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Pulse laser and cross target center detection method in
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Abstract: To improve the multi-channel optical axis consistency of photoelectric pods and solve the prob-
lem of insufficient target center detection accuracy under complex imaging conditions in optical axis calibra-
tion, we propose two high-precision target center detection methods. For pulsed laser images affected by
flicker and burn-mark interference, a staged weighted centroid method is proposed. This method performs
coarse localization using large laser spots and then refines the center position using burn marks. For infrared
cross targets with blurred edges and noise interference, an intersection optimization strategy based on Hough
line screening and directional constraints is proposed. This strategy improves center localization accuracy un-
der weak-edge conditions. Experiments were carried out using multiple laser image sequences and infrared
cross-target images. The results show that the root mean square error of the staged weighted centroid method
is 0.237 pixels, which is lower than those of the least-squares circle fitting method and the conventional
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centroid method. For 15 infrared cross-target images, the proposed Hough line screening method achieves an

average error of 0.499 pixels and a maximum error of 0.974 pixels. These results demonstrate that the pro-

posed methods can achieve sub-pixel center detection and show good stability and strong potential for engin-

eering applications.

Key words: multi-optical-axis calibration pulsed laser cross target center localization visual detection
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Fig. 1 Multi-optical-axis calibration setup based on a
large-aperture collimator
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Fig. 2 Acquired image sequence of pulsed laser spots
BT 3 B BOIMALBT o 0 ok o' oA
AR 3 Fra . i GBI A Al WL OGARAL LA 4 A
2y 20 MR AACR AR Pk O E ST 51 S fn
K2 s o SRR T EAT Ak B MR AR 75
WX 4R X S ROI HFAT# BT RBR T HE
SRR R B IR TR TR B
AR VAT IR gL R ik 4 R L
BT TR s
WKl 4 (a) frn & Otsu A & 7 8 Bk
IR UG A —(E RS B srotit 55 5t 2
] A ERE o Ok —AE IR b A S Sl et A 7
500 P A AR T B E ARE O



1274

19

BRIRBOE 1Y HAE MAIZNT R
JCBEEIE SRR TSR S B R IAROEIN KRS
15 E B RR IENR ST — Wit R AR AT Tk
R S B (EA T R R B ORI

| [ E—
| |
— E §
| | |
A
™

| i=i+l |

L
K3 kot oo R e
Fig. 3 Flowchart of pulsed laser spot center detection
X ZAHAG S B ROCREIX B SR P AL G 0 v
HHEHIUTHG. B EAREEECY Q, Hrh Bz~
FRR (o pi) R BECH No XHERIN T A5 R
HEFRR A2 W BTCARAR (xc, ye) PIFR B

vy N

Xcz (xiyvi)2 L
> N

y — (xi;yi)2 Lyi
¢ N

TREPR L G hRC e’ 4 (b) o K
R RIA I i T IOLRE S 52 e K 5 s
SO S A HUNIEZS BRI U L B
LIRS . PRI B A R AU R
(2% T I Sk i AL AR v i e e DX 2

BT — i GO BT b B THE (AL
KGR &1 4 (c) B AT Eed 5 O 15 ML E 07 1 A BE
B e i RO R B TR ALK

o FIEFVRA BIFARAR UL 248 0 ik
TESL GAEM SR L AT AT 5 7= e A% fi
NI IR ULk R S AR HORS B A E AL
JEBENOL T )k B b5 vk e PR R 307 0 A
JCBEFRT I fRem (EIHR LR R 7R ST PRI AR
SR ERENE TR DA ST AU 6
OB BEIREN I ES 50 KR
e B BERZ O DA O i B P B R L
BRI A AR X3 Qp 1R G BRI AR N 1(x;,
y) MR AR (x,, vo) ATFRRHN

Xy = Mio _ w2 BXiI (xi;yi)
M I(Xi;yi)
> (Xiy)2 s
Yi = Mor _ o2 yil (i;yi)
T Mg 2 I (xi;yi)

K4 ket ORI R AR

Fig. 4 Detection process and results of pulsed laser spot

center localization



5

1275

H My 1 My, 50 R ETF x iy J5 10 A IR EE
PR — B Moo A K BE AR Al B AR X 5k
PR R IKFERCE Z A, TR 4 (d) Fis
GG LA L 1207 S R G R e KR R
Xof o YGBEAZ O X3 (W BTRk A O &k
PR O RIRG

kB v R RS A T AR SO TR — 0 A LA
ARSI 3 Yk IR L R R 1 LA —
FCHEFE SRR T o TR =R e 22
TE) F% 9 7P DG E B 8 Dy IR S — BUME A R o0
A = BRI RS Do < 6 WIGRER 290 SR
Pl A — B AR b SRR R T 1
o HHEAWSZMBEEAKT 6 WAz 5H
FENSEH SR . ASCH 6 =05 18K HZext
PR B O s B EAE R K OO A bR . #5 =
UCRFREE BN 2 — 4 IEHER A

