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Efficient Approximate Point-to-Mesh Distance Query via Sampling Proxies and Dynamic
Programming

WANG Pengfei' .GUO Qinghao' ,ZENG Qiong' , CHEN Shuangmin® , XIN Shiging' and TU Changhe'
1 College of Computer Science and Technology,Shandong University, Qingdao, Shandong 266237, China

2 College of Information Science and Technology,Qingdao University of Science and Technology, Qingdao,Shandong 266061, China

Abstract Nearest distance query from a point to a mesh surface is a fundamental operation in computer graphics,with broad ap-
plications in collision detection, physical simulation,and surface registration. However, traditional acceleration structures based on
spatial partitioning(e. g. , KD-tree,octree) or bounding volume hierarchies(BVH) often suffer from performance degradation due
to their inability to effectively prune redundant branches, particularly when query points are distant from the model surface. Re-
cently.the dynamic programming-based nearest neighbor search algorithm(DP-NNS) , built upon incremental Delaunay construc-
tion, has demonstrated remarkable advantages in point cloud nearest neighbor queries. Nevertheless,its query table construction
relies on Voronoi cell adjacency relationships between points,and the generalized Voronoi diagram of triangle meshes is computa-
tionally intractable in practice, preventing DP-NNS from being directly extended to point-to-mesh distance queries. To address
this issue,this paper proposes an approximate point-to-mesh distance query algorithm built upon the DP-NNS framework. A tri-
angle mesh consists of three types of geometric primitives: vertices,edges,and faces. Corresponding proxy points are assigned to
approximate its generalized Voronoi cells. Vertices are directly inserted as proxy points,while edges and faces are adaptively sam-
pled based on a unified density parameter. The adjacency relationships among all three primitive types are thereby unified into
Delaunay adjacency relationships between proxy points,extending the DP-NNS framework to the geometric primitive level and
enabling the construction of a primitive-level query table. During querying. tailored distance computation strategies are applied to
each primitive type,with bounding sphere-based pruning employed for faces to avoid unnecessary exact distance computations.

Experiments on multiple standard datasets demonstrate that the proposed method achieves a query speedup of 2 to 10 times over
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FCPW,Embree and Libigl, with particularly pronounced advantages when query points are distant from the model surface, while

maintaining competitive approximation accuracy.
Keywords

Voronoi diagram

il

1 5l

SR O A 3R T A e T B R AT AR TS AL DR 22 5 R
il B T 403 A A B R R L A R DU L B 4 L it
WHECHE A RT A FE 2 N g s % E =2 M
Y B E— A S — A S A AR AT S Bk
ACHb T SR A 1D 300 O A 2 TET Y i P 8 B KT T 19 e B A AN
B BEE SR R = A A BOR 5 U] A 3R SR g D R R
ALY (1 T 2 R I e A DR AR I A b S SR | o
B 0 I B A0, O I SR R AR —

A% B0 75 10 0 3 Ao A S S [ 4 R Sk 4R T A5 R ROR
Horh L KD BTN SRS 23 8] 5] 43 45 4 LA K TRl 0K )28 4
(BVHD i 2 8, o 30 A% HE 85 A 98 76 55 By i v A 11 2
TR R AR —— 1 Y B B B — A B (R 2B 9 A I Y R —
i b 3 A )45 VR AR Bl S S 9 A M KA DR Ok A 9 T
B T EL A A SR R S, WO i U A SR B B AR
I3 — 7 W, 1R R G0 B 25 R AE A 1R a5 7 TR AL K T R B
FI R AT A2 A i) 5P AR R TR G B, BY B S BT
TR 02 11 A 1R A AR B 2k AR BE R B L
B R I R B S BT B A T 2 AR 8. P2M gy ikt
W e Voronol Bl 5 EER.E—EBE LERT I
R ), (0 I T AL O A AR

VAR, Wang 2517 L T 3 F 18 & Delaunay #4 3 9 30
A5 WL 5 5,28 0 5 12 (DP-NNS) L 18 85 5 3 48 25 34T %
32V I M S 711 '€ ive /e 111 BB 0l AN
AW H R KD BA R 42T 1 2 10 %, DP-NNS 9 8.0
AR AE sl = S B Voronoi 1 i& i 8 b, id st B> s 0
Voronoi Ml e84 5 S48 A SR i B 3 5L O LA 1) 3R . AT
R AT A TR A S T A9 3R R 80 T . AR T, DP-NINS #Y
A 1) F M H 58 A IR A5 5 2 (B Y Voronoi &B 4% 3¢ & L T A
B P A% A ) A FE AR XS R =M R . R =M IE K Voronoi
WA = 2 25 1) i RS 3T SR O S 2 B Z S i TR,
{45 DP-NNS Joi B ) 28 050 2 A% 9 5 B A 1) 3 55 .

