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An Implementation of the High Speed Image Processing

Board for Contact Image Sensor
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Abstract

: This paper describes the implementation of a high speed image processing board. This hmage

processing board is censist of a image acquisition part and a image processing part. The image acquisilion part
is digitzing the image wmput data from CIS and save 1t to the dual port RAM By putbng on the dual port
memaory between two parts, during acqusition of image. the image processmg part can be effectively processing
of large-volume image data. Most of all image preprocessing part are integrated in a large-scaled I'PGA. We
are using ADSP-2181 of the Analog Device Inec., Ltd for a image processing part, and using the available all
memory of DSP for the large-volume image data. Bspecially, using of IDMA exchanges the data with the
external microprocessor or the external PC, and can watch the result of image processing and acquired Image.
Finally, we show that an unplemented image processing heard used for the simulation of image retrieval by the

one of the typical application.

Keywords @ image processing, image acquisition, CIS, image pre—processing.
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Table 2, The selective mode of various signal
shape.

- ' AL, { )-default
SI 4z el duly(B/Cl ‘ 25, 33, 50, 66, 75%, (50
clock A% dulw(D/C) | 23, 33, 50, 66, 75%, (50)
RDadA &4 duty(F/C) 25, 33, B0, 66, 75%, (25)
ST HES clockt &9 0, 10. 2b, 33, 40,
LAkl (A) 50, 66, 72%, (0)
clock 41%% RDad*& 0, 10, 25, 33, 40.
o] 2]4Ake](F) B0, 66, 75%, (33)
clocle 15718 Vout 41
o] A

0 ; disable, I : enable, (1)

206, bl2, 168, 1024, 1230,
1536, 1728, 2048, (1536)

over clocking

effeclive signal®] A%

Cisel 1 2kl =20 713k
ee dng o)d A4
el 71 =o] gk o] g4 ol A
& &5 md] g5t ¢Hd
2 9} ckE CISERE AlZE %a
Feo 57 €49 A
ol&= CISTs B IEE 21}— cIse
AES A e 23te] g 7}21 R=R=t
A 5 A BAES ok G A
H53 E=E H® 2o Xl Voutd j.
A = F 7Y ofd2a A&7 L}Oi il
g o] W= oale] A/DWUEZL] WE
715F0] HlE RDad A&7 29 1T71 o &
| UAEC ob2rn 24 AT F UdRE H3
T bielEE A48 FF 2 AFE AFE 5 Yok OIS
T I 544 1 8 FRE gl 228 98 oY
A Fjepsic), e FEY AT ?J%'lﬂﬂ F S8l
AErh gEEe] o wels M Sl ol ¢l
25 HdFsl 2 g gele] &9 7} :-;%EM 2
58] CIse] Zold ®igte & H)OlEi?] AdE) g
€ AS yrr) 2247 dejre] &84 Aess S
2o rE Z7 Fudre 2 FupE Y€ 2]l
A AFEE 2 5 9A AT

Cise] £¥ elgm A= uH :_qm{} ﬂ-%])ﬂo] ‘lT
AEA g adEE Az 3EEHE 5d 2SS Y
T dadel w3 8 Az T{RE WHE gho] ME
oh2A e 4 gleh o)d] g Sz Hdd
7= BALS G 5 e FEAE TI g4t Al gk
te) g 1 g9 105 g
E dtiet FEEds 2 g5
oz Hn oA WA gk oy

l'

JHE A4 4"

7+ ZAde] ¢de) 75X d) o] FlERE o]8-3hd
B 3 Fo 1 2 A% &9 9] Has A
A & 25 diulgted 19 49 veldtt

nftensity

ot P el e RATY el

1..50..100 .150..200 250 .30@ 350 400 450 .500. 550600 650 740 750.A00 pixels

- unweighted — yrelghted

% 4 CISe 243 4n 24 2.
Fig. 4. The resull of sensitivity compen- sation
for each pixel of IS,

11 1 101 1 _1 _ i _1
9 9 1 165 8 I8 g9 i g
I 11 1 1 ¥ _1 ,W=ia-1
3 0 3 ki1 4 8 9 5 g C0=ac2.q
1l 1 1 I T L 1 1
g § 9 165 & 18 ] g 9

{(a) (h) {c)

O B (1) B4 WEEy 3% HAE vls3, (b)

HaEl g 3«37 AU rhaE, (o)

o

o Fed 58 vz

Fig. 5. (&) 3><3 average mask for image smoo-
thing, (h) 3%3 Gaussian proflile mask for
image smoothing, {c} image sharpening
mask.

