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Fast pose estimation algorithm for berth aircraft based
on skeleton point cloud registration

Luo Qijun Xiang Chengzhi Zhang Hongying

(School of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China)

Abstract: The accurate and rapid calculation of aircraft pose using three-dimensional point clouds scanned by LiDAR is the key to
achieving automatic parking guidance for aircraft. Therefore, a fast target pose estimation algorithm based on precise registration of
skeleton point clouds is proposed. In the point cloud on the aircraft surface, the main body structures such as wings, engines, and nose
are selected from the perspective of LiDAR to construct a simplified aircraft skeleton point cloud, avoiding erroneous registration of other
complex structures and effectively reducing computational complexity. When parking the aircraft, establish a point cloud bounding box
based on the aircraft axis to obtain the initial pose of the aircraft and use it as a constraint for registration. Then, a random sampling
consistent coarse registration algorithm based on fast point feature description is used to correct the aircraft pose, and a point surface fine
registration algorithm based on bidirectional KD-Tree is designed to improve the accuracy of aircraft pose estimation. Finally, the
performance of the algorithm was validated through simulation experiments on aircraft pose estimation throughout the entire parking
process. Compared with typical algorithms such as Super-4PCS, MSKM-NDT, and AA-ICP, this paper’s algorithm reduces registration
error by 32. 5% and improves processing speed by 34%. The maximum angle error for pose estimation is 2. 0 degrees, the maximum
distance error is 0. 125 meters, and the single frame processing speed is 0. 37 seconds. The actual aircraft pose estimation experiment
also verified the effectiveness of the algorithm.
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Fig. 9  Aircraft skeleton point cloud extraction
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Fig. 10  Establishment of surrounding box based on aircraft axis
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Fig. 11  Aircraft pose estimation error
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Fig. 12 Actual experimental results



T

AR AIECHERIAAL CHLPRE AL A TR - 163 -

3 & it

BT WA PR T BRI A RBIL A A 1), 4R T —
o 2 G o P DR A O A T A SE T
TN A R CALA B R A B, ok, I WL
BLEER B SRR AT A RBLA = SRR £
Z RS FEIA AL Ak B R IE R DE R Y CHLIR S,
R, 38 R EE T ) R )4 FE & TR E KL B
B, R ESR BE 2 5T, B 1k s s FEERS R . T,
$EH LT FPFH FRAEDCECAY RANSAC HH B v AL T 3]
KD-Tree Y 15 EE ICP AF e i J7 3%, 7T A8 #5082 (L i vf
BEBR T ORHLOL B AN TR L T R,
Super-4PCS MSKM-NDT I AA-ICP % $iL U590 i 5
2 L B 0 A RS R Ak B R R T o R 25 B AR
32. 5% LA I, SF- X o i b B R B T 349%, 7E S BRRAL
DAL B PR EHIE TR A, Aokt — It
JEZ R Z ALK, v OG5 DGS RGHY
[ A28 A A

S ik
(1] 2l 2R Bah WA s S R AT T].

IR O B 2 B o 41, 2021,37(2) :42-45.

LI B G, LI ZH L. Design of mobile aircraft docking
guidance system [ J].
Polytechnic, 2021, 37(2) . 42-45.

W te, AT, AR, AT BMEOLE Bk
R A bRk gy ik (1], B A I R 2023,
42(1) :13-19.

YANG J H, ZHAO X, GUO Q M, et al. Obstacle target
detection method based on roadside Lidar[J].

Journal of Chengdu Aeronautic

(2]

Foreign
Electronic Measurement Technology, 2023, 42 (1)
13-19.

MR, =—4, SR B TR = =0
Mrorbse dE e [ 1], AUER IR "7 4t , 2023, 44 (11)
130-158.

CHEN H X, WU Y Q, ZHANG Y. Research progress of 3D
point cloud analysis methods based on deep learning [ J].
Chinese Journal of Scientific Instrument, 2023, 44(11) .
130-158.

FRIEE, M, H&T. T RS EA T Z 0
R BHETr 2 (1] B 7 & 5 40 8% 2= 4k, 2024,
38(6) :241-252.

GONG G Q, TIAN Y, XIA X Y. Multi-view point cloud

registration method based on pose parameter estimation[ J].

[3]

[4]

Journal of Electronic Measurement and Instrumentation,
2024, 38(6) ; 241-252.

(5] Zlil, SHEME. =4EmafEr kit l)]. b

[6]

(7]

[8]

(9]

[10]

[(11]

[12]

[13]

el Pl 52 DB 241, 202,27 (2) :349-367.

LI J] W, ZHAN ] W. Review on 3D point cloud
registration method [ J]. Journal of Image and Graphics,
2022, 27(2) ; 349-367.

AR, B, SRRATE G BT R AR AR 1
TR S ERL[T]. OG5 T, 2024,32(10)
1606-1621.

II'J R, WANG J, GUO S T, et al. Point cloud matching
algorithm based on adaptive local neighborhood conditions [J ].
Optics and Precision Engineering, 2024, 32(10) ;1606-1621.
YANG J, LI H, CAMPBELL D, et al. Go-ICP: A globally
optimal solution to 3D ICP point-set registration[ J]. TEEE
Transactions on Pattern Analysis and Machine Intelligence,
2015, 38(11) ; 2241-2254.

