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7-4 New AID conversion technique for srnart irnage sensor 
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Abstract 

In tliis I)al,er. me ~ , ro l )os~  new ~~ietliorl of Slit 
.\lialog to Digitill C'olivc~rsioli oli a11 iliiage sensor. 
111 this iiit*tlloil. lvtS lisp s~iiall 11)it (~oiliparator wliicli 
tl(-tt.c.ts ('i\('li l i t  cl~lrilig ilitc'griltioll, r(y(xi~teilly. 
Colisc.cl~~elltly. 1)otli tlich .\ID c.onvc~rsion ilnrl tlicl in- 
tegratio~i of tlie pist11 Iri l I11f5  call I)(> (loiit~ i l l  11ilrilII(*l. 

LYc. Iii l~e tlesiglic~tl a 1)rototyl)c. I)\. ~ni l ig  coll~lilli 
l)iW;.\llel ilrchitectlur. TllP l)rOtotyl)ta 0lltl)llts illlil- 
log valrlc. iili(l 8 hit iligitiil viililt1 of 1)isel (lata. It Iii~s 
3'2 x 1G pisels iuitl tligitill 111e1iiory for eacli 1)isel. 
\.\-e tlescril)e tlir, proc.eshilig sc*l~t~lilc* of o ~ u  .\DC i\iitl 

tlic circ-flit alirl 1avo11t d(>sigli of tilt* prototyp~. IVc 
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1 Introduction 

hitegration of seiisillg slid 1)rocessilig is A 1io\re1 
al~proac-11 to e n l ~ a l i c ~  tlie perfornlalic.~ of iliiilgr. sen- 
sor aiitl to est rac t ~,rimi t ive infornlat ion s11eIi as 1110- 
tioli ant1 etlgr [I] [A]. The ilitegratioli ~lial;es 11se of 
parallel ~iatrlrr of iliiiige sigliiil oil the focal 1)1~11(~  

so that tlie processing gets ~ ~ ~ l l a r l < i l I ) I ~  faster ~0111- 

l)ilre(l to or(li~i;~ry i111i)ge l~rocc~ssi~ip, syste~iis wlii(-li 
;>re I);\sc~l on a tr;i(litiolial ~( '11~~' -rt ' i l t I -a11(1-1)1 '0~~~~~ 

1)araiIiglii. 
111 tliis paper. \vtx 1~ro1~ost~ il new nietlioil of Slit 

.\llal~)g to Digital c'oilvt~rter (.\DC) 011 till inii\gct st.11- 
sor I)!. 11si1ig lion-il(.str~icti\'r read o ~ i t  cl~irilig ilit(b- 
gri~tioli. slit -%DC (.ill1 I N ,  (lo1it1 11si11g s111i111 1l)it 
(-oiiipari~tor Ivlii(.11 (I(%tcv.ts tbil('Il bit. l'(']>tbiltt'ill,V. 

\\i. Iiavr clc~siglit~tl ;I 1,rototyl)ct 1)y ~~s i l i g  c*oliiiiiii 
1)aritll~l arcliitc~c.t~lrc~. Tlie prototyl)tS lias 32 x 1G 
1)isc~ls iltlil 8l)it iiie~iiory for tbii(.li 1 ) i s ib I .  IVe (l(~scrilx~ 
tl iv pro(.~assi~ig s (~ l i t~~i l t~  of 011s .\DC i l~ i ( I  t l i c l  cir( .~~it 
;llicl liiyorrt tlt*sigli of tlic. 11rototyl)(-. 

2 A/D conversion algorithm 

Fig~lr t~ 1 hliolvs t l i ~  ~~oiii~)ilriso~i l ) t ~ t \ v ( ~ t ~ ~ l  tilts (*c)I~- 
e i t i o i a l  t l ~ i  1 1 I t 1 0 .  111 
tlie ('olivel1tio1ial iiit~tlio(l. -\Dc' ih i lo~i t~ a f t ~ r  the ill- 

tt-gratioii of I'D cliilrgt.. 011 the otlier Iii\lld. tli(' 

' . \ ( l ( l r ( * ~ ~ :  I - :{  I i i t g ~ ~ r ; ~ ? i ~ l < ; ~ .  S ~ I ~ I I , ~ I I ~ I I - ~ < I I .  .l'ol<yo l(i?-S(iOl 
.I;II);III. E - ~ t ~ i ~ i l :  hamamotoQlee .kagu. sut .ac. j p  

. \ ( lc l t~ .s~:  7-:!- I ~IOIIKO. f31111liyo-l<11, ToI<yo I I  :i-SfiWi 
.I;I(,;I~I. E - I I I ~ I ~ ~ :  aizavaahal . t .u-tokyo . ac. j p  

