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Abstract To deal with disordered data involving white noise and random missing points, a three-dimensional point
cloud registration method based on factor analysis was proposed. First, the mathematical model of a point cloud was
extended to an orthogonal factor model, transforming the point cloud registration problem into the model parameter
solution problem. Then, a Gaussian mixture model was used to fit the point clouds, and the factor load matrix of an
orthogonal factor model was obtained via the exponential moving average (EMA) method. Finally, the factor load
matrix was used to perform point cloud registration. In a simulation experiment, the registration accuracy of the
factor analysis algorithm for noisy point cloud data with missing points was found to be equal to that of the classical
iterative closest point (ICP) algorithm, and 70% higher than that of the classical ICP algorithm. The factor analysis
algorithm did not fall into local minima and could yield clear improvements in efficiency, registration accuracy, and
stability.

Key words machine vision; point cloud registration; factor analysis; white noise; maximum likelihood estimation
OCIS codes 150.6910; 150.1135; 110.6880; 110.3010

N AR BTN % 0TI 15 0 25 W 0 L R 2
gl H B A Besl %07 78 1992 4F 2 ) 2 10 5 3 45 (ICP)
Ml ARD Zis HE & 174 00, a1 Bk TR DA R s AR R R S, SR IE S s
N NI = I B 3 AN TR (081 DN 128 [ RG :9 5 Btr A =2 B E A VLA R R 89 & o5, Al Rk

s HE: 2019-03-25; 1B HHA: 2019-04-12; RABHI: 2019-04-19
HEE£TH: 2019 )AL A H B F T &G E % H (2019019)
* E-mail: 913865538@qq.com

191503-1



Wt 5ot T o R

TR R B3 1 H b oR B A7 2 A0 2, (H 53008 R A
(] a4, T3 5 2 v s TR AT SO I W0 R IR 3
I 2 B A Jmy B e /ME

AT R B T TCP 553 B C 1 R AVRS E . Hee
SRR — B A o T (PCAD % e i 2 B8
8 B 2 =5 (6] 547 HC HE L O TCP i it |4 119
F b 67 B AE 2B 1 0l A R R Y A s B L T REAS
ANEVEAE R ERBCHE . Yang DR —FhIEF 7
Y23 [ 35 H Scale-ICP Bk, i Bk HA B
WSS B L FLARE A 0 A ) ROBE S o . AR TR 2K AR
RS FIC RS BE b ICP 345 3 7K W] A% B2 (9 2
PE AR IS B ICP 5 AT SR ROl T 16 AR e L A7
FERE S A Z 2 W [ B, Sharp 455 4 Al H]
AN REAE 126 A8 B 42 3 45, (ICPIF) Bk L % B3k AL
B B A 0 BRI A (8] A2 & Ctft 58 R A 8 1 3ROl
BRI RS 7 45 B E RN B T S RSO Y R
., Yang R I 2R RALAE (Go-ICP) 5k . i%
B R A RS 1ICP 454 097 X B 3 9B
20 TS o T A 2 3 e X R S B R ) B B 7 X
S A Jmy dee UL TC HE P T T5C VHEORG B2 B[] B b 1 i
S AR ) b N Ry T e/ MEL

TESCHRL7-9 b ¥y 42 th — Fh st A2 531 (GA) L i
VR R T 5 e Ry = 0 48 3 B R ) O R 5
B FC e B BR B9 B HERCR B GRS T A
PETbL IS A N & ICP AL R BB 45 T HE. Yu
SRV — B IR T B KT AT T R GRS 4 R AR
o5 B, T A BdE R AR R X IS M
Myronenko %" i H — i AH T 255 A% (CPD) B3k
T E A m R A BT (Gaussian Mixture
Models, GMMD Xt A7 M7 | 53 3 A6 L B2k s B9 1% O T
18 A5 2 A T o (HL I X A 2 B30 A 7 B 2K RN P
17 0 1) T L A TR M, FLC MR 2 S EUFI R =
KE, TESCHRE12-14 ] H 1 5% FH v 0 TR A A5 AL % A%
SRV IG — FRE LUME EAS R E I s 1
B AL B TEORUEAS BE Y [R] I, 23 DU R 405 AR
#r. Zhang S04 HY — L T 0L 1] f KRR 56 TE
D) ity e = 2 2 T B 9 0 1 R T BT 44 it
ol E e T O3 AR R Ak A T IC TR 4G 2R B A JR) B
/IME.

