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F1E FFig

ARIREEIREBL THROEREB DD, TOFTOREBANZ LD - =R %
HETE 28R PO Edls Rz

BRICEWTL, SHREIAFOEREBI-ODERICEDRFETHY, HL<h
5 T PRI R RBRAEOMIEITHhN TE . RSN T E = T%M
I RRERAE S X 7 L0d, CCD(Charge Coupled Device) 1 X S &7 1+ ¥ ¥ )L EHHE
BrliabE TIN5, CCD I XS THLN-EBRERIE, FEInsz ek
SHEEDHNZDEFE A/D(Analog to Digital) BHAEN, 7 4 P ¥ IIVFHEEND £ E
VIZRWEN D, 7+ DV FIVETERS, BERERIBMINI X £ & CPU(Central
Processing Unit) & DT 1 X553 D7 =5 DD EDE L NS, FRHIC EE
WBZATD. ZOMETE, AEOFEMIAS FHEEDHEMDL, ANEEOBEREK
DM FHL TOEIZ »h 2R R E IR 27-0121F, CPUDEIEZ Oy 2
e HF endes v, b, ZosEREE iV CEE L BERAEKES £
RETTO>BGICE, HBL XY —OBROLEN, > 27 ABBOIEKEDEKX
IsfEZ5 &R T,

ZIUTHKL T, AEOFE R AR A BT 5 MR R + ms DA —
¥—Thy, BIEDLT IR X7 L5 KT 38R X THREWIZ 8.
TNICLED ST, AR ERETHREBR, SARAEEITD. L, A6hEE
RIZBT 2BRAEDT —F 7 7 F v/ TNI )X LD, BEDTEIRES 257 4
DEINERLE EBLE->TWDHIL2ERT 5. EFRREARATIEIEY GEROAY O
CH- 5BRDEMET, NAADREERETAET 5 AR, T OMEERBDSY A
F I 7 AT X0 BIANCEEAEEZ T, DB EBINBEREMIZED. MK
RE TR, BB WHIn 3 B - - B Edh 5 B - - MR &
D, FERANZ IR A D TN L.

T, ZOAFRERRDOEESL 7 F 0s CMOS £REIEE % AW CERT 50
FRBANZED SN TS, FTL, BEECEENEEEAIC BRI L K 95> T
LHEIZOVWTE, SETIZIFFICE OMERTONTE. ZDL S LFEDE
WA B S & B AERAEL B - 7 F o /7 EBEKEEIC S ) o v L i
S vV avEELz SEE BEBEENCNL, THoZEE0un b 2EEmN
BHEWSHE»S, FLOWERAREL Y L TEERMNEMTIZH . RO R
E7o1zDE Mead 5D ) A VBEF v 7 [16) TH B, ZDF v 7 i3, MEDFT
LHIBIZ ALE § 2 SR R O B AR EF VIC KD & EHE ORI
ZBISIRNZEITT 5. TDORL S 5 ICFEM AT P R % B0 A7z SR ik
BIEEE7 VIZEDE, PRI NE EERO R UBREE R ST S5 T v s
T (VG IZER R -7 F v TR NHFEINIZ 53] LALE)S, BEET
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RREINZV ) 2 VEEF Y A%, BERAERE OICRICEBRMICHIHEIN % B
IR ZE->TWizWh. ZOEBEE LT, IN5DF v 72 BRBE T TOEGMED
EFTELBROFHMN 2L, FE OS2 BEHOESE2ZIZL0D 27
HITBENSONZWI EXZBTFoN 5.

Kameda 5%, £HEOEERD X512 BARHT CORAERE CEANREIGAE
MNTEDZEVWHERGENS, SEEMREREREET VICESWeTFarsryyay
MEEBARL 220 o) av@ER, VGREOEMZET 2L, ®EE AR
WA ARSI X 0 EREITRTAEE TS, £z, 87 AV EERT AtV Y
LY, KRERICHMAETN-EE/NRY —2 /A AWFO-HDEEIZ LD, FHWH
HIEEEZERL T0Wa, FERICEEZESIZOV ) avy@EERAW-zORy hEY 3
YYAT LEBEL, R RIEAORAEEL T, TOEIMEERL TER. ZDX
517 BEERTAES S FEEOBRETIE, BRCIERICERIGEVWT NS ZLFEINT .
W3,

PBELREOABRERTIE, —REEFIZ BT D82 B, SR E EK
2B BREY, KNEEFICBSOTRERROEIEDON TV, 5T, &
SICEERBEGAEAYERT -0, £E0XKEETOBEGAEEEIC B %
AT TN 5720, IS DEELRBERABEKENE DX O BT —F 7 7 F v i
Lo TEREN IO, TEACLIEFICEELRMETH . AEFIZOVTDE
HYHW R EIICHEEDONTVWEEZATHY, TOEERE DX Sk XAh=
XLTEREN TV SO0 EHEMIESHATIE WD, SETIEONZMREFEIZ,
WHIME, BEBME W o AR ERAE Y —F 5 7 F v 2R X DN TES. K
W7D B, —REEFTROIZEN 5 REN L EEHE T H 2 B0 /i
BRME, TO—KRBEEFIZZEALE 7 -7 7F v 2#HWT, 7Fr o/ ERERKS X
FLELTHEETHZLTHS. 22X, REFOERES RO EREEAE
ERERHEMZ LD ERLZ <) a VAER 2EEL TOL D DEERLRTY —
FTIOFXYERTIENTE S,

KWL S ENSEREINS. LT, EEZLIZZDOMEEBRS.

BIETIE, AMEETOICE-TER, ROEKRWEOMEMNT, BHI9ZRN-.

FoETIE, 7ol EBRBEMNE AW TEBREBIEET N4 22K R T 55
FTIZOWTNRz, ERASHAWLNTERT « DY IVEGAES 27 LE, Z£DE
REOEHEREN S, FZERRIC RH 5 B iER s ERECAHET 5 Z LI AEW
ZEWTWRY, L TEBRRERIZ, 2< B> 3tERETHERFRE L
BTs ZOEBTHVWLNSET—F727F v 25, BER 2728 L0 TEX,
ZTOEEERT 4 VY NVEGIEY 27 L L 2. Fl-20—H0EA&F S LT
WBEOT Fu/EEETNVEZHEY, TNIZESWTHESNZY ) a2 VFEIZOWT
i

FI3BETHE, YVIVMEEDOORY FEY ary QEAIZOWTERT. SHERD
MIEEREE T M ESWTEHRET SN2 ) o BB, ADEGIZX L CREETH
WEEATIH, T OREEECIMA T, R oMz @M TE 2FEMEEZ, FPGAL
HABEDE DI ETERL 2. ERIGESVREIDO LS BRET NA 2%, EGFHE



Ry =7 o b NSy F U IZERL BN OWTHN, FOHRAMERL 2.

