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Comparison of two algorithms for finding K-nearest neighbors based on
spatial sub-cubes
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Abstract: Space block strategy is the effective method in finding K-nearest neighbors. However, during dividing the min-
max box of the dataset,the size of sub-cubes mainly is decided by the K value, and the min-max box is needed to divide
again along with the change of K value in existing algorithms, it has affected time efficiency and stability of algorithm. Using
the advantages of space block strategy,a new algorithm for finding K-nearest neighbors is presented with establishing the
space index of scattered points as the spatial division goal. The min-max box of the dataset is divided into a set of uniform
sub-cubes in advanced, the structure of sub-cubes is only related to the scattered points and the default parameter,the same
points cloud data just is distributed one time. In the course of searching,the dynamic sphere is builded using the test point
as the center of sphere,and judging eligible sub-cubes in order to find K-nearest neighbors. The experimental results show
that the new algorithm is more superiority than existing algorithms in points cloud distribution and searching time efficiency,
the stability of searching time of random points,and the adaptability of different K value.
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Fig.1 The spatial bounding box and spatial sub-cubes
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Fig.5 Points cloud for the head statue and K-NN of some point
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Tab.1 Comparison of two algorithms for K-NN searching time

/ms
KA5(294 644 45) A (10 000 £3) #2717 (5 000 51)
(AR 10 30 50 10 30 50 10 30 50
Al HR AR HBE O OSE #BE O S #R 4 BR O 4 #BR O SE #E 4 #BE o #%
1 778.5 0.382 734.5 0.585 755.4 1.219 32.90 0.376 33.94 0.557 34.70 0.829 12.24 0.349 12.97 0.643 12.34 1.022
2 624.3 0.216 — 0.38066 — 0.569 24.85 0.142 0. 280 — 0.462  9.3550.175 — 0.357 — 0.567
F2 FEHNSR KRB ZESE
Tab.2 K-NN searching time of random points
/ms
) K% (294 644 1) A (10 000 %) 22717 (5 000 x1)
Sk 60 123 1 580 2 500 60 1 580 2 500 60 123 1 580 2 500
1 0.7026 0.6184 0.8787 1.2970 0.8171 1.2426 1.5362 1.5629 1.360 1 1.6799 2.4801 4.4885
2 0.4475 0.4383 0.4126 0.3945 0.4383 0.4994 0.4162 0.4568 0.94990 0.8172 1.2949 1.0226
&3 FE—MWERE K EHEREE
Tab.3 K-NN searching time in different K Values for the same object
10 30 50 80 100 150
ik

Al /ms  URBK AffEl/ms  YBK

WfEl/ms YA

[5F ]/ ms /& [} E]/ ms WHEL 5[]/ ms /&8

41t 114 086 24 367 059 172 248 48 704 653 359 200 82 087 818 640 173 144 375 560 771 908 229 056 245 931 841 396 590 824

¥y 0.387 82.7 0. 584 165.3 1.219 278.6

2.172 490.0 2.619 7717. 4 3.1626  1346.0

A1 63908 57 160936 113909 81763 710 167 799 100 002 173 282 799 125 871 916 377 439 142 519 302 590 466 260 612 618

FHy 0.2169  194.0 0. 386 271.5

0.5695  339.4

0. 959 427.2 1.281 483.7 2. 004 884.5




1680

REE S EIEAR www. ¢jig. cn

%16 &

AR R - 8 57 W AR B AR R 5 = A [R] K EAS
PP T R U R S A 2 I [ 114 52 i /R AT,
K 6fT7n. M3 MK 6 il LIE H, A K{E
T PR (R 2 B0k 1 e R e B
B, How i 6] 3 5 08 A% X i e B K e Al
B SRR B, KA D PR

50 000
40000 [ —— AT
= N ‘A) :¢ N
= 30000 AR
§ 20000 f
10 000
0 40 80 120 160
K
(a) BB UCB
1000
800 —’—fﬂﬁ%{i
—— RO
L, 600 b
= 400 |
=
200 b
0 40 80 120 160
K
(b) #4221} ]

