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Abstract

It is a huge challenge to accurately and reliably distinguish the movement of darker small objects
(i.e., small targets) embedded in cluttered moving backgrounds for computer vision research. In
nature, flies, dragonflies and other types of flying insects accurately track targets during fast flight
and it is a natural characteristic to complete predation and courtship. Inspired by the advantages
of the function of flying insects’ compound eyes to distinguish the movement of small targets with
high adaptability and high reliability, this article was based on the new findings of insect physiol-
ogy, that is, based on the new research findings of the ON and OFF signaling channels in the optic
lobe neuropile layers, and a specific type of small target motion detector neurons LC11 in the lo-
bules that make exquisite and selective responses to the movement of small targets, et al. By si-
mulating compound eye’s motion visual signal pathways and processing mechanism, a darker
small target motion detection and tracking system (for short SDC-STMD system) and the corres-
ponding algorithm was proposed to decode the motion of translating darker target against clut-
tered moving backgrounds. Extensive experiment tests showed that the proposed SDC-STMD sys-
tem and algorithm were not only in accord with current insect physiology findings, i.e., showing its
size and motion responsive preferences, but also worked high reliably in detecting the darker
small targets against cluttered moving backgrounds.
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1. 518

EHIRE K Z R TEREN, B2 A/ NRE =4t B iEm R, AR FER TR ME
SACERE AR, RERE AR/ R AR FOAR R A AL BRI B], AR PR AT AR AU A A BRI SR 4 S R 4
THEBER, ) RERSHERA PR ATE R ELL S P 0 BOGER H bR, SERHT & BB @ BU0kiRT 4. B
SRIE AT B R GRS IR 54, DL SRR (0 AR VDB R 3l B Bl v REBUE HIMERE, IR R
BB TEN RS E 34402 B 55 TR FH AU 0 i B 1] R it 1 — b RO g %R [1] [2] [3] [4] [5]-

WAVEE, PR - NS ETE, PR, EE MR RSN E S, SRS
ORI AE B FR R A6 2 8, AR R R E S, H AT REEE RS st . B
DL AL =P [RIATLA 2 T SRBRBE FE B A G, JAE T I Pk “ SRR A B0 52 % Rk 1) 738 ) 7 44 77 =X
[6]. XF TP i S (R AT, L5 122 52 IR 282 I IR IR0 232 346 I 45 (elementary motion detector,
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EMD)#HI[6] [7], f¥]IE19564FHassensteinFl Reichardtif i Ui 2 s W44 sl 1w [Nz 117 28 56 4% HH 8] .
G HER, W2 g s R T —LEMDE R AR 7] KRR+ 2 4%, MEwHInE R
I SZ 2 B A 5 R R G SR AR 20 AT B 1E AT 5 T T L AL 2 21 4 X ONFIOFFAF 5 1l (2 (A FH IS £
EIE) AN AR D) A 4B (LPTCs)H — 25/ H b 2 s il 28 STMD# & L AL ER (13 — D Ham FUR I, ks
YALAENT/IN B bRig SRR L T 3 10 A2 3Rk [6] [9]-[14]. Wiedermans % B 4% £ ief i 404 285
NHFRISE B AR ERHLEE, $2H THIZSTMD (elementary small target motion detector, ESTMD)
B SRARE /N AR D] 5] A0 L LPT CsH STMD X T/ H FRiz 3l S R R/ I BE[15] . Eichner S AR 45 X063 H
AL ONFIOFFIEIE ML, $2H T —Fh P05 PR (4-Q)iz ZhiG I #5558 [16] . ClarkZE L H T HHIONFIOFF
55 HIE KN RIR(6-Q) iz S g A [17]. FuMIY ueS3E T B HUVEFE 5B MM LR, $H T —Fhis
LR 12 B A0 D o R AN AR ) ) 48 0 T B A3 7K ST O T R (HS) AN 2 L7 [ BBUR (VS) el BL [ B iz
BT AT Z AR AL [2] . SR SRR SR T — P TR B ARIE B 77 18] N A A e 22 ) 245 A5 AR
[18].

ERT, 57 5 80 A 52 AR SR A 3 2% 6L 1 12 B i S A i P R I H ARz 3 7 ), 18R i2—
AN B B B0 1) R A S I T AR 2 2T 4E R ONFIOFFAS 533  /NH d LCLLAH 2 TE IS Sh i A
2 12 P g I 6 L e A P A A OB BRI, e A ADUR AR AT R R - AR - R T - N AR S T
/NEFRE SR AN TSR, PR AL R R R IR A K /N B AR s sh AN S BREE R SR T T &R
fAIFXSDC-STMD £ %t . A SCHEREIIH RAL 2 HLIRINUE, FHRATEAELFE BN 5 /N H AR g st Tk
MEREE, SZIREERE, M MAESTMDA RN & & it R B etk

