Experiment IX: Synthetic Artifacts Part II

February 2002

1 Goal

In Experiment Seven, we created a system which simulated two types of artifacts found in compressed video sequences (blurriness and blockiness) and generated sequences with both artifacts. These artificial artifacts were designed with the purpose of recreating the visual effects of the artifacts found in the compressed video sequences. The experiment’s goal was to measure the detection threshold and annoyance values for these sequences and compare them with the detection threshold and annoyance values obtained in the Experiments One and Two when real MPEG-2 artifacts were used.

In this experiment, we use the techniques developed in Experiment Seven to generate pure synthetic artifacts  (blurriness and blockiness). This time, we want to measure the detection threshold and annoyance values for video sequences of pure artifacts. Our goal is to try to understand better these types of artifacts and their relationship. From the data obtained form this experiment and Experiment Seven we hope to answer some of the following questions:

· Which of these artifacts affects the most the quality of images?

· How these blurring and blockiness artifacts are combined? Does the presence of one of these artifacts mask the other?

· Can we separate the annoyance values obtained for combined artifacts into separated values corresponding to each single artifacts and vice-versa? 

· How these individual impairment values add? Can we use a metric like Minkowski? 

2 Experiment Outline

2.1 General Methodology

This Experiment will follow the same methodology as those followed in the detection and annoyance measurements of Experiments Seven. The following originals video sequences will be used:  Bus, Cheerleader, Flower-garden, Football and Hockey.

The Experiment will be divided in two parts: in the first part we will use video sequences with pure blockiness and in the second part video sequences with pure blurriness. The subjects will be divided in two groups and each subject will judge only one type of artifact.

The Experiment will be broken down into training, practice, data gathering and interview stages:

· In the training stage, the subjects will be shown all five original videos. Then the user will be shown the videos with the strongest defect derived from each of the five original videos. The intent of this stage is to familiarize the test subjects with the endpoints of the defect range and to define the task that they will perform.

· In practice stage, the subjects will run through a limited number of practice trials of the experiment. No data will be collected during practice trials. The practice trials give the subject a chance to work through the data entry procedure and shake out last minute questions or concerns. The initial responses may also be somewhat erratic. The practice stage will allow the test subject responses to stabilize.

· After the practice session, the main stage of the experiment will start. The subjects will be shown 95 test sequences in random order. The 95 sequences include 90 test sequences with various strength defects and the five originals. After each sequence, the subject will enter detection (yes/no) and annoyance value (0-100) ratings.

· At the end of the experiment, the subjects will be asked the following questions: “How would you describe the defects you just saw?” and “Was the most annoying defect in the training set?”.

3 Test Sequence Generation

The artifacts are generated as described in Experiment Seven. The algorithm for generating artificial blockiness and blurriness was developed and will be described in Experiment Seven’s documentation. The same strengths of blockiness and blurriness were used because we want to be able to compare both experiments. Also, the same original sequences and defect zones were used.  

3.1 Originals and defect zones

The same original videos used in Experiment Seven were used in this experiment:  Bus, Cheerleader, Flower-garden, Football and Hockey. The total number of test sequences in this experiment is 95, for each type of artifact. The total includes 90 test sequences (5 originals times 3 defect zones times 6 scaling factors) plus the five original sequences. 

The sequences will be shown in random order during the main experiment. A small routine is used for generating the list containing the names of all video sequences in random order. These lists will then be used by the program, which runs the main experiment to show the video sequences. 

Table 1.  Summary of the defect zones used for each original.

	Sequence
	Defect  zone 1
	Defect  zone 2
	Defect  zone  3

	Bus
	Top,

horizontal strip.
	Center,

horizontal strip.
	Bottom,

horizontal strip.

	Cheerleader
	Top,

horizontal strip.
	Center,

horizontal strip.
	Bottom,

horizontal strip.

	Flower-garden
	Sky
	Houses
	Garden

	Football
	Left,

vertical strip.
	Center,

vertical strip.
	Right,

vertical strip.

	Hockey
	Left,

vertical strip.
	Center,

vertical strip.
	Right,

vertical strip.