FAETE, —KREEFOBERABIZ-SOWTE DT, —REEFF I B AL
fal BRI E IZ SN, e aSEihEEEFEoN, T, BEA»S RT
BN BN 5 BB, BEBRICEEY 27 LA BET DI hl- - UHICEET
5. FEENAREREIZEZ 5N 2 BAMEOBREST VIZIIE A 2LDRH 5
D, AMFETIE, ROLEAPNLEETH 2LEZ 51N 5 Hubel & Wiesel IZ L D £
ENET AR 7+ T—FEFNLESEZL .

BEETIE, Y )aVFEENSLISII—KREEF LB -EBERERA L #D
BBz ->THERELDINFF v T T —FF 7 F v, BERRIZONTEN, B
MO BRI EREE B 572 O0OEREF LV EZREL -, AR TIIREEES
BT DIV FF v TERERVED, 2ok EFy FROEGRERXTI T >+ o
TEETHOARNER 72, X561, 7F ol HERIZ KDL ESHEeE AV
BHAMREOZERICEHEE B2 0DREET IV EREL, FONEEELXY I 2
L—Y a VIZ KDL - v

BE6ETIE, BMAMED FALEREE BT 27 F 0/ EREKO ERER
AEF v TEAVE-ERER L BN, ERICLD, 7 o0l EEBEEN S 7E E
TITABDZE, AF v FIZBTDERKEZDLOREENY —V ) 4 ADOEHER R
B 5720, HIEEDLHEMENZ EPHERTER. F2, WO DEEK/SS
A—F BEZ DI LT, HUBREENFIETEZZ 2R

FTETIE, AMRTRLEERTY —F77F vy 2HVT, —KEEFOEHERILH
AL RERIZHER CE 5 Z &ML, KEEREEBNTY Fas/ v LFFv 7 257 AN
DREE % BT,

FSETIE, AMETHONIERERIEL /-



$ox ; + 04 VLSI é:im%ﬁﬁﬁ”*ﬁ

2.1 F4THIINERNIEEEFER

K211z, FERO—i s TR EERAE D 27 LOBKERT. ¥ A7 AL
FiZ, CCD A A5, ADEHaZRyF 4 DY VAEENISEREINSD. CCD A AST
ZITROSN - AN ZEBESMIE, TOFFEADEBRINTT « V¥ IVEtER
DAERYNEEENS. T 4 DY IVEHEKTIE, CPU %AW TR EIGAEN
EDHENTWL, JARVEF 4 O NVEEREFLELIZZD LDy 2T 413,
B2 ARICERTE 25WRAEEFF /-0, $FTIZALHAVLNTE. Ly
L s, BRI ER 2REBHREBR > X7 L UL, 20/ A<V HEE
W7 37 7FvI138L TWAEIZWVE 2, — B EGRAEDORY O BT,
BB L -EBIZH L T/ A XBREDOZDH DL, BEERFHROMEE TV T
5 1= DEGEERFA L WV - ETLEN TN S, K210 TRz, ANE® (£) KU
BERFAIN-EE () 27T, 74 Y IVEGMETIE, Z0OXSREiET<
22V VER) 2~ a iz K0ERINS. Thibb, AEEGD 1 BED
EERDDZDIZ, RRAIDELAEZNTNOEREOEE X A 7DY A X351ET
3. ZOMBEEZEBEOETOERINL TT->TWH<bITTHD. X 270H A X,
Bl Ny — 2 DEBOAE RS 61T 3x3EERY, NERLDTL XV, iz
BHARBESIZ A L TR RTUEZ TS =013 5 2BERE < s .
AR 2a—TaryOHEER, YRAIOKREILELLIZ2EDOA—F —THEML T
W7z, RERIZA7Z2AVNEZDOFEEIERLZLDICKED. INEBZERINZ
T>TWKT 4 DY IEERE AW 25 A%, EREEGAERI I EANC RE
XTHDZEDNDDD.

—7, EEIEERE 2R 2 BT HEEBREC ST, ERETEEL REFRAE
BETOZENTES. LarLars, EROREMEEEROBRER TH 5 e/
DRIGEEZ T+ ms DA =¥ —TH 0, HEOTHEWERRS X7 L5 KT 518
EEFIZHRNTHREWVIZED. 2023, EE0EN - ERATEREEN EthiE
BREFIZHKL TWAHD T L, MERRIZBT 5/WEFERLEDY —F 7 7 F v,
FLT) XL, BEOTHFIRESY 27 L0FNEREL Bi-TNWAZ Lizdk
95, KETTEHL < BBRB L2, AR>S ROIIEEREZIT R A ML, BB
ZRL AW O OREOMIEE) SBRIN 5B FEEKIZ L0, B ER
MEBEFTS. HERDADODRSRT, MELNREFEREDERR EML THS AN
CIEDHI LT, MTOBRAEEZ LT LTWDEEZLONS. ZOMEDH I



CCD camera

Digital Computer

Raw Image Filtered Image

X 2.1: REKOLHFRIRE S X7 A,

FIZKBO—KRREIIZELN D, —KEREITROERO TN IERICEMTH Y,
ZDERAED A 7 = X LI MBI E ZANTIT 0D > TOI WA, R EEE L
T, WO DOEEIZEEN 2R TORBHBERIEZ A2 LN TES. #
NTNOEETIX, LI VEROMEC X2 WHAER TN TWAEEZI BN S,
ZDEDIEAED S REEHIZRZ ZEERREROT7 —F 57 7 F vy 2K 2.2 1717,
I, 7rusZ WHERI BB ER I N-EEE L. HERTH 2E BT,
FITERAOBOT FaZ BIEIZWINZATTENE. TNTNOBTIE, ST
BT L TR WIS 7 - u s B OMEBIIMEZF D L O% AW TETEN
5. ZOFBEIZrD 2RI T 7 o/ RO EFHRENOBERBITH D, EEIZIT
TDED ps A—¥ —T5ET T 5. ZO7FalZLHANRBO—FITH 5IEGEIEE%
K2 RmL TW5, EHIRERMEE, AJTEEI 6 U TLEmIny /e i b & R T =T
THEERFED. ZOLS USRI X AEEDHERAELN 2 HAEBRIE, kOB
ZEBN, T TESIZEERRLTER TN S, SR> SIEEE 2] 2 X B
LEBPATENTL B0, ZNTNORBIZHIT 2 WHANBIBEEHC5ZT L eh 5,
EHIZIRODBDBAL HGERXD, BEMICAELED TN,

T 4 DY IVEGAMETIE, —BRIZ, —HOBEBIZSL T s S AL £ TOMm
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Analog parallel circuit

Hierarchical Struc e

X 2.2: WHREEWNEREROUET —F7 7 F ».

