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Image Registration Algorithm Based on CUDA Acceleration

NIU Tong, LIU Li-Dong, WU Yi-Han
(School of Information Engineering, Chang’an University, Xi’an 710064, China)

Abstract: Traditional image stitching algorithms are slow and fail to meet the requirements of obtaining large-resolution
panoramic images in real time. To solve these problems, this study proposes an image registration algorithm based on
CUDA’s speeded-up-robust features (SURF) and carries out CUDA parallel optimization on the detéction and description
of feature points of traditional SURF algorithms in terms of GPU thread execution model, pgogramming model, and
memory model. In addition, based on FLANN and RANSAC algorithms, theistudy adopts a bidirectional matching
strategy to match features and improve registration accuracy. The experimental fesults show that compared with serial
algorithms, the proposed parallel algorithm can achieve an acce_léf-ation ratio of more than 10 times for images with
different resolutions, and the registration accuraey is:17% higher than that of traditional registration algorithms, with an
optimal accuracy of as high as 96%. Therefore, the SURF algorithm based on CUDA acceleration can be widely used in
the field of security monitoring to realize the real-time registration of panoramic images.

Key words: speeded-up-robust‘features (SURF); computing unified device architecture (CUDA); parallel acceleration;

fast library for appro‘xirhate nearest neighbors (FLANN); RANSAC; bidirectional matching; image registration
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3) 24 Kernel B#5rBl -5 B K /MEFRIRI R 51 Ha 4L, RUAREME S
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3.2 $HERTEE
321 FHRFFLRETT

T AR L TT [, B ARAE R T e T SRR
WAL, TSR AN AR 2R Haar /N B L e T3 A
Wi 7 A 2800 SR (R ARE AR LS. Rk, IR AT AR b BRI,
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4) @i (7) AR (8) THERFAE 1) & 1K E e, F 7 1906, 73375 17)
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6s [E1 35,04 K Haar iy 57, DR 1T {5 B AL 23 B 19 1432 5
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| FLANN : CUDA 8 1 T J2 R SEHEAT & B, 1% T 5 W6 A6 7 4 B
| e . | FOSEFE. DAk, SR PR S B — B CUDA 4 5
| AR | 51 SURF HHAER I B 005, R 7 3650 B 2R
SRRl I P B WAL, AT A S B S A
| [RANSAC FL i TP, 45 AR W], R SCHE 5 15 48 SURF S B A AT
' | UG RL RS, T TR AE SR U A 235 4R T LR

TTTT T SIS IREEF & s WO T R RS Visual Studio

12 AFE R 2015; FFIFE: CUDA 9.1, OpenCV 3.4.13; T2 {7-F
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VR {9053 305 2 J 3L 00 0 B T %, o BERAE 3k 4 5 A
KA 52, TR, 9B A S B FOHE R, i T
SR [9] # AT 5 AL BN S, gk 1 A
%2 R, A RET T 7 R R 4 B R R G ke
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B Sk AR SRR SCHR (9] A INRHAE s A R], BH=X (19)
PG IS 2 A] =k 99.81%. XF T2 HE N 800%600 )
B, A J A, A I 2 1 R AF s 8 B b, Bk
TEAT IS [, A IIRS B2 vT A 2 100%. K% A, 15 2
WL 15 BRI s Al B (8] 6) b P, o] AR ST B9 7E
PRAEARST IS FE 1R [R] I, ROARAY 1 ARp A s 0 e .
IERRFAE R 2

RS B2 = prew RV (19)
TERARFAE A B + B R E RSB
F# 1 SURF Sy iR e L
SCHR[9]H AT S92 b/ S'e 87
IR — 3 | - FhHH
%{E)ﬁﬁl [ (ms) #FAE S5 B (ms)
640%480 @29[ 425.99 829 34.24 0.9976
73QX487 " 2082 508.29 2082 41.35 0.9981
779%519 3441 622.90 3441 51.32 0.9977
800x600 882 480.03 882 50.81 1.0000
1155%867 6677 837.71 6677 113.04  0.9970

2000x1329 19490
2448x3264 54952

1783.70 19490 283.53  0.9816
4410.35 54902 823.42  0.9800

K2 FHERGAFER AT L
SyHER FAE S SCIROVER AT HIE (ms) A SCHIE (ms) KEHA

640x480 829 140.07 6.94 0.8444
800x600 882 196.37 10.23 0.7891
730x487 2082 294.68 14.66 0.9155
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