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Application of pixel binning technology in

fast weak target detection
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Abstract ; The weak target detection system requires high detection sensitivity and high spatial resolution, so as to real-
ize the stable detection of weak targets, accurate positioning of targets and fine resolution when accompanying multiple
targets. Photoelectric tracking and aiming system is generally divided into two stages: target acquisition and target
tracking. In the target acquisition stage,due to the deviation of velocity estimation,when the target flies at high speed,
if a long integration time is used for detection,the phenomenon of target energy crossing pixels is prone to occur,and it
is difficult to improve the signal-to-noise ratio of target detection. In order to solve the problem of low detection sensi-
tivity caused by high-speed target movement, high-speed weak target detection and tracking technology based on slid-
ing window pixel binning is proposed in this paper. Pixel binning mode improves the detection sensitivity and detection
stability in the initial acquisition stage. After the tracking system completes the stable tracking of the target,long inte-
gration time and high-resolution mode can be used to complete the detection of the target with high sensitivity and

high-resolution. In this paper,the SNR enhancement effect of pixel binning mode is analyzed. The analysis shows that
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the pixel binning mode is conductive to improving the signal-to-noise ratio and detection stability of high-speed weak

target detection.

Keywords : pixel-binning ; SNR enhancement ; weak target detection ;adaptive adjustment

1 51 &

55 BARERI AR G R A RN R . PR
SCERIN T A5, — R I R G s K A
STV RUERT 55 A EARIERI (SR L . X T2 HARSE
P T A W RE B R, i 7 BRI R G B
RIS RGPHERE ST o 4 B bR SR GRS 5
R PEARBRINT , o 25 W] 0 3 T 2 HARE TR #1500
PR AR B R R e, AR R T T

— BT, 55 0 ARG I BRI R SR A
22 %t HARZEA T AR AN B bR BRER PP Be o FEART 3R
B B, s EEAE DR UE o AR SRR 114 () P 5 B ORAIE 55
ORI e A INT1B 3 N E LI5S | D U = £ N 1A
BB TR AL . SRR G B AR TR
SHERERIT , 1T F AR X AR, Al 2 A KAL)
(], 32— i H PRI ) RO, S BARIN 0 B
U AR BERE i B2 i

A RONEBEEE P NER AR AR ENSWILE RN R Iy
BERGITAR , A SR H — ML TR ER binning 15
R AR RIS, 38 i 25 SRR 3% binning (1975
3, B2 FARAAR (10 5 1 HE ARG I RS E 1 5 3 i 22 ot
KIEAGTH H braz sl B2 15 Sl Rl s R ERR 25 24
PRAIERIN 28 S8 AR X 2l B /N T T BRI, £ 47 A0
SIS TETRE L 5 24 A5 I LR T T BRI, 1B HR R
binning {977 AT i 70 B ARG . BEAD TAEREK
BOE R JE 15 2 B ) v RN R URE AR E R 3K
SURET L FAR R 20 FEA AR M L S 75 5K
2 BEBE binning K E T

R b X R A 1 Y L ) R BETE, T AR
FACH el B {5 3R binning fi o ST B0 R
e 7 ORI 2 {8 3% binning i th 77 2XANET 1 ()
I 1(b) P

TR 3R binning FxCF (G0 H AT
(L SMEENSINES R

1

a(inj) = X S AG + iy, +o) (1)

i9=0jo=0

LA ) S Bocks s AR 45 R s a (4,
7)) NBOCEIEIE M AR o1 G o AR R ook
B2 RAT 5 5805 5, Jo 2000 HART 5 5505 1 (i

oo

ASCBEH Y B 2 R binning B 5L 5B R
binning A FT X, fZ4E binning #3h iL7 fg
PREEER, BMEOCRS SR E I A A
14 3% binning Jy A9 ShE DAY T RAES R, BB
LB HZWE I XA binning 77 A0 L FAEGEH
binning 77 3 FAMEBERY UK, & I 05 19 B AR
AR A E MBI, A AT HARAIAR o

(b) #E53R binning 4 7750
P10 i e 7 X

Fig. 1 Output mode of detector

3 & binning WA RBFELEROM
3.1 EAB&EHBRE

1) HArgER 0

—JE BT, Ot RGEROL AL eR BT LU
TR R



% 5 4 4h No.1l 2023

BRmAF 1R 3 binning HOARTE Ry 55 L FHARGEI 49 L AT 1773

OTF(f) =‘xp<—§i> (1)
S s I & Ky I VR L
bl A T A B A, 2ok
h(xy) = Ay - Eexp(— (m£)? - (2 +92)) (2)
R, Cey) FRRTTE— 5 AT 54, 4 FL B AL
A O

2) 2 F Sl S

e T SRR P R S 2 B R
fE MBI L A AR S A RE R L X%
SRS d, xdy (0550, B R P R AT 27 R

n= fﬁ;z/z fil:/z'n' ’ fzexp( - (’n’f)z ’

(2 + 1) ) ddy
wéd, wéd,
= ef(TE) (TR 3)

T Ly B LA o e 98 4 5 (7
R R

3) F B RRELE

i EL RO R R 515 5 F ARG R KA LA
FR R 2 2 BRSSO 9T R % s A
TRELE R

S(mon) = 8(m.n) - M(x.y) *h(xy)  (4)
S mn o R S BT R R RE RT3 M () o
SRR TREEREC AT | RbE
S BRI, LA R SO ], 24 7 R
(Il 0 x 7 12 S L<d, 32 5 B
Jr e R AT

M(%) :dL (5)

