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Fast CPD Building Point Cloud Registration Algorithm

Based on ISS Feature Points
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Abstract: To counter the problem of the increasing computational complexity when using CPD ( Cohe-
rent Point Drift) algorithm for registration to the large-scale building point cloud data, this paper proposes a
fast registration algorithm based on feature points to simplify the building point cloud. This point cloud regis-
tration algorithm is obtained by using the algorithm of ISS to extract building feature points to reduce the scale
of building point cloud data, and use CPD algorithm to register the feature points of the multi-view building
point cloud. The experimental results show that the improved registration algorithm is simple, effective, sta-
ble and reliable, which can greatly improve the registration efficiency of the building point cloud using CPD
algorithm.
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5) WHEEH s, Se,, WRA/A <& FA/A < &, BRI

http : //xuebaobangong. jmu. edu. cn/zkb



53 1 XA, 4. T 1SS HFIF S AGPLHE CPD B i = Bl i ik - 221 -

1.2 CPD &%k
RPN RSE, Hrh2 % afE (Bdia®) NX = (a0, ,xy) ", Bl (WEESE) B
Y = vy, ) s SRTCHE IR i A 10 i R S AN s SR B i e, R B AR

VEIEA o TR A 3 JE R R AT B AR Y, R R A R TR SR B . iR
AR L pR N

p(x) = EEJ)<m>p<x| m) ,p(x| m) =1/ (2m8%) D/2e” 7 (1)

Hrb, p(al m) R TR ATF%EZ—&V@@IE’JE B, D FRERAER, fE=4Einh D =3,8, .
P(m) S35 m A R B T 22 | IR EAIRUEIN T, 2 m SR, %Eﬁ{wmi‘im?fﬁ_fﬂﬂé

ST R B 5, S, Zme-lo<wa<1 [pCxl myde = 1. FHEAHHOR,

ETRA ff;-ﬁ”ﬁfﬂ%u%zm/\i&%%ﬂ;ﬁ@ wum MR e B TR R B A P 2 AR BB AR ]

xR BT S =BG P AR R RS 5 DL A S R DL, AR SCHE R TIR A R g i — Y95 3 A
p(x |l M+1) =1/N | B AMRERN a,0 <a<1, HA P(m) HEMFREL, B P(m) = 1/M,
(m =1,2,-,M) , WMHEL (1) ﬂmﬁéﬁﬂﬂ%iﬁfﬁﬁtﬁ%

p(x) = a/N+ (1 -a) Zp(x| m) /M, (2)

R EM kTR KRS o 18, IR R, SFRmE « UILRESH s, Hrb, E- Step
AR, B FRARRE T S Y M X Z AR B, M —step 4 E — step AL TERS
R TR, R R B X BRI RR I S EUE ; F5 44 E - step HI M - step i%ﬁ%
AL,

XTSRS HTCHE, A SOR AU NIPERCHE, & SUBH T(y, ;R t,s) = sRy, +t,m =1,2,

M o DU E R R ABLER AR T4 A5 B W P S AR T v A BRSNS -
Q(R,t,5,8") = Z 2 P(m! x,)|x, - sRy, —t|/28 +N,D/2In&", (3)
Her P(ml x,) HEEKHEE, H

P(ml x,) = e om0 (2m)D/2M/N + (1 = @) Y, el 70w (4)
m=1

A (3) Ml ME, RIS AR SHL

CPD FCHERIE AR R . B e S BT in ik, SRAS IS AR OCHE B 19 J5 B0 A S5 40 B P (m |
x,) 5 EERCRCEERE P(m | x,) ENE G, REVEBSHR, s, ¢, 8 ME; WAL
HACE 2B, LRI .

a) ZEWE. R =1t =0,s=1,0<a<1, Z Z x, =y, [P/DNM, Horfr, 1
HNHERE, D=3,

b) EM Bk Lfesin | SRS,

E-step: HEFBMEP(m| ), P(m!| x,) = e ™ CRm 0 [ o (2m8*YD/2M/N + (1 -

P(11 x,) - P(llxw)J

m=1

M
a) Z e(—x”—(sRym+t)2/252)} , P —
m=

P(MI x,) - P(MI x,)

M -step: KRR, s, t,8 N, = 1'P1,u, = X'P'1/N,,u, = Y'PI/N,, Hh T RIAIGEER
LB, X =X -Tu Y = Y- T, A = XTPTY ARSI SVD(A) = USV', S
WHAE R = UCV',C = dig(1,1,-,1,det(UV")) ,t = N)'X'P'T - sRN,'Y'P1 = u, - sRu, ,s =

http : //xuebaobangong. jmu. edu. cn/zkb



222 - FRREM (HRBERRD %21 %

ir(A'R) /ir(Y'd(PTY)) , 8 = (N,D) " (ir(X"d(P'T)X) - sir(A"R)) .
) MBEEHEBT(Y) = sYR" + 11",
d) HEER PRI RIS,