HMNETT 5 ETROBEGROMIIZFE D Z LIETERV, 2 OB O EREM:H
DERGEIZE, 1 ROBBIZXT 22 TOAEE@HEE T A7 L —4L—1b (33ms)
UNEREDORHETRETERILERH L. 02 &h, CPUDERILE FIZMES
HEED, ¥ 27 2RO ERERS LTV, ThIZHL CTREEEZ >
2T LT, ZTNENOBIZHBT 2B E T I U Z OEBIZKRDBIZESNTE
SIZRONENRTONS. ZORIZHIOBTIIROBEBEEZITRAZ ENTES. £
7=, FNFNOBIZ BT ANBIIBREMIZETT50T, kre ANJEN g% E
B TEREL BRI 22X 90 5

7 4 VY IIVEIEED CPU OMEHREDEIZBRL <, SHTLELZHFDIHZ L
BHISEN. ZTOEOEENECPUNRT—%2L > TThE, ZREOHEARTD
EEE (FIZIEET A 7L —4AL —F D 33ms LAA) TH7ie D OERAEN ETH
25, LrLAELRs, BEOGTEOMEERICIZLZE &, REMIZED DIZZ D
BIZANBIZANTHD1]. ZOHEIZMNIFCHEBEL LY —IZBRT 5. 7 4
CILT Oy HiE, ZOEEEEDEMNE SRz, B EEEOENEE
WTHH, REOHRTY T oty Y TIRHEEIN ;cE%L 100W 3TV, FEEAIIZIE
NIZFETEIWMT 22BN TFRENTNS. ZHNIZERT, BE, ¥ 27 4T
X, ENENOBEBRT 27 S a0/ EREROEEENI =020 8+ mWEETH
D, EBEZHOHITHLTHEI 5. BIAIEARPRTHIEL 72 Bl Bt



57 Fus ERAEOEEE X 13.6mW ThHo7-. F-INid, BEAEERE O
MMIFRETH D, N—F 72 T7HEEZNSKIMIENDZILIZL oA 5. K4S
BADLDI VNI M aN—F 727 WHIEEREIZ, EBEEHD:ZDD ZR— 20 H
TEHBENHFRONZ BEROBHOR Y b RE NOFHAEZEZ -B-84121%, JF
WIIEELFHTHD. Z0L57% WIRBHOBRLUEY %7 7 F vid, 220
HIZIED D, oW 2 A7 BT 2 EBERFEODIZHE L LD TH DL ELZ LN 5.

2.2 HEEOT7FOJEREETIL

Photorecepter

Horizontal celi

Bipolar cell

_— Pcell

—— Amacrine cell

Ganglion cell

Light (Input Image)

2.3: MO WX

AGRERIIBT WG EOEN 6%, BEIZRSZENTES. TSN
DOfEEE, REICAET 2EE 20005 300um OERHEBTH 2. SABIT, BER
DLy ZREBHL THERHICEINS. K231, MEONMEOEANEZRT.
FRIZIZKRE <313 T, #MHE (Photoreceptor), K-AAE (Horizontal cell), JURAMAL
(Bipolar cell), 7 <2 ) »#ld (Amacrine cell) 35 KU M#EHIHIAT (Ganglion cell) d
SHEOMIaNrHY, TNLIBEHEEELL TWD. FLRATE, (v9—-7L*
> 7 v LR (TP cell) & FHEN 2 MIfAL TEREARYIL BFEIC & D 7z e fE o Ml
ELTHIMASN S LDl ->TE . BHBMOHE, ARG LES) XM
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Zm(s)S Q) D Is) @

Rs1 V1k(s)
AN

A\

Rs2
i o WAk
V2«(s)
ZmZ(S)
Y, 3 e \
+0— +0 - +0—
V3«k(s)

Zm3($)

X 2.4: SHHEIEDFREERIEEET L.

DFTLIED AF AR (KFRE) 75 RTRLIUZMET 5 HEMAIC L ->T, BER
EEIZERENS. HE@DZH > TRALRMIIZ LY, EXESOEIL 2 KT
D EREN BRI X5, BEROACHHR, IURMARIC X > TAFNZMEEN
5. ZORMR, KA SURMAE S 7 A ARREIERIE, SHEREERE R &
5. ST, ECREOMBRLEIBEWIZERY 7 A2 XD BELHICIAL i
AL TW5, AMEEMEER TABIN-EHRE, BIMIETH 2 30EME»5, 7
<7 RS LUMHEETEAN . ESN . PHERETR CIXEGRFOE 31— 7
HF v xNE, MIEEI-FTEHF v AL TWBZ R ->TW5, #HD
SWAZRTIUSE, SMHEEMRORE, BROFEBHETEHMRT 272Dl F ¥
FMVZFTL THBORTAIE T 4 LT Ll >TW5, #6o7T, SHBEIEARREEIEE D HEAE

HUNZEREREFIET 52 &3, EREIIEGAHE Y X7 L2 BET 5 L TR TE
Bl ThH.

BT O /MR REOBEL, EBEY, BEFHMRICESEN 240D X
S 7s PR E L TRI LN TE S [3, 5, 13].

BHEO M EIIEA V=% V2 Z,0(s)IZEDET. HL, s=j 0 (j=+-1
. WA THL. ML, JCESENER L(s) N BT 5. ZITHRT L
B VDAERTT. BT 5 L MR LS gap-junction & WHIN HEXS 7
2 (IR WLV FEGL THD, ZOXFFIEMIEHFOKE X &P LM
LEETHS 6, 7. GMROIEEBRLMINF Vi(s) TRL 7.
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FFRADMIIEIIIEA V¥~ 2 2 Z,5(s) I2 L DFET. KFMRE, Gk
ALY T AR R R, £, HCRMRAIEEOEY F 7 AASEEZ 5.
INENDLES F T AANOBEEKFTIE t, & t, TET. Ihbidfezs +7
A b2 2A0T I RERNTIREOIA VY 25 AHi=5. WET BKF
MR LIZERS F 7 2 (L R,) IZ X DHBIEEL TOB72012, KEMBADOZE
IR L TRE2EICREZ L4 H 5 [8). KFMEONEEME, Kb V2y(s) T
~L 7=,

FsMAE, GRS S IXEEBRHED Y F 7 2 At %, KM S I3 D S
FTT ARt BRTHD. ZOBEIBMIED H 7 R H T & KD £z
HAILZzLDE 722 9] BBMROMIEIIE A Y =52 X Z,,5(s) IZ XD ET,

KFEHREEDER + 7 ZDEHUEIZ, FOEHEDEZICLVEHHEINTEY, KF
MRDOZEHFORE SIBREOIETREBIZIGE TAEE 2 ->TWVW3 [11,10. ZDZ
CRFBMIEOZETL, BOEOEFSIZIVFHEEIN TR L 2EKT 3.

