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Abstract

The high adaptability and reliability of the compound visual system of flies and drosophila is a
natural characteristic, and the identification and flight tracking process of the target/region of in-
terest (general called “graphics”) in the visual clutter scene is essentially well-conditioned and
well-adapted. This paper focuses on the ill-posed (not well-posed) inherent difficulties of image
segmentation and inverse problem of “figure-backgrounds (FB)” resolution in water extraction
from remote sensing images. Based on the new findings of insect physiology, the neural processing
of compound visual information in drosophila is analyzed, and the implicit model is trained by
simulating modeling without background and prior information, or relying on the sample data,
which has the advantages of visual clutter and “figure-backgrounds” resolution under noise inter-
ference. A method of water extraction from remote sensing image based on simulating fly’s vision
“figure-backgrounds” resolution is proposed. Compared with the standard normalized differential
water body index (NDWI), improved NDWI (MNDWI), decision tree model and SVM classification
method, the superiority of the new method is verified.
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TEERAANVEEGI . EtER. FEEESENA, SRR SRR AL E .
R BRI BARABL I — R 20 B AR TR R I i AT /K A5 J2 BRI Bt i T A 5 T TR R Sk
Bl bR UL L I S B . AR R ILGYERE Y, KR B RSk B LRI, AN 10%,
— N 4%~5%, FEREA WA I ORI AR FELLANBE B, KRR T I L0 A0 K R LA B A 4K
MR INGTRER, SN AEER/ D M e B e R R, BB ISR, AR ELL
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WBIR 55
— W& AT R SEIS MAS F KR BRI AE AN AR [6] 24 R SR KL BOK 5 BRI T, R

EOR TR AT, Bl THRE fh 2R G . KRB e | R MEI iy ARt 5 X ) 7K Bl
X KGN, AR S LRSS IRE . 15 G KA R R G 22 . i K &Rk
[IRESERY))- 21 NI 157 722 7 A WA i S D WA ik 7/ Ba gty G RS a i T S w7 PN b 4N i
T3 R I 1 A2 A RE I8 R adE— PR 1] [2] [6].

BBSCR T RDEHE . 208, KL, IR, PO SRS SR KRR I S 2R, R N5
OB BOSER H bR/ X (SR BT )LL) JE 1 1 B AR . DTS LG A HE S R R )
M RERE, AKARIRIUITIE R B & 2 B “ B - 15 5 (figure-backgrounds, FB)” 73 ##IX — 1 [ @l () 5K
fil, DA HIEINIE T3 GAER RS A AR BR AR B A BT SIS IR T IR A
SR A AT IR AN T SRR AN TE 58 i a1 1) o B2 b5 50 G 2 (R AEAE ZR G )37 b af DA 31 “ 4%
W7, BEREEEIEY - B RPHRR R MK B iR .

KERNNE IR T o0 PR R H AR/ AR 78 i R IEOR IR . w028 Bdy - g S IR R4t
1 e 3 SN PR e T EE PR — B AR, 5 RSB RGAHLL, SR 9 AR B 1 SR B R
EAMWR, TS ARE SR (HME A FIRET) “EIE” K0 PR i, AR EAE RASHEE
fRI[7] (8] Z BRI RE RIS K, ASCER W — M7 iAo « BT - 57 2 H R S RO AR IR IO 72,
REMOL T SR Sl 5 5 L AAIORE TR AR I ZR e B R B 0 SRE , h SOdE B K AR (5 B
FRWOTVE ) JR PRSI — Flofr &2 . ASCH) - EETTERMERS 4 R -

1) SR RS R DIReILHY, BT 5op i B A 3 22t SR I, ST 7 — ol B 07 AR e A0 o < 1]
T - 57 DR GG /KR S BB Y (water body extraction model from remote sensing images based on
bionic drosophila vision of FB discrimination, &i# WBEM-BDV), HHL 7 FLME - AR - BE - /N4
LA YAERN TR ELE b CEDET B EIAEPRR s o R