2. SDC-STMD RZi#EE
2.1. BRARRBMRERG

B2 B H S0 (drosophilid) & B A 400 H SRsa R, b T L B e A 1 S DR TR A SE IR, AE
NG WAEAEY), — DB HLLUR, ARV S T RS L TR RN 5y 17K P A 28 fift ) 25 R AR 2 2 |
PRGN 5 i R EEAT 55— RV R GRS IR K 20 EH800/ Sl R A [ /NIR AL B, AR
iRt N IS, A IRALEDE F S ALY T, BHEESUER. BN/ NRESHE B
B, /NRZIEAANE I E R BE, R EETE AR — AR/ 18] XS P 62k, 78 /N BRAI I |
TERE— MG, BEAN IR AR A2 B AR 22 FE AR (R B0 AR 5 70 (VNI T 1 1) )RS AR B 1T R 1) — T e i 1)
18, 024 T-800 MG Z I R M ARET o« S HRAN S I FRNGUF HH 65 A L A A 25 3 R R o 8 A P 1o 2 T ) o
NIRRT B g e, SEHESIIIRIE I EL, SR R0 BRI, XEE R UR AR, E
MR RIS T THEMAEAEGIRCE R, XERMEGEERGRIFEA B RYE, &X6E
MERIATILIE, REE. INTAEES SR FIRM SRR, DA R8T A[6].

TR0 AT 22 3 S SR e ] 46 P JHEAR (lamina) < 88 5 (medulla) . /NH-(lobula) iT/N 4R (lobula plate) 2H %,
(12 JZ A LT YL S50 o 53 HR AN IS 240 i i 26 ' S A 5 368 1 i P 799 00 PR JREAR (87 T A ) B AN ) o THEAR
2 40 B (LM Cs) #4538 AL 36 A5 JH 20 B M8 45 74T (I ONRIOFFIEIE , AR )5 20 il iF) R i )2 Bl A% 3 [11] [12]
[13]0 /NN SR B AR IE U2, /N /N A 28 6 (LCNs) (B4 LCN1~LCN26%5) 78 5 1 465 K6
A3/, K22 BLCNs 5 21 5 I8 AMI 5 (PVLP) A1 A R ki (PLP) X o /NI RE#£E JELCNLL, 52
PR TCTS I b e BE 5 2 Th I TAZE R T H AR 0 451850 Sl % . SUR0Es BA BUBAL AR E . 28 /N AR,
AN ) 4T (LPT Cs) B i b e it 45t . it — 4B Hh, LPTCskhge k£ B it 3 5 i [X 8 5250 % /2 . #is
A RIIMEZIE[9]-[14]
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2.2.SDC-STMD R MItEELR

SDC-STMD R GHEAL N[5 1755 . SDC-STMD #4730 AWUANTHRIZ S 1) MMRTHEE L 2) #ifit
HIZ. 3) BT EZ. 4) AN EE[19] [20]. Hor, MBS SRR ERRE, WEGGE
BRI Z B B FIDOG - FAE SRR TR WSO BRSO A Bk B SRR AN Y 4 i 1%
MG S . BERITHAE . BB 3k B R AR S 5480 /N2 B o b 2k
H IE_ B BE R 045 5 ik Bl s N2 5 (lobula: columnarneurons)) 1 —25LCN11#H £ T
(BF, LCN11/NEFRIZahHNIEs), B4 E 2R 5 bt T/ B briz s BAT 538 M B A v Th g .
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Figure 1. SDC-STMD system framework
[E 1. SDC-STMD &R % HEZE
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2) T HEZ

a) WIZRLTEPEIE o BT LA 5 TR A 5 A4 T A2 LM Cs P ] St 308 Jr e AN M 401 T o BELLMCs 3%
WO L /INIRANL A5 5 5 eF 20 A A R (R 22 2 P 38 9 R L ﬁﬁ%ﬁfir‘)ﬁ’ﬁ%uﬁ%‘z BELMCs 2 [H]
KA EARIHER, RGP G RN LEAZEE, %8R BRI N2 8%, AR
) AT N A EE, DASEHIM BRI R 2 . RBTIGIIBUR

b) il eI, I e B O 4R I AR LM Cs M 5 (045 5 7 AR BUH %6 T AT IION. OFFf5 5
SEBIER

c) ONJ& TE OO R R A B . N 61D R, OFF A2 I 0038 T (X 250 0 T8 A i
xﬂﬁﬁkﬁu@)o TONJaOFFﬁLEjL%WZ—:mXT 5T WAL BRAE AR (B 22 5, P [ AR TMIL N 18
TFEEBEMZICTMS, TMUR SR T Tm2, XRS5 HEIR 250t N i /N2 20 S 3 bR o (s (430 2) LR G
W B brizshr=EAEH .

