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Development of a Vision Chip System for Real-Time Visual Processing

Shingo KAGAMI', Takashi KOMURO'?, Idaku ISHIITTt, and Masatoshi ISHIKAWA ff

0000 oOOO0oOoOOooO0O0oOoO0O0OOOOO0OOO00O0OO0O0OOO00OO0O0O0ODOO0O0OOO0OO
0oooooOoooOo0ooOo0oooOO00ooOO0O0OO0O0OO0O0OO0O0OOOO0OOO0OOO0ODO0
ooooo0o0o0oooOooO0O000O0O0bOO000O0O0000000OO00000000O0O0O000O00O00
000000000000000000000000000000 SPARSISO Stall-less Pipeline Architecture
for Real-time Sensory Information processing SystemO 0000000000000 O00O0O0O0O0O0O0O0OO
goooooooooOoOOOO0OO0O0O0O000000040MHzOOODOO100nsO00000000000C00CO
0o0ooO0o0ooO0o0oOo0O0b0OO000b0oO0000000

0o0odd O0ooooooooOooOooooOooOoooooooo

1. 0000

goooooooooooooooooboooooo
goboooooooooooobooooooboobood
oboooooooOoooooooopbOCOOOO
OpEOOOOOOCOOOOOOOOOOOOOOO
gobooooooooooooboooooobobod
gobooooooooooooboooooobobod
oooooood

gooooooooooooooboooooboooo
goooooooooooooboooooobboo
00o0oo0o0oooOoooooobboOoooooo
goooooooooooooboooooobboo
OpPEOOOOOOOCOOOOOOOOOCOOOOO
ooooooOoooOobooooooooboOo PEOO
000000000000 00DOo0ooooo S*°PE

O Simple and Smart, Sensory Processing Element[

fooooooooooooooooo
Graduate School of Engineering, The University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656 Japan
ToooooooooooOoOoOOOOO0OOO0
Graduate School of Information Science and Technology,
The University of Tokyo, 7-3—1 Hongo, Bunkyo-ku, Tokyo,
113-8656 Japan
fftoooooooooooooo
Faculty of Technology, Tokyo University of Agriculture
and Technology, 2-24-16 Naka-cho, Koganei-shi, 184-8588
Japan

00000000000000 [20S*PEOODOOO
000000000000000000000000
000D00000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000D0000D00000000000000
000000000000000000000000
000000D0000D00000000000000
000000000000000000
00000000000000000000000
00000000000 (300000000000
000000000000000000O000NTSC
0 30frames/s0 00 00000000000000
0000000000000000 1000 frames/s O
0000000000000000000PDOOO
0000000000000000000000000
000000D0000D00000000000000
000000D0D000D00000000000000
0000000000000000([6),[7J00000
000000D0D000D00000000000000
0000000000000000S*PEOOOO

976 0oooD0o0o0o0o0O0 D-IT Vol J84-D-II No.6 pp.976-984 20010 60



0000o0ooooooooooooooooooooonoon

goboooooooooooobooooooboood
gooooooooooooobooooooboobod
gbooobooobooboooooooboooboobooo
gbooobooobooboooooooboooboobooo
gbooocoobooobooboooobo

2. 00bOOoOOobDOoDooooon

2.1 00D00DO0DODODOODOO S°PE

S*PE0O0O0U0DO0OOODODOOOODOOO
0000000000 O0O0O 1000 frames/s0000
goooooooooooooboooooobboo
00000000O0oO0oUOooOOooOooO 2o

01000000000000CO0O0000O0 PE
gooooooooooooobooooooboobod
SIMDOOOOOOO0OO0OODOOOO0OO PEODOOOOO
OO0 ALUOD 2400000000000000040
oopPEOOOOOOOOOOODOOOOOCOOOO
gooooooooooooooooooooobooo
goooooooooooon

Oo0o00 A-DOOO0OOOO0OOOOOOOOOO
gooooooooooooooboooooooboo
goooooooooooooboooooobboo
gooooooooooooooooocooooon
00D ADOOOODOODOODDOODOOODOOOO
gobooooooooooooooooooobood
gobooooooooooobobooooooon

00 SPECOODOO0OOOODOOOOOOOD

0.35yum CMOSODODOOOOO0O0 16 x 16
00 24x2400000000000000000
OO0 [8,[90000000 64x64000 8mm O
000000000000000000000000

