

    roi.left = 1;

    roi.bottom = image_size.rows;

    roi.right = image_size.cols;

end

Function “dll_calib_video.m”


function [one,two,three,four] = dll_calib_video(control, fn, varargin);

% DLL_CALIB_VIDEO

%   This function implements calibrated video file read.  Understands

%   model's SROI.

% SYNTAX

%   [...] = dll_calib_video(control, ...);

%   [...] = dll_calib_video(control, fn, ...);

% DESCRIPTION

%   'fn' is either 1 for original, or 2 for processed (when required)

%   'control' is one of the following strings.  Additional parameters may

%   be required, as specified below:

%

% dll_calib_video('initialize', fn);

%           % initialize calibration.  dll_video(fn) must have been

%           % initialized on this computer, for either original or processed.

%

% [pvr] = dll_calib_video('pvr');

%           % get PVR.

%

% dll_calib_video('sroi', roi, extra);

%           % set Spatial Region of Interest required by model, 'extra' is

%           % the extra pixels needed on all sides for spatial filtering.

%

% dll_calib_video('max_roi');

%           % maximize SROI and PVR, given shifts.

%

% dll_calib_video('calibration', horiz, vert, pvr, gain, offset, horiz_stretch, vert_stretch);

%           % Set calibration values for processed video.  horiz & vert are 

%           % spatial registration; PVR is Destination valid region. 

%           % WARNING: if fn=1 and fn=2 calculated on two different

%           % computers, this call must be made on BOTH computers.

%

% [y,cb,cr] = dll_calib_video('sec', fn, durration);

%           % read [Y,Cb,Cr] images, 'durration' seconds, and calibrate.

%           % Return entire image, pixels outside of PVR replace with black.

%

% [y,cb,cr] = dll_calib_video('tslice', fn);

%           % read the next tslice of [Y,Cb,Cr] images, and calibrate!

%           % Return pixels within SROI, only.

%

% dll_calib_video('clear');  

%           % Clear calibration values.

%

% [y] = dll_calib_video('peek', fn, durration);  Get the Y

%               images without removing them from the buffer.  So, the next

%               call with 'sec' or 'tslice' will get these same frames.

%               Perform shift & scaling & valid region but NOT gain &

%               offset!

%

% dll_calib_video('luma', gain, offset);

%           % Set luminance gain & offset values for processed video.  

%           % WARNING: if fn=1 and fn=2 calculated on two different

%           % computers, this call must be made on BOTH computers.

%

% dll_calib_video('set_reframe', value);

%           % set reframe to yes (value=1) or no (values=0), ignoring

%           % spatial shift.  Next set of spatial shift will over-ride.

%

% value = dll_calib_video('get_reframe');

%           % get whether reframe.  yes (value=1) or no (values=0).

%

% value = dll_calib_video('total_sec', fn)

%           % return the total number of seconds of CALIBRATED video left

%           % in the file, after the current "read" point.

persistent CALIB;

if strcmp(control, 'initialize'),

    CALIB.do_reframe = 0;

    CALIB.do_calibration = 0;

    CALIB.horizontal = 0;

    CALIB.vertical = 0;

    CALIB.pvr = dll_default_vr(fn);

    CALIB.gain = 1.0;

    CALIB.offset = 0.0;

    CALIB.horiz_stretch = 1000;

    CALIB.vert_stretch = 1000;

    CALIB.sroi = [];

elseif strcmp(control,'set_reframe'),

    CALIB.do_reframe = fn;

    CALIB.do_calibration = 1;

elseif strcmp(control,'get_reframe'),

    one = CALIB.do_reframe;

elseif strcmp(control,'pvr'),

    if isfield(CALIB,'pvr'),

        [one] = CALIB.pvr;

    else

        error('PVR must be defined (default or actual) prior to model calculation');

    end

elseif strcmp(control,'print'),

    CALIB

    CALIB.sroi

    CALIB.pvr

elseif strcmp(control,'max_roi'),

    [rows,cols] = dll_video('size', 2);  

    CALIB.sroi.top = 1 - min(0, CALIB.vertical);

    CALIB.sroi.left = 1 - min(0, CALIB.horizontal);

    CALIB.sroi.bottom = rows - max(0, CALIB.vertical);

    CALIB.sroi.right = cols - max(0, CALIB.horizontal);

    CALIB.pvr = CALIB.sroi;

elseif strcmp(control,'sroi'),

    CALIB.sroi = fn;

    CALIB.sroi.top = CALIB.sroi.top - varargin{1};

    CALIB.sroi.left = CALIB.sroi.left - varargin{1};

    CALIB.sroi.bottom = CALIB.sroi.bottom + varargin{1};

    CALIB.sroi.right = CALIB.sroi.right + varargin{1};

elseif strcmp(control,'sec'),

    [one,two,three] = gciC_tslice(fn, CALIB, varargin{1});

elseif strcmp(control, 'tslice'),

    [one,two,three] = gciC_tslice(fn, CALIB);

    one = one(CALIB.sroi.top:CALIB.sroi.bottom, CALIB.sroi.left:CALIB.sroi.right,:);

    if length(two) > 0,

        two = two(CALIB.sroi.top:CALIB.sroi.bottom, CALIB.sroi.left:CALIB.sroi.right,:);

        three = three(CALIB.sroi.top:CALIB.sroi.bottom, CALIB.sroi.left:CALIB.sroi.right,:);

    end

elseif strcmp(control, 'calibration'),

    CALIB.do_calibration = 1;

    CALIB.horizontal = fn;

    CALIB.vertical = varargin{1};

    CALIB.pvr = varargin{2};

    CALIB.gain = varargin{3};

    CALIB.offset = varargin{4};

    CALIB.horiz_stretch = varargin{5};

    CALIB.vert_stretch = varargin{6};

    % get buffer image if needed for reframing

    CALIB.do_reframe = 0;

    if mod(abs(CALIB.vertical),2),

        if (dll_video('exist',2) && ~strcmp('progressive',dll_video('get_video_standard', 2))) | ...

                (dll_video('exist',2) && ~strcmp('progressive',dll_video('get_video_standard', 1))),

            CALIB.do_reframe = 1;

        end

    end

    % set default sroi

    CALIB.sroi = CALIB.pvr;

elseif strcmp(control, 'luma'),

    CALIB.gain = fn;

    CALIB.offset = varargin{1};

elseif strcmp(control, 'clear'),

    CALIB.do_calibration = 0;

elseif strcmp(control, 'peek'),

    [one] = gciC_tslice_yonly_nogain(fn, CALIB, varargin{1});

elseif strcmp(control, 'total_sec'),

    [one] = dll_video('total_sec',fn);

    if CALIB.do_reframe && fn == 2,  % processed only.

        one = one - 1 / dll_video('fps', fn); 

    end

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [y,cb,cr] = gciC_tslice(fn, CALIB, durration);

% get requested images.  Do calibration.  Keep & handle reframing buffer.

    % Get time-slice of images & do calibration.

    if fn == 2 & CALIB.do_calibration,

        if exist('durration', 'var'),

            [uy,ucb,ucr] = dll_video('sec', fn, CALIB.do_reframe, durration);

        else

            [uy,ucb,ucr] = dll_video('tslice', fn, CALIB.do_reframe);

        end

        y = do_calibration_on_tslice(fn, uy, CALIB.horizontal, CALIB.vertical, ...

            CALIB.pvr, CALIB.gain, CALIB.offset, CALIB.do_reframe, CALIB.horiz_stretch, ...

            CALIB.vert_stretch, 0);

        cb = do_calibration_on_tslice(fn, ucb, CALIB.horizontal, CALIB.vertical, ...

            CALIB.pvr, 1.0, 0.0, CALIB.do_reframe, CALIB.horiz_stretch, CALIB.vert_stretch, 1);

        cr = do_calibration_on_tslice(fn, ucr, CALIB.horizontal, CALIB.vertical, ...

            CALIB.pvr, 1.0, 0.0, CALIB.do_reframe, CALIB.horiz_stretch, CALIB.vert_stretch, 1);

    else

        % Get time-slice of images only (no calibration)

        if exist('durration', 'var'),

            [y,cb,cr] = dll_video('sec', fn, 0, durration);

        else

            [y,cb,cr] = dll_video('tslice', fn);

        end

    end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function c_image = do_calibration_on_tslice(fn, u_image, horizontal, vertical, pvr, ...

    gain, offset, do_reframe, horiz_stretch, vert_stretch, is_color);

if strcmp('interlace_lower_field_first',dll_video('get_video_standard',fn)),

    f1 = 2;

    f2 = 1;

elseif strcmp('interlace_upper_field_first', dll_video('get_video_standard',fn)),

    f1 = 1;

    f2 = 2;

elseif strcmp('progressive', dll_video('get_video_standard',fn)),

end

[rows,cols, frames] = size(u_image);

% do reframing & shift, if required

if do_reframe,

    % reshape the images

    u_image = reshape(u_image, 2,rows/2,cols,frames);

    c_image = u_image(:,:,:,2:frames);

%    c_image = zeros(2,rows/2,cols,frames-1);

    %

    if strcmp('interlace_lower_field_first',dll_video('get_video_standard',fn)),

        c_image(f2,1:rows/2,:,:) = u_image(f1,1:rows/2,:,2:frames);

        c_image(f1,1:rows/2-1,:,:) = u_image(f2,2:rows/2,:,1:(frames-1));

        vertical = vertical - 1;

    else % strcmp('interlace_upper_field_first',dll_video('get_video_standard',fn))

        c_image(f1,2:rows/2,:,:) = u_image(f2,1:((rows/2)-1),:,1:(frames-1));

        c_image(f2,1:rows/2,:,:) = u_image(f1,1:rows/2,:,2:frames);

        vertical = vertical + 1;

    end

    u_image = reshape(c_image, rows, cols, frames-1);

end

if horiz_stretch ~= 1000 || vert_stretch ~= 1000,

    [row,col,time] = size(u_image);

    if strcmp('progressive', dll_video('get_video_standard',fn)),

        for cnt = 1:time,

            if is_color,

                u_image2(:,:,cnt) = resample_image(double(u_image(:,:,cnt)), ...

                    vert_stretch, horiz_stretch, 'Fast');

            else

                u_image2(:,:,cnt) = resample_image(double(u_image(:,:,cnt)), ...

                    vert_stretch, horiz_stretch);

            end

        end

    else

        for cnt = 1:time,

            if is_color,

                u_image2(:,:,cnt) = resample_image(double(u_image(:,:,cnt)), ...

                    vert_stretch, horiz_stretch, 'Fast', 'Interlace');

            else

                u_image2(:,:,cnt) = resample_image(double(u_image(:,:,cnt)), ...

                    vert_stretch, horiz_stretch, 'Interlace');

            end

        end

    end

    u_image = u_image2;

    clear u_image2;

end

% undo shift.

c_image = circshift(u_image,[-vertical, -horizontal, 0]);

% undo gain & offset

if gain ~= 1.0 && offset ~= 0.0,

    c_image = double(c_image);

    c_image =  (c_image - offset) / gain;

end

% zero area voided by PVR

c_image(1:pvr.top-1,:) = 0;

c_image(pvr.bottom+1:rows,:) = 0;

c_image(:,1:pvr.left-1) = 0;

c_image(:,pvr.right+1:cols) = 0;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [y] = gciC_tslice_yonly_nogain(fn, CALIB, durration);

% get requested images.  Do calibration.  Keep & handle reframing buffer.

    % Get time-slice of images.

    [y] = dll_video('peek', fn, CALIB.do_reframe, durration);

    % Do calibration if appropriate.  Skip gain/offset.

    % perform in groups of 10 images, because this can be memory intensive.

    if fn == 2 && CALIB.do_calibration,

        [r,c,t]=size(y);

        y2 = zeros(r,c,t-CALIB.do_reframe,'single');

        for i=1:10:(t-CALIB.do_reframe),

            j=min(i+9,t-CALIB.do_reframe);

            y2(:,:,i:j) = do_calibration_on_tslice(fn, y(:,:,i:(j+CALIB.do_reframe)), ...

                CALIB.horizontal, CALIB.vertical, ...

                CALIB.pvr, 1.0, 0.0, CALIB.do_reframe, CALIB.horiz_stretch, CALIB.vert_stretch, 0);

        end

        y = y2;

        clear y2;

    end

Function “dll_default_vr.m”


function [roi] = dll_default_vr (fn)

% DLL_DEFAULT_VR

%  Return the default valid region for a given image size.

% SYNTAX

%  [roi] = dll_default_vr (fn)

% DESCRIPTION

%  This function takes fn, initialized in dll_video, and returns the default valid 

%  region for that image size, 'roi'.  The returned variable is also

%  a structure, with four elements, 'roi.top', 'roi.left', 'roi.bottom',

%  and 'roi.right'.

[image_size.rows,image_size.cols] = dll_video('size',fn);

if (image_size.rows == 486 | image_size.rows == 480) & image_size.cols == 720,

    % NTSC / 525-line

    roi.top =    19;

    roi.left =   23;

    roi.bottom = image_size.rows - 18;

    roi.right =  image_size.cols - 22;

elseif image_size.rows == 576 & image_size.cols == 720,

    % PAL / 625-line

    roi.top =    15;

    roi.left =   23;

    roi.bottom = image_size.rows - 14;

    roi.right =  image_size.cols - 22;

elseif image_size.rows == 720 & image_size.cols == 1280, 

    % initialize maximum valid region.

    roi.top = 7;

    roi.left = 17;

    roi.bottom = image_size.rows - 6;

    roi.right = image_size.cols - 16;

elseif image_size.rows == 1080 & image_size.cols == 1920, 

    % initialize maximum valid region.

    roi.top = 7;

    roi.left = 17;

    roi.bottom = image_size.rows - 6;

    roi.right = image_size.cols - 16;

else

    roi.top = 1;

    roi.left = 1;

    roi.bottom = image_size.rows;

    roi.right = image_size.cols;

end

Function “dll_features.m”


function [features] = dll_features (model_name, fn, durration, compressed_file);

% DLL_FEATURES

%   Calculate features for a model.

% SYNTAX

%   [features] = dll_features(model_name, fn, durration);

%   [features] = dll_features(model_name, fn, durration, compressed_features_file);

% DESCRIPTION

%   Calculate original or processed features needed to calculate one model.

%   Function 'dll_video' must be initialized for (fn).  'model_name' is the

%   name of the model to be run: 

%       'Low'        Low-Bandwidth Model

%       'General'    NTIA General Model

%       'Developers' Developer's Model

%   'fn' is 1 for original and 2 for processed.  

%   'durration' is the durration of the video sequence for which the

%   features are to be calculated, in seconds (from 5 to 30 seconds)

%   'compressed_features_file' is the name of a file where the compressed

%   features should be written.  Currently, this option is only available

%   for fn=1 and model_name='Low' (low-bandwidth model, original features).

%

%   Return variable 'features' is a structure holding the uncompressed

%   feature data. 

%

warning off MATLAB:max:mixedSingleDoubleInputs

% initialize model.

[model_tslice_sec, model_planes] = dll_model('initialize', model_name, durration, fn);

dll_video('set_tslice', fn, model_tslice_sec);

% run tslices through features

if strcmp(model_planes, 'y'),

    ready_for_vqm = 0;

    while ~ready_for_vqm,

        [y] = dll_calib_video('tslice', fn);

        [ready_for_vqm] = dll_model('tslice', y);

    end

elseif strcmp(model_planes, 'ycbcr'),

    [fps] = dll_video('fps', fn);  

    ready_for_vqm = 0;

    while ~ready_for_vqm,

        [y, cb, cr] = dll_calib_video('tslice', fn);

        [ready_for_vqm] = dll_model('tslice', y, cb, cr, fps);

    end

end

% retrieve the features.

[features] = dll_model('get');

if (strcmp(model_name,'Low') | strcmp(model_name,'Fast')) & fn==1 & exist('compressed_file','var'),

    model_lowbw_compression ('compress', compressed_file, features.si_std, features.hv_ratio, ...

        features.y_mean, features.cb_mean, features.cr_mean, features.ati_rms );

end

Function “dll_lowbw_calib_initialize.m”


function [seed_state] = dll_lowbw_calib_initialize;

% DLL_LOWBW_CALIB_INITIALIZE

%   Initialize low bandwidth calibration.

% SYNTAX

%   [seed_state] = dll_lowbw_calib_initialize;

% DESCRIPTIONS

%   Initialize low bandwidth calibration.  The value returned by this

%   function ('seed_state') must be passed IDENTICALLY to 

%   dll_lowbw_calib_original and then dll_lowbw_calib_processed.  The next

%   time these two functions are again required (i.e., the next video 

%   sequence), this initialization function should be called again.

rand('seed',sum(100*clock));

seed_state = round(rand * 255);

seed_state = uint8(seed_state);

Function “dll_lowbw_calib_original.m”


function [orig_pixels, orig_horiz_profile, orig_vert_profile] = ...

    dll_lowbw_calib_original(fn, seed_state, num_sec)

% DLL_LOWBW_CALIB_ORIGINAL

%   Calcualte original features needed for low bandwidth calibration.

% SYNTAX

%  [orig_pixels, orig_horiz_profile, orig_vert_profile] = ...

%       fast_calibration(fn, seed_state, num_sec)

% DESCRIPTION

%  Calcualte original features needed for low bandwidth calibration:

%  estimate spatial registration and scaling registration for each processed 

%  clip.  Video clip must be temporally registered first.

%  'fn' is the file identifier from dll_video, which should always be fn=1.

%  'seed_state' is as returned by dll_lowbw_initialize, which should be

%  called anew each time this function is called.

%  'num_sec' is the number of seconds of video from file fn=1 that should

%  be used for calibration.  

%

%  Return values 'orig_pixels', 'orig_horiz_profile', and

%  'orig_vert_profile' are required by function dll_lowbw_calib_processed.

num_sec = floor(num_sec);

% set up constants.

max_scale = 100; % maximum scaling search, 10%

[rows,cols, fps] = dll_video('size', fn);

durration = floor( dll_video('total_frames',1) / fps );

if durration < num_sec,

    num_sec = durration;

end

if rows <= 216,

    max_shift_horiz = 4;  % maximum search in any direction, in # pixels

    max_shift_vert = 4;  

    max_scale_horiz = 60; % maximum scaling search, 

    max_scale_vert = 40;  

elseif rows <= 384,

    max_shift_horiz = 8;

    max_shift_vert = 8;

    max_scale_horiz = 60;  

    max_scale_vert = 40;  

else

    max_shift_horiz = 20;

    max_shift_vert = 20;

    max_scale_horiz = 100;  

    max_scale_vert = 60;  

end

% error checks & corrections

if mod(max_shift_horiz,2),

    max_shift_horiz = max_shift_horiz + 1;

end

if mod(max_shift_vert,2),

    max_shift_vert = max_shift_vert + 1;

end

% compute PVR and OROI given the above.

max_pixels_horiz = max_shift_horiz + (max_scale_horiz / 1000) * cols;

max_pixels_horiz = ceil(max_pixels_horiz);

max_pixels_horiz = max_pixels_horiz + mod(max_pixels_horiz,2);

max_pixels_vert = max_shift_vert + (max_scale_vert / 1000) * rows; 

max_pixels_vert = ceil(max_pixels_vert);

max_pixels_vert = max_pixels_vert + mod(max_pixels_vert,2);

[pvr, oroi] = find_pvr_oroi_guess(rows, cols, max_pixels_horiz, max_pixels_vert);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%

% Algorithm:

%

%   Use one frame every second (approx).  

%       horizontal and vertical profiles AND

%       80% as many randomly subsampled pixels as there are profile pixels

%           - randomly distributed over all frames

%   Search over ALL frames simultaneously.

%   Search original +- 0 second (yes! ZERO); 

%   shift processed +- 20 pixels/lines for NTSC (as specified else)

%   scale processed by +/- 10% for NTSC (as specified else)

%       rescale using nearest neighbor

%

%   When have final scale & shift, compute luminance gain & offset with

%   those pixels & profiles, too.

%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Choose the % of pixels to be used.

rows = oroi.bottom - oroi.top + 1;

cols = oroi.right - oroi.left + 1;

[list_row, list_col, list_time, list_o] = ...

    sas_choose_pixels (seed_state, rows, cols, num_sec, max_pixels_horiz, max_pixels_vert);

% load frames

dll_video('set_rewind', fn);

for loop = 1:num_sec,

    y(:,:,loop) = dll_video('sec', fn, 0, 1.0/fps); % don't reframe

    if loop ~= num_sec,

        dll_video('discard', fn, (fps-1)/fps); 

    end

end

dll_video('rewind', fn);

y = double(y);

% cut out OROI

orig = y(oroi.top:oroi.bottom, oroi.left:oroi.right, :);

% Compute original profiles.

[orig_horiz_profile, orig_vert_profile] = sas_profile_images(orig);

% reshape rows & columns into one dimension.

[rows,cols,time] = size(orig);

orig_y = reshape(orig, rows*cols*time,1);

clear orig;

%list of coordinates for profiles

list_horiz_profile = (1:cols) + max_pixels_horiz;

list_vert_profile = (1:rows) + max_pixels_vert;

% pick our original pixels

orig_pixels = orig_y(list_o);

% % % Limit precision on return variables

% % orig_pixels = char(orig_pixels);

% % orig_horiz_profile = uint16( round(orig_horiz_profile * 257));

% % orig_vert_profile = uint16( round(orig_vert_profile * 257));

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [pvr] = find_pvr_guess(rows, cols);

% return the best guess for pvr based only on image size.

% i.e., discard overscan.

% 'fchoice' is 1 for 'field' or 0 for 'frame' depending on which is desired.

if (rows == 486 | rows == 480 ) ...

        & cols == 720,

    pvr.top = 19;

    pvr.bottom = 486 - 18;

    pvr.left = 23;

    pvr.right = 720 - 22;

elseif rows == 576 & cols == 720,

    pvr.top = 15;

    pvr.bottom = 576 - 14;

    pvr.left = 23;

    pvr.right = 720 - 22;

else

    pvr.top = 1;

    pvr.bottom = rows;

    pvr.left = 1;

    pvr.right = cols;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [pvr, oroi] = find_pvr_oroi_guess(rows, cols, max_pixels_horiz, max_pixels_vert);

% Find best guess at PVR and OROI, given image size and

% size of maximum search ('max_pixels_horiz'), in pixels.

pvr = find_pvr_guess(rows, cols);

oroi.top = pvr.top + max_pixels_vert;

oroi.bottom = pvr.bottom - max_pixels_vert;

oroi.left = pvr.left + max_pixels_horiz;

oroi.right = pvr.right - max_pixels_horiz;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [list_row, list_col, list_time, list_o] = ...

    sas_choose_pixels (seed_state, rows, cols, time, max_pixels_horiz, max_pixels_vert);

% Choose 80% as many random points as profile points.

need = ceil(0.80 * (rows+cols)*time );

rand('state', double(seed_state));

list_row = round(rand(1,need) * (rows) + 0.5);

list_col = round(rand(1,need) * (cols) + 0.5);

list_time = round(rand(1,need) * (time) + 0.5);

% limit to range available.  'rand' is unlikely to exceed that range, but

% it is possible.

list_row = max( min(list_row,rows), 1);

list_col = max( min(list_col,cols), 1);

list_time = max( min(list_time,time), 1);

list_o = (list_time-1)*rows*cols + (list_col-1)*rows + list_row;

% change coordinates to be for processed, where there are more rows &

% columns.

list_row = list_row + max_pixels_vert;

list_col = list_col + max_pixels_horiz;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [horiz_profile, vert_profile] = sas_profile_images(y);

% Compute the horizontal profile for each frame (averaging each column).

% Put all such together into one giant image.

% Return that image in profile_image.

[rows,cols,time] = size(y);

horiz_profile = zeros(cols, time);

vert_profile = zeros(rows, time);

for cnt = 1:time,

    horiz_profile(:,cnt) = mean(y(:,:,cnt))';

    vert_profile(:,cnt) = mean(y(:,:,cnt), 2);

end

Function “dll_lowbw_calib_processed.m”


function [shift, scale, status] = ...

    dll_lowbw_calib_processed(fn, seed_state, num_sec, orig_pixels, ...

    orig_horiz_profile, orig_vert_profile, no_scaling);

% DLL_LOWBW_CALIB_PROCESSED

%   Calculate processed features and low bandwidth calibration.

% SYNTAX

%   [shift, scale, status] = ...

%       dll_lowbw_calib_processed(fn, seed_state, num_sec, orig_pixels, ...

%       orig_horiz_profile, orig_vert_profile, no_scaling);

% DESCRIPTION

%  Calcualte processed features needed for low bandwidth calibration, then

%  estimate spatial registration and scaling registration for each processed 

%  clip.  Video clip must be temporally registered first.

%  'fn' is the file identifier from dll_video, which should always be fn=2.

%  'seed_state' is as returned by dll_lowbw_initialize, which should be

%  called anew each time this function is called.

%  'num_sec' is the number of seconds of video from file fn=1 and 2 that should

%  be used for calibration.  

%  'orig_pixels','orig_horiz_profile', and 'orig_vert_profile' are results

%  from dll_lowbw_calib_original, for the original video (i.e., fn=1).