2 A3 ISS-CPD &%
2.1 CPDEZEEZREDH
Sy BaRE CPD BRI, B (3) HaU (4) &I CPD BEAS b 8 £ h i B4 ni B8 5 0 —
ANEEEE P A OREE, ERCHE R, M A S TR AR O S N AR S A S S TR,
NI B2 B T HE B3 2B 0 (MN) . T2 M, N BHRKRE, B#ERAT CPD Bk #kfT
FCHERITT R A AR K | IS T ARG | SOATE A T A A 2 SRR I RIS o 2 B3l e B o
H T AR S S B R P BT A R B, 4R CPD BRI AR, AR SOl S 1SS 43 s R I A
S S S BARREAS, WD M BRI, RS EHENICR, A% E X SRS E Y #
HUEY 1SS FRAE 5430 R B o sSSAR B Y 1/ 5 176, WIECHERY B AR REAE R .
QR,t,5,8) = 3, 3" P(ml x,)|x, - sRy, - t[/26° + N,DIn&"/2 (5)
Hrp,
1%m|%):e“wﬂwwm%ﬂauw#ﬂVMMMN+(1-a>§ewfmwwm”1 (6)
&80 CPD BLERIL R 22 O(MN) #HLL, RAD 1SS Bk BURRE A5/, FR6H CPD Bk
HEATHCE, BIREAREEE (ab) "O(MN)
2.2 HEiRE
AR SCHRYE RS AE IV RR 5, R 1SS B AR HUGESAY) s = PR IE . H AR08 B8 JE 5 0 S5 F 1
fIE, 7 CPD BB (R HC i aet A b ml LA BRI B) 52 2 B8, M e v i vl Sk, Bk BRI RE
Input: AN[EFLAA B S =B s A F B
Output: A[FFLAESFY) S = e . ik . RS,
Stepl : &AWL A Y i 2 I B X
Step2: X HEHUAYEE B X IR T 1SS Bk R BIURRAE A4
Step3: WIMHILBHR, s, t, 8 ;
Stepd: THREJFIAMAR P(m | x,) 5REKBEM A P
Step5 : RGSHR, s, t,52;
Step6: FIKIMER P RIS, AN, WHER A Stepd T B ULEL;
Step7: MKMW R, ¢, s WHTEAYS 28R A, B, SERHECHE,

3 EWERKSH

ARSI R FH AR RIEGL 23 5 AR 721 VZ - 4000 SOCHIEGREL, SR % 5 h ik
BT I FIZK T 145 0. 05 B, RN 300 Hz, S =50i AREES Z R B AR 24 M 8 em 47
KA Matlab XA SCHYSESEA TN, SEBR A THAHL CPU Sk 2. 13 GHz, WNAER/NA 3 GB,

SR 3 A S R ] PN RS PG A | e L 22 S e R 5 B T o AR M A AR TR A R SR
BEN = LA i B TIOHE R AU S BRI e RS A, B, C, BT S
EZEE, W EETRINES A, B, C, K la Jubif 1 BSSEdE, B 1b Ak 2 S =50k

3N =2 R s BRI R X A, P R A B S X G O SR W E S (L
F-ICMER ), XTEESY) B SEEUN E S XA — e A (A ), SR C R

http : //xuebaobangong. jmu. edu. cn/zkb



o3 1 XA, 45, LT 1SS 4FRF A AP CPD #E5 M 5 B HER vk - 223 -

S XA E (SAREMRS),, B2 AEERMERY TS X, K3 hXESX
SR Y R 1SS BRI RFAE A

Ay
Y U

a ¥l 55 1 Position 1 b ¥l 5. 2 Position 2
E1 AERBANERY = =EE

Fig.1 The building point cloud data of different view
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L
B
-
b
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C

C
a Yl 55 1 Position 1

b ¥4 AL 2 Position 2
2 AEARATEAYSRZNEERE
Fig.2 The overlapping region of multi—view building point cloud data
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a ¥l 15 1 Position 1 b 34 45 2 Position 2
B3 EEEXEIRIMISS HIE=
Fig.3 The detected ISS keypoints on overlapping region

350 E A R AR GE R CPD Bk A SCH HH I Bk dEAT IO v, AR ARUCBUE 5 100 Tk, i
SUHEE N 1 x 10° , BCAESSRWE 4 PR, Bl 4a HIEGEH CPD BCHESR L, Bl 4b A SO BLER A
(AP AY 1SS FRAE SR ] CPD S BCHE) |

S X IR @ HY A 2 EEE S BT 1SS FFIE MR 1 FoR, £580) CPD FCHER iz
A1) Bz 1SS RPAIE st SR IBURIA SCRLIZ AT R TR] AN 3% 2 Fzw

*1 EBEERESZANERIZE ISS HIESMH
Tab.1 The number of point clouds and detected ISS keypoints in the overlapping region

WY 25/ The number of point clouds/ > 1SS #FAE £ ~%X The number of 1SS keypoints/ ™
Bulidings Ui R 1 Position 1 i 1 2 Position 2 i %8 1 Position 1 i 1 2 Position 2
A 12702 11197 837 998
B 13955 13709 1354 1367
C 105154 92559 5265 5057

*®2 BERBITHIE
Tab.2 Running time of algorithm

; 2B XS BRI 1SS FRAIE A 5 — ¥
H5i {44 CPD $3% | MRPRLRUISS FFEA - ASCISS - CPD ik
Extrating ISS keypoints in the overlapping region ISS-CPD algorithm
Bulidings The traditional CPD algorithm ; - £ th
fljjkj—i 1 Position 1 fljjkj—i 2 Position 2 ot the paper
A 21 min 10.03 s 7.42 s 5.58 s 9.82 s
B 17 min 32.51 s 6.06 s 7.11 s 8.86 s
C 15 h31 min 9.28 s 50.49 s 43.79 s 2 min 53.59 s

PEHA . A ISS - CPD LB ATIN A & 1SS RRAE s SR BRI I ], I (R] 00 AD (s)

Note: The ISS — CPD algorithm time does not include the extraction time of ISS key points, and the unit of time is in seconds (s).
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a CPD b ISS-CPD
B4 EEXERELR
Fig.4 The registration result of overlapping region
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B 5 ISS-CPD BB GmMALRE
Fig.5 The result of whole registration used ISS-CPD algorithm

b ISS-CPD
E6 EFYCEARELERETHMKE
Fig.6 The partial enlargement of building C after whole registration
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