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A Real-Time SIFT Algorithm for Planetary Surface Feature Extraction
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Abstract In order to solve the problem that the scale invariant feature transform (SIFT) has a large amount of
calculation and cannot meet the requirements of accuracy and real-time in the navigation algorithm, a parallel SIFT
algorithm FG-SIFT based on fast Gaussian blur is proposed. First, the two-dimensional Gaussian kernel function,
which constructs the Gaussian pyramid, is separated into two one-dimensional Gaussian functions to reduce the
computational complexity. Then, two infinite impulse response filters are used in series to approximate each one-
dimensional Gaussian kernel function to further reduce the computational complexity. Finally, using the advantage
of parallel processing, the parallel computing scheme of each part of the algorithm is designed. Simulation results
show that the computational efficiency of FG-SIFT algorithm is 15 times higher than that of the original SIFT
algorithm, and the running efficiency of FG-SIFT algorithm on graphics processing unit is nearly 2 times higher than
that of SIFT without fast Gaussian blur. This algorithm greatly reduces the calculation time of feature point
extraction and improves the real-time performance.
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Fig. 5 Feature point matching results of four algorithms.

(a) SIFT algorithm; (b) SiftGPU algorithm; (c¢) SURF

algorithm; (d) FG-SIFT algorithm
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Table 3 Matching effect of four algorithms

Image Group 1 Group 2 Group 3 Group 4
Algorithm

Real angle /(*) 4. 27 8.82 14. 60 24. 00

Total matches 6938 6906 3344 830

Effective matches 6798 6536 2867 428

OpenCv_SIFT Matching accuracy /% 98.0 94. 6 85.7 51.6
Calculated angle /(%) 4,34 9.03 14. 31 24.31

Angel error /% 1. 64 2.38 1.99 1.29

Total matches 6766 6408 3147 734

Effective matches 6601 6014 2715 379

SiftGPU Matching accuracy /% 97.6 93.9 86. 3 51.6
Calculated angle /(°) 4.21 9.03 14. 91 24.29

Angel error /% 1.41 2.38 2.12 1.21

Total matches 11844 12582 7608 1578

Effective matches 7644 5939 1902 161

SURF Matching accuracy /% 64.5 47. 2 25.0 10. 2
Calculated angle /() 4.54 7.50 10. 44 27.61
Angel error /% 6.32 14.97 28.49 15. 04

Total matches 6916 6326 2580 726

Effective matches 6481 5964 2180 379

FG-SIFT Matching accuracy /% 93.7 94. 3 84.5 52.2
Calculated angle /() 4. 36 8.59 14. 26 24.70

Angel error /% 2.11 2.61 2.33 2.92
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Fig. 6 Time-consuming comparison of feature point extraction. (a) Time-consuming statistics; (b) algorithm speedup ratio
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MIE 6 AT LLE H, Ab 3 —5K 720 pixel X 1280 pixel
() G ff F R SIFT 430745 75 BLFERT 1016 ms, Joik
T R BE SCE P I ER . FG-SIFT 5 SURF_GPU
BORFERT A L ¥R 60 ms 247 . R, SiftGPU
BARAALL T SIFT Sk AR A — e 7t
HE 5 55 SRR AE L 3B —E 2200

SR E R AR SO T e s B AR Y FG-

SIFT 8k, 5 SIFT Ak tH P s R A T
15 A5 22 47 (1 32 T, 5 A (il PR i o A M 1
SiftGPU Jrik# L, iz B ACR W & T 33 2 f5.
SEATE T MG T A AT R 2
SF R A M LT SHtGPU J7 ¥, i B AR F
BIEETET 2.9 f5 . AT DR e BT ARORY A £ T A5
BT B RCR LRI T 85K A ek

0210020-7



E58%5 £28/2021 £ 1 A/EtERBEFEHRE

6

7k 1w

ASCEE XA S8 SIFT H5 ik $2 BUR 5 5 K

S AN TG Tl R AR R A I 3 5 b i L
SR TR R, 4 T — b PR BRI Y SIFT
MR . A GPU F: 474k A B8 A 4 #4531
A v T 4 7 RURRAE A B OB 43 1 IR AT A T &
5F CUDA FHHETHREA S . D5 FL25 R R, ol
HER) SIFT Bk e RRAE S BO T 508808 I b R 3 42
e IR 15 A% I HAB SR PR UE T BEAORG BE A X T
KA FH P R S RO Y SiftGPU Bk A 23T 2
3 1) 3 B 4 T T [ B AR AE AT R R AT 55 v x5
T WA P R S B A R

(1]

(2]

(3]

Z % X #
Xiang Y J, Li F H, Liu Z. Application of SIFT in
vision navigation system of planet surface rover[]J].
Transducer and Microsystem Technologies, 2011, 30
(2): 129-131.
7k %, ZEARIE, XU, SIFT 7847 B 2 1 8 0 25 00
WM ARG PR ] LRSS MRS, 2011,
30(2): 129-131.
Lowe D G. Distinctive image features from scale-
invariant keypoints [ J]. International Journal of
Computer Vision, 2004, 60(2):91-110.
Zhao ] , Liu H , Feng Y , et al. BE-SIFT: a more
brief and efficient SIFT image matching algorithm for
computer vision[C]// IEEE International Conference
on Computer &. Information Technology Ubiquitous

Computing & Communications Dependable. IEEE,
2015: 568-574.

[4]

(5]

(6]

(8]

[10]

0210020-8

LiY, Liu L S, Wang L H, et al. Fast SIFT
algorithm based on Sobel edge detector [C]//2012
2nd  International  Conference on  Consumer
Networks

China.

Electronics, Communications and
(CECNet), April 21-23, 2012,
New York: IEEE Press, 2012: 1820-1823.
Li H Y, Wang Q. A
extraction algorithm [J]. Journal of Astronautics,
2017, 38(8): 865-871.

FRT, £F. T HEA SR SIFT FRAE 32 U
L] FHE, 2017, 38(8): 865-871.

Bay H, Ess A, Tuytelaars T, Speeded-up
robust features (SURF) [J]. Computer Vision and
Image Understanding, 2008, 110(3): 346-359.
Wang B L, Zhu Z L, Meng L. CUDA-based

acceleration algorithm of SIFT feature extraction[]].

Yichang,

real-time SIFT feature

et al.

Journal of Northeastern ( Natural
Science), 2013, 34(2): 200-204.

FEE, RER, filk. BT CUDA MEEM SIFT 4F
FEERIR[J] . ZRAL K24 (AR B RRD, 2013, 34
(2): 200-204.

DuC Y, Yuan J L, Dong ] S, et al. GPU based

parallel optimization for real time panoramic video

University

stitching [ J] . Pattern Recognition Letters, 2018, 133
(5):62-69.

Acharya K A, Venkatesh Babu R, Vadhiyar S S. A
real-time implementation of SIFT using GPU []J].
Journal of Real-Time Image Processing, 2018, 14
(2): 267-277.

Wu C C. SiftGPU: a GPU implementation of scale
invariant feature transform (SIFT)[EB/OL]. [2020-
05-11]. https://github. com/stanley0614/SiftGPU.



