- 12 -

TD 697 

	INTERNATIONAL TELECOMMUNICATION UNION
	STUDY GROUP 9

	TELECOMMUNICATION
STANDARDIZATION SECTOR

STUDY PERIOD 2005-2008
	TD 697 

	
	English only

Original: English

	Question(s):
	14/9
	Colorado, USA, 29 October-2 November 2007

	TEMPORARY DOCUMENT

(Ref. : COM 9 – C 94 – E)

	Source:
	WG5

	Title:
	Proposed Draft New Recommendation P.trv “Subjective video quality assessment methods for recognition tasks”


This TD is a proposed revision to COM9-C94 (USA)
Introduction

Study Group 9 is responsible for developing Recommendations for testing video quality delivered over cable networks. Most of these Recommendations address the measurement of human perceptual quality.  Video is often used for many applications outside of the entertainment sector, and generally this class of video is used to perform a specific task.  These applications necessitate that the video quality be sufficient to recognize people, lettering, or other objects in the video content, regardless of the perceptual quality.  
Proposal

A method is proposed in this contribution for measuring the quality of video used for recognition tasks. We propose that this Contribution form the basis of a Draft New Recommendation for Progressing.

Subjective video quality assessment methods for recognition tasks
1. Scope
This Recommendation defines subjective assessment methods for evaluating the quality of one-way video used for target recognition tasks.  Target Recognition Video (TRV) is video that is used as a tool in order to accomplish a specific goal through the ability to recognize specific targets of interest in a video stream.  TRV can be used in various video services such as surveillance, human identification, license plate identification, telemedicine, robot control, and remote monitoring and decision making.    “Target” refers to something in the video that the viewer needs to identify.  Possible targets include faces, objects, or alpha-numeric characters.
Each of these areas requires specific video test material that spans realistic conditions with stimuli that are carefully chosen to allow multiple scenarios to be created repeatedly with different objects of interest, in different lighting conditions, or with small changes in scene details.  
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3. Terms and Definitions

This Recommendation defines the following terms:

3.1. Discrimination Class: One of three levels of visual discrimination at which the target can be analyzed [8]:

· Elements of the action – in a very broad and general sense, identification of the series of events that took place

· Target Class – recognition of the general class of the target (e.g. person, car, type of object).
· Target Characteristics – recognition of unique characteristics of the target (e.g. gender, markings, scars, tattoos, dents, color).
· Target Positive Recognition – recognition of a specific instance of the target (e.g. recognition of a person, a specific object, or an exact alpha-numeric sequence).

3.2. Scenario Group: A collection of scenes of the same basic scenario, with very slight controlled differences between the scenes.

3.3. Target Recognition Video: video that is used as a tool in order to accomplish a specific goal through the ability to recognize specific targets of interest in a video stream

4. Abbreviations

This Recommendation uses the following abbreviations:

DC
Discrimination Class
SG
Scenario Group

TRV
Target Recognition Video
5. Source Signal

Test sequences should follow the general principles stated in [2] and [3], which specify that scenes should be consistent with the transmission service under test, and should span the full range of spatial and temporal information.  It is critical for the nature of these evaluations that the stimuli used actually reflect the true operational parameters of the conditions under which the video material is collected, and cover the entire range of scenarios possible for the application area that one is identifying. Unlike other subjective assessment methods developed for quality evaluations, this method is directed at the usefulness of the video material to complete a task and not the quality of the video itself.

6. Test Methods and Experimental Design

For video that is used to perform a specific task, it may not be appropriate to rate the quality of the video according to a subjective scale such as Absolute Category Rating (ACR) [2].  The goal of test methods for TRV is to assess the ability of a viewer to recognize the appropriate information in the video, regardless of the viewer’s perceived quality of the viewing experience.  To assess the quality level of TRV, methods that reduce subjective factors and measure the ability of a participant to perform a task are useful in that they avoid ambiguity and personal preference.