2) TEXEAC AL LMCs H—28 L1, LS, #6iffi Tm3/Mil 5404 0(ON J8iE), A& L2. L4,
Tm1/Tm1(OFF J@iE) 757 18] F i J2 /N5 AL s B A2, 51 N s pLR], X 4 AR o it B 2%
“FAT) ON H1 OFF J8E WAL DAE 5, 20 B = XA 5 i3 (secondary visual filtering, SVF), A %08 i | 4%
L RCRA “BIE - ERT g Re .

3) JEI BN SN AR N AR A LCs AN AR D) 4 LPTCs SPRHIE S B SRR “ BE
- HRT PHARILH B R AR, BT DGR RHIE S S R AE X ORI 2 0 5 G R
TEFRHUEE, SRIR, BRUE 7 HAESTT A X 276 2 8RS 5t R X T ON Al OFF JEIE (S 5 1%
G LR T 7KAR 43 AU ELAT (R R0 e 18 i 2 FURS 48 46 )5 S BUPE RE

2. ERAREDMIHMESEREN ‘B -BFR” TG

1E2E B H - B (drosophila) K1k E —X £ IR, = RN IR (A T S /) A — 5 fil /1 » £ HR (compound
eye)[fEIR 2 ML, /MR (ommatidium) AR HESI T . 00 R K297 750~800 /AR . 45 I U/NIR H
T8 AN A (BP0 R A 194 JE 201 ff ) A1 AW 28 21 J5T (photopigment  rhodopsin, Prh)%5 4 ZX 40, BOG41 A0
RI~R8 1, RI~R6 f1 50K FEIEIERI 58] [9], R7 Al RS BA X/ ARGk FMUstt, R7 X242k
UK, RS X, ZRGRUK, A SRR CATEGE[9] [10]. 5638 A Rl /NHR A 9 AS [R) G 40
P&z, A SR AR B R N, R B AN RN IR I SR MR AE BRI B iR R S . I
T P B AEARAT 5 380 ) i o A 7 000 7 AR (lamina) ARG 25N /ISR YIRS AS 5 BEA T8, FLD)RERE
MERAIMTE “B o WS T RIHE R (medulla)s 7N (lobula) F1/NH# (lobula plate) #1125 5 JE I SR K IR
ME, TR R BAE /MU R X, VLP (ventrolateralprotocerebrum), # & ElJ1A A J&fiti(central brain) i) 254
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ghEfey, R RS B0 A I 22 IE [ 7] [9]. B HRBOCEPE IR B e om. Jeib. BE. 2|4
AT BAL L TN - B8 - /N R IR (optic lobe) #4124 W BEAT hn T2, $& i iU M BURE L 13
M LL DL R E BN RIE S ER IR 77, SEEL “EDE - BT B BRI