Luo &5 DK AE A6 0 A1 D Bie 453 2 1 AT, 51
N FH P 7 e R L LA S AR B A R R 25 A I
& Hh — T DR A 5 B AR TS % DA Bk 5 (BRSO
FEE AR X . FESCHRL17-19 ] $2 H — 3 T
KB R B s O HE T v AR OC B U A8 1Y A 4 S

PHUAE B T 70 & BRI R A s I R AR ST A3 B AR K, B [ 7
FERZ . Persad %57 42 H — Fh A ) °F 5 8 BT
=S A SR G HE T % T TR R R e A
G HEAT Z 4GB AL VE I , B 5 Y TC HEARO% L (H Y
BOHE A7 AE B R M 7S B 0T L AT RE T R AT R AL
1) T o

T S B — ol T 2 R R ) 2 R
WETT V5 AL B = T TC MRS B RN C HERICR  H Y
DR RGO AT BE 2 T B I A WC M S SRR B
R, R PR — P I 1 A [E] )RR s
BCHESA I, Ho, 0 FOoR MWL 25 0], p R 25 [A] 4k
I ZEBSCE T, B RO RO . BT
OB AP TC 9 SRR 1 T VRS B AR R AR T B A
AR BT R AR, RERIE NRCR A

AR SCR Y —F B F 43 B (FA) B 1 8 = it
R . e B BCE ALY R Sl 1E 38 R, A
A A5 2 118 TG 94 1) A0 2 4 Sy Ok A5 78S 2 280 1Y) oK it (1]
L5 2R H e IR B B AL A8 = AT LS Il B K
B RL (EMAD SR 1 IF 28 B 55 780 19 (R 28 fif
JE R, IR DR 28 A 6 P 50 I8 05 = B o . AE S
55 v, 5 A JURR B A L, 7E 8 = TR )T BUE A7 A
PG RN 8 R M R IR AR SR ] S AR
TRORG Aff T 7 5 WAL S0 B P

2 T F ok aY sl o BT

21 REAMEXEFHFEE
BEs P=(p.p.sp)MHGE S Q=
(qi:q:5q,)MITEYE TR, HIELH F$%
R BV N
P=ApFp +&p+ply,
Q=AoF, +eo+qli,
KA, Ay NI FHEMHEF,Ap € RV ,A4, €
R, R A =4ezs il 2 N Fp, Fo AR
T EHNMWIERE.Fp € R, Fe € R ,n N E
=P W EE.m NE=Q E"J)ﬁﬁ;z‘:;’n‘:tg MR R R
Fr AR, erp € R g€ RV T,
I, BIURA2 R 1 WITHEE, pe R, q €
R, E]

Q)

p=>.p./n
i=1

’
q :Z‘Ij/m
=1
:—DQEF"PI ﬂ‘:’"‘L\T\EP EF"[:P,'.l\T\aqj ﬂ‘j"?ng ':P'[:P,'.l?'\al.aj
ok iE A

(2)

191503-2



Wt 5ot T o R

WHEAERER TR Fp Fy TRITR LA,
Eps&y ¢E@ﬁ%§$*ﬁ;&9ﬂﬂ

E(gp) =0
Var(Fp) =1 s

Var(gp) =@» :diag(aél 20 vé\%s)
COV(FP’SP):O

E(gy) =0
Var(Fy) =1 , (3

Var(gy) =@, =diag (851 +0%2+083)
Cov(Fg,89) =0
KL EC ) NWIERE, Var( « )l 2 diag(+ )R
XS R Cov( « ) U IT 22 .00 s @0 NTTZEHIE T
AL 0% 05+ 05y X FATLEK 041+ 02 » 0y
MR FTTER .
R IE A P F R AL IS = P M E RS =
Q WP J5 25N
Xp =Var(P)=Var(P —pl.,)=
E(ApFp +&p) (ApFp +gp) "
Ap Var(Fp)Ap + Var(ep) =ApAp + @p s
Xy, =Var(Q)=Var(Q —ql.,.)= ’
E(AoFy +89) (AgF, +&) ' =
Ay Var(Fyg)Ay + Var(gy) =AyAp + @y

4D
22 mnBE
WA 2.1 95 /TN &p Tl o D 307 A5, U
op Fl@o JymE i F MR AP 7 25505 . IR A =
P R HV sz Q WSEPr T 2256 5 N

