SO RIS
e rh iejwiies

Vision Bionics Image Guidance
Technique and Application

FER KM &




A5 e 2 TR R A

Vision Bionics Image Guidance Technique and Application

FTHh KA F

[ S

« JLET -



B ERRB (CIP) & iR

VUG ERBRBFEARN A/ EFTR EKRE .
63 B Tk i B At , 2006. 3
ISBN 7-118-04391-5

I.#®... 1.0%...0%... 0. %#HZ
V. TJ765.3

b [ KR A B 548 CIP BB F (2006) 48 014659 &

*

N N N Y &t
(R WG REX EMRErEH 23 5 BB 100044)
HREEERRIT BRI
FEBELE
FA 850X 1168 1/32 EP¥ 1015 ¥ 267 FF
2006 4 3 A% 1 MRS 1 KERRI EI% 1—2500 M FEHY 36.00 7T

(FPUBHNEHR, RUAARBR)

B 5% : (010)68428422 BFFHRI . (010)68414474
BFTEHE . (010)68411535 E47 V% :(010)68472764



B K

A mERBES HEES T AR,

EpREEBER T EEEGHEELN A EENE. £
5 o [ [ R 1 45 B I BB SR — 4, XU E B A K
FHEEGE. ITREEHHENRSELERBEINERE,
BB YRS AU M SO R R B R AR A B R
By B 0 75 T 45 10t D R B R T T 1988 4R R BLE AR B
HER, B EBREER LS, R ITEERS R W E
o B FE B R A T P S

ERREERHEESABONRE:

1. ZEEBRFEE R SER, 2 AK T, AEH B W, 765 R
FRES A R R E A TREARBR T W
IR RR S,

2. FREEFH, WAL LA M EBRENREEEE
BAABRKENERANEE BUSEEHARLAMREE LI
RUBENEFRERATNEE,

5. HEERBEHBEMA T KT HEANHE, H% 4N
RAEMREEZARCEENT LL FHRRENEE,

4. A B AT E BB L 2E 1 3% B A 7 N R AT B A TR
2RI G R R E .

RS EB LS TR BERASEREEBNAS THE
THE, $h FE 4R R 4 0 R T 1, VR R R I B L R
Ve B R B & L U R E IS BON B S. B
B 40T 9F B A 45, o3 0830 45 0 I 97 Tl A B3 A

m



BBy RHE A 2 B8 T 2R B At BB A B A&
HECRMAGXE RN, REMEBERLARAMEG. ElE
TFREFIEET R E R TR R B RES, kv HRBHE
B4, XR—-TAAREE LRI, HE SR & EB B E
389 R B B B R 3R 9 KR B IS RE

W HREE R~ ESEY, EXHR TN SR E.
B ¥ TAER B AR BRI\ b 555 0 B i s, Xk
AREARNESREHERKKE. PH THEEFTEEHGRE
MRSESERBET AMETHEE EX BE. URMELER
AR AR S8

RN FR, HHEE R P R R IR &
31

EpREEREHRES
WHERE



EFREBEHERES
ERRTHERSARAR

F &£ £
B O £ £
b #

U

Z
(AL EEH

X) R,
I % kAT BRW

w dn A

ok
oW
5w
o
Mo
W

HR A xR
WmEE FRE EFALE FAHRE
REM KILIF KA
HER BA—F RARL KEH
ERAZ $hiad MHER

3

:J'q



T

]

BRRELTERNEAIBRFET TEMEENEY, BF
EYRAAE ARSI, BB ER RS AR 4
BTk, HTAZREBUEYIHANR . HREEVRENE WY
B RE B AE B AR R PR TR SRR IRA TRERAH
RS B F R U EAGRM T ZIBOR Y. EREY
B S TRERMSG SN -TEFHA%RE.

FILFR, R ARBERERR  EER E¥ Tk BR
W EREWERGERE THY ZHMA. FEEREEYE.
Y A MR TR BORF S L T KA £ E B IR
B ABERERBAT KBRS AIRETF RS T EHBIFR
FP= S JF & R TR, iy A 5K B8 E A B R
Mz—.