K6 IR Rk EALR M 2B
Fig.6  Analysis on distance calculations and search time in

different K values of two algorithms
4 & it

LS 8] o Bk i S A Bt — K {ELJC S HK
(23 [l o B 5 S A5 BRADE M S5 3 1 KL AR IR
Bk S B LK AB DR 14 25 1)) 73 Sk b AT
TR, SREAUIEN] 3R i SAE R, 3
A1) RS K AEIC SRR 8923 8] o BT vk, By
Mo TR T AT B TR KRR AR AR AR I 1 B B
SVELHT P BE A2 ) KT AR s i Rl Bl K (A2 A 3
B, 10N PR, LA T 808 5 3) A
[7i) i 2= 5 A [ 8 R K30 40 485 % Ik (1] A2 A 45
N BA B R ENE

23 3 ik ( References)

[1] Kudo M, Masuyama N, Toyama J, et al. Simple termination
conditions for k-nearest neighbor method[ J]. Pattern Recognition

Letters 2003 ,24 :1203-1213.

(2]

[3]

[8]

[11]

[12]

[13]

Piegl L A, Tiller W. Algorithm for finding all k nearest neighbors
[J]. Computer-aided Design,2002,34(2) :167-172.

Xiao Hui, Yang Bisheng. An improved KNN search algorithm
based on road networ k distance[ J]. Geomatics and Information
Science of Wuhan University,2008 ,33 (4 ) :437-439. [ % 1%, 4%
Wh . — RIS LTI R 45 BE RS K 4R A 5k [T ],
DR A5 B RN, 2008 ,33 (4) :437-439. ]

Hastie T, Tibshirani R. Discriminant adaptive nearest neighbor
classification[ J ]. IEEE Transactions on Pattern Analysis and
Machine Intelligence,1996,18(6) :607-616.

Bian Fuling, Wan You. A novel spatial co-location pattern mining
algorithm based on K- nearest feature relationship[ J]. Geomatics
and Information Science of Wuhan University,2009,34(3) :331.
[ARE%E, T4 K- 4RI 23 18] 9 2 T Y45 ] [ i A e s 4l 5 v
[J]. BRBURZE224 A5 BRI, 2009 ,34(3) 2331 ]

Tomasi C, Manduchi R. Stereo matching as a nearest- neighbor
problem[ J ]. IEEE Transactions on Pattern Analysis and Machine
Intelligence 1998 ,20(3) :333-340.

Kobbelt L P, Botsch M, Schwanecke U, et al. Feature sensitive
surface extraction from volume data [ C]//Computer Graphics
Proceedings, Annual Conference Series, ACM, SIGGRAPH. Los
Angeles, California; ACM,2001 ;57-66.

Wang Qing, Wang Rongqing, Bao Hujun, et al. A fast progressive
surface reconstruction algorithm for unorganized points [ J].
Journal of Software,2000,11(9) :1221-1227. [ £ 7, £ @i,
B A, A5 TBCRLASCH A 4 e DRt o R AR (] B
2£4,2000,11(9) :1221-1227. ]

Zhou Rurong,Zhang Liyan,Su Xu, et al. Algorithmic research on
surface reconstruction from dense scattered points| J]. Journal of
Software ,2001,12(2) :249-255. [ Jil{HE5 , skmif , 778, 2.
SO A Al o AT () ] AR AR R, 2001 ,12(2)
249-255. ]

Xiong Bangshu,He Mingyi, Yu Huajing. Algorithm for finding k-
nearest neighbors of scattered points in three dimensions|[ J].
Journal of Computer-aided Design&Computer Graphics, 2004 ,
16(7) :909-912. [ REFRA5 (W] — , AT AL B, = 4ERICRLEURE 1 k
AT BRI Rk ()] AL B B 5 R 222
42,2004 ,16(7) :909-912. ]

Zhang Tao,Zhang Dinghua, Wang Kai, et al. A novel strategy for
fast searclling of k-nearest neighbors[ J]. Mechanical Science and
Technology for Aerospace Engineering, 2008, 27 (10 ). 1233-
1235 [ 5k, skEE, TYL, 5. 28 M HORL AL k 4RI R BT
SRS ], HLRHE 5 $R ,2008,27(10) :1233-1235. ]
Goodsell G. On finding p-th nearest neighbors of scattered points
in two dimensions for small p[ J]. Computer Aided Geometric
Design,2000,17 (4) :387-392.

Dickerson M T, Drysdale R L S, Sack J R. Simple algorithms for
enumerating interpoint distances and finding k nearest neighbors
[ J]. International Journal of Computational Geometry and

Applications,1992,2(3) :221-239.



