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Abstract


The quality of video processing equipment is related to the quality of the images it produces. This paper describes some algorithms which can objectively assess the quality of images produced by image processing equipment with respect to a set of reference images. These algorithms are used in an automatic test system developed to functionally test JPEG Encoder Decoder card pairs.





1. Introduction





In the recent years significant work has been carried out in developing effective measures of objective or quantitative image quality analysis. The measures thus developed have been used for testing image processing equipment and diagnosing faults at various levels. These ATE systems range from those that simply perform signal to noise ratio calculations between reference and reconstructed images to Artificially Intelligent scene analysis systems, for example a system developed by Voran & Wolf1 that emulates human viewing panels and a system designed by Lourens2 that employs image processing to objectively detect image impairments. The actual technique used in a particular system however depends upon the processing carried out within the Devices Under Test (DUT) as well as the diagnostic resolution desired by the user.





This paper explains the design of an automatic test system to test JPEG encoder decoder cards pair for functionality. Different tests that may be employed to check various features of the Device Under Test (DUT) are also detailed. The next section discusses quality issues for images that have been compressed and reconstructed using the JPEG image compression algorithm . Section 3 discusses various hardware requirements for the implementation of such a system. Section 4 then describes the algorithms designed for implementing the required image processing tests. Section 5 describes the system in operation.








2. Image Quality Issues For The JPEG Image Compression Algorithm





Analysing the quality of the images that have been reconstructed after compression using the JPEG algorithm3 is not a simple task. The most common method employed to evaluate the quality is to calculate the Root Mean Square error between the original and the reconstructed images. This may provide a very broad indication of the quality of the reconstructed image, if any degradation is evenly distributed over the whole image. Due to the nature of the algorithm, blocks with a large amount of high frequency information generally suffer more degradation than those containing a lower amount. In addition, such defects increase with higher compression ratios. An image with such visible degradation may pass a Root Mean Square check, but would not be acceptable in subjective analysis. 





An obvious approach in determining the quality of such images is to perform analysis operations on the respective blocks of original and reconstructed images. This block by block analysis is based on determining significant similarities between respective blocks of the original and the reconstructed images. The measures thus adopted should be able to indicate blocks in the reconstructed image that are sufficiently dissimilar to their counterparts in the original image. 








3. Hardware Requirements For Implementation Of The ATE





Technical information regarding the Devices Under Test (DUT)


The DUT for this particular ATE is a JPEG encoder decoder card pair to be produced by a manufacturer of video surveillance equipment. The ATE is required to determine the operational condition of a particular card pair by analysing the images reconstructed by the decoder with respect to the original images that the ATE controller communicates to the JPEG encoder.





Video Interfaces


The JPEG encoder receives at its input a PAL colour analogue video signal. It digitises this signal and compresses it using the JPEG image compression algorithm. This compressed digital image data is available at the output of the encoder.





The JPEG decoder receives compressed digital image data at its input. It decompresses the compressed image using the JPEG image decompression algorithm. It then converts the digital reconstruction of the compressed digital image data to a PAL analogue colour signal which is available at its output.





The encoder/decoder cards will operate as pairs, separated by a communication network4.     





A characteristic of this particular DUT is that if the video data input to the decoder is interrupted, the decoder will continuously replay the decompressed image data for the last image frame that it had received. 





The JPEG encoder and decoder both have RS232 serial asynchronous data links. These are used to configure both cards prior to the commencement of system operation.





Hardware Design


As already mentioned, the operational status of the JPEG encoder decoder pair is to be confirmed by analysing the images reconstructed by the decoder with respect to the original images that the ATE controller communicates to the encoder for compression. The complete system can be thought of as a loop as shown in figure 1.
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Figure 1





The ATE hardware sends a stimulus image stored in the controller’s hard disk to the encoder. The encoder encodes the image to compress it. The compressed image data is sent to the decoder which decodes the image. At the output of the decoder, the resultant PAL image is input by the ATE. The test routines and algorithms programmed in the ATE controller then compare the resultant and stimulus images to determine the resultant image quality with respect to the stimulus image. The quality of the JPEG encoder decoder cards is directly related to the quality of the resultant image with respect to the stimulus image.





The ATE in itself may contain a number of diversified units. These include the controller and peripherals, image acquisition devices, test fixtures and DUT power supply. The following paragraphs discuss the hardware that was available during the course of development. 





Controller 


Due to the cost involved in assembling a potent ATE, the system has been designed around an IBM PC compatible computer. The controller is required to have two RS232 serial communication ports. These ports are to be used to configure the decoder and the encoder for operation at the beginning of the diagnostic cycle.