H 1994 LK, RATIRM A — B #4785 W07 BB T
A K B 7 BT AR, FF R T 2 S R L4 52 BR AN A BR B 5E 05 A
FEREH PN HNERAFR T EAPHRTXIHARRE
(R BE B I 76 L0 80 AR ) S B R B AE B R T ik E R
IR e 52 B A AR R 58 R 1R B B AL IS A RUR &1 = R 5,
FTHRIEHRHSERPHRREELE KD R R BRE
& B BAR RS KRG A T BB R RIS R ER S P
ABRERNMNBEHLEFRBARAONE L EEMICE.

AFIGR A B 1 ERER MR T HEHER D5 RE
B HREAR S FIRIR AT ERRE— L XRBE AR,
[5] B %o 3 A1 L 05 A LR R BORBF ST TR BT BUR R B R AT T
FIEMR 2 EER 4 EHNABNES, DN A T RIEEL

VI



B R F AR O A N T R R R AR RR, G
P R G0 B30 B0 5 R B R B0 A R 40 1 4
98 300 4 35 D0 % £ R 00 £ S MR b 3B U7 SRR B O AVER R
MBERESEEE TS AR RS EFUEESE RN ER
EESHNTARERETEHYTHREMNERLEE SR %,

AHHANL T RKEFFREB KABHBZFERS , AL
Tl R¥EMAEEMESEL . 0 TREERBEHT.SET
BRETIBZERZFKEFETUSNTRE. SMEXREHRREN
BRAAZEER KM BH. Ex . TEHE . ZHEH. THRHF. . F446.
B ES D%,

AENERHITZR TMEFFEE S (94D53063,98D53039,
04153067) . H HF ¥ K - %R & TR E £ (20020699014) (M
XA HES. BHRERAHBELEARBEZTRES
(51401040204 HK0334) K9 %¢ B , 75 R B O RS .

P8 3k T olk k2 B 55 A BT 36 38 o0 A E B Tl 4 R AL X A< 5
FIamE MM RA T T HE &, T ER . BPUERR2Z
i BUR R EM IR IE.

¥ &
2005 % 11 A



B1E
1.1

1.2

1.3

£2E
2.1

2.2

2.3

L1l BAEFEREE®L-

1.1.2 BABRSERLZEZMTASL -

AR RS N

1.2.1  2E8F R SR ARE B ooceevreererencnnnns
- 12
1.2.3 a4 FRAAGEHR T/EEE oo
. . 15

. 16
- 18
rerrerereeniareeneees 19
Emﬁﬁﬁﬁﬂﬁﬁﬁﬁiﬁﬂ%¢mrm - 23
Eﬂm%ﬁ%ﬂ%ﬁx&@mﬁl‘ﬁ%ﬂﬁ
2.1.2 BAEAEKHEAQIIFFRILIK covvereroeenes
R T L Ty S O p—
2.2.1 Hartline FASTEARB P4l tig L
reereeenreaeeeennaees 26