X =ApA}
T, =ApAL
BE = P=(psp:ssp)MBAWMES Q=
(q1qs s sq,) 2Z (BB NI LA A8 46
P =Rq, +1t2i=1.2,sn3j =1:2, m, (6)
XL R WIEFME . REC R, H RTR=1;t HF
B, e € R, KW= e 3 7] — A AR &R
T, /2 S5 = P = (p-p2ssp,) fl @ =
(‘}1"}2 w‘w&,;,)»ﬂﬂ

(5

pe=be b D
q;, =q; —4q
HuP MO KRN
P =R0. (®
P m SR 22 M KRN
X, =RXZ,R", (9
¥ X, MX XMk RmRN
A, =ULE, U,
(10)

Ay =Uy%, UQ,
K :Ap Ag AR Z, X, WFRAEAE XTI B X £
HiFE Uy Uy S0l 2 Xy g WO REAE A X 1 1Y B2 A7
IERFHEAE M .U, € R Uy € R¥ L UpUp =
L. UUy =1, K 52 T FF 78 AN 25028 46 B Y
FihEAE , BT A

Ap=A,, (1D
Zx Lk, alr i

R, =U,Uy, (12)

to=p —Ryq. (13)

B R, Fl ot ERPIGE AL ICP Bk rh
AT S, H B IS, & ICP Bykn] £ H

(R(v+1> @D )=

R(w)G[R'

R(O) :R() ’t(O) :t()

argmin
3X3 l('u)

H R(u)Q _'_t(mlm 7@(1/) H i_
1 (14)

FHP:RY LRV o W ZIF o+ 1 I 2B e,
VR o A A o+ 1 B2 E T, AITER AN 1
MATHE ;0 & RV Q IR R = P R v 4R
(X L A B s s sy REEARWREG | - e b
Frobenius JL %,

3 ZHOKRMR

HES 2.2 AT AL BRI S 25 1 X,
(XHG— R X)), T EMA TS A, 1A, X H

Gi—h A . AT BENECR o A Ak T L X R )
KAAER AL T
3.1 WKLAMGKIT

SIREAR X = (x) 2 x5 000200 ) BEAT A K AL SR AN T
T BE R A T 20 R IE e . TS s AR
NS i T o TR = 2 N o IR T e 4
TE R FH R TR A B R X A B R AR B 0 A
TS

191503-3



Wt 5ot T o R

K N
P(X|p.A.0)=>a, ] o7

k=1 U'=1

‘AkAZ + o, ‘71"’2 .

[ (X — M) ' (AkAZ + o) ] (xr —py) }
exp ’
2
(15)
K, PO .o NEFEERE. @ A £ AW

BN B S e A EE AL BB K A

A p, A R DB I AL, D AN
U ESCH ) A B
3.2 EMA &R

SRy SR TR A5 AR AR 114 dme A AN AR 1 1 W B
XL SR T Bl AL R A e K M) BR 53 1 C(EMAD X | A (7]
TR AR EMA @% D) 158 58 2 Hc s 1 % e
SR PRER ) R L 2) 3 ek i KAk b ) ) R 3K AR
B S EE .

£ EMA T 0 sl

L (X ‘0)—arg maxz Zy,ﬁlg

U'=1 &

_ (x[, _

M_arg maxz 27” i

Vi V=1 k

pe) ' (AAL o) T (x

lg{{ak - 20" |AAT + o, 1’/zexp{

; Z'_Fk)}}"}//’kl}’ (16)

K, oC ) HEBRE.0 HiFkFS%5.0=10,
02""’0K}’0k:{”k’Ak7(P}z y}’mﬁEF'IEW E%
EOPUIRIUET=AN
D) 350w [ 5 7 722 2 A O 3000 {1, R
0(X |0,
Vi :Mo 17)

;w(xwu
3 A X SRR R R TE T 0 1, (. (AU
@z{arﬁ: W e SRS IEA AT 0.0

IL(X |0
gm ) 1217,»{*3{[(AMZ+%)”]T+
(AAT+@) ') (xr —pe) =0,  (18)
4
N
Z YieXy
ﬂk: N o (19)
Xt A, KA
IL (X0 al
§T‘>: 2070 [(AAL +90) A, +
AA + o) " (xy —pme) (xr —p) "
(AAL +0) AT (20)
HAHAET 0,155
EV/LAL Z)’//k (xy — )

(xr —p) " (AAL +0,)'Ay @D
FSSICARE:WIE |24 ik YR (N R P RV AW £
JrEPAT . X @ SR AW

IL(X|0)
I,

Zym [(Alel-{ +‘Pk)71 + (AkAZ TL‘P/z)ﬂ‘

(AAl+0.)7'],
(22)

(xr —pe) (xr —pe)!

