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Synopsis :

An LSI with a new type of systolic array was developed jointly by Kawasaki Steel Corp.
and HNC, Inc. for image processing application. This LSI is capable of performing
convolution operations with a larger kernel than its 8x8 array. Because the image size
can be adjusted put to 4096x4096 pixels as required, the new chip avoids the
restrictions involved in processing images of various sizes and with variable-sized
kernels. A new high-performance image processing system is now being developed using
this LSI in combination with a general-purpose RISC processor. Modular designs in
both the software and hardware give the system outstanding expandability and

flexibility of application.
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Synopsis:

An LS8I with a new type of systolic array was developed jointly
by Kawasaki Steel Corp. and HNC, Inc. for image processing appli-
cations. This L3I is capable of performing convolution operations
with a larger kernel than its 8x 8 array. Because the image size
can be adjusted put to 4096 x 4096 pixels as required, the new chip
avoids the restrictions involved in processing images of various sizes
and with variable-sized kernels. A new high-performance image
processing system is now being developed using this LSI in combi-
nation with a general-purpose RISC processor. Modular designs in
both the software and hardware give the system outstanding ex-
pandability and flexibility of application.
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Fig. 1 Conventional 3x 3 convolution hardware
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Fig. 2 An example of 4 x4 systolic array
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Table 1 L3I function list

One-dimensional convolution
Two-dimensional convolution

Matrix-vector multiplication

Gray scale transformation with look-up table

Constant operations—Add, Subtract, Multiply, Divide, AND,
OR, XOR, NAND, NOR, XNOR (bitwise)

Inter-image operations—Add, Subtract, Multiply, Divide, AND,
OR, XOR, NAND, NOR, XNOR (bitwise}

3 x 3 window binary image pattern matching

Comparison with constant

Count after comparison

Sub-image processing

Weight RAM

Systolic array LSI
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Fig. 3 Block diagram of systolic array LSI and controller LSI
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Table 2 Performance comparisons—image processing time for convolution of 512x 512 8-hit image (offered by HNC, Inc.)

{ms)
Kernel size RISC work station Company P Company [ Company L HNC/KSC**
{ms) LS LSI L3I Systolic array
3x3 2 000 6.6 13.1 13.1 6.6
%8 14 000 26.2 6chips 13.1 6.6
16x 16 56 000 2chips 18 chips 4 chips 26.2
32x32 224 000 * 60 chips 16 chips 104.9
6464 896 000 * 220 chips 64 chips 419.6
* Not possible
*# Not including DRAM access overhead
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Table 3 Hardware component function list

Human-machine interface
Work station Network interface

Data storage

Image processor control
CPU board General-purpose /O interface

System resource management

Image processing Signal (image)/data processing

board Image bus control

Video signal digitizing

Frame grabber Image data temporary storage

board
Image display
?m) i
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Shell H User
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| 1 |

Y
Image processing
module software .
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- 08'& hardware . 1 ¢

Y

B PR S T S T

Wbrk station
© (S & hardware |

-

Worl station

Image processing system

Fig. 5 Software architecture
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