MBI e KOV BEALIRFEE DR 2 72 RN B 5 Z & MM AEBRZERYERRIZ £ 0
RENTWS. LaL, AT 20CRENEEPRCEHTH 5 & = BT
M ELI A Y E—8 2V AT X ORGAPRICRETE 5 12 E512. EEBRADA
NI(s) ZEBHE L, BEOEENEFEEIZEL 2L EDINEDEMOTHDOHEEZ
D8, BAVE =Y VR Z01(5), Zma(8), Zms(s) BENTNMIES Rt Rma, Rons
KEZHBIONS.

512, YV IAVEBRDERHIH2D, LEROMRRBIEEET MZLLTD XD st
x5, BRI TS [21]

1. BRANEDEFNVEBEATITENZT S, 2F 0, EMHEEFEOEELVER
BRI, L8R R, DWFOEE, BEERV, CBH R, OEAEKETS. 20
CEDANBEV,IZ, Vi=ILR,  £EREN5

2. KRR S DHIFIED 7 4 —F Ny 2i3EZ V. Thbb, =027 5.

3. MBESEII RN BHIN -8 &, NEBE AW MlapEsEstc Lhid,
HHEEERT 24BN YERE T 2 ERIGESREX, BMiar k¥
MRIZBNVTRIFFELY. INXO I F P AELREK G . t1=1/Rm DED
2 R DHERBELZ2ZENTES. #-TC, BEANHOEFVIZL =
HFD2EH OKFHIEE) ~DANEEI VL, &0, GMBROISEEMNZ
DEFEANTEINS.

4. GRIRE, KPS S RBHE~NDBEIZ L 2BEMEE 135, DFY,
tsRms = —taRmy =1 TH 5. -7, IUBMIEDISEELIE, RO LS IZHM
R KD ICEBAL DB EL 125,

(WBMREDINEERRL) = (RMROIGEER) — OKFHRaD RS EA)

9



ZDEHOLHBEKIIESEDRL 5 _BOEHEEE LOBESHOEEH I LT
B23RBEFIVOZEMT7 A VIR, ST Ty o7y (VG) E<a
PTDZERMENTVWB[13]. STSTTy—HIoT V7 47k, ASERIZ
S TR L RO GREGHEAZ T O BEEEF>, BREROITAEIZ &L 7222/ 7 « L
5 TH5 [14].

2.3 ) iEiE

AEEERIZ RSN 285 iEkEEE. BED Y ¥ — N LEBRIBKENTH
% CMOS(Complementary Metal-Oxide Semiconductor) SFERIEEHAMT% AW THEB
U7z, AREEIRET N A 2ZDWFER, EFEBRAIZITHN TS, Mead HIZ L5
BOIDY ) 2 RBEDRF [15]) LIk, 2 LBEOERBRRET N ZPHRINTE
7z, IS0z, - EOERETEES AT A L 200, B0 R
MEBEERLZ-LD, FEATTF AL 7008 =7 v s Ol BED BB
CELL 720Dl R D5 49, LILELRS, R0Fv7D%&<iE, 7FHusqE
BEEORTHEDE S - ZIERT 25 EBEDRIIZLY, EBEOCAIZEAT
HZEIINETH - 7.

Kameda 51, BIEiCRR7AEEMEREBET L2 EiZ, —kall, BEU-
rkH, —waBor) a v BRFy TEBEFEL . —®kn#F Sk, —RITTD
VIGRDZEHAEF 7274080 YTHS (18, 92). B KTHF v Fid, KF
HE—RTD VG HZEF 2SS 4 v v R BEAMICERALAZZY T
VHTHB (19, Fo, SRFTEEF v A SRTEERFIOF TR REL SV E A
T RAKRFROBERS %> _RITD VG WZEH %A -2 )79 TH
%20 ZN5OTVaV@ERINTINL, BREATCSWTEVWHIEEZR DS
ZEDHEREINTEHY, ERIGAVEENIER N TWS, Z 27Tk, Zkaoy
Do s W, EROBEBAEIC BT 2 ERME ERIC KD #ERL -

TWRTCE 40 X 46 EED Y ) I VEF v S ORIBERER 2.5(a) IZRT. 20D
FoiE, ZTHH (74 b5 44—V :KFPD) AHEEIFEN,S 7 ZEERPEL, K
SEAENZ 40 K, TEAFMEIC 46 BRINOGN TV S, FERIE, SHEIA AR
KEBEINDLDIZERNEN, TN 6 DERLENT 5 EH R SR FRIZ
5. ZOXOREREEBICLD, BONHELY - - kD VG AR % EE
T5. VG 7407, BEHBOABIZBNVTROERNZZEM7 « VY THD, A7
FHRLEEREED BRIERAEORIAEE L THAIN 3 [77).

Fv T HINE, BEARE, KFEARTNENCHABLEZY 7 LI A9 NEDT —¥
Sz L0, —EET O IR (Kdout) IKEFEN, IHIFAEENS. -, KFE
HEDT 7 b LY RYDEERANT, 177 ICHEIN-H8R (K9 out0,0utl,out2,out3)
ORI TFy THIETFAETZ L OAETH . FINEFIFEAH L AL, EFF
BT17L—0%kFAHETIENTEDD, BREDY AT LANDEBEIT L 5.
KR TIE, REY X7 L DERVEEL, —BEET DOMERKFAHL ZHRE
L7z,
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Er Photo Sensor

psw—{ —d
V1
hv—y
PD
Vom1 $Rm1
1st '
. Lateral
out 40 pixels Control Connection Rst
< A/""‘_—PD —_~signals 4 ¢ ¢
o< R Vorst
xQ [e)
L hold1
\ Vzi
G > :
= - ; out0 Vreft -1
g Vab — — cp
8 - o | 2 :
2] out1\ & —Ea— - cn
=3 ) o Nbuf
=4 N > -~ e
A ) @& Vbm2_ <R
8 , out2 » o _bm_2>§ m2
Q| n
% [ sH - = s > 1> Lateral
@ . out3 Connection Rs2
L * ) Vors2
nid 4 Horizontal Shift Register | Yho Ve

(@)

Vout

(b)
X 2.5: >3 HEEDOREEFEK. (a) F v 7 2EOREEER, (b) —EE D D[RR,

YV AVHEES y T O—ERSOEEEER X 2.5(b) IZRT. KU, T4
N A4F—F (PD) OFEBERDEFAT 2, BHERIDEE 2 EHAL TWL
5. ZNiE, nMOSFET 24 » ¥ (psw) 2 ON T 5 Z & TPDIZHNA 7 2 %HML,
TOHREBRERFTRET D, INEXLVHHBOY £y bEIEE I8 FDH psw &
OFF L, PDIZHA Y/-2L, ZTOREIZILL CTHEREBICEZONT-BRIKEL,
PDO7 /=K BIOBMOBETT 5. ZOEMBETOAKEE%E, 2-50 pMOSFET T
BERENTY — 27 v a7 REEEMNL Tidq L, ey NET S ZoFR
ZBWTE, St YEHIIE AGHGEREI X L TRIBIZIGE T 5.

