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An improved template matching algorithm for infrared cross-target
center positioning based on self-constructed convolution kernels

YUAN Di-Jian, XU Xin-Ke', LIU Tong', WANG Jin-Wen, DU Yu
(College of Metrology Measurement and Instrument, China Jiliang University, Hangzhou 310018, China)

Abstract: Target center positioning is a critical technology in the calibration process of infrared thermal images. Given
the relatively complex morphology of target images, we propose a center positioning algorithm based on improved tem-
plate matching with self-constructed convolution kernels. First, the algorithm constructs a normalized template with tar-
get image features and performs matching operations on subsampled and preprocessed target images to obtain coarse po-
sitioning results. Based on the coarse positioning center, the original image undergoes ROI fine matching, and further
correction is achieved through a subpixel subdivision algorithm. Ultimately, the precise target center position is deter-
mined. This algorithm effectively detects target images with blurring and indistinct edge features, avoiding interference
from blurring, occlusion, complex backgrounds, or indistinct features. It demonstrates good robustness, accurately po-
sitions the target center, and operates at high speed. Compared to traditional template matching methods like CCORR,
NCC, and Hough transform, it offers significant improvements and meets the positioning requirements in the automatic
calibration process of infrared thermal imagers.

Key words: infrared target detection, center positioning, template matching, super-resolution
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Fig.2 Two typical infrared cross targets: (a) nested crosses in

a cross; (b) nested dots in a cross



3 G 4 LT PGB I B VT O 204015 b 0 (25 1

1.1 EEBRZEIE

fit FHAS SOy VA A S BRI, AR A 3 s 1) RO
BEHAR ST UG b 5 AR R B, Az l— AR
77 T2 H B Kernal o 20 B4 R T o5 780 55040 44 B, 7
JE B b R AT 2R AR 2R DG < 153 5 50 ) AR B
Block 9 P BUEE 5 R, IF BIE | H647 38 30 i
HEE LR R o T AR AR 00 5 AR i — 25 3
[ Results & XA

R(w) = ZX,O,,(K(XV.},) . [(,TH'.,)»U')) (D)

T BUL B AR ISR AT G R B
KA AL R BRI 5 & b i - RE AR DT FC B2 155
i T3 2R R (AL, e R AR 1) A A B AR E A7 A 38 B
HUOEE (w4, 10 )o

A G B3V A Al DE TEC A 15 ) DR T 5 £ 1] ke
O T2 2 K, TE AR SR % B R
Loy o IEARSG TS84 SIEARIEA G . XS 3L
DU C A P e B vy, A5 0 B g, PR AR DT
Be it B g BR . ASFF NCC XFis 45 R 3 —4k™,
AR SCHE A0 5 B AT TOAL B, R A bR (B o
g AE IS, I 038 4358 Ry SROIASL, X RS AT A —
IS FRHEATUCHE . D7k .

(1) AR 8 38 b5 19 RO 4 368 A 45 5 7 5 8007 B
Kernal , FFK5 B 0007 B BT R HE -1

(2) M PRAEE R AR 5 I R 252 8 — 2L
SRR 5 B AR TR Z A 0, B S B0 BT R
BN o ¢ BYBEECR T S E

xSK+(-)xSK=0 . (2)
k=i k=

A, K., € Koo, 975 5558 0 60 A7 B ) J P L 3R
{EL, K., € Koy, 955070 %8 A B AR I 0 3R,
H Ky U Ko = K, KWBARBRR A SR E RS
e B G rh AR A 5 (0 205 W5 €3 23 F) Tl AR
KZ, [FRERT ARG ¢ O fEL, THR 76

tX S+ (= 1)x8,,=0 . (3)
St

t= (4)
Scr

P, S WG AT AR, Sy, N B
PG B o B R[] — b5 4045, DL E &R
TR A5 R A LR

(3) BB 7 0 — A2 [ -1, 1] X J], J7 4T
AR KA ¢, e/ IMEA -1, BT 1977 Moo R
BRI T

K

K== NE)
XY Z

2 (5, K<w)7Eé Kernal 7£ (x, y) 5 89 77 B o0 £ 1H ,
K RS fL R TR
N A — B S , BRI FREE R A

R'u,y):%zw(K(m')'I(Wcm')) - (6)

1.2 WEEEZETH

FEH L E AL R, B AR AR FE 11 & DT
B s . 1548 TATOREMSIAL HEEAR
FEAE IR B 57K 5 ) B ARDE AR 20 A %
ASCEA) s RGN B, L0 R A RO A [ B
T, XA 2 R A AL 15 T R TR B AR Y IR
SR 3 R A T U SRR N e 4 Jm A S, e
REHLMREE F 2170 3° LN B F B I 221

R D T 1Y 245 SR 6 2 28 R0 Jt 16 LA G B
TR A . & 3(a) KRS ABURH /N -
FHUAR 2 4% KV 1 B BRAZ IR I v FE RS I, AN
S AL B R H AR R BRI
b BEAR AT LR ANXERR, Q& 3 (b)), S5 1 £ B2 i 2
A RE S ECERUG oD B AR R R mEE , T AEY)
AR 5 F AL IE

+

(a) (b) (c)
K3 R BOE O 2878 BIE: (a) /DR AT,
BURARHIE 5 (0) KA A5, B ARALIE 5 (o) KA i 3
+5, BREIE

Fig. 3 Schematic diagram of positioning deviation due to

cross deflection: (a) small deflected cross with uncorrected ker-
nel; (b) large deflected cross with uncorrected kernel; (c) large

deflected cross with corrected kernel
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