.. 32

1.2.2 &SRB M FHRRKRARN L

MR AR SR ereeeroees

1.3.1 BHEBHG AR AR oo

1.3.2 BEBRGEHRR -
1.3.3 ABBLEHELK -

YRR -
2.2.2 M BREHEREER

A5 R
2.3.1 AIARZBREBE oo

2.3.2 HRHZRERBFAEBRAZERLEEL

ﬁ?ﬁ%mﬁﬁﬂﬁdmmwﬁﬁﬁﬂﬂ*m

© 0 DO = e

14

23
23
24
26

-+ 39



2.3.3 MWNEE@ TEAC P GG B ceeveeeenennns 47
2.4 BERIEEIHRMIPEIREE o ccoeeerermirnnrennnnnnnns 50
2.4.1 HFXFHFTMIPFMBEHZ L ---eeeeeeeer 51
2.4.2 HFXEETMWIpH MBS G oeeeen 52
2.4.3 ii—z—‘\alwﬁﬂml#ﬂr%dﬁléﬁlﬁ&ﬁ%&#éﬁ
2. 4.4 mwﬁm%&aﬁﬁm¢%rm-mwmum
2.4.5 HFXAEHERM I W% EBEARI T
2.5 ﬁ,r/rmq;mﬁurjeg R 7
2.5.1  PAIR Bk M L& 5 2E 1A IR A ) R 48 4
FERXF] cereereriiiii i 82
2.5.2 PEAMAIpH MG HBCFHRE o 85
2.5.3  JAICAR dp ) W 45 st B 4R 69 3500 B 3R
E3E BUBBEERBESEHHPRE orererreeenees 91
3.1 B BEGRIBFIEIE YL oeerererereereiisiireneeenes 91
3.1.1 RGO FZRAAFEL reveerereinein 91
3.1.2 BEAIPHFRILIK ooeererrenviniiiiiiiii. 93
3.1.3 EEMBRMKEEARFIM oovevrvvrneens 06
3.2 MBEBRMAETBRYTETFR ccorrereererererneneniee. 97
3.2.2 AR FRMHIREER s 101
3.3 BRI REBGEREE T oo eereennen 104
3.3.1 EFHAEM BAERM G oo 104
3.3.2 EEAERMBE—LHE K s 108
3.3.3 #EHEMBNEFEHBRGEE
3.4 HBRGEIBEEE G o 126



i

3.4.1 HEEgeE A - ceveeneenee 128
3.4.2 RATIAELIBAGEIRBBESFT & - 133
W3S MR O A TE AL SRR P ISR B LA e 142
3.5.1 452 H REIL I RAR T3] k&t oo eee e 142
3.5.2 HBH¥EAFEOHRL - ceeeneene 148
3.5.3 3% S RRALGEAA LS R H F T HY

BA - cieesees 149
ARBRBEERBGASPOEA - - 153
NERBLHE R G FEMRIL - - 153
4.1.1 ABARE BB RFZE L ~ovveeereereeneenees 153
4.1.2 ABRAERGEHBILILIK ---oooveevereeeeeneee 155
4.1.3 MBAEGHIABAL Fk# ooooeeeeeeree 157
414 AHRERTELIBEHF FH LA
4.1.5 &?1%ﬁ%m§~m~~- - 163
4.2.2 AR AREMFPE oo 165
4.2.3 BRALE5AEE - ceereereeneneenee 172
N BRABE 2R 48 6 30 ol 55 IR R R LA - - 175
4.3.1  ABRARE R Loyl 42 442
4.3.2 {m:j#ﬁy%}_ﬁ%%g}-g@&% B 4
4.3.3 TaBRA G NI H BZA T & - 181
4.3.4 Off&ﬁi FFAB RN GY G JR] cereerereereneeeeenes 184
BRERIAEN S B AP HEALE] v eeemmeermmeemmeeeennnneenes 187
4.4.1 ABBMHEMEZEFHE ooreer s 189
4.4.2 MRMEHESH BRI - - 191
4.4.3 AL FEF P cevvrereermeeemmenmens 199
TR BEZS Ja A IE T o covvrrereerrmiineneninn, 203



4.6

4.7

4.8

4.9

4.5.1 AMBOREME -

P R B R e T S B B AT -

4.6.1 MAEZAHEHIHBHSER S
4.6.2 srHM RS EREE -

4.6.3 dFHHmeAehEs -

BT X B0 A b i S AR e [ A D B R B B B
4.7.1 i%#ﬁﬁi&&%@&%&%ﬁﬂ
4.7.2 g%iﬁ&ﬁ&mw%%ﬁ%ﬁém
EVRENEEESAERE -

4.8.2 ATHRWHAT PLIBRLE -

. sressseinses 204
4.5.2 HEHHE I EARBIE I enreererenaenens

206

e 214

215

- 217

PR . 235
4.6.4 ZTEESHERARLZGREZAHFL -

245
249

-+ 250

......

4.8.3 XA F Radon T 309U G B 4R F] oo ervvneeen

4, 8. 4 'J‘/n b

i@&ﬁ%ﬁﬂﬁ&ﬂ%&%ﬁ%¢% i

......