LHAET 0,135 9, HYHIH AN

0, =

Sy e — ) (20 —pe) T — AAT]

U'=1

diag

Zyz’k
(23)
A, diag C« ) Sy B [ =52 X £ 28 70 2 44 180T 14 %
A
/7\'\

K
Li@)=L(X[0)—=N(2a—1), (20
k=1
itqj’a:(alvazv'“’ak)o Xﬂ‘ 293 ;JE%'E'F’;{F/&\;H\:%
F 0,18

JL

da,

PR ay E’JE%J?QVC%J

Zlm
N
REEZADOX. CHRX.CHX.CoORXEE
WS, BRAT 4% AT 28 oy AL 5@y s SHEATHRT, W]
PR o Y (E AR A YAl T8 9 AT A5 B2 L 9T D 6 B
KR e RAH max a, (1< <K ) R R R 3 (4 45 318

AIATRE LA .
E=AA] |, » 27

(26)

a, —

191503-4



Wt 5 ot 7o o R

ZH MR FRSH.

ASCHF RO T .

BN P s Q. Hd Q AT IAEAERE ML & K
ANIC 7 HES 115 B

Bl MHES R s QL IR R AP R ¢,
1) BEHGE S AN K, R R R RLER % L il 2 %
RADA O, 23) X E 2L, 700K th S5
YiALQ;

2) A (5) TSR M S M Iy 2 E X, F1 X,
3) A (10) 2R (12) R fif WG HE L H 5 R, 5

H H@ORAMADRRH R E 1, ;

5) K R, Fl e, AR (1) R i RS 1 e 4% JE BE RN
TR M.,

4 5 5%

ST % A Stanford K 2 #2 At 9 Armadillo
(34526 ), Bunny ( 31607 ), Dragon ( 43768 ) F#l
Elephant (24955) = 4k 5 = % 48 #F 17 05 =, 7
MATLAB 2017a MUAS,17-6700HQ PU #% &b B £ il
GTX965M B T iff 475055 .

Armadillo

Elephant

ICP

4.1 ZHAFHE

TESL PRt B IR S =5 B = s A
—— XN, HAE B bR s = TR REAEAE MR . FET
H¥ %t Armadillo 1 Elephant 55 = B #IL i€ 5% #1F
A3 H bR a8 =, JF B A B A sl = 86 Bl b0 & K
109, FEAN L 30 dB #8351 W8 74 0F o 25 B4 i 7%
qERRBES =z EARRARS S WE 1R,
(a) ; % (b) L.

Bl sz RRIRE .
Fig. 1 Initial states of point clouds. (a) Armadillo;
(b) Elephant
K4 Scale-ICP il ICP 5 % 75 22 4] Uy BC o, oy LA
FLHCR ] FA SBEAR I WG HE . #4 5 FA 53 .CPD
Fl Go-ICP B3k 1 Tic o 1 [B) FOKG B2 3E 47 L6 XF . XF
Armadillo 1 Elephant #5 z= B HESCR NI 2 Fis .

(a) Armadillo; (b) Elephant

Scale-ICP CPD

Bl 2 5 FF LR Armadillo Fl Elephant A5 Z= ) fic i 2501
Fig. 2 Registration effects of Armadillo and Elephant point clouds by five algorithms

I FH = A w61 23 10 24 3 4R 8 7 A DU X6 07 5 22 )

(835 7 B R 22 (E s ) N

1 n
ERMSE/\/nEI:<I?_I£)2_'_(on_yf)z_’_(Z?_Zf)zj9 (28)
o=1

Ko KRR o AR EHE S sn g X5 B 1Y A4S 5
29, 98,29 AR QO Ho MM EHEBFR 2l 0,
2P N AP o NS S YE AR,

A TR O 1R 25 PGV B (R AN 1 P

ME 2 T J, FA 5, 2 8 ICP /% Go-

ICP B L T Scale-ICP B ¥ F1 CPD S #F B A
R ECHERCR  H FA B3k (4 ICP Bk Go-
ICP 5354 Armadillo 55 2 M ECHERCRAH 2 (A Go-
ICP % #: %f Elephant M = N AEHEAT LM, W% 1
" LLE I, 3 Armadillofi = , FAZ & £ L ICPE