LYU C, LIN W, ZHAO B. KSS-ICP: Point cloud
registration based on Kendall shape space[J]. IEEE
Transactions on Image Processing, 2023, 32. 1681-1693.
Wb, RS, MREN, R TARSSA s
AR S BCHE T 2 )] TH R U B ik 5 BB
2A4i%, 2023, 35(9) :1323-1332.

FAN L L, WANG J Y, XU ZH G, et al. Registration
method of partial point cloud and whole point cloud of
large workpiece[ J]. Journal of Computer-Aided Design
& Computer Graphics, 2023, 35(9) . 1323-1332.
JKoRE, PGS, WA, SF. 3D ol | IS R AR
PR Z U] BT AR W PEC v S [ 7] TH S M4 B ik
THSEE A4, 2023,35(7) :990-999.
ZHANG R G, SUN ZH L, HU ], et al.
adaptive deformation graph for 3D point cloud non-rigid

Curvature-

registration under multi-geometric constraints [ J ].
Journal of Computer-Aided Design & Computer Graphics,
2023,35(7) : 990-999.

FiZE, HRLLE, AR, 4. T JCH SUREAE TT D i o5
ZACHETT B [T]. AU RUHE TR 2% 2% 4, 2020, 40 (4)
409-415.

LU J, SHAO H X, WANG W, et al.

registration method based on key point extraction with

Point cloud
small overlap [ J]. Transactions of Beijing Institute of
Technology, 2020, 40(4) ; 409-415.

FAEWR, WA, BRh ot PRAFIER S A 2P OA ) ]
[El2E240, 2023,44(1) :146-157.

WANG ] D, CAO J, CHEN ZH G. Feature-preserving
skeleton extraction algorithm for point clouds[ J]. Journal
of Graphics, 2023, 44(1) . 146-157.

EWE, TR, KTLE, % T FPRH A ) i
M s KAk L] 7&K, 2022,
45(23) :119-124.

WANG X, WANG Z Y, ZHANG Y T, et al. Weighted



- 164 - B IR SAR  R 39 &
local optimal projection point cloud simplification [20] Z’ﬁ&ﬁ VR2ET, W40, S BT AT R i
algorithm based on FPFH[ J]. Electronic Measurement PR A [T, R E 2 (FPIESC) |, 2024,
Technology, 2022, 45(23); 119-124. 17(4) .875-885.

[14] THA, HEET, ZYIS. 1 S50 8 LA AR AR LI MY, XU SH B, MENG L Q, et al. An improved
B R ik (], BT 5AE 24, 2022, point cloud registration method based on the point-by-
36(6) :196-204. point forward method [ J]. Chinese Optics, 2024,
DING J X, DONG H Y, QIN X P. Point cloud 17(4) . 875-885.
simplification method for geometric feature preservation of 1EE™/N
structural parts[ J]. Journal of Electronic Measurement T H% 2021 T RERFHEH L
and Instrumentation, 2022, 36(6) : 196-204. A7 B E R R R Bz, EE

[15]  BEZE, XUF, 7R85 €, 4. RS BUEa S LG B J7 LA BRI R A,
SECHE[T]. db U E TR 2222 4k, 2024, 44 (4) E-mail; qjluo@ cauc. edu. cn
428-438. Luo Qijun received his Ph. D. degree
LU J, LIU SH, QIAO P F, et al. Point cloud registration from Tianjin University in 2021. Now he is an
with color and geometric information[J]. Transactions of associate professor in Civil Aviation University of China. His
Beijing Institute of Technology, 2024, 44(4) . 428-438. main research interests include machine vision and intelligence

[16] #HE, %%ﬁ il S5 T ) R O 5 2 e E B B R control system.

AR T AR [T ] V0 % 2808 K2 2 4, 2023, HAR R, 2021 4F F 74 46 Tolk K2 3k 45
57(7) :201-212,220. S, U T [ RS B A
XU W F, JIN L., HAN X, et al. Mirrored iterative closest LS VAR e A M [ by e VA A4 (e R

point algorithm for missing point cloud registration [ J ]. E-mail : xcz1206935989@ 126. com

Journal of Xi’an Jiaotong University, 2023, 57(7): 201- Xiang Chengzhi received his B. Sc.
212,220. degree  from  Northwestern  Polytechnical

[17] MELLADO N, AIGER D, MITRA N J. Super 4pcs fast University in 2021. Now he is a M. Sc. candidate at Civil Aviation
global point cloud registration via smart indexing [ C]J. University of China. His main research interests include point
Computer Graphics Forum, 2014, 33(5) . 205-215. cloud pose estimation.

[18] SARANRITTICHAI P, NIPARNAN N, SUDSANG A. LIH GRIGIER ) ,2007 4 F KK
2D-laser scan registration using multi-scale NDT with ARG A 2R T P R K R B,
polar scan clustering [ J ]. Applied Mechanics and FEHFFE I ARG T RSB
Materials, 2014, 446. 981-985. E-mail; carole_zhang@ vip. 163. com

[19] PAVLOV A L, OVCHINNIKOV G W V, DERBYSHEV Zhang Hongying ( Corresponding author)

et al.

DY, AA-ICP:

Anderson acceleration [ C].

Iterative closest point with
2018 IEEE International
Conference on Robotics and Automation (ICRA). IEEE,

2018 ; 3407-3412.

received her Ph. D.

University in 2007. Now she is a professor in Civil Aviation

degree from Tianjin

University of China. Her main research interests include image

engineering and computer vision.



