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Abstract:  Described the functionality of an Automatic Target Recognition system. The most important item among the specifications—recognition time was estimated. The bit plane target and template correlation is a main factor that deciding the recognition time. The algorithm of correlation is discussed. A software implementation is done with SystemC code. Test bench has setup to test the functionality of correlation module. The output shows that the calculation is correct. .
1. Introduction
Automatic target recognition (ATR) system had been developed to process the images that generated from a synthetic aperture radar (SAR) system. This system was implemented in a 4X6 inches print circuit board [1].  The advance of VLSI technology is possible to emerge the system in a chip (SOC). This Hardware/Software co design job was divided into several stages. In the first stage we will look into the specifications of the system, develop the main algorithm, and simulate it in a SystemC environment. This report is a review of the first stage’s job.
2. AUTOMATIC TARGET RECOGNITION SYSTEM
The function of an ATR system is to analyze the digital images or video sequence in order to locate and identify all objects of certain class. The ATR system structure is illustrated in Fig. 1. The SAR system produces real-time images that contain several million pixels. Images pass through a focus-of-attention stage that identifies regions of interest, each of which contains a potential target. These regions of interest, known as “chips,” must be correlated with a large number of target templates. Target templates are much smaller than chips, and are represented as binary images. The correlation results are sent to a peak detector, which identifies the template and relative offset at which the highest correlation occurs. The correlation of chips with templates is the performance bottleneck for the system. The system described here uses chip sizes of 128-by-128 pixels and template sizes of 8-by-8 pixels. The correlation of a single chip with a single template involves consideration of 14 641 (121X 121) offsets within the chip. Correlating these data produces 87 846 bits for the results, assuming that 6 bits represent the correlation outputs. This operating scenario involves evaluating many chips against a library of thousands of templates in real time.

Fig. 2 illustrates the template-matching phase in more detail. Target templates occur in pairs, one member of which is known as the bright template and identifies locations from which a strong radar return is expected, while the other is known as the surround template and identifies locations where strong radar absorption is expected. 
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Fig. 2 ATR template matching data flow 
The first step of template matching is known as the shapesum calculation, which involves correlating the bright template with a chip. The shapesum is calculated by summing the correlation of the bright template against each of the 8 bit planes from the chip. The purpose of the shapesum is to account for scene contrast variance, i.e., targets against either bright or dark backgrounds.
 The second step involves correlating the actual target templates with the chip, which is performed in parallel on eight different binary images.  These images are formed by applying eight threshold values to the chip. The binary images are correlated with both the bright template and the surround template, producing eight pairs of correlation results. The shapesum value is used to select which of the eight threshold pairs will be forwarded to the peak detection step. This structure allows the template pairs to be correlated against the chip while the shapesum is being evaluated concurrently, thus allowing a late selection phase. 
3. ATR system specification, and  algorithm

a) ATR System specification 
· Image ‘chip’ size: 128X128 pixel. 

· Template size: 8X8 pixel. A whole set is “a large number” ( hundreds?) of templates.
· Radar system output “ several million pixels” per image.
· Reliability: observe to military reliability standard. Not consider here.

· Power consumption: most of ATR systems are considered to be used in station condition. 
· Cost: not a critical specification for military products.
The most important specification of this system is the time for target matching. The following is estimation:
If radar system output 30 frames of 4 million pixels image per second, it is about 8300 chips per second to process. Suppose every chip has to correlate with 300 templates in one matching, the whole time for one chip should be less than 0.4uS. Considered about the other process steps in Fig.2, the time break down to one single bit plane correlation will approximately be 100-150 nS. 
b) Correlation algorithm
1. Software correlation 

From object recognition theory [2], to find matches of a sub image w ( s, t ) of size J by K with  an image f (x ,y ) of size M by N , the basic method is calculate the correlation between them(Fig. 3).                   
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Fig. 3  Correlation of f (   ) and w ( ) at point ( x’, y’ )
The correlation between f ( x , y ) and w ( s, t )  is C ( x , y ) :