A SCHE H — B 3L T DP-NNS HE 22 1% 3 L o5 51 ) 4% HE 5
AW . A POAK R T T 3 23 AR LA T A
A R AT R B A A LR U ) Voronoi i T . Ti
MEEENRHESIEA DS HNE TS % ESHAE
PR K 3 BT EMBIEXCRE b R EZ
8] B Delaunay 484% 3¢ 2 . A TKE DP-NNS [ 38 5 44 1 HE 22 31
BUAE At 25 JLARf ST 3R A LT e R R Al %, A B B
FEXT 3 I FR 43 S BT IR S TH SR X IR 45 A [ BR A
THHEAT 5 R R AN 0 B T SRR B R S L DT A PR
JEEARORG B B [ B A 42 T A R AR

1E Bunny, Dragon, Armadillo % £ /> 4 #i = 7 #5 A1 |- ()

Point-to-mesh distance query, Approximation algorithm, Dynamic programming, Delaunay triangulation. Generalized

S 8 2R W, R S5 ik Y AR A L FCPW™Y, Em-
bree™ Fl Libigl' 257 W53 T+ 2 & 10 £5 . 75 A 1) s 378 75 B
FRE W 5 T UL g, W B 76 48 K 2 80 bR 5 b ¥ 6
TR = WA ROKS B L W 2 TR N A S PR R .

2 MXIIE

2.1 AxRIESES
ﬁZE'JjK?ﬁWj"EiJE/“Bé‘ﬁ B X FAL B A I AR
B w5 H R B A R Y S R T NLIEDE 3 5 A AL
Hh fme il B LA A 2 — o ARG A U7 SN R [ B 7 v
RECA] 43 3 28 e T AR 43 9 7 vk L3 T 8l i 43 i O
B, U\&%ﬂ: Voronoi Bl 1) 7%,
23 A1 30 43 14 77 1038 a0 = 4k 25 1036 09 b 43 %0 S 5 T
?rﬁﬁ*ﬁﬂl_ﬁlﬁl KD #F E R B R R 450, &
T A A il 28 5 3 VA b R 2 ) L A 3 S 24 B O O(nlogn) s :F
Yy i 2 22 B OClogm)™Y . 752 BR W FH ' , nanoflann™'?) &
AL B A 2R .\ OB = g A (R 34 A0 5 A
K53 8 AT 3L J7 RS BRI SR — A 3707 AR DX L
T R 8 AN AE R TS R E AL S E AN R
OCdepth)~=0ogm) ™", WIS J7 1 WK 23 8] 76 55 1 43 R 3495
P A%, A5 96 R A 0 5 A5 90 A 8 XA B 0T S AR AR BT L 7E Y
A 43 A B R B TE B 4 A S 2 B A i) R R
PG LI AT B A by g 1 ' e DS i R
T2 2 A I At B AR AR B B MR AR o A I R
DX 3 frg B B R S 4 xE DU i B S e P R, 3 BRE )
2 AR AR TR
TR B9 7 35 L R A0 R AR R R . R W
FET B EEH LIEE 9K 3 0y O X sl SR 2 )2 Ak Y A
N FEFIE EEN S S mg s T AARFW@ENE. R
W R BB A THAL AR5 E &MWL A I
Fﬂ%’}Fiﬁﬁaﬁ?ﬁﬂiﬁ/\m%ﬂﬁﬁﬂ%@mm’ﬁgﬁﬁﬁﬁfb5
AZAN R BRI T H AL R WA R HERE . BD W0 AR
KD Ry & aih B5l AT 45 0 35 0 BE &, 38 5 (W] B i sk & 30Rn
HElBR Bk B s IR 00 T Al e
T Voronoi I 77 ik 38 1 HLAT 9E & BAH A FR 1, A
WA g B fe 3 4R A 4 /& ¢ BT #£ Voronoi il ot i 4E Kot . #&
i s Voronoi 2 J2 WAL R, 1 %8 A7 ] 8 E = 2k 25 [ o gk
Z A S B (AR L E OB S = By g v A2 B
R BRH
Wang 27 H ) DP-NNS 80k 27 A k) AR 538 &
Delaunay 4 1% #H 45 4 . i 1 i 5 Voronoi iff JC 78 3 12 & 3 A
Tk AR ) 3 g R L O A R A ) ) 3R e el 4B A i) B
Ak S W A5 1 5 R 0 80 o AR . X TR AE R B
R s DA R 2 v 38 S A A R L i R Y A 1 R T R



