46 % 6 2/ M Fx % W Vol. 46 No. 6
2025 4E 6 A Chinese Journal of Scientific Instrument Jun. 2025

DOLI: 10. 19650/j. cnki. ¢jsi. J2514015

MEBATE=E5 X RESFMER ORB 7T B #E
EMEEHR"

ERR REF AR E R 2’
(1. B RIEFR T2 B ahib2be WA/RIE 1500805 2. AW T EImEENLI AGBAR A0 230000)

 E. AR A SR, RN E I AT TR R T A SR T, BT, RSN ERE
DI VE AR B 22 20 O 32 0 SR, BRAR DG LA A AR AL I RURNACR e, VR 24 ) T S0 MR BB W 2 R A JCYE T2 ML
FH, &% B, 32— Rl & 200 S5 EUS R 5 B LA RO RZEPE R ORB R DU L 5k T e B RE 32, 7 T 2L
W B, B T 2 RUBE 4 738 5 MOM1 J2 43 B 0T B AR A T JS AR A 2 5 GO {0l T 20 €0 S 72 S A AR K A AR % B AR ) L A A 7 i —
TR BE SR B RS &5 WS XS AN A gy R 25 (8], FFH Fast-Hession 40 [ AR AE ., $RBUREARARRFAE 5, S
Ja i BRIEF ByATHARRE R IR AT, IE45 600 I HE 25 FNTs P9 a5 LUINEE 9 RANSAC 598 K R IR VT B A0, TH5 I iR EUE ) 1
WS, AR HERE | il A HAR R SHE B LU PoP 509K i S s ME A 007 845 B, SEBUN) SE s A 8 007, SE 6 2%
FKW, ZREEFHERAREM B0 EHE S SO SCR e R A H B4R T, BABESN ORB 5k, #H1Y ORB 5k
T AR B AS [) T Ko 97 A (A [ X 3R TG 92 BB A AE i ELIE A VC e SR AR AY IR R, O ELAH Bk EL &6 RUBE R AR 1, Mol T4 A 05,
YA SIIE DL, 8 R AR o T 70 HRAE S L ARG o

KIS LK) ORB B3k s FE LA e fof

hE 4 2SS, TH74 TP391 CRAPRIRAD . A E R trEFR4 R, 510.80

Research on an ORB-based charging pile localization algorithm
integrating color invariant and multi-scale features

Luan Tiantian' ,Gu Wenlli' ,Sun Mingxiao', Li Bin',Liu Pengfei’

(1. School of Automation, Harbin University of Science and Technology, Harbin 150080, China;
2. Hefei HRG Tonan Intelligent Control Robot Co., Lid., Hefei 230000, China)

Abstract: Charging stations serve as essential power infrastructure for unmanned vehicles, where precise localization enables reliable
operation. Current positioning algorithms predominantly use template matching and deep learning, yet both face limitations. Template
matching performs poorly under perspective changes, while deep learning lacks real-time applicability. To address these issues, this
article proposes an improved ORB feature matching algorithm incorporating deblurring and color-invariant processing for scale-invariant
charging station localization. The method first applies a multi-scale pyramid and fuzzy layer segmentation for image deblurring. Next, a
color invariant model preprocesses template and test images to extract invariant features. A scale space is then constructed for these
features, with Fast-Hessian detecting extremum points to obtain scale-invariant keypoints. Feature descriptors are computed using
rBRIEF, while Hamming distance and an accelerated RANSAC filter mismatches to derive the inter-image mapping matrix. The charging
station’s pose is finally estimated using cooperative target dimensions and PnP. Experimental results show superior deblurring
performance over traditional methods. Compared with the conventional ORB, the proposed algorithm resolves feature extraction failures in
the same-gray but different-color regions, enhances maiching accuracy, ensures scale invariance, and improves feature distribution
uniformity, ultimately boosting positioning precision.
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(a) 5B 11375 FORBELZE
(a) Scene 1: ORB algorithm result
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(b) Scene 1: Algorithm in this article
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(c) Scene 2: ORB algorithm result (d) Scene 2: Algorithm in this article
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(e) Scene 3: ORB algorithm result () Scene 3: Algorithm in this article
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Fig.7 Matching effect in different environments
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Table 4 Metrics comparison post-optimization