%   'no_scaling' is 1 to pre sume no spatial scaling,

%   'no_scaling' is 0 to calculate spatial scaling

% 

%   status.error of 1 indicates error,

%   status.scale of 1 indicates scale returned is equal to search limit,

%   status.shift of 1 indicates shift returned is equal to search limit,

num_sec = floor(num_sec);

% uncompress input arguments.

seed_state = double(seed_state);

% % orig_pixels = single(orig_pixels);

% % orig_horiz_profile = double( orig_horiz_profile ) / 257;

% % orig_vert_profile = double( orig_vert_profile ) / 257;

%

status.error = 1;

status.scale = 0;

status.shift = 0;

status.luminance = 0;

shift.horizontal = 0;

shift.vertical = 0;

scale.horizontal = 1000;

scale.vertical = 1000;

% try

    % set up constants.

    max_scale = 100; % maximum scaling search, 10%

    [rows,cols, fps] = dll_video('size', fn); 

    durration = floor( dll_calib_video('total_sec',2) );

    if durration < num_sec,

        num_sec = durration;

    end

    if rows <= 216,

        max_shift_horiz = 4;  % maximum search in any direction, in # pixels

        max_shift_vert = 4;  

        max_scale_horiz = 60; % maximum scaling search, 

        max_scale_vert = 40;  

    elseif rows <= 384,

        max_shift_horiz = 8;

        max_shift_vert = 8;

        max_scale_horiz = 60;  

        max_scale_vert = 40;  

    else

        max_shift_horiz = 20;

        max_shift_vert = 20;

        max_scale_horiz = 100;  

        max_scale_vert = 60;  

    end

    % error checks & corrections

    if mod(max_shift_horiz,2),

        max_shift_horiz = max_shift_horiz + 1;

    end

    if mod(max_shift_vert,2),

        max_shift_vert = max_shift_vert + 1;

    end

    % compute PVR and OROI given the above.

    max_pixels_horiz = max_shift_horiz + (max_scale_horiz / 1000) * cols;

    max_pixels_horiz = ceil(max_pixels_horiz);

    max_pixels_horiz = max_pixels_horiz + mod(max_pixels_horiz,2);

    max_pixels_vert = max_shift_vert + (max_scale_vert / 1000) * rows; 

    max_pixels_vert = ceil(max_pixels_vert);

    max_pixels_vert = max_pixels_vert + mod(max_pixels_vert,2);

    [pvr, oroi] = find_pvr_oroi_guess(rows, cols, max_pixels_horiz, max_pixels_vert);

    % run the calibration algorithm

    [shift, scale, status] = sas_core_algorithm( ...

        num_sec, fps, max_shift_horiz, max_shift_vert, max_scale_horiz, ...

        max_scale_vert, max_pixels_horiz, max_pixels_vert, status, pvr, oroi, ...

        seed_state, orig_pixels, orig_horiz_profile, orig_vert_profile, no_scaling, fn);

    % check for results next to the search limit.

    if shift.horizontal == max_shift_horiz | shift.vertical == max_shift_vert,

        status.shift = status.shift + 1;

    end

    if abs(scale.horizontal - 1000) == max_scale_horiz | abs(scale.vertical - 1000) == max_scale_horiz,

        status.scale = status.scale + 1;

    end

    status.error = 0;

% catch

%     status.error = 1;

% end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%

% Algorithm:

%

%   Use one frame every second (approx).  

%       horizontal and vertical profiles AND

%       80% as many randomly subsampled pixels as there are profile pixels

%           - randomly distributed over all frames

%   Search over ALL frames simultaneously.

%   Search original +- 0 second (yes! ZERO); 

%   shift processed +- 20 pixels/lines for NTSC (as specified else)

%   scale processed by +/- 10% for NTSC (as specified else)

%       rescale using nearest neighbor

%

%   When have final scale & shift, compute luminance gain & offset with

%   those pixels & profiles, too.

%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_spatial, new_scale, status] = sas_core_algorithm( ...

    num_sec, fps, max_shift_horiz, max_shift_vert, max_scale_horiz, max_scale_vert, ...

    max_pixels_horiz, max_pixels_vert, status, pvr, oroi, ...

    seed_state, orig_pixels, orig_horiz_profile, orig_vert_profile, no_scaling, fn);

% Compute spatial registration for one clip of fields..

new_spatial.horizontal = 0;

new_spatial.vertical = 0;

new_scale.horizontal = 1000;

new_scale.vertical = 1000;

% Choose the % of pixels to be used.

rows = oroi.bottom - oroi.top + 1;

cols = oroi.right - oroi.left + 1;

[list_row, list_col, list_time, list_o] = ...

    sas_choose_pixels (seed_state, rows, cols, num_sec, max_pixels_horiz, max_pixels_vert);

% load frames

dll_video('set_rewind', fn);

for loop = 1:num_sec,

    y(:,:,loop) = dll_calib_video('sec', fn, 1.0/fps); 

    if loop ~= num_sec,

        dll_video('discard', fn, (fps-1)/fps); 

    end

end

dll_video('rewind', fn);

y = double(y);

% cut out PVR

proc = y(pvr.top:pvr.bottom, pvr.left:pvr.right, :);

% Compute processed profiles.

[proc_horiz_profile, proc_vert_profile] = sas_profile_images(proc);

% reshape rows & columns into one dimension.

[rowp,colp,timep] = size(proc);

proc_y = reshape(proc, rowp*colp*timep,1);

clear proc;

%list of coordinates for profiles

list_horiz_profile = (1:cols) + max_pixels_horiz;

list_vert_profile = (1:rows) + max_pixels_vert;

if no_scaling,

    max_scale_vert = 0;

    max_scale_horiz = 0;

end

length_of_list = length(list_o);

% random search.

loop = 1;

best_scale_horiz = 1000;

best_scale_vert = 1000;

best_shift_horiz = 0;

best_shift_vert = 0;

best_value = inf;

best_loop = -1;

values = zeros(2*max_scale_horiz+1,2*max_scale_vert+1,2*max_shift_horiz+1,2*max_shift_vert+1);

values(:,:,:,:) = NaN;

random_tries = 15000; % hope it needn't be that large!

loop = 0;

cnt_used = 0;

while loop <= random_tries,

    % randomly choose stretch, shift, and time.

    % for the first 10% of tries, do a flat random search over all possibilities.

    if loop < random_tries / 10,

        scale_horiz = round( -max_scale_horiz + (2 * max_scale_horiz + 1) * rand );

        scale_vert =  round( -max_scale_vert + (2 * max_scale_vert + 1) * rand );

        shift_horiz = round( -max_shift_horiz + (2 * max_shift_horiz + 1) * rand );

        shift_vert =  round( -max_shift_vert + (2 * max_shift_vert + 1) * rand );

    % weight more near best stretch/shift/time found so far.  

    else

        scale_horiz = best_scale_horiz + round( 2 * randn );

        scale_vert = best_scale_vert + round( 2 * randn );

        shift_horiz = best_shift_horiz + round( 2 * randn );

        shift_vert = best_shift_vert + round( 2 * randn );

    end

    if max_scale_horiz == 0,

        scale_horiz = 0;

    end

    if max_scale_vert == 0,

        scale_vert = 0;

    end

    % If this point is out of the legal range, choose again.

    if abs(scale_horiz) > max_scale_horiz | abs(scale_vert) > max_scale_vert | ...

            abs(shift_horiz) > max_shift_horiz | abs(shift_vert) > max_shift_vert,

        continue;

    end

    % check whether this stretch/shift/time has been computed already. 

    if ~isnan( values(scale_horiz + max_scale_horiz + 1, scale_vert + max_scale_vert + 1, ...

        shift_horiz + max_shift_horiz + 1, shift_vert + max_shift_vert + 1) ),

        loop = loop + 1;

        continue;

    end

    cnt_used = cnt_used + 1;

    % convert from chosen original coordinates (in smaller image) into

    % processed coordinates.  

    % First, scale.  The "-0.4" is because the resampling routine we are

    % training for his this factor.

    curr_list_row = list_row * 1000 / (scale_vert+1000) + (rowp/2 - (1000/(scale_vert+1000)) * rowp/2);

    curr_list_col = list_col * 1000 / (scale_horiz+1000) + (colp/2 - (1000/(scale_horiz+1000)) * colp/2);

    % Second, shift.  Round to nearest pixel (use floor of +0.5 for speed)

    curr_list_row = floor(curr_list_row + shift_vert + 0.5);

    curr_list_col = floor(curr_list_col + shift_horiz + 0.5);

    list_p = (list_time-1)*rowp*colp + (curr_list_col-1)*rowp + curr_list_row;

    % compute the difference value of the random pixels.

    pixel_list = orig_pixels - proc_y(list_p);

    % scale the profiles.

    curr_list_row = list_vert_profile * 1000 / ...

        (scale_vert+1000) + (rowp/2 - (1000/(scale_vert+1000)) * rowp/2);

    curr_list_col = list_horiz_profile * 1000 / ...

        (scale_horiz+1000) + (colp/2-(1000/(scale_horiz+1000)) * colp/2);

    % Second, shift the profiles.  Round to nearest pixel (use floor of +0.5 for speed)

    curr_list_row = floor(curr_list_row + shift_vert + 0.5);

    curr_list_col = floor(curr_list_col + shift_horiz + 0.5);

    % compute the difference value of the profiles.  Append that to random

    % pixels' differneces.

    vert_diff = orig_vert_profile - proc_vert_profile(curr_list_row,:);

    horiz_diff = orig_horiz_profile - proc_horiz_profile(curr_list_col,:);

    pixel_list = [ pixel_list; reshape(vert_diff,rows*num_sec,1); reshape(horiz_diff,cols*num_sec,1)];

    % Compute and record standard deviation of difference.

    curr_value = std(pixel_list);

    values(scale_horiz + max_scale_horiz + 1, scale_vert + max_scale_vert + 1, ...

        shift_horiz + max_shift_horiz + 1, shift_vert + max_shift_vert + 1) = curr_value;

    % keep track of the best one!

    % if find a tie, change to it if the scaling factor is closer to no

    % scaling & no shifting

    want = 0;

    if curr_value < best_value,

        want = 1;

    elseif curr_value == best_value,

        if abs(scale_horiz) <= abs(best_scale_horiz) & abs(scale_vert) <= abs(best_scale_vert) & ...

                abs(shift_horiz) <= abs(best_shift_horiz) & abs(shift_vert) <= abs(best_shift_vert),

            want = 1;

        end

    end

    if want,

        best_scale_horiz = scale_horiz;

        best_scale_vert = scale_vert;

        best_shift_horiz = shift_horiz;

        best_shift_vert = shift_vert;

        best_value = curr_value;

        best_loop = loop;

    end

    loop = loop + 1;

end

scale_horiz = best_scale_horiz;

scale_vert = best_scale_vert;

shift_horiz = best_shift_horiz;

shift_vert = best_shift_vert;

% send back all results.

new_spatial.horizontal = best_shift_horiz;

new_spatial.vertical = best_shift_vert;

new_scale.horizontal = best_scale_horiz+1000;

new_scale.vertical = best_scale_vert+1000;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [pvr] = find_pvr_guess(rows, cols);

% return the best guess for pvr based only on image size.

% i.e., discard overscan.

% 'fchoice' is 1 for 'field' or 0 for 'frame' depending on which is desired.

if (rows == 486 | rows == 480 ) ...

        & cols == 720,

    pvr.top = 19;

    pvr.bottom = 486 - 18;

    pvr.left = 23;

    pvr.right = 720 - 22;

elseif rows == 576 & cols == 720,

    pvr.top = 15;

    pvr.bottom = 576 - 14;

    pvr.left = 23;

    pvr.right = 720 - 22;

else

    pvr.top = 1;

    pvr.bottom = rows;

    pvr.left = 1;

    pvr.right = cols;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [pvr, oroi] = find_pvr_oroi_guess(rows, cols, max_pixels_horiz, max_pixels_vert);

% Find best guess at PVR and OROI, given image size and

% size of maximum search ('max_pixels_horiz'), in pixels.

pvr = find_pvr_guess(rows, cols);

oroi.top = pvr.top + max_pixels_vert;

oroi.bottom = pvr.bottom - max_pixels_vert;

oroi.left = pvr.left + max_pixels_horiz;

oroi.right = pvr.right - max_pixels_horiz;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [list_row, list_col, list_time, list_o] = ...

    sas_choose_pixels (seed_state, rows, cols, time, max_pixels_horiz, max_pixels_vert);

% Choose 80% as many random points as profile points.

need = ceil(0.80 * (rows+cols)*time );

rand('state', seed_state);

list_row = round(rand(1,need) * (rows) + 0.5);

list_col = round(rand(1,need) * (cols) + 0.5);

list_time = round(rand(1,need) * (time) + 0.5);

% limit to range available.  'rand' is unlikely to exceed that range, but

% it is possible.

list_row = max( min(list_row,rows), 1);

list_col = max( min(list_col,cols), 1);

list_time = max( min(list_time,time), 1);

list_o = (list_time-1)*rows*cols + (list_col-1)*rows + list_row;

% change coordinates to be for processed, where there are more rows &

% columns.

list_row = list_row + max_pixels_vert;

list_col = list_col + max_pixels_horiz;

%%%%%%%%%%%

function [horiz_profile, vert_profile] = sas_profile_images(y);

% Compute the horizontal profile for each frame (averaging each column).

% Put all such together into one giant image.

% Return that image in profile_image.

[rows,cols,time] = size(y);

horiz_profile = zeros(cols, time);

vert_profile = zeros(rows, time);

for cnt = 1:time,

    horiz_profile(:,cnt) = mean(y(:,:,cnt))';

    vert_profile(:,cnt) = mean(y(:,:,cnt), 2);

end

Function “dll_lowbw_calib_quant.m”


function [orig_horiz_profile_out, orig_vert_profile_out] = ...

    dll_lowbw_calib_quant(is_quantize, orig_horiz_profile_in, orig_vert_profile_in)

% DLL_LOWBW_CALIB_QUANT

%   Quantize & reconstruct original features for low bandwidth spatial

%   registration.

% SYNTAX

%   [orig_horiz_profile, orig_vert_profile] = ...

%       dll_lowbw_calib_quant(is_quantize, orig_horiz_profile, orig_vert_profile);

% DESCRIPTION

%   'is_quantize' is 1 for quantize, 0 to reconstruct.

%   Other two paramters are profile sfrom dll_lowbw_calib_original.m (when quantizing) 

%   and indexes from previous call (when reconstructing).

%

% Note: original pixels do not need to be quantized.

%

% Example call to quantize:

%   [index_horiz_profile, index_vert_profile] =

%       dll_lowbw_calib_quant(1, orig_horiz_profile, orig_vert_profile);

% Example call to reconstruct:

%   [orig_horiz_profile, orig_vert_profile] =

%       dll_lowbw_calib_quant(0, index_horiz_profile, index_vert_profile);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%  Define the quantizers for the two spatial registration features.

%  These designs are for 10 bit linear quantizers.

%  profile feature

start = 0.0;  % first code

last = 255.0;  % 252 is the maximum observed in the training data

high_codes = 2^16;  % number of codes for 16-bit quantizer

code_profile = start:(last-start)/(high_codes-1):last;

%  Generate the partitions, halfway between codes

code_profile_size = size(code_profile,2);

part_profile = (code_profile(2:code_profile_size)+code_profile(1:code_profile_size-1))/2;

if is_quantize,

    %  Quantize original features

    [row,col] = size(orig_horiz_profile_in);

    [orig_horiz_profile_out] = quantiz_fast(reshape(orig_horiz_profile_in,1,row*col),part_profile);

    orig_horiz_profile_out = reshape(orig_horiz_profile_out,row,col);

    [row,col] = size(orig_vert_profile_in);

    [orig_vert_profile_out] = quantiz_fast(reshape(orig_vert_profile_in,1,row*col),part_profile);

    orig_vert_profile_out = reshape(orig_vert_profile_out,row,col);

else

    %  Undo the quantization

    [row,col] = size(orig_horiz_profile_in);

    orig_horiz_profile_out = code_profile(1+orig_horiz_profile_in);

    orig_horiz_profile_out = reshape(orig_horiz_profile_out,row,col);

    [row,col] = size(orig_vert_profile_in);

    orig_vert_profile_out = code_profile(1+orig_vert_profile_in);

    orig_vert_profile_out = reshape(orig_vert_profile_out,row,col);

end

Function “dll_lowbw_gain_v2_original.m”


function [orig_y_blocks, orig_cb_blocks, orig_cr_blocks, yesno] = ...

    dll_lowbw_gain_v2_original(fn, num_sec)

% DLL_LOWBW_GAIN_V2_ORIGINAL

%   Calculate original features needed for low bandwidth YCbCr gain &

%   offset (rrcal version 2).

% SYNTAX

%  [orig_y_blocks, orig_cb_blocks, orig_cr_blocks, yesno] = ...

%       dll_lowbw_gain_v2_original(fn, num_sec)

% DESCRIPTION

%  Calculate original features needed for low bandwidth  gain &

%  offset.  Video clip must be temporally registered first.  Spatial

%  registration & valid region should also be calculated.

%  'fn' is the file identifier from dll_video, preferably fn=1.

%  'num_sec' is the number of seconds of video from file fn=1 that should

%  be used for calibration.  

%

%  Return values are required by function dll_lowbw_gain_processed.

%   'orig_y_blocks' averaged Y blocks selected.

%   'orig_cb_blocks' averaged Cb blocks selected

%   'orig_cr_blocks' averaged Cr blocks selected

%   'yesno' logicals (i.e., booleans) indicating for all blocks, which 1/2

%       of blocks were selected.

num_sec = floor(num_sec);

[rows,cols, fps] = dll_video('size', fn);

durration = floor( dll_video('total_frames',1) / fps );

if durration < num_sec,

    num_sec = durration;

end

if rows <= 216,

    block_size = 10;  

elseif rows <= 384,

    block_size = 22;  

else

    block_size = 46;  

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%

% Algorithm:

%

%   Use one frame every second (approx).  

%   Search over ALL frames simultaneously.

%   Search original +- 0 second (yes! ZERO); 

%   Use luminance image only, sub-sampled by block_size.

%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% set SROI given specified block size

[temp.image_size.rows,temp.image_size.cols] = dll_video('size',fn);

[temp.cvr] = dll_calib_video('pvr');

extra = 0;

[sroi,vert,horiz] = adjust_requested_sroi (temp, ...

    'vsize',block_size, 'hsize',block_size, 'extra',extra);

dll_calib_video('sroi', sroi, extra);

% allocate space for results

orig_y_blocks = zeros(vert, horiz, num_sec);

orig_y_std = zeros(vert, horiz, num_sec);

orig_cb_blocks = zeros(vert, horiz, num_sec);

orig_cr_blocks = zeros(vert, horiz, num_sec);

% loop through frames

dll_video('set_rewind', fn);

dll_video('set_tslice', fn, 1.0/fps);

for loop = 1:num_sec,

    % compute mean of frame

    [y, cb, cr] = dll_calib_video('tslice', fn);

    orig_y_blocks(:,:,loop) = block_statistic(y, block_size, block_size, 'mean');

    orig_y_std(:,:,loop) = block_statistic(y, block_size, block_size, 'std');

    orig_cb_blocks(:,:,loop) = block_statistic(cb, block_size, block_size, 'mean');

    orig_cr_blocks(:,:,loop) = block_statistic(cr, block_size, block_size, 'mean');

    % skip over the rest of the frames in this second of video.

    if loop ~= num_sec,

        dll_video('discard', fn, (fps-1)/fps); 

    end

end

dll_video('rewind', fn);

% set SROI to PVR again

dll_calib_video('sroi', temp.cvr, 0);

% pick off 1/2 of blocks with lowest Y stdev

[r1,c1,t1] = size(orig_y_std);

orig_y_std = reshape(orig_y_std, r1*c1*t1, 1);

orig_y_blocks = reshape(orig_y_blocks, r1*c1*t1, 1);

orig_cb_blocks = reshape(orig_cb_blocks, r1*c1*t1, 1);

orig_cr_blocks = reshape(orig_cr_blocks, r1*c1*t1, 1);

[a,b]=sort(orig_y_std);

b = b(1:floor(length(b) / 2));

yesno = logical(orig_y_std <= orig_y_std(b(length(b))));

orig_y_blocks = orig_y_blocks(yesno);

orig_cb_blocks = orig_cb_blocks(yesno);

orig_cr_blocks = orig_cr_blocks(yesno);

Function “dll_lowbw_gain_v2_processed.m”


function [y_gain, y_offset, cb_gain, cb_offset, cr_gain, cr_offset, sucess] = ...

    dll_lowbw_gain_v2_processed(fn, num_sec, orig_y, orig_cb, orig_cr, yesno);

% DLL_LOWBW_GAIN_V2_PROCESSED

%   Calculate processed features and low bandwidth YCbCr gain/offset (rrcal

%   version 2).

% SYNTAX

%   [y_gain, y_offset, cb_gain, cb_offset, cr_gain, cr_offset, status] = ...

%       dll_lowbw_gain_v2_processed(fn, seed_state, num_sec, ...

%           orig_y_blocks, orig_cb_blocks, orig_cr_blocks, yesno);

% DESCRIPTION

%  Calculate processed features needed for low bandwidth gain &

%  offset.  Video clip must be temporally registered first.  Spatial

%  registration & valid region should also be calculated.

%  'fn' is the file identifier from dll_video, preferably fn=2.

%  'num_sec' is the number of seconds of video from file fn=2 that should

%  be used for calibration.  

%

%  Other input values are computed by function dll_lowbw_gain_original.

%  Returned values are 'y_gain' the luminance gain, and 'y_offset', the

%  luminance offset; and likewise for Cb and Cr.

%

%  Return value of 'sucess' is 1 if algorithm succeeds, and 0 if algorithm

%  may have failed, and -1 if a catestrophic failure results in a return of

%  gain=1, offset=0.  Cb & Cr values set to 'nan' if algorithm failed,

%  otherwise not checked. 

sucess = 1;

num_sec = floor(num_sec);

y_gain = 1;

y_offset = 0;

%figure out block size

num_sec = floor(num_sec);

[rows,cols, fps] = dll_video('size', fn);

durration = floor( dll_video('total_frames',2) / fps );

if durration < num_sec,

    num_sec = durration;

end

if rows <= 216,

    block_size = 10;  

elseif rows <= 384,

    block_size = 22;  

else

    block_size = 46;  

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%

% Algorithm:

%

%   Use one frame every second (approx).  

%   Search over ALL frames simultaneously.

%   Search original +- 0 second (yes! ZERO); 

%   Use luminance image only, sub-sampled by block_size.

%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% set SROI given specified block size

[temp.image_size.rows,temp.image_size.cols] = dll_video('size',fn);

[temp.cvr] = dll_calib_video('pvr');

extra = 0;

[sroi,vert,horiz] = adjust_requested_sroi (temp, ...