SRR CER NP2 T2 B8 A5 A TG AP 2 B 0 SR B, A0 P (%) 5 J2 b 20 £ 4 I o) BT AN /N IR 7N A T
em A AR AL B S HEB 110 AP AT IR 2 2R 45 40 2 ISR i A BT g — MB 3R Rt L AR 2 I R — A
FRARZAMIT 4G, BEHEEZRE RI~R8 BOGAMAKIRS, TR AN B — B 5 5 7o (B P i AR 524
fé(laminar cartridges)Z5 X)), SRJ5, MR ERERT . BEANHHAUNHAR . FHR)Z KR — MR 32
AL AR R 40 B LMCs (lamina monopolar cells), LMCs H L1~L5 X452 0615 5 GE g B vE i 1515
5B FE AR 43 A0, AT #0280 04 G TR 401 (lateral inhibition) B0 SR LU 22 S 3 0 R H A%,
H B B35 006 HR S P AT B B AR 8] W A AT H & LA RSB ARL . LI~LS RS 5 4
BNIRIZZ AT, MR TAT R ON (FTFF)M1 OFF (G5 5 iEiE[12]. ON JEE, XTHIEER. =
IR I N NG A S BURK, OFF I8iE, X H RN . S EER H m R 6 J6 6 id S UK.
BEUZ B S HE S A 8 Mi (medullaintrinsic cells) B5#E41M Tm (transmedulla cells). R FH#ER 41 Dm
(distalmedulla cells). #5)Z4H u(translamellar cells) PA K A7 i 5 A1 /)N AR (8] 4% Hi 48 g (centrifugal cells)
C2. C3%52KAL, >kH RI~R6 HIE AR L1 2IHEM Mil. Tm3 FHLAET T4, T ON MHIE 15 5 &
SRIERE. BIRY, MR L2, L3 (4E L2 5 L4 MZENIEHE) BIBET Tml, Tm2. Tmd4 F1 Tm9 4 T
Wi /NHAR I ) 55 — OFF JEIE[10] [13]. ON/OFF JHiEH S04 et E 5 AL A ERT ] 22 5%, XMES
JEIR o0} BT 52/ 10,30 2% 43 B LA R/ M AR B A DN = AEAE FH o R7/R8 23R 43 il S A B BE T =, IF
NS, NS5 7O R LE . B R ARCALIE[10]0 ANHAINHOR BT A IE T IEZ . AN
A4 i (lobula columnar cells) LCs 7 &5 1 46 K70 0/, S5/8HARYI M 4 LPTCs (lobula plate tan-
gential cells)—ifd, TR R 2 56 21 S i X B 5 30 J 8« SBIEshA R & o[ 7] [11].

HRERMHAL M2 A H 2 i oA — N2 L. 445, K Kt ot it 5
WAL E 5 B AR i) R ) S AR [ 7] [14] [15] Rpl i+ 24Kk, XIS 1 ¥ 28wt 5 9] [10]
[12] [13] [16]. fl4n, 7€ 10 4ERT, T 5W#f ON. OFF {5 SliEit & R A0, T “KE - 5" o
PEOLEISE 2R AE I, MIE, A% ON. OFF MEKIMZ T TG 546F, LPTCs K HILRFXRHE
SN PRINETE - 8 SRR I H i 35 G B S 8 v L R BB T, X O RS 4 N
TRIRAGE BN T B A B | A 5L

3. friElE “ER - ER” SHERF G EIRE(WBEM-BDY)

RPN “BTE - 57 R AR KRR IR Y (MTFF. WBEM-BDV #i4Y), &AL
MIEZ T HZE . ERZETHE., BRETTHRE . A RVNARZ 5 Z K[ 17]. WBEM-BDV BRI HE 4L
WE 1 RE.

1) AT

BT EHRBSZ I G3H A R, A R A i F A e N vt “ EHBRGE” 1=A> 3 %
3/NERE M, M P /NRBZER” , SRIEA— AN NIREIREE(x, v, k), 0 AR N ERSZ B oty “AR
TG AR kBB IRAE . SR Ui /NIRBAZIEE i D S T 5, B s - ek 1Bk
HBER, RSB BRARN I AL SR B, BN CARAR S 5 4T, TSR Z T A5

2) HRJETHE

W JZ T S ALFEA A0 PR AN B, WA I BB AR A0 B LMCs 2 4l e i
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RER %

VA0 1) i gt — AN EE o> 2, LT RN D AL R A O a2 Tty - JR LY BT (centre-surrounding an-
tagonism) [ ELFNHI IR . AR LMCs 1 L1, L2~L5, SEANPLTeal DUEA— /N HmiEs g,
TR % EE 07 /N BRI 2 B 1) SR A i LE AT S R 2 1 (k) RS RI[16] [18] [19] [20] [21]. LMCs AHIT#f
28 JUAR I 2 TR A Rty = R BEG Be EL ) BT e R AT -