4

o1 FLLAMHLA AR L] FLARIU -+
HOPRH R DB 557 L 2 R W 54 45
S MEGMNERIN S R HLIUA STk
FEICIE 5 T 25 5 1 R DG B ARG sl i 1 i 1)
[P R DM A AR SO —Fh DA R B 2k
i 5 rhC AR A A O T bR LA
M R @R —JR s ik i 43 B Be Ad
PEOEWS DIMASRAE ST LA T Bk
PRI R e g5 SR AN 5 R IR DL ) L R
BTN o

R L AMENRSEE 5 () Bis 15
ARG KRB M KR DA — R 3 4
JE o SRH 7T (R E A TR BRI
M P SR g LEE. N Otsu H i I [
EHAEIATERG Y #) H shife et B F G
Aol S (b) R B A R SRk HARgs 1
(] o3P Ry I 250 2 i ORI L A ) 4 43 vy o
HEGILRE . G 5 (c) B XA S ) —(H
EUE I Canny Sk 2 BGh 21488 . Canny 5.9
HA R RIPTMERE ) S S vt RENg /eI
LU X SRR B S A 2 A5 B, . RS SR bR
FERAT AT 4 TR B AR BRI R BUE Y 2R LUK
HERRSHL (p, 0) o Lt p Sy A a5 31 F 2k

(T ELEEES 0 Ik 5 x RlIETT I A o

K5 A ilhnrbu o e i K s
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Tab.1 Center localization results for pulsed laser spots

Wy RS 81011 0 O 1 0 2 N 1 2 e O M=) |
v ik TR ETE Bk Btk

1 (957.552,  (957.389,  (957.706,  (957.549,
543.071) 542.921) 542.979)  543.066)
) (952.031,  (955.593, (954.87,  (955.447,
586.218) 543.174) 543.369)  543.356)
3 (1032.806, (1033.310, (1033.520, (1032.810,
537.849) 538.026) 537.696)  537.841)
. (811.101,  (811.072,  (811.182,  (811.103,
551.459) 550.995) 551.06)  551.452)
5 (806.737,  (811.046,  (811.486,  (811.360,
559.560) 558.098) 557.654)  557.792)
RMSE (pixel) / 0.256 0.292 0.237

1Tk OO E AR EE AR b b A L2 B
OXERL BRI JORR A AR B LR R
{E PRHAR SCREER 3 Ff 7 g Bk I 45 2R (9 S (B AR
AR S5 R . LS T AR RIE N 2
JUATRAE R BE 73 A R AE RO AN 45 R Al fE—7E
R HE L A A —BRA D 22 X SR A2 1
T I PR AT ARS8 o — B AR,
SEVEBIARS FUEL . FEBLIEA b T3R5 O A
TESEIUEMEITTRIRZE RMSE - I TRAEA



1277

SRR ZS R 5256 S5 PO Z 2. 25
R /N TR BHLA 0 Z A BOR RAK 5
B EAREADERE AR R IR AN K (L5
DERFEIKE 2SR FEOR2ZEW ST AH
2T AT o 538 ek %o o 3 X 37 o 1
BRSBTS AR S R

RIVEAG AR SCRT I i W TR ARG SR A
[F]— OGO EE 500 WTEER & 50 WifE A —2 Xt
AT ABEORI ARSI S B EiE
PR R T AR T ARbR S 450071
A ORIZERANE 6 R, S5REM BB
Jo ARG I 25 R B 25 T N TARR 2 5 H
R B S MR LT Bk
&5 SRR PSP dIE 1 MER N, WIL 4
B B IS 0o v A S 2B ik i e S B vy
ORI S R RSN a7 R/ A oL A A 1 -3
Hamtt Ml RereE R e s Rt T
AR AR S
535.0 | e .
534.5 °
534.0 | ] ®
5335 |
5330 | ¢
5325 |
532.0 + ¢ °