191503-5



Wt 5 ot 7o o R

F 15 AW B TC T (1) O C R 2
Table 1 Registration time and registration error

of five algorithms

) Time /s E gvise /mm
Algorithm - -
Armadillo Elephant Armadillo Elephant

FA 40.8 27.5 0.7457 0.0092

cp 161.2 78.3 0.7425 0.0092

Scale-ICP 6.2 6.1 2.5781 0.0106

CPD 157.9 111.8 2.5886 0.0178

Go-ICP 31.2 28.7 0.7513 0.1504

PR Go-ICP B3k 3 3% 1 e vioRg B2 AH 22 1R /I, H7E
0.01 mm#Z |, {0 FA 5k M &8 ICP kT Go-
ICP %9, Scale-ICP 535 1 CPD H 3k 1 e i 4 2
B LT FA Bk FA Bk BCHERCR A H T 2
ICP B k4 & 1 74.7% . X Elephant fi =, FA &
548 TCP 503k (1 BC 1 RS A S5 L Scale-1ICP 53k

-
‘s

noise
25dB

noise
20dB

noise
15 dB

IcP

Scale-ICP CPD

b FA B BCHEIR 25 T 0.0014 mm, 78 FA 5%
Je o Al ERS A BF F e, CPD B 5 Go-ICP
BVE BT MEAS BEAR 2%, H Go-TCP 8 ik it iK1 5
CPD S BC HERS FEAH LA TT LU ) Go-1CP 5k [
AT Ja i fe/IME .
42 AEARETHEE

R PR AR R I Bk ) — A T2
B R BSAE FA B35 B P14 75 fE 07 . % Bunny &
BEMLE S R A5 2 B AR a5 2, JF HL48 B bR 2 53 51
AN 30 dB,25 dB,20 dB,15 dB B8 (B XF H AR a5
ZATIRE . GA FE5 X 4 818 ICP . Scale-1CP 5%
BAEWI IR BC 8 FA 529 5 4 8 ICP ., Scale-ICP,
CPD 1 Go-1ICP B iLTE 4 AU R M 75 PR 5T T A9 e o
K 3 R o B R A X B . 2T AR RS L i AR
FHR S = FERCR A 3 PR .

[
g

Go-ICP

3 NIRRT PRI T (9 Bunny gz BCAERCR

Fig. 3 Registration effect of Bunny point cloud in different white noise environments

5 Bk B TE ME IR 1E] 5 P VDR 22 WAL 4 BT

500/ (3y «FA - ICP =CPD
< Scale-ICP + Go-ICP
400% -~ - - - - o, -
2 300 L
Q (-]
E &
g200, R P
100
- ==d
0 e _—
30 25 20 15
Noise /dB

05/
®) . FAR - 10P =-CPD .
0.44.__-o-Scale-ICP  ~+-Go-ICP .-~

__________ . o P

i . . ,
30 25 20 15
Noise /dB

4 ASTR] RS PR R 1 Bunny g 23 L D@ 22 UL AN ] . Cad TR VIS 1) 5 (o) T 9 0 22

Fig. 4 Registration error and registration time of Bunny point cloud in different white noise environments.

(a) Registration time; (b) registration error

191503-6



Wt 5 ot 7o o R

E 3 AT LLE ) FA S0 M HoA — 7 bt
THERE T AEAN ] MRS PR T B RE e T i, 5 48
ICP.,Scale-ICP Fll Go-ICP 53k FCHERCR KB [R] 5 1
CPD BEMBCHERSCRIR 22 . BT 4() AT FA B35 1)
BLERCRAUR T Scale-ICP 5575 , £ B TCP 5592 W) e
B ) R s FEUR 2 CPD B33 . Go-ICP B3k 7 1 e 7
it 20 dB B BCAERCR KR N R, B 4(b) BEH] FA 53
BHHE AE 1 5 ICP, Scale- ICP Hl Go-ICP .1 — K,
CPD Bk BT M RE 18 25 . BEAE H MRS B AN T3 K
5 P R BE AT BT T I B LR

missing
10%

missing
10%

missing
30%

missing
40%

ICP

Scale-ICP CPD

4.3 AEHB\HK THE &

B8 5 1 W A A AR RO S R L A A T
REAFTEIE RS A B L, T B R e 8 . 7E 0 B
F1 08 Dragon p = FEVLE R FIE SR B8 =,
It B X B s S  BIVEREAL 2% 10%6.20% .30 % .
40 %6 AL B, BRI 45 dB MR EAT R E . O FA
vk 5 2 i ICP, Scale-ICP,CPD il Go-ICP & 1:7E
4 AR F O B BE R A0 BT o R BE RN G o R TR AR X
t. aafBES EOAREBRE S, EEICR
W s fiR .

