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Abstract

This document presents the results for Subtest 1 of Tool Experiment 3 (Inter Prediction in HEVC) [1]. The tool presented herein is a novel prediction mode, i.e. Adaptive Global Motion Temporal Prediction (GMTP), for hybrid video coding environments that is based on global motion compensation and optionally on temporal filtering of spatially aligned pictures. Once a GMTP picture is available, the encoder chooses the macroblock types by means of rate-distortion optimization (RDO). If it chooses to encode a block using GMTP, only the type identifier is sent inside the macroblock header. No further information, e.g. coded block pattern, quantization parameters or coefficients are included in the bitstream for that block. This is a new GMTPSKIP mode.

The method has been evaluated using a set of 33 test sequences, including classes A to D of the CfP [3]. The evaluation follows the experimental conditions of [1]. The new prediction mode has been incorporated into the H.264/AVC reference software JM 17.0 [4]. 

1 Proposed Method
1.1 General concept

The core of the method presented herein is a refined motion prediction based on short-term and long-term global motion estimation. Multiple previously decoded reference pictures from the past and/or future can be used in combination in order to arrive at a precise prediction signal. Figure 1 shows a coding environment that is based on the proposed Adaptive Global Motion Temporal Prediction.
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Figure 1 - Encoder and decoder based on Adaptive Global Motion Temporal Prediction
For prediction signal generation, global motion parameters are estimated between the current picture and a number N of previously decoded pictures at the encoder, resulting in a set of short-term global motion parameters, e.g. based on an 8-parameter perspective motion model, which can then be combined to long-term parameters. These long-term parameters can then be used to compensate the global motion between those N pictures and the current picture, which is illustrated in Figure 2.
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Figure 2 - Generation of a prediction signal for the current picture. The pictures inside the decoded picture buffer can be past and/or future pictures in display order.
For each pixel in a block of the current picture, the N related pixels in the N decoded pictures are blended together, e.g. using a median filter, to generate a predicted value with reduced coding noise. The encoder can adaptively choose an optimal number of pictures N by means of error minimization between prediction signal and original.

Once available, the encoder chooses the macroblock types by means of rate-distortion optimization. If it chooses to encode a block using GMTP, only the type identifier is sent inside the macroblock header. No further information, e.g. coded block pattern, quantization parameters or coefficients are included in the bitstream for that block. This corresponds to the SKIP mode. However, the prediction quality is generally better. The encoder sends additional side information to the receiver, i.e. global motion parameters and number N of pictures used for filtering on a slice/picture level.

1.2 Motion model and motion parameter estimation

Many video sequences have been recorded with a moving and zooming camera, resulting in complex motion in sequences to be coded. Higher-order motion models can efficiently account for the motion a camera performs. In the method presented herein, an 8-parametric higher-order motion model (the well-known perspective motion model) is used:
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In the above equation, (xp,yp)T is the location of a pixel in picture Ip and (xq,yq)T is its corresponding position in picture Iq. The parameters m0 to m7 describe the motion by means of translation, scaling, rotation, and perspective transformation. The matrix below describes these parameters between frame p and q.
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The global motion estimation algorithm used herein derives a homography W for a pair of pictures from a motion vector field available in common bitstreams using a Helmholtz Tradeoff Estimator (HTE). The HTE is a robust estimator with the ability of detecting up to 80% of outliers in a given dataset for an underlying model using subsets. For every randomly chosen subset out of a given motion vector field, a perspective transformation matrix W is calculated. In the next step, every motion vector position is transformed using W. The (th percentile of the distances between estimated and true motion vector destinations computes a standard deviation that is used to part the subset into inliers and outliers. Here, ( depends on the desired outlier tolerance. All inliers are used to calculate a final homography Ws by least squares for every subset. The homography belonging to the subset with the highest rating in terms of amount of inliers vs. inlier variance is taken as the final homography. For further information see [2].

1.3 Concatenation of short-term global motion parameters

Long-term motion parameters are then derived by accumulating a set of previously estimated/decoded short-term motion parameters 
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as is exemplary shown in Figure 3. The accumulation is done by simple matrix multiplication. In that way, the motion between any arbitrary pair of pictures from the set is obtained.
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Figure 3 - Generation of long-term global motion parameters.
1.4 Bitstream organization

Besides the common bitstream, the information shown in Table 1 is sent to the receiver.

Table 1 - Description of additional side information in bitstream.

	Name
	Location
	Description

	GMTP enabled
	Picture parameter set
	Enables Adaptive GMTP inside the coder (1 bit) globally once for the complete sequence

	Global motion parameters
	Slice header
	256 bit global motion parameter set (4 byte floating point precision per parameter, 8 parameters for perspective motion model)

	N
	Slice header
	Number of pictures used for filtering (coded as unsigned exp-golomb code)


The information inside the slice header is appended at the end, resulting in the slice header data syntax shown in Table 2. The macroblock layer syntax changed according to Table 3.

Table 2 - Slice header data syntax.

	slice_header() {

	// receive common slice header information

	if( GMTPEnabled == TRUE ) {

	for( i = 0; i <8; ++i ) {

	// receive 32 bit floating point number

	}

	N = ue_v( “SH: filter length”, currStream );

	}

	}


Table 3 - Macroblock layer syntax.

	macroblock_layer() {

	mb_type

	if( mb_type == GMTP ) {

	// receive no more information

	} else {

	// receive common information depending on mb_type

	}

	}


2 Experimental evaluation

2.1 Experimental conditions

For experimental evaluation, the proposed prediction mode has been incorporated into the H.264/AVC reference software JM 17.0 [4]. The settings follow constraint set 2 from the CfP [3]. Additionally to the conditions described in [1], the method has been evaluated using all sequences released for the CfP as well as four sequences listed in Table 4. Other than demanded in [1], the complete sequences were coded.

Table 4 - Sequences used for experimental evaluation besides the sequences released for the CfP.

	Name
	Source
	Resolution
	Frames
	FPS

	Basketball
	ZDF, German television
	1024x576
	300
	25

	BBC-Pan-13
	BBC documentary Planet Earth
	720x576
	110
	25

	Desert
	BBC documentary Planet Earth
	720x576
	240
	25

	Entertainment
	RAI, Italian television
	720x576
	250
	25


2.2 Rate-distortion performance

2.3 Complexity

2.4 Discussion
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