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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 region of interest (ROI) fine
matching, and further correction is achieved through a subpixel subdivision algorithm. Ultimately, the precise target
center position is determined. 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 ro-
bustness, accurately positions the target center, and operates at high speed. Compared to traditional template matching
methods like cross-correlation (CCORR ), normalized cross-correlation (NCC), and Hough transform, it offers signifi-
cant improvements and meets the positioning requirements in the automatic calibration process of infrared thermal imag-
ers.

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

A ) R K, oG R AR O s AR S
Lo IEARSG A SE 2 HIEARIEA G, XT3
DCTC 74 P B B bk vy, 470t g, PR I 5 AR DL
B B2 P ERR . AR T NCC Xz B gh I3 —4b",
ASCE BN BB AT AL B AR s (BB o i
R E A, I €38 4315 Ry SR INASL, X B4 A7 A —
)5 FRFEAT UL . i

(1) AR 8 5B 19 R 48 1 A 155 72 s B0
Kernal , FFK5 i 0007 B B TC R E -1

(2) M PRIEE AR 5 E R 2 52— 2L
N AE AR B A e R Z U 0, Bl 86 BT R
BN o BRI E

EX DK A+(-1)x DK =0 . (2)
k=i k=)

K, K., € Ko, 98 SRR 3 00 A7 B ) J 0 3R
{H, K., € Koo 450070 X WA B AR FE DT 2R A,
H Ky U Ko = K, KBRS ORI
TEEBUZ MG, MRS (5 705 IS €8 350 20 ) i AR
KF L RRERT LASRAS 98 H 5 50

th(IR+(_1)XSB(‘.:O . (3)
Spe

t= (4)
Scr

X, S A E BB EGA- T 0, S, &R
PG AT B o A . X Al — 5045, DA 1R
TR HL 56 S EL AL

() BB 7 BEVA — 4B [ -1, 1] IX A, J7 B ot
YR BN ¢, e /ME -1, T BT R
BRIEAT U 115

K==~ . (5)
ﬁ(S)EP,K(M)%Kernal?j—:(x,y)}ﬁﬂgjjﬁfﬁ%@,

K’ R IA—E G R
A — AR R, B BIEE R A 50 -

R, = %Z(K() ’ I(Mcm'J) - (6)

1.2 WEIREEZETH

e gL, HARIE AZ AT 2 DL
Brh e o 15845 TPATEE G, T FHEARN
FEAETE B 57K 5 ) B B ARPE AR 0 A g
ASCEA) A ARG 0 s, L0 Tl R A RO A T B
T, 33K 25 AR AR B R 3 A R TR R B AR Y T R
SR 30 R A A T U PR AT DB 4 R A S, HLE
EERUARES 27 O 3° LA B A BE 221

AR DT T 1 235 SRR [ 288 B0Ks St 1 LA A FR A
T IS AE R . W 3 (a) AR5y, AR /N -
FHOBR L A% KT 1 B R IS S FE R I, A
S AL B ATE A+ H AR DR T BRI
b BEAR AT LR A AN RR, Q& 3 (b)), S5 1] £ B i 2
AREFBCERE LA E AR RZ YW, e
PR 5 FOFARLIE

+

(a) (b) (¢)
B3 T st F 80 O 22 R B R : () N A, B
FRZARBLIE 5 (b) RIS+, B BALARALIE 5 (¢) KB A
T, BB IE

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
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Fig.5 Typical infrared test pictures: (a) normal cross image; (b) noise-enhanced image; (c) blur-enhanced image; (d) reduced cross

image; (e) enlarged incomplete image; (f) bright block background image
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