B 5 ASRIECHE B0 5 T (W Dragon 1z Bt #E 2R

Fig. 5 Registration effect of Dragon point cloud in different data missing environments

5 Bk B PE HE N 1] 5 I vE DR 22 WAL 6 TR

Missing /%
& 6 AR B Bk BREE T Y Dragon £ 25 Bo #ff 158 25 FECAERT 18] . Ca) e o i 8] 5 () BE 1 158 25

Fig. 6 Registration error and registration time of Dragon point cloud in different data missing environments.

(b) 002 | ~#FA-0-ICP- Scale-ICP~#-CPD ~+-Go-ICP
T~ ~o “+
- .-
£ I
E
% 0.01
Z
&
*"'7::':?7-7*':"""""";" """" 4
0 L n L ’
10 20 30 40
Missing /%

(a) Registration time; (b) registration error

191503-7



Wt 5ot T o R

M 5 AT LLE H FA 535 RN 2 8 ICP 5 ik il
WERCR A3 T At 3 Bl 535 4 B & 088 R 1
B, Scale-TCP 5 7 1 Tic i 555 S 32 7 78 22, CPD B
25 10 T o 5 R HE B RS E L Go-ICP 8 3k K g 5 it
Dragon S =M. WK 6T LIEH BirH =
Bl ERBZ  FA B k52 1 1CP 53k 1 i
A ] /1N o Scale-ICP 5k 1l Go-1CP 5 2k 1) e #fE it
[E] PR 5 A L T CPD 5503 A C o B (] 2 | T 3
M 6 () f LIS 3] FA 53k 5 4 8 1CP 53k i fic
WERS BEAH X4 , M Scale-ICP 55 ¥ 09 e E X5 & & 2
ik, CPD Sk BC RS ¥ b B fa e (A L T FA 87
PR BE R . Go-TCP 22 v 10 v KG JiF A 11K
4.4 ZYIBLAE

AER FA S A S R = 4E O 16
1 HandySCAN 700 4355l A 5] £ & X Bottle 1 Box
SEHHEAT T L R A B P A s BRI E 7 TR,
Hrfr, Bottle A5 = B8 IR v = (L) A7 21450 > 45,
HAR M = (i) A 21430 4~ 855 Box o5 2 84, I 05
= (L) H 45271 A i BAs s = (BE ) A 46370 4>
1. Bottle g1z Hl Box sl AW IHRAS WAL 8 iR,

F I FA S 32 %F 22 ML ICP % ¥ Hil Scale- ICP 44

5 FhE % Bottle F1 Box = WY Tc ¥4 B [a] 0 A2
HERZE IR 2 PR,

L9 0T LLE L, FA Bk 0 e o sk 9t 5 48 i
ICP.CPD. Go-ICP %1% [ L #E R R — 3, Scale-ICP
FIL AR TE AT Bottle S = YL HE, MK 2 v 50,
TEXT P S = B e FA BRI HERS E 5 &
# ICP 1 Go-ICP Bk M BCHERE FE — 3. Scale-ICP
VLB = AU B RO ARG HERS B e 25 . CPD
B B E RS B M IR T FA Bk, FA B RN
Bottle £ 2 M HCHE AR AR T 242 8L ICP ik $2 7+

T 93.5%,FA B X Box M = BY L AE S R AH & F
2L ICP B9k 27T 91.1%.

Bottle

Scale-ICP
B9 5 AR e HERUR

Fig. 9 Registration effects of five algorithms

B 7 s, () Bottle; (b) Box
Fig. 7 Pictures of actual object. (a) Bottle; (b) Box

K8 SamifRE,

(a) Bottle; (b) Box
Fig. 8 Initial states of point clouds. (a) Bottle;
(b) Box
DS PRI G E, B FA Bk 5 4 ICP 5Bk
Scale-ICP %1% . Go-ICP |35 1 CPD H ik #t 17 L
B 5 MR BCERICR NP 9 BTR .

>
>

Go-ICP

2 \
CPD

# 2 5 MEDEST Bottle fl Box £ 2 1Y L 5% 22 1 1]
Table 2 Registration error and registration time of five

algorithms for Bottle and Box point clouds

Time /s E gyse/mm
Algorithm
Bottle Box Bottle Box
FA 23.3 33.8 0.4829 0.4851
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Scale-ICP 4.3 7.4 3.2711 0.5878
CPD 68.7 235.1 0.5433 0.5377
Go-ICP 27.8 29.3 0.4783 0.4752
5 4 ik
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