The Video Networking Laboratory is the UK’s longest established visual Lab., set up by Professor Don Pearson in 1969 and is internationally known for its innovative video related research. The main focus of our work has been video compression, where various aspects of compression tools, including motion estimation, entropy coding, scalability and temporal filtering have been pioneered within the laboratory. We have designed and implemented a wide range of video codecs, from very low bit rate (<20 Kbit/s) to HDTV (~20 Mbit/s) and Super HDTV (4k and 8K video) (50-500 Mbit/s). Based on these findings, four books have been published, one of which received the IET best book award of year 2000. The laboratory and staff have devised numerous coding techniques which have ultimately been incorporated into video coding standards. The most notable of these is scalability for which Prof. Mohammed Ghanbari was made a Fellow of IEEE. Sprite coding in MPEG-4 also represented a significant contribution and we were amongst the pioneers of spatial transforms for motion estimation. Based upon our reputation, the Office of Communications (Ofcom) requested in 2006 that we predict for them the future performance of video codecs in the next two decades.

Another principal branch of our activity is video transcoding, by which an already compressed bit-stream can be converted to different formats without the need to decode.  This has numerous applications such as: video distribution to heterogeneous decoders and rate control to avoid network congestion. Several methods of video transcoding have been pioneered by us and are universally known in the research community. Most of our publications have appeared in high quality journals such as the IEEE Transactions series (see http://privatewww.essex.ac.uk/~ghan) and well-known research databases record a consistently high citation record (see http://scholar.google.com ). Many of these achievements were accomplished through projects funded by the EPSRC, the final reports of which are exclusively rated ‘Internationally Leading’ or ‘Outstanding’, as well as projects funded by the UK British Telecom and EU.
Transmission of video over unreliable networks such as the Internet to obtain acceptable end-to-end quality of service is another major contribution of ours. This is also known as IPTV and by monitoring and measuring of network quality of service in conjunction with video transcoders, we can maximise network utilisation whilst maintaining an optimal quality of service. Existing methods of congestion control are unsuitable for video streaming as they produce an erratic quality at the receiver. All analysts agree that IPTV’s importance is set to soar in the next five years. As the last resort to improve video quality, we can still conceal the effect of lost packets. In the past 15 years we have pioneered numerous methods of concealing lost information to improve video quality. 
Another internationally recognised activity is the development of an objective quality model for video services. It has long been argued that Peak-Signal-to-Noise-Ratio (PSNR) is not a realistic indicator of video quality. In the past 15 years, spread over two EU projects; MOSAIC & TAPESTRIES and involvement in the Video Quality Experts Group (VQEG) activity, we have devised objective video quality measures. These methods correlate well with the associated subjective test results. Our most notable contribution was the extraction of quality measures directly from the compressed bit-stream, without the need to decode it. The method uses the difficult approach of making no reference to the source video and has the practical application of monitoring video quality as the video stream crosses the network. This undoubtedly improves networks intelligence and opens up a new way of resource allocation and maintaining quality of service.
Segmentation from images is another important part of our activity. The correct identification of objects in still images and video have important implications for the success of many emerging compression and analysis tools such as: object based coding in MPEG-4; database search engines like MPEG-7; and the authoring tools of MPEG-21. In our work, the saliency between regions inside a binary partition tree is exploited and leads to a method whereby tentative relationships between the salient and semantic can be described. As a consequence, we have developed some very powerful segmentation tools which can be tailored according to the complexity of application. In the European project MELISA we successfully applied our methods to recognise and track sportsmen in events, such as horse racing and football. The methodology separates the image processing from the analysis by making image retrieval, tracking and segmentation a database rather than image-processing problem. The work continues to unearth interesting findings and is feeding nicely into image and video retrieval, by which under MPEG-7, segmented objects can be described by shape, colour, motion and texture for automatic or manual browsing.

