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Fast algorithm for finding the k-nearest neighbors
of a large-scale scattered point cloud

Yang Jun, Lin Yanlong, Wang Yangping, Wang Xiaopeng
School of Electronic & Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China

Abstract: To solve the problem of low efficiency and weak stability in searching the k-nearest neighbors of a large-scale
scattered point cloud, a fast algorithm for finding k-nearest neighbors is presented. First, the point cloud data is divided in-
to different sub-spaces by using a space block strategy. Second, the variation of the search step length is controlled dynami-
cally. The accuracy of the algorithm is ensured by the minimum distance from the point to the small cube boundary. Final-
ly, the infinite loop problem due to improper initial values in existing algorithms is avoided by altering the right-side thresh-
old, which controls the number of pre-screening points. The experiment results show that the proposed method obtains not
only a good stability for the initial searching step, the step increment, and the sampling density at different topology struc-
tures, but also a better performance than the existing algorithms.

Key words: k-nearest neighbors; surface reconstruction; point cloud; search step
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Table 1 Comparison of search performance under different initial searching steps / and step increments A/

/ms
1=10 1=100
St RS k
Al=10 Al=100  Al=1000 Al=10 Al=100  Al=1000
% 10 0.159 0.183 0.207 0. 150 0. 164 0.309
 2(f) 50 0.309 0.323 0.357 0.284 0.304 0.333
(n=3233) 10 1. 648 0.358 0. 739 1. 020 0.295 0. 826
SCHk[10]
50 2.996 0.554 0.725 2.373 0.483 0.812
3 10 0. 308 0.237 0.339 0.282 0. 206 0.219
'
K 2(e) 50 0. 537 0. 462 0. 549 0.481 0.431 0.443
(n=32438) 10 61.492 8.387 1. 667 62.972 8. 027 1. 650
SCHRC10]
50 145.735 14.354 2.385 138. 129 14.152 2.368

i FAS, SR IR R L =100, 48 B EOR T S M i KR AR K ib al BE i
KIghE AL = 100 PEATE80 2, DB ZE A HI B o TS AN RE N /2 BRI X 725 (B E AT 97 78, XA
I B W SRR AN TE—E R L3 b T R RBCR B FEAR; 25 &k Al «

SHe 2 ORRE G B AR RACR XS L, 528 MR B AR I I R RCR AN 22 BN B R
ZERINZR 2 PR, LA RN 2 (e) (£) o BIR 2 BRI, SRR A B AR KK, XA
Beysar g, o 1R — BB kA g A Lo ANTRIIS, SO 7 0 P ) B AE o LU ARURR, X A 42 )
FR I AIAR 22 BRI ELBEE o AR SR BIE B U B A X P AR, () i o 5 3 B Ay —
[, B 2EREREE b BRI, o2 th BB,

THEE o Fk BO3G I, 2o A 12 HE ok 23 TG 3 i S 1S 2, AR SR AL =100, AL =
I, BUEAE b SRRSOy TIABI ZEMAERIE 100,0 =2,8 =20 BT LA 505
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Table 2 Comparison of search performance under different control threshold values
/ms
= 10 = 20 = 30
i k £ b 8

a=2 a=7 a=2 a=7 a=2 a=7

& 2(f) 10 0.169 0.178 0. 164 0.183 0.165 0.198
(n=3233) 50 0.294 0. 483 0.29%4 0. 468 0.304 0. 488
K 2(e) 10 0.208 0.267 0.204 0.263 0.202 0.263
(n=32438) 50 0.429 0. 541 0.430 0. 540 0.430 0. 540

SHe 3[R FIRAE T RA SR
RN , SEERZE RN 3 IR SERRER g P 2 (a) —
(d) o AFE3 AT LA Y, Xt [l — A BN )R A 4
Y b SRS RARRE R S BB GE Y b AR
AT EREGAE  H. b (700 AR b, — i k 5L
NI & =10) , b fEAEHTE 2.4 ~ 2.8, 1] k {EHBOKIN

(4 k=50 =% 100) , b fHEAEFFE 0.2 ~ 0.6, F35h, bl
ERERHER R ARG & ANRIE b B 482 a] 928
Pt 22 B2 N, AERAE b BRI AR AR 5/
1, X T AR RSB BT E S E Y b
AREEL AR TASCRIE T b (9704 LLABUE P AR
LHARB ST RNE I T b {E.

®3 FE—RENARRHEEZEN AT LRI

Table 3 Impact of different sampling densities of the same model on the proposed algorithm