Output Photo Detector
Circuit Processing Element

rﬁ'ﬁ-‘m-m

output

Decoder

[ e Instruction

W_EN— T

[ clock

oo
2.2 0JO0oOoOoOoooooobooo
gboobooooooboobooboooobooboo
gooooobo 20000000000
010 oood
020 00000 SIMDOODOO
o030 ooood
040 OOOOOOOOOOOOOOOOOOO
Oos0 ODoboooooooooooooo
deb0l1m20000000000
gbooboooobooobooboobooooboooboo
gooooboooooooooiom2000000
gbooboooboooboobooboooobooboo
gooooboooooboooooo3an40000
gooooboobooboboboboooobooo
gbobooooodoobooooooosooboon
gbooooooooooOooooooboomennn

OoOoooogog

Parallel Processing Space
) Image
acquisition

7)) Parallel
processing

l (3) Feature extraction

&)

Sequential Processing Space

(6) Feedback

@) Sequential
processing

l (5) Used in the application

02 0000000000000
Fig.2 Processing model with vision chip.

4-neighbors .“\

01 SPEOOOOOOO
Fig.1 S3PE architecture.

977



000000oooooo 2001/6 Vol. J84-D-11 No. 6

0OADODOOO0ODOODOODOOOOODOOOO
goboooooooooooobooooooboobood
gooooooboooooooooooooobooo
ooo

2.3 OO0OOOoOooOooooo

gooooooooooooooboooooboooo
goooooooooooooboooooobboo
gobooooooooboooboooocoooobooa
gooooooooooooobooooooboobood
gooooooooooooobooooooboobood
oooooooooooooooooooooooon
[yooo0o0oUooOooOooUooooooooo
ooood

gooooooooooooooboooooooo
gooboooooooobooooooooobo —0oo
goooooooooooooboooooobboo
goooooooooooooboooooobboo
goboooooooooooobooooooboobood
goboooooooooboooooooooobood
goboooooooooooobooooooboobood
gobooooooooooooooooooboobood
goooooooooooooboooooobboo
goooooooooooooboboo

00000 MHzO0O0OOOOOOOOOOOOO
goooooooooooooboooooobboo
goooooooooobooobooooboooboooooo
ooooO0o0o0O00OkHzOOOOOOOOOOOOO
gooooooooooooooooooooooon
goboooooooooooooooooobooboo

gooooooooooooooboooooooon
gobooboooooooooboobooooooboon
goooooooooooooboooooobboo
goooooooooooon

3. SPARSISOOO0OO0OOOO

3.1 0000

gooooooooooooooboooooooon
gooooooooooooobooooooboobood
gobooooooooooooooooooboobood

gooooooooooooooboooooooon
00 1ImsdO0O0000O00O0O0OO0COOCOOO
goooooooooooooboooooobboo
goooooooooooooboooooobboo
goooooooooooooboooooobboo

978

000oo0ooo0oo0oooooooooooo
ooooooooo

0ooooooooooOo A-bDOoOooood PD
pobooobobbobboboobobboboo
pobooobobbobboboobobboboo
pobooobobbobboboobobboboo
002.100000000A-DOOO PDOOOOO
000oo0ooo0oo0oooooooooooo
0000000000 1msO 80000 A-DOOO
0000000 1lms0O0O0 2500 PDOOOOO
000oo0ooo0oo0oooooooooooo
oooooOoooooA-DOOOOOOOOOOO
poboooboobooboobobboooboo
jo0ooooooOoOooooooooooo pbO
poboobobbobboboobobboboo
poboobobbobboboobobboboo
poboobobbobboboobobboboo
oooooo

00000000000 0oo0oooooooooog
000oo0ooo0oo0oooooooooooo
000oo0ooo0oo0oooooooooooo
O0000000D00O0bDO0OOoDoOoOoooooo (o]
pobooobobbobboboobobboboo
pobooobobbobboboobobboboo
gobooobooboobon

gobgoooobooboboobooboboo
pobooobobbobboboobobboboo
000oo0ooo0oo0oooooooooooo
0o00ooooo0ooo0oooooooooooo
00D0O00o00oObO0oOoOoooooOboOooooo
000ooooo0oo0oooooooooooo
poboobobbobboboobobboboo
poboobobbobboboobobboboo
goboobooboobbboboobooboo
poboobobbobboboobobboboo
poboooboobooboboon