~)rocossilig of o11r 1)r01)osal is c-livitletl illto 4 steps 
(sl.s'Z.s3.~4) tl~lriiig tllc. ilitt,gration of PD va111e. 2 
l i t  of 1)isr~l  vnlric~ is clctc~rliiilie(1 ilt eacli stel). T1ier1~- 
fore 8 l i t  vii111t~ is tlt.tc~rliiiliprl n-lit311 tIi(~ il~tegriitioll 
is fiiiisll(*(l. B(*(.~IIIS(S I V ~ ,  I I S I ~  1 l i t  (*oi~ll)ariltor for 8hit 
;\ID c.oilvc~rsioil r1*1)1.att*(lly. tlit. lx'o(.essi~lg c.irc.~iit of 
.\ID eoilvc~rsioii is very stiiiill. 

111 o ~ l r  prol)osi11. tlio illtt~rviil of (>acli s t ( y  is 1iot 
t.cl11~1. TINS l)ro(-t~ssiiig of s1. 52. 5.7. s4 is (Io~i(* 1vIit~11 

tlir illt(y,ri~tioii tillit* is 118. 114. 112 . l  fr;iiii(~. rcL- 
sl)t~(.tiv(sly. B\- tliis sc~lic~liic-. t11(* 11111iil)(~r of tli(b rd" 
(>IY*II(Y* \ .~~IIN>S itre' r t ~ l ~ l ( ~ ~ l  fr0111 14 to 8 SO tlli~t tli(8 
l)t~ril)l~(~riil vir1.11it to iiiiil<t~ tlie tlirt~sliol(l ~ ~ l t i \ g ( ,  is 
also ~~il i l l l .  T;il)lr 1 sliolvs tlit. rc*fc.rr.licx. vi111it.s for 
(.ii(.li ~~~l ) - f r i l~ l i ( ' .  

Fig~ucs '2 slio~vs rsaliil)lr~ of tlit. ~)rol)os~~tl 
~iietliotl n . 1 1 ~ ~ 1  tlic filial 1)ist.l vill~le is 200. Brc.il~~sr 
the o1)jec.t is iiot ~iiovilig. l)ist*I va111c-s for 51. 52. s.3 
~ i l t l  54 i l r ~  25. 50. 100 illicl 'LOO. resl)ec.tively. Tal)lt. 
2 slio~vs t l i ~  tlirt~sliol~l of t,ii(.li stel) ant1 tht. r c ~ s ~ ~ l t  of 
.%ID c~olivorsioii. 



3 Computer simulation of the pro- 
posed ADC 
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Figiirc, 3 S ~ ~ O I V S  t l l(~ sill~illiltioll r ~ ~ s i ~ l t s  of 011s .A/D 
c~o~~vrrsioli \vlic.11 Ill(% sl)c~.tl of tliv ol),jc.ct is 12 1)isels 
/ fri1111(> an(I 120 1)ixc~ls / f~iilil~s. Fig.(ii) a~i t l  (c) are 
tlit .  ~.c*sillts of tllc' c.oli~c'litioliid lll~'t110tI (;\ID ~011- 
vvrsiol~ ilftc-r i~itcsgriition) anti Fig.(\)) i\~i(l (c) art, 
t11(~ rc~si~lts of' tilts 1)roposc~tl ~~~cbtl~ot l  (.4/D colivc~rsioll 
(Illfillg illtcsgr;~tioll). It al)l)('il~f'(I tlli\t thf3 ~ ( , S I I ~ ~ S  Of 

t11v ~ ) r q ) o s t ~ I  illt~tllotl is 11111cl1 cl(bar c01111)are(l to tlie 
c.c-)l~vrmt ioni11 a1~1)roacli. 

111 o11r 1)rol)osal. higher l i t  ((1s. AISB) is tlrter- 
111i11(~tl ~ v l i ( ~ ~ i  tlie i~ittsgratio~i tililt, is sliortc*~. Tllere- 
for(% tlitb liiotio~l l)li~r is r ( ~ l i ~ ( - t ~ l  ;IS slio~vii ill Fig.3. 

