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ITU-T SG16 would like to inform you that Question 23/16 received contribution COM16 – D.106 “A proposal for launching study on Gamma correction in multimedia communications” which sets forth the proposal that SG16 start a new work item on gamma correction related issues in multimedia communications.
There was an extensive discussion about this contribution at a joint session of Q.1, Q.6, Q.23/16. The general views are as follows:

Gamma correction related issues are an important problem in multimedia communications.  It is applicable not only to video, but also to other types of visual media.  The existing approach to gamma correction is mainly based on cameras or simple LUTs which may not be sufficient in providing a generic solution for multimedia communications, especially when it comes to public-oriented multimedia services where the number of endpoints involved can be very large and a wide range of video capture, processing, and display devices are used. Therefore, there are a number of issues to be studied, for details, please see the attachment.

SG16 decided to invite further contributions on this topic with analysis and proposals for how to solve this and to request your views on this issue. 
It is recognized that most of the gamma issues have their roots in television technologies, and useful work has been done in the television industry.  So it is possible that SG16 can make use of your experience and possibly import some existing methods if applicable.

Therefore, we send this LS to you and request your kind advice.
Attachments:
· Excerpt from Q23 report with D.106 discussions

· COM 16 – D.106 
Attachment 1
(to COM 16 – LS 52 – E)

Extract from the Q.23/16 Report (TD 167R1/Plen/16)
…

3.3.4.9
Gamma processing issues

Delayed contribution D.106 was reviewed jointly with Q.6, Q.1, and Q.23.

It advocated to consider the effect of gamma nonlinearity processes.  It was noted that sometimes gamma adjustment processes are cascaded and intermediate processing is also performed (e.g., color matrix, compression, resampling, etc.) and/or offsets are added (or not added when perhaps they should have been), and sometimes the "camera gamma" does not match the "display gamma", and that sometimes improper combinations occur inadvertently.  A desire was expressed to study the impact of the issues and to determine solutions from that study.

Various gamma-mapping curves are enshrined in local and international standards of various sorts.

It was noted that there are other organizations that have significant expertise in gamma-related work, including ITU-R, IEC, CIE, and SMPTE.  There may be expertise in those organizations that we do not find currently in SG16.

A suggestion was put forth to "just mandate a particular gamma" for use in SG 16 systems.  It was noted that there is a diversity of application environments for our standards as well as difference CRTs, different cameras, etc.  Mandating a value may be one solution to achieve interoperability (putting the burden on the encoder to convert to that value); and treating gamma information as metadata is another solution (putting the burden on the decoder to convert from whatever convention is in use to what is appropriate for its display).  There are many factors to consider.

It was noted that video cases are somewhat dominated/mandated by television practice, and this may dictate particular answers.  Outside of video (e.g., for still images, film material, etc.) there is further uncertainty.

It is not entirely clear how much importance we should place on trying to take action on this topic.

One suggestion was to pick 1.0 gamma.  However, it was remarked that 1.0 is not perceptually good as a trade-off between dynamic range and quantization error.

The topic seems worth study.  SG 16 is thus open for contribution analyzing the impact on our environment and considering what we should do about it.  However, we are not fully convinced that there is a strong need for work on this in SG 16.

Further contributions on this topic are welcome.  Q.23 or Q.1 seems an appropriate place to consider/discuss these issues for now.  Q.6 would also like to be kept informed.

…

Attachment 2
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1 Introduction

Gamma correction has recently been recognized as an important problem in multimedia communications. However, no systematic study has ever been done and no generic methods for Gamma correction suitable for the complex context of multimedia communications exist. In this contribution, some issues related to Gamma correction are highlighted with the necessity of studying Gamma problem being analyzed.

2 Discussion

2.1 Gamma problems in multimedia communications

One aspect of good user experience in visual communications (videoconferencing, videotelephony, MMS, collaboration, visual IM) should be the fidelity of light intensity when propagated and transmitted from its source to the human eye. This is the linchpin on which Gamma problems stand.

Gamma problems exist almost everywhere in multimedia communications. Visual media are the essential elements of any multimedia communications system and Gamma problems are essential to visual media including video, still image, computer-generated graphics, animation, etc. At the Melbourne Rapporteurs’ meeting of WP2/SG16, France Telecom’ contribution AVD-2676 set for the requirements for Gamma correction in videotelephony services. Following this line of thought, we can see there are more Gamma related problems to be studied for videotelephony and other multimedia services.

In nature, Gamma problems are caused by the nonlinearity between the input (can be incident light to camera, input data for video adapter card’s display buffer, or the voltage applied to CRT monitor) and the output (can be electric level signal from camera, intensity of the light from CRT monitor) luminance signals of a Gamma box. The ideal relation between the input and output luminance signals is a linear one; however, linearity is only relative while nonlinearity is absolute. Therefore, on the path of a visual signal from its source to its destination (usually the human eye), there are multiple Gamma boxes that exhibit such nonlinearity and their cascading/concatenation constitutes a Gamma path that is to be Gamma-corrected. The purpose of Gamma correction is to restore the linear relationship between the input and the output signals as much as possible. Such a correction may not be exact, but only approximate to some degree. Figure 1 shows two cases: a single Gamma box and cascaded multiple Gamma boxes.
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(a) Single Gamma box
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(b) Cascaded multiple Gamma boxes

Figure 1 Single and multiple Gamma boxes

2.2 Origin of Gamma problems

As is pointed out by AVD-2676, Gamma problems have their origin in CRT. The nonlinearity of CRT is given by

Luminance = C * valuegamma + black level
The offset value black level is often ignored to yield

Luminance = C * valuegamma
where the power gamma (γ) varies but is usually close to 2.2, which is chosen as the standard value for CRT gamma. Plasma and LCD display units may have different gamma values.