      J-1    K-1

                                                         C ( x , y ) =     f ( x + s,  y + t ) * w (  s ,   t )


(1)


       s=0   t=0 
For x =  0, 1, 2 .... M-1,   y  =  0, 1, 2.... N-1.  
 M and N is the dimension of target image. The origins are selected at left upper corner. At certain point ( x’ , y’ ), application of equation (1) yields one value of C( x’ , y’ ). As x and y are varied, w moves around the image area, giving the function C( x, y ). The maximum value(s) of C indicates the position(s) where w best matches f. To avoid the template matrix move out of the border and causing errors, padding area width of J and K is added at the right side and bottom side of target image which is shown in Fig.3.

2. Hardware implementation 1

              For a match correlation calculation of an 8 by 8 template against an 8-by-8 region of a chip, where both contain

binary data. Let one cell hold the hardware necessary for evaluating a single pixel: a flip-flop for the template data and a single AND gate.  Each correlation requires 64 of these cells, which implement the function of 

 f ( x + s,  y + t ) * w (  s ,   t )

in one set of ( x’ , y’ ).  
These results are then fed into a parallel adder tree. Using two-input adders, the tree requires 6 time steps to reduce the 64 values to a final sum. This tree requires 32 1-bit adders, 16 2-bit adders, eight 3-bit adders, four 4-bit adders, two 5-bit adders, and one 6-bit adder.  
              The basic block of adder tree is one bit adder. Using of systemC code the one bit adder can be implementing with this algorithm: 

s1=( a1^b1 )^ c0

c1= (a1&b1)| (a1^b1)&c0 

Where a1, b1 are the input bits, c0 is carry bit from lower stage. The output s1 is the sum and c1 is carry bit. 
 An n-bit adder consists of n one-bit adder. So that, the adder tree needs 32 X 1 +16 X 2 + 8 X 3 + 4 X 4 + 5 X 2 + 6 = 120 one bit adder.  The adding takes six clock cycles to complete a pair of (x , y) calculation. Matching a template in a ‘chip’ needs 128 X 128 + 6 = 20230 clock cycles. So the time latency can be estimate when clock frequency is known.
It is certainly that the hardware correlation will be faster than software correlation. But how to connect the huge number of adders’ modules is still a problem. 

3. Hardware implementation  2
              Instead of the general-purpose correlation hardware, we use adder trees that are specialized to a specific set of target templates. This approach is equivalent to transforming the correlation function   C(template, chip ) into a new function  C template ( chip ). The new function is only able to correlate chips against a predefined template, but can be optimized to that specific template (Fig. 5). 
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Fig. 5  general purpose template matching 
                The first circuit optimization involves removing the 64 flip-flops for template data and the 64 associated AND gates, since the specialized function implicitly knows which pixels are set to “1” in the template. Further specialization of the adder tree is possible. The SAR bright templates exhibit approximately 8% on pixels. This corresponds to five nonzero pixels for an 8-by-8 template. The adder tree requires 3 steps and two 1-bit adders, one 2-bit adder, and one 3-bit adder. 
Thus only 7 adders are needed for this correlation circuit. 
4. Test bench and simulation results

A test bench was designed to test the time consumption of the correlation. (Fig.6). the test function blocks were added are:

                        1)  A fast clock generator of 5 NS and a 1000NS clock generator in main module.
                        2)  A counter module that sensitive to the front edge of CLK signal and stop by CORR module’s done signal

                        3)  An input port was added in Display module to accept the counting result for display.

                        4)  Insert an output file create routine in Corr. Module. The correlation result can be printed out with the input matrix. (See attached pages)
.         
[image: image7]


Fig. 6  Block diagram of test bench
For some reason, the counter doesn’t work properly. I found the problem is that the stop signal generated in Correlation module can’t transfer to counter module. After this I try to use sc_simulation_time() comment. Still can’t solve it.
5. Conclusions
               A simple model of target recognition’s basic component---bit plane correlation was analyzed. The software model was implemented and tested. The function of correlation was proofed. But the time of executing has not done yet. 

               The hardware simulation is not finished yet. 
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