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Abstract

In the application fields including mobile robots, self-driving automobile, video surveillance, de-
tecting the direction and motion in depth of objects in complex dynamic scenes has always been
difficult in computer vision technology. In nature, the insects apply compound eye’s vision to
detect a motion in depth of object (or target) in highly variable and visual cluttered environments
during flight, which are excellent paradigms to learn motion perception strategies. Inspired by the
advantages of the compound eye’s vision function of flying insects, this paper adopts the bionic
strategy of combining the zoom variable calculation of object motion with the improved collision
detection model based on LGMD (lobular giant movement detector), and proposes a method of es-
timating direction of object’s motion in depth based on LGMD neuron modeling (hereinafter re-
ferred to as LGMD-ED). Using the PPT composite animation videos and the sample videos of real
scenes taken to do simulation experiments and tests, the effectiveness of the proposed method in
detecting and estimating the objects moving away and approaching which are two typical direc-
tions of motion in depth is verified.
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1. 518

TER BN N . MLEALE SE 0 T3, A 37 5 K = 4 25 [B) R AR (R P RS R IR FE I8 Bl & e Bk AR 1) —
iz MDA AL GE A BL IR st AR SR B A (H A7) R 12 30 (1) 5 AN 5 1145 6
RN N BB R GERER H bR AR ROEEAE ) DGR, tUR T BN R AR I . HARR
Hh R U R 5L 12 ) B R ) v P R s P FE MR — R B AR, M, B IR AR T AR O O T
FBH N Tis s AL E R 4t 1) E AT [1]-[6], PRI A2 5 K 7 a Al S il vh-42 gt 17—k
LRSS A B T SR

W JUH4Ek, Bl G X0 s i fh 28 27 4 X Hp /N i B8 IE Bl 4G I 2% (lobula: giant movement detector,
LGMD) R 4t REMETE 52 J PR35 HH 6 S I PRI R S 85 e HE s 7 (O 9 ik g, LGMID — i 8 oot T 47
1Bl DL B Al T 2 P R R ok 22 T S LSRR R B, VP 2 2R IR T — 2L B LGMD # & uiE Bt £
AN AP X 28 1 H SR [3] [7] [8] [9] [10] [11]. #, Rind Z53ET-48 Al 3E R4 LGMD #4 e hfie
FEPERR 7 — PR A RS . Blanchard 55974 7 RRH LGMD RTEISEH SR AT R, §R THT
LGMD FIFFZE £ A7, S B R ARSI R BT P EAT 7 EL3GIE . Fu A Yue 55838 T 08 i RG A7 1E
PINANFE] ) LGMDL A LGMD2 () HUE B2 R0, f2 i 7 —Fhde T LGMD2 HyREE IR, FFRETR
RPN AT SR RIGE. Fu Al Rind 65T @12 305 B JF . 7EFF1TH ON F1 OFF J@ ik
FACE AL, DL A A 2R AR B AR R I, SR T BT A RS I e 2 IR AR, 2R LT
LGMD2 #H & Julf R g £ 1, it 8 ST A XS FRAL L) ON/OFF Jiis, BUAHXTF OFF JMERTE ON Ji i
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T B SR U], A 1A A o e (R AR e 5 IR B S B« Jayachandran S5 & T —Fh ik g hil
FERTINZE R LGMD #4270 R Gk V.. 5 RKESMMLGE R G BB, R A
IR FH AR (&7 SR A A D E A T R A EE S, RAREIOHEARIIRMR A, BRAIX L
AL LGMD #HZM LAY, CAERAINIAE N B 3025 5 U 2910 1Rk ks s . H2, &
AT LGMD #1280 M RE A AR AL, AN 328 7 5 10 RIS S A T2 35 e I, T %o 32 25 PRI P Ak G e
I, RIS REA [5] B or A7) (438 B A8 B AN ST o AR SO ST D AR VAR A2 ) P 32 28 R Sl — oy L 289 28 7R ) 5
RS S Akt PREBEFOMOL T S B, Jei0 (5 B LR RIS T K& T {5 AR A S I 2k B =R A f 5
AN, SR AYIAIE S 48 R BT 5 53T LGMD ) Se2E TR 13 4G A R AR 45 5 R SRems, 3R —
FhIET LGMD B (WA TR BE B 5 7 [l 1 725 (fRI Pk LGMD-ED), LAFRANILA YN T LGMD $122 [f 2%
BT AE X T WA B 38 50y 7 e o U 5 Ak o7 T AR AS A2 o