To compensate CRT gamma, an artificial gamma characteristic is introduced into camera with a gamma value of 0.45 which is exactly inverse to CRT gamma (22*0.45≈1). Only under the following assumptions will the whole system yield a total gamma value of 1.0, i.e., fully Gamma corrected:

(1) Only CRT and camera have gamma nonlinearities

(2) Their gamma nonlinearities are exactly known and inverse to each other.

(3) CRT Gamma nonlinearity can be represented as a pure power function without zero offset.

However we will show below that the assumptions don’t hold in many cases.

2.3 Existing approaches and their insufficiency in dealing with Gamma problems

At the present time, Gamma correction in multimedia communications systems is mainly done by the introduction of a gamma value of 0.45 in camera. But this approach’s effectiveness depends on the assumptions aforementioned. CRT may have 2. 2 as its gamma value, but for multimedia communications nowadays, end users should be free to use a LCD or plasma TV set for display. For video-telephony, a service potentially attracting millions of end users, it is impractical to require the use of a camera with Gamma correction function. Indeed some low-cost cameras don’t support Gamma correction.

Another approach involves the use of some system built-in LUT (Look-Up Table) to compensate CRT gamma nonlinearity. One example is provided by Apple Computer’s Macintosh OS. We can see that this method also shares the problems with the camera-based method.

The co-existence of camera-based correction and LUT correction may cause the two Gamma boxes to interfere with each other. Suppose that the CRT gamma value is 2. 2, the camera and LUT each has a gamma value of 0.45. Then the total gamma value=2.2*0.45*0.45≈0.45. It is not 1! Therefore multiple Gamma boxes (though some of them are intended to be used to Gamma-correct others) may result in over-correction or under-correction.

Besides, only models used to describe a single Gamma box exist, but there are no models for approximating concatenated multiple Gamma boxes.

2.4 Issues involved

On the basis of the above analysis, we need to develop a generic and systematic Gamma correction strategy for multimedia communications. Aspects are to be covered include:

(1) Identification of possible Gamma boxes for various signals in a multimedia communications system and how they are cascaded to form a Gamma path for each signal.

a) It is application and media type specific. For example, in videotelephony or other two-party video communications, there are at least four types of signals for consideration:

i. Local video

ii. Outgoing video

iii. Incoming video

iv. Loopback video

(stored) still image and computer graphics may be affected by different Gamma boxes. A complete Gamma path for a specific signal may comprise Gamma boxes located in different endpoints. For video from endpoint A to endpoint B, it first goes through camera in endpoint A, passing through some other possible Gamma boxes, finally ends up being displayed on endpoint B’s monitor.

b) Gamma boxes with strong enough Gamma characteristics should be identified.

c) Sequence of concatenation.

d) Possible Gamma boxes include but are not limited to:

i. Camera

ii. Monitor

iii. LUT

iv. Image file

v. Codec

vi. Old fashioned video adapter card which flattens input signal using many-to-one color mapping (palette).

(2) Generic model for single Gamma box

a) Ability to represent a broad range of Gamma boxes and high accuracy of representation.

b) As few models as possible.

c) Ease of parameterization.

d) Simple, small number of parameters.

e) Existence of inverse model.

(3) Generic model for multiple Gamma boxes cascaded

a) Ability to represent an arbitrary number of Gamma boxes of different types and accuracy of representation.

b) As few models as possible.

c) Ease of parametrization.

d) Simple, small number of parameters.

e) Existence of inverse model.

(4) Identification types of models and determination of model parameters

a) For a given single Gamma box or multiple Gamma boxes cascaded, it can be determined what type of model is the optimal model and what the optimal parameters are.

b) Based on the measurements of a set of samples of the input and output signals, some techniques based on optimal criteria like least squares(LS) or minimum square errors(MSE)can be used.

(5) Correction point selection and correction module design

a) Selection of appropriate points where a Gamma correction module can be inserted on the Gamma path for a specific signal.

b) Design of a Gamma correction module to be placed at the selected correction point which can correct the given Gamma path.

c) The correction module is uniquely determined by the Gamma path and the selected Gamma correction point.

d) Ease of implementation. 

(6) Negotiation for Gamma correction and Gamma information exchange between endpoints

a) Negotiation to determine which endpoint performs Gamma corrections in a given communications setting or how they share the job. Information to be taken into consideration includes processing capabilities and current processing loads of every endpoint involved.

b) Based on the negotiation result, Gamma information is exchanged between endpoints including the number of Gamma boxes, their model types and model parameters and how multiple boxes are cascaded, etc.

3 Conclusions

Based on the above discussions, it is natural to reach the conclusion that a study on Gamma correction in multimedia communications should be initiated with the objective of established a generic method for Gamma correction. Items to be studied are proposed to include:

(1) Establishment of generic models for single Gamma box and multiple Gamma boxes cascaded and model determination schemes through measurements.

(2) Given Gamma boxes’ models and their parameters and the sequence of concatenation, determination of the optimal correction module and its implementation.

(3) On the basis of (1) and (2), Inter-endpoint Gamma correction negotiation and information exchange.

It is proposed to start a new work item H.Gamma in SG 16.

_____________________
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