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Automatic Registration Technology of Point Cloud Based on
Improved ICP Algorithm
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(The State Key Laboratory of Precision Measuring Technology & Instruments, Tianjin University, Tianjin 300072, China)

Abstract: There are four steps in part surface error detection: data collection, surface reconstruction, surfaces registration and error

calculation. Surface registration is the key step. According the defect of ICP (Tterative Closest Point) algorithm, this paper proposes

an improved ICP algorithm based on sample points taken by point — to — point distance and angle between the direction vectors of two

points. Firstly, Principal Component Analysis (PCA) is introduced to register two point clouds roughly. Then it will eliminate the

noisy points from point cloud using Euclidean distance threshold, and sample points by point — to — point distance and angle between the

direction vectors of two point clouds. The effect of the algorithm is verified in the applications. The efficiency and accuracy is improved.

Experiments show that the efficiency and accuracy is improved. The accuracy of registration between measuring points and the standard

model is in allowing error range ( <1 pm). The algorithm is simple and fast, and has significant usage in practical work.

Key words: error detection; point cloud registration; iterative closest point; reverse engineering

1 51 §

BRI AE = Suhrf,  H AR5 A2 F A 4
AR AR 77 e T 4 A R 22 RGN i 14 A vy ) 2
Ko SLHRAE I, IWEFERRGEH, FHIMN
M BEXS B 287 i Y S8 A AR R IR IR . A T2 48
IR A Bt 7, TR =4 EIE R
FZAE= S BT Z [ B SBT3 0
AR S, AERCRIT AR Mo FF IR ZE A
e, ECHER A H A i — R AR, RS E
PRREIN . BT PEAL A RTHR 25 0E . HAT, MO
(TSl ECHHE AR b s FCHERF S 5500 A, HI R

rfs HER: 2012-10-22; WiEERABHEE: 2013-01-20
HEE&WA: EEARBFEESRTHE(51105272)

BCHEDT ik B 2=, Ba 9 AN T
X IR B, T ) B 3BT Ok
Az B HA

NTC A4 3 RN 2 9 7 T 2% &, A SR T 32 1
4343 87 (Principal Component Analysis, PCA ) B ¥ i3
TSI E, PLE SR IR KB E SN B, A
J&, RIS H B ICP B35 3T A5 = AU )
FEORICHE . ZRI0UE, A SCIREAERS BE PR B 2
SERR R K o

2 rHERELE
TR R L@ T [y T, e AR A R A

EE®IAT: o 2 (1976-), &, RN, BIER, ML, ZEAFRENRER, ARSI AINRE AR, ARt %07 T 2

2RI LAE



.38 - =

I #2 %21 &

KEAFTERTRBES AR T , MELRE BB, Fic it 72
W, JRER AR B OB A i TR 22, [R) B
JEARRASTEAL R 2 . Mk, SCHRL 1213 T 3%
Ttk S /N IR AS A AR R I v vk LA
TS 5 s 1] DG i ofe U] () RS TR T o 3 E AT AL B, 3%
TSR, BT B 2 B A TE VRS P 4
%, SCHR[3 TR FAR 0] 56 R B[ 4 ] A 5 76 o A 70 1
P, HTEAR bR SCORS A A 2 0] T Wk A )
P, I SEB IR VT il 2 S B =4 sty ,
BRI T AR e PR EL R B S 8. SCER [ 5-
T LA I s B A (ICP) B95 R iy, B0 a5 2 e o
SR HP A ) AR B ) R S R R B A R H
i BREC 5 | A TR 0 oR BS0EE 7 7% SRS HI AR TE 1
BERIECAE H bR R, SCHR [ 8 1WF 5% T AR 1 3+
JUMATIE i 05 1 ICP 3, S 30 A HIGRL 2 = I B
WEo SCHR[O JHEH T —Fh 3L FHRAE S A itk 1CP 45
oo IR ARREERXT TCP B3k i Bl s 45 o ) itk
ik, BERX S H S TRRERE, BT
=~ HA B IUTFEIEE T, EHAEEZR. B
ICP 7541, SCHR[ 10 T3 T —FiASH ICP - 47 M =
VEFECAYSE s SCHRL 1T T 48 132 FH 6 Rty T )
AR T LTI ISR B . BRI R T
J BB S A B RUR ERERAE , (H b T R
P fef o7 FH 32 3] R

TCP B30 BEAN vo 1B %) 3 53 ) 1 1) 30 BB 2 5k
¥, HRIMEHEPEAGE, MBS 4
JR b R FCESS J 3 R VC e S U DRI IR s i v
ERAIE

PABCE R RN ER 2 18, A SCHEHE TS &
I P REL I 7 s SR FH =B 43 B PCA

PCA & —F 8 4RI dr s, HT %
AR AR, IR Xy 28 Simk i KA IE . 10
£ P=1{P PPy, .. P& n g8 HE, KLY
{EPFID J7 250 B cov, Xt 4[4 cov AT HFAE 7 43
fift, FHENI IESCHRHE ]k BIAE A s8R P 1 = Ak bl
XYZ, DIMEP AR R RS, @B mS %
MFRER o AR SCHF 2 W 5 1S % AL b R R AR B —
2, kB THLIECHER B Y. SR, A7 AT AEH ER AR
i B —EE AR BR G0 AR BT O, T BB S /)
GRS/ ML & T LK & 241
EIE AL N T B EE ;. R, wT LR s s B
AR, WE—EMRME K, IR F 8=
(i MBI EE AR fo 24 /> K I U5ERH 55 25 3
AR, B2 AR T

