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	Abstract:
	This document provides an overview of the ITU Kaleidoscope academic conference 2022 (K-2022) that was held from 7 to 9 December 2022, in Accra, Ghana. Attached to this TD is a document which presents three keynote summaries, a keynote paper, an invited paper and accepted papers selected for presentation and publication, and identifies links to related activities in ITU-T and other ITU sectors.

Action required
TSAG, ITU-T study groups and focus groups are invited to review the papers relevant to their scope of work, and to take into consideration this input from the research community. Tailored TDs are also being submitted to the ITU-T study groups and focus groups. In addition, this report will be transmitted to RAG and TDAG.
[image: A picture containing background pattern

Description automatically generated]Highlights of the conference
Innovation to match the world’s growing metaverse ambitions was in focus this year at Kaleidoscope 2022: Extended reality − How to boost quality of experience and interoperability.
This 14th edition of the ITU Kaleidoscope conferences provided a forward-looking perspective on the future development and widespread adoption of extended realities.
Kaleidoscope 2022, kindly hosted by the Ministry of Communications and Digitalisation, and coordinated locally by the Ghana-India Kofi Annan Centre of Excellence in ICT, took place in Accra, from 7 to 9 December at the National Communications Authority of Ghana, with options also available for remote, online participation.
The conference programme featured four keynote sessions, an invited paper, an invited talk, three paper sessions, one video demo, and a students’ exhibit.
The Opening ceremony featured the Honourable Mrs. Ursula Owusu-Ekuful, Minister for Communications & Digitalisation of Ghana, Dr. Collins Yeboah-Afari, Director-General, Ghana-India Kofi Annan Centre of Excellence in ICT (AITI-KACE), and Dr. Chaesub Lee, Director, Telecommunication Standardization Bureau, ITU.
The Opening was followed by Ceremony of United for Smart Sustainable Cities (U4SSC), an initiative which provides an open platform to share knowledge and promote dialogue on driving digital transformation for the creation of smart and sustainable cities. This initiative is supported by 18 United Nations agencies and programmes and is coordinated by ITU, UN-Habitat and UNECE. Chaesub Lee delivered the U4SSC Certificate to the Honourale Mrs. Akosua Asabea Annoh, Mayor of Abuakwa South Municipal Assembly, Kyebi, Ghana, for their efforts towards its smart and sustainable city transformation, at the presence of the Minister for Communications & Digitalisation, Ghana.
Keynotes explored the realverse and how to build, deploy, and manage QoE in XR (eXtended Reality) communications. They also explored the Metaverse interoperability with composability in hyper-connected and hyper-personalized virtual environments; challenges for extended reality and holographic-type communication in the next decade; as well as a clinical evaluation of deep learning systems for the diagnosis of pleural effusion and cardiomegaly in Ghana, Vietnam, and the United States of America.
The invited paper presented a comprehensive survey of eXtended Reality (XR) standards, authored by Gillian Makamara and Martin Adolph, from the Telecommunication Standardization Bureau of ITU.
The invited session organized by the Host Committee featured a talk on the Metaverse and the future of education, highlighting frameworks, features, potential applications, challenges and opportunities, delivered by Prof. William Brown-Acquaye, Ghana Communication Technology University.
The Students' Exhibit showcased studies on Cat Swarm Optimization with Lévy Flight (CSOLF) for Link Load Balancing in Software Defined Networks (SDN), Joint Vision-Position Aided Millimeter Wave Beam Prediction Using Vision Transformer (ViT), digital transformation in the African Region, and the role of big data leading to a digital transformation, how giving users control in a digital era.
The Video Demonstration Track presented a proposal on how to make extended reality safe and secure for teenagers with ParGuard.
The winning papers of K-2022 are:
· FIRST best paper (ex aequo): “The knowledge graph as the interoperability foundation for an Augmented Reality application: The case at the Dutch Land Registry” [presentation], by Alexandra Rowland and Erwin J.A. Folmer (University of Twente & Kadaster, The Netherlands); Tony Baving (Kadaster, The Netherlands)
· FIRST best paper (ex aequo): “Enhancing user experience in pedestrian navigation based on Augmented Reality and landmark recognition” [presentation], by Dhananjay Kumar, Shreayaas Iyer, Easwar Raja and Ragul Kumar (Anna University, MIT Campus, Chennai, India); Ved P. Kafle (National Institute of Information and Communications Technology, Japan)
· THIRD best paper: “A framework for the design, implementation and evaluation of a multi-variant Augmented Reality application” [presentation], by Sophie Westfahl (University of Applied Sciences Neu-Ulm, Germany); Dany Meyer-Renner (University of Applied Sciences Neu-Ulm, Germany); Antoine Bagula (University of the Western Cape, South Africa)
Alongside the winners of the best paper awards, 6 entrants received Young Author Recognition Certificates.
Programme, presentations, abstracts, and biographies are available online.
Full papers are reproduced in the Conference Proceedings. All papers will be also available shortly on the IEEE Xplore Digital Library.
The best papers will be evaluated for potential publication in the IEEE Communications Standards Magazine and other international journals.
Attached is a document presenting three keynote summaries, one keynote paper, one invited paper and 9 accepted papers, with links to the respective presentations, that have been selected by the Steering and Technical Programme Committees of Kaleidoscope 2022 and identifies links to related activities in ITU-T and other ITU Sectors.
Upon request, the ITU Kaleidoscope Secretariat can establish contact between Study Groups/Focus Groups and authors, e.g. to arrange for a remote presentation of the findings of the paper during a Study Group/Focus Group meeting.
Nearly 250 delegates participated in the conference (52 connected remotely).
The event was technically co-sponsored by the Institute of Electrical and Electronics Engineers (IEEE) and the IEEE Communications Society (IEEE ComSoc).
A 10-month, substantial preparatory process was required for this Kaleidoscope edition which involved the efforts and collaboration of 
· dedicated Steering Committee members: Christoph Dosch (ITU-R Study Group 6 Vice-Chairman; ARD, Germany), Eva Ibarrola (University of the Basque Country, Spain), Kai Jakobs (RWTH Aachen University, Germany), Gyu Myoung Lee (Liverpool John Moores University, United Kingdom), Tiziana Margaria (University of Limerick, Ireland), Mitsuji Matsumoto (Professor Emeritus Waseda University, Japan), Roberto Minerva, (Télécom SudParis, France) and Mostafa Hashem Sherif (Consultant, USA);
· Technical Programme Committee (TPC) of 30 members, chaired by Mostafa Hashem Sherif. All members are internationally recognized ICT experts from academia, research institutes and the private sector, ensuring transparency through the double-blind peer-review process;
· partnering organizations which supported the promotion of the conference: Waseda University, the Institute of Image Electronics Engineers of Japan (IIEEJ), the Institute of Electronics, Information and Communication Engineers of Japan (IEICE) of Japan, the Chair of Communication and Distributed Systems at RWTH Aachen University, the European Academy for Standardization (EURAS), the University of the Basque Country, Liverpool John Moores University, Korea Advanced Institute of Science and Technology (KAIST), and the University of Limerick.
A detailed Final Report, the recordings and photos of the conference will be available online next week.
_____________________
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