Experimental methods should consist of having viewers perform tasks, such as responding to questions relating to the content in the image or video.  The response solicited from the viewer should match the DC under study; that is, the target to be recognized, and the viewer task, should be carefully designed to pertain to the appropriate DC.  For example, if the DC is Target Class, only class questions should be posed, not Target Positive Identification questions.
6.1. Multiple Choice Method
This method is appropriate for all DC levels and target categories (human, object and alpha-numeric).  For this method, the video is shown above a list of verbal labels representing the possible answers.  After presenting the video, the viewer must choose the label closest to what they recognized in the clip.  The use of fixed multiple choices eliminates any possible ambiguity that could arise from open questions, and allows for more accurate measurements. 
The number of choices offered the viewer will depend on the number of alternative scenes being presented.  It is not recommended to include an “Unsure” optional answer [10].  It may be more preferable to instead include a certainty rating option for the viewer. 
An example of the test screen a viewer would see is shown below.
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6.2. Single Answer Method

If there is a non-ambiguous answer to an identification question, the single answer method may be used.  This method is appropriate for alpha-numeric character recognition scenarios, for example.  A viewer is asked what letter(s) or number(s) was present in a specific area of the video, and the answer can be evaluated as either correct or incorrect.

“Yes or No” tests also fall under this method.  A viewer may be asked if a certain object was present in the clip, for example. In this method, it is important to ensure that the procedure used to gather the viewers’ responses is easy to understand, so that the test interface does not distract from the cognitive processing required for actual identification of the alpha-numeric characters or object. Care must also be taken to avoid terminology that may differ from participant to participant. 

It is not recommended to include an “Unsure” optional answer [10].  It may be more preferable to instead include a certainty rating option for the viewer.
An example of an alpha-numeric single answer viewer screen is shown below.
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6.3. Timed Task Method
A viewer may be asked to watch for a particular action or object to be recognized in the video clip.  When the viewer perceives that the target has occurred, a timer button can be pushed. In the timed task, the experimenter is able to determine if the time falls within an acceptable time frame for decision making. These time frames will be defined by the field in which the video is used, e.g., a person responding to a riot who needs to identify if the crowd has real weapons versus a person who is chasing a car and needs to read the license plate.
6.4. Real-time vs. viewer-controlled viewing

Depending on the nature of the task, TRV test methods can be used either in real time, without the ability to freeze or rewind, or it can be used for non real-time analysis.  The experiment should mimic the real world application of the video.  If the intended use of the video is for analysis, the ability should be provided to the subject under test to control the playing of the test clip.

6.5. Scenes
The application of TRV is directly related to the task being performed, and the need of the user to recognize targets at different levels of detail. These levels are referred to as Discrimination Classes [section 3.1].   In most applications, two factors will universally affect the ability to recognize targets in a video scene, regardless of other parameters under study: target size and scene complexity.

6.5.1. Target Size

For a set distance from the camera to the target of interest, the ability to recognize the target at the applicable DC may correlate to the video resolution of the target, which is directly related to the relative size of the target within the video frame.  Therefore, scenes should be designed such that the target is the general size of the target in the intended application, at the applicable DC. 
6.5.2. Scene Complexity

The specific definition of “complexity” applies to the effect of the homogeneity of the spatial and temporal video information on the parameters under study [9].  For example, if camera optics are being studied, the dynamic range of color and light levels may comprise the “complexity” of the scene.  If compression is under study, scene variance may be the “complexity.” Carefully planning should go into the definition and use of complexity for balanced experiments appropriate for the application.
6.5.3. Scenario Groups
Since TRV is generally used to perform a recognition task, the scenes should contain targets consistent with the application under study.  However, because the measurements are focused on a subject’s ability to identify objects and actions, the possibility that a viewer may memorize the scene content and use other visual clues to remember the identity of the target must be addressed.  Therefore, an individual scene may be replaced by a set of scenes containing multiple versions, with controlled differences between the versions.  This is called a Scenario Group (SG).  For example, the scenario could be that a person walks across the field of view carrying an object.  The SG would consist of multiple shots using different objects or different people.  The number of scenes in a SG should be large enough that scene memorization is unlikely.  An example of three scenes from one scenario group is shown below.  The scene content is almost identical except for the single change in the object being held.  The scenes within an SG are considered to be equivalent to each other in the design of the experiment.
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The content of the scenes should be determined by experts in the application for which the video will be used.  These experts should identify critical tasks, critical scenes in which these tasks are accomplished and critical parameters of the scenes.  These parameters will be used in the design of the experiment to create the set of multiple choice answers.  The scenes should be created in a way that the parameters of interest appear in the video at the resolution that would be realistically expected; that is, the parameters should occupy a realistic percentage of the field of view.
6.6. Experimental design
The experimenter should begin by following the guidelines outlined in [2].  However, instead of all processed scenes being viewed by every viewer, a “scene” refers actually to an SG, in which all scenes are considered equivalent.
6.6.1. Example