AISB LSB 
bit5 h i t i  hit6 hit5 hit4 ])it3 bit2 l)itl 
1 1 0 0 1 0 0 0  
1G = 1G 
1G +S ='A 
32 +1G $5 = !jG 
32 +1G 0 +4 ~ 5 2  
G4 $32 0 0 +4 =I00 
G4 $32 0 0 +4 +2 =I02 
128 +G4 0 O +8 0 +2 =2()2 
125 +G4O 0 +8 0 0 +1 =201 

4 Circuit design of on-sensor A/D 
conversion 

\V(b l i a v ~  tl(tsig~letl a ~)rototyl)c~ c-liil) 1)asetl on col- 
1111111 ~)arallf~l ar(-liitc~ct~lsr. Figi~s(' 4 SI~OIVS t l l ~  I>lock 
( l iagra~~i  of t l ~ .  o~ l - s c~~~so r  -\ID conversic)~~. Tlie pro- 
totyptb is tlivitlrtl illto tlirer ])art ~vliicll are trans- 
tliicer ilr1.ay 8l)it digital 1iir1iiory array alld -4/D con- 
\v.rsio~~ circi~its. Tlics pisels 011 each co l r~~ i i~ i  sliares 
ollt3 A/D collvcbrsioll circiiit. Using two vertical shift 
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registers. tile pixels ali(l tllr ~ii~~liiories are S(.RIIIICT~ 

line I)y line. Pon-cr eirci~it Iwtn-ern t\w ~-ortici~l sliift 
registers siil)l)lics tlic~ rraferrllce volta:c~ for Dl.\ roll- 
vr,rtcr in tl l~'  11rocessilig circilit. 

F ig~uc~ 5 sl~on-s t llc. c.irc-iii ts of t11e 1)sototyl)t: Each 
pisf31 lias 011ly il trallsdi~~(,r all(\ a s ~ ~ l ~ i ~ r a t ( >  (,OSYC~- 
spo~i(Iing 5l)it (ligital ~ii(~~iiory a11(1 i\ pro(.(,ssi~i,q cir- 
ciiit sharc~d l ~ y  the ~)isels oli tlits colil~iil~. Tlicn pro- 
cessing circilit has sa11il)lc. ,!i l~olrl circi~it. coliil)ara- 
tor. teiiiporal 2 hit iiie~iior~-. D/-4 co~~ve~rttsr a 1 ~ 1  
sn-itch circiiit. 

5 Prototype chip and experiment 



Figrur. 3: Siiill~liltioii rt'slllt of ;\/D (.oiivt~rsioil: (-011- 

veiitioiii~l illcat hotl: 1)ist.l intensity i5  tlctt~rinilic~tl i\f- 

tc~s intt~gsiition. l)sa1)ow(l iiictllotl: 1)isc.l iiitriisity is 

(Ic~tes i~ i i i i (~( l  (111riilg i i i t~gr i~t io l i .  



Tal~le 3: Or~tliiir of tlie 1)rototgl)r of col~uiiii 1)arallel 
arclii tectr~rc~ 

fill f s t o r ' ( ' ~  ) -41.2 
l)o\vrr ( \ . I  5 

t1i(. orrtliile of tlie 1)rototyl)c.. Tlic. seiisor has 32 x 
1G pisels iiiltl fill filetor is 41.2'%. Figrve G sliows 

l i \ y ~ ~ ~ t  of the 1)r0t0ty1)~ aiitl Fig~ue 7 sho\vs it11 

1,liotogsal)li of tllc 1)rototvl)e. Figrue 8: Analog o11t1)11t iiliiige's ((-liiiractrr "sell- 
Figr we 8 slio\vs tlirs illlalog o11t1)11t iniages o1)taiiietl sor" ) 

1)y the 1)rototy1)e nlieii "sriisor" is iiioviiig froill right 

6 Conclusion 

I11 this ])R1)thS. W r  1)rolX)st' ii ll( ' \V lllethOil Of Oll- 
scJiisor .\/D c-oiiversioii for tligiti~l sillart iii~agr sell- 
soy. 111 tll? 11l~tlloC~. illttbgriitioii of ])ixel ~ d l l r  iill(I 

.4/D c-ollvc.rsioii ('iili tlolit. ill 1)iiriilIt*l. \ F i b  11i1~(~ (It-- 
sigl~(,(l i ~ i i ( l  i i~~ple~ii(~iitt~tl  ii iitb\v l)rototyl)cb (-1lil) ~vlii(.li 
Iiiis 32 x 1G l)isc$s. Tllci 1)rotot?.1)(' is iio~v r111(I~r fill.- 
tllt~r t~q)(~ri i~i t~i i ts .  

TIi(1 I-LSI (.liil) lias l ) ~ ~ ~ i i  fiil)ri(.i\t(>(l iii tllfl (.liil) 
fal)ri(-iitio~i l)rograiii of \-LSI D ~ s i g i ~  iiiitl E~Irl(-il- 
tioii C'('litrr(\'DEC'). tlie Uiliv~hrsity of Tokyo ~vitli 
t11(. (~olli~l~oratioii 1 ) ~  Roll111 C'0~1)0ri\ti011 iilltl T01)l)iill 
Prilitiiig Cor1)oratioii. 
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