4.9.1 ZHESHENBELIBABRHF A%

Gl T A

4.9.2 Rf;ﬂuﬁ#iﬁmﬁ%%%ﬁim

253

ceeeees 279
4.8.1 &fﬁi%i@%?x&baﬁ%ﬁ

280
285
291

e 296

296

- 297

311



Contents

Chapter 1 Introduction -1
1.1 Bionics Technique -1
1.1.1 General Situation of Development of
Bionics Technique -1
1.1.2 Sorts of Bionics Technique and Main
Research Content
1.2 Infrared Image Guidance Technique
1.2.1 General Situation of Development of
Infrared Image Guidance Technique +--+e+-: 8
1. 2.2 Basic Theories and Characteristics of
Infrared Image Guidance ««+-+eveeeee - 12
1. 2.3 Framework and Work Process of Infrared
Guidance System se«seeseeseeseerireniiinaa 14
1.3 Technique of Vision Bionics Image Guidance - 15
1.3.1 Limulus’Ommateum Bionics Technique --+ 16
1.3.2 Fly’s Ommateum Bionics Technique ++++---+- 18
1.3.3 Human Vision Bionics Technique «:-++++--«- 19
Chapter 2 Theory of Limulus’ Vision System and the
Application in Image Guidance ----- e 23
2.1 Research Significance and Actuality at Home
and Aboard w23
2.1.1 Research Significance of Limulus’ Vision
System - 23

2.1.2 Research Actuality of Limulus’ Vision



System at Home and Aboard «---e-eeeemeeerees

2.2 Lateral Inhibitory Phenomena of Limulus’ Vision

2.3

2.4

2.5

System and Math Model -+ eeesremmemmeniniiniin
2.2.1 Research on Lateral Inhibitory Interaction
in Limulus’Retina by Hartline and Others
2. 2.2 Effects and Applications of Lateral
Inhibitory Theory «+««oreeeeee
Applications of Digital Cell Nerve Network
(DCNN) in Image Processing
2.3.1 Summarizing of Artificial Nerve
Network
2. 3.2 Brief Introduction of Cell Nerve Network
and Digital Cell Nerve Network Theory
2.3.3 Application of DCNN in Image
Binarization
Digital Non-cycling Lateral Inhibitory Network
2.4.1 Definition of Digital Non-cycling Lateral
Inhibitory Network «---
2. 4.2 Stability of Digital Non-cycling Lateral
Inhibitory Network «eeeesseeeeserenrereiarevenn.
2.4.3 Application of Digital Non-cycling Lateral
Inhibitory Network in Image
Enhancement seeceeeereereens
2. 4.4 Application of Lateral Inhibitory Network
in Image Matching
2.4.5 Application of Associated Memory of Digital
Non-cycling Lateral Inhibitory Network
Cycling Lateral Inhibitory Network «eceereecvereenens
2.5.1 Main Difference between Cycling Lateral

Inhibitory Network and Non-cycling Lateral

24

26

- 26

- 32

- 39

- 39

41

veene 47
- 50

- 51

52

- 55

- 72

- 75

82



Inhibitory Network «eeeeeereerverenniancni 82
2.5.2 Math Model of Cycling Lateral Inhibitory
NEtWork  coeceeeeeverresensceaacenserneeeesennsecss 85
2.5.3 Image Contrast Enhancement Validation of
. Cycling Lateral Inhibitory Network ««:e::e: 89
Chapter 3 Application of Fly Vision Bionics in Image
GUIGAINCE - +verrevrsornmesornasarnmossnsoenesssenneessnses Q]
3.1 Research Significance of Fly Vision System «--+-«-- 91
3.1.1 Research Background and Scientific
Significance ceresresseerereniineeiii e 91
3.1.2 Research Actuality at Home and
Aboard csreereereereiiiiiiiiiiiiiiiiiiisieiiiieieeee 93
3.1.3 Key Technological Problems to Be Settled -+ 96
3.2 Physiological and Physical Process of Fly’s
OMMATEUITL e cveconsnerennesotanrscnsssaressensessanaesses Q7
3.2.1 Physiological Structure of Fly’s Vision
SYStEm  +++veerreenrersieerntiiiiiiee e eneiee 97
3.2.2 Optical and Imaging Characteristics of
OMMAtEUm «+«eeereeeerereserenesaeeensmraseeenees 101
3.3 Movement Measurer and Image Velocity
ESTIMAtion e« cceerecesrrecrereonsernnescsraneneasssnseees 104
3.3.1 Model Analysis of Movement Measurer ------ 104
3.3.2 Common Algorithm of Movement
MEASULEL «++crseerresecrnreraensesnnssareesosenses 108
3.3.3 Velocity Estimation of Wide-band Moving
Image for Movement Measurer  «:-ese-vee 115
3.4 Imitated Ommateum Incrustation Conformity of
TMage v tereernreseensneeemneneaeeiiseeeonnineoeneinaennns 126
3.4.1 Image Matching -+ reeeereeseemnrenneennenenes 128