Uty bEFERZ TS, ot P HIENHEET % F TORME BREERE &
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K. ZoEERHEEE T, BRENBVIGATOLRELRENIEZBLZIENTE
L T AUBEBWIOARERATAZIZLD, HEDZERNRHATIZHIT 5 X
375, 2T APRFNEBZRIIHL TLFORREREONS.

—B B OEHERME (R,) 13IE6 EEL EfisN, Jtty Il %22z
BT 2. ZOEL, AFEEAREREET BT 2RMIEOICEIIHIET 5. KD
T, EENY—V /A X %%y VT LR -7z / 4 XFE/Ny 7 7 (Nbuf)
AL, ZEEHOEFERME (R,) TEXHIZHRLEN, KFHRDIEEZMIET 5
BENEHND. HNBERD /A X@ENy 771213, —BH Z_BEHZNZNoEHH
BRAED /) —F DER A A v FTHOBZONTUBEIZANIENS. /A XFENY 77
IZIREEIZES 2 L DERERH ZDT, IBIZANEN-—BBH I _BHEE I DE
DNHEZN, WRMAOIEIZIGL 7z, BEEIIELNS.

LA E—#EOERETEL, > ) aV/FRIL TIPS EA6N5T « VY NVES
ZE0EIEENS. F/z, —BHRC 8 EOERRIEEEE MOS AR L0 EK
ENTHY, AEHrSHMT BNALT ZABE Vi, Virs2) 12 &> TEDEHUEEE
ZBZENTES. iz, “EBHOEIEREOEFEEZEZ 2 LT, XEHFOK
%é%%kéﬁ%:tﬁ?%é.%i@,&ﬁﬁRQ%%<?%t,§§ﬁ®@,%

. BT DRI L 720, Eﬁﬁibﬁ%mLﬁé F/-, HOF A vidhEl
&5 WZ Ry KL T 5L, FRIEMWHL R E-DIZZEFORIAET <20, H
Nr4vidm<izsd. [13, 4]

BOEFRICBVWTAVWHEA 7Y 2 2 b 2R EDY ) a2V ERDIEEEK
26129, BHIZ 3.5W/m?2, EFREMI 40ms THS. () BRO b)F, Fv7
JEEEEGRE L TERRLEZLDT, BVWELEEIZEASRLTWS. @) 3V #EED
V2G RIS AR LD, AVWHOBREMHITIE, WEAMIE X0, R
TREVEL RS, WHRETy NNV RIZBEINERENTWS, ZNIZED, &
GBATHEBEDOZERHES KEWVE S, 2F DWEORET Sy ERAINS. (b)
i3 =B B OEFEIEMEDOBEHE Ry, # KEL LT, ZRBOEEHR LIHEDIRE
THD. IBERIVEAMITIZ>TVNBZERSD 5. (0)iF, (a) BLY (b) DEIE
@6¢%ﬁﬁ@m¥ﬁm174/%@mﬁ&mombr FEEE L THERRLZLDT
5. FM*E%EmH®W%®%5é# F—EDHME, LLIHE—EDEE
LAZ72-THY, BREAEDOBEARADHZINREL BT 5o MEHENT
WBETFOR DB, iz, WIEDOREEES T, BET 400mV,_, DIERELH Y,
THZEIRARIMA S5 2BETH LI EVHHETE 5.

oYY arviEEx, 552 5HEESDONY - EREZDHIET, 7L—
LEESZFAETEZENTES. VEODF v Ih b V26 S EE % oGtk
DIEEE, 7L —LHENN X2 —BEDOREIRON S Z 8, THET N/ R
ELTOAME»S LAY ) AV FEOKEEROVEDTHS. FEELRIZIRD Ik
DORRLIZEEDY Y AV HEEDIEEER 2.7I2RT. (a)id, VGRZEHEZF
ORFEEDIRE, (b)1E, 7L —2ABEENC L5 —BMEDINETHS. (b) TR, B
Th&h*ﬂiﬁz FOWHDAPIGL TWBZ EBh 5

) a VRBRDIGED, —REeRIBET N4 A TH S CCD tt DEDIZEIDE
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F =
aerm Ty, G0 B
-

100mV

0 40 pixel
(¢)

X 2.6: >V aAVEDHT. (a) FEBFNENEE (Virn=1.0V) O HHEE, (b)
BEEDPENGE (Virse=0.65V) DHITEIR, (c) BEFFHEDKFEL S 1 > DOISERIE.
AZERDRIRNGE, BZETFIRNEE.

HEL 72 [30]. BFEDOENBHTIZEWT, AMOE %A > THAD SBWETR
5L, CCDAXATROY ) avy@ETRZ. K2.8(a)ld CCD A XS DHABEETH
5. MBEIHERHNZOS ) 2V fEEFAREICETEE L TH S, MmUOIEICRS &
N ANYOEDOERFR ST, TREAMOEE DBERANIEFIZEFILIZL < E>TW
. THNIZXLT, (b)iZmliz>) avy@EDHNEG (FteE) Tk, &R
ENVIDEE DFERITIF->ZVEXATE S, ZE, ) 3V HEEOMYRHRIZ X
D, AR5 OBNBIIZ LV AEL -EBRLEICh- 20X 0ARNRF v VL E
NEEDTHDHEEZOND. ZOXDREBETAEN > ) a2 FEEZ X0 REE [
FHZITON S Z LT, AP SEEA - TL 2540ENEGIZ, BERAgIC QL
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(a) (b)

X 2.7 V) ary@EOH. (a) FFitEilE, (b) —@8MIRE.

X 2.8: CCD &) a VBEDISEDHE. (a)CCD A7 XZ D H M, (b)) 3
> MBRE D Hi S Eifg.

TWAZ 72 > THREDAE Y 27 LIZESNS. ZOZ i3, ERETCHIET 26HE
VAT LZE S TRIERWENTSH 5.

RETIE, FTEBZEZALERET NA ZDBRELERDT 4 2 7 )V EGAE Y |,
BL e 57z, Fz, EEEHFIRRET N4 ZOFTOEICHEL EA TV S
Rzl /-7 F o E£EEEK, > 3ROV TR BRI, BE
W DERTAWF Yy 7HREINTWS, KFETIE, KETHRZV ) 304
A W5,
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F3E Yl aUEIEoORy fET T
oADIEH

TFurs YY) aVEETERRELMETH - - EFEHDOIE S > E IR 3
ENY — ) A XEFMET HRBEMC LD, BVHEIBELERL -2 a2 #9E
BRFEENT 20 AETIE, ZO&5RERBHRREET N4 2D B Ak EiFd
57012, EBRIZORYy bEY a2 U TUSHL 2RARIZOWVWTHHRR S,

3.1 S RTFTLERK

T, Ry PIORy MZfREIN X5 BEBHHOLR v b OBIRISBRAIZST
PNTns. AHERIUBRETHEMNIZTETE 20Xy NI, $BRFTETAE L
ERIRETILIEEZIOND. ZDXSTBEBEHIR Y M M RIBEHREERD ANS
THODHE SRy NV avid, EESEERMNTHS. BEOBEHF A — 2,
FERATEZ2ENREONTVWSORy MEHEANZ2 0Ky FEY 3 iz LTI,
T 4 VY IVETERE W EBAEY 27 A8 EWARLID L, kO LSk
RENERIN .

