38 Ho HL T 5 AR 2 4R Vol.38 No.6
2024 4F 6 A JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION 241 -

DOI:; 10. 13382/j. jemi. B2307099

ETHNZEZHEITHZA AW ETZE

z2E%' w ®'? AAEF
(1. Z R ANLSE B2k HE  443002;2. =W kp/K i TR BEM G I A Bt E  HE  443002)

<+

[y

B ARG S s BRI 1L P 2 B0 =2 (R AR S B B, RO IR R S = B AR RRE , BT R
K PCECAT B | TC RS B (I A (R AL, T 1CP S8k RN I (XS W aR (A AURR . X it #2810 T — R T B S5 240
A S BCE 2 (PPE-ICP) |, B S8 ad AT iR 22 A A 4 e IR 25 A0 /IME AR, (i A * J Rk TR B /IMA , A%
RGN 0 5 SLSEAG TR SR A ; FLUCHK BB/ N IR T 5 | A S 2 BC i, ZEANRIS o5 2 B (g [ et i
5% fRRE AR s I B AR A bR R BIAR AR A bR R B 4000 [, S8 L AL T I, 456 AR IR i BB (ICP) |, S L st
ZREWRECME, 5T 5 FGR-ICP ,FPFH-ICP NDT-ICP . RANSAC-TrICP I KSS-ICP iX 5 Fh 77 B 7E A FFEHESE FI [ fhl 5200 2 5 (i 42
I o LT LS 2SS ERE I 20 000 AT SEIRACIE KT 6. 55 s AR RKHLRRAR T R ER & T 5 = B i i ) liAs | 78
S 2 B HE AR RS IR 22 e KA 0. 03 m, JEFEIRZEEHIZE 0. 07°, SLHG 45 R, PPE-ICP X AR #e SR BN = AL E
B R AR G | 7 2 A A5 2 B i EL A T 1 o 55k SRR M

KW WOLE I MU SRR/ el SR R R AL

RE 4SS TN98 SCERARIZED: A E RiREF R 4> 2488 510. 4020

Multi-view point cloud registration method based on pose parameter estimation
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Abstract: The traditional point cloud registration algorithm achieves corresponding point pairing through features between two-point cloud
datasets. This method requires point clouds to possess distinct features, yet it suffers from issues such as high computational complexity,
long matching time, and low registration accuracy. Although the ICP algorithm is widely used, it is sensitive to initial values. To address
these challenges, we propose a multi-view point cloud registration method based on pose parameter estimation (PPE-ICP). Firstly, by
analyzing the distribution characteristics of errors, we demonstrate the existence of error minima. The A * search algorithm is then
employed to locate these minima, reducing the impact of error propagation and providing improved initial values for subsequent parameter
estimation. Secondly, we introduce total least squares estimation into point cloud registration, which, without relying on point cloud
data, utilizes a limited number of reference points to obtain the transformation matrix from the target coordinate system to the Northeast-
Up (ENU) coordinate system. This accomplishes point cloud pose correction, and in combination with the Tterative Closest Point (ICP)
algorithm , achieves precise point cloud registration. Comparative experiments were conducted with five methods: FGR-ICP, FPFH-ICP,
NDT-ICP, RANSAC-TrICP, and KSS-ICP, using both publicly available datasets and point clouds collected from a self-made
experimental setup. When dealing with a point cloud dataset of 20 000 points, our PPE-ICP achieves registration in just 6. 55 seconds,
significantly reducing the time cost for point cloud registration with large datasets. In field applications, the maximum translation error is
less than 0. 03 m, and the rotation error is controlled within 0. 07°. The experimental results demonstrate that PPE-ICP exhibits strong

robustness against similar transformations, incomplete point clouds, and low repetition rates, achieving high registration efficiency and
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accuracy in multi-view point cloud registration.

Keywords :laser radar; registration; total least squares; iterative closest point; search algorithm
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Fig.3 Conversion of target to ENU coordinate system
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Fig. 6 Schematic diagram of voxel downsampling
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FPFH-ICP 1.16x107* 1.16x107° 1.03x107*
FGR-ICP 1.01x10™* 1.01x107° 8.48x107°
NDT-ICP 1.13x1072 1.09x107* 9.51x107°
RANSAC-TrICP 5.77x1073 5.75%x107° 3.28x107°
KSS-ICP 1.35%x1072 1.82x107* 1.34x1072

PPE-ICP( Our) 6.14x107° 6.14x1078 5.09x107°

WMELFE 2.3 FIE 7.8 H By BCHESS A PEMN T8 bR, X
T FGR-ICP , 45 & T P 4 Ry L AT ICP B33, Be HERICR:
U, R TR T T AR AR R R T = B A T
B ER M ; X T FPFH-ICP , 7E JLZH 5 = th 3 AR 7E B
BIASDL , B T4 B & A SR BUAE 7 BEA LY | 75 22 2 Ik
HEBCT-2 18 %F T NDT-ICP , 78 JL2H A5 2 B o v &0 5 o
2 NDT B0k 8 0E 5 43 A A TR B 2 32 B A% K/ ik

BRI A0 SRAIAR E RN Y 1T B2 s A BC v OR T
LI 3 S G VR A DASRAT B RS R, R R A P AN X
T RANSAC-THICP  fF7E % A 5¢ & H A 1 5, BRI NDT-
ICP —BEXT 2 R, 75 230 ek 52 56 B A X4 90 1 D 22
FRUKEU KT KSS-1CP, 51 AR i R A SR W, 78 b B K
FURL S = B LA R, FEAR PR ModelNetd0 #5571 v (14 /)N
J I RO 2% % T PPE-ICP , 7E A [R] 5 = 50FAS
[ 2540 1) 1 2 T R A T B v 4 5
3.2 FERAERTEIXTEE