3 ETRECAE

IS RCHE, 2 I o KRS, (AR HERS
TSR 183K AN BN S BRI FH 2SR o il 120 i

DBIEIATRETRCHE, LA/ NECHETR 25 . 1CP B3k
B AR SR A /N — R DAL SE AR, il A
il 5 R KR/ MERS R AT, 7533 5 2 Z 18] Y e i
el

Fm1>=gn@—ma+mw (1)

K PO IEEE R Ih SRs Q, o B AR B A
RHXTN P, MG A R 3 x 3 BN, T
3 x1ERRE, F(R,T) MR LR
WiesEAr s, HaEhE— a5 Hirsgd
6 N AR B T A, Y F (R, T) 3k 3 fe /M,
Rl &2 T e/ e 2K

AR KD-tree ( K Dimension tree ) 347 5 T
LRI AR i R R A R B, O HH (3
B, DAHCReH 1ICP 55, AT AR S {E i UL
FCHERGRE . Rt EER R, SR RR G 2 B
A5 1w v
3.1 KRIREEEHE

M BdERES, AR 5] AR 55
M) B S 1) T TR 5 SR, KR DR 2 0 1 3 T 31 o g e
w, PP EERE R,

WHE = PFQ, X PHH—1EP,, %EQ
5 P BRIREE B SR IE /) 3 o, 7350 ¢, . g, F
g3 AP 5 0Q;(j=1,2,3) ByFE R E T(T =
mxd, o m SRR, d Ry sl oA AR S
SEIREES) L DX R A AR R ALK 3 S R
E=MIE S, Kb P, BI=ME SWWTEL q, P, Flq
SRAG P AT Q B I Ao MRS R Y I BR E RR DL
ESSUR

1) PR A 2 0T R A P B B AN It

2) A5 P A Q RSO A, P A Q A [H]
MR RN —H,

HTREMMEXRR, SR s miss
T AXE %, T RAGIBR
3.2 FEmEREE

283 IR LRI 8 {1 T AR I B3 o 2 5 T e
Ko TR R Y Ty 1] 1) R e AR ] DB A SRy X
R PREIEIERER) ER

GER p= (x,n), FATED B RYLBIT A5
g, = (x,0) (I <j<K) SR p, ALY P10,
SRIGR py RUIEAE R &,

B DA b kA 258 Ak R PG 28 1 1 A B 2k K IR
BT BRI SR I A AR R T o VG Ak ) i
JVOE BME 0, Bl e MTE 0 LIT By i) L
HEAT fe/ NI 5 R B S, A DU S0 I A% o 0 A5
IRIT

Step 1 BEHZ T W R 2 (8 1) 8 5 15 3 1Y
PR A PP Q' 3E 3k SR IR M 7 25 4t i A



1%

%1 2 A

. A TR ICP Bkt 5= AFh B3R -+ 39 .

X N R R A

Step 2 KX R AR R AL, FFRH R
A a0 AR o KT BOERBIHE 6, W HIER X
— X RSO, IO
3.3 BEtH ICP EiE

FeT BSOS, ARSCRR TR 1CP Bk
HIRIE

Step 1 7Esi%E P PG S5 Py o

Step 2 K4 Po7EH bR 4R Q HPiRIT M A
AR, 0T FHIRR CQHE B8 B {1 5 R M 75 i A5 31 54 Q0
FIE P o Qo M UM I 52K

Step 3 Xf 54 Py Fl Qo I 5 [6] [ 5 (V5
WEEIBEYIH R PyFLQ, o

Step 4 )i i} SVD ( Singular Value Decomposi-
tion ) JE3RAF RUAE P, FI Q) Z B BUEREHERE R AP #%
KT,

Step 5 ﬁ‘%: P, =RP, +T,, mﬂﬂi%ﬁjﬁﬂﬁ
% Pil éék*ﬁ\ﬁéﬁ%’{‘%ﬁé}é}@ﬁ%ﬂ E@ﬁ%ﬁ)ﬁ% Pi2 s
IRJE S Step 3 ~ Step 5, L 2L 5

d, -d,,, <e,
N 2
4=y 2 1Pl )

Hrr: R, FI T, S5k UGEASRAS 1Y e 7 0 B 01
BRE; e RRMBERTENEME, HRELOER
Wesk, Wesiom kA

4 SCIRIHE

ARBEL F B R AR Tl A = R R R RLE
AR A2 e Ml T AG DU P 153t DRI s ) ik =
FRERMG R o 8dE . IREFEJZ S s MEE
WS S s T LSS

ARSI ) S5 o CPU 45 1 GHz, A7
512 M ) Windows XP &%,

S — R SRR S s s, R
5 535 R, BoHE RGN 1 PR,

7 7

(2) REWIRME

(b) WMIBHEE SR

(o) NS R

B1 BERERZHEAE

Fig. 1 Rearview mirror point cloud registration
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Fig. 2 Vehicle engine point cloud registration
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Fig. 3 Dense turbine blade point cloud registration
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Table 1 The performances comparison between the
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