1. a7 b OEBEEEION—F 77
2. BHAZHDOEAALS / A XI2XT 502 MM
3. ERfEE

AREHRE D a v F oy PR FESICINHOLEELERTF AL ZTHD, aRy
PEY a Y \OERAIRLIAG SN ZIEADTFOVEDTHS. $FETIZL, Hrlk
FoTHRFEEN, TOI VNI P&, KEEES), TN REGAEE 25
REENPLT, Ny -8 (22, 23, 24], NEOBEOR v b DFIFH 25, 27, 85, 29]
RY =7y bbb TyFR VT [80] 2 ANDIEASREENTER. ZNHOFIE,
DRHEDE D7, HOBEDEEIZBLLI-EY arvFyTLhb. ZDLS5kEFy
T3, FOBEOEGAERELSEC, MM ENBENTEHTELL VW SER
DBHBH, TORE METEZHBEHRVBEEIN TR 05, BHOIELHIE
END. —7, H5DEHFAEIC AL THEIZ 12 3 EERTABEOBIESY F - 7-
YarFy T, BENLISHIZEEL TIBAT 0Bl LETH 558, Ak S
W Fo, BIAEATTIZET L TS0, BROMBEBDARMIAS BRS
ns.
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ZITE, THOasy ) oy BB X 5B ERHEMEIZNA T, e ORI
RTE XA - 572012, EHERORENEGITAEEEZ D -2 V3
VR, Tus ST MIT 4T 7 )VERRE RITE 5 FPGA(Field Programmable
Gate Array) & ZHAEDLEIHAES A7 L& BEL, ZTOHOEEEEZER 7.

K312, YVarfEEy FPGAIZXOBRL-aRy FEY a vy X7 LDEK
ZRT[31]. AWz U 3 201, SMEREMERIRBET VICESWTHREE
Nz TRY ) a Vv BETH S, Z0F v i3, FEMROFEREEE L —atEis
BIZHIEL 22 DBEE—F 23D, FtEIGET— N Tid, BEBIZRL TREL
DHERRFA L V- - EERATEEY EGTT S, £z, —@EEEE—-NTE, 7L—4
Bz &0, BRI BREDOEML D > -EXEHET 2D T, B ML
THDIZENTVS. ITNHOEGRITEL, BAEGE K S BSOS 27 LIZE
WTRERAIRBAETH D, Hr Bz BWTHEL 2B THS. Inxv ) a
VIBENERTRETER 328 T, BREBEOMEEBRDEAMERE B TE 5.

vy avEEOH I, ADEIN%, FPGAIZESNS. FPGATIX, V)
O R T AHIES A2 ART 2 L LiZ, V) avBETHMEINZT
o2/ gz R L T, FTEDY X 212G C T 4« DY VEREE KT, FPGA &AL
TEBEISADEODFBEIZE LT 4 DY NVEEREEHRTHZ T, Y a s/ fHE
HOEB DT AR L BRI FHEEETL. BEERANINSITE AL B < ERRHT
EfRAEETHZENTES.

K 3.2i23 ) 2 BEY FPGA 2 A GHLETEKL 2> X7 LDNEERT. &
Vo L, LY R r b ENTz 8em(H) x6em (L) x5em(D) D7)V IBD 5 X
SHhy 7 2IZPDENT WS, FPGA ZERDKZ IIE, 20emx20ecm THSH. TI T
R 72 FPGA ZERIZIE R 2 22 A A EEAS TN TV B0, BEABERE L Td Vo
VB AD BHAIC, FPGADATH YD, AT Mgl A7 LHEKE s> T 5.
BEENIYV AT LB TIWEETHS. RIETHERLHIZ, HE—BKIIZH
WHENTWS CCD A A=Y rHE PCIE A GHE-EEBAEY X7 LTI,
CCD 5 DHNEEERMET S5 < A/DEBRL, BRI oty Az
T 79, FEFICHEDHRIAE N, ZoHOHAAEIRELLOD, EHEBET,
2 2T LI OARBRYZIEE L TW5. AL X7 Ll%, ERHEGRL
HAEHTZIIHZ0, FEEOSVEGRATE Y WA 7 > 07 B TR ETL,
FDHBOL EVWVEAEDHE, AV vV sARD e WLER BB D FPGA
TFDZ LT, MBENEABWICHZ -BEEGAENTES. Z0kd, HEE

ZERBE B LOESHMES HIIREED S X7 2121385000, ERENEE K
Bizav NI MY 2T LR TERTELE WS RUZENWT, FAMEN SO,

3.2 Ef#FHOmE

) a VRN, RRZERIARTAEIZ X0, BEREMERAT S ZoiuEIN
7-EEIZ 0L T FPGA THELAEAMZ 22 2T, BHREOBEEMETZZ 0
TZ 5.
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512Kx8

SRAM 'SW

output of @ @

silicon retina

A

g t27 — FPGA
% control signals |
Silicon Retina 3 JVL<::%%§5%133>

OSC\ ‘OSC’ D/A analog output
14.318MHz 40MHz

FPGA Board

X 3.1: >V a e FPGAEZHW-O0R Yy hED 3 v 27 LADHK.

X 3.2: >V arsfgiEE FPGAR2HW-akry hEY 3> 257 D5

) aVHROFEISEE, ST T —H 7 RO K R Fo.
FTIUT=HIIT T 4L, BERIZH L CTERLE iElsaiE s BRI 17O
HILE 7 L7 & LTHIBN, ZOETNCHL T OERELRTO Z & T, iRERiE
Bt TE % [14). K3.3()iZFicxtd 52 ) a v BROFRESETHSD. 20
BRIZRTL T, YOIz K0t L ZmiEgs (b) 03T MiEn-to
LERDBHTRENTVSDY, FOMRBPEIIHETETWLZ AN 5,

7z, V) avEEO—aEICE T, RKECEEEOZD B > -EENED
SWTAICINET S, ZOHEINIKL TEBERL-%, H5BELD LRSS

ZFROBERDAERE T HMEAER TS5 8T, BWEERET 22N TE 3,
X3.3(c) &, FIEL =MEDRETEY v H—R—LHBER > TNWBEY—2 %) a4
FETRZIZ2LDTH D, D= 2T 52 ) a v fEO—&MEE EgRE F3Eo
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LOIHREAEL 72#EFR0 (d) THS. REULLOBERZETRL TWDH, #WT
WER—ILVDEBEDAEHETETCWDLZ LT 5.