00000000000 0ooooooooooog
000ooooo0oo0oooooooooooo
00000oooooooooOo RISCOOOOOO
0o00ooooooooooooooooooooo
00000ooooooooooooooooooo
00000O0O00o0oOooooo SPARSISO Stall-less
Pipeline Architecture for Real-time Sensory Infor-

mation processing SystemOd 000000



goooooooooboooobooooboOooooooooo

Integer pipeline

fetch&decode
Program EX[» MEM wB

s .'
Y
p— SIMD pipeline
Data VA vi ‘P{ Vo
memory
data bus
<
v

\ 4
instruction and control signals
for vision chip and peripherals

03 SPARSISOOOOOOOOO
Fig.3 Diagram of the SPARSIS pipeline.

3.2 SPARSISOOOOOOOOO
SPARSISOO 30000000O0O0OO0COOOOO
SIMDOOOOOOO20000000000000
goobooooobooboboobooooobooobooo
gbooobooobooboooooooboooboobooo
oooooo SIMDOOOOO SIMDOOOOOO
gooooooooooooobooooooobobood
gooooooooooooobooooooobobood
gooooooooooooobooooooobobood
gooooooooooooobooboodo
gboobooobooboobooboooobooboo
gbooooooooboo 200000000000
gbooobooobooboooooooboooboobooo
gbooobooobooboooooooboooboobooo
gbooobooobooboooooooboooboobooo
gobooooooooobooooooocoooooa
gobooooooooooooboooooobobod
goboooooooooooobooooooboobood
gobooooooooooooboooooobobod
goooooooooooooooboooo1000
gbooobooobooboooooooboooboobooo
gbooobooobooboooooooboooboobooo
0ooSstoooooooooooooooooooon
gboooocooboobooooooan
0000000000000 160000 RISCOO
oo0o/o00oo0ooo0oooooooooooon
gooooooooooooobooooooboobood
goooooooooooobobood
gooooooooooooooboooooooon
gbooobooobooboooooooboooboobooo
gbooobooobooboooooooboooboobooo
gbooobooobooboooooooboooboobooo

ok | '

Fetch Y IF, Y IF, IF, IFy

Decode pE o, X o, D
Visionchip Addressing VA —{ VA, VA —{ VA,

Visionchip Input

X Ve YO v X Vi, X Vi
Visionchip Output : Y vo, X voq (—_—

Instruction
and control signals
for vision chip

04 SIMDOOOOOOOOOOOOOO
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Fig.5 Displacement addressing for vision chip
instruction.
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Fig.6 Diagram of the designed vision chip system.
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(b) The system with a vision chip mounted.

08 OOOO0OOOOOOOOOOOO
Fig.8 Photograph of the developed system board.
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01 0ooooooo
Table 1 Execution time of sample programs.

program steps  (time)
dilation, erosion (binary) 5 (0.5 us)
4-neighbor z,y edge (binary) 9 (0.9 us)
4-neighbor smoothing (4 bit) 59 (5.9 us)
4-neighbor smoothing (8 bit) 99 (9.9 us)
0th moment*! (binary input) 55 (5.5 us)
1st moment*! (binary input) 275  (27.5 ps)
center of gravity*! (binary input) 605 (60.5 us)

*1For 24 x 24 pixels.

02 00O0Oooooo
Table 2 Specification of the developed system.

System clock frequency 40 MHz
Temporal resolution of control- | 100 ns
ling vision chip

Equivalent gate count for the vi- | 2 27000

sion chip controller

32b x 32kword
32b x 32kword
140 X 123 mm
3.3V,5V

Program memory (external)

Data memory (external)

Main board size

Power supply
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repeat forever
integer AD_convert_result = 0;
integer feature_value;

// A/D Conversion

Reset_PD;

repeat (grayscale_level — 1) times
Wait_to_adjust_timing;
AD_convert_result += Read_PD_output;

endrepeat

// Image Processing
Do_some_processing(A D_convert_result);
feature_value = Feature_extract(AD_convert_result);

Synchronize_and_write_result(feature_value);
endrepeat

09 ODOOOOO
Fig.9 Sample description of an algorithm for the
vision chip system.
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Fig. 10 Image sequences with early visual processing.
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Fig.11 Center of gravity of a moving target.
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