    'vsize',block_size, 'hsize',block_size, 'extra',extra);

dll_calib_video('sroi', sroi, extra);

% allocate space for results

proc_y = zeros(vert, horiz, num_sec);

proc_cb = zeros(vert, horiz, num_sec);

proc_cr = zeros(vert, horiz, num_sec);

% loop through frames

dll_video('set_rewind', fn);

dll_video('set_tslice', fn, 1.0/fps);

for loop = 1:num_sec,

    % compute mean of frame

    [y, cb, cr] = dll_calib_video('tslice', fn);

    proc_y(:,:,loop) = block_statistic(y, block_size, block_size, 'mean');

    proc_cb(:,:,loop) = block_statistic(cb, block_size, block_size, 'mean');

    proc_cr(:,:,loop) = block_statistic(cr, block_size, block_size, 'mean');

    % skip over the rest of the frames in this second of video.

    if loop ~= num_sec,

        dll_video('discard', fn, (fps-1)/fps); 

    end

end

dll_video('rewind', fn);

% set SROI to PVR again

dll_calib_video('sroi', temp.cvr, 0);

[r1,c1,t1] = size(proc_y);

proc_y = reshape(proc_y, r1*c1*t1, 1);

proc_y = proc_y(yesno);

proc_cb = reshape(proc_cb, r1*c1*t1, 1);

proc_cb = proc_cb(yesno);

proc_cr = reshape(proc_cr, r1*c1*t1, 1);

proc_cr = proc_cr(yesno);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% eliminate blocks with clipping

% MUST be done second< so that above indicies

% are identical for y, cb, & cr

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

b = find(orig_y >= 2 & orig_y <= 253 & proc_y >= 2 & proc_y <= 253 );

if length(b) ~= length(orig_y),

    orig_y = orig_y(b);

    proc_y = proc_y(b);

end

b = find(orig_cb >= -126 & orig_cb <= 126 & proc_cb >= -126 & proc_cb <= 126 );

if length(b) ~= length(orig_cb),

    orig_cb = orig_cb(b);

    proc_cb = proc_cb(b);

end

b = find(orig_cr >= -126 & orig_cr <= 126 & proc_cr >= -126 & proc_cr <= 126 );

if length(b) ~= length(orig_cr),

    orig_cr = orig_cr(b);

    proc_cr = proc_cr(b);

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% compute gain & offset with final pixels

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

if (max(max(max(orig_y)))-min(min(min(orig_y)))) < 10,

    y_gain = 1.0;

    y_offset = 0.0;

    sucess = -1;

elseif (max(max(max(proc_y)))-min(min(min(proc_y)))) <= 0

    y_gain = 1.0;

    y_offset = 0.0;

    sucess = -1;

else

    % compute initial gain via linear regression

    y = proc_y;

    x = [ones(length(y),1) orig_y];

    b = x\y;

    r = y - x*b;

    done = 0;

    prev_b = b;

    counter = 0;

    while ~done && counter < 10000,

        counter = counter + 1;

        epsilon = 1.0;

        cost = 1.0 ./ (abs(r) + epsilon); % cost vector, reciprocal of errors

        cost = cost ./ sqrt(sum(cost)); % normalize for unity norm

        cost = (cost.^2);

        xp = x' .* repmat(cost,1,2)';

        b = inv(xp*x)*xp*y;

        r = y - x*b;

        if abs(prev_b(2) - b(2)) < 0.0001,

            done = 1;

        else

            prev_b = b;

        end

    end

    if counter < 10000,

        y_gain = b(2);

        y_offset = b(1);

    else

        y_gain = 1.0;

        y_offset = 0.0;

        sucess = -1;

    end

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% compute gain & offset with final pixels

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

if (max(max(max(orig_cb)))-min(min(min(orig_cb)))) < 10,

    cb_gain = nan;

    cb_offset = nan;

elseif (max(max(max(proc_cb)))-min(min(min(proc_cb)))) <= 0

    cb_gain = nan;

    cb_offset = nan;

else

    % compute initial gain via linear regression

    y = proc_cb;

    x = [ones(length(y),1) orig_cb];

    b = x\y;

    r = y - x*b;

    done = 0;

    prev_b = b;

    counter = 0;

    while ~done && counter < 10000,

        counter = counter + 1;

        epsilon = 1.0;

        cost = 1.0 ./ (abs(r) + epsilon); % cost vector, reciprocal of errors

        cost = cost ./ sqrt(sum(cost)); % normalize for unity norm

        cost = (cost.^2);

        xp = x' .* repmat(cost,1,2)';

        b = inv(xp*x)*xp*y;

        r = y - x*b;

        if abs(prev_b(2) - b(2)) < 0.0001,

            done = 1;

        else

            prev_b = b;

        end

    end

    if counter < 10000,

        cb_gain = b(2);

        cb_offset = b(1);

    else

        cb_gain = nan;

        cb_offset = nan;

    end

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% compute gain & offset with final pixels

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

if (max(max(max(orig_cr)))-min(min(min(orig_cr)))) < 10,

    cr_gain = nan;

    cr_offset = nan;

elseif (max(max(max(proc_cr)))-min(min(min(proc_cr)))) <= 0

    cr_gain = nan;

    cr_offset = nan;

else

    % compute initial gain via linear regression

    y = proc_cr;

    x = [ones(length(y),1) orig_cr];

    b = x\y;

    r = y - x*b;

    done = 0;

    prev_b = b;

    counter =0;

    while ~done && counter < 10000,

        counter = counter + 1;

        epsilon = 1.0;

        cost = 1.0 ./ (abs(r) + epsilon); % cost vector, reciprocal of errors

        cost = cost ./ sqrt(sum(cost)); % normalize for unity norm

        cost = (cost.^2);

        xp = x' .* repmat(cost,1,2)';

        b = inv(xp*x)*xp*y;

        r = y - x*b;

        if abs(prev_b(2) - b(2)) < 0.0001,

            done = 1;

        else

            prev_b = b;

        end

    end

    if counter < 10000,

        cr_gain = b(2);

        cr_offset = b(1);

    else

        cr_gain = nan;

        cr_offset = nan;

    end

end

% failure causes large offset or small gain.

if y_offset > 20 || y_gain < 0.70,

    sucess = 0;

end

if y_gain < 0.6 || y_gain > 1.6 || y_offset < -80 || y_offset > 80,

    y_gain = 1.0;

    y_offset = 0.0;

    sucess = -1;

end

Function “dll_lowbw_gain_v2_quant.m”


function [out_y, out_cb, out_cr] = dll_lowbw_gain_v2_quant(is_quantize, in_y, in_cb, in_cr);

% DLL_LOWBW_GAIN_V2_QUANT

%   Quantizer & reconstruct original features for lowbw gain & offset.

% SYNTAX

%   [index_y, index_cb, index_cr] = dll_lowbw_gain_v2_quant(1, y, cb, cr); % quantize

%   [y, cb, cr] = dll_lowbw_gain_v2_quant(0, index_y, index_cb, index_cr); % reconstruct

% DESCRIPTION

%   First argument is '1' to quantize, and '0' to reconstruct.

%   'y', 'cb', and 'cr are the original features from

%                      lowbw_gain_v2_original.m (i.e., uncompressed)

%   'index_y', 'index_cb', and 'index_cr' are the quantize indicies to be transmitted.

start = 0.0;  % first code

last = 255.0;  % 255 is the maximum observed in the training data 

high_codes = 1024;  % number of codes for 10-bit quantizer, must make epsilon=1.0 

code_lgo = start:(last-start)/(high_codes-1):last;

%  Generate the partitions, halfway between codes

code_lgo_size = size(code_lgo,2);

part_lgo = (code_lgo(2:code_lgo_size)+code_lgo(1:code_lgo_size-1))/2;

if is_quantize,

    %  Quantize orig_y feature like this

    [out_y] = quantiz_fast(in_y',part_lgo);

    %  Quantize org_cb feature like this

    [out_cb] = quantiz_fast(in_cb'+128,part_lgo);

    %  Quantize org_cr feature like this

    [out_cr] = quantiz_fast(in_cr'+128,part_lgo);

else

    %  Look-up the quantized value like this

    orig2 = code_lgo(1+in_y);

    out_y = orig2';

    %  Look-up the quantized value like this

    orig2 = code_lgo(1+in_cb);

    out_cb = orig2'-128;

    %  Look-up the quantized value like this

    orig2 = code_lgo(1+in_cr);

    out_cr = orig2'-128;

end

Function “dll_lowbw_temporal.m”


function [delay, sucess, is_still] = dll_lowbw_temporal (fn, ti2_orig, ti2_proc, ...

    ti10_orig, ti10_proc, ymean_orig, ymean_proc, uncert, varargin);

% DLL_LOWBW_TEMPORAL

%   Step 2: Compute delay

% SYNTAX

%   [delay, sucess, is_still] = dll_lowbw_temporal (ti2_orig, ti2_proc,

%       ti10_orig, ti10_proc, ymean_orig, ymean_proc, progressive, uncert);

%   [...] = dll_lowbw_temporal(...,'Flag',...);

% DESCRIPTION

%   Input arguments are 'fn' from dll_video, file ID for either original or

%   processed -- it doesn't matter which.  The next six input arguments are

%   the three features computed on the original video by function

%   dll_lowbw_temporal_features (named ti2_orig, ti10_orig & ymean_orig); 

%   and the features computed on the processed video by function

%   dll_lowbw_temporal_features (named ti2_proc, ti10_proc & ymean_proc).  

%   And finally, the temporal registration uncertainty, 'uncert', in seconds.

%

%   Optional Flags:

%       'field'     For interlaced systems, align to field accuracy.

%       'frame'     For interlaced systems, align to frame accuracy.  Default.

%

%   Return 'delay', the temporal registration delay in frames; 'sucess',

%   which is 1 if the algorithm succeeded & 0 if the algorithm failed; and

%   'is_still' which contains 1 if the video sequence appears to be still

%   or nearly still (thus temporal registration will always fail), and 0

%   otherwise. 

frame_select = 1;

cnt = 1;

while cnt <= length(varargin),

    if strcmpi(varargin{cnt},'field'),

        frame_select = 0;

        cnt = cnt + 1;

    elseif strcmpi(varargin{cnt},'frame'),

        frame_select = 1;

        cnt = cnt + 1;

    else

        error('optional flag not recognized');

    end

end

[video_standard] = dll_video('get_video_standard', fn);

if strcmp(video_standard,'interlace_upper_field_first'), % e.g., if fps == 25,

    fld_num(1) = 1;

    fld_num(2) = 2;

    progressive = 0;

elseif strcmp(video_standard,'interlace_lower_field_first'),

    fld_num(1) = 2;

    fld_num(2) = 1;

    progressive = 0;

elseif strcmp(video_standard,'progressive'),

    fld_num(1) = 1;

    progressive = 1;

else

    warning('video standard not recognized');

    fld_num(1) = 1;

    progressive = 1;

end

uncert = ceil(uncert * dll_video('fps', fn));

if ~progressive,

    uncert = uncert * 2;

end

[sucess, is_still, delay] = trc_align_with_three_features(ti2_orig, ti2_proc, ...

    ymean_orig, ymean_proc, ti10_orig, ti10_proc, uncert, progressive, frame_select);

%********************************************************************************

%********************************************************************************

%********************************************************************************

function [diff, is_valid] = trc_correlate_one_feature(feature_orig, feature_proc, ...

    threshold, uncert, is_progressive, frame_select, hold_name, file_name);

    diff = NaN;

    is_valid = 1;

    hold_length = min( length(feature_proc), length(feature_proc)) -2*uncert;

    proc = squeeze(feature_proc(uncert+1:uncert+hold_length));

    hold_std = std(proc);

    if hold_std < threshold,

        is_valid = 0;

        hold_std = 1;

    end

    proc = proc ./ hold_std;

    if is_progressive,

        for delay = 1:uncert*2+1,

            src = squeeze(feature_orig(delay:delay+hold_length-1));

            hold_std = std(src);

            if hold_std < threshold,

                is_valid = 0;

                return;

            end

            diff(delay) = std(src ./ hold_std - proc);

        end

    else

        if frame_select,

            for delay = 1:2:uncert*2+1,

                src = squeeze(feature_orig(delay:delay+hold_length-1));

                hold_std = std(src);

                if hold_std < threshold,

                    is_valid = 0;

                    hold_std = 1;;

                end

                diff( (delay+1)/2 ) = std(src ./ hold_std - proc);

            end

        else

            % align to nearest field -- may indicate different spatial

            % shift.

            for delay = 1:uncert*2+1,

                src = squeeze(feature_orig(delay:delay+hold_length-1));

                hold_std = std(src);

                if hold_std < threshold,

                    is_valid = 0;

                    hold_std = 1;

                end

                diff( delay ) = std(src ./ hold_std - proc);

            end

        end

    end

%********************************************************************************

function [is_valid, is_still, delay] = trc_align_with_three_features(ti2_orig, ti2_proc, ...

    y_orig, y_proc, ti10_orig, ti10_proc, uncert, is_progressive, frame_select);

    STILL_TI = 0.15;

    STILL_Y = 0.25;

    [diff_ti2,valid_ti2] = trc_correlate_one_feature(ti2_orig, ti2_proc, STILL_TI, ...

        uncert, is_progressive, frame_select);

    [diff_y,valid_y] = trc_correlate_one_feature(y_orig, y_proc, STILL_Y, uncert, ...

        is_progressive, frame_select);

    [diff_ti10,valid_ti10] = trc_correlate_one_feature(ti10_orig, ti10_proc, STILL_TI, ...

        uncert, is_progressive, frame_select);

    [is_valid, is_still, delay] = trc_align_combine(diff_ti2, diff_y, diff_ti10, uncert, ...

        valid_ti2, valid_y, valid_ti10, ...

        is_progressive, frame_select);

%********************************************************************************

function [is_valid, is_still, delay] = trc_align_combine(diff_ti2, diff_y, diff_ti10, uncert, ...

    passvalid_ti2, passvalid_y, passvalid_ti10,  ...

    is_progressive, frame_select, test, scene, hrc, clip_number);

    CONST_VALID = 0.25;

    CONST_INVALID = 1.4;

    CONST_DELTA = 0.04;

    CONST_TI_RANGE = 3;

    CONST_Y_RANGE = 4;

    % judge whether each of the three features is valid

    if passvalid_ti2 & min(diff_ti2) < CONST_INVALID,

        range_high = find(diff_ti2 <= min(diff_ti2) + CONST_DELTA);

        range_high = range_high(length(range_high)) - range_high(1) + 1;

        if min(diff_ti2) < CONST_VALID | range_high <= CONST_TI_RANGE,

            valid_ti2 = 1;

        else

            valid_ti2 = 0;

        end

    else

        valid_ti2 = 0;

    end

    if passvalid_y & min(diff_y) < CONST_INVALID,

        range_high = find(diff_y <= min(diff_y) + CONST_DELTA);

        range_high = range_high(length(range_high)) - range_high(1) + 1;

        if min(diff_y) < CONST_VALID | range_high <= CONST_Y_RANGE,

            valid_y = 1;

        else

            valid_y = 0;

        end

    else valid_y = 0;

    end

    if passvalid_ti10 & min(diff_ti10) < CONST_INVALID,

        range_high = find(diff_ti10 <= min(diff_ti10) + CONST_DELTA);

        range_high = range_high(length(range_high)) - range_high(1) + 1;

        if min(diff_ti10) < CONST_VALID | range_high <= CONST_TI_RANGE,

            valid_ti10 = 1;

        else

            valid_ti10 = 0;

        end

    else

        valid_ti10 = 0;

    end

    % make composite plot of valid differences/correlations

    is_valid = 1;

    if valid_ti2 & valid_y & valid_ti10,

        diff = (diff_ti2+diff_y+diff_ti10)/3;

    elseif valid_ti2 & valid_y,

        diff = (diff_ti2+diff_y)/2;

    elseif valid_y & valid_ti10,

        diff = (diff_y+diff_ti10)/2;

    elseif valid_ti2 & valid_ti10,

        diff = (diff_ti2+diff_ti10)/2;

    elseif valid_ti2,

        diff = diff_ti2;

    elseif valid_y,

        diff = diff_y;

    elseif valid_ti10,

        diff = diff_ti10;

    else

        is_valid = 0;

        delay = 0;

    end

    if is_valid,

        % find delay that minimizes correlation

        [mindiff,mindelay] = min(diff);

        if is_progressive,

            delay = - (mindelay - 1 - uncert);

        else

            if frame_select,

                delay = - (mindelay - 1 - uncert/2);

            else

                mindelay = (mindelay+1)/2;

                delay = - (mindelay - 1 - uncert/2);

            end

        end

    end    

    %

    if ~passvalid_ti2 & ~passvalid_y & ~passvalid_ti10,

        is_still = 1;

    else

        is_still = 0;

    end

Function “dll_lowbw_temporal_features.m”


function [ti2, ti10, ymean, is_white_clip, is_black_clip] = ...

    dll_lowbw_temporal_features(fn, durration, pvr);

% DLL_LOWBW_TEMPORAL_FEATURES

%   Step 1: Compute features needed for temporal registration

% SYNTAX

%   [ti2, ti10, ymean, is_white_clip, is_black_clip] = ...

%       dll_lowbw_temporal_features(fn, durration);

%   [...] = dll_lowbw_temporal_features(fn, durration, pvr);

% DESCRIPTION

%   Input arguments are 'fn' from dll_video, to locate the video file;

%   'durration' in seconds, the durration of video to be used (less than

%   file length).  'pvr' computed by dll_proc_valid_region, if known, should

%   also be specified.  A default PVR will be used if this information is not

%   known.  WARNING:  'pvr' (if present) and 'durration' must be identical

%   for original & processed function calls.

%

%   Return values are three features: ti2, ti10 & ymean.

%   Also whether the video appears to contain white level clipping

%   ('is_white_clip') or black level clipping ('is_black_clip').

if ~exist('pvr','var'),

    [row,col] = dll_video('size', fn);  

    % discard 4% if PVR not defined.

    hold = round(0.04*row);

    hold = hold + mod(hold,2); % next even number

    pvr.top = hold + 1;

    pvr.bottom = row - hold;

    hold = round(0.04*col);

    hold = hold + mod(hold,2); % next even number

    pvr.left = hold + 1;

    pvr.right = col - hold;

end

% initialize

[fps] = dll_video('fps', fn); 

[video_standard] = dll_video('get_video_standard', fn);

if strcmp(video_standard,'interlace_upper_field_first'), % e.g., if fps == 25,

    fld_num(1) = 1;

    fld_num(2) = 2;

    progressive = 0;

elseif strcmp(video_standard,'interlace_lower_field_first'),

    fld_num(1) = 2;

    fld_num(2) = 1;

    progressive = 0;

elseif strcmp(video_standard,'progressive'),

    fld_num(1) = 1;

    progressive = 1;

else

    warning('video standard not recognized');

    fld_num(1) = 1;

    progressive = 1;

end

rows = pvr.bottom-pvr.top+1;

cols = pvr.right-pvr.left+1;

% loop through frames

dll_video('set_rewind', fn);

dll_video('set_tslice', fn, 1.0/fps);

dll_calib_video('sroi',pvr,0);

if ~progressive,

    buffer = zeros(rows/2*cols,6,2);

else

    buffer = zeros(rows*cols,6,2);

end

ti2_cnt = 1;

ti10_cnt = 1;

ymean_cnt = 1;

white_cnt = 1;

curr = 1;

for loop = 1:floor(fps*durration),

    % read frame

    y_frames = dll_calib_video('tslice', fn);

    if ~progressive,

        % Reshape frames into fields.

        y_fields = reshape(y_frames,2,rows/2,cols);

        y_fields = permute(y_fields,[2 1 3]);

        frows = rows / 2;

        buffer(:,curr,1) = reshape(y_fields(:,fld_num(1),:),rows/2*cols,1);

        buffer(:,curr,2) = reshape(y_fields(:,fld_num(2),:),rows/2*cols,1);

    else

        % Change name; don't reshape frames into fields.

        [rows,cols,time] = size(y_frames);

        y_fields = reshape(y_frames,rows,1,cols);

        frows = rows;

        buffer(:,curr,1) = reshape(y_fields(:,fld_num(1),:),rows*cols,1);

    end

    clear y_frames;

    % compute feature TI2

    for fld = 1:length(fld_num),

        if loop >= 2,

            other = curr-1;

            if other < 1,

                other = other + 6;

            end

            ti2(ti2_cnt) = sqrt(mean( (buffer(:,curr,fld) - buffer(:,other,fld)).^2 ));

            ti2_cnt = ti2_cnt + 1;

        end

    end

    % compute feature TI10

    for fld = 1:length(fld_num),

        if loop >= 6,

            other = curr-5;

            if other < 1,

                other = other + 6;

            end

            ti10(ti10_cnt) = sqrt(mean( (buffer(:,curr,fld) - buffer(:,other,fld)).^2 ));

            ti10_cnt = ti10_cnt + 1;

        end

    end

    % compute feature Ymean

    for fld = 1:length(fld_num),

        ymean(ymean_cnt) = mean(buffer(:,curr,fld));

        ymean_cnt = ymean_cnt + 1;

    end

    % white & black clipping

    for fld = 1:length(fld_num),

        list_white(white_cnt) = length( find(buffer(:,curr,fld) >= 254) );

        list_black(white_cnt) = length( find(buffer(:,curr,fld) <= 1) );

        white_cnt = white_cnt + 1;

    end

    curr = curr + 1;

    if curr > 6,

        curr = 1;

    end

end

dll_video('rewind', fn);

list_white = list_white ./ (frows * cols) * 100;

is_white_clip = max(max(list_white)) >= 5.0;

list_black = list_black ./ (frows * cols) * 100;

is_black_clip = max(max(list_black)) >= 5.0;

ti2 = single(ti2);

ti10 = single(ti10);

ymean = single(ymean);

Function “dll_lowbw_temporal_original.m”


function dll_lowbw_temporal_original(fn, delay);

% DLL_LOWBW_TEMPORAL_ORIGINAL

%   step 3: Apply delay to original video

% SYNTAX

%   dll_lowbw_temporal_original(fn, delay);

% DESCRIPTION

%   'fn' from dll_video, fn=1, description of original video sequence.

%   'delay' as returned by dll_lowbw_temporal

% Adjust the image buffer according to the temporal registration just computed.

if delay < 0,

    [fps] = dll_video('fps', fn);  

    dll_video('discard', fn, floor(-delay)/fps); 

end

Function “dll_lowbw_temporal_processed.m”


function dll_lowbw_temporal_processed(fn, delay);

% DLL_LOWBW_TEMPORAL_PROCESSED

%   step 4: Apply delay to processed video

% SYNTAX

%   dll_lowbw_temporal_processed(fn, delay);

% DESCRIPTION

%   'fn' from dll_video, fn=2, description of processed video sequence.

%   'delay' as returned by dll_lowbw_temporal

% Adjust the image buffer according to the temporal registration just computed.

if delay > 0,

    [fps] = dll_video('fps', fn);  

    dll_video('discard', fn, floor(delay)/fps); 

end

Function “dll_lowbw_temporal_quant.m”


function [ti2, ti10, y] = dll_lowbw_temporal_quant(is_quantize, orig_ti2, orig_ti10, orig_y);

% DLL_LOWBW_TEMPORAL_QUANT

%   Quantize & reconstruct original features for low bandwidth temporal

%   registration.

% SYNTAX

%  [index_ti2, index_ti10, index_y] = dll_lowbw_temporal_quant(is_quantize, orig_ti2, orig_ti10, orig_y);

%  [orig_ti2, orig_ti10, orig_y] = dll_lowbw_temporal_quant(is_quantize, index_ti2, index_ti10, index_y);

% DESCRIPTION

%   'is_quantize' is 1 for quantize, 0 to reconstruct.

%   When quantizing, the other three paramters are the features returned by 

%   function dll_lowbw_temporal_original (orig_ti2, orig_ti10, orig_y) 

%   and the return values are the indexes to be transmitted.  When reconstructing,

%   the other three parameters are the indexes, and the return values are

%   the re-constructed features.

%

% Example call to quantize:

%   [ti2_index, ti10_index, y_index] =

%       dll_lowbw_temporal_quant(1, orig_ti2, orig_ti10, orig_y);

% Example call to reconstruct:

%   [orig_ti2, orig_ti10, orig_y] =

%       dll_lowbw_temporal_quant(0, ti2_index, ti10_index, y_index);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%  Define the quantizers for the three temporal registration features.

%  These designs are for 10 bit linear quantizers.

%  cont feature

start = 0.0;  % first code

last = 255.0;  % 252 is the maximum observed in the training data

high_codes = 4096;  % number of codes for 12-bit quantizer

code_cont = start:(last-start)/(high_codes-1):last;

%  Generate the partitions, halfway between codes

code_cont_size = size(code_cont,2);

part_cont = (code_cont(2:code_cont_size)+code_cont(1:code_cont_size-1))/2;

%  ti2 feature

start = 0.0;  % first code

last = 210.0;  % 209 is the maximum observed in the training data

high_codes = 4096;  % number of codes for 12-bit quantizer

code_ti2 = start:(last-start)/(high_codes-1):last;

%  Generate the partitions, halfway between codes

code_ti2_size = size(code_ti2,2);

part_ti2 = (code_ti2(2:code_ti2_size)+code_ti2(1:code_ti2_size-1))/2;

%  ti10 feature

start = 0.0;  % first code

last = 210.0;  % 209 is the maximum observed in the training data

high_codes = 4096;  % number of codes for 12-bit quantizer

code_ti10 = start:(last-start)/(high_codes-1):last;

%  Generate the partitions, halfway between codes

code_ti10_size = size(code_ti10,2);

part_ti10 = (code_ti10(2:code_ti10_size)+code_ti10(1:code_ti10_size-1))/2;

if is_quantize,

    %  Quantize original features

    [ti2] = quantiz_fast((orig_ti2),part_ti2);

    [ti10] = quantiz_fast((orig_ti10),part_ti10);

    [y] = quantiz_fast((orig_y),part_cont);

else

    %  Undo the quantization

    ti2 = code_ti2(1+orig_ti2);

    ti2 = reshape(ti2,1,length(ti2));

    ti10 = code_ti10(1+orig_ti10);

    ti10 = reshape(ti10,1,length(ti10));

    y = code_cont(1+orig_y);

    y = reshape(y,1,length(y));

end

Function “dll_model.m”


function [one, two, three] = dll_model(control, varargin)

% DLL_MODEL

%   Complete VQM model calculations. 

%

% To Initialize:

%   [model_tslice_sec, model_planes] = dll_model('initialize', model_name, durration, fn);

%         'model_name' is the name of the model to be run: 

%           'Fast'       Fast Low-Bandwidth Model

%         'fn' is 1 for original and 2 for processed -- either is okay -- where

%         function dll_video has been initialized on this computer for (fn).

%         'fn' presumed for following 'tslice' and 'get' calls, until next 'initialize'.

%         'durration' is the 

%

% To Calculate features for next time-slice 

%       where y (if 'model_planes' == 'y') 

%       or y, cb, cr, & fps (if 'model_planes' == 'ycbcr'):

%   [ready_for_vqm] = dll_model('tslice', y);

%   [ready_for_vqm] = dll_model('tslice', y, cb, cr, fps);

%

% To Get features

%   [features] = dll_model('get');

%

% To Complete VQM model calculations.