?ﬂo

g4 HEgse AT Hayes AEdch 9
{neighborhood averaging)< | —‘i.l"i(x,v)% 4
g o2 HAEE Harste] HAlxy)2
she etk o]R A HeE § e g(K,}:)E]' il

g{x,y):—j,‘, (11;;&5 An.m) (1)

ols, S 9]
AgE Yejgith & 94 HHeks
+& —’F ‘1114 S BRI A o
';ilol E}_#L IR ol RE 149 28 52 3
%3 mf2=A7} f\}%%t}. °l ﬂl-éioﬂ A5t A BEs
2 B A4 U 23 A AeE EREeE A
At 2 opamgs ge] Alalet Bl o
G(bye] wp2=7} AMEE ST

A o eEls nid o Feich wlBe Fa) A
AHgradient)2A FHAH puf dAdhd ohEF 22 9
BHE Hod

C:l?lfﬂ M- ——T?i HE nxmEBAde] she
] Al

[ii
5‘3
ill
ol
[o
EF é."é

Af(x, v)= .’_i+ j'_a‘f )]
A71A 4% | dARE GERY §e] e ks
L oohE Fd9e4 vlase] o5 4 £+ 9ok 29
(18] wlxzz) g4 A EE nlamza] AR-EG9)

9}



634
nput
5 fs
expected +toount, [4—--- add
value
l {18
compars lemp register
left shft
B s
— l devide
result register
(a)
mask
parameter mput
416 i’ g 1’ 8
expected | —caunt <= add multplier
value
Ju L—=
r
compare temp. register
left shift

I;_,—I D
- devide

¥

result register

{b)
29 6 (a) FPGA #24= =74 E2% () TPGA
Ay BEL
Fig. 6. {(a) hlock diagram of FPGA for resolution
control, (b} block diagram of FPGA [or
masking,

=8 1'?:%‘-"1 w2t G g5 g
”Q" 1r"1'°]'5 4 A7 slvh 2 44 AE HEeA
€ = 173 = 99 A ‘]T—]TC’“*‘] gt vk S
s Hagt Fyole HL e g4 dlolert 44 A
7E 1"‘7‘17‘?‘j§ T w9 T =Ee] "l 59
HEg 449 3}]’?} 24L& G BERY oldE
2 BrlE]E= S/HSample and Hold) 3=

s g A
Sofl 9tk ME FHe BebAL wiAEr] #Ed o

_n

Ag Hmen dEAdeld @k €F AA Az A
s} B 24 AP S 2 FAAY AL 1
¥ G RMAUTh ol¢e] A mat 2% A=
TPGAS) 2 shshan.

m. g xelse] M
gar A F = Analog Devicerl®] DST ADSP-2181

B F502 de] AR 39 72 94 ARy T
el B o4 2e] Hee] dA Alke FE 29 32
or] Ax #d9E B6Ax FY Hdg 2Ee .
2642 THE 98] SHIE wiTAelH shgaEa ¢
% G259} @ AARE SHE WAz TS )
4 AR 1688 F DSPE FA#TH o DSPE 9

A AR Zad A2 £ e 94 usE Al 32|

ROt - MSat - NAEES ==2A M5 A He6Z 19ee 8

R R B |

1 " —
PAAER ) (34 Yeport) . ROM
L DSP ’

AR MPU ! QuAAn

: r [—-
"""1 """" (IDMA) RAM

IF 7. AEEY A
Fig. 7. Block diagram of image processing part.

’7 (page2ah)

8K word
(DMOVLAY=2) | 52000

32 memory mapliZEFFF
coritrol regsler | Ox3FED

BL60 word 0x2000

(pagel }
BK wond BE word 16K hyte
{DMOVLAY=0) | 00000 (DMOVLAY=1) |0x0D00 {pawel)
iternal BA external RAM ROM

B EE

of wlma) ),

Fig. 8 Memory map of image processor.