KX HRIMAPINEHL W T 52 TADH 7 LGMD-ED B DL A, 2 3 144
T ESEI T LA R A AT B T SIS R AE R B 4 TR AT B4

2. LGMD-ED &=

B S AR B 45 T/ B (ommatidium) SR HER 1T 18, 3 50 AN /NI H ) R1~R8 AL I FSLAT i (H 7k
BOCAIE) TRz, FF77 AR AR AU IR F e e 52, SR [ AN RN IR ) AR R AR AE ST IR AN A L e ik
RE, TWREENLET . BOGH M ik AL BAS 5 38 17 i 93 00 7Y 3R (lamina), 5 R Ui 88 52 (medulla) /)N
(lobula) F1/N -4 (lobula plate) #2875 J2 1% B2 XA IE, 5 58 H Jefisi (central brain) [ 8- i 25 #4 [ 1]
[12]. TERCE IR AE B0 TAL SR R P2 2% o BRI . BB /NIEFI/NFEAR AL BRI 2 JZ e 2 2T 2 X S5 44,
FR A (optic lobe), 2 5 HR B A AT AN X R LSRN B e 2 I 2% . TR RR AP A 04k
PR ARG B 0 JE R, AL AR 2 AR 2 2 A X A XS BT RS INIR S AR T gk AR LA RS
PRI SR AR 2 2R 45 0 A DS AL BT o B — AME 3R BT RLR AR 2 B — MR T 46, BRI R A
ZINFR AR IO B 200 ) 45, T B — A B — AR o 57, B i AR .24 £ (laminar cartridges) 4514 7% 3K
AR S A% 241 B (lamina monopolar cells, LMCs)# 12 1L bt A5 573 i i 45747 (1) ON F1 OFF J1831&, 4373 k)
RUFEBEE S . RN 2 1 A LRSS B B R R BE R A R AT 4 W R R IR A, A R
HAFRRJyHE T (medulla columns) , T 65 TR AR PR 248 73 A7 FE 4 31 1 TR U R /N e /N AR Rh 22 21248 )
[13] [14] [15] [16] [17].

i S AE Y R I U ROR, A, T B AL RGP 5¢ ON A1 OFF {5 5 il i (5 0 18 1 A1
i (@ IE) 7, /NHZE LPTCs (lobula plate tangential cells) - —2% STMD (small target motion detector)
1 FD (figure detection)#h 22 7ot T~ H AR KN (RS SL G MG L 18355 B 77 1) 55308 £ S B2 (R p4 v
HHLE, DLEHE) LOGMD R B0 HE e AT AR s RS, FE MR BT BT LGMD
HIPIARIER P2 3 07 T 5 8, LGMD-ED BEBMHESE NS 1 /R AR A AR, A Bt ) 22 53 J7
EVEHEASIURE S8 M [R138 S A A4 B 2K BRISCAR A2 Ab B R X o B b FLS B A, FR45G 25T LGMD ek
T3t TR Tl A WU A R 8 RN AR TR BE IS B 7 Tl Ak TH[6] [18]. LGMD-ED #EAR 4y NIELL ) HAN T, fdE
TN A5 S I A B WIS 8 . WA IZ B 4B SH 5 BT LGMD FRiEf ks il . Fik
AR .

1) BB R sy P e . FEE R R SIRERI A FER, B RN e BG4
FRK FERA UG, SR 5 R v i 7 g AT A0 B8, A0l 2 R A0 IR 68 P 0 2K 2

2) AR GEIEDE o TN JZ RN BOC A PRSI BN AMAE FEAR B, BMER &R ROKFEE 324,
;e LA
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P(x,y,t)=L(xy,t)-L(x, y,t—1)+_nzp:ai P(x,y,t—i) €h)
a =(1+¢ )_1 @)
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Figure 1. LGMD-ED model framework
1. LGMD-ED # &I

BALHAUZ AR LMCs, X /INIR R X 5 J2 S8 N A 5 R A B 36 1 1 V8 4915 5 9k FE AR 40 AT,
DA FH I A 28 04 b 22 18] B B A 1ty - S BBl X B (centre-surrounding: antagonism) f B 411 2R [3] [18]
[19]. @id i 22 T N EBR TR T 5 s)), $&m HARZsh 40T B . ¥ LA(X, y,t) R ahhr (X, y)
Qb TR LA 2 TOAE t I PR, T el - R DB LA AT e R AR
{|Pe (X y,t)=R (% y,t), if P(xy,t)=0,P(xy,t)>0