3.4.2 Imitated Ommateum Incrustation



Conformity Method Based on Wavelet
Analysis cereeseresereeneeeiiiean e, 133
3.5 Integrated Application of Fly’s Ommateum Bionics
in Infrared Image Guidance «--+++++essereesvsemnennnns 142
3.5.1 Design of Infrared Imaging Seeker of
Bionic Fly’s Ommateum «++-ssevveeeeeene 142
3.5.2 Simplification of Image Matching
Algorithm  ++esveeremmreeeiiiiininiiieeni e, 148
3.5.3 Integrated Application of Fly’s Ommateum
Vision Mechanism in Infrared Image
GUIdANCE ++rerrerrrennermniierereininiiinineneees 149
Chapter 4 Application of Human Vision Bionics in Image
GUIdANCe  ++ee e vermesmnnniiiin e eeeeee e 153
4.1 Research Generality of Human Vision System «---- 153
4.1.1 Research Significance of Human Vision
SyStem «reeeeerareertentaeriinaiirieereiieiiieeeees 153
4.1.2 Research Actuality of Human Vision
SYStem «eeseeeererreraetiiniiirineininiiiiiineeens 155
4.1.3 General Situation of Research on Computer
Vision and Methodology «++«++ss+ssseerveeens 157
4.1.4 Application Foreground of Bionics Vision
Research in Infrared Image Guidance ------ 159
4.-1.5 Main Research Comment of the Chapter -+ --- 163
4.2 Human Vision Mechanism --++eeeereseeesseveneennes 165
4.2.1 Vision System Gateway +«++seeeeervresseencees 165
4. 2.2 Retina Physiological Structure and
Mechanism -+«seeseeeerenrnreriniiirniiieeeeess 165
4.2.3 Geniculate Body and Cortex «:--eeeceveevenees 172
4.3 Lateral Inhibitory and Receptive Field of Human
Vision System -+ +e+esseresesrvreneniieniiiiieeisnsnsennns 175



4.4

4.5

4.6

4.3.1 Information Processing Mechanism of

Lateral Inhibitory of Human Vision

System se«ereese . 175
4.3.2 Relation of Lateral Inhibitory and
Receptive Field - 176
4. 3.3 Lateral Inhibitory Margin Inspection
Method Based on Energy Resumption - 181
4.3.4 Application of Type Off Receptive
Field cveeeeeereremreorennsreeuirenninneniseneneeees 184
Eyeball Micromotion and Super Resolution
Mechanism ceeeeeereee . 187
4.4.1 Human Eyeball Micromotion and Vision
Adaptability - 189
4.4.2 Dynamic Analysis and Simulation of
Retina - 191
4. 4.3 Analysis of Problem about Vision
Resolution Rate - -+ 199
Modeling Design in Retina Scale Space <+ 203
4.5.1 Scale Characteristics of Retina ** - 204
4.5.2 New Construction of Convolution
Breadboard in Gauss Space - 206
Research on Actualized Algorithm of Retino-
cortical Mapping -+ - +e-sesereereerserensnnnenneenneens 214
4.6.1 Non-uniformed Mapping and Transfer
Analysis of Vision System . 215
4.6.2 Actualized Algorithm of Log Polar
Coordinates Mapping «+«+++«s s ssseereeeneees 217
4. 6.3 Extension of Non-uniformed Mapping -+ 235
4.6.4 Research on Fast Realization of Space
Variant Resolution Rate Vision System ++-++- 245

I |