X5z, FHEEICEIIHT 2¥ o ER SRS —BEISEIZ XY 5 REAEER
HHAEGHLE DT, BMEOYORERIBIT 2EFTREARETES (14 K
AR TEORARDNNY — VBBV TWEEE, ZDONNY—-2Davy b T ZAMD
MXEEHAMIZED, A B, C,DDADDEBBITHTDZENTES. A, Big, /¢
F§—2DAVISAMREWZHETH DD, EFHEITEILIZERETHS. Fi-,
C, DR LICEFHAMIAEBETH DM, EWVWZaV I AR HEDOBETHS. Z
DEHay b A MOEMECEETTIZ, EFARERETE RTNIE RSV,
FZBEIZOWT, VY aryfEOFE M —BEInEE Rl TWDH, T I T, #c
HWIREN S uRERIIBIT 2EZO/FSE, E-—EBEICENSZDINEDRFS %
ITNENHRET S, NSO/ SEHLAGHLEHIET, CuRXERDET Rz —
BIRETES. Ko koiz, EE#AEE, YoRXERIBT 2FREICEDEZD
He e —BEEEOFERE U BRI ERE, FLEFEPEWVIZERR BT ER
ETHDLIENSDDE. ZOTAT Y X L% ) 3B FPGA & AVTETT
L, FPGA CIRIEFICEREILHEST O T, ERETRATAER) T HN
BRHETE 2729, oRy bEYav e LU CGGERIZEDTH S, K35 12 EF AR
DFERERT. () 13> ) 3V BEOFFESS, (b) F—@EEETHS. (c)idK
SEAEOEES A EAREERTH S, EREZICBET IERNE, ARSICBET HHE
ERETREINTVWS., B EELXLOENTHHICLEDLST, EEREH AW
DEREIZBNWT, TOEBFRPBEHTETWARI &N 5.

3.3 FEEMAT 17 BH

Y ORZERHIZ L OB L 2@RES, RELAERIZ XKL -BZoREE V-
e iz EHiz oW T 2ERR EINZEGE AW Z & T, BEgREEIZhz 2 KB
A EABRICETTES., Zof LT, READY -7y bOFLEAT 4TV
(o) %RV TEREL - [33].

A7 4T ERAWZROMDREOT7LVT ) X 2%K3.612R7.

ZITE ZEOBEEN I THLIEEREZH, "0"THHIEEEIKETRL TWHD.
IDED R ELEBROERE (z,y) 2B 2EERER F(z,y) £ H5<. ZDF(r,y) %
x#f, yENZZNZENEHET 22T, BREDZERESHOE X 27T 4 Hy(x), Hy(y)
EBDLRIZ, FNFNDEANTSLPE AT 4 7 V2 SUEERET. RPTE, v
HIZOWTDE AN T LDV, BRI 252D TAT 47 /E13THY, %
NEELEBEN y, & L THREEN TV, xlliZ 20 TOE RN S ATOHRERICL
T, 2. 2BET 5. ZINE5DRE (2., y.) ERBAOHEOFLE L. AF 4T
ERAWTHRHEENTZY =7 v R LER36ICEVBORZEE L TRLEZ. BLEo#:
fEIZ X OB L 72900 (20, 9.) 1, IRDEKDIZKT Z N TES,
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(c) (d)

X 3.3: @) oy #EREEDEGIZT 2 _ELAE. > ) a VRO FICHT BINE
(a) EZNIZHT DL ORZEREERE (b). () DY —IZBVWTY ) a vy #ED—&
PEICEIZ N L CRIEAER A 1T - 7245 R (d).

A motion direction B C D )
sasssanseeiiien SRR R R

SE
—— @ e N
zero-crossing

- ’\/ pixel pixel \/ pixel
\_/ pixel pixel pixel \_/ pixel

X 3.4: BEIT 2ERNY —VIZHT 52 ) 3 U RBEOFHM RO —@tin .

pixel

Sustained type
response

Transient type
response

19



(b)

(c)

X 3.5: HEGABRH. (a) > ) 2 Y BEDOFHEMEICE, (b) —@MWISE. (o) EBTM
BRHAER. EREICBET2EHREZH, AAZICBHTH5EIXERTRL TV

i) < s/2.< 3 ) 3.1)
< 5/2< 5,00 32)
ZZC,
S=X ¥ Flay (3.3)
He) = 5 Fiay (3.4
HN0=§F@w) (3.5)

ZDAT 47 v EAWEFOEEE, ERROXNS L5 L0, MEE HED
ATEHTE D2, FPGAEZRAWTT + V¥ IIVERRIZ X0 EETIEAIZL, FFEE
IR CERTE 5. F/2, FEICHEHOBHEREZEHT, MEEN 28 E T
AN T LDEERN O THREWIEIZRD. ZDED, A7 17 &2 RAW-FOBHE
I KK HWON2ELE WS HEIZERT, ¥—7 v b 6@ BENT-5
FZ®H % / A ZRNEBDOFBERZIHIZW, EWHEEERD (32 360D _#E
fEEBRIZHENT, EFEIZ /A XD XS/ @8N H 250, REINTWSHL
X, ZOEXD /A XDEERITIEAEZITTCNERL., ESCHEESD /A KM
Dolze LTh, AT 4T ULV EET 72T, RHENZFOEEIIZFEAY
BACLIZNZ e D, ZDZ N, —HRINZ / A XEMEE x> E
BETOEBAUEIZHEL TWbEEx56n5.
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18 200 21 22

23 24

3.6: X7 47 UBRHEDOT VT ) X 4,

ZO7 NI Y X L% FPGA(Xilinx XCV150) iIZEEL 72354, FOREBIZH, D
BlidB LT 4us TH Y, ) a ML S OBEREIGET & I3F RNz ERE TG
DRETESE WV .

(] a)
'Y

4 frames (133.2msec) = |

X 3.7: ERfE AT « 7 UBREBOFER. > ) o v BEDO ZRBERZ 33ms.