/ms
iy K b
02 0.4 06 0.8 2 22 2.4 26 2.8 30 40
2 10 0.301 0.209 0.185 0.199 0.207 0.199 0.209 0.190 0.185 0.175 0.178 0.219
a
(0 6457) 50 0.390 0.332 0.373 0.440 0.501 0.602 0.683 0.633 0.647 0.664 0.691 0.948
n=
100 0.534 0.481 0.623 0.799 0.975 1.245 1.262 1.276 1.336 1.413 1.411 1.278
2 10 0.545 0.286 0.235 0.222 0.216 0.193 0.189 0.186 0.191 0.208 0.208 0.273
(n12075) 50 0.497 0.353 0.420 0.487 0.499 0.580 0.588 0.687 0.671 0.621 0.632 0.977
"e 100 0.599 0.574 0.718 0.899 1.058 1.252 1.052 1.062 1.147 1.286 1.460 2.797
200 10 0.828 0.567 0.286 0.246 0.228 0.191 0.194 0.212 0.183 0.195 0.219 0.268
C
(0= 19.462) 50 0.636 0.415 0.413 0.468 0.477 0.599 0.618 0.639 0.665 0.654 0.845 0.944
n=
100 0.675 0.613 0.737 0.906 0.972 1.105 1.320 1.171 1.140 1.174 1.271 2.428
. 10 1.058 0.451 0.313 0.270 0.237 0.207 0.210 0.208 0.229 0.314 0.225 0.95
(225 950) 50 0.729 0.430 0.427 0.457 0.495 0.592 0.641 0.647 0.672 0.730 0.855 0.912
n=
100 0.761 0.669 0.774 0.931 0.966 1.104 1.161 1.437 1.411 1.327 1.334 2.383
T RBP T RILFR b T ARR kB RECR,
S 4 AR SRS R FFNEE A 55 A AR Y SEHG S ORIA B A — 5 S A A I R R

XFHCAIESY, SEE A5 R N3 4 iR, SERCSRAM S =
AR E 2(e) —(g) o FESEH T, XA RIFNEE
AR ke A e T f R R CR 1 b (B A
FEL AN SE 50 2 A0 B 4 R A% 0, OF HON S 46 2R n]
A XA ISR ) 48 2R A ) FE b 1) BRU(E S P P A
ZEANK, UL SRR AN TF] B i 25488 0 2 A 250 A AR,
T

(X FERIE IS, SRR A R AN ER S i zs o S8 R T Y s
=R 2 (e)—(1) o MR S RN
B, X [ — RS/ N AR R (A AR ACT BEHY ) |, 24
e AELER /NP AR SO PR SCHIR L 10 ] 3303k (RO BB
e 34 TINAR SRR I ]9 P ) 36 M 3 2 2 BT SR
[ 10 5309k i X R R B J R AR SO AN
XSAT 2 ERIIGAL , iE AR R e el 78
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x4 NAERIENRZEBH R TR

Table 4 Comparison of search performance of different models

/ms
B ; ’
0.2 0.4 0.6 0.8 1.0 2 2.2 2.4 2.6 2.8 3.0 4.0
10 0.231 0.231 0.202 0.202 0.202 0.178 0.164 0.183 0.197 0.207 0.236 0.260
B 2(h) 50 0.294 0.304 0.352 0.396 0.434 0.444 0.507 0.507 0.488 0.492 0.502 0.521
(n=3233) 100 0.531 0.589 0.710 0.754 0.811 0.733 0.782 0.787 0.802 0.787 0.725 0.870
10 0.312 0.227 0.198 0.185 0.191 0.187 0.198 0.179 0.175 0.179 0.176 0.191
(Ei(fg)@ 50 0.346 0.296 0.271 0.294 0.323 0.404 0.444 0.465 0.475 0.494 0.530 0.540
100 0.598 0.480 0.530 0.569 0.644 0.878 0.901 0.914 0.949 0.859 0.870 1.008
10 1.252  0.519 0.345 0.288 0.258 0.215 0.204 0.214 0.225 0.251 0.238 0.342
(nlgzl 322( :;8) 50 0.797 0.438 0.430 0.455 0.468 0.565 0.684 0.705 0.683 0.727 0.807 0.996
100 0.828 0.671 0.742 0.894 0.935 1.162 1.168 1.275 1.633 1.555 1.413 2.119
RS F—REEARHEZZEHE R EXLE
Table 5 Comparison of search performance of different 3 éﬁ 'i,/[,_\'

algorithms on the same model

/ms
H L AR SCEk[10] Sc#k[8]  Scmik[12]
- wyk E% Yk B a=0.25

10 0.164 0.265  0.280 1.667

B 2(1)
(no3233) S0 0294 0348 0318 1. 996
"= 100 0.531  0.341  0.613 2. 696
10 0.175 0.467  0.244 3. 602

El2(g)
(ne74g) 0 0271 0.549 0.3 3. 839
' 100 0.480 0.547  0.632 4.387
10 0.324 0.835  0.675 4.815
( E_'fégéo) 50 0.587  1.214  0.667 5.039
"= 100 0.636 1.418  0.679 5.77
Moy 10 0220 1623 0504 14,443
( _29;84) 50 0.448 2.413  0.907 15. 663
"= 100 0.802 2.612  1.254 17.724
10 0.204 1.552 0.496 15. 486

Bl 2(e)
(032 dag) 0 0430 2394 0881 16. 244
"= 100 0.671  3.097  1.457 17. 438

AT G A ) BUEAR ARG PR YO 8
AR A BN sl /D SR H a1 A7 o] 4 SRl
ENASEUL  FAE IR IR W2 15 1 A AL 2R A8
AR DN ] (LR A R AEAR FROIR A , SR FH B AR 7
ANSETT AL B R/ N B AR S I B AR R
B, RIESE R A HERYE . SCIR SRR A SCRIL
AMOHIEALZ LA A RIG T SR E A F b
A EGR AT E N T AN CAT BRI R
JE AW RS, A IS S M E ML
Besh Bk s A A b By A B —
AR . ASSCRIE AR E—E R, INSRENS 72
Il B LU AU AP e BRI ST BG4 X
WA EAEARACEL I — AR PR L
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