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Feature point extraction and matching method of humanoid-eye binocular images

XTANG Haoming, XIA Xiaohua, GE Zhaokai, CAO Yusong

(Key Laboratory of Road Construction Technology and Equipment ( Chang’an University) , Ministry of Education, Xi’an 710064, China)

Abstract; Imitating the human visual characteristics has become a research hot and challenging research topic for
machines to move towards intelligent perception and intelligent cognition. Human eyes are more sensitive to edge of
objects in the scene because edge contains abundant information. To realize this visual characteristic in machines,
a feature point extraction and matching method of humanoid-eye binocular images is proposed. Firstly, smallest
univalue segment assimilating nucleus ( SUSAN) operator with outstanding edge feature extraction capability is
selected as feature detector. Then, the sampling neighborhood of scale invariant feature transform ( SIFT)
descriptor is improved to reduce the matching error of gradient information far away from feature points due to
viewpoint and view direction differences, and the main gradient information close to feature points is retained.
Whereafter, a multi-scale structure is established for the input image, and the main gradient information of the
same feature is computed at different scales. Finally, the square root kernel is used to compare the similarity of the
gradient information, and the multi-scale descriptor is generated to enhance the uniqueness of the description
vector. In the experiment, a variety of evaluation indexes are used to evaluate the proposed multi-scale descriptor
and overall algorithm respectively, and compared with the classical SIFT, speeded up robust features ( SURF)
Root-SIFT and the advanced boosted efficient binary local image descriptor ( BEBLID ), SuperGlue, DFM
algorithms. The results show that the proposed multi-scale descriptor improves the matching accuracy of edge
feature points and has stronger adaptability to illumination changes, thereby demonstrating better matching stability.
Compared with other algorithms, the proposed algorithm has higher matching accuracy.
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Fig. 1 Binocular camera model
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Fig.2 Feature point extraction effect of SUSAN detector
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Fig.5 Multi-scale descriptor construction
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Fig. 6 Humanoid-eye binocular image
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Fig.7 Performance comparison results of different descriptors
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illumination intensity variations

Bk B VC Bl H % RES-EA0
SIFT 286 8.93
SURF 11 0.36
Root-SIFT 302 9.41
LGHD 416 13.31
BEBLID 85 2.55
e 458 14.59

M2 1 R ZE AR DG IR BE AR R A SO vk
A B B i 22 1) 1E B DG G 5000 R e e 1) 0] HE AR
., 55 SIFT Bk b, AR SCAA 245 21 1E A DT B A5
XN 60. 14% , Al H153 #8415 5. 66 % , A
R E RER R 75 SIFT ik 4 2 A 3
SR RRASALIE N R ), AT 2 A2/ LGHD 55
BAES 3 (719 Root-SIFT 598 A SCRIAAR 2 A IE#f
DT JE 5 085 iE 4 B 340 10. 10% .51. 66% , 7] B 45
RO 1.28% 5. 18% , Vi A SCE AU BE
P& AEAE L SURITL A 22 5 PRI 0 DS e B 23 Tt L
X PG AR Ak ELAT R 1438 I 1

e, AR SO AS [ 3R T 138 17 8CR AT T %
Lbarir, 2% 2 2 6 iR T 7E & 6 B (4 5 AR XX
H EUE -/ F-3458 17 ]

2 6 MEENTHIEITRE

Tab.2 Average running time of six algorithms

Rk PN B1TH A/ s
SIFT 128f 265.08
SURF 64f 145.18
Root-SIFT 128f 264.25
LGHD 384f 130.23
BEBLID 512b 49.13
ES'S 128f 265.24

T P B T b Dy — kR T,

H12¢2 A[ %1, SURF.LGHD #1 BEBLID % 1%

B AT B A0 | (E L A ) TE B DG I ot o i e /0> |
A R AR, 15 A SCHE IR 4R 0 [R] Y
SIFT F1 Root-SIFT ik (1% T fir &% S 3z K F A% S5
Beo SRXPIFREL AR L, AR SO R 3B AT I [R]AE B%
W& =5 X T SIFT F1 Root-SIFT %43 HAE 81— R
JE _E AR A SCNAE 4 AR TR RUBE B 4
F IR T, 325 AN 0] G I N DG BCAERT
2.2 BEEEIEZIE

Rtk — 2 U AR SCR I AE G AEAE A s FIAL A
25 5% 5 WY DR TC oE B R, R T 4R B SR SRE S
GMS RIFT SuperGlue Fil DFM Bk #E4T4F . GMS
B LLZ B G TR LAl 2 —Fh B A SR M Y AR AR
DCPC I g8 5k 7 SE e R T BRIAAY ORB 5303k ik
AR SR BUCS VE RS . RIFT 5095 FH AR 67 — Bk
RIS 5 B A A I R AIE A5, I3 i Log-Gabor 3
W st TRHMER R R KRG, AU T
SRR A RS 1, e IR TR AR BN R R A R
AIBR I, SuperGlue F1 DFM J2 W b 515 2 4 35 T 1%
JE 27 2] W RFAE VG FL A3 | 7 25 ) FH ] ot 268 ) 24 o o
TIE s AT VC L, 7 52 55 v R L ERIA Y SuperPoint
B BURFAE 88 SO R 5 J5 3 6 B 2R 1
VGG 48 FEIBURFIE 8, % 157 UG C 1144007 FH H REL 28] 240
F1%) SR W% S BRARFAE o5 % P MR DE R
2.2.1 M EERR

ARSONE E RS IEAT T BN A TS DL L
HEAMVCEIYERE . SR SCHEk [ 21 ] H RS B R E
VR FEbR , F7s HEOH 4G THE 5 BT A Al T A e
BRI, A SCHIFH RANSAC 2341 5 H O AR A
H EMGOG Z [H] i A8 A R - L5 B S48 s B Al
HEAT HO3E A R 25/ IN T 3ARER WA IZ B0 A 1
TER
2.2.2 SEET AR

VRIS d 4 A HR XS H G EAT B Ak 152
B, SRR A R LR 3,

®3 HARNEBEGEMEGITHERLR

Tab.3  Quantitative comparison of homography estimation in
humanoid-eye binocular images
i i
GMS RIFT  SuperGlue ~ DFM A&
SEEN 86.40 91.50 59.81 82.39 85.14
[&141 2 80.59 95.76 48.19 76.95 98.15
&4 3 78.95 85.71 48.57 82.12 99.18
El2H 4 76. 68 94.95 76.13 85.78 98.03
K4 5 71.27 95.70 67.13 84.69 97.93
TYE 78.78 92.72 59.97 82.39 95.69
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Fig. 10 Average estimated homography error of five algorithms
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