Video Acquisition Device


The video acquisition device used is a PC compatible image frame grabber card. This card provides the facilities for image acquisition and display for colour images of 512x512 pixels. It however has only one frame buffer, so it can perform only one function at a time. 





As the DUT receives and generates video as analogue PAL video signals, it is necessary to convert between this and the RGB input and output of the PC based frame grabber.





The controller after writing the digital  stimulus image data from the stimulus image file to the frame buffer of the frame grabber card, instructs it to continuously play a few frames for the encoder.





The decoder then generates, at its output, the PAL video signal representing the resultant image. This PAL video signal is converted into RGB format by a PAL to RGB converter. 





The controller then commands the frame grabber to grab a frame of the regenerated image at its video input. The frame grabber digitises the RGB signals that are available at its input and stores them in its frame buffer. The controller can then read the resultant image data from the frame buffer of the frame grabber card and write it to the resultant image file on the disk. Numerical and the diagnostic algorithms can then compare the image data in the stimulus and resultant image files to calculate the relative quality of the resultant image frame. The overall hardware for these operations is shown in Figure 2.





4. Analysis Algorithms





Diagnostic Resolution


Diagnostic resolution may be defined as the level of faults to be diagnosed in the DUT5. The test system for the JPEG encoder decoder card pair is intended to determine faults at the encoder decoder card system pair level. This means that the system is supposed to be able to determine whether the encoder decoder card pairs are operating as per specifications or not. 





If the encoder decoder pair is not operating as per specifications, it may be possible to isolate the defective card. This is done by replacing either the encoder or the decoder in turn by another one of its kind (i.e. a known functionally good card) and performing the tests again. Board component tests will be undertaken elsewhere in the production cycle. 





In addition, tests carried out on separate colour components of the images will also provide information regarding the performance of circuits on the units that process those colour signals.
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Figure 2





Image Quality Measures


The standard performance test carried out on signal processing equipment in the industry is the measurement of signal to noise ratio6. However, as transform coding techniques operate on blocks of images, some blocks of the image may suffer a significantly greater amount of distortion than others7. This distortion may also be a function of the image data within the block. An image with a few distorted blocks may still have a sufficiently high average signal to noise ratio over the whole frame to give a false indication of satisfactory performance of the DUT. Thus other tests may need to be carried out to determine if any blocks of the image are distorted. These tests must also measure the degree of distortion.





Certain video encoder or decoder errors may also translate the entire image frame by a few pixels in a certain direction. These faults are often associated with synchronisation operations within the cards. If such shifts vary for each frame, an image sequence may appear to jitter. However if the shift varies within the frame, the image will appear to be distorted as shown in figure 3.
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Figure 3





If the shift is uniform, the image will not jitter and if the shift is within certain tolerable limits, performance tests may be carried out after compensating for the shift in either the original or the reconstructed images.





Algorithms


Measurement Of Pixel Shifts


Shifts introduced in image frames by video encoder decoder pairs are detected relatively easily if binary monochrome images of simple geometrical shapes are used. Binary monochrome test cards have pixels values of either 0 or 255. A typical binary monochrome test card is shown in figure 4.





�embed PBrush � �Binary Monochrome Test Card





�embed MSDraw ���


Figure 4





The test card contains a pattern known as a template at a certain location within the test card. The test card is passed through the encoder decoder pair. The values of pixels in the resultant image received from the decoder are reconstructed to their original values by using a threshold of 128. The template in the stimulus file is then matched to that in the resultant file by employing the sum of difference algorithm8. 





Consider t(x1,x2) as a template defined by the template specific co-ordinates, and f(x1,x2) as the image. The template t is shifted over all possible locations in f and a measure of the match is computed at each of these locations. This measure is given in equation 1 .





Template Matching
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Figure 5





�embed Equation.2 ���				(1)


Sft(y1,y2) is zero for an exact match. 





It is not necessary to search for the template in the entire reconstructed image. As a shift of only a few pixels in the horizontal and vertical directions is tolerable, a search area slightly larger than the template may be designated within the stimulus and resultant test cards. The size of the search area with respect to the size of the template defines the amount of tolerable shift. The pixel shift experienced in the encoding and decoding process is given by the position of the template within the resultant image frame with respect to its position in the stimulus image frame.





If the image is distorted, the template may not be detected within the search area. If the shift is more than the amount allowed for, the template moves out of the search area partially or completely and is not detected by the sum of difference check.





Care must however be exercised when designing the test pattern. The pattern in the template must not be allowed to repeat in the search area. This will result in erroneous computation of template location and therefore shift. 