%   [vqm, pars, par_names] = dll_model('vqm', source_features, proc_features);

%       'source_features' is the 'features' return value from dll_features(fn=1)

%           for general & developer's models.  For Lowbw & Fast models,

%           'source_features' is the file name containing compressed

%           features.

%       'proc_features' is the 'features' return value from dll_features(fn=2)

%       Function 'dll_features' must already have been run & retreived with

%       dll_model('get') for fn=1 (source_features) and fn=2 (processed

%       featues).

persistent data;

one = NaN;

two = NaN;

three = NaN;

if strcmp(control,'initialize'),

    if strcmp(varargin{1}, 'Fast'),

        [data,one,two] = model_run_Callback_initialize_fastlowbw(varargin{2}, varargin{3});

    else

        error('model name not recognized');

    end

    data.model = varargin{1};

elseif strcmp(control,'tslice'),

    if strcmp(data.model,'Fast'),

        [data, one] = model_run_Callback_feature_fastlowbw(data, varargin{1}, varargin{2}, ...

            varargin{3}, varargin{4});

    else

        error('model name not recognized');

    end

elseif strcmp(control,'vqm'),

    if strcmp(data.model,'Fast'),

        file_name = varargin{1};

        [orig_features.si_orig, orig_features.part_si_min, orig_features.part_si_max, ...

             orig_features.hv_feat_orig, orig_features.part_hv_min, orig_features.part_hv_max, ...

             orig_features.y_orig, ...

             orig_features.cb_orig, orig_features.cr_orig, orig_features.part_c_min, ...

             orig_features.part_c_max, orig_features.part_c, ...

             orig_features.ati_orig, orig_features.part_ati_min, orig_features.part_ati_max, ...

             orig_features.part_ati, orig_features.code_ati ] ...

             = model_lowbw_compression('uncompress', file_name);

        [fps] = dll_video('fps');  

        [one, two, three] = model_run_Callback_vqm_fastlowbw(varargin{2}, orig_features, fps);

    else

        error('model name not recognized');

    end

elseif strcmp(control,'get'),

    one = data;

end

%%%%%%%%%%%%%%%%%%%%%%%%%

function [data,model_tslice_sec, model_planes] = model_run_Callback_initialize_fastlowbw(durration, fn);

% figure out side & control option.

data.destination = (fn == 2);

model_tslice_sec = 1.0;

model_planes = 'ycbcr';

data.tslice_total = floor(durration / model_tslice_sec);

data.tslices = 0;

if data.destination,

    model_fastlowbw_features_shift('clear');

else

    model_fastlowbw_features('clear');

end

% set lowbw SROI

[image_size.rows,image_size.cols] = dll_video('size',fn);

[filter_size, extra] = adaptive_filter(image_size);

[pvr] = dll_calib_video('pvr');

[valid, cvr, sroi] = model_lowbw_sroi(extra, pvr.top, pvr.left, pvr.bottom, pvr.right);

dll_calib_video('sroi', sroi, extra+1);

%%%%%%%%%%%%%%%%%%%%%%%%%

function [data, ready_for_vqm] = model_run_Callback_feature_fastlowbw(data, y, cb, cr, fps);

% process next Time-slice

if data.tslices == data.tslice_total,

    data.tslices = 0;

end

% cut out SROI +/- 6 pixels

[rows,cols,time] = size(y);

image_size.rows = rows;

image_size.cols = cols;

[filter_size,extra] = adaptive_filter(image_size);

[valid, pvr, sroi] = model_lowbw_sroi(extra, 1, 1, rows, cols);

if ~valid,

    report_Callback('add', 'Valid Region too small.  Low Bandwidth Model cannot execute.');

    stop_Callback('button');

    return;

end

[image_size.rows,image_size.cols,junk] = size(y);

y = y(pvr.top:pvr.bottom, pvr.left:pvr.right,:);

cb = cb(pvr.top:pvr.bottom, pvr.left:pvr.right,:);

cr = cr(pvr.top:pvr.bottom, pvr.left:pvr.right,:);

% compute features. 

[filter_size, extra] = adaptive_filter(image_size);

if data.destination,

    model_fastlowbw_features_shift ('memory',  y, cb, cr, fps, filter_size, extra);

else

    % discard one pixel on all sides, then compute features

    [row,col,time] = size(y);

    y = y(2:row-1, 2:col-1, :);

    cb = cb(2:row-1, 2:col-1, :);

    cr = cr(2:row-1, 2:col-1, :);

    model_fastlowbw_features ('memory',  y, cb, cr, fps, filter_size, extra);

end

% update number of tslices destination.

data.tslices = data.tslices + 1;

if data.tslices == data.tslice_total,

    if data.destination,

        [data.data] = model_fastlowbw_features_shift ('eof');

    else

        [data.si_std data.hv_ratio data.y_mean data.cb_mean data.cr_mean data.ati_rms] ...

            = model_fastlowbw_features ('eof');

    end

    ready_for_vqm = 1;

else

    ready_for_vqm = 0;

end

%%%%%%%%%%%%%%%%%%%%%%%%%

function [vqm_value, pars, par_names] = model_run_Callback_vqm_fastlowbw(proc, src, fps);

    [row,col,TIME_DELTA] = size(src.si_orig);

    for loop = 1:9,

        % calculate model

        do_test_print = 0;

        [data(loop).vqm, data(loop).hv_loss_par, data(loop).hv_gain_par,data(loop).si_loss_par, ...

            data(loop).si_gain_par, ...

            data(loop).color_comb_par, data(loop).noise_par, data(loop).error_par] = ...

            model_fastlowbw_parameters (...

                proc.data(loop).si_std, proc.data(loop).hv_ratio, proc.data(loop).y_mean, ...

                proc.data(loop).cb_mean, proc.data(loop).cr_mean, proc.data(loop).ati_rms, ...

                src.si_orig, src.hv_feat_orig, src.y_orig, src.cb_orig, src.cr_orig, src.ati_orig, ...

                fps, src.part_si_min, src.part_si_max, src.part_hv_min, src.part_hv_max, ...

                src.part_c_min, src.part_c_max, src.part_c, src.part_ati_min, src.part_ati_max, ...

                src.part_ati, src.code_ati, 0, TIME_DELTA);

    end

    % select smallest average VQM score shift

    for shift=1:9,

        vqm_mean(shift) = mean(data(shift).vqm);

    end

    [junk shift] = min(vqm_mean);

    row = floor((shift-1)/3)-1;

    col = mod(shift-1,3)-1;

    % keep only the last sample; above function produces an entire

    % time-history and we only want the ending number.

    num = length(data(shift).vqm);

    % select & copy data to return.

    pars = [data(shift).hv_loss_par(num), data(shift).hv_gain_par(num), ...

                data(shift).si_loss_par(num), data(shift).si_gain_par(num), ...

                data(shift).color_comb_par(num), data(shift).noise_par(num), ...

                data(shift).error_par(num), row, col];

    par_names = {'hv_loss' 'hv_gain' 'si_loss' 'si_gain' 'color_comb' 'noise' 'error' 'vshift' 'hshift'};

    vqm_value = data(shift).vqm(num);

Function “dll_orig_valid_region.m”


function [ovr] = dll_orig_valid_region;

% DLL_ORIG_VALID_REGION

%   Calculate original valid region (OVR)

% SYNTAX

%   [ovr] = dll_orig_valid_region;

% DESCRIPTION

%   Compute original valid region.  Use video from dll_video(fn=1).

% fetch control variables.

[rows,cols, fps] = dll_video('size',1);

[frames] = dll_video('total_frames',1);

% compute additional control variables

half_sec_frames = floor(round(fps) / 2);

half_sec_skip = (half_sec_frames - 1) / fps;

curr = 1;

image_size.rows = rows;

image_size.cols = cols;

[curr_valid_region, max_valid_region, standard] = valid_region_initialize(rows,cols);

% set rewind point

dll_video('set_rewind',1);

% loop through frames, improving valid region estimate.

for cnt = 1:half_sec_frames:(frames - half_sec_frames),

    y = dll_video('sec', 1, 0, 1/fps);

    dll_video('discard', 1, half_sec_skip);

    curr = curr + 1;

    [curr_valid_region] = vr_search (max_valid_region, curr_valid_region, y, standard, image_size);

end

% rewind

dll_video('rewind', 1);

% print result if debugging

% fprintf('VR = (%d,%d) (%d,%d)\n', curr_valid_region.top, curr_valid_region.left, ...

% curr_valid_region.bottom, curr_valid_region.right);

% error check.  override curr_valid_region if results were too small.

if curr_valid_region.bottom - curr_valid_region.top < ...

            (max_valid_region.bottom - max_valid_region.top)/2 || ...

        curr_valid_region.right - curr_valid_region.left < ...

            (max_valid_region.right - max_valid_region.left)/2

    curr_valid_region = max_valid_region;

end

ovr = curr_valid_region;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [curr_valid_region, max_valid_region, standard] = valid_region_initialize(rows, cols);

% initialize two variables, given the image size.

if rows == 486 & cols == 720, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 7;

    max_valid_region.bottom = rows - 4;

    max_valid_region.right = cols - 6;

    standard = 1;

elseif rows == 480 & cols == 720, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 7;

    max_valid_region.bottom = rows - 2;

    max_valid_region.right = cols - 6;

    standard = 1;

elseif rows == 576 & cols == 720, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 17;

    max_valid_region.bottom = rows - 6;

    max_valid_region.right = cols - 16;

    standard = 1;

elseif rows == 720 & cols == 1280, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 17;

    max_valid_region.bottom = rows - 6;

    max_valid_region.right = cols - 16;

    standard = 1;

elseif rows == 1080 & cols == 1920, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 17;

    max_valid_region.bottom = rows - 6;

    max_valid_region.right = cols - 16;

    standard = 1;

else

    max_valid_region.top = 1;

    max_valid_region.left = 1;

    max_valid_region.bottom = rows;

    max_valid_region.right = cols;

    standard = 0;

end

% initialize current valid region.

curr_valid_region.top = rows/2-1;

curr_valid_region.left = cols/2-1;

curr_valid_region.bottom = rows/2+1;

curr_valid_region.right = cols/2+1;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_curr_valid_region] = vr_search_standard (max_valid_region, curr_valid_region, y);

% search bounderies for one image.

% search for left side.

locn = max_valid_region.left + 1;

prev = mean(y(:,locn - 1));

while locn < curr_valid_region.left,

    next = mean(y(:,locn));

    if next < 20 | next - 2 > prev,

        locn = locn + 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.left = locn;

% search for top side.

locn = max_valid_region.top + 1;

prev = mean(y(locn - 1,:));

while locn < curr_valid_region.top,

    next = mean(y(locn,:));

    if next < 20 | next - 2 > prev,

        locn = locn + 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.top = locn;

% search for right side.

locn = max_valid_region.right - 1;

prev = mean(y(:,locn + 1));

while locn > curr_valid_region.right,

    next = mean(y(:,locn));

    if next < 20 | next - 2 > prev,

        locn = locn - 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.right = locn;

% search for bottom side.

locn = max_valid_region.bottom - 1;

prev = mean(y(locn + 1,:));

while locn > curr_valid_region.bottom,

    next = mean(y(locn,:));

    if next < 20 | next - 2 > prev,

        locn = locn - 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.bottom = locn;

% return updated CVR

new_curr_valid_region = curr_valid_region;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_curr_vr] = vr_search_noborder (max_vr, curr_vr, y, image_size);

% search bounderies for one image.

% search bounderies for one image.

% max_vr MUST BE exactly equal to the image size.  This

% algorithm is intended for CIF, QCIF, VGA, and other video where the

% entire image is displayed.

% don't discard more than 4% of the rows or columns on any one border.

max_discard_rows = ceil(image_size.rows * 0.04);

max_discard_cols = ceil(image_size.cols * 0.04);

% search for left side.  Allow left side not to move in, even by one.

for locn = max_vr.left:max_discard_cols,

    if mean(y(:,locn)) < 20 | mean(y(:,locn)) + 20 < mean(y(:,locn+1)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.left = locn;

% search for right side. Allow right side not to move in, even by one.

for locn = max_vr.right:-1:image_size.cols - max_discard_cols + 1,

    if mean(y(:,locn)) < 20 | mean(y(:,locn)) + 20 < mean(y(:,locn-1)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.right = locn;

% search for top side. Allow top side not to move in, even by one.

for locn = max_vr.top:max_discard_rows,

    if mean(y(locn,:)) < 20 | mean(y(locn,:)) + 20 < mean(y(locn+1,:)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.top = locn;

% search for bottom side.  Allow the bottom not to move in, even by one.

for locn = max_vr.bottom:-1:image_size.rows - max_discard_rows + 1,

    if mean(y(locn,:)) < 20 | mean(y(locn,:)) + 20 < mean(y(locn-1,:)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.bottom = locn;

% return updated CVR

new_curr_vr = curr_vr;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_curr_vr] = vr_search (max_vr, curr_vr, y, standard, image_size);

% search bounderies for one image.

if standard,

    [new_curr_vr] = vr_search_standard (max_vr, curr_vr, y);

else

    [new_curr_vr] = vr_search_noborder (max_vr, curr_vr, y, image_size);

end

Function “dll_proc_valid_region.m”


function [pvr] = dll_proc_valid_region(ovr);

% DLL_PROC_VALID_REGION

%   Stand-alone DLL code.  Calculates PVR - processed valid region

% SYNTAX

%   [pvr] = dll_proc_valid_region(ovr);

% DESCRIPTION

%   Compute processed valid region.  Use video from dll_video(fn=1).

%   'ovr' is returned by function dll_orig_valid_region

% fetch control variables.

[rows,cols, fps] = dll_video('size', 2); 

[frames] = dll_video('total_frames',2);

% compute control variables.

half_sec_frames = floor(round(fps) / 2);

half_sec_skip = (half_sec_frames - 1) / fps;

curr = 1;

image_size.rows = rows;

image_size.cols = cols;

% initialize using OVR and spatial registration results.

[curr_valid_region, junk, standard] = valid_region_initialize(rows,cols);

max_valid_region = ovr;

% set SROI for processed video read

dll_calib_video('max_roi');

% set rewind point

dll_video('set_rewind', 2);

% loop through frames, improving valid region estimate.

for cnt = 1:half_sec_frames:(frames - half_sec_frames),

    y = dll_calib_video('sec', 2, 1/fps);

    dll_video('discard', 2, half_sec_skip);

    curr = curr + 1;

    [curr_valid_region] = vr_search (max_valid_region, curr_valid_region, y, standard, image_size);

end

% rewind

dll_video('rewind', 2);

if standard,

    % go in by safety margin

    curr_valid_region.top = curr_valid_region.top + 1;

    curr_valid_region.bottom = curr_valid_region.bottom - 1;

    curr_valid_region.left = curr_valid_region.left + 5;

    curr_valid_region.right = curr_valid_region.right - 5;

end

% odd top/left coordinates, even bottom/right coordinates

curr_valid_region.top = curr_valid_region.top + (1-mod(curr_valid_region.top,2));

curr_valid_region.left = curr_valid_region.left + (1-mod(curr_valid_region.left,2));

curr_valid_region.bottom = curr_valid_region.bottom - mod(curr_valid_region.bottom,2);

curr_valid_region.right = curr_valid_region.right - mod(curr_valid_region.right,2);

% print result if debugging

%fprintf('VR = (%d,%d) (%d,%d)\n', curr_valid_region.top, curr_valid_region.left, ...

%  curr_valid_region.bottom, curr_valid_region.right);

% error check.  override curr_valid_region if results were too small.

if curr_valid_region.bottom - curr_valid_region.top < ...

        (max_valid_region.bottom - max_valid_region.top)/2 || ...

        curr_valid_region.right - curr_valid_region.left < ...

        (max_valid_region.right - max_valid_region.left)/2

    curr_valid_region = max_valid_region;

end

pvr = curr_valid_region;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [curr_valid_region, max_valid_region, standard] = valid_region_initialize(rows, cols);

% initialize two variables, given the image size.

if rows == 486 & cols == 720, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 7;

    max_valid_region.bottom = rows - 4;

    max_valid_region.right = cols - 6;

    standard = 1;

elseif rows == 480 & cols == 720, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 7;

    max_valid_region.bottom = rows - 2;

    max_valid_region.right = cols - 6;

    standard = 1;

elseif rows == 576 & cols == 720, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 17;

    max_valid_region.bottom = rows - 6;

    max_valid_region.right = cols - 16;

    standard = 1;

elseif rows == 720 & cols == 1280, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 17;

    max_valid_region.bottom = rows - 6;

    max_valid_region.right = cols - 16;

    standard = 1;

elseif rows == 1080 & cols == 1920, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 17;

    max_valid_region.bottom = rows - 6;

    max_valid_region.right = cols - 16;

    standard = 1;

else

    max_valid_region.top = 1;

    max_valid_region.left = 1;

    max_valid_region.bottom = rows;

    max_valid_region.right = cols;

    standard = 0;

end

% initialize current valid region.

curr_valid_region.top = rows/2-1;

curr_valid_region.left = cols/2-1;

curr_valid_region.bottom = rows/2+1;

curr_valid_region.right = cols/2+1;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_curr_valid_region] = vr_search_standard (max_valid_region, curr_valid_region, y);

% search bounderies for one image.

% search for left side.

locn = max_valid_region.left + 1;

prev = mean(y(:,locn - 1));

while locn < curr_valid_region.left,

    next = mean(y(:,locn));

    if next < 20 | next - 2 > prev,

        locn = locn + 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.left = locn;

% search for top side.

locn = max_valid_region.top + 1;

prev = mean(y(locn - 1,:));

while locn < curr_valid_region.top,

    next = mean(y(locn,:));

    if next < 20 | next - 2 > prev,

        locn = locn + 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.top = locn;

% search for right side.

locn = max_valid_region.right - 1;

prev = mean(y(:,locn + 1));

while locn > curr_valid_region.right,

    next = mean(y(:,locn));

    if next < 20 | next - 2 > prev,

        locn = locn - 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.right = locn;

% search for bottom side.

locn = max_valid_region.bottom - 1;

prev = mean(y(locn + 1,:));

while locn > curr_valid_region.bottom,

    next = mean(y(locn,:));

    if next < 20 | next - 2 > prev,

        locn = locn - 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.bottom = locn;

% return updated CVR

new_curr_valid_region = curr_valid_region;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_curr_vr] = vr_search_noborder (max_vr, curr_vr, y, image_size);

% search bounderies for one image.

% search bounderies for one image.

% max_vr MUST BE exactly equal to the image size.  This

% algorihtm is intended for CIF, QCIF, VGA, and other video where the

% entire image is displayed.

% don't discard more than 4% of the rows or columns on any one border.

max_discard_rows = ceil(image_size.rows * 0.04);

max_discard_cols = ceil(image_size.cols * 0.04);

% search for left side.  Allow left side not to move in, even by one.

for locn = max_vr.left:max_discard_cols,

    if mean(y(:,locn)) < 20 | mean(y(:,locn)) + 20 < mean(y(:,locn+1)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.left = locn;

% search for right side. Allow right side not to move in, even by one.

for locn = max_vr.right:-1:image_size.cols - max_discard_cols + 1,

    if mean(y(:,locn)) < 20 | mean(y(:,locn)) + 20 < mean(y(:,locn-1)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.right = locn;

% search for top side. Allow top side not to move in, even by one.

for locn = max_vr.top:max_discard_rows,

    if mean(y(locn,:)) < 20 | mean(y(locn,:)) + 20 < mean(y(locn+1,:)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.top = locn;

% search for bottom side.  Allow the bottom not to move in, even by one.

for locn = max_vr.bottom:-1:image_size.rows - max_discard_rows + 1,

    if mean(y(locn,:)) < 20 | mean(y(locn,:)) + 20 < mean(y(locn-1,:)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.bottom = locn;

% return updated CVR

new_curr_vr = curr_vr;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_curr_vr] = vr_search (max_vr, curr_vr, y, standard, image_size);

% search bounderies for one image.

if standard,

    [new_curr_vr] = vr_search_standard (max_vr, curr_vr, y);

else

    [new_curr_vr] = vr_search_noborder (max_vr, curr_vr, y, image_size);

end

Function “dll_video.m”


function [one,two,three,four] = dll_video(control, fn, varargin);

% DLL_VIDEO

%   This function implements video file read.

% SYNTAX

%   [...] = dll_video(control, fn, ...);

% DESCRIPTION

%   'fn' is either 1 for original, or 2 for processed

%   'control' is one of the following strings.  Additional parameters may

%   be required, as specified below:

%

% dll_video('initialize', fn, file_name, 'uyvy', video_standard, rows, cols, fps);

%       'video_standard' is 'progressive',

%       'interlace_lower_field_first', or 'interlace_upper_field_first'

%

% dll_video('set_tslice', fn, tslice_len);

%          % Set durration retrieved by command 'tslice'

%

% [rows,cols,fps,durration] = dll_video('size', fn);  

%          % return image size, frames per second, TOTAL file durration

%

% [fps] = dll_video('fps', fn);  

% [fps] = dll_video('fps');  

%          % return frames per second

%

% [video_standard] = dll_video('get_video_standard', fn);

%           % return video standard:  'progressive',

%           'interlace_lower_field_first' or 'interlace_upper_field_first'

%

% dll_video('set_rewind', fn);

%           % Set 'rewind'to go to current point in the file

%

% dll_video('rewind', fn);

%           % Go to point in file specified by 'set_rewind'

%

% dll_video('discard', fn, durration);  

%           % Discard the next 'durration' seconds of images from the buffer.   

%

% [y,cb,cr] = dll_video('tslice', fn, reframe);

%           % read [Y,Cb,Cr] images, the next tslice in durration, 

%           % previously specified via 'set_tslice'

%

% [y,cb,cr] = dll_video('sec', fn, reframe, durration);

% [y] = dll_video('sec', fn, reframe durration);

%           % read [Y,Cb,Cr] images, 'durration' seconds.

%

% [y] = dll_video('peek', fn, reframe durration);  Get the Y

%               images without removing them from the buffer.  So, the next

%               call with 'sec' or 'tslice' will get these same frames.

%               'reframe' is 1 if ONE extra farme neede for reframing, 0 otherwise 

%

% [total] = dll_video('total_frames',fn);

%           % return the total number of frames left in the file, after the

%           % current "read" point.

%

% [total] = dll_video('total_sec',fn);

%           % return the total number of seconds left in the file, after the

%           % current "read" point.

%

% [boolean] = dll_video('exist',fn);

%           % return 1 (true) if file defined/exists, 0 (false) otherwise.

%

% [code] = dll_set_align('delay_8s', delay);

%           % Works only for files exactly 8seconds long.  

%           % With delay=0, discard first 0.8s start and last 0.2s.

%           % Delays around that allowed, from (-0.2) sec to (0.2sec - 1frame).

%           % For original, delay must be set to 0.

%           % After this option is chosen, 'size' will always return a

%           % durration of '7 seconds'.

