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Abstract

Template matching in image processing is an important task in the field of computer vision and
has wide applications in various domains. However, traditional template matching algorithms suffer
from high computational complexity and low efficiency, especially when dealing with large-scale
images and complex scenes. To address these issues, this paper proposes a pyramid template
matching algorithm that integrates the NMSFast (Non-Maximum Suppression Fast) algorithm for
improved accuracy. Several optimization techniques, including feature extraction, table lookup
optimization, OpenMP parallel programming, and quantization, are employed to enhance the effi-
ciency of the algorithm. The proposed algorithm utilizes the Sobel operator to extract gradient in-
formation from images and applies thresholding and intensity conditions to filter candidate fea-
ture points during feature extraction. Table lookup is used to establish the correspondence be-
tween template features and the corresponding features in the search image, along with indexing
tables for scaling factors and rotation angles. Feature data are quantized to simplify representa-
tion, converting them into floating-point numbers. The angle image is quantized into 8 directions,
and invalid angle values are filtered out using thresholding. These optimizations significantly re-
duce computational complexity and storage requirements. The OpenMP parallel programming
technique is employed to perform parallel hierarchical searches on the pyramid, transforming the
algorithm from single-threaded to multi-threaded, thereby improving its runtime performance.
Experimental results demonstrate that the proposed pyramid template matching algorithm inte-
grated with NMSFast achieves a 51% reduction in computation time and a 1.7% improvement in
accuracy for large-scale image matching tasks.
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Figure 1. Traditional pyramid template matching process flowchart
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e & FHMIRICR A, PE R RIS, Feh N BRI R R R R BB AT 40, 1951 — R
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Figure 2. Feature index table
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Figure 3. Target matching results
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Table 1. Performance of the integrated NMSFast algorithm
F* 1. & NMSFast BiE M AL

Bk S 2 Nmsfast VLRI 71/ H 535>
= 0.2283 88.70
Bk ;
7E 0.1712 89.79
7 0.2363 83.12
PR i
7E 0.1776 83.78
N 7 0.2292 100
ekt i ;
7E 0.1717 100

42. R, EXMUEERDH

% 2 s, 5T Ele NMSFast (19 EUE & 8B T BE Sk A i X @A NMSFast 11 S 4 7 HE AR
W UCHEC Sk AT B . B4k, X Bk st 5 (i 47 s 1) £ &% H ARUTEC 7543 v R0 5927 200 )2 0.0170
oA AT, ARG TUHER S, WIBEARRE AL, XARAERMEN B R D EE 5. b AT
B R SE .

Table 2. Results of table lookup and quantization optimization
2. Bk BUMUER

ey rtER. B NG H x5
X 7 0.1712 89.79

PRI R 0.1544 89.81
X . .

. i 0.1776 83.78

AR R 0.1634 83.84
= . .

L, & 0.1717 100

TR R 0.1531 100
rE .
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OpenMP FHATEmFE AN FLELNG & FIE EZ T IRAT IS &R, FRIE &R BUmmibidtiritiries
S EHEA SRR AR BRI RS NMSFast (1) B4 4 AR TUAC 51k T
OpenMP FFATARACIGAIE, X L et AN cheide 5 IRas AT I TB), H T2 78 0 L 2 A2 0 B3R IR IR AT RE ),
ENMMEH AT IRALFERI AL EE, T I 2 52 A 5 P T AN 2 OB HEFE A, RS A 2 Lo B ARTS 47
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Figure 4. Time consumption before and after OpenMP paralle-
lization improvement
4. OpenMP FH4Te& it Al fE B 18] HFE
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MR EIREE R HrEexs, FECRIESIRIERULE HARKIZEAE b, RAIER. B4 OpenMP JfAT %2
XFRE A NMSFast (45 7 SRR UL BE AT 00, M TAR e IR L IC 553%, MAE 3 1 F AR LT
B, BARUCECE [A> 51% /A4, #ERMESE S 1.7% A 40 . S Al S 20058 i 5T XUREAR 8 2 07 XA B
PR RHY r AL SR VT RO 530, 7RI H) L3R T} 28%, ST S5 [21] 52 H — b a7 < - B AR 4 5 kL 1
AT IELS A 1) PCBA MR ULHC VLR 7] E4& Tt 30%. 14 3 fiw, AR SEUonI bR VT e B iy ik, i
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Table 3. Overall performance comparison of the algorithms
= 3. BEERRMERExTEE

KGR & T Rl A nmsfast HE 2=t OpenMP 147 ULACHT[A/s ERANEYix
5 5 e 7 0.2283 88.70
BRER R . . o .
& € & = 0.1378 90.25
=5 5 e 7 0.2363 83.12
TR IR
= & = = 0.1412 84
— 5 5 £ 7 0.2292 100
= & = = 0.1369 100
5. &g

AR T — P& IR UC L 5%, HeRlE T NMSFast BT HRAL . 8RR I, E R

DOI: 10.12677/0rf.2023.134400 4001 BE 51


https://doi.org/10.12677/orf.2023.134400

OpenMP JFFATZFEAN BT I, AR 1 & T BRI B RA RIS AT I (A RORS 2 . SIEIR 45 SRR
Y, DA A A SREAE U . ks B 1 B DL RS AR 55 vh B Bm PR e . S AR ST UL B S B
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