B R SCHk[ 241 )57 AT
/pixel PSNR/dB  MS-SSIM  PSNR/AB  MS-SSIM
125%125 25.56 0. 85 31.45 0.88
256x256 26. 41 0.87 32.31 0.93
512x512 28. 56 0.92 33.10 0.96
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Fig. 8 Template image corner extraction effect
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Table 5 Position-wise test results (mm)
e 1 2 3 4 5 6
SEBRE (0,50,700) (-250,50,700) (300,50,1 000) (0,50,400) (-350,50,1 300) (250,50,400)
g (LA (-228.5,46.04, (277.95,14.07, (-2.25,37.31, (-335.8,43.39, (370.71,19. 19,
687.6) -685.84) 974.77) 377.32) 1270.72) 378.65)
"% (-4.31,0.6,12.4) (-21.45,3.96,14.16) (22.05,8.93,25.23) (2.25,12.69,22.68) (-14.2,6.61,29.28) (29.29,30.81,21.65)
Scientific Instrument, 2025,46(3) :101-109.
3 2:';:.: 'L/E\. [4] HEY, HE X CH. Research on an improved stepwise
feature matching algorithm for UAV indoor localiza-
AWFFTIRE T —Rph S B AT B S L2 R AR tion[ J]. IEEE Access, 2025, 13 67323-67333.
ORB FEHLMESE (v, B ki ) T « [5] GONG L, WU Y X, GAO B SH, et al. Real-time
1) 2 R i 2 LA 4 1 £ 2 BB 15 45 951 5 dynamic planning and tracking control of auto-docking for
F 5 AL BRI, 4 T R R BE PR 923, B 4L Ifiutfvllhzizj [8133') ”;f; th o
. L ge hicles, , : - .
T%ﬂki@’ﬂ@f?ﬂ@%mﬁ%&%fﬁXﬂ‘}EEEﬂE%MﬁE [ 6] LEVIN A. Blind motion deblurring using image statis-
"HORTBYE, PSNR B HEL 3. 63 dB, tics[ J]. Advances in Neural Information Processing
2) G ABEAZE R FERE ORB Bk Systems, 2006, 19:841-848.
AU REUREOBEE R B ERTHEB G E X (7] kupyN 0, BUDZAN V, MYKHAILYCH M, et al.
AYVE L PE BB AT EE 1 G0 500K TS A RO 4R 7 T Deblurgan; Blind motion deblurring using conditional
345 K ERREE = T 7.9% , 188 T 93. 7%, adversarial networks [ C ]. Proceedings of the IEEE
3) TR %Hﬁiﬁﬁﬁ/ﬁ%ﬁﬁ@)ﬁfﬁélﬁl ,1EFHTR Conference on Computer Vision and Pattern Recognition,
# Hession i FFHE U BN AR FRAE 43, i ol 11 ROBE A% 2018 8183-8192.
A3 DE e PEE R R m) B3 DURL IE R A2 5 T 12, 4% [ 8] SIEBERTH T, WACKROW R, CHANDLER J H.
ARSI T 0. 21 s, i & St sk Influence of blur on feature matching and a geometric
4) MRPTED S IT  RANSAC 85 1 318 i ) approach for photogrammetric ~ deblurring[ J].  The
W A BT, 3 A U b R AR B B N A L International Archives of the Photogrammetry, Remote
1], 1 0] 92 [0 5 DG L AN a2 TR 1 g Sensing and Spatial Information Sciences, 2014, 40.
PA— 321-326.
z [9] LIUY Q, SHENG Z H, SHEN H L. Guided image
(1] Zeusis, Foh, FhUIBE, A5 T 8 520 R AE X i deblurring by deep multi-modal image fusion[ J]. IEEE
RRT ) %Aiﬁﬁé MRITTY. 5 P, 2023, Access, 2022, 10; 130708-130718.
38(6): 1721-1729. [10] JIANG X Y, XIA Y F, ZHANG X P, et al. Robust
LUAN T T, WANG H, SUN M X, et al. Unmanned image matching via local graph structure consensus|[J].
vehicle path planning based on dynamic variable sampling Pattern Recognition, 2022, 126: 108588.
area RRT[J]. Control and Decision, 2023, 38 (6): [11] HUANG Q, GUO X T, WANG Y M, et al. A survey of
1721-1729. feature matching methods [ J ]. IET Image Processing,
[ 2] AMORES D, TANIN E, VASARDANI M. Flexible 2024, 18(6) : 1385-1410.
paths: A path planning approach to dynamic naviga- [12] HEgEE, MCEE, ZEEMS, %. 3T SURF AP E
tion[ J]. TEEE Transactions on Intelligent Transportation {RUCE R R [ T]. AR TR AR, 2022, 43(8) .
Systems, 2024, 25(6) ; 4795-4808. 47-53.
[3] #hBme, FHIE, WG, & IR MR TFRE CUIJ G, SUN CH K, LI Y P, et al. An improved
BJC N ZE 6 SLAM B[ 1], UL E )R, algorithm for fast image matching based on SURF[]J].
2025, 46(3): 101-109. Chinese Journal of Scientific Instrument, 2022, 43(8) .
SUNM X, WANG X Y, LUAN T T, et al. A laser 47-53.
SLAM algorithm for unmanned vehicles basedon depth [13] XM, T, £5E, 4. HF ok SIFT B :n0 E %

map in dynamic environment [ J]. Chinese Journal of

VERC[T]. NN 244], 2013, 34(5) :1107-1112.



% 6 1

ARV 45 AU TE B 5 2 RUIERFIER) ORB 7R B S0 5 369

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

[23]

LIU J, FU W P, WANG W, et al. Image matching
based on improved SIFT algorithm[ J]. Chinese Journal
of Scientific Instrument, 2013, 34(5) . 1107-1112.
CHO H M, KIM E.
localization and mapping ( FP-SLAM): A new RGB-D
IEEE
Transactions on Instrumentation and Measurement, 2024,
73.1-15.