S T AN TR 4 2 i T 3 R v 3R T R S 1
o, PRI AN [R) 28 2 100 T o A% ) T oy vk B OR B
ASCAF A 2 R SR 5 1k AR i 48 AR B s 4R Lucy A%
B AR S SRR A TR IR s B RS
ABEHUAR AR $e , 2 805 %6 b i o sk 1 P it B i — K
R EIRENE T BAr S s, # 4 BT
A EEERCEE B A o B R R]
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Table 4 Time cost of point clouds with different

scales for different methods

J7: 5000 10 000 50 000 100 000 200 000

FPFH-ICP 6.93 8.92 37.04 70. 29 107.2
FGR-ICP 4.19 5.34 35.11 84.28 252.54
NDT-ICP 4.75 5.02 7.29 12. 351 24.79
RANSAC-TrICP  5.39 6.34 13.83 22.76 34.74
KSs-ICP 5.81 36. 54 40.13 43.72 57.98
PPE-ICP(Our) 4.41 4.55 4.95 5.57 6.55

XL 4 Fig SERYLE R, FGR-ICP 7E #E 17 4 &y fic o
i A 5 1) O A ) L RS SR (2 R ) A i o o BB
=GN K FPRH-ICP 7E AR F S HGS B rp s AR e 2
BTG IR A SCHR Y PPE-ICP 7 B /e HLTC v A fin
A RISl 1, AT BEHEAT R B RRAE X R T
FR A Z RN X 0 5C 28 R AT 58 J o A 5 OF sl 3t 4 A4
KR 2% ST E P = Z B S, T o
B i 2o/ U e AT BRI AR 1 g o0 S = TC
R K IR T R A5 2 B 7 A B (R B AR
3.3 BHREBLEREHE

S BRSSO ET R E R E, Y5

(a) RIER =

(a) Initial point cloud

(b) FGR-ICP (c) FPFH-ICP

(d) NDT-ICP
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Fig. 9 Comparison of different registration results of incomplete point clouds
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Table 5 Evaluation of different registration

methods for incomplete point clouds

ik RMSE MSE MAE TIME
FPFH-ICP 0.009 1  5.25x10°  0.006 9 11.41
FGR-ICP 0.0048 2.77x10°  0.003 4 11.27
NDT-ICP 0.006 1  3.51x10°  0.004 6 9.89
RANSAC-THICP  0.007 8  3.75x107°  0.004 4 9.67
KSS-ICP 0.0054 2.97x10°  0.004 5 9.07
PPE-ICP(Our)  0.0013 7.48x10™°  0.001 1 8.91
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FHCAS LoRa TTE AR5, Kl 10(b) R 5255 B H
Sk, T FRGP O S0, R R
T FHRREAREUT— s 1Y LLA A 4R F ECEF A8 %5

1) S5 TAb B

FER A FLHEZ T EE AT BUAL B AR 2T R4



5 6 1 BT S HAGTHR Z 0 2 S ECETT ik - 249 -

(a) BAIHLRSE

(a) Upper computer system

(b) ZHE Yk
(b) Reference object

K10 SEEARL

Fig. 10  Experimental system
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Table 7 Average rotation error of each method

(b) R R
(b) Point cloud after

Ik X/(°) Y/(°) Z/(°)
FPFH-ICP 0.553 0.979 0.272
FGR-ICP 0.519 0.335 0.253
NDT-ICP 0. 467 0.913 0.222

RANSAC-TrICP 0.522 0.354 0. 246
KSS-ICP 0.331 0.242 0.197
PPE-ICP( Our) 0. 069 0. 050 0. 095

RN EE AR =, FPFH S8R o 5 vk A 1 =
AESZ IR AL T FHRICEC X A RE S 25, PR JT
TR B Bl S A B/ — R il AR A B A

RIS K/ 0.3, BESRBERT G MBS BT L in 2 6 fF

TN o FHEGTF B S G 19 s o, R R TN R AR I i

B RS SRR T 95% , 350 2 Hh iy = B

KT 97%., B 114 T RIE S S B SRR T

KBRS X L, TR EE R S R R A B

R T RFESG A 2 a5 B0 ) | (E R SRR B AN
Fx6 RPEREFRIFXTL

Table 6 Point cloud downsampling comparison

Jithh 5 B EHIE PR WRTRAE
B 87 120 41 055 1969
B2 173 342 61 970 1305
2) IRZEIMT

FExF e k5 PPE-ICP 435 i FH T 2 9L ff i o i
U AR YA S KACHR (035 1) B 31045 - 8 e e 1%
2 MR R M A TS BB R R 22, &I
HEDT L BBl i 22 PP RS R 22 4Nk 7 F1 8 i,
T R 8 T LA Y, T4 7 i 0 B S R 25 ),
FPFH-ICP J7 ik -3 S 800 22 e K X JUr B o X35

(o) FREEERE
(¢) Point cloud after

filtering downsampling

A Tb P

Point cloud preprocessing

ST S AL PR B e M, N AR UM A = 2 ()
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Table 8 Average translation error of each method

DR X/m Y/m Z/m
FPFH-ICP 0.572 0.184 0.789
FGR-ICP 0. 058 0. 062 0.209
NDT-ICP 0. 556 0. 054 0.413
RANSAC-TICP 0. 888 0. 264 2.093
KSS-ICP 0. 139 0. 103 0.253
PPE-ICP( Our) 0. 037 0. 040 0. 022
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Table 9 Average translation error of each method

under different degrees of freedom

A i X/m ¥/m Z/m
1 13. 459 5.906 3.602
2 1.343 1. 441 1.701
3 0.021 0.032 0. 031
3) BLIERR 417
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