Video watermarking or the embedding/hiding of information inside images themselves is vital when distributing pictures over networks. Without it, ownership of a particular document cannot be established. In our investigations, we have studied the impact of watermarking on video compression and ways in which a signature can be embedded in a sequence of video frames, with the minimal level of visibility and maximum resilience to attack.
In line with current trends, we are also active in engineering the transport of video over wireless networks such as Bluetooth, WiFi and WiMax. Complex interactions between packetization, radio frequency noise, cross-traffic congestion and desired video quality arise, as our recent publications reveal. One of the major applications for low bit-rate video is the broadcast of video to mobile handheld devices, with the emergent DVB-H standard being a focus of such activities. Video transport must now be achieved across heterogeneous networks which employ a variety of fixed and wireless network types, with differing bandwidths and protocols. The Internet or converged IP networks will deliver video before it crosses a wireless access network to the display device, whether that wireless interconnect is short range like Bluetooth or longer range like DVB-H. Delivery of best video quality within this heterogeneous environment is the main thrust of this work in progress. We have finished an EPSRC grant which investigated error control for broadcast video linked to hierarchical modulation and again the final report was rated Leading to Outstanding or Internationally Leading.
Another interesting research area is Distributed Video Coding (DVC); a new paradigm in video coding, which is particularly well suited for applications which require a simple encoder such as low power sensor networks, video surveillance cameras and mobile devices, of course the decoder needs to be complex to do most parts of processing. Besides, DVC also offers other interesting features, including the robustness to channel errors, the codec independent scalability as well as the suitability for multiview coding. Although DVC may outperform H.263+ or H.264/AVC Intra, there is still a significant performance gap relative to H.264/AVC (inter). 

For simplicity, the encoder encodes some of the key frames as Intra and the remaining ones with Wyner-Ziv method. In order to decode Wyner-Ziv frames, the decoder uses Side Information (SI), which is interpolated or extrapolated from decoded key frames. Since SI is considered the “noisy version” of WZ frame, the higher SI quality means there is less noise in the SI, or the decoder needs less number of parity bits (rate) sent from the encoder to achieve a target decoded quality. Our goal is to reconstruct the best interpolated picture to minimize the required WZ data. 

Secured transmission of multimedia content over the Internet is becoming a challenge. In our research we attempt to provide secure transmission environment to H.264 AVC/SVC streams. To achieve the goal, we apply security at both application and network layer, that is:

1. Security of Video Contents (by Encryption and Key management)

2. Security of Network (by Authentication)

The AES (Advanced Encryption Standard) is used for Cryptography. The MIKEY (Multimedia Internet Keying), Key Management Protocol will be used to enhance the security by deriving the hierarchical key structure for scalable layers of H.264/SVC. The MIKEY is a standardized key management protocol for the efficient and secure key generation/distribution specifically for real-time multimedia sessions. The proposed Application will manage multiple keys for multiple SVC Layers. It is decided to use the SRTP (Secure Real-time Transport Protocol) Protocol for secure data transmission over network.
Finally, we are investigating factors affecting the growth of multimedia services in a network. Penetration and use of services like voice, message and content depends on several factors such as availability of alternative services, income, education, language and device diversity, service charge, charging mechanism and monetary cost in service provisioning. To study growth of multimedia services in various countries, statistical regression is performed on cross country data for phone subscription, uses of the call, the message and internet to model the demand for services such as voice call, message (e.g. SMS and MMS) and internet service. Based on the analysis major factors affecting the growth of the services are identified and technical and commercial solutions are studied. Our work so far indicates that language and device diversity is a potential barrier for people-to-people and business-to-people message communications, and techniques which allow performing an automatic translation/transcoding of the message format (e.g. language and audio and video codec) are very useful. In the case of internet communication, it appears that charging both the internet user and the content provider according to the cost to provision the service is beneficial both for the user and operator.  In order to estimate the cost for access (i.e. connection) and usage volume a parametric cost estimation model has been developed. The applicability of the model for designing a network and deciding interconnection charges between networks at national and international level are also studied. Accounting and estimating congestions created by users and their applications in the network. This has implications for congestion control, congestion policing and congestion-based pricing.
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