NI'J J, WANG X T, GONG T, et al. An improved

adaptive ORB-SLAM method for monocular vision robot

Finite-plane  simultaneous

SLAM exploiting inter-feature relationship [ J ].

under dynamic environments[ J]. International Journal of
Machine Learning and Cybernetics, 2022, 13 (12):.
3821-3836.

B, Mg, BkEE, S RGBS N A
ORB BLMF5E[ 1], #otZeak, 2022, 43(6) : 85-90.
JIAO S M, ZHONG Y F, YAO X, et al. Research on an
ORB algorithm with improved adaptive threshold [ J ].
Journal of Lasers, 2022, 43(6) : 85-90.

XIEY G, WANG Q, CHANG Y X, et al. Fast target
recognition based on improved ORB feature[ J]. Applied
Sciences, 2022, 12(2) . 786.

GEUSEBROEK J M, VAN DEN BOOMGAARD R,
SMEULDERS A W M, et al. Color invariance[ J]. IEEE
Transactions  on
Intelligence, 2001, 23(12) ; 1338-1350.

LAI S X, ZHU Y CH, JIN L W. Encoding pathlet and
SIFT features with bagged VLAD for historical writer

Pattern  Analysis and  Machine

identification [ J ]. IEEE Transactions on Information
Forensics and Security, 2020, 15. 3553-3566.

T, YRR, AR, S —FhEiE ORB AL A4
WS VE T ) G AL B L (D], W 4 5 A
iz, 2025, 39(4); 213-224.

RAN N, FAN CH F, ZHANG SH K, et al. An improved
ORB feature point

extraction and matching image

processing  algorithm[J].  Journal of Electronic
Measurement and Instrumentation, 2025, 39 (4). 213-
224.

TAIWO A I, OLATAYO T O, ADEDOTUN A F.
Modeling and forecasting periodic time series data with
Fourier autoregressive model [ J ].
Science, 2019, 60(6) : 1367-1373.
R, BEE, M. A5A B Z A ORB RHIE
REIRICRCRL[T]. f2E T, 2016, 37(15): 18-
23.

LI SH H, SHI R ZH, YE H. Image matching algorithm
combining and ORB features[J].
Packaging Engineering, 2016, 37(15) ; 18-23.
WroSC, ST, K4k, 4F. BT PUSUR ¥ ORB-LBP
SOHSIAL ). AR SRS, 2023, 42(10) : 156-

Iraqi  Journal of

color invariant

159, 164.

CHEN Y W, CHU K B, ZHANG ], et al. Improved
ORB-LBP algorithm based on quadtree[ J]. Sensors and
Microsystems, 2023, 42(10) . 156-159, 164.

[24] XUi, L4, KGR L EBEmELLT]. 158
ML 5444, 2024, 41(9) ; 273-278, 328.
LIU X, WANG W D. Image deblurring algorithm for
moving objects[ J]. Computer Applications and Software,
2024, 41(9) . 273-278, 328.

EEE N

IR, 2011 4F 2018 4F TG /R I TR
PN 1 BTN I i i S o VAN L S DA/
U R B TR A R Bcd , W57 0k
PLATLE .

E-mail ; luantiantian@ hrbust. edu. cn
Luan Tiantian received her B.Sc. and
Ph. D. degrees both from Harbin Engineering University in 2011
and 2018, respectively. She is currently an associate professor at
Harbin University of Science and Technology. Her main research
interest is machine vision.
PRSERT 2023 A FILARAO R4 AT 4
ﬁ T TS R LR A s L Y
Ts =V o,
‘ - i E-mail : gul1194515896@ gmail. com
is currently pursuing her M. Sc. degree at Harbin University of

Gu Wenli received her B. Sc. degree from

Shandong Agricultural University in 2023. She
Science and Technology. Her primary research focuses on
machine vision.

FhRRARE (5 1EH) 2010 4F 2018 4F T
RN YN TR N o e S AN L
A 2EAL B IR I TR A R Ak, F2
-~ BRSE07 10 R HLAS L

‘x. Sun Mingxiao ( Corresponding author )

B.Sc. and Ph.D.
Engineering University in 2010 and 2018, respectively. He is

(@

E-mail ; sunmingxiao@ hrbust. edu. cn

received his degrees both from Harbin

currently an associate professor of Harbin University of Science
and Technology. His main research direction is machine vision.

XUMETE, 2012 F /KGR TR AEARATA

T, AL TEIR A EHL S NA R

4\ AR SR FE AL A R

= e RIS A% 1 B0 T A 45
‘\/. E-mail ; liupengfei@ hitrobotgroup. com
' Liu Pengfei received his M. Sc. degree from

Harbin University of Science and Technology in 2012. He is

= =

currently the general manager of Hefei HRG Tonan Intelligent
Control Robot Co., Ltd. He is mainly engaged in the development

of robot intelligent controllers and robot control algorithms.