%           % "code" will be 0 on success, 1 if file was longer than 8sec

%           % and 2 if file is shorter than 8sec -- in which case, the

%           % request cannot be accomodated!

persistent data1;

persistent data2;

% Don't need 'fn' to get 'fps' value.  Return value from whichever

% structure is defined.  Must always be equal, so doesn't matter.

if strcmp(control,'fps') && ~exist('fn'),

    if exist('data1') && isfield(data1,'fps'),

        one = data1.fps;

    elseif exist('data2') && isfield(data2,'fps'),

        one = data2.fps;

    else

        error('function dll_video: no ''fps'' to retreive');

    end

    return;

end

% otherwise, always need 'fn' value, to say if working from source or

% processed video. 

if fn == 1,

    if exist('data1','var')

        data = data1;

    end

elseif fn == 2,

    if exist('data2','var')

        data = data2;

    end

else

    error('function dll_video: fn must be either 1 or 2');

end

%

if strcmp(control, 'initialize'),

    [data] = dll_video__initialize(varargin);

    data.sec7 = 0;

elseif strcmp(control,'exist'),

    if exist('data','var'),

        one = 1;

    else

        one = 0;

    end

elseif strcmp(control, 'set_tslice'),

    [data.tslice_frames, data.over_sec] = tslice_conversion(varargin{1}, data.fps);

elseif strcmp(control,'size'),

    one = data.rows;

    two = data.cols;

    three = data.fps;

    four = data.durration;

    % if demanding 7-second length, return that length instead of actual

    % length.

    if data.sec7 == 1,

        four = 7;

    end

elseif strcmp(control,'fps'),

    one = data.fps;

elseif strcmp(control,'get_video_standard'),

    one = data.video_standard;

elseif strcmp(control,'set_rewind'),

    data.rewind_curr_frame = data.curr_frame;

    data.rewind_overby = data.overby;

elseif strcmp(control,'rewind'),

    data.curr_frame = data.rewind_curr_frame;

    data.overby = data.rewind_overby;

elseif strcmp(control,'discard'),

    [tslice_frames, over_sec] = tslice_conversion(varargin{1}, data.fps);

    data.curr_frame = data.curr_frame + tslice_frames;

    data.overby = data.overby + over_sec;

    if data.overby >= 1.0,

        data.curr_frame = data.curr_frame - 1;

        data.overby = data.overby - 1.0;

    end

elseif strcmp(control, 'tslice'),

    if length(varargin) == 0,

        [one, two, three, data] = dll_video__next_tslice(data);

    elseif length(varargin) == 1,

        [one, two, three, data] = dll_video__next_tslice(data, varargin{1});

    else

        error('not sure what the second argument is!?!');

    end

elseif strcmp(control,'peek'),

    [one] = dll_video__peek_tslice(data, varargin{1}, varargin{2});

elseif strcmp(control, 'sec'),

    if nargout == 1,

        [one, data] = dll_video__next_tslice(data, varargin{1}, varargin{2}, 0);

    else

        [one, two, three, data] = dll_video__next_tslice(data, varargin{1}, varargin{2}, 1);

    end

elseif strcmp(control, 'total_frames'),

    one = data.total_frames - data.curr_frame + 1;

elseif strcmp(control, 'total_sec'),

    one = (data.total_frames - data.curr_frame + 1) / data.fps;

elseif strcmp(control, 'delay_8s'),

    delay_value = varargin{1};

    % can't have delays beyond +/- 0.2

    % leave one extra at end for re-framing

    delay_value = min(round(0.2 * data.fps)-1, delay_value);

    delay_value = max(round(-0.2 * data.fps), delay_value);

    % initialize processed video segment to be used: 7 sec + 1frame for

    % re-framing

    data.curr_frame = round(0.8 * data.fps) + 1 + delay_value;

    data.rewind_curr_frame = data.curr_frame;

    data.overby = 0;

    data.sec7 = 1;

    % set return code.  See help above.

    if data.durration < 8,

        one = 2;

    elseif data.durration > 8,

        one = 1;

    else

        one = 0;

    end

else

    error('function dll_video:  control value not recognized');

end

% copy back to persistent variable

if fn == 1,

    data1 = data;

elseif fn == 2,

    data2 = data;

end

%%%%%%%%%%%%%%%%%%%%%%%%

function [data] = dll_video__initialize(list);

% Organize all of the data that will be needed.

data.file_name = list{1};

data.file_type = list{2};

data.video_standard = list{3};

data.curr_frame = 1;

data.overby = 0;

if strcmp(data.file_type,'uyvy'),

    data.rows = list{4};

    data.cols = list{5};

    data.fps = list{6};

    fid = fopen(data.file_name,'r');

    fseek(fid,0, 'eof');

    data.total_frames = ftell(fid)./(data.rows*data.cols*2);

    fclose(fid);

else

    error('file type not recognized.  Use ''uyvy'' ');

end

data.durration = data.total_frames / data.fps;

%%%%%%%%%%%%%%%%%%%%%%%%

function [y] = dll_video__peek_tslice(data, reframe, durration);

if reframe ~=1 & reframe ~= 0,

    error('CALL WRONG -- go back & add reframing argument');

end

[tslice_frames, over_sec] = tslice_conversion(durration, data.fps);

start = data.curr_frame;

stop = data.curr_frame + tslice_frames + reframe - 1;

stop = min(stop, data.total_frames); % don't try to read past end of file!

if strcmp(data.file_type,'uyvy'),

    [y] = read_bigyuv(data.file_name, 'frames', start, stop,  ...

        '128','size',data.rows,data.cols);

end

%%%%%%%%%%%%%%%%%%%%%%%%

function [y, cb, cr, data ] = dll_video__next_tslice( data, reframe, durration, get_color);

% by default, get color & luminance

if nargin < 4,

    get_color = 1;

end

if nargin == 1,

    reframe = 0;

end

if reframe ~=1 & reframe ~= 0,

    error('CALL WRONG -- go back & add reframing argument');

end

% if optional 'durration' argument exists, override the default values for

% data.tslice_frames and data.over_sec.

if exist('durration', 'var'),

    [tslice_frames, over_sec] = tslice_conversion(durration, data.fps);

else

    tslice_frames = data.tslice_frames;

    over_sec = data.over_sec;

end

if tslice_frames == 0,

    error('Request made to read zero (0) frames of video.');

end

if strcmp(data.file_type,'uyvy'),

    % read video from file.

    if get_color,

        [y,cb,cr] = read_bigyuv(data.file_name, 'frames', data.curr_frame, ...

            data.curr_frame + tslice_frames + reframe - 1,  ...

            '128','size',data.rows,data.cols);

    else

        [y] = read_bigyuv(data.file_name, 'frames', data.curr_frame, ...

            data.curr_frame + tslice_frames + reframe - 1,  ...

            '128','size',data.rows,data.cols);

        cb=0;

        cr=0;

    end

end

% handle overlap

data.curr_frame = data.curr_frame + tslice_frames;

data.overby = data.overby + over_sec;

if data.overby >= 1.0,

    data.curr_frame = data.curr_frame - 1;

    data.overby = data.overby - 1.0;

end

% convert to double -- everything!

y = double(y);

if get_color,

    cb = double(cb);

    cr = double(cr);

end

if ~get_color,

    cb = data;

end

Function “filter_ati_random.m”


function ati = filter_ati_random(y, frames_wide, factor)

% FILTER_ATI_RANDOM

%  Compute absolute value, temporal information (ATI) filter.  Use a random

%  sub-sampling of pixels.

% SYNTAX

%  ati = filter_ati_random(y, frames_wide, factor);

% DEFINITION

%  Compute absolute value, temporal information (ATI) filter on a time-slice of

%  images.  Time-slice must include at least two images temporally!

%  Variable 'y'  must be a three dimensional time-slice (row,col,time); 

%

%  Do a 'frames_wide' wide ATI filter (e.g., 'frames_wide' = 2 to use

%  sequential images).  'factor' indicates the fraction of pixels to be used

%  where 0 < factor < 1.0

%

%  Returned variable 'ati' has dimensions (pixels, 1, time) and is

%  appropriate for use in image collapsing but not blocks (e.g.,

%  st_collapse.)

if frames_wide < 1,

    error('''frames_wide'' must be a positive integer');

end

if factor <= 0 | factor >= 1,

    error('''factor'' must be between zero and one');

end

[rows,cols,time] = size(y);

if time < frames_wide + 1;,

    error('ERROR:  Too few frames in time to compute ATI');

end

need = round(rows * cols * factor);

list_row = round(rand(1,need) * (rows) + 0.5);

list_col = round(rand(1,need) * (cols) + 0.5);

list = (list_col-1)*rows + list_row;

y = reshape(y, rows * cols, 1, time);

hold1 = y(list,1:time-frames_wide);

hold2 = y(list,frames_wide+1:time);

ati = abs(hold1 - hold2);

Function “filter_si_hv_adapt.m”


function [si, hv, hvb] = filter_si_hv_adapt(y, filter_size, extra, varargin)

% FILTER_SI_HV_ADAPT

%

%  Filters Y with the NxN gradient (c=2) filters described in SPIE 1999

%  paper.  Like funciton 'filter_si_hv', but can choose other than 13x13.

%

% SYNTAX

%

%  [SI] = filter_si_hv_adapt(Y, N, EXTRA)

%  [SI] = filter_si_hv_adapt(Y, N, EXTRA, rmin, theta)

%  [SI, HV, HVB] = filter_si_hv_adapt(...)

%

% DESCRIPTION

%

%  [SI] = filter_si_hv_adapt(Y, N, EXTRA)  Perceptually fiters liminence image Y using 

%  the NxN Horizontal and Vertical gradient filters in a fashion similar 

%  to the sobel filter.  Discard the filtered border, of width EXTRA, where

%  ( EXTRA >= floor(N/2) ).  Filter size, N, must be an odd number.

%

%  If Y is a 3 dimensional matrix, Y will be presumed to contain multiple

%  images as follows:  (row, col, time).  No execution time penalties occur.

%

%  [SI] = filter_si_hv(Y, N, EXTRA, rmin, theta)  allows the user to over ride

%  the default values for rmin and theta. 

%

%  [SI, HV, HVB] = filter_si_hv(...)  returns three perceptually fitered

%  versions of image Y:  the SI filtered image, the HV filtered image

%  (containing horiziontal & vertical edges) and the HVB image (containing

%  diagonal edges.)

%

% REMARKS

%

%  rmin defaults to 20, where pixels with a radius (i.e., SI value) less 

%  than rmin are set to zero in HV and HVB images.  

%

%  Theta defaults to 0.225 radians.  Theta is the maximum angle deviation 

%  from the H and V axis for pixels to be considered HV pixels.  

%

%  Returned images (SI, HV, and HVB) are the same size as Y; except that a

%  border of EXTRA pixels around the edge of each image is invalid.

%

if mod(filter_size,2) == 0,

    error('SI filter size must be an odd number');

end

% if pass in a time-slice of 2+ images, reshape into 2-D.

if ndims(y) == 3, 

    must_reshape = 1;

    [row_size, col_size, time_size] = size(y);

    y = reshape(y, row_size, col_size * time_size);   

elseif ndims(y) == 2,

    must_reshape = 0;

    [row_size, col_size, time_size] = size(y);

else

    error('Function ''filter_si_hv'' requires Y to be a 2-D or 3-D image');

end

%  Assign defaults

[row_size, col_size] = size(y);

rmin = 20;

theta = .225;

if (length(varargin) == 2);

    rmin = varargin{1};

    theta = varargin{2};

end

%

if row_size < filter_size | col_size < filter_size,

    error(sprintf('Function ''filter_si_hv'' requires images to be at least %dx%d', filter_size, filter_size));

end

% compute angle as a ratio of HV and HVbar.

ratio_threshold = tan(theta);

%  The weights for a single row of the H filter 

%  is given by: w(x) = k*(x/c)*exp{-(1/2)*(x/c)^2}, where x = {-6, -5, ..., 5, 6}, 

%  and k is a normalization constant chosen such that this filter produces the same 

%  amplitude response on an H V edge as the Sobel filter.

%  Generate the filter_size long filter mask, in one dimension.

filter_mask = filter_h(filter_size);

filter_mask = filter_mask(1,:);

%  Convolve mask with y in horizontal & vertical direction.

%  do two 1xfilter_size convolutions instead of one filter_sizexfilter_size, for speed.

horiz = conv2(y,filter_mask,'same');

horiz = conv2(horiz,ones(filter_size,1),'same');

vert = conv2(y,filter_mask','same');

vert = conv2(vert,ones(1,filter_size),'same');

% for debugging, comment in the below lines.

% h_in = horiz;

% v_in = vert;

% Construct SI image

si = sqrt(horiz.^2 + vert.^2);

% If use only wants to compute SI, skip HV & HVB.  If need be, reshape back

% into 3-D

if nargout == 1

    if must_reshape == 1,

        si = reshape(si,row_size,col_size/time_size,time_size);

    end

    si = si((extra+1):row_size-extra,(extra+1):col_size/time_size-extra,:);

    return;

end

% Start calculation of HV.

% We don't want to use atan2 (because that is slow) so we are going to

% compute the ratio between h & v, putting the smaller value on top and the

% larger value on the bottom.  Ignore divide by zero, because later code

% checking against rmin will catch that.  Essentially, fold angle into pi/4.

horiz = abs(horiz);

vert = abs(vert);

warning off MATLAB:divideByZero;

ratio = min(horiz,vert) ./ max(horiz,vert);

warning on MATLAB:divideByZero;

clear horiz vert;

% Split image into small values (set to 0) and HV versus HVbar areas.

find_below = find(ratio < ratio_threshold);

find_zeros = find(si <= rmin);

% Start generating HVbar image.  Zero out areas where SI is too small.

hvb = si;

hvb(find_zeros) = 0;

% Generate HV image.  Use HVbar image, so don't have to repeat the zeroing

% out of small SI values.  Then, zero out HV area.

hv = zeros(row_size,col_size);

hv(find_below) = hvb(find_below);

% Finnish generating HVbar image.  Zero out HVbar area.

hvb(find_below) = 0;

% if needed, reshape back into 3-D

if must_reshape == 1,

    si = reshape(si,row_size,col_size/time_size,time_size);

    hv = reshape(hv,row_size,col_size/time_size,time_size);

    hvb = reshape(hvb,row_size,col_size/time_size,time_size);

end

% take off invalid border around the edge.

    si = si((extra+1):row_size-extra,(extra+1):col_size/time_size-extra,:);

    hv = hv((extra+1):row_size-extra,(extra+1):col_size/time_size-extra,:);

    hvb = hvb((extra+1):row_size-extra,(extra+1):col_size/time_size-extra,:);

function h = filter_h(l)

%  H = FILTER_H(L)

%  Returns a horizontal bandpass filter H (like Figure 27 left, in NTIA

%  Report 02-392) given the filter width L as input.  L must be an odd

%  positive integer greater than or equal to 3.  The vertical bandpass 

%  filter is the transpose of this H filter.

%

%  The weights for a single row of the H filter are given by: 

%  w(x) = k*(x/c)*exp{-(1/2)*(x/c)^2}, where x = {-m, -(m-1), ..., 0, ..., m-1, m}, 

%  m = (L-1)/2, and k is a normalization constant chosen such that the filter produces 

%  the same amplitude response on a vertical edge as the Sobel filter.

%

%  For the reference 13 x 13 filter, L = 13 and C = 2.  For other filter sizes, C

%  is scaled appropriately, e.g.,

%  for the scaled 9 x 9 filter, L = 9, C = 4/3.

%  for the corresponding 5 x 5 filter, L = 5, C = 2/3.

%

%  Generate the H filter masks

m = (l-1)/2;  % half filter width

c = 2.0*m/6;  % c = 2 for m = 6, the reference filter

x = -m:m;

h1 = (x/c).*exp(-(1/2)*(x/c).^2);

h = repmat(h1,l,1);

%  Normalize for Sobel filter energy

h = h./(sum(sum(abs(h)))/8);

Function “join_into_frames.m”


function [y] = join_into_frames(one, two)

% JOIN_INTO_FRAMES

%  Join two fields into one frame.

% SYNTAX

%  [y] = join_into_frames(one, two);

% DESCRIPTION

%  Create frame 'y' from field one ('one') and field two ('two').  Field two

%  contains the top line of the image; field one contains the second line

%  of the image.  For NTSC, field one occurs before field two in time.  For

%  PAL, the reverse is the case.  Y can be a time-slice of frames.

%

%  If image 'one' and 'two' are not identically sized, then an error will occur.

%  See also function 'split_into_fields'

[row, col, time] = size(one);

[row2, col2, time2] = size(two);

if row ~= row2 || col ~= col2 || time ~= time2,

    error('two fields must be identically sized to be joined into a frame');

end

y(1,:,:,:) = two;

y(2,:,:,:) = one;

y = reshape(y, row*2, col, time);

Function “max_filterw.m”


function [result] = max_filterw(feat,w)

% MAX_FILTERW

%   Perform a max filter of width 'w' on one or more 1-D arrays.

% SYNTAX

%   [result] = max_filterw(feat,w)

% DESCRIPTION

%  'feat' is either a 1-dimension array, where the first dimension contains 

%         the data (i.e., a column vector), or a 2-dimension array, in which 

%         case the function operates independently on each column.  Put

%         another way, 'feat' is either a column vector or a matrix of column

%         vectors.

%  'w' is the filter width, which must be odd. 

% 

%  Each point is replaced by the maximum of itself and the adjacent points

%  (in that column) +/- ((w-1)/2) neighboring points on either side.  This is

%  aplied to each column vector independently.  At the end points, zero

%  buffering is used (e.g., the beginning point presumes that zeros occured

%  previously). 

if mod(w,2) == 0 | w <= 1,

    error('Argument ''w'' must be an odd number greater than one');

end

[nr,nc] = size(feat);

% mat0 holds the zero padded, centered array

mat0 = zeros(nr+(w-1),nc);

mat0(1+floor(w/2):nr+floor(w/2),:) = feat;

% do negative shifts

result = mat0;

for i = -1:-1:-1*floor(w/2)

    result = max(result,circshift(mat0,i));

end

% do positive shifts

for i = 1:floor(w/2)

    result = max(result,circshift(mat0,i));

end

result = result(1+floor(w/2):nr+floor(w/2),:);

Function “model_fastlowbw_features.m”


function [si_std hv_ratio y_mean cb_mean cr_mean ati_rms] = ...

    model_fastlowbw_features (mode, one, two, three, four, five, six);

% MODEL_fastlowbw_features

%   Compute the original features for the ITS fast low bandwidth model.

% SYNTAX

%   model_fastlowbw_features ('memory',  y, cb, cr, fps, filter_size, extra);

% 

%   [si_std, hv_ratio, y_mean, cb_mean, cr_mean, ati_rms] = ...

%       model_fastlowbw_features ('eof');

%

%   model_fastlowbw_features ('clear');

% DESCRIPTION

%   When the first argument is the string 'memory', this function takes one

%   second (EXACTLY) of video already in memory, in the YCbCr colorspace

%   (y, cb, and cr respectively).  All three variables are formatted

%   (row,col,time); and (fps) is the number of frames per second (e.g.,

%   29.97, 30, 25, 15, etc).  'filter_size' and 'extra' are from function

%   'adaptive_filter' when given the current image size.

%   Size of y, cb, & cr spatially should be exactly ROI returned by

%   function model_lowbw_sroi.  See 'eof. 

%

%   When the first argument is the string 'eof', this function completes

%   the feature calculations, empties internal buffers, and returns the

%   feature stream.  See 'memory'.

%

%   When the first argument is the string 'clear', all internall bufferes

%   are emptied.  This is done when 'eof' is called, also.  

%

%   Warning:  uses 1 set of internal buffers, so don't mix sequences.  

%

%   Return variables when called with 'eof' are the six feature streams:

%   - si_std containing standard deviation of the spatial information (SI)

%   - hv_ratio containing the ratio of HV to HVbar energy

%   - cb_mean containing the average Cb value

%   - cr_mean containing the averge Cr value

%   - ati_rms containing the root mean squared of absolute value of

%     temporal information (TI)

persistent hold_si_std;

persistent hold_hv_ratio;

persistent hold_y_mean;

persistent hold_cb_mean;

persistent hold_cr_mean;

persistent hold_ati_rms;

persistent buffer_y;

if strcmpi(mode,'memory') && nargin == 7,

    tis_sec = 0.2;

    [tis_frames] = tslice_conversion(tis_sec, four);

    [si_std hv_ratio y_mean cb_mean cr_mean ati_rms] = ...

        model_fastlowbw_features_memory (one, two, three, four, buffer_y, five, six);

    if length(hold_si_std) == 0,

        hold_si_std = si_std;

        hold_hv_ratio = hv_ratio;

        hold_y_mean = y_mean;

        hold_cb_mean = cb_mean;

        hold_cr_mean = cr_mean;

        hold_ati_rms = ati_rms;

    else

        [row,col,time1] = size(hold_si_std);

        hold_si_std(:,:,time1+1) = si_std;

        hold_hv_ratio(:,:,time1+1) = hv_ratio;

        hold_y_mean(:,:,time1+1) = y_mean;

        hold_cb_mean(:,:,time1+1) = cb_mean;

        hold_cr_mean(:,:,time1+1) = cr_mean;

        [row,col,time1] = size(hold_ati_rms);

        [row,col,time2] = size(ati_rms);

        hold_ati_rms(:,:,time1+1:time1+time2) = ati_rms;

    end

    [row,col,time] = size(one);

    buffer_y = one(:,:,(time-tis_frames+1):time);

elseif strcmpi(mode,'eof') && nargin == 1,

    si_std = hold_si_std;

    hv_ratio = hold_hv_ratio;

    y_mean = hold_y_mean;

    cb_mean = hold_cb_mean;

    cr_mean = hold_cr_mean;

    ati_rms = hold_ati_rms;

    model_fastlowbw_features('clear');

elseif strcmpi(mode,'clear'),

    hold_si_std = [];

    hold_hv_ratio = [];

    hold_y_mean = [];

    hold_cb_mean = [];

    hold_cr_mean = [];

    hold_ati_rms = [];

    buffer_y = [];

else

    error('argument list not recognized');

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [si_std hv_ratio y_mean cb_mean cr_mean ati_rms] = ...

    model_fastlowbw_features_memory (y, cb, cr, fps, buffer_y, filter_size, extra);

HV_THRESHOLD = 4.0;

tis_sec = 0.2;

[tis_frames] = tslice_conversion(tis_sec, fps);

% loop through video

tslice_frames = round(fps);

ati_curr = 1;

[row,col,time] = size(y);

rng1 = (extra+1):(row-extra);

rng2 = (extra+1):(col-extra);

% Calculate features.

ym = mean(y,3);

[si, hv, hvb] = filter_si_hv_adapt(ym, filter_size, extra);

[si_std] = block_statistic(si, 30, 30, 'std');

[hv_mean] = block_statistic(hv, 30, 30, 'mean');

[hvb_mean] = block_statistic(hvb, 30, 30, 'mean');

[r,c,t] = size(y);

[y_mean] = block_statistic(ym(rng1, rng2, :), 30, 30, 'mean');

clear si hv hvb;

% Compute Cb, Cr

[cb_mean] = block_statistic(cb(rng1,rng2,:), 30, 30, 'mean');

[cr_mean] = block_statistic(cr(rng1,rng2,:), 30, 30, 'mean');

% compute YCbCr 0.2s ATI on frames

t1 = 0;

if length(buffer_y) > 0,

    [r,c,t1] = size(buffer_y);

    [r,c,t2] = size(y);

    ati_y(:,:,1:t1) = buffer_y(rng1,rng2,:);

    ati_y(:,:,t1+1:t1+t2) = y(rng1,rng2,:);

else

    ati_y = y;

end

% use 5% of pixels, randomly chosen

ati_y = filter_ati_random(ati_y, tis_frames, 0.05);

% have time-differences; now compute ATI

[rowcol,time] = size(ati_y);

for cnt = 1:time,

    ati_rms(1,1,ati_curr) = block_statistic( ati_y(:,cnt), rowcol, 1, 'rms');

    ati_curr = ati_curr + 1;

end

hv_ratio = max(HV_THRESHOLD, hv_mean) ./ max(HV_THRESHOLD, hvb_mean);

Function “model_fastlowbw_features_shift.m”


function [data] = model_fastlowbw_features_shift (mode, one, two, three, four, five, six);

% model_fastlowbw_features_shift

%   Compute the processed features for the ITS fast low bandwidth model.

% SYNTAX

%   model_fastlowbw_features_shift ('memory',  y, cb, cr, fps, filter_size, extra)

%   [data] = model_fastlowbw_features_shift ('eof')

%   model_fastlowbw_features_shift ('clear')

% DESCRIPTION

%   When the first argument is the string 'memory', this function takes one

%   second (EXACTLY) of video already in memory, in the YCbCr colorspace

%   (y, cb, and cr respectively).  All three variables are formatted

%   (row,col,time); and (fps) is the number of frames per second (e.g.,

%   29.97, 30, 25, 15, etc).  'filter_size' and 'extra' are from function

%   'adaptive_filter' when given the current image size.

%   Size of y, cb, & cr spatially should be exactly ROI returned by

%   function model_lowbw_sroi.  See 'eof. 

%

%   When the first argument is the string 'eof', this function completes

%   the feature calculations, empties internal buffers, and returns the

%   feature stream.  See 'memory'.

%

%   When the first argument is the string 'clear', the internal buffers are

%   emptied.  This is done when called with 'eof', also. 

%

%   Warning:  uses 1 set of internal buffers, so don't mix sequences.  