242

Com puter Science IHEMLELZE  Vol. 53,No. 9, Sep. 2026

KD # 5 R 1 & 10 £, [ ZR7E A 7 05 2 5 30 i)
B o AN SIS A8 X — R b e 5 e (R S N b BA
MR E . SRR, DP-NNS (9 25 1f) 3 74 28 58 2K sl 5 i 2
[ Voronoi SBHz KR, LIk HE LM =M FHE RN
JUAITE 2 BRI T H7E A5 3 s 6 B A 9 b i) B
2.2 REMSEREN

RS R B A U 5 I A A ) 08 AR B X R T
AR AR LA ST R PRl ) YT R O S T A A LT Y
B . X T AR d 3 5 R RE VR AEAR BTN 3
A=A N, X—-EEHEHEEENNS
A 7 ST A AR IR A R U KD R 4k 3 el T A
JE R BE AR IE 12 T 3 02 B OE 38 X b Y 353 JU A JT 3, de it A
AR AT Al o T 5 S iy Bl AN THT A PO . ERL O, B I A BE S A
W B L TTROIT AR AL AT & U T R A & 451 5 Ak

£ R Z 9 (BVH) 2 H i 25 5] 5+ FE 2 A 10 B 3 00 10
fift )7 %8 . BVH b % = A T+ )2 vk Ak 09 4 Rl IR R e
Jon s A vy, R AR AR L A AR s B R R R PR R
ST T R % R TR S A = A 1
AR R A BT R, WO R AL B R S R A A Bl ) SR &
(AABB) U B ER A 1740 B & (OBB) P K K-DOP 4%, A [F| 2§
TR A B %% B 5 0 8 a3 3 AR 4 =2 18] 4% UG« AABB
TG 1R] SR (R 55 JLART A 14 W G 54 OBB W A& 51 % (AT B AR
Mo R AE e S AN AR B RS I B R .

1 BVH i B RS2 875 18 , PQP F ] OBB JZ R A S8 T
iR 811 e 30 A ) - G A ARG U S R 0 AR RIS ) ) A
FLMmAEMBR, E T VRS2 RAEER T Z N,
FCPW' i 1 9% BVH (Wide BVH) 54 SIMD [i] 1 1k i 77
2 AL R A AR A IF AT 6. 7E CPU RSl T W3E A
W, J2 H A BVH 285 s e B e s by Ll 2z —
Libigl 7 Ay JU ] &b P 450 385 A4 2L il T EL L #2486 T2 T AABB
R 4 5 PR A e 1T A B B L AR S B T A S SRR
Al . Embree™ i Intel JF % , &1 XF 6 £k 38 5 3 5L %3, W] 4%
SCHERUE M R BE B AL O R M T AVX 4 SIMD 45
SARMITERE S . WA B TR R A By J7 2530 i 4 A i) S )
VBT A AL D) D A T S T B A A 2R B O A 3R T () 3 AL B
B E A 1 B BOE A A PR A 200 L2 L O A R R R
AEAHER ST NS, BN S .BVH X7k A
V587 T A% D S THT B SUT Ao R B € L 2R U A 25 R A By
ORI ASAE G A s B E L A i T, B TR 20 v A
B B B T R LARB 2o Y i S R BE B BY R R S R R L
FLT IR 2 (AR Y A

P2M #2187 —Fh 5 BVH AR EEm, Hilhk
SR TR THE 4 T L9 Voronoi [ 5 H T A L 34 . 17 3 [
FE LI X Voronoi B Z (A1, £ 7 — Fi v] LL i 48 1 58 9 “ 42
MR, BMEME, AT A v # Voronoi iEJT Cell (v;
V) H5HM e (B ) M) X Voronoi Mg & Cell Ce;
Vvier) BEHEIEE PR (B O 2T o, 8 v e (F O
B A T L A TR B BT, P2 M T 3o v B it v R
DB R A Y 22 TR e it 5 DRk e R D) 7 8 0 s ] P 5