The following design would be appropriate for the study of two parameters at two levels each for complexity and target size.
	Factors for each test
	Levels
	Level names

	Image complexity
	2
	Low, High

	Target size
	2
	Small, Large

	Parameter 1
	2
	P1.1, P1.2

	Parameter 2
	3
	P2.1, P2.2, P2.3

	Total combinations (product of levels)
	24
	

	+ Baseline combinations
	4
	

	Total 
	28
	


With this design, each subject would have the following number of video clips to view. 

	n (number clips per 
experimental combination)
	Total clip views

	6
	168

	7
	192

	8
	224


The experimental procedure can thus be seen as a 2X2 grid for target size and image complexity, and within each cell of this grid there is a 2X3 grid for Parameter 1 and Parameter 2, with one baseline.

	
	
	Complexity 

	
	
	Low
	High

	Target
size
	Small
	P1,2
	P1,2

	
	Large
	P1,2
	P1,2


This can be reconstructed in the form of an experimental design matrix as shown:
	
	Target size
	Image 
complexity
	Parameter 1
	Parameter 2

	1
	Small
	Low
	None
	Low

	2
	Small
	High
	None
	Low

	3
	Small
	Low
	Low
	Low

	4
	Small
	High
	Low
	Low

	5
	Small
	Low
	High
	Low

	6
	Small
	High
	High
	Low

	7
	Small
	Low
	None
	High

	8
	Small
	High
	None
	High

	9
	Small
	Low
	Low
	High

	10
	Small
	High
	Low
	High

	11
	Small
	Low
	High
	High

	12
	Small
	High
	High
	High

	13
	Large
	Low
	None
	Low

	14
	Large
	High
	None
	Low

	15
	Large
	Low
	Low
	Low

	16
	Large
	High
	Low
	Low

	17
	Large
	Low
	High
	Low

	18
	Large
	High
	High
	Low

	19
	Large
	Low
	None
	High

	20
	Large
	High
	None
	High

	21
	Large
	Low
	Low
	High

	22
	Large
	High
	Low
	High

	23
	Large
	Low
	High
	High

	24
	Large
	High
	High
	High

	25
	Small
	Low
	None
	None

	26
	Small
	High
	None
	None

	27
	Large
	Low
	None
	None

	28
	Large
	High
	None
	None


Note that rows 25-28 are the baseline rows. 

6.7. Reference Conditions

The experimenter should follow the guidelines outlined in [2].

7. Evaluation Procedures

7.1. Viewing and Listening Conditions

The experimenter should follow the guidelines outlined in [2].

7.2. Processing and Playback System

The experimenter should follow the guidelines outlined in [2].

7.3. Subjects

Subjects who are experts in the application field of the TRV should be used.   The number of subjects should follow the recommendations of [2].

7.4. Instructions to subjects and training session

The subject should be given the context of the task before the video clip is played, and told what they are looking for or trying to accomplish.  If questions are to be answered about the content of the video, the questions should be posed before the video is shown, so that the viewer knows what the task is.