%

%   Return value 'data' is contains for each of the 9 pixel shifts --

%   data(1) .. data(9) -- the following features as structure elements:

%           si_std hv_ratio y_mean cb_mean cr_mean ati_rms

%   See function model_fastlowbw_features for a brief description of each

%   element in this structure.  

persistent buffer;

persistent buffer_y;

BSIZE = 30;

if strcmpi(mode,'memory') && nargin == 7,

    tis_sec = 0.2;

    [tis_frames] = tslice_conversion(tis_sec, four);

    [curr] = ...

        model_fastlowbw_features_memory (one, two, three, four, buffer_y, five, six, BSIZE);

    if length(buffer) == 0,

        buffer = curr;

    else

        [row,col,time1] = size(buffer(1).si_std);

        [row,col,time2] = size(buffer(1).ati_rms);

        [row,col,time3] = size(curr(1).ati_rms);

        for loop = 1:9,

            buffer(loop).si_std(:,:,time1+1) = curr(loop).si_std;

            buffer(loop).hv_ratio(:,:,time1+1) = curr(loop).hv_ratio;

            buffer(loop).y_mean(:,:,time1+1) = curr(loop).y_mean;

            buffer(loop).cb_mean(:,:,time1+1) = curr(loop).cb_mean;

            buffer(loop).cr_mean(:,:,time1+1) = curr(loop).cr_mean;

            buffer(loop).ati_rms(:,:,time2+1:time2+time3) = curr(loop).ati_rms;

        end

    end

    [row,col,time] = size(one);

    buffer_y = one(:,:,(time-tis_frames+1):time);

elseif strcmpi(mode,'eof') && nargin == 1,

    data = buffer;

    model_fastlowbw_features_shift('clear');

elseif strcmpi(mode,'clear'),

    buffer = [];

    buffer_y = [];

else

    error('argument list not recognized');

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [curr] = ...

    model_fastlowbw_features_memory (y, cb, cr, fps, buffer_y, filter_size, extra, BSIZE);

HV_THRESHOLD = 4.0;

tis_sec = 0.2;

[tis_frames] = tslice_conversion(tis_sec, fps);

% loop through video

tslice_frames = round(fps);

ati_curr = 1;

[row,col,time] = size(y);

rng1 = (extra+1):(row-extra);

rng2 = (extra+1):(col-extra);

% Calculate features.

ym = mean(y,3);

[si, hv, hvb] = filter_si_hv_adapt(ym, filter_size, extra); 

si_std = block_statistic_shift(si, BSIZE, BSIZE, 'std');

hv_mean = block_statistic_shift(hv, BSIZE, BSIZE, 'mean');

hvb_mean = block_statistic_shift(hvb, BSIZE, BSIZE, 'mean');

y_mean = block_statistic_shift(ym(rng1,rng2,:), BSIZE, BSIZE, 'mean');

cb_mean = block_statistic_shift(cb(rng1,rng2,:), BSIZE, BSIZE, 'mean');

cr_mean = block_statistic_shift(cr(rng1,rng2,:), BSIZE, BSIZE, 'mean');

clear si hv hvb;

for loop = 1:9,

    curr(loop).si_std = si_std(loop).std;

    curr(loop).hv_mean = hv_mean(loop).mean;

    curr(loop).hvb_mean = hvb_mean(loop).mean;

    curr(loop).y_mean = y_mean(loop).mean;

    curr(loop).cb_mean = cb_mean(loop).mean;

    curr(loop).cr_mean = cr_mean(loop).mean;

end

% compute Y 0.2s ATI on frames

t1 = 0;

if length(buffer_y) > 0,

    [r,c,t1] = size(buffer_y);

    [r,c,t2] = size(y);

    ati_y(:,:,1:t1) = buffer_y(rng1,rng2,:);

    ati_y(:,:,t1+1:t1+t2) = y(rng1,rng2,:);

else

    ati_y = y;

end

% use 5% of pixels, randomly chosen

ati_y = filter_ati_random(ati_y, tis_frames, 0.05);

% have time-differences; now compute ATI

[rowcol,time] = size(ati_y);

for cnt = 1:time,

    hold = block_statistic( ati_y(:,cnt), rowcol, 1, 'rms');

    for loop = 1:length(curr),

        curr(loop).ati_rms(1,1,ati_curr) = hold;

    end

    ati_curr = ati_curr + 1;

end

for loop = 1:length(curr),

    curr(loop).hv_ratio = max(HV_THRESHOLD, curr(loop).hv_mean) ...

        ./ max(HV_THRESHOLD, curr(loop).hvb_mean);

end

Function “model_fastlowbw_parameters.m”


function [vqm, hv_loss_par, hv_gain_par,si_loss_par, si_gain_par, ...

    color_comb_par, noise_par, error_par] = model_fastlowbw_parameters (...

    si_proc, hv_feat_proc, y_proc, cb_proc, cr_proc, ati_proc, ...

    si_orig, hv_feat_orig, y_orig, cb_orig, cr_orig, ati_orig, ...

    fps, part_si_min, part_si_max, part_hv_min, part_hv_max, ...

    part_c_min, part_c_max, part_c, part_ati_min, part_ati_max, ...

    part_ati, code_ati, do_test_print, TIME_DELTA);

% MODEL_FASTLOWBW_PARAMETERS

%     Compute Fast Low Bandwidth model from original and processed

%     features.  

%

%     Each Video Quality Metric (VQM) prediction of the FastLowBandwidth model

%     uses the previous 'time_delta' seconds of video.  The model slides

%     along the time-history of features (i.e., overlapping in time) to yield 

%     a continuous time-history of VQM, each based on the previous

%     'time_delta' seconds of video.  

% SYNTAX

% [vqm, hv_loss_par, hv_gain_par,si_loss_par, si_gain_par, ...

%     color_comb_par, noise_par, error_par] = model_fastlowbw_parameters (...

%     si_proc, hv_feat_proc, y_proc, cb_proc, cr_proc, ati_proc, ...

%     si_orig, hv_feat_orig, y_orig, cb_orig, cr_orig, ati_orig, ...

%     fps, part_si_min, part_si_max, part_hv_min, part_hv_max, ...

%     part_c_min, part_c_max, part_c, part_ati_min, part_ati_max, ...

%     part_ati, code_ati, do_test_print);

% [vqm, hv_loss_par, hv_gain_par,si_loss_par, si_gain_par, ...

%     color_comb_par, noise_par, error_par] = model_fastlowbw_parameters (...

%     si_proc, hv_feat_proc, y_proc, cb_proc, cr_proc, ati_proc, ...

%     si_orig, hv_feat_orig, y_orig, cb_orig, cr_orig, ati_orig, ...

%     fps, part_si_min, part_si_max, part_hv_min, part_hv_max, ...

%     part_c_min, part_c_max, part_c, part_ati_min, part_ati_max, ...

%     part_ati, code_ati, do_test_print, TIME_DELTA);

% DESCRIPTION

%  See model_fastlowbw_features.m for description of original features

%  variables ( si_orig, hv_feat_orig, y_orig, cb_orig, cr_orig, ati_orig )

%

%  See model_fastlowbw_features_shift.m for description of processed

%  feature variables ( si_proc, hv_feat_proc, y_proc, cb_proc, cr_proc, ati_proc )

%

%  See model_lowbw_compression.m for description of input variables

%  relating to compression (part_si_min through code_ati)

%

%  'fps' is the frame rate of the video

%  'do_test_print' is 1 to print information and 0 typically.

%  'time_delta' is the number of seconds of video used to compute the

%               FastLowBandwidth model.  If you want a single prediction

%               instead of a continuous history of values, then

%               'time_delta' should be the length of the video sequence in

%               seconds, rounded down (e.g., the 3rd dimension of si_orig). 

%               'time_delta' defaults to ten seconds (10).  This is the

%               recommended value.  'time_delta' should never be greater

%               than 30 seconds, because different perceptual decisions

%               apply to longer sequences (e.g., recency effects) and the

%               FastLowBandwidth model does not take those factors into

%               account. 

%  

%   Return values are as follows.  Each is a continuous time-history of

%   model predictions, one per second, starting at 1-second.  The values

%   from seconds 1 through 4 aren't worth much, since it is questionable

%   (perceptually speaking) to rate the quality of a very short video

%   sequence.  If you want a single prediction for an entire short video

%   sequence (e.g., 5 to 30 seconds), then use the last value in each of

%   these arrays and discard the prior values.  

%   'vqm' is the FastLowBandwidth model's video quality prediction.

%   The other return values ( 'hv_loss_par', 'hv_gain_par', 'si_loss_par'

%   'si_gain_par', 'color_comb_par', 'noise_par', and 'error_par') 

%   are the seven parameters.  The model weights are applied to the

%   parameters already, so that you can sum up these values to get 'vqm'.

%   Thus, the weighted parameter values indicate the perceptual impact of

%   each parameter on the viewer (e.g., how much of the quality drop was

%   due to that factor).

if ~exist('TIME_DELTA'),

    TIME_DELTA = 10;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Calculate parameters 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

[hv_loss_par, hv_gain_par,si_loss_par, si_gain_par, ...

    color_comb_par, noise_par, error_par] = calc_parameters (...

    si_proc, hv_feat_proc, y_proc, cb_proc, cr_proc, ati_proc, ...

    si_orig, hv_feat_orig, y_orig, cb_orig, cr_orig, ati_orig, ...

    fps, part_si_min, part_si_max, part_hv_min, part_hv_max, ...

    part_c_min, part_c_max, part_c, part_ati_min, part_ati_max, ...

    part_ati, code_ati, TIME_DELTA);

% clear extra variables

clear ati_orig ati_proc cb_orig cb_proc col cr_orig cr_proc hv_feat_orig;

clear hv_feat_proc part_ati part_ati_max part_ati_min part_c part_c_max;

clear part_c_min part_hv_max part_hv_min part_si_max part_si_min;

clear range row si_orig si_proc y_orig y_orig2 y_proc y_proc2;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Fix results   

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

hv_loss_par = [hv_loss_par(1) hv_loss_par'];

hv_gain_par = [hv_gain_par(1) hv_gain_par'];

si_loss_par = [si_loss_par(1) si_loss_par'];

color_comb_par = [color_comb_par(1) color_comb_par'];

% si_gain, noise_par, & error_par don't need a fix -- no macro blocks!

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Calculate VQM     

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

if do_test_print,

    % for testing purposes only!

    fprintf('print out parameters & VQM for testing\n');

    save raw_pars.mat hv_loss_par hv_gain_par si_loss_par si_gain_par color_comb_par noise_par error_par;

end

% ***Weights updated

DC_WEIGHT = 0.0;

HV_LOSS_WEIGHT = 0.38317338378290;

HV_GAIN_WEIGHT = 0.37313218013131;

SI_LOSS_WEIGHT = 0.58033514546526;

SI_GAIN_WEIGHT = 0.95845512360511;

COLOR_WEIGHT = 1.07581708014998;

NOISE_WEIGHT = 0.17693274495002;

ERROR_WEIGHT = 0.02535903906351;

% upsample (1 sample per sec --> 2 samples per sec) and  weight each parameter.

hv_loss_par = my_interp(2, hv_loss_par) * HV_LOSS_WEIGHT;

hv_gain_par = my_interp(2, hv_gain_par) * HV_GAIN_WEIGHT;

si_loss_par = my_interp(2, si_loss_par) * SI_LOSS_WEIGHT;

si_gain_par = my_interp(2, si_gain_par) * SI_GAIN_WEIGHT;

color_comb_par = my_interp(2, color_comb_par) * COLOR_WEIGHT;

noise_par = noise_par * NOISE_WEIGHT;

error_par = error_par * ERROR_WEIGHT;

% clear a few variables

clear *par1 *par2 *orig *proc;

clear col video_dir ans code_ati oclip otest part* range row time;

% Even out lengths, if needed.  This should never happen if the video

% sequences are 1-minute long each.

hold = [length(hv_loss_par) length(hv_gain_par) length(si_loss_par) length(si_gain_par) ...

    length(color_comb_par) length(noise_par) length(error_par)];

if min(hold) ~= max(hold),

%    fprintf('WARNING:  time-length of features being rectified\n');

    hold = min(hold);

    hv_loss_par = hv_loss_par(1:hold);

    hv_gain_par = hv_gain_par(1:hold);

    si_loss_par = si_loss_par(1:hold);

    si_gain_par = si_gain_par(1:hold);

    color_comb_par = color_comb_par(1:hold);

    noise_par = noise_par(1:hold);

    error_par = error_par(1:hold);

end

%  Final VQM has clipping at low end and crushing at high end

vqm = DC_WEIGHT + hv_loss_par + hv_gain_par + si_loss_par + si_gain_par + ...

    color_comb_par + noise_par + error_par;

% Clip VQM for values less than zero

vqm(find(vqm < 0)) = 0.0;  % No quality improvements allowed

% Compress VQM values greater than 1 using standard crushing function

c = 0.5;

crush = find(vqm > 1);

vqm(crush) = (1 + c)*vqm(crush) ./ (c + vqm(crush));

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [data2] = my_interp(times, data1);

% perform upsampling (1 sample per second to 2 samples per second)

% put extra sample at the beginning (a repeat of the first sample) rather

% than at the end.

if times ~= 2,

    error('Only implemented for 2');

end

hold = length(data1);

data2(1) = data1(1);

data2(2:2:hold*2,1) = data1;

data2(3:2:hold*2,1) = ( data1(2:hold) + data1(1:hold-1) ) / 2;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [hv_loss_par, hv_gain_par,si_loss_par, si_gain_par, ...

    color_comb_par, noise_par, error_par] = calc_parameters (...

    si_proc, hv_feat_proc, y_proc, cb_proc, cr_proc, ati_proc, ...

    si_orig, hv_feat_orig, y_orig, cb_orig, cr_orig, ati_orig, ...

    fps, part_si_min, part_si_max, part_hv_min, part_hv_max, ...

    part_c_min, part_c_max, part_c, part_ati_min, part_ati_max, ...

    part_ati, code_ati, TIME_DELTA);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Model calculation.  Change from collapse all frames, to running-collapse

% of TIME_DELTA seconds at once.  Remove multiple-clip functionality.

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

ATI_SEC = 0.2; % width of ATI time-difference

ATI_WIDTH  = tslice_conversion (ATI_SEC, fps);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% HV loss and gain parameters

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Zero parameter values whose hv_feat_orig < part_hv(1)

hvgain_low = find(hv_feat_orig < part_hv_min);

% 0.435 > part_hv(1), better quantizing threshold for hv_loss

hvloss_low = find(hv_feat_orig < 0.435);  

% Zero parameter values whose hv_feat_orig > part_hv(code_hv_size-1)

hvloss_high = find(hv_feat_orig > part_hv_max);

% 1.90 < hv_part(code_hv_size-1), better quantizing threshold for hv_gain

hvgain_high = find(hv_feat_orig > 1.90);  

% Implement the hv_loss block parameter

hv_loss = (hv_feat_proc-hv_feat_orig)./hv_feat_orig;  % ratio loss calculation

hv_loss = min(hv_loss,0);  % negative part calculation

hv_loss(hvloss_low) = 0.0;

hv_loss(hvloss_high) = 0.0;

% Implement the hv_gain block parameter

hv_gain = log10(hv_feat_proc./hv_feat_orig);  % log10 gain calculation

hv_gain = max(hv_gain,0);  % positive part calculation

hv_gain(hvgain_low) = 0.0;

hv_gain(hvgain_high) = 0.0;

% Calculate the si_weight function.  If low spatial detail, reduce weight:

% Linear weight reduction, weight goes from weight_low to 1 as spatial goes

% from a to b

[frows,fcols,ftime] = size(si_orig);

si_weight = ones(frows, fcols, ftime);

weight_low = 0;

a = 5;

b = 25;

weight_low_slope = (1-weight_low)/(b-a);

si_weight(find(si_orig < a)) = weight_low;

low = find(si_orig >= a & si_orig < b);

si_weight(low) = weight_low_slope*(si_orig(low)-a) + weight_low;

hv_loss = hv_loss.*si_weight;

clear si_weight;

    % Pick off the valid region for this clip, using same rules as

    % read_feature.

    hv_loss_par_clip = squeeze(hv_loss(:,:,:));

    hv_gain_par_clip = squeeze(hv_gain(:,:,:));

    % y weighting function by macroblocks for less bandwidth

    weight_high = 0;

    c = 175;

    d = 255;

    weight_high_slope = (weight_high-1)/(d-c);

    y_orig_clip = squeeze(y_orig(:,:,:));

    [pr, pc, pt] = size(y_orig_clip);  

    y_weight = ones(pr, pc, pt);

    % Quantize y_orig average macroblock values which will be RR info

    high = find(y_orig_clip > c & y_orig_clip <= d);

    y_weight(high) = weight_high_slope*(y_orig_clip(high)-c) + 1;

    y_weight(find(y_orig_clip > d)) = weight_high;

    % OMB(3,3,2)below1%_minkowski(1,1.5) for hv_loss

    hv_loss_par_clip = hv_loss_par_clip.*y_weight;

    hv_loss_par_clip = st_collapse('below1%', hv_loss_par_clip, 'OverlapMacroBlock', 3, 3, 2);

    hv_loss_par_clip = running_collapse ('minkowski(1,1.5)', hv_loss_par_clip, TIME_DELTA-1, '3D');

    hv_loss_par = hv_loss_par_clip;

    % OMB(3,3,2)above99%_minkowski(1.5,3) for hv_gain

    hv_gain_par_clip = hv_gain_par_clip.*y_weight;

    % Clip the low end and subtract this clipping level

    hv_gain_par_clip = max(hv_gain_par_clip, 0.06) - 0.06;

    hv_gain_par_clip = st_collapse('above99%', hv_gain_par_clip, 'OverlapMacroBlock', 3, 3, 2);

    hv_gain_par_clip = running_collapse ('minkowski(1.5,3)', hv_gain_par_clip, TIME_DELTA-1, '3D');

    hv_gain_par = hv_gain_par_clip;

clear hv_loss hv_gain y_orig;

% Clip the low end of hv_loss and subtract this clipping level

hv_loss_clip = 0.08;

hv_loss_par = max(hv_loss_par, hv_loss_clip) - hv_loss_clip;

% Compress hv_gain values greater than training using crushing function.

% High clipping level of 0.75 is approximately the maximum from the

% training data. 

hv_gain_max = 0.75;  % from training data

crush_hv = find(hv_gain_par > hv_gain_max);  % these values will be crushed

hv_gain_par(crush_hv) = (hv_gain_max + 0.25)*hv_gain_par(crush_hv) ./ (0.25 + hv_gain_par(crush_hv));

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%  SI loss and gain parameters

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

si_t = part_si_min;  % si clipping threshold

% Parameters outside of the si_orig quantizer range will be zeroed.

si_high = find(si_orig > part_si_max);

%  Clip si at low end

si_proc = max(si_proc,si_t);

si_orig = max(si_orig,si_t);

% Implement the si_loss parameter

si_loss = (si_proc-si_orig)./si_orig;  % ratio loss calculation

si_loss = min(si_loss,0);  % negative part calculation

si_loss(si_high) = 0.0;

% Implement the si_gain parameter

si_gain = log10(si_proc./si_orig);  % log gain calculation

si_gain = max(si_gain,0);  % positive part calculation

si_gain(si_high) = 0.0;

clear si_orig si_proc si_high;

    % Pick off the valid region for this clip, using same rules as

    % read_feature.

    si_loss_par_clip = squeeze(si_loss(:,:,:));

    si_gain_par_clip = squeeze(si_gain(:,:,:));

    % OMB(3,3,2)minkowski(1,2)_minkowski(1.5,2.5) for si_loss

    si_loss_par_clip = si_loss_par_clip.*y_weight;

    si_loss_par_clip = st_collapse('minkowski(1,2)', si_loss_par_clip, 'OverlapMacroBlock', 3, 3, 2);

    si_loss_par_clip = running_collapse ('minkowski(1.5,2.5)', si_loss_par_clip, TIME_DELTA-1, '3D');

    si_loss_par = si_loss_par_clip;

    % above95%tail_minkowski(1.5,2) for si_gain

    [pr, pc, pt] = size(si_gain_par_clip);  % Find size after picking off valid

    % Clip the low end and subtract this clipping level

    si_gain_par_clip = max(si_gain_par_clip, 0.1) - 0.1;

    si_gain_par_clip = st_collapse('above95%tail', reshape(si_gain_par_clip, pr*pc,pt));

    si_gain_par_clip = running_collapse ('minkowski(1.5,2)', si_gain_par_clip, TIME_DELTA, '3D');

    si_gain_par = si_gain_par_clip;

clear si_gain si_loss;

% Clip the low end of si_loss and subtract this clipping level

si_loss_clip = 0.12;

si_loss_par = max(si_loss_par, si_loss_clip) - si_loss_clip;

% Compress si_gain values greater than training using crushing function.

% High clipping level of 0.48 is approximately the maximum from the

% training data. 

si_gain_max = 0.48;  % from training data

crush_si = find(si_gain_par > si_gain_max);  % these values will be crushed

si_gain_par(crush_si) = (si_gain_max + 0.25)*si_gain_par(crush_si) ./ (0.25 + si_gain_par(crush_si));

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% color (Cb & Cr) parameters

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Parameters outside of the quantizer ranges will be zeroed, including the 

% bin that quantizes to zero.

cb_zero_high = find(cb_orig <= part_c_min | cb_orig >= part_c_max | cb_orig == 0);

cb_orig(cb_zero_high) = 0.0;

cb_proc(cb_zero_high) = 0.0;

clear cb_zero__high;

cr_zero_high = find(cr_orig <= part_c_min | cr_orig >= part_c_max | cr_orig == 0);

cr_orig(cr_zero_high) = 0.0;

cr_proc(cr_zero_high) = 0.0;

clear cb_zero_high cr_zero_high;

% Color extreme parameter with modifications to Euclidean distance.

% Better distance measure for color extreme parameter.

p = 1.0;  % Normal Euclidean uses p = 2.0, this absolute diff works better

r = 0.5;

w = 1.5;

color_euclid = (abs(cb_proc-cb_orig).^p + (w*abs(cr_proc-cr_orig)).^p).^r;

clear cb_proc cr_proc cb_orig cr_orig;

    % Pick off the valid region for this clip, using same rules as

    % read_feature.

    color_extreme_par_clip = squeeze(color_euclid(:,:,:));

    color_spread_par_clip = color_extreme_par_clip;

    % OMB(3,3,2)above99%_minkowski(0.5,1) for color_extreme

    color_extreme_par_clip = st_collapse('above99%', color_extreme_par_clip, 'OverlapMacroBlock',3,3,2);

    color_extreme_par_clip = running_collapse ('minkowski(0.5,1)', ...

        color_extreme_par_clip, TIME_DELTA-1, '3D');

    color_extreme_par = color_extreme_par_clip;

    % OMB(3,3,2)minkowski(2,4)_90% for color_spread

    color_spread_par_clip = st_collapse('minkowski(2,4)', color_spread_par_clip,...

        'OverlapMacroBlock',3,3,2);

    color_spread_par_clip = running_collapse ('90%', color_spread_par_clip,...

        TIME_DELTA-1, '3D');

    color_spread_par = color_spread_par_clip;

clear color_euclid;

% compute the color combination parameter

color_comb_par = -0.617958*color_spread_par + 0.691686*color_extreme_par;

%  Clip the color combination parameter

color_comb_clip = 0.114;

color_comb_par = max(color_comb_par, color_comb_clip) - color_comb_clip;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% ATI parameters

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

ati_nt = part_ati(24);  % ati clipping threshold for noise, approximately 5

ati_et = part_ati(57);  % ati clipping threshold for error, approximately 12

% Clip processed features if they exceed the maximum quantizer value

code_ati_size = size(code_ati,2);

ati_proc(find(ati_proc > part_ati(code_ati_size-1))) = code_ati(code_ati_size);

% Do the ATI parameters at each temporal alignment from plus to minus 0.4 seconds.

try_num = 0;

ati_search = floor(ceil(fps) * 0.4);

whole_length = min(length(ati_proc), length(ati_orig));

ati_proc = ati_proc((ati_search+1):(whole_length-ati_search));

whole_ati_orig = ati_orig;

for try_time = -ati_search:ati_search,

    try_num = try_num + 1;

    clear ati_nproc ati_norig;

    ati_orig = whole_ati_orig((ati_search+1+try_time):(whole_length-ati_search+try_time));

    %  Clip ati at low end for noise calculation

    ati_nproc = max(ati_proc,ati_nt);

    ati_norig = max(ati_orig,ati_nt);

    % Implement the ati gain parameter that will be used for noise

    ati_ngain = (ati_nproc-ati_norig)./ati_norig;  % ratio gain calculation

    ati_ngain = max(ati_ngain,0);  % positive part calculation

    % between25%50% for noise_par

    noise_par_clip = running_collapse ('between25%50%', ati_ngain, ...

        TIME_DELTA * ceil(fps) - ATI_WIDTH, '3D');

    % pick off samples, one every half second

    pattern = ceil( length(noise_par_clip):-ceil(fps)/2:1 );

    % reverse order & extend each end by one.

    pattern = [ pattern(length(pattern)) pattern(length(pattern):-1:1) pattern(1)];

    % error check the length of pattern.  This code will only be triggered

    % if some really strange frame rate is chosen.  Then, instead of adding

    % up to exactly 1sec, the discards might round to a different number.

    if ftime * 2 ~= length(pattern),

        while length(pattern) < ftime * 2,

            pattern = [ pattern(1) pattern ];

        end

        while length(pattern) > ftime * 2,

            pattern = pattern(2:length(pattern));

        end

    end

    noise_par(:,try_num) = noise_par_clip(pattern);

    % Set-up to calculate the error parameter

    this_proc = ati_proc;

    this_orig = ati_orig;

    % 7-point Max filter

    this_proc = max_filterw(squeeze(this_proc),7);

    this_orig = max_filterw(squeeze(this_orig),7);

    %  Clip ati at low end for error calculation

    this_proc = max(this_proc,ati_et);

    this_orig = max(this_orig,ati_et);

    % Implement the ati gain parameter that will be used for errors

    ati_egain = (this_proc-this_orig)./this_orig;  % ratio gain calculation

    ati_egain = max(ati_egain,0);  % positive part calculation

    % above90% for error_par

    error_par_clip = running_collapse ('above90%', ati_egain, TIME_DELTA * ceil(fps) - ATI_WIDTH, '3D');

    error_par(:,try_num) = error_par_clip(pattern);

end

% Take minimum at each point in time of the temporal shifts

noise_par = min(noise_par')';

error_par = min(error_par')';

clear ati_nproc ati_norig;

clear ati_ngain ati_proc ati_orig;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [dataout] = macro_interp(datain);

%  Takes an input 3d array dimensioned as (r,c,t) and adds interpolated 

%  time samples halfway between.  So the output array will have dimension 

%  (r,c,2t-1).