E 717 g ¢ deng 2§ 3EEie] ZHEo
glch Wl=el dede 24 95 ROMe| Hd 2567 0]=]
F AMbyres AMEE = itk Ho)A] 0ol DSP]
F EZOYe] Folm WA dYde 25 94y b
o8] Helxr)l AFEry. 2w E RAMe] €8k word
btk o] HiEgE F4g 28 94 delH vxE
deog oF 1k wordslb FEElT UeA] guEe AY
Heole] 2 Wm 94 delgrt sk % RAMS
32k worde]t) o] @9E i F o AwEl §lEHe] 4
K3 EF dolyrt k. 3F 89 4 AR )
2y 9@g ®ad,

gak MR WB DSPE o|Rojr] glenm=z ¢
g g AE "R d¥e] slesith B =RdAME

g 7 Y &5 deE AAviio] #2 =R
A= FAETW e A AT 7}7}_4 W Fole] st

Euclidean distance® F3t9] f41=8 7Fikch & 5
BB A L M A7 94 LH binF7F N
daEad AL

‘Zu
HI, My=—"F—— (2)
d Mi

2 449, 5 A9 {query image)s] I|E A
Hlmgge] 2RIy QHAE Ade Fd9d HX
& Ao WE Abelgle]l HEF i Hedare]
sl2ETY o Bk 2 FiEEch gl dAET
W eled M 213 FALE Thea o] ofdcl



Journal of Control, Automation and Systems Enginesring, Vol 5, No. 6, August, 1999 695

@agc acqusition, 200dpy, 256 gray leve1:|

|— reducnion, 300dpi —| loading standard dala
i from ROM to ent, Rl |

[ ] |
I

histogram mtersection 51

hlock matching

L ]
send results te PC ‘

through MPU

|

report results on PO J

2" 9. 4 Azl AR
Fig. 9. Tmage processing flowchart.

Sp=1-—H(, M) 4

e
i
B =
le
i}
1o T
g’g o
Do e
- 9
= o
= B3 oox
Sal
cErlg
:ﬁﬂﬁg:[o
_).\,‘FUEOHH
H
r;'ﬂf!”:
i
o
“;:,}:i
o
n A

5,
o
el
o
>
!
e

7 vk o7l LHE 242 B2 dA ot

WA (D)3 (B)e] elA el AR BlAEags ¢
Ha el Be fde] "Wiate]rl EEEY AMGEN
O BAEE

_ #Sp vS;

pnto {®)

2 gegd Agan, 5 gel SiaEIHE fARE
SHel 554 g9y ds ¥=d] 293 f41m sl 47
= povE BT F OE HEES 8T SHe
kel C‘é%tﬂlk] 77 2y s2E0d 984 ger

Gyel FAEE 428 ehln gl &
A ) gas 349 A9 BE AU} By
o] 9 et TEE 44 03»3}01 L=
Ae] HAF HRe] ool FAIE ShEkel whgoler
g A%E gk oEn A A% 9ot HEes)
:ﬂ»ﬂll s ﬂlo‘\ A}_&a}q 7—MH _g-g-o]]‘— =3 ,r.‘irqaﬂzﬂ-
o] 75 thul AL e AAes YebdTHII-ISL

V. 4k w2l #a
G4 A 2= D9 Axe vANN de AT
SeEish G AZ BAGN P e SRl B

Stk 94 Al apE a9 08} Lol ojFolTh A

Fol AMEgE g4k 55 77 FAE Add 9 Hg
HEg ¥me] L4 MPU REZ2 & F= A=At

_jr_al 10. (o Oi)& ;]g] 5]_‘: (b) }\]J\Eﬂ,q '7/14
Fig, 10. (a) Image processing board, (h) System
structure.

Z 27| Microtele AixAbe] TurbcScean 4020

o] Falsly fZAdgch WY CISE Canon BSA-
DORI6AS ARSI o) CISE 216mm &~ EE 2u
200DPT #hA A=A 2ol A7) £% 1.8msecd] 1
& olnA] AlMT) i d& Hx9 ghAlE CISY ~7
Ewo oz APt 2HEE Ydud olF £rd n

A ] AR R st 24do. S 760mm

Jsece] H2OA Imm HEY 2 2@xgl oF ZaDPII}

AP Rex=
1

defzich £ Alsglel 48 A G
a9 109 ARlew veER), 85H 94y F
g Axlel #2918 Yt AdE gy Kz Ko
B PCel AF A% 29l o] dddch 47
o AElE 20msec o]de] #RFY A Aele] 4
1582 23 72 9F MPURH A=

SRAM #He] due] A#RE fAs2 vk £
R PCellA HAbs] a3o] gow o Ayl dHelHE A
Sk ¥ BE5E gaE 94 Azly, DSPel Yy
Hlmele] Azt olzele] A g5k FA 4 A=
£ Yate] E5H9 Eoj2y o]F dHele= AYA
J#BEE HF PCeld A4 ol AFElnA: s P4t
ol slew Wt G4 55 HFa G4 delHE: Fd
etk ZE AHpd g2 dd snd dAs AT
9600hps 2 HlolEl2 2 4 3 H$ 102x128 Arie] o
AL WA

e

r
22 M
M nr o8 to &

o?.'.FE

ON

- 1
oE ot Ay Hes ¥ 44 He 2y g“?_’]
& 719l 4y 28 d8E weld 10l =4
A oy We]Am A 192x1288k4 =719