A, xg R ELARE BT oA B0 BBV [, 52 B 1 Ol
HRR B IR] N TR AL R, PR B SE R R A & < %6
Md, <L<2d, W,z 3 REW) « J7 10 5 5 R OR
mE R

1
dilL—dl (0<x,<L-d)
1
M(x,) = d (L-d, <x,<d;) (6)
1
L -x, 1
L-d d (dy <% <L)

ML >2d, W, B3R x J7 8] 40 i KR

% 1
d L —d 0<%, <d)
1
M(x,) = I —d (dy <xy<L-d;) (7)
1
L -x, 1
L—d, d (L-d, <xy <L)

4) B RE B A
PRI AR 8 O R X H AR AT R AR
I, BLAMG TSR B Y f oK fE B 5 AR B AN H bR
R ERERZ I, TR
max (/,,,.(m,n))

Na = I (8)

target

A L AR SR ICRAE G R H AR fE R,
A S Gl E b R EORTT 5 e N B PRAYERE R
R BE 2 4R v B 5 SRR AR AL R0 ik 1] A A
FIXS B B BRI R A K . SR BE R PR/ T35
THFRGRRETE .
3.2 AR AMAMT BAFRFELE R
AL E R GERE R 0. 50 #EAT 05 H it
LM AT RLE d dy 3955 T po mn $5 RS
B — R AR, HF 0 i R AR R A R R
binning RIS I HIFE R L L

m = (m, +%)p,m(J =123-0=12,-,5 (9)

n = (n, +%)p,n0 =1,23-,6=12,-5 (10)

Fm/pn/p W/NEGR o 0 RAEAAAL, B 2 3R
7 2 BARAXT EEBE, BaS B bR SRR AR A X R A 2
R, B 3 N 1 R A ESREEAIAL T BIER I
RE AP EEG ISR

2p/5

4p/5




1774 Wt 5 e b 5553 %
pls w5 s 4l » PRI GE A b R vy T ELASE BOAE A, AH G T80 Rk
e - - - - - B, AT S SR RE REAE ORIV N
*1 FEXHHELCTHRAUREEFERITER
2p/5 . - n n - Tab. 1 Statistical results of degree of detection
energyconcentration at different sampling phases
3015 - - n n - PRER | pEAERE | pRWAER
Perh i KA | Erh R IME | HErh M
iR AR 0.50 0.24 0.39
4p/s - n n n n 1% binning {K] 0.93 0.73 0.86
BB R MR 1. 86 3.02 2.20
P - - - - . pis 2p/5 3p/s 4p/s p

(b) 4 ZKbinning AT HIRAELR

B2 RRSRAEARD T Y FARRAESS R

Fig. 2 Target sampling results under different sampling modes

p/5

2p/5

MGEHER AT LA 1 % 2 3R binning #0H

A BRI AE R PR R i HLARE B R, A BT
SRAEAR A, SRAE AR X R I RE 4 P BE A2 RAR /N

fit e

~—— S
o ~.
2 /7/2 e o
~ - l

; e [7/

00
(b) B Zbinningl I ANRELL S

e
ASERAEAT LT B RE 1 42 P EE

Fig. 3 Degree of detection energy concentration

K 3

at different sampling phases

4 7R 24 B ARG RAEAR AL AR R B, AS 5] AR
i, &S5 A
22 23R AR B sF [] N B AR A2 Bh 254 AR

3 IR T] YA AR X 38 Bl 00 2R B 45 SR 1 2

RERAE R ESITAE R

3p/5

4pl5

pl5

2p/5

3p/5

4p/5

p/5

(a) H B N ARAESE R

2p/5 3p/5 4pl5

(b) 1% ZbinningH X FHIRAELE R

4 R[RIFRSr I [E) AARX LR R 1 H AR RS

Fig.4 Target sampling results under different displacement in integral time

3.3 R B4 EE AR RS 5 B AR RS T
MGETEER AT LU Y, W 15 3 binning A0 HA

3pl2
2p 2p P

3p/2

(a) L@ AN RE Rr



% 5 4 4h No.1l 2023

BRmAF 1R 3 binning HOARTE Ry 55 L FHARGEI 49 L AT 1775

p

3pl4
p2 ”
2p 2p
(b) B2 binning Bz FHRIIAE HE
5 ORIEIFRSR I ] ARG RS  B04R 0 R 4k 4 2
Fig. 5 Degree of detection energy concentration under different

displacement in integral time

2 AR E R E RS T
KM EREPEAIUTER
Tab. 2 Statistical results of degree of detection
energy Concentration at different displacement

in integral time

P B B i P e
P A | SRR /M | SRR
S SRR A 0. 50 0.13 0.30
{624 binning 1Al 0.93 0.43 0.72
Bt RAEAGR 1.86 3.40 2.43

4 &3 binning W FERLLIERIR O
BRI 5 E AR R (M AT oo
SNR, = %m (11)

A, Sy FoR AFR(E S 5N FoR R s, FRFIRE

HEPE.

G AR RS 5 i N B 2EAT 29 binning
T S B £ MR A R ASOR, , (LR SE B B R
AR5 5 binning 1475 205 1 L3 55 2508
BEAT I VR EAELE 5 i 1 i RVPEA T 9 7 binning
HERIMZ%

FERUN IRl N AR 32 30 0.5 MG IT, Bl
SRAERIRIN P INIE] 6 PR o EZE 100 YORAEATF
AP EASWRELINIEL 7 s o Al LAFE A H Tl
KA, 2R binning T HARSE B e KAE AF
W LEARASE , A H T H R AR E R

(a) A TOWAEN 1]

(b) % Fbinning = 10WHA T 51
B 6 BEHLRFERR 751

Fig. 6 Random sampling detection sequence
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