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Vision chip for edge detection with resolution improvement through
simplification of unit-pixel circuit
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Abstract

When designing image sensors including a CMOS vision chip for edge detection, resolution is a significant factor to
evaluate the performance. It is hard to improve the resolution of a bio-inspired CMOS vision using a resistive network
because the vision chip contains many circuits such as a resistive network and several signal processing circuits as well
as photocircuits of general image sensors such as CMOS image sensor (CIS). Low resolution restricts the use of the
application systems. In this paper, we improve the resolution through layout and circuit optimization. Furthermore, we
have designed a printed circuit board using FPGA which controls the vision chip. The vision chip for edge detection has

been designed and fabricated by using 0.35 pm double-poly four-metal CMOS technology, and its output characteristics
have been investigated.
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Fig. 1. Retina structure.
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Fig. 2. Principle of edge detection.
3L, SHFRAA T Z Hol=9] Fo| EA e €
THBO-ILLS],

2.2. SCDS(simplified correlated double sampl-
ing)2| Mg

AZH 7L AsiA AR B e ANE,
A E, FSAESY 715& CMOS 71&8 ol48] +¢d
e AU SR s Al AR E @
azte] FAT A oJ3f EJHQ 40| A7k &

— 16—



B9 B4 520 P58 A RS AN oA 43 AEE A2 17

C2
—i
W
%z
Y
swl
Vin swi "1
 — 1} - Vaut
L D
o
=
] 4
Vot‘ﬁm <_>
38 3. 9w CDs 32
Fig. 3. Conventional CDS circuit.
VDD

sw2 kswz

|

@]

3% 4. k43814 correlated-double sampling 3| 2%
Fig. 4. A schematic of simplified correlated-double sampl-
ing.

kA ore AHS WekE Yot o) W) o3

T2 ORI A E A QojM AT @4
Zgste] AlZhgel 9 B4 vhiA) sl S-BA)A
de] dEog AN A9 Al~E o) AEAds Askat
Al FoHs,

A¥HA 0= MOSFETS] F-3 3ol 23 $A1S A A
8171 A= 272 ASAEI 479 29X o] &
g CDS B2 & FZ ARSI, 7129 CDS 328
213 39 YeRRATH CDSE AREE 7%, 2709 A
AES} 47 o] 2927t aslrle) Be WEe 2R
A Eot. b & o Zhdskas zZhe Wzl 21K
St F83] CDS 7129 542 JehiE 329
g gdo] diFE A,

£ APdAE, 8. Kavadiase}sl] A|¢td SCDSE A
23} APS(active pixel sensor)ollA] WA= 4 o)

—17 -

Right

1 left

m ] _down

Phou
=2

= .

Smoothed out|
=4

(c)

Y 5. 99 FA 325 (a) Frho) 2. =9} SCDS, (b) A
=1, (o) AT ey
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Resistive network, (¢) Output stage.
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Fig. 8. Vision chip layout: (a) Unit-pixel layout, (b) Whole
chip layout.
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Table 1. Chip specification.

0.35 um double-poly four-metal

e e EZ CMOS3A
H =327 5x5 [mm?]
e 60 x 60 [pixels]
Sy A sz 37) 70x 70 [um?]
Ag A 0.53 [W]
HE¥ a7 160 [mV]
Z e 24.7 [mV]
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Fig. 11. Results of edge detection: (a) 1-dimensional result
with a simple edge pattern, (b) 2-dimensional
result with a rectangular pattern, (¢) 2-dimen-
sional result with a basketball.
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Fig. 12. Results of edge detection: (a) Input image, (b) 2-
dimensional result with a hand by 60x 60 vision
chip, (¢) 2-dimensional result with a hand by 32
x 32 vision chip.
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