8. Statistical Analysis and Reporting of Results
The statistical analysis for each method will vary slightly. It should be noted that the statistical analysis of binary tests, such as multiple choice and single-answer, require the use of different statistical tools.  Therefore, it is recommended that the experiment be designed in such a manner that the results can be reported as a “percent correct” statistic of a number of different repeats of a trial.  By taking the difference between the sums of two Bernoulli variables, the resulting score will be close enough to a Normal approximation that standard statistical design of experiments techniques will enable conclusions to be reached from the data. By taking m replicates, where m is close to 20, these conditions should be met.  Repeats of a trial consist of any scene from a SG at an identical test condition.
Multiple Choice and Single Answer

Scores will be notated by Sk,l,i,j where:

· k is the subscript for target size;

· l is the subscript for image complexity;

· i is the subscript for Parameter 1

· j is the subscript for Parameter 2

The detection scores as follows can be denoted as follows:
	Experimental combination
	Target size
	Image complexity
	Packet Loss
	Compression
	Detection
Score
	Loss score

	1
	1
	1
	0
	1
	S1,1,0,1
	L1,1,0,1

	2
	1
	1
	1
	1
	S1,1,1,1
	L1,1,1,1

	3
	1
	1
	2
	1
	S1,1,2,1
	L1,1,2,1

	4
	1
	1
	0
	2
	S1,1,0,2
	L1,1,0,2

	5
	1
	1
	1
	2
	S1,1,1,2
	L1,1,1,2

	6
	1
	1
	2
	2
	S1,1,2,2
	L1,1,2,2

	7
	1
	2
	0
	1
	S1,2,0,1
	L1,2,0,1

	8
	1
	2
	1
	1
	S1,2,1,1
	L1,2,1,1

	9
	1
	2
	2
	1
	S1,2,2,1
	L1,2,2,1

	10
	1
	2
	0
	2
	S1,2,0,2
	L1,2,0,2

	11
	1
	2
	1
	2
	S1,2,1,2
	L1,2,1,2

	12
	1
	2
	2
	2
	S1,2,2,2
	L1,2,2,2

	13
	2
	1
	0
	1
	S2,1,0,1
	L2,1,0,1

	14
	2
	1
	1
	1
	S2,1,1,1
	L2,1,1,1

	15
	2
	1
	2
	1
	S2,1,2,1
	L2,1,2,1

	16
	2
	1
	0
	2
	S2,1,0,2
	L2,1,0,2

	17
	2
	1
	1
	2
	S2,1,1,2
	L2,1,1,2

	18
	2
	1
	2
	2
	S2,1,2,2
	L2,1,2,2

	19
	2
	2
	0
	1
	S2,2,0,1
	L2,2,0,1

	20
	2
	2
	1
	1
	S2,2,1,1
	L2,2,1,1

	21
	2
	2
	2
	1
	S2,2,2,1
	L2,2,2,1

	22
	2
	2
	0
	2
	S2,2,0,2
	L2,2,0,2

	23
	2
	2
	1
	2
	S2,2,1,2
	L2,2,1,2

	24
	2
	2
	2
	2
	S2,2,2,2
	L2,2,2,2

	25
	1
	1
	0
	0
	S1,1,0,0
	--

	26
	1
	2
	0
	0
	S1,2,0,0
	--

	27
	2
	1
	0
	0
	S2,1,0,0
	--

	28
	2
	2
	0
	0
	S2,2,0,0
	--


The loss of target detection ability scores will be calculated with the following formula:


[image: image8.wmf],,,,,0,0,,,

klijklklij

LSS

=-


Timed task
For the timed tasks the statistical analysis should incorporate two metrics that will in the end be correlated against each other to understand the impact of correctness versus time taken to perform the task.

The timed factor will be a straight average of time to identify the object, that will then be weighted against the correctness of the answer. For the correctness factor the same statistical analysis for the single answer conditions will also be applied.
For all conditions a correlation and understanding of the number of cycles per degree or area subtended of the target will be taken into consideration to determine the correlation between success and cycles per degree.
For cases where there are multiple answers, a statistical validity indicator will be required.
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