P (x,y,k)-P(x,y,k), if P(x,»,k)=0,P(x,y,k)=0
Ly [P R R (53 ) 20,2 5.8) "
—Pe(x,y,k)—E(x,y,k)L ifPe(x,y,k)<O,Pi(x,y,k)<0
K, P ARFHOIERMINGES, PAKE B A S sES.
KA T3 KA BB AR A AS 5 43 P9 26 T 47 1) ON Al OFF JEIE 3347 AL P :
ON JHiH
Loy (x,3,k) = Z(x,3,k), if Z(xy,k)>0 )
OFF J#iA:
LOFF(x,y,k):—z(;,\y,k),ifz(;,\y,k)<o 3)

m
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|
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Figure 1. WBEM-BDV model framework
1. WBEM-BDV & RIHELE
3) BEEIFE S IR 8P (ON-SVF. OFF-SVF)
& 25T ON F OFF il IE S 5 [ IR ML 36 8 % (secondary visual filtering, SVF)J& il — i s
U, BARTCAATA (x, y ) FIAR SRR TCAARR N (u,v) » 2RO i S 5 8[16] [21] [22]:
ON,, (x,y,k)=HON(u,v,k)W2(x—u,y—v)dudv 4)
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OFF,, (x,y.k) = [[ OFF (u,v,k) W, (x —u,y—v)dudv Q)

B, W, (x, p) S R, HoE LnR(16] [22]:
W, (x.y)=A4[ D (x.y)] +B[ DY (x.y)] (6)
DY (x,)=G,,(x,¥)- G, s(x,¥) @)

Hrb, G (x,y) Nl 4 M B ¥y & .

4) /NHEFNHAR Z T

RZHOTENA I BT - 8 soPFR 07 R I8 5 2 5 2 SRR N B 25 I SRR 73l Ab B Yy, R0 2%
FEW SRR RIS BAER, TR se ) “BE - 57 70 P15 T 3 A I SR R AN 28 2 SRR A 4%
GAEF ISR [23]. R G RHIE S 2 AR A8 XM ORI 2 1 18 AR RR I SR U VE BT, A Sy i
ot “BTE - B0 o F R B BOK RS EL OCE

B 1A AH AP AME T D6 9 BEAE AR el 5 28 88058 B RFAE S BBV AR B BN, SR R
XAHS AL R [20] [21], B FRER:

R,(x,y)= I, (x,y)]km (x+Ad,y)—IkI (x+Ad,y)Ikm (x,») 8)

ERXBIR, (x,») Nk, B k, WeBAE KI5 1) LRI A Ad 5 B RG0S B 28 SORH R R AR 45 SR o 53X
B, (xy) RGBT AE, R OVFHESRBGLERNS, 1 (x0) W1 (x0) 202 &k, BEBHE
FRNLE (x, ) EROCHEIREEM, 1, (x+Ad, ) Rk BEBRAEAKFIT 0 55 (x, y) MEITIHRE Ad FE 254k
B T o FE A, I, (x+ Ad,y) QAR

HFH R L BAF B Al S R (R AL B (v, ) BRI B [20], SRR “HIE - R M SIFIHHA.
HGTTIEIRNE Ad =1IF, M (x,y) BT (x,p) BOTA DG IE SR EE AL, B,

M(x,y):\/Rh (x,y)2 +R, (x,y)2 )

A R, (xy)s R (xp) %2 (x,p) BICo AEKF AR BT A _ERRHIES R .
4. W5
4.1. SCIRHUR

W R A X K Z AR S E A 1) IE B RS F B AT X B2 G 4%, 2) K
RS TRV TRE; 3) FRMES KRS X H ARG 4) KR E S FACFEIE . 551 A
WS 5) B HFRZIR NRA G E, ARG BRI PEE R A 5 T 23 K
AR F MR S E A SR RIS 2 BIRIAR D, . B 50T A SO X B R i e X 255 5
PR SR o S2B6 F SR AR [E IS 30 ) SPOT-5 A K 36 [ Landsat-7 JBRECEE, JExTseibst B AT H
PUFNSEEAR, DA S i T ) e 3 A 706 L2 #
4.2. BT SPOT-5 iL4TIMEEE RS A 7K - H— EX