531.5 -
531.0 ¢ \
1011 1012 1013 1014 1015 1016
Xlpixel
K6 Al g SRR -5 ko A K

Fig. 6 Scatter-arrow distribution plot of detection results

Ylpixel

5.2

h T RUEA SRR T R H AR R A
AR o A I 7k ORS E fl FH Z0SME PR 4
15 5K A [7] B 75 7K S RIS [ 2 B B+ # b 12
B mE 7 s HER PRy 640x512, XTI
1G5y BIR /N e DR BIA T TTHIREE
SR VAR R BRI vk A TR AR O o R
FH Windows i R AR AR ey ml LU
S HER AR B LU MR R AR . BTk
BB HMCRIET TR = b AL i
N B AR S B S S5 e x 3 FPR L
KT IR TE . S25 rful & 3 FBvk ki 4
g 2 g AR E .

(13) (14) (15)

K7 e atn G

Fig. 7 Original cross-target images

2
Tab.2 Comparison of cross-target center localization
results
H'5 SE L BN TR GEATI KB B0 TR HA L
1 Gy Gue2z25109) SO Ceor)
2 G990 Giogosasey (XZT @95
3 (2375;55) (357,613, 275.781) ot ;39; o 55(?(%
4 (Zlfg '(% (166.813, 226.352) (2126; ;12?57)’ g?lgg)
5 Geo @eaar222080) TN s
o D0 e mmiey (24 G2
1G990 (oo osnoay (O3 (G0
o GO0 oo ome (X0 @90
o G0 g omey (2% G050
0 G080 @eossrey) G ot 250,
11 (24:;); (440.826, 250.121) (2454(;)3512) (2454(5)020703)
2 PP euzarsy GRS STy
3 O 5 (377.149,260004) o ;64; o ggg’)
S Gesaes srozzn) GOSN o705
15 (2351;35’) (318.519, 259.175) (23515050305) (2351:90:5

M2 HRTLUE AR 7 (2) vl 4



1278

19

Z HAEAR M BUARE I LT 2 R ELAR I 4K
SRABIB BN WAR R GUENORTEE aniEl 7 (6) in 4
I T AR I R AR VR IRTE X Y i 1A
(11224 A (0.009, 0) W&l 7 (8) fr RV i ]
MR HARIRR R R BRI BE Tk IR 22N (0.5,
0.308) i 7£ & 7 (3) Fr 7~ IR 38 1 W i 17 L T
ERELIHEREMESE RS SE PO we 5,
o FGg— iR EZTF M bR E € e R ZEd=
oA (e, y1) MR IE KN 25
R (v, y) ASFHZLE BACHEER . USsHT
O RAE R G 3 R A 45
- BE B R 22 BRIGHE 2 RMSE LK e KR
2= s R anEl 8 R W TR AR s

(x; x

1.6
14
1.2
_ 10
[}
x 08 0.665 06690'755

o 0.595
0.6 0.499 ‘0.572
0.4

0.2
0

RMSE

K8 3R AR IR 2E R A
Fig. 8 Bar chart of the detection errors of the three al-

gorithms

SCERAE LRI R ELAR T VA A TR R
w2 RMSE DI SRR 2 3 Hidgbr MU i
PeghF . Homad ik LT M 8 &S
SRR L BRSO IS R
PR B S G R T EZ N 540
g ot SR BE AN RS P . U AR S KR 22
FebR L %7V RN A A e 2 4 T A T/ IS L
P F I S A A A A RE T o

Sy AR R T A R X R TR LR
PEEIEI M A SCHE R R AR L S HOR 2 )
MR 4y BIEHL 5x5 F1 9x9 & Wi At ] 7
15 W £L A0+ A 50 EZ b AT R 5 A1 S
TXT TR A5 S AT A AR N 3 R,

DL 25 SR AT S 5x5 B B/
U8 B A% KT T A MR G e 7 Sy 100 kW 4 A i e
JTHXIA R T35 Sl S8 HURTE R B 2l
SERFRE MR, MR TR & 9x9 B ik
N RS N UL SUN SR o Gl e W 35 S VEZ L A
BRE—E W A e AR EE . A

ZF TXT R LR ZE - RMSE Rl K
WR2E 3 R AR T AR N B RERS7E
Mg 7 00 41 1 30 ¢ S5 A DR 5 22 TR U B P18
JEEERER BT e 5 b B A AR T BN AT
TUAb PR,

3
Tab.3 Detection error comparison under different

Gaussian kernel sizes

TR SRR B % pixel  RMSE/pixel kiR pixel

5x5 0.542 0.672 1.581
=<7 0.499 0.572 0.974
9x9 0.638 0.688 1.118
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