[r,c,t] = size(datain);

dataout = zeros(r,c,2*t-1);

for i = 1:2*t-1

    if (floor(i/2) == i/2) % interpolate

        dataout(:,:,i) = (datain(:,:,i/2)+datain(:,:,1+i/2))/2;

    else % don't interpolate

        dataout(:,:,i) = datain(:,:,(i+1)/2);

    end

end

Function “model_lowbw_compression.m”


function [si_orig, part_si_min, part_si_max, ...

        hv_feat_orig, part_hv_min, part_hv_max, y_orig, ...

        cb_orig, cr_orig, part_c_min, part_c_max, part_c, ...

        ati_orig, part_ati_min, part_ati_max, part_ati, code_ati ] ...

 = model_lowbw_compression (mode, transmit_file, si_orig, hv_feat_orig, luma_orig, cb_orig, cr_orig, ati_orig);

% MODEL_LOWBW_COMPRESSION

%   Compress and write original features from the LowBW or FastLowBW model.

%   Alternatively reverse that process: read and uncompress features.

% SYNTAX

%   model_lowbw_compression ('compress', transmit_file, si_orig, hv_feat_orig, ...

%       luma_orig, cb_orig, cr_orig, ati_orig );

%   [si_orig, part_si_min, part_si_max, ...

%          hv_feat_orig, part_hv_min, part_hv_max, y_orig, ...

%          cb_orig, cr_orig, part_c_min, part_c_max, part_c, ...

%          ati_orig, part_ati_min, part_ati_max, part_ati, code_ati ] = ...

%       model_lowbw_compression('uncompress', transmit_file);

% DESCRIPTION

%   When the first argument is 'compress', this function compresses the 

%   features associated with the lowbw model or fastlowbw model, and write

%   them to a file for transmission.  Operates on 255 seconds or less.  Longer  

%   sequencesmust be split and written to two different files.  To

%   understand the input arguments, see function model_lowbw_features or

%   model_fastlowbw_features. 

%

%   When the first argument is 'uncompress', this function reverses the

%   process: reads compressed original features from file 'transmit_file'

%   and returns those values on the command line.  This function also

%   returns information about the feature compression, which will be needed

%   by function model_lowbw_parameters.m and model_fastlowbw_parameters.m

%   To properly understand those parameters (i.e., everything returned that

%   isn't mentioned in the 'compress' argument list), examine the code

%   below.

if strcmpi(mode,'compress'),

    [row_si,col_si,time_si] = size(si_orig);

    [row_cb,col_cb,time_cb] = size(cb_orig);

    [si_orig]      = model_lowbw_compression_internal (si_orig,      'si', 'compress');

    [hv_feat_orig] = model_lowbw_compression_internal (hv_feat_orig, 'hv', 'compress');

    [luma_orig]    = model_lowbw_compression_internal (luma_orig,    'y', 'compress');

    [cb_orig]      = model_lowbw_compression_internal (cb_orig,      'cb', 'compress');

    [cr_orig]      = model_lowbw_compression_internal (cr_orig,      'cr', 'compress');

    [ati_orig]     = model_lowbw_compression_internal (ati_orig,     'ati', 'compress');

    if time_si > 255 | time_cb > 255,

        error('Time sequence too long.  Split into shorter segments');

    end

    % save data to file

    if exist(transmit_file,'file'),

        delete(transmit_file);

    end

    fid = fopen(transmit_file, 'w');

    % write overhead for SI & HV & Luma

    row_si = uint8(row_si); col_si = uint8(col_si); time_si= uint8(time_si);

    fwrite(fid,row_si,'uint8');

    fwrite(fid,col_si,'uint8');

    fwrite(fid,time_si,'uint8');

    % write out SI & HV & Luma

    fwrite(fid,si_orig, 'ubit9');

    fwrite(fid,hv_feat_orig,'ubit9');

    fwrite(fid,luma_orig, 'ubit8');

    % write Cb & Cr

    fwrite(fid,cb_orig, 'ubit9');

    fwrite(fid,cr_orig, 'ubit9');

    % write overhead for ATI 

    frames = length(ati_orig);

    fwrite(fid,frames,'ushort');

    % write ATI

    fwrite(fid,ati_orig, 'ubit10');

%     fprintf('Total bytes written:  %d  Sequence Size:  (%d,%d,%d) ==> %f kbits/s\n', ftell(fid), ...

%         row_si,col_si,time_si, (ftell(fid) * 8.0) / (double(time_si) * 1000.0));

    fclose(fid);

elseif strcmpi(mode,'uncompress'),

    % load original features

    if ~exist(transmit_file,'file'),

        error(sprintf('Cannot open file ''%s'', file does not exist', transmit_file));

    end

    fid = fopen(transmit_file, 'r');

    % read overhead for SI & HV & Luma

    row = fread(fid,1, 'uint8');

    col = fread(fid,1,'uint8');

    time = fread(fid,1,'uint8');

    % read Si & HV & Luma

    si_orig = fread(fid,row*col*time, 'ubit9');

    hv_feat_orig = fread(fid,row*col*time,'ubit9');

    y_orig = fread(fid,row*col*time, 'ubit8');

    % decompress original features

    [si_orig, part_si_min, part_si_max]      = ...

            model_lowbw_compression_internal (si_orig, 'si', 'decompress', row,col,time);

    [hv_feat_orig, part_hv_min, part_hv_max] = ...

            model_lowbw_compression_internal (hv_feat_orig, 'hv', 'decompress',row,col,time);

    [y_orig]    = model_lowbw_compression_internal (y_orig, 'y', 'decompress',row,col,time);

    % read Cb & Cr

    cb_orig = fread(fid,row*col*time, 'ubit9');

    cr_orig = fread(fid,row*col*time, 'ubit9');

    % decompress original features

    [cb_orig]    = model_lowbw_compression_internal (cb_orig, 'cb', 'decompress',row,col,time);

    [cr_orig, part_c_min, part_c_max, part_c]    = ...

            model_lowbw_compression_internal (cr_orig, 'cr', 'decompress',row,col,time);

    % read overhead for ATI & read ATI 

    frames = fread(fid,1,'ushort');

    ati_orig = fread(fid,frames, 'ubit10');

    % decompress original features

    [ati_orig, part_ati_min, part_ati_max, part_ati, code_ati] = model_lowbw_compression_internal (ati_orig, 'ati', 'decompress',1,1,frames);

    fclose(fid);

else

    error('mode not recognized');

end

function [data, part_min, part_max, part, code] = ...

    model_lowbw_compression_internal (feature, type, flag, row, col, time);

% model_lowbw_compression_internal

%   Compress or decompress the lowbw/sec model features.

% SYNTAX

%   [data] = model_lowbw_compression_internal (feature, type, 'compress');

%   [data, part_min, part_max, part, code] = ...

%       model_lowbw_compression_internal (feature, type, 'decompress', row, col, time);

% DESCRIPTION

%   Compress or decompress the features in matrix 'feature'.  Variable

%   'type' controls the compression (e.g., 'hv', 'si','y','cb', 'cr', or 'ati).

%   'flag' should be set to either 'compress' or 'decompress' or 'none'.

%       ('none' is no compression; return data as-is for saving.)

%

%   Return the compressed or decompressed data in [data].  On

%   decompression, also return the minimum & maximum partition boundaries

%   in 'part_min' and 'part_max'.  On compression, [data] will be a one

%   dimensional array.  On decompression, [data] will be of size

%   (row,col,time).  

%

%   return value 'part' is the partitions; 'code' is the code values

% get quantizer codebook

if strcmpi(type,'hv'),

    [part,code] = model_lowbw_compression_internal_hv;

elseif strcmpi(type,'si'),

    [part,code] = model_lowbw_compression_internal_si;

elseif strcmpi(type,'y'),

    [part,code] = model_lowbw_compression_internal_y;

elseif strcmpi(type,'cb') | strcmp(type,'cr'),

    [part,code] = model_lowbw_compression_internal_cb_cr;

elseif strcmpi(type,'ati'),

    [part,code] = model_lowbw_compression_internal_ati;

end

if strcmpi(type,'none'),

    data = feature;

    return;

elseif strcmpi(flag,'compress'),

    %  convert from 3D to 1D

    [frows,fcols,ftime] = size(feature);

    feature = reshape(feature,1,frows*fcols*ftime);  % row vector for quantizer

    %  Quantize feature

    [index] = quantiz_fast(feature,part);

    data = index;

    return;

elseif strcmpi(flag,'decompress'),

    part_min = part(1);

    part_max = part( length(part) );

    % convert back from indicies to quantized values

    feature = code(feature+1);

    data = reshape(feature,row,col,time);

    return;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [part_hv,code_hv] = model_lowbw_compression_internal_hv;

    %  hv_feat_orig quantizer, 9 bit design

    %  Use a quantizer whose distance between bins (dx) increases as a constant

    %  (err) times the code value.  Only preserve this relationship until the

    %  code value decreases to some low value, then uniformly quantize the

    %  remainder.  Start at 1.0 so the code is exact there.

    %  First bin will be values less than part_hv(1) and last bin will be 

    %  values greater than part_hv(code_hv_size-1).  hv_loss and hv_gain parameter values

    %  whose hv_feat_orig values fall outside of the quantizer range will be 

    %  zeroed.

    start = 1.0;

    err = 0.00709;  % fraction of error in the quantized value

    high_codes = 228;  % number of nonlinear codes >= 1.0

    low_codes = 202;  % number of nonlinear codes < 1.0

    vlow_codes = 82;  % number of uniform codes for very low values

    code_hv = [start];

    %  Generate high codes

    for i = 1:high_codes-1

        code_hv = [code_hv code_hv(i)*(1+err)];

    end

    %  Generate low codes

    for i = 1:low_codes

        code_hv = [code_hv(1)*(1-err) code_hv];

    end

    %  Generate very low codes, uniformly distributed to lowest_code

    lowest_code = 0.0991;

    temp = code_hv(1):(lowest_code-1*code_hv(1))/vlow_codes:lowest_code;

    code_hv = [fliplr(temp(2:vlow_codes+1)) code_hv];

    %  Generate the partitions, halfway between codes

    code_hv_size = size(code_hv,2);

    part_hv = (code_hv(2:code_hv_size)+code_hv(1:code_hv_size-1))/2;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [part_si,code_si] = model_lowbw_compression_internal_si;

    %  si_orig quantizer, 9 bit design

    %  Use a quantizer whose distance between bins (dx) increases as a constant

    %  (err) times the code value.

    %  First bin will be values less than part_si(1) and last bin will be 

    %  values greater than part_si(code_si_size-1).  si_loss and si_gain parameter values

    %  whose si_orig values fall outside of the quantizer range will be 

    %  zeroed. 

    start = 2.99;

    err = 0.00728;  % fraction of error in the quantized value

    high_codes = 512;  % number of nonlinear codes

    code_si = [start];

    %  Generate high codes

    for i = 1:high_codes-1

        code_si = [code_si code_si(i)*(1+err)];

    end

    %  Generate the partitions, halfway between codes

    code_si_size = size(code_si,2);

    part_si = (code_si(2:code_si_size)+code_si(1:code_si_size-1))/2;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [part_y, code_y] = model_lowbw_compression_internal_y;

    %  For y quantizer, just use uniform 8 bit quantizer where the value

    %  represents the y level (0 to 255).  Only one byte per

    %  macroblock(3,3,2).

    start = 0.0;

    err = 1.00;  % distance between codes

    high_codes = 256;  % number of codes

    code_y = [start];

    %  Generate high codes

    for i = 1:high_codes-1

        code_y = [code_y code_y(i)+err];

    end

    %  Generate the partitions, halfway between codes

    code_y_size = size(code_y,2);

    part_y = (code_y(2:code_y_size)+code_y(1:code_y_size-1))/2;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

function [part_c, code_c] = model_lowbw_compression_internal_cb_cr;

    %  Non-linear quantizer for cb_orig and cr_orig, similar to hv but bipolar (two sided),

    %  since the cb and cr features are bipolar.

    start = 1.0;

    err = 0.0216;  % fraction of error in the quantized value

    high_codes = 217;  % number of nonlinear codes >= start

    low_codes = 40;  % number of uniform codes for very low values (< start)

    code_c = [start];

    %  Generate high codes

    for i = 1:high_codes-1

        code_c = [code_c code_c(i)*(1+err)];

    end

    %  Generate low codes, uniformly distributed from lowest_code to start

    lowest_code = 0.136;

    temp = code_c(1):(lowest_code-1*code_c(1))/low_codes:lowest_code;

    code_c = [fliplr(temp(2:low_codes+1)) code_c];

    %  zero first code and generate sym neg codes

    code_c(1) = 0.0;

    code_c = [-1.0*fliplr(code_c(2:(high_codes+low_codes-1))) code_c];

    %  Generate the partitions, halfway between codes

    code_c_size = size(code_c,2);

    part_c = (code_c(2:code_c_size)+code_c(1:code_c_size-1))/2;

    %  Correct partition around zero

    low_part_spacing = (start-lowest_code)/low_codes;

    part_c(code_c_size/2) = part_c(code_c_size/2 + 1) - low_part_spacing;

    part_c(code_c_size/2 - 1) = part_c(code_c_size/2 - 2) + low_part_spacing;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

function [part_ati, code_ati] = model_lowbw_compression_internal_ati;

%  ati_orig quantizer, 10 bit design, uniform quantizer design 

%  First bin will be values less than part_ati(1) and last bin will be 

%  values greater than part_ati(code_ati_size-1).

    start = 0.0;  % first code

    last = 220.0;  % 210 is the maximum observed in the training data 

    high_codes = 1024;  % number of codes for 10-bit quantizer

    code_ati = start:(last-start)/(high_codes-1):last;

    %  Generate the partitions, halfway between codes

    code_ati_size = size(code_ati,2);

    part_ati = (code_ati(2:code_ati_size)+code_ati(1:code_ati_size-1))/2;

Function “model_lowbw_sroi.m”


function [valid, cvr, sroi] = model_lowbw_sroi(extra, top, left, bottom, right);

% MODEL_LOWBW_SROI

%   Check image-size validity for lowbw or fastlowbw model; and return spatial region

%   of interest (SROI)

% SYNTAX

%   [valid, cvr, sroi] = model_lowbw_sroi(extra, top, left, bottom, right);

% DESCRIPTION

%   'Extra' is the number of pixels needed on all sides for filtering.

%   ONE EXTRA pixel will be needed for shifting.

%   (top, left, bottom, right) are the  valid region coordinates.

%   Within above coordinates, find where the low bandwidth model should be run. 

%

%   Return whether the model can validly be used (valid == 1) or not 

%   (valid == 0); the common valid region (cvr) including just

%   the extra +1 pixel border; and the spatial region of interest without

%   the extra pixels & lines (sroi).   Return variables 'cvr' and 'sroi' 

%   are structures, whose elements are top, left, bottom, and right.

%

%   Presume a block-size of 30x30, macro-block size of 3x3.

%   One extra pixel required in all directions, for spatial shift search. 

% extra pixel for shifting +- 1 in all directions.

extra = extra + 1;

if nargin ~= 5,

    error('number of input arguments to model_lowbw_sroi invalid.');

end

% if left or top are even, add one

top = top + (1 - mod(top,2));

left = left + (1 - mod(left,2));

% if bottom or right are odd, subtract one

right = right - mod(right,2);

bottom = bottom - mod(bottom,2);

% compute number of rows available, after discard border

num_rows = 30 * floor( ((bottom - top + 1) - extra*2)/30 );

extra_rows = floor(((bottom - top + 1) - num_rows)/2);

num_cols = 30 * floor( ((right - left + 1) - extra*2)/30 );

extra_cols = floor(((right - left + 1) - num_cols)/2);

% figure if valid

if num_rows / 30 < 3 | num_cols / 30 < 3,

    sroi = [];

    cvr = [];

    valid = 0;

    return;

end

% figure out SROI & CVR

sroi.top = top + extra_rows;

sroi.left = left + extra_cols;

sroi.bottom = sroi.top + num_rows - 1;

sroi.right = sroi.left + num_cols - 1;

valid = 1;

cvr.top = sroi.top-extra;

cvr.left = sroi.left-extra;

cvr.bottom = sroi.bottom+extra;

cvr.right = sroi.right+extra;

Function “quantiz_fast.m”


function y = quantiz_fast(x,t)

% QUANTIZ_FAST

%   This function quantizes data.  It is used as an alternative to the

%   MATLAB routine, becase at the time of writing it ran significantly

%   faster.

% SYNTAX

%   y = quantiz_fast(x,t)

% DESCRIPTION

%   'x' is the data to be quantized into discreet bins.  

%   't' is the array of quantization thresholds.  

%   Return varaible 'y' contains the quantized data. 

%

%  This code performs n=2^b level quantization of the signal samples in the

%  row vector x to produce y.  y will have the same size as x.  t is a

%  length n-1 row or column vector of  quantization thresholds.

%  This code works for all b=1,2,3,...

%  Quantization rules are:

%           x <= t(1)   gives y = 0

%    t(1) < x <= t(2)   gives y = 1

%                ...

%    t(i) < x <= t(i+1) gives y = i

%              ...

%    t(n-1) < x         gives y = n-1

n = length(x);

y = zeros(1,n);           %output variable starts with all zeros

b = log2(length(t)+1);    %number of bits

for i = 1:b               %loop over bits, each pass determines one bit

    temp = find(t(y+(2^(b-i))) < x);

    %compare each sample of x with corresponding current threshold    

    y(temp) = y(temp)+(2^(b-i));

    %where x is above current threshold, update y to refect this

    %this update is equivalent to setting the current bit under

    %consideration (b-i) to 1.    

end

Function “read_bigyuv.m”


function [y,cb,cr] = read_bigyuv(file_name, varargin);

% READ_BIGYUV

%   Read images from bigyuv-file.

% SYNTAX

%   [y] = read_bigyuv(file_name);

%   [y,cb,cr] = read_bigyuv(...);

%   [...] = read_bigyuv(...,'PropertyName',PropertyValue,...);

% DESCRIPTION

%   Read in images from bigyuv file named 'file_name'.  

%

%   The luminance plane is returned in 'Y'; the color planes are

%   returned in 'cb' and 'cr' upon request.  The Cb and Cr color planes

%   will be upsampled by 2 horizontally.  

%

%   The following optional properties may be requested:

%

%   'sroi',top,left,bottom,right,           

%                       Spatial region of intrest to be returned.  By default,

%                       the entirity of each image is returned.

%                       Inclusive coordinates (top,left),(bottom,right) start

%                       numbering with row/line number 1.

%   'size',row,col,    Size of images (row,col).  By default, row=486,

%                           col=720.

%   'frames',start,stop,    Specify the first and last frames, inclusive, 

%                                   to be read ('start' and 'stop').  By

%                                   default, the first frame is read.

%   '128'        Subtract 128 from all Cb and Cr values.  By default, Cb

%                       and Cr values are left in the [0..255] range.

%   'interp'           Interpolate Cb and Cr values.  By default, color

%                       planes are pixel replicated.  Note:  Interpolation is slow.

%

%   Color image pixels will be pixel replicated, so that Cb and Cr images

%   are not subsampled by 2 horizontally.

% read values from clip_struct that can be over written by variable argument

% list.

is_whole_image = 1;

is_sub128 = 0;

is_interp = 0;

num_rows = 486;

num_cols = 720;

start = 1;

stop = 1;

% parse variable arhelp gument list (property values)

cnt = 1;

while cnt <= nargin - 1,

    if ~isstr(varargin{cnt}),

        error('Property value passed into bigyuv_read not recognized');

    end

    if strcmpi((varargin(cnt)),'sroi') == 1,

        sroi.top = varargin{cnt+1};

        sroi.left = varargin{cnt+2};

        sroi.bottom = varargin{cnt+3};

        sroi.right = varargin{cnt+4};

        is_whole_image = 0;

        cnt = cnt + 5;

    elseif strcmpi((varargin(cnt)),'size') == 1,

        num_rows = varargin{cnt+1};

        num_cols = varargin{cnt+2};

        cnt = cnt + 3;

    elseif strcmpi((varargin(cnt)),'frames') == 1,

        start = varargin{cnt+1};

        stop = varargin{cnt+2};

        cnt = cnt + 3;

    elseif strcmpi((varargin(cnt)),'128') == 1,

        is_sub128 = 1;

        cnt = cnt + 1;

    elseif strcmpi((varargin(cnt)),'interp') == 1,

        is_interp = 1;

        cnt = cnt + 1;

    else

        error('Property value passed into bigyuv_read not recognized');

    end

end

if mod(num_cols,2) ~= 0,

    fprintf('Error: number of columns must be an even number.\n');

    fprintf('This 4:2:2 format sores 4 bytes for each 2 pixels\n');

    error('Invalid specification for argument "num_cols" in read_bigyuv');

end

% Open image file 

% [test_struct.path{1} clip_struct.file_name{1}]

[fid, message] = fopen(file_name, 'r');

if fid == -1

    fprintf(message);

    error('bigyuv_read cannot open this clip''s bigyuv file, %s', file_name);

end

% Find last frame.  

fseek(fid,0, 'eof');

total = ftell(fid) / (2 * num_rows * num_cols);

if stop > total,

    error('Requested a frame past the end of the file.  Only %d frames available', total);

end

if stop < 0,

    error('Range of frames invalid');

end

if start > stop | stop < 1,

    error('Range of frames invalid, or no images exist in this bigyuv file');

end

% find range of frames requested.

prev_tslice_frames = start - 1;

tslice_frames = stop - start + 1;

number = start;

% go to requested location

if isnan(start),

    error('first frame of this clip is undefined (NaN).');

end

offset = prev_tslice_frames * num_rows * num_cols * 2; %pixels each image

status = fseek(fid, offset, 'bof');

if status == -1,

    fclose(fid);

    error('bigyuv_read cannot seek requested image location');

end

% initialize memory to hold return images.

y = zeros(num_rows,num_cols,tslice_frames, 'single');

if (nargout == 3),

    cb = y;

    cr = y;

end

% loop through & read in the time-slice of images

this_try = 1;

for cnt = 1:tslice_frames,

    where = ftell(fid);

    [hold_fread,count] = fread(fid, [2*num_cols,num_rows], 'uint8=>uint8');

    if count ~= 2*num_cols*num_rows,

        % try one more time.

        fprintf('Warning: bigyuv_read could not read entirity of requested image');

        fprintf(' time-slice; re-trying\n');

        %pause(5);

        if where == -1,

            fprintf('Could not determine current location.  Re-try failed.\n');

            error('bigyuv_read could not read entirity of requested image time-slice');

            fclose(fid);

        end

        fseek(fid, where, 'bof');

        [hold_fread,count] = fread(fid, [2*num_cols,num_rows], 'uint8=>uint8');

        if count ~= 2*num_cols*num_rows,

            fclose(fid);

            hold = sprintf('%s%s\n%s', ...

                'time-slice read failed for time-slice in ', file_name, ...

                'bigyuv_read could not read entire requested time-slice');

            error(hold);

        end

    end

    % pick off the Y plane (luminance)

    temp = reshape(hold_fread', num_rows, 2, num_cols);

    uncalib = squeeze(temp(:,2,:));  

    y(:,:,cnt) = single(uncalib);

    % If color image planes are requested, pick those off and perform

    % pixel replication to upsample horizontally by 2.

    if nargout == 3,

        temp = reshape(hold_fread,4,num_rows*num_cols/2);

        color = reshape(temp(1,:),num_cols/2,num_rows)';

        color2 = [color ; color];

        uncalib = reshape(color2,num_rows,num_cols);

        cb(:,:,cnt) = single(uncalib);

        if is_sub128,

            cb(:,:,cnt) = cb(:,:,cnt) - 128;

        end

        color = reshape(temp(3,:),num_cols/2,num_rows)';

        color2 = [color ; color];

        uncalib = reshape(color2,num_rows,num_cols);

        cr(:,:,cnt) = single(uncalib);

        if is_sub128,

            cr(:,:,cnt) = cr(:,:,cnt) - 128;

        end

        % Interpolate, if requested

        if is_interp == 1,

            for i=2:2:num_cols-2,

                cb(:,i,cnt) = (cb(:,i-1,cnt) + cb(:,i+1,cnt))/2;

                cr(:,i,cnt) = (cr(:,i-1,cnt) + cr(:,i+1,cnt))/2;

            end

        end

    end

end

fclose(fid);

if ~is_whole_image,

    y = y(sroi.top:sroi.bottom, sroi.left:sroi.right, :);

    if nargout == 3,

        cb = cb(sroi.top:sroi.bottom, sroi.left:sroi.right, :);

        cr = cr(sroi.top:sroi.bottom, sroi.left:sroi.right, :);

    end

end

Function “resample_image.m”


function [image] = resample_image(image, v, h, varargin);

% RESAMPLE_IMAGE

%  stretch or shrink an image

% SYNTAX

%  [scaled_image] = resample_image(image, v, h);

%  [...] = resample_image(...'PropertyName',...);

% DESCRIPTION

%  This function applies horizontal scaling factor (h / 1000) 

%  and vertical scaling factor (v / 1000).  The returned image,

%  'scaled_image', will be of the same size as the input image.