1) SPOT-5 %45

LB SPOT-5 A LA 2 GEad PR LA G2 EHRG). 1 &m0 PER IR 25 B (HRS). 1
B IR PIR A (VGT)SE . HRG IS E0oR T35 1. B 2 454 7 2003 45 7 A 27 H SPOT-5 ] HRG
TENT 1AM BRI R 1 T B 200 2 B 15
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Table 1. HRG observation parameters carried by SPOT-5
3 1. SPOT-5 3 HRG HIXLNSH

BB et GG ] (um) 2 [6) 43 H5 4 (m)
PAN 4> (pan) 0.49~0.69 25.5
XS1 4t (green) 0.49~0.61 10
XS1 4T 5(red) 0.61~0.68 10
XS3 HT4L 5N (near IR) 0.78~0.89 10
XS4 FH I 4T 4N (SWIR) 1.58~1.75 20

Figure 2. SPOT-5 near infrared image of Baijia Lake area in Nanjing

& 2. EEHASGHMX SPOT-5 IR 5MNEAR

2) T SPOT-5 ¥ 41 M (near IR)FZAZ (7K R HEHL

K] 3(a)~(c) 7 Ml AL G N B B BAE T v RSB ALE 2] [6]FA S ¥ 2T WBEM-BDV £
TR T KRR I I 5 S . SEaerh,  H3 BB VR SAAR AT A /0 B0 ) PR {E Y 98, TRRE
HEL 86, HHH AL AT, WIAKE A R B HE R 1 B BB R, R D&M KRR
b LR, BB AR KRR USRS 2, iR, Rl S KA X302 R & BT AL,
B — R (A B U A K1) A TRIR A, SN KR SRR . M ELER,  PRERHE YA AT WBEM-BDV
iR, X5 N T H AT — S

(a) HPBIRME (b) RHH

Figure 3. Water body extraction results of Baijia Lake by SPOT-5 remote sensing
3. SPOT-5 1A B ZHKF IR EIEE R

(c) WBEM-BDV #7757
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DASEIL 1 23 FLRMF (A R RSO A, AR PG D) ALMI AT R M, S AF (RS A6 1) e O A A< ()
Qb ) VR A TR 2 o AR b T S B (03 T B FE AR N S BT LG, BE T ARG R ZE RE AP AEAT R
7¢ ARE fibs, EMVEOY, PP RFIT2 2. WERPHEH, WBEM-BDV #iJ7 iE FBHX iR 224
/NARE = 3.540%), B UL IR /K A S LA 21 (0030 T 5 2 5 b T S0 58 B o il , R SRR AR ZR v 1) °F
PIFEXT IR ZE ARE = 3.541%, 17 538 B BB L 1)~ 2 AN 7% 22 5K (ARE = 4.448%) . A WBEM-BDV 3§
TF N KA ARG AL SR R 21

Table 2. Objective evaluation for water body extraction of Baijia Lake based on SPOT-5 remote sensing
3% 2. SPOT-5 B E ZUHAK AR Z TN

Jrik E RE ARE
=)y | 1 =L ] 3.386%, 2.754%
Lk B A 4.448%
SIBHETEM . AR 7.107%, 4.545%
AP S )y | 1 I ] 2.550%, 2.394%
RSP AY 3.541%
PRIBHEVEM . AR 5.584%, 3.636%
- HEM AL mE 2.545%, 2.387%
B[R 3.540%
SIBHEM . AR 5.585%, 3.636%