3) BEFiTHE

PEREAIZCTm, [EG M4 TCMISE, X HEC AR 1ION . OFFIBIE (5 5 43 il i 2E 47 — Jc (il 4 1
(ON-SI. OFF-SI), R R GEIEH:, SR8 5 A NE It 2408 . AR5 - % i Half-wave rectifying J5 2,

AR R MAIRIAE S B9 L (X, y,t) 20 J9ONFIOFFIEIE (5 5 [19] [20], BY
Imc(x yt |lec X y,t)|
2
Imc(X yt |lec X y’t)|
2

Hodr, ON(x,y,t) 1 OFF (X, y,t) 73 2 5 fh f) 38 5/ 19 IR 228/ D>

4) /NHTEE

SRR B e A SRR AR, TR SR I /N /N AR AR JELCNLL L IE S0t /s B ARz 3 B A
VR, /N BB EORSHEOKRIE 3 B AR LT 308 M[13] [14]0 3T 1XAN R B, i LCN1L
1)/ B br iz 2 2% [2] [19] [20]. ON. OFF@IE(E 5 K HALR o3l &0t & A HIRIERM G, FERIESR
BEL 2 B e R AR L.

OFFiE: A7 THERZMTml, Tm2, 737l M= Sk aniuL2. L3RRS, Tml&EiE, 5Tm2
é“ﬁa%)ﬁ 1 R . ONIEIE: A T8 EMIMIl. Tm3, 52 Witk 2 M L1, Mile

« HTm3ESHTRSG, fei Fiitz. FkBMEHES AN S, (X Y1)« S,(xy.t), &,

S (X% Y. t)=M™(x,y,t)xM™(x,y,t) (5)

S, (% y,t) =M™ (x,y,t)x M"(x,y,t) (6)

ON(x,y,t)= ©))

OFF(x,y,t) = 4
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3. (FESEEMR S o4
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Figure 2. Representative frame of “hills” video and “countryside” video
E2. “EBR” 0 “ZEFHR" AR

2) XTI B B R0 S i e K
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(6], A SR AP (R L, R SRR, B, W RESE TR N ERARE . fEAFEE T, BRR
H— A5 HE K TESTMDIME, BLERB R EA BRSO . H4h, 2l BEE KRE, ESTMDI%
HE B RN TH /gm0 b, XU RSO B 3 24 T, B R G B B AR B bRk fe .

3) X H AR /IS o B s 4 3« 2 BF 7 WA ) S0 R 45 SR L 2)

MR TR H AR S B B ON0, O RRTE R e N16R R, SRR . —ILi20N E EAE, R Vision
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—ff i E = 1), TMESTMDIIZE/N H 716 x 815 2 I 1k S W8 i 37 (b ESTMD ) H— A S 46 = 0.96).

DOI: 10.12677/jisp.2022.113011 97 1G5 (55 A3


https://doi.org/10.12677/jisp.2022.113011

eh 4
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Table 1. Normalized output value of SDC-STMD system and experimental test results of moving speed

1. SDC-STMD ALt i3 — i B S B ahEE LI MIXER

50 (pixels /s)
TiH

50 100 150 200
F AL 0.50 0.39 0.31 0.29

ESTMD [15] ‘
Z P 0.55 0.58 0.30 0.30
BN 0.52 0.49 0.37 0.33

SDC-STMD

Z LA 0.66 0.67 0.42 0.31
TH AR — 1.00 1.00 1.00 1.00

Table 2. Normalized output values of SDC-STMD system and experimental test results of target height
2. SDC-STMDA LI — i ES Birs E LHMIXER
H AR I 1= B (pixels)
1 2 3 4 5 6 8 10 12 16 20
ESTMD [15] 0.30 0.51 0.65 0.66 0.70 0.70 0.95 0.94 0.96 0.96 0.95
SDC-STMD 0.31 0.61 0.64 0.84 0.90 1.00 1.00 0.82 0.75 0.70 0.64
FRARAE 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

T H

5) O FUSEANAIU N ERVR B 14 0 1L i - 1
A5 FH 45 LA 15 6 0 e R 0 1/ N BRI R R Mot [ 37 » i < 423 fps, IR RUS) 960 x 544
pixels, AT FIKEEIK/NA60 frames. /NERIREN TS 7 73 BN AR Al o SRS R 81T 443,

Frame 45 Frame 10 Frame 45

() DERIFAHRES)

(b) NERIA /RS
Figure 3. Video of a rolling ball
3. NERCRBHRITLSN

Table 3. Test results of the ball rolling
3. NECRBIRYIA LS

ISR
5 H .

% e b

ESTMD [15] 0.52 0.48 0.29

SDC-STMD 0.51 0.57 0.32

FARMA 1.00 1.00 1.00
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