3
—|Pe(x, y,t)—- PR (x, y,t)|, if P,(x,y,t)<0,R(xy,t)<0 @)

LA(X,y,t)
X, P AETOIEEIIMEES, P AGRHE e HIE 5 .
3) MREEN AR B E . IREEIE BN, PG R ST (B S Bl T AR ) K/ b e 28 4K,
R SEAT 04 EUGORSTSG K, 7 1 B30t B8 N R RST AN BN o IR BEE BN I 04 UG OR INAE AL & e
SURNBERR (ROR) M4 (4 71N A8 &, BI4E 738 5 (zoom variable), R FHMiTe] 2 43 fm SR AN 5 AR B 48 648 =,
TE R B RN S TR A&, FEAK IR A W A4 2 155 1 3 B AN SR IR BE I 3, B4 B A2 ORAIE
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XTSRS R I RS (L IR FE S K LRI . 155G, WU 23 Tr s B iR is sl 4 (5 2, &
FBRERAAIR, L(xy,t) R t 200 (x, y) B R KA
P(xy.t)=L(xy,t)-L(x,y,t-1) 4
R EIEIER, KERIOLEERS &, SRR sh Y SR I IF LSRN 17 Uit Sz sh ik
IRk e i, F R A5

Y(t)=i2\é(x, y.t) )

x=1y=1

iR

AR 4 B A B B0 BRS8N

2-{(1+ g RN )1—0.5} if LP>T,
f(x)= ()

171
—2-{(1+ g HHERK) 1) —0.5} otherwise

Hoep, k2B RE, HBUHLO, 1], C IR 7 IARRA M MATBABIEL, KY (t) MmN x,  f(X)
B A B T -1, 1.

4) H:T LGMD MREREAS I . T LGMD FI et BRUREREAS I, 2 T AR SR AR A0 i LMCs K8 3
AS A 2% FAT ¥ ON Al OFF JETE ¥ A= %7 ) BL[9] [12] [14] [20], RIFE#EAR LMCs " A4£7EH L1,
L5 #4128 70 M [ = €0 B 03 1 (ON S IE) AN L2, L3+ L4 #40 7r i I = (0 3 Y i 18 (OF F J@il) . MR ¥ P88
It (half-wave rectifying) J5 22, AR 223 Hpols - J& FEDA BT ELAMSIE G 10455 Ly (X, Y, t) 23 f% 2 ON I OFF
miEEs, &,

Lime (X, y,t)+|LImc (x, y,t)|
2

lec (X’ y’t)_|LImc (X’ y’t)|
2
Horfr, ON(X,y,t) FOFF (X, y,t) 43 Bl 3R €0 (1 18 588 338 Jon R0 2 k1> o
K H ON 1 OFF 3l & 1)iZ sl A5 BAE /N AR RIS, N A G A (R A
g REEAL, AR AT3] [8] [21]-

ON(x,y,t)= )

OFF (x,y,t)=

®)

_ CJLP(xy.t), if LP(x,y,t)>T,
LP(xyt)= {O otherwise ©)
()= 3 [P(x y.t) (10)

x=1y=1

o, C R AR AEEHRIATAIS, T, AUEE B, LP(t) Fom/N 5 At s 2 70 4
JRIEHAL. a2 R AR AN, ARSI RS f (1) TR —1k.

5) MG TS MEEAT ALY GRS (R, EIEIX R AL B A DRIk, AT
RS, AR B RS RN R A AL, T X B R B A . K iRs sl A T
TSGR RAS D 45 SRAH R AT A BIWAR IR EEAZ B 7 18], B U —Aedan B K T 0 AR ISR,
N OREMRZE, FT 0AREREZZ,
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3. AR5

SEH 1. PPT 4 BB RS ) 52 56

& B Microsoft Office PowerPoint (PPT) & il 9 Bt 2l i AL A A, 7 A2 il A L 5 B Eass
TER B B A (AR ET Az A8 ) P ST Az B (BLADLAE IR BT g i A8 /N o & BRI B AR AT %y 12
/s, Wi~k 1280 x 720 153, FEACK/NH 60 M.