BRI IR AR . AR AT, B A KD gk
S| BE A 1) 40w 30T A P90 RS O, P 3 o R TS A 2 A R R R
T R 30 5 T, DA TP B R L OE B R R LR T R R IR A 1)
L BVH 2807 Bk, 2 H AT 8 502 A% A i 1 Bt oy
K2 —. R0, P2M OB T AL OB B R B I T X
Voronoi [ (1 #H 52 25 ¥4 I 58 B R A2 A I L 52 90 &2 %
B, A B AR
2.3 Voronoi Bl 5 Delaunay = g

HEB QP —HAETE P = {p: )}, » Voronoi ¥ Q
X153 n MO, H A BT V po) E XA BT p, B
I B DX

Vp) =12 €Qld(as p)<d(x.p;) s ¥ j#i) D
X — T AR 3 M A S ) 43 i R AR G 8 T SR 4B DG R L A ) A
q & VO W M HALY p T g 4 P ARy E L 4E . Voronoi
&R LLAE BRI 25 1) 22 f 3 0 56 S ) B o 5 ) R AT 48 ), 78
HAHLEITE 2 U] @A S5 40U A 12 M DT,

Delaunay = 44k /& Voronoi & ) JL{a] X 2% #4 , 3 1 71
B i 4 06 7 B XU 45 T A 48 Voronoi Ml I 2 [4] Y 48 2 3¢
R—&WIA AR IC I Voronoi it 76 3L = 3 B, W #E Delau-
nay = ff Ak X W TR R Z R AFAE — S i, FE 4E R b,
Delaunay = ffi f& i1 = M JE A4 1 75 = 4 %5 ] v, JHC ¢l 0 T 4 A
8. Delaunay = b8 & 25 BR L IT A B SR 408 19 S 3 Bk
TN A B H A A T X — M R ARE T = A AR R LA R
. Bowyer-Watson & #1221 244 ¥ Delaunay = i fk 19 &
3 7 R R A A IR 3 TR 32 5 I A PR T R
SE AT F IR R R 24 BN O(nlogn) . HEI. CGALM™,
TetGen™ % T H FE 48 {1t T 5 s 2 & 1) Delaunay = £ 1k 5T
B2 R T L AR A B AR . AR SCOE 2 A B 3 & Delau-
nay F4 1 13 B PR AR AR E S R M T R B R A AR,
AT 552 30 55 2 1) B0 I 3 B B S A A

3 DP-NNS #E Z2 4 iR

AR S T7 1 A ST AR AR T Bl A B R B R S A R B 1 DP-
NNS Z b, ZHEZR R0 B . 76 55 = 1 3 i Voronoi 1
TR, WS TR T AF A% AN 2589 Voronoi il I #E 5 2% 4
A SR B9 D5 SR B DATIT K di 3T 40 2 9 7 A0 A T T G 4
0 o 280 TT7 o A HE AL I A0 BRG] 1 TR

PP e PEEEE  FREEEE
Psl: Psl: PP
Pel: (7]

Pl 1 DP-NNS .0 W% . 1 5l A R b 4 i) s B 4B 1Y
A B 2 1R ) Fe bl
Fig. 1 Core observation of DP-NNS: nearest-neighbor evolution

and query list construction during incremental insertion
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9. end

10. end
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Table 1 Percentage of queries returning the correct nearest distance

across 3D models

Bunny Camel Dragon Lucy Sponza Kitten Armadillo
Faces 5000 20000 100000 100000 262000 269000 346000
Libigl/% 100 100 100 100 100 100 100
Embree/% 100 100 100 100 100 100 100
FCPW/% 100 100 100 100 100 100 100
Ours/%  99.9 99.8 99.8 99.7 99.7 99.9 99.6
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Performance comparison of distance queries across models

Table 2
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Embree/ps 1.83 2.21 2.85 2.04 0.83 14.99 9.98

FCPW/ps 1.37  1.78 2,03 159 ¢0.79  10.1  6.67
Ours/ps  0.57  0.65  0.65 0.61 o097 127  1.07
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Fig. 4 Comparison of query speed among different methods on the

Lucy model at varying face counts
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Fig.5 Average per-query time of each method under different
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Table 3 Preprocessing speed

Bunny Camel Dragon Lucy Sponza Kitten Armadillo

Faces 5000 20000 100000 100000 262000 269000 346000

Time/s 0.11 0. 45 2.58 2.61 11.1 7.57 9.56
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Fig. 6 Preprocessing time of our method on the Lucy model

at varying face counts
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