Jitter, i.e. varying shift on a per-frame basis, may be determined by repeating the above mentioned test a number of times. If the shift is the same in each iteration of the test, then the image sequence does not suffer jitter. 





Pixel Shift Compensation


If the video encoder or decoder induces constant tolerable shift within images, the stimulus and the resultant images need to be compensated for the shift with respect to one another before other tests may be carried out. The simplest method to achieve this is to create a copy of the stimulus image in which the image is shifted by the amount detected by the previous test. The shift compensation process for this particular application is thus a sequential file copy  operation where the target files have copies of the original image frames with the requisite amount of shift applied to them. 





Signal To Noise Ratio Calculation


The signal to noise ratio in the reconstructed image with respect to the shift compensated stimulus image may be calculated from the Root Mean Square error between the two images. This can be evaluated using equation 2. 





Root Mean Square Error = �embed Equation.2 ���					(2)





where





N		: image dimension


�embed Equation.2 ���	: amplitude of arbitrary input element


�embed Equation.2 ���	: amplitude of reconstructed counter part of �embed Equation.2 ���


�embed Equation.2 ���	: maximum amplitude of input element








The Root Means Square error between the individual colour components is also calculated. This is achieved by converting each pixel of the colour image in the RGB into the YUV components of the luminance - chrominance domain for the video signal using the transformation in equation 3.





�embed Equation.2 ���						(3)





The RMS error between the stimulus and reconstructed images for each colour component as well as the luminance component may now be calculated using  equation 4





Root Mean Square Errorcolour = �embed Equation.2 ���			(4)





where





N			: image dimension


�embed Equation.2 ���		: amplitude of arbitrary input element of a particular colour or


			  luminance


�embed Equation.2 ���		: amplitude of reconstructed counter part of �embed Equation.2 ���


�embed Equation.2 ���	: maximum amplitude of input element for colour or luminance 


			  under analysis





Once the RMS error has been calculated, the signal to noise ratio in the reconstructed image with respect to the stimulus image is calculated using the  equation 5 .





Signal to Noise Ratio = �embed Equation.2 ���					(5)





Block By Block Analysis


Block by block error checks are also carried out between the reconstructed and the shift compensated stimulus images in the RGB domain. This is necessary due to the possibility of errors being localised to individual blocks of the block coded image. The size of the blocks selected is 8x8 pixels per block. Tests are carried out using an algorithm developed for this purpose and referred to here as the Minimum Distance Algorithm for Image Similarity. This algorithm computes the percentage similarity between the original and the reconstructed image blocks as a function of the distance between them with respect to the distance between the original image block and its most distorted possible replica. In the first step, the algorithm generates the most distorted image patch possible for the original image patch under consideration. This is accomplished by assigning zero to an array element for which the corresponding array element in the original image patch is greater than or equal to 128. All other array elements are assigned 255. The Euclidean distance between the original and the most distant or distorted image patch is then computed as shown in equation  6.





�embed Equation.2 ���							(6)





where





dmax	: distance between the input image block and the most distant image block 


�embed Equation.2 ���	: amplitude of arbitrary input element


�embed Equation.2 ���	: amplitude of the most distant counter part of �embed Equation.2 ���





The Euclidean distance between the original and the reconstructed image patches is then calculated by a similar expression given in equation 7.





�embed Equation.2 ���							(7)





where





d		: distance between the input image block and the reconstructed image block 


�embed Equation.2 ���	: amplitude of arbitrary input element


�embed Equation.2 ���	: amplitude of the reconstructed counter part of �embed Equation.2 ���





The similarity factor for the blocks of the reference and the reconstructed images in question is then computed as given in equation 8





�embed Equation.2 ���									(8)








5.  System Operation





Images used for the above tests are stored in binary files on a hard disk in RGB format. The test card used in the DUT diagnosis is a monochrome image, also stored as a binary file. The stimulus and the reconstructed images are converted to their luminance components during system operation and are stored in separate binary files.





The entire diagnostic sequence of the system is illustrated in figure 6.








6. Conclusions





The ATE described within this paper has been developed to functionally test JPEG encoder decoder card pairs. The diagnostic checks performed include measurements to determine the pixel shifts induced in the reconstructed test card image by the DUT. The system then compensates for this by modifying the stimulus image with respect to the resultant image for constant tolerable shifts for all subsequent analysis. If the shift is intolerable, or is not constant either within the frame or for a number of frames, the system aborts subsequent analysis.





An algorithm to determine image degradation at the block level has been developed for the test suite to enable localised errors to be detected which may otherwise yield acceptable Signal-to-Noise figures for subjectively unacceptable images.





Diagnostic Sequence


�


Figure 6
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