K 2 7R T LGMD-ED #5845 2 % N H AR 5230 /378 8532 3l 77 ) R 3% £ v 7 il 2R 1, R AR AR AR 3R B
L ATES,  PNAAARAR FRAR Y (14 V5 — AL o B, AR AR AR IR BEAZ BN Ty 1), ST I R AE A I
e N A B, B AR KRS 9 WiEE B 50, 5 50 WS 15 1k R Bl . AR T —4h S B S 2 {E A
T2 1. aTLUEH, 5 10~50 MilX (8] H A5 53, V39— 4k e S AE 35 9+0.93, Haii #AR(E +1.
55 10~50 WX [A] H br A B #3h, AR -2 (E h-0.91, B MR E-1, StUIEAL Hbriginfl B
BRIz B FhiR BEIZ B 7 1ol R -5 4% 11 &5 -5 S B As DL 2 AT & 1
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Figure 2. Model selective response curve for the direction of object’s motion in depth in animated video
2. hEMSH BARREIEE) 7 B AR B R F M f fh 2k

Table 1. Normalized output value of LGMD-ED model (Experimental test of PPT Composite animation video)
% 1. LGMD-ED #RAR))A— i E(PPT & BLENEALRA0 SEIENIR)

PPT )i #1451 AT A — 4k S T 4
REEIZ BT ) 1~8 9~50 51~60 AR
B irSEi 0.01 0.91 0.06 +1
B it 5 -0.01 -0.89 -0.07 -1
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SEG 2. FARE I BT S

i AR N LA AT LA, A2 30 Mi/s, AATIUR )l 960 x 544, FATHKE A 90 .
PRIATEBR, FiH b/ NMEERRBHERILALZ B, LS S DAL (B A7 B ) 3 4555030 RN 3 28 g A4 2 it
AT HE 3.

(a) WEBk (b) /MEER (c) TrH%E (d) RF

Figure 3. Video test samples from the camera

3. BRIGHARRA TSN A

R B G IRER HeEe, 1 Sl R EAI 3 SR BEAAI P AR B, AL B R )
AL, SRJEHI N4 LGMD-ED 8L, seiarf, RAME 7. 8 MR MR ihizs), KALES
84, 85 Milizz{F 1. LGMD-ED 877 Ialfili tH4a th 45 SR 41 T35 2. WTLAEH, BASG SE Al By —
PR BE I 2 77 1 PR Rar -5 4 45 SR 5 SEBR I DL M AT A 10 . (AR IR, (ERLHL IR /NERR, &
FORARAELI, (HI7 A THIER 2 B, 3B T LGMD-ED BRI B a2 77 R 4 kvt
FAh, MR, BRI A B, BT R K B B = R R N, NIRRT B AR
RSN, HA BT M B/NERIZE), TR S B B AR UOR B TC AR A, SRS 9 iR 85
it [X (R 2 A A 2 03N, BCPE Ja H — 8 P 2 E IR 2

Table 2. Normalized output value of LGMD-ED model (Experimental test of PPT Composite animation video)
F= 2. LGMD-ED 2RI — L k6 B (E L1 =AM SNAY SLI0 i)

PUREAS ML VA — e S P 24
REEIB BT 1) 1~8 9~30 31~60 61~85 86~90 AR (Y
£ 0.03 0.79 0.91 0.83 0.07 +1
S -0.01 -0.80 -0.89 -0.86 -0.10 -1
ESs 0.06 0.69 0.77 073 0.11 +1
INFEER N
S —0.04 -0.71 -0.78 -0.74 -0.10 -1
B ST 0.02 0.85 0.89 0.91 0.08 +1
LH %
S -0.02 -0.82 -0.91 -0.88 -0.06 -1
‘ ST 0.02 0.89 0.92 0.87 0.07 +1
RE L
E B -0.04 -0.901 -0.90 -0.90 -0.05 -1
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4. #hig

i

X R BHLES N B B2 B A N 37 st WA R B 3 2 (1 328 1 AN S 3 — v i R SRR 1 5 TR ARG 5 A

AR RT LGMD B RIWIRIR B 230 7 i & T /51 (LGMD-ED), IUFRIfENT T N E IR

WU ) N AR O R S, R R RGFL S S A B2 T . SOAIET LGMD
R AS ML, LGMD-ED BRREWS AL THA A SEIE, BRI A T4 A (132 13X — b it Y
KA TT 1. EIE PPT & sl B ALSURT 31 S 5t R A UIEAT Se 38 ANk, 3830 1 A ST TR
W7 T AL S A TR B 38 3 77 18] A bk

EEWMHE
A3 E 5K B ARG T H (N0.51979085) ) B Bl .
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