4.3. Landsat-7 5 SPOT-5 2R ¥iER & K ARE

1) Landsat-7 4%

% [H Landsat-7 T 5 #1650 4 L U] 1 (Enhanced thematic mapper, &% ETM+)f&/&#s . ETM+
A 8 NGB, AL Landsat-4. Landsat-5, h0 7 — /4@ B . ETM+HIMINS BN 3 By
Ao M ETMH+HIEE 2 (5500). 58 4 GEZLAM). 56 5 LR ZLAM B By (B ETM+542 =AM IRHEB T X
LI ABRE 5 A5 FEE 8 PO BN At feAR, 4 ETM+542 5802 8R S A s Tk
PRI o

Table 3. ETM+ observation parameters carried by Landsat-7
5% 3. Landsat-7 #£&; ETM+HIWME %

WEE B ESit] 1 6 Fl () = [8] 53 H¥ 2 (m)
1 Wit (blue) 0.45~0.515 30
2 %55t(green) 0.525~0.605 30
3 215 (red) 0.63~0.69 30
4 I 4 (near IR, NIR) 0.775~0.90 30
5 S L INSWIR) 1.55~1.75 30
6 ZELLHMLWIR) 10.4~12.5 60
7 FH LA SWIR) 2.09~2.35 30
8 4ff(pan) 0.52~0.90 15

2) #:F Landsat-7 ETM-+340 b & f /K AR SR B
I E 8 B A (U B S Landsat-7 ETM+542 PG BB ta & BRI AR A& b B, 5 3HA 4
SRR B S PR 2O 05 B G U R, EILREA ERRAT /KRS B3R I T Bt &
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HKRME SRR I & 4 7R

Landsat-7 ETM+542 & &5

o ) Kk
wie | s
A e | ma [ BR

Landsat-728 8% Br &=t 5

Figure 4. Water body extraction process based on remote sensing data fusion

& 4. ETIERMIERMA KK FRIURE

ETM+542 & GG 2 R I AERS EEE 0.5 MER N, HRAISOHES ETM+542 &Y
BAEARFRSERIEE, REE RSP i E— ) S E AR, fEs 2 e HERAE
J7 EILEC AT AR L HE . 240 ETM+ 2618 5 & (AR R G T IEEA RS FAE— 2 EIR, %8
B Py b 2 SR rp ) 22 TRI A AR B DG IE S B IR IR R bR, SEER R Choquet BORIRR 7318 £/ N AR
e REIRE TR B G G 8[24]

435K B A — A4k 22 5 K 48R F B (normalized difference water index, NDWI)R Y | 50k () )9 — 1k 25 57 7K A
fe % (modified NDWI, MNDWIFEH | PSR [2] [6]. SZEFRIEANL SVM 433572211 WBEM-BDV
HT SR A B 5. BN R ARS T3 4.

(c) HRIEM (e) FiAik

(a) NDWI (b) MNDWI

(d) SVM

Figure 5. Experimental results of water body extraction of Baijia Lake based on Landsat-7 ETM+ data fusion

[# 5. &F Landsat-7 ETM+EIER A BB SOHKIIZENAISRIE 45 R

Table 4. Objective evaluation of water body extraction based on ETM+ data

= 4. ETF ETM+EUERR/KF IR IV ZWIEMN

VAR (VA=A RE ARE
HEA AR, mE 3.187%, 2.754%
NDWI 4.323%
SIS, AR 7.107%, 4.242%
S )i | o 1 1 2.988%, 2.582%
MNDWI 4.230%
SAIBHETEM . AR 7.107%, 4.242%
& )y | o 1 IS 2.390%, 2.410%
PR B Y 3.505%
SAIBHETEM . AR 5.584%, 3.636%
HEAFALI. mE 2.390%, 2.028%
SVM 432 3.448%
SIBHETUM . AR 5.584%, 3.636%
HEAFALI. mE 2.364%, 1.841%
EWARES 3.356%
SIBHETUM . AR 5.584%, 3.435%
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