B
Bl BN e

1
g =
i

A #u G4 160715 25 o] ROMe] A3t}
I tE AE dely F RS g 29 F EFE U)o
B 160719 AHHE S ABEI8 0151“@4 Zrzte] 3
= Holo]| 23k Euclidean distance® T FAIRE
FEh TF fAlm el wer gl B E o4t
Hele F AE 44 dlelEs) 7l #4149 g
o] gasgle] ek o] fAlE =9 Y PoolA
sorting®H o] TAEW A AR AY A4l &)
g4 HelE dHeola2 Ry FEHO L g4s ¥

120]) veRfaiek



696

{e) ()
2% 11 94 Bee] A% (@ Y94 (b) 3x3
#Ho w2 #E], (0 3#37HEAIE 9l

=2 Ay, @) G Fodg 2z A,

Fig. 1l. The results of image preprocessing. {a)
Original image, (b) 3X3 average mask,
(c) 3X3 Gaussian mask, (d) image
sharpening maslz,

V. 2A o oz
THE J4 He ReEs 7 9ANE 58 FEe] ¥
B2 AEFI I die ‘:1"“] i A A el
ik BER = CIS9] Exd 23 A= A
AHg# CISE Canon BSA—ZO‘HGAEH ghel B 2z
&5 =1 3msec?] TEHe|TE AT 0.8msecd] AETA

WEEY et 2msec ool AFol LRtEoln £

ghol B A7l 57 WE AEdez i HE &2
o] AFo| Fx Azt 23 dAdgo v F
gro] ATHIL mAgelM A9 FE 7he] 28] Fus

B3] og g5 Alzte] "opst A5l e M4 T 4
= %o gdd @ g5 Zge] ARG A0
28 g o T6%E Jehdnh o] g AlFe A
BAE £20%max.) gt FHEAl Ak @ R

= H247 29 F94 8 £11%RG 2 13.2%,
47%4 AMHE golth £x AL ) A4 B
it o) FEg T FES Bowde) 49 uf IS
g4 FHTE AAHIT A

BRmm= 28] s AEoesa ok 6% A]7ho]

KA - A& -

ArEITSE =27 M52 X 6= 1999 8

i 12 (a) )\]'Eq‘ﬁ".:} by B4 Holy WolA=2R
B F#5E ogd o

Fig. 12. (a) [nspected image, {h) Retrieval image
in order from image database.

AR Bl AMES FPGAE E°CMOS7Io] 8
F2 AEAT Insecs) ARFAZEAN 2 vizz4d0) =
2] TEe olgFon gy B5ReA £8F dolHE
A Hel s T2z goh

A4 xAege] AHEE DSPY ADSP-2181-& 33MHz
s} 40MEHz2) A FAFE 22 33MIPS 2 40MIPS9] 5=
g £=E BEoch NVadA] dg8 o Agele 23
MIPSHE| S5 oF 20msec A7to] g ®:T CISE
FE 2uele] o] E5e) A F 3udA el AFE
e AERE 94 A olFolARE HA @A A
2 REUe] &5 2 23msec ATro] Ao FETH

V.22

A ARz FEE ga JeEr)e pEe 2 56
Fotell el chakdl PAjo] AiEEzlert o diige] &
old] 1aF WAyEeln o) 1 HslaH & By
Gab 85 Aol Mo CISE AFhEcy B =
= CISE A% 1% gy E5 8 H=Fh AAse Re
o 745 dddck 9 ARYFs) 94 ARE 5
HYog paste T4 S BARG o7 e 9
A #E] BEZ 102x1288)1 4, 256 sM e, 100dpi &
1607718 dadel g #AME FE9) AME-Sle] 22ms 9]
el He ddg 9ok A2g 03/’9}01 256 #=d olaty

A A HoHE SPE opirt HER HA AHMIHE
£ RHIE WAz pAsty AEehe] |4 Hel¥s 16
EZ DSPE AM4glth o] DSPE A 328E dHolH
Al BH el dASEHE FEES dornFz gy
E ¢k gae dles F 2 deleaA] £ gl
o] A7l B %U*‘ﬂr ulste] ulEZT DSPE ALE
sle] gak HEEE AT o A ulelErt AR g
AP —@ gedel BHA o g2L 23E 9
AAA =2 aAFEE A g & 2,14. % 3rle] 32
BlEF DSPE A4t #BRTl 16HIEF DSPE AL