The defect zones files are the areas of the video in which the artifacts are to be inserted. The interval, the position, and size where the defect zones are vary within each frame. The defect zones used are the same as the ones used in Experiment Seven and are described in Table 1. The information about the defect zones of each frame is stored in binary files. As in Experiment Seven we used a linear transition in the areas around the borders separating the defect zones and the rest of the frame. This avoids the problem of having very defined borders between the defect zone and the rest of the frame, what may increase the visibility of the artifacts. The algorithm for creating these borders is found in the Experiment Seven’s documentation.

3.2 Generation of artifacts

Blurriness and blockiness seem to be two of the most evident artifacts found in compressed videos. The artifacts were created independently.  In the Experiment Seven’s documentation the algorithms for generating both the artifacts are described. 

The test sequences were generated in similar way to the previous experiments. First, we generated all the pure blockiness and blurriness artifacts sequences. We generated the artifacts at the same strength used in Experiment Seven: 0.80 of blockiness and 0.80 of blurriness. 

Table 2.  Weighting factors r used to combine sequences in Experiment Seven.

	Defect zone
	R

	Bus – Top
	0.550 0.700 0.800 0.900 1.000 1.100

	Bus – Center
	0.350 0.450 0.550 0.700 0.850 1.000

	Bus – Bottom
	0.350 0.450 0.550 0.700 0.850 1.000

	Cheerleader – Top
	0.350 0.450 0.550 0.700 0.850 1.000

	Cheerleader – Center
	0.300 0.450 0.570 0.700 0.820 1.000

	Cheerleader – Bottom
	0.400 0.500 0.600 0.700 0.850 1.000

	Flower – Sky
	  0.450 0.570 0.700 0.850 1.00 1.200

	Flower – Houses
	0.300 0.420 0.550 0.680 0.800 1.000

	Flower – Garden
	0.320 0.450 0.570 0.700 0.820 1.000

	Football – Left
	0.400 0.500 0.600 0.700 0.850 1.000

	Football – Middle
	0.350 0.450 0.550 0.700 0.850 1.000

	Football – Right
	0.550 0.650 0.750 0.850 1.000 1.100

	Hockey – Left
	0.450 0.550 0.650 0.750 0.850 1.000

	Hockey – Middle
	0.500 0.680 0.800 0.920 1.100 1.200

	Hockey – Right
	0.500 0.600 0.700 0.800 0.980 1.200


Second, like in the previous Experiments, we linearly combined the originals and the sequences with the pure artifacts. We used this technique because we wanted to vary only the strength of the impairments. By varying the weighting of each video, we could weaken the impairment (original dominates the combination), strengthen the impairment (sequences with combined artifact dominates the combination), or even exaggerate the impairment (boost the difference between video with defects and original). The formula used to generate the test video sequences from the strongest artifact sequences is
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 is the sequence with the pure artifacts, r is the weighting factor and Y is the result.  

To create a large range of impairments strengths, the difference between 
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 was exaggerated using weighting factors greater than one. Table 2 summarizes the weighting factors used in this experiment. 

The total squared error (TSE) is defined as: 
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4 Main Experiment

The general flow of this experiment will be essentially the same as for the Experiment Seven, except for the division of the experiment in two parts. Each part of the experiment can be seen as an independent experiment and will be seen by half of the subjects.  Part one of the experiment will gather data about pure blockiness and part two will gather data about pure blurriness.

First, a five-second test sequence will be shown on a video monitor. After the video has finished, a dialog box (see Figure 4) will appear on an adjacent computer monitor. The dialog box will initially assume that a defect was seen. If a defect was not seen, the subject hits ‘No’ or uses the mouse for choosing ‘No” for ‘no defect’. If a defect was seen, the subject simply starts typing in the annoyance value. When the subject is finished entering data, he/she hits return. The program will not move on unless either ‘No’ or a valid annoyance value was entered. While the data is being entered, the computer will start to load the next video sequence. After the value has been accepted and the video has completed loading, the next video will be shown.

The subjects will be asked to enter annoyance values in the range of 0 to 100, although will be told that it is okay to exceed values of 100 if he/she thinks the sequence is worse than any of the training sequences. Values less than zero will not be accepted, but the program will not impose any upper limit on the annoyance values.  Non-numbers will also be rejected. 
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Figure 1.  Dialog box used to enter annoyance value data.
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