) aVvEEE FPGA Z#HIWEEEY X7 412, AT 4 7 v E AW E
AEFEEL, EREITY T v b b SvxF o052 T57- BEOENRHETT. Ko
ETHY =R =V EER L. ZOEEDI ST vF U I7DERE1 7L —LT LI
ETF Ao B EGRY, K3.7I2RT. &)/ fBET—aESEDEEE—F
L, BREAEIZ LD _EbEfT-72. BO+EOREDR, £7 L —LTHREINT
7 =7 v bOFLERL TWD. HIEBIZ 133ms(4 7 L — L) BEITRL TH B,
EBEDHIE 33.3ms T EIZBEENTWA, EHEA Fh 5 £ FIZED - TEL - TV
SHAR=NLDOFLE, EDT7L—LTLHRETETCWAIENDND.
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3.8: N2, FIMEWEHZ - AT721=y b DHEL

active camera

(a) (b)

X 3.9: 220D AXSHEHANY =7 v b b TvFRUT (222000 ASDEE, (b)
TITF 47 HASOT) 3 BEDH

1 OD A XSHAWEZERTIE, FSvF I TELDREHFAOYEDKRTH D,
HEOVRNEHAEIN—FTBLETERD. HCEFEEL LT, GFOZ2[EY
YTV IR, WEROFEME TS k-T L E D, BWEE -1
T SYEDFMOLIRZ 57-DDEE I HIEL, W ATE2OANVWSEIETHD. %
IT, 2O ASHRWZY =T v bhbIvF 0057572 A ASD 12T, A
WHREFZ RS ZBED A ZTH Y, BRBDERD X 5127 DHREADEED H.0AL
BEERETHRETS. 151208451, Ny, FLIEEERE -7 75747
ANATTHY, TOHRFIEIOORSFEINTWS. K38IZT 27T 47 HXS5DH
Blrrd. N, FLAMNHEIZNENDCH —HRE—ZIZL0iTbN 5. EEH X
FIZEDE 7L =T IZBHEENZY =7 v b OFLEEEZ, Ny, FLh2ZY
FDE—YEREHTLHEESICEREINTER TI2T 1T HASTDODREE—FIZEDS
N3 ZOBEELEIZ, TIT4TAASONY, FLbZZy MIEIZY—7 v
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FRREFICAD LDIZ A XS EENT

X3.9(a)iZ, 22DAAZ BN~ v N NSy F S DOERRIESRT. K
DET, ABPRBTR-LEGERLTWVS., F—7 LD RZBINTZEIESD XS51213,
A =D ED SEHEEETRI 5N BIFE DIREAEREE- 72 L > THED £t
5NTWD. BEEAXATIZII Y P ENZY ) a VAT —EMISET— N TEfE
L, TOHIZZITE S FPCGAZEWTWAR—LDFLEBRETS. £71 —A
TEIEBRHEENTZR - LVOFOEER, E—Y4HESICERIN, 72547 H X
TONY, FIb2Zy MIZESND. K39D)IZ, TIZF 4T HATIZIII M
Nz ) avyEEOEIEGART. 202 3 s BETESEEISET—F TEEL
TW5. BIEA XS DORBFOREFATER 2 RBFNZR—LBREHN TV BR, FNEND
T —LIZEVWTRIVEHEAICRZ SN TWAZ RS0 5. 20 LDz, #x
B2 EFIZRBFMIRESEI DI LT, E6IZZ0WERIZTL TEEL W%
fI5Z L LAETH 5.

RETE, VIV BEE FPGAZAWEZORY FEY a vy 27 AIZ DWW Tk
Nz 2 3 VB X AERETOEGHIAES, a0 STV ET 4 IOINT
NARATHDFPGA DEHMUEEHAGHLE DI LT, Hrxky 2712 H8HAT 2L
7§§ﬂ‘ﬁgt VAW AR
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F4E —REARHOFEHRLE

) avfEEE, FPGA DX D RBEBOMBEERL HAGHEHZ LT, kv b
B ayve UTUSHTTRER BRI ETHRNEA TWS., LarLad s, REDME
EETETT ZEGNET, EARIZZIERAVWON TEEERAET LT ) LT
H5 LOBEREEEROESSHERESERT H7-0121F, AEICEE ST KNG
HHICETHEZAT Z2ULERDH S, AETIR, —KRAEETFOBRUEIZ DV THENRS.

4.1 IBERHS —REBEFDFXEE

METAEIN-HEBRE, GEErdE-> THRANEEBN . ZOMFE, S+
BADRIIE, KELFTT FESSIMIBERGE->—KARE, MAE->LEEK
Wiz WA, D2 ODRNDH DI ENHSN TN S [34, 35 RIEITRERERE
I, fEEOFOLETE LA -RARENROBHEECEETCHL 20O TS,
BEIHEREARE N, BREESHIELS b2 WbnTWS, ARORE
REehEBERT 520101, ZOXDRWFIREERRIZERT 2 BEXH DN, K
BTk, EELZMEE EICHE SNG40 82 e LT, fREROE
DERBETHLIEREREEZ D,

4112, EHREERCBOTHEED S BRI 2 2 EROEAR 2 ~Y. 5
RONERIET, BEROEICD M (Retina) TEAINS. ML, BRI 2.26
TRz &I, REEEBRESIERTI0ATERL, HI2EREOERENEZ
Tol-EREHIE L TEOHET. HEEDHINIBRMRE (Optic nerve) @Y, 7
SMEIBSIRE (Lateral geniculate nucleus) N& xS S, SMARRAIE, FEARIZIINE
B OB ERE GET 27200 FHFTEEZSN D, RATIE, SHIEREGR
Bz ER%E T 27700 Tl BHRUBEICEENIZ R - TWa LT 5HELH 50
[37], AETIEED D, SABEREC BT 2BHRAEIZRL 2. AR
0o OERIE, —REEE (Primary visual cortex) IZ AJIT 5. —KEREIEZAD
DENLEREIN, FBEMECHREOEEDIZ», AHNBERPEEDETDL
Bisd, ZOFTHRABRGL)SDESIEZEANT2ORNETHS. WEDHT
RECZZEANEATIEN, ZORTKEARINEEON S, —RKAEFOBEH®
BPIZIZZEN LIS QMRS DD L 0h > TS,

—KREFOMAD, JEREIZ T 2RSS & BRI & IR & 1 5
M % (38 HidBMIECHUBICFEL, AMIBERE»SDESEZITES.
Z DEMBMRIZ DWW TIRRETTHL <%, AL, BEMRNRE,SOA
NEZTERAZ/ZEe, AE, ABICEEL TWa.
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Lateral
geniculate
nucleus

visual cortex

4.1: R & —RER I AL T 255 R,

D& D BRI OB OMINIZNTN, SEFLHINA2RTHNOH AR
SNI7ZFHANONHIBIZH L TOAKIGT 5. K4.217, FHALOHIEDZ2EZ 755
BEOBEANERT. Ao, HMEEMREMES LU SMIERARR, —REE TS
MR, — R RO EMS AT TH 5. IR TEOIZ, SAFDZ:
B E X BB OMA T LI B> T 5, BIZIE, 8E I 7 5 ek
MRS D ML, SEBPLE FITINEDBHSH R - 1= — B0
FRIOZEHEL D, 2, SETOFLOMBIZH T, FOE _EADKH]
BUZRL TR, FREAOEHBIZH L TR AICIEET A WS 2 e 2 BHL
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