%

%  The following optional properties may be requested.  Fast, Linear, and

%  Quadratic are mutually exclusive (i.e., only one of these may

%  be selected):

%

%   'Fast'  When this option is selected, the function will use a very fast

%           but significantly less accurate resampling algorithm.  The

%           nearest neighbor pixel value will be used (1-point).  This 

%           approach appears to be sufficient for color planes (Cb and Cr)

%           but not luminance (Y). 

%

%   'Linear' When this option is selected, the function will use linear

%           interpolation (2-point).

%

%   'Quadratic' When this option is selected, the function will use

%           quadratic interpolation (3-point).  This is the default.

%

%   'Interlace' The image is interlaced, so vertical scaling needs to be

%           performed on each field separately. 

do_fast = 0;

do_linear = 0;

do_quadratic = 1;

do_interlace = 0;

is_type = 'quadratic';

cnt = 1;

while cnt <= nargin - 3,

    if strcmpi(varargin(cnt),'fast') == 1,

        do_fast = 1;

        do_linear = 0;

        do_quadratic = 0;

        is_type = 'fast';

        cnt = cnt + 1;

    elseif strcmpi(varargin(cnt),'linear') == 1,

        do_fast = 0;

        do_linear = 1;

        do_quadratic = 0;

        is_type = 'linear';

        cnt = cnt + 1;

    elseif strcmpi(varargin(cnt),'quadratic') == 1,

        do_fast = 0;

        do_linear = 0;

        do_quadratic = 1;

        is_type = 'quadratic';

        cnt = cnt + 1;

    elseif strcmpi(varargin(cnt),'interlace') == 1,

        do_interlace = 1;

        cnt = cnt + 1;

    else

        error('optional argument not recognized.');

    end

end

% vertical scaling on interlaced images must be done on fields.

% handle this here, by recursing (calling this function on each field).

if do_interlace && v ~= 1000,

    % split into fields

    [image1, image2] = split_into_fields(image);

    % call this routine for each field

    [image1] = resample_image(image1, v, h, is_type);

    [image2] = resample_image(image2, v, h, is_type);

    % join into frames

    image = join_into_frames(image1, image2);

    return;

end

% split into frames, if needed, and run each separately

if ndims(image) == 3,

    [rows,cols,time] = size(image);

    if time > 1,

        for i=1:time,

            image(:,:,i) = resample_image(image(:,:,i), v, h, is_type);

        end

    end

    return;

elseif ndims(image) > 3,

    error('Function resample_image cannot work on arrays of images with 4 or more dimensions');

end

if do_linear,

    [rows,cols] = size(image);

    if v ~= 1000,

        % scale coordinates by vertical factor

        offset = (1:rows)' * 1000 / v + (rows/2 - (1000/v) * (rows/2));

        % find pixels invalidated by this operation

        invalid = find(offset < 1 | offset > rows);

        % if exceed boundary of image, clip at edge.

        offset = max(min(offset, rows), 1);

        % find closest pixels and distance (alpha)

        offset_before = floor(offset);

        offset_after = ceil(offset);

        alpha = offset - offset_before;

        % change from vectors to matrixes, to apply this to the entire image

        alpha = repmat(alpha, 1, cols);

        % apply linear scaling

        image = (1 - alpha) .* image(offset_before, :) + alpha .* image(offset_after, :);

        % fill invalid portion with zeros

        image(invalid, :) = 0;

    end

    if h ~= 1000,

        % scale coordinates by vertical factor

        offset = (1:cols) * 1000 / h + (cols/2 - (1000/h) * (cols/2));

        % find pixels invalidated by this operation

        invalid = find(offset < 1 | offset > cols);

        % if exceed boundary of image, clip at edge.

        offset = max(min(offset, cols), 1);

        % find closest pixels and distance (alpha)

        offset_before = floor(offset);

        offset_after = ceil(offset);

        alpha = offset - offset_before;

        % change from vectors to matrixes, to apply this to the entire image

        alpha = repmat(alpha, rows, 1);

        % apply linear scaling

        image = (1 - alpha) .* image(:, offset_before) + alpha .* image(:, offset_after);

        % fill invalid portion with zeros

        image(:, invalid) = 0;

    end

elseif do_quadratic,

    [rows,cols] = size(image);

    if v ~= 1000,

        % scale coordinates by vertical factor

        offset = (1:rows)' * 1000 / v + (rows/2 - (1000/v) * (rows/2));

        % find pixels invalidated by this operation

        invalid = find(offset < 1 | offset > rows);

        % find closest pixels and distance (alpha)

        y1 = round(offset);

        y0 = y1 - 1;

        y2 = y1 + 1;

        % find distance

        d = offset - y0;

        % change d from vector to matrix, to apply this to the entire image

        d = repmat(d, 1, cols);

        d2 = d.^2;

        % if exceed boundary of image, clip at edge (i.e., take last pixel value).

        y0 = max(min(y0, rows), 1);

        y1 = max(min(y1, rows), 1);

        y2 = max(min(y2, rows), 1);

        % apply to image

        image_y0 = image(y0,:);

        image_y1 = image(y1,:);

        image_y2 = image(y2,:) ./ 2;

        % calculate weights a, b & c

        % where c = image_y0;

        % where a = y(2) / 2 - y(1) + y(0) / 2

        % where b = -y(2) / 2 + 2 * y(1) - 3/2 * y(0)

        a = image_y2 - image_y1 + image_y0 ./ 2;

        b = -image_y2 + 2 .* image_y1 - (3/2) .* image_y0;

        % apply quadratic scaling: a .* d2 + b .* d + c

        image = a .*d2 + b .* d + image_y0;

        % fill invalid portion with zeros

        image(invalid, :) = 0;

    end

    if h ~= 1000,

        % scale coordinates by vertical factor

        offset = (1:cols)' * 1000 / h + (cols/2 - (1000/h) * (cols/2));

        % find pixels invalidated by this operation

        invalid = find(offset < 1 | offset > cols);

        % find closest pixels and distance (alpha)

        y1 = round(offset);

        y0 = y1 - 1;

        y2 = y1 + 1;

        % find distance

        d = offset - y0;

        % change d from vector to matrix, to apply this to the entire image

        d = repmat(d', rows,1);

        d2 = d.^2;

        % if exceed boundary of image, clip at edge (i.e., take last pixel value).

        y0 = max(min(y0, cols), 1);

        y1 = max(min(y1, cols), 1);

        y2 = max(min(y2, cols), 1);

        % apply to image

        image_y0 = image(:,y0);

        image_y1 = image(:,y1);

        image_y2 = image(:,y2) ./ 2;

        % calculate weights a, b & c

        % where c = image_y0;

        % where a = y(2) / 2 - y(1) + y(0) / 2

        % where b = -y(2) / 2 + 2 * y(1) - 3/2 * y(0)

        a = image_y2 - image_y1 + image_y0 ./ 2;

        b = -image_y2 + 2 .* image_y1 - (3/2) .* image_y0;

        % apply quadratic scaling: a .* d2 + b .* d + c

        image = a .*d2 + b .* d + image_y0;

        % fill invalid portion with zeros

        image(:,invalid) = 0;

    end

elseif do_fast,

    [rows,cols] = size(image);

    if v ~= 1000,

        % scale coordinates by vertical factor

        offset = (1:rows)' * 1000 / v + (rows/2 - (1000/v) * (rows/2));

        % find pixels invalidated by this operation

        invalid = find(offset < 1 | offset > rows);

        % if exceed boundary of image, clip at edge.

        offset = max(min(offset, rows), 1);

        % find closest pixels

        offset = round(offset);

        % apply linear scaling

        image = image(offset, :);

        % fill invalid portion with zeros

        image(invalid, :) = 0;

    end

    if h ~= 1000,

        % scale coordinates by vertical factor

        offset = (1:cols) * 1000 / h + (cols/2 - (1000/h) * (cols/2));

        % find pixels invalidated by this operation

        invalid = find(offset < 1 | offset > cols);

        % if exceed boundary of image, clip at edge.

        offset = max(min(offset, cols), 1);

        % find closest pixels

        offset = round(offset);

        % apply linear scaling

        image = image(:, offset);

        % fill invalid portion with zeros

        image(:, invalid) = 0;

    end

else

    error('argument not recognized. "resample" no longer available');

end

Function “running_collapse.m”


function [data] = running_collapse (request, raw_data, delta, property);

% RUNNING_COLLAPSE

%   Perform a "running" spatial-temporal collapse over a long sequence.

% SYNTAX

%   [data] = running_collapse (request, raw_data, delta, property);

% DESCRIPTION

%   Take a request & raw_data, as defined by function st_collapse.

%   'property' is one of st_collapse's optional properties.  Instead of

%   calling st_collapse directly, divide it into shorter arrays, where the

%   last non-unit dimension is of length 'delta'.  Return the "running"

%   collapse in 'data'.  The length of data will be identical to the last

%   dimension of 'raw_data'.  The leading values (1 to time-1) will use

%   shorter time lengths.

%

%   'raw_data' must be either 1D or 3D.  See also function st_collapse.m

[row,col,time] = size(raw_data);

if time == 1,

    % 1D

    if col ~= 1,

        error('raw_data cannot be 2D');

    end

    time = row;

    data = zeros(time,1);

    for cnt = 1:time,

        start = max(1, cnt - delta + 1);

        stop = cnt;

        data(cnt) = st_collapse(request, raw_data(start:stop), property); 

    end

else

    % 3D

    data = zeros(time,1);

    for cnt = 1:time,

        start = max(1, cnt - delta + 1);

        stop = cnt;

        data(cnt) = st_collapse(request, raw_data(:,:,start:stop), property);

    end

end

Function “split_into_fields.m”


function [one, two] = split_into_fields(y);

% SPLIT_INTO_FIELDS

%  Splits one frame into two fields.

% SYNTAX

%  [one two] = split_into_fields(y);

% DESCRIPTION

%  Split frame 'y' into field one ('one') and field two ('two').  Field two

%  contains the top line of the image; field one contains the second line

%  of the image.  For NTSC, field one occurs before field two in time.  For

%  PAL, the reverse is the case.  Y can be a time-slice of frames.

%

%  If image 'y' contains an odd number of rows, then the last (bottom) row

%  will be eliminated.  See also function 'join_into_frames'

[row, col, time] = size(y);

if mod(row,2),

    y = y(1:row-1,1:col,1:time);

    [row, col, time] = size(y);

end

y = reshape(y,2,row/2,col,time);

two = squeeze(y(1,:,:,:));

one = squeeze(y(2,:,:,:));

Function “st_collapse.m”


function [data] = st_collapse(request, raw_data, varargin)

% ST_COLLAPSE

%  Compute the requested spatial or temporal collapsing function.

% SYNTAX

%  [data] = st_collapse(request, raw_data)

%  [data] = st_collapse(...,'PropertyName',...);

% DESCRIPTION

%  Compute the requested spatial or temporal collapsing function on the

%  FIRST dimension of the array or matrix, 'raw_data', and return the

%  results in 'data'.  The available precentile functions are:

%   'mean', 'std', 'rms', 'min', 'max', '10%', '25%', '50%', '90%', 

%   'above90%', 'above95%', 'above99%', 'above90%tail', 'above95%tail', 'above98%tail', 'above99%tail', 

%   'below5%', 'below10%', 'below1%', 'below1%tail, 'below2%tail', 'below5%tail', 'below10%tail'

%   'below25%', 'above75%', 'below2%', 'above98%', 'below50%tail'

%   'between25%50%'

%           [ The meanings of the above are as defined in "Video Quality

%             Measurement Techniques" NTIA Technical Report 02-392. ]

%   and 'minkowski(P,R)'.

%           [ minkowski = mean(abs(raw_data).^P).^(1/R) ]

%           Where 'P' and 'R' are replaced with the actual values to be

%           used.  For example, 'minkowski(1.8,2.8)' or 'minkowski(6,7)'

%

% The following optional parameters are also available.  All of these

% options are mutually exclusive.

%

%   'MacroBlock', row, col, time, 

%           Apply the requested function to macro blocks, of size (row,col,time).

%           If the region does not evenly divide, center spatially, and

%           abut with the end of the raw data temporally.

%   'OverlapMacroBlock', row, col, time, 

%           Apply the requested function to macro blocks, of size (row,col,time).

%           Unlike option 'MacroBlock', blocks overlap rather than

%           abutting.  Thus, returned data will be smaller only by

%           (row-1) rows,(col-1) columns and (time-1) in time.

%   'SlideMacroBlock', row, col, time, 

%           Apply the requested function to macro blocks, of size (row,col,time).

%           Blocks will overlap in time and abut spatially.  

%   '3D',   Apply the requested function simultaneously to all

%           dimensions.  Thus, convert all of the data into a 1D array and

%           apply the colllapsing function to that 1D array.

%   '1D',   Apply the requested function to only the first

%           dimensions.  For example, the variable 'raw_data' should be 2D

%           (spatial,temporal) or 1D (temporal).  This is the default

%           behavior.

%

%

% WARNING: Unless 'MacroBlock' or '3D' arguments are selected, the

% requested function will be applied to the first dimension only! 

%

collapse_3d = 0;

collapse_macroblock = 0;

collapse_overlap_macroblock = 0;

collapse_slide_macroblock = 0;

mb_row = 1;

mb_col = 1;

mb_time = 1;

cnt = 1;

while cnt <= nargin-2,

    switch lower(varargin{cnt}),

        case { 'macroblock' },

            collapse_macroblock = 1;

            mb_row = varargin{cnt+1};

            mb_col = varargin{cnt+2};

            mb_time = varargin{cnt+3};

            cnt = cnt + 4;

        case { 'overlapmacroblock' },

            collapse_overlap_macroblock = 1;

            mb_row = varargin{cnt+1};

            mb_col = varargin{cnt+2};

            mb_time = varargin{cnt+3};

            cnt = cnt + 4;

        case { 'slidemacroblock' },

            collapse_slide_macroblock = 1;

            mb_row = varargin{cnt+1};

            mb_col = varargin{cnt+2};

            mb_time = varargin{cnt+3};

            cnt = cnt + 4;

        case { '3d' },

            collapse_3d = 1;

            cnt = cnt + 1;

        case { '1d' },

            collapse_3d = 0;

            cnt = cnt + 1;

        otherwise

            error('Function st_collapse, optional argument "%s" not recognized', varargin{cnt});

    end

    if cnt <= nargin-2,

        error('Optional arguments are mutually exclusive.  Choose one only.');

    end

end

% Overlapping Macroblock Case.  Recurse to calculate.

if collapse_overlap_macroblock,

    [row_raw,col_raw,time_raw] = size(raw_data);

    data = zeros(row_raw-mb_row+1, col_raw-mb_col+1, time_raw-mb_time+1);

    [row,col,time] = size(data);

    for cnt1 = 1:mb_row,

        temp = floor((row_raw - cnt1 + 1) / mb_row) * mb_row;

        rng1 = cnt1:(cnt1-1+temp);

        if length(rng1) < mb_row,

            continue;

        end

        for cnt2 = 1:mb_col,

            temp = floor((col_raw - cnt2 + 1) / mb_col) * mb_col;

            rng2 = cnt2:(cnt2-1+temp);

            if length(rng2) < mb_col,

                continue;

            end

            for cnt3 = 1:mb_time,

                temp = floor((time_raw - cnt3 + 1) / mb_time) * mb_time;

                rng3 = cnt3:(cnt3-1+temp);

                if length(rng3) < mb_time,

                    continue;

                end

                data(cnt1:mb_row:row, cnt2:mb_col:col, cnt3:mb_time:time) = ...

                    st_collapse(request, raw_data(rng1,rng2,rng3), 'macroblock', ...

                    mb_row,mb_col,mb_time);

            end

        end

    end

    return;

end

% Slide Macroblock Case.  Recurse to calculate.

if collapse_slide_macroblock,

    [row_raw,col_raw,time_raw] = size(raw_data);

    row = floor(row_raw / mb_row);

    col = floor(col_raw / mb_col);

    time = time_raw - mb_time + 1;

    data = zeros(row,col,time);

    for cnt = 1:mb_time,

        temp = floor((time_raw - cnt + 1) / mb_time) * mb_time;

        rng = cnt:(temp+cnt-1);

        if length(rng) < mb_time,

            continue;

        end

        data(:,:, cnt:mb_time:time) = ...

            st_collapse(request, raw_data(:,:,rng), 'macroblock', ...

            mb_row,mb_col,mb_time);

    end

    return;

end

% if wanting to collapse a 3D structure all at once, reshape into an array.

if collapse_3d,

    [r,c,t] = size(raw_data);

    raw_data = reshape(raw_data, r*c*t,1);

end

% reshape for macroblocks.

if collapse_macroblock,

    [r,c,t] = size(raw_data);

    % error check.

    if floor(r / mb_row) == 0 | floor(c / mb_col) == 0 | floor(t / mb_time) == 0,

        error('st_collapse, macroblock too large.');

    elseif mb_row == 1 & mb_col == 1 & mb_time == 1,

        error('st_collapse, macro-block size must be greater than one.');

    end

    % figure out how to center the macroblocks

    [r,c,t] = size(raw_data);

    r_start = floor( mod(r,mb_row) / 2 ) + 1;

    r_stop = r_start + floor(r / mb_row)*mb_row - 1;

    c_start = floor( mod(c,mb_col) / 2 ) + 1;

    c_stop = c_start + floor(c / mb_col)*mb_col - 1;

    t_start = mod(t,mb_time) + 1;

    t_stop = t;

    % copy over macro-block data.

    raw_data = raw_data(r_start:r_stop,c_start:c_stop,t_start:t_stop);

    % reorganize first dimension

    [r,c,t] = size(raw_data);

    raw_data = reshape(raw_data, mb_row, r / mb_row, c, t);

    raw_data = permute(raw_data, [1 3 4 2]);

    raw_data = reshape(raw_data, mb_row * mb_col, c / mb_col, t, r / mb_row);

    raw_data = permute(raw_data, [1 3 4 2]);

    raw_data = reshape(raw_data, mb_row * mb_col * mb_time, t / mb_time, r / mb_row, c / mb_col);

    raw_data = permute(raw_data, [1 3 4 2]);    

end

% error checking.

[r,c,t] = size(raw_data);

if t > 1 & ~collapse_macroblock,

    error('Function st_collapse requires 2D or 1D arrays, only.  See help information warning.');

end

% Apply requested function.

above = 0;

below = 0;

tail = 0;

if r == 1,

    % Special case.  ST-collapse over a singleton dimension.  This is

    % always either the same as the input or zero.  

    if strcmp(request,'std') | length(findstr(request,'tail')) > 0,

        data = 0 * raw_data;

    else

        data = raw_data;

    end

% handle the usual cases.

elseif strcmp(request,'mean'),

    data = mean(raw_data);

elseif strcmp(request,'std'),

    data = std(raw_data);

elseif strcmp(request,'rms'),

    data = sqrt(mean(raw_data.^2));

elseif strcmp(request,'min'),

    data = min(raw_data);

elseif strcmp(request,'max'),

    data = max(raw_data);

elseif strncmp(request, 'minkowski(', 10),

    [mink n] = sscanf(request(11:length(request)), '%f,%f');

    if n ~= 2,

        error('Cannot parse minkowski P and R values in string "%s"', request(10:length(request)));

    end

    data = mean(abs(raw_data).^mink(1)).^(1.0/mink(2));

elseif strcmp(request,'between25%50%'),

    percentile1 = 0.25;

    percentile2 = 0.50;

    % if 1D but wrong direction vector, transpose it.

    if ndims(raw_data) == 2 & r == 1,

        raw_data = raw_data';

    end

    % compute percentile functions

    [rows,cols] = size(raw_data);

    want1 = 1 + round((rows-1) * percentile1);

    want2 = 1 + round((rows-1) * percentile2);

    temp = sort(raw_data, 1);

    data = mean(temp(want1:want2,:,:,:),1);

else

    if strcmp(request,'10%'),

        percentile = 0.10;

    elseif strcmp(request,'25%'),

        percentile = 0.25;

    elseif strcmp(request,'50%'),

        percentile = 0.50;

    elseif strcmp(request,'75%'),

        percentile = 0.75;

    elseif strcmp(request,'90%'),

        percentile = 0.90;

    elseif strcmp(request,'above95%'),

        percentile = 0.95;

        above = 1;

    elseif strcmp(request,'below5%'),

        percentile = 0.05;

        below = 1;

    elseif strcmp(request,'above99%'),

        percentile = 0.99;

        above = 1;

    elseif strcmp(request,'below1%'),

        percentile = 0.01;

        below = 1;

    elseif strcmp(request,'above98%'),

        percentile = 0.98;

        above = 1;

    elseif strcmp(request,'below2%'),

        percentile = 0.02;

        below = 1;

    elseif strcmp(request,'above90%'),

        percentile = 0.90;

        above = 1;

    elseif strcmp(request,'below10%'),

        percentile = 0.10;

        below = 1;

    elseif strcmp(request,'above75%'),

        percentile = 0.75;

        above = 1;

    elseif strcmp(request,'below25%'),

        percentile = 0.25;

        below = 1;

    elseif strcmp(request,'above95%tail'),

        percentile = 0.95;

        above = 1;

        tail = 1;

    elseif strcmp(request,'below5%tail'),

        percentile = 0.05;

        below = 1;

        tail = 1;

    elseif strcmp(request,'below50%tail'),

        percentile = 0.50;

        below = 1;

        tail = 1;

    elseif strcmp(request,'below2%tail'),

        percentile = 0.02;

        below = 1;

        tail = 1;

    elseif strcmp(request,'above98%tail'),

        percentile = 0.98;

        above = 1;

        tail = 1;

    elseif strcmp(request,'above99%tail'),

        percentile = 0.99;

        above = 1;

        tail = 1;

    elseif strcmp(request,'below1%tail'),

        percentile = 0.01;

        below = 1;

        tail = 1;

    elseif strcmp(request,'above90%tail'),

        percentile = 0.90;

        above = 1;

        tail = 1;

    elseif strcmp(request,'below10%tail'),

        percentile = 0.10;

        below = 1;

        tail = 1;

    else

        error('ERROR: percentile function "%s" not recognized by function compute_percentile', request);

    end

    % if 1D but wrong direction vector, transpose it.

    if ndims(raw_data) == 2 & r == 1,

        raw_data = raw_data';

    end

    % compute percentile functions

    [rows,cols] = size(raw_data);

    want = 1 + round((rows-1) * percentile);

    %fprintf('r=%d, c=%d, percentile %f, want=%d\n', rows, cols, percentile, want);

    temp = sort(raw_data, 1);

    if ~below & ~above & ~tail,

        data = temp(want,:,:,:);

    elseif above & ~tail,

        data = mean(temp(want:rows,:,:,:),1);

    elseif below & ~tail,

        data = mean(temp(1:want,:,:,:),1);

    elseif above & tail,

        if want == rows,

            % special case, can't do tail.

            data = temp(want,:,:,:) * 0;

        else

            data = mean(temp(want:rows,:,:,:),1) - temp(want,:,:,:);

        end

    elseif below & tail,

        if want == 1,

            % special case, can't do tail.

            data = temp(want,:,:,:) * 0;

        else

            data = temp(want,:,:,:) - mean(temp(1:want,:,:,:),1);

        end

    end;

end 

% get rid of extra dimension.

[a,b,c,d] = size(data);

data = reshape(data,b,c,d);

Function “tslice_conversion.m”


function [tslice_frames, over_sec] = tslice_conversion (tslice_sec, fps)

% TSLICE_CONVERSION

%   Convert from time-slice length in seconds, to time-slice length in

%   frames at a given frame rate.

% SYNTAX

%  [tslice_frames, over_sec] = tslice_conversion (tslice_sec, fps)

% DESCRIPTION

%

%  [tslice_frames, over_sec] = tslice_conversion (tslice_sec, fps)

%  Given the current frame rate in frames per second ('fps') and the length

%  of the current time-slice in seconds ('tslice_sec'), compute the

%  length of the current time-slice in frames ('tslice_frames').  Also return how

%  much the chosen block length exceeds the requested block length, in

%  seconds ('over_sec').

% 

%  NOTE:  if the specified tslice_sec is within (plus or minus) one

%  thousandth of one millisecond of being exactly tslice_frames 

% (e.g., over_sec <= 0.000001), then this function will assume the 

% user intended that exact number of tslice_frames.

% 

%  NOTE:  Any time-slice smaller than one frame will be implemented as

%  one frame per time-slice. 

% compute length of time-slice, in frames

tslice_frames = ceil(tslice_sec * fps);

% compute amount of seconds that above measurement exceeds that requested.

over_sec = tslice_frames - tslice_sec * fps;

% if within 1 ms of an integer tslice_frames with over_sec = 0, use that. 

if tslice_frames == 1,

    over_sec = 0;

elseif over_sec <= 0.000001,

    over_sec = 0;

elseif over_sec >= 0.999999,

    tslice_frames = tslice_frames - 1;

    over_sec = 0;

end

__________________
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