Journal of Control, Automation and Systems Engineering, Vol. 5, No. 6, August, 1999 6357

2

gto] dAAelg sl EmE A4 559 94
2l HE ol A Ate] FHEE @k 2ea g
gl & ghe sjdnE 98 AT A4 AA
caA G4 AR AdHe voEy AFFS
o2A @i HE A0E ST olide T
& gy Azt =M Arte] BErE 7Ads gk
A Al AAHA AL MR AFEHe BA 3
omg HHH YA Hdesojoldich &
24E 8 DSPe FPGATS A4 w83 7f
shtel dgaz &+ ok B =75 59
A A Hew 30)F A Ar)eh A Adatae] A
&5 sint

b2 o o8

e R H A

N TP

i

s
C
4,
of 1 20 |

=1 _l“ rl_r

e e

e}

et

7

(1] T. Kimura, H. Ito, S. Tsunai and J. Yamamoto
“Color CCD linear image sensor series for sca-
nner,” NEC Technical Journad, wol. 51, no. 3,
Mar. 1998.

(2] &M, “A4 A-3 AXxp= EHEBERTEEL, H£16%E,
25, pp. 125-137, 1986,

(3] WM, fi, “JEETRD HF A A3 k47 I0, no
21, 1986.

41 M. Hayama “Characleristics of P-1 junction
amorphous-silicon  stripe—ivpe photodiode array
and its application to contact image sensor,”
IEEE Trans. Electron Devices, vol. 37, no. 5,
mp. 1271-1279, 1990,

[5] F2H, “a-Si BEA A= wH ARz LE S

I AN rRFAY BERSEERBAE o

P

196 28 34 19843 248 &}
it @AA-EEe 29, 19954 3¢
Faohign digkyd &3 (FsHAL.
1999 dA Fadztw dige #
Azt A, R 19839 8
4-1980d 3¢ AR rled
ARG, 19899 49-1991d 92 AEEEY
(F) ARG TE AYaTe 19919 108-1994d 3
4 IGM Robot Co., Ltd, 71&57 19943 49-1998%
A shlAR7E(EF) AT

19841 29 FutiEa FWAEEE
4 PEHEved B
732 FAFEI SREFHAD.
1986 24 #=0Eried Hr] B
#AEsEt EQ(FEL. 1980d
84-1994'd 2¢ (F)HREL 7led
T4 47 19949 38-19009 Ha adiElE AAE

EERESES

1332-1339. 1985,

[6] b, “2re BEO g GE BE EEmTeE
s, 0%, B4, pp 85-92, 1986.

[7] 9o, AE¥E. #3335 AAE, A
9 OAE HA7IE AT s gk er)e] VILSL
TH" AAFEE =, A58, ALE, po. 105-
113, Jum., 1998,

8] H Zen. T. Koizumi, and H. Hashizume, "A new
digital signal progressive CCDN' [LDEE Trans.
Consumer Electronics, vol. 44, no. 2, May, 1968,

[9] R. M. Haralick and L. G. Shapiro, Computer and
Fobot Vision, Addison Wesley, 1963,

[10] T. S. Chua and S. K. lim and H K. Pung,
“Content-based refrieval of segmented imapes,”
ACM Mullimedia'9d, pp. 211-218, 1994,

[11] 73], 9g™ vhd B A7(sF B5 v g
Z|E o] &gl o)g eI 3 Far AR
=2 A, ABE, MBE, pp. LL1-118, Aug.. 1998,

[12] Z2-€sl, T8¢, wstg, "CISE % 24 Az 2
=48 gmabEAlogesle], ALY, po. 635
639, Aug., 1998.

[12] M. J. Swain and D. H. Ballard, “Color indexing,”
Intl, J. Computer Vision, vol. 7, no. 1, pp. 11-32,
1991.

[14] R. S, Gray, “Content-Dbased image retrieval
color and edges” Darémouth PCSTR 95-252
1995,

[15] A, I Jain and A. Vaillaya, “Tmage retrieval
using color and shape,” Pattern Recognition, vol.
29, no. 8, pp. 1233-1244, 1906,

o

—

=22
1960 58 794 19959 2€ K-
oigtm A £, 1957d 89
Fadigtm st Sd(FEAL
1999'd #A), FaofEla oEd
258 wkalg Aeh 19574 24
-19999 gA, sh b RAEEF) F



