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Abstract

Normal estimation is a fundamental task in 3D point cloud processing, whose accuracy directly
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affects the quality of downstream applications such as 3D reconstruction and surface fitting. Neigh-
borhood-shift-based normal estimation methods mitigate the cross-surface sampling problem near
sharp features by shifting the neighborhood center from the current point to its neighboring points.
However, existing methods typically rely on a single eigenvalue of the covariance matrix to con-
struct a planarity indicator, which fails to fully exploit the distributional information of all eigen-
values. This limitation compromises the stability of optimal neighborhood selection under strong
noise and complex geometric structures. To address this issue, we propose a multi-scale neighbor-
hood-shift normal estimation algorithm based on a joint neighborhood quality indicator. The core
idea is to introduce eigenvalue information entropy H and normal consistency D to form a joint
quality indicator Q for comprehensively evaluating the planarity of candidate neighborhoods,
thereby compensating for the noise sensitivity of single-eigenvalue-based metrics. Furthermore,
the geometric distance term and the neighborhood quality term are independently normalized be-
fore weighted fusion, eliminating the influence of numerical scale discrepancies between different
evaluation terms. Experimental results demonstrate that, compared with existing methods, the pro-
posed approach achieves higher estimation accuracy and noise robustness under strong noise and
complex geometric scenarios.
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TR G 2R P B BN . YRR RE T S s RER R LRSS, AT B B f5 S AL B )
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W% DIAEIBUFEMT T, fREBARE s 5 2 A i S BUE b THRZE R K. B, el e s g s
A JUI A0 25 P T HERf . AR A T, — B m 2 A ER AT 1) 2 EERE F P 45
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TWRES IO T R & A DL T B gt )75 .

T Voronoi/Delaunay 777518 IR & i 2 (19 LA AR EE ¢ 2R AG THZE ], A Ja 3 Tl HE Wi A D
PR LT . AR P HRAFEEIS SI 155t T RIS, AEN 8 5 A3 S SR EUABUR, 7E2R
BURFAE BRI 25 5y M ILE W 22 (2] [3]. 56 T35 B IE () J7 3[4 DA AR 1m) B3R S U1 i o s, @i ik X
oAl B4R I E 2 45 D7 A M BT IE o R TTVE R AL — i R T Fad il B SR THIVE IR, {H 4] 867 1m)
52 BB M P P B AR AR s R AN M TR, A2 T 5 45 R [RIRE A DAHERf PR B I SR BURFTE[ 5] [6]
FETURFE 2 ) B TT R 7] [SME BIAH 22 WX 2 1) Jey 3 J L AT R AR SR U RE 7, 72 & M MR SR FE S 5t T R I H A
SRATEREIE, (B2 AR 8 E OB SR80 1 0 A S5 I 2 S5 kg i, XHITZREE AAMI AL IZ (L RE 1 H
PR, HANZRRATIR[9] [10].

BT R AR A A W T ik ik A v S IR T2 28775 . Hoppe S8 A4 R T 3 04 0
(Principal Component Analysis, PCA)FIE RS TF A EE[11],  BASRT Sy RG, 6 R A0 ekt 47 ) ~F i UL
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AR EL R B 2 A0 il PR i, AT S ECRBURFIE AL )2 i BESPIE [12]. ik, A EF
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545> &, Guennebaud F1 Gross [ 14142 HAQE i 4 # [Tl (Algebraic Point Set Surfaces, APSS)J7 2K 41
SRl o SR, I S SR 8 T ADL A 7 VR T R A5 [ [F) 1 AR, AE A BURFAE L 2 5 TR Ak B A R
A B R RO W] e 3 B0 I BT [15]. B4, WEFE4 51 AR 3/ — 3¢ (Moving Least Squares,
MLS) [ 1615 ARG J732%, i i 0 4184 s 3 AN [F)AS = DA DR 55 %5 it 1 AR sz, H E T 4Rk is o7
A B T 0 DL G 5 i TSR, AR SR BURRIE AL ) CE AR A AN R . Zhang 56 A\ [17] R AMERRRIR
(low-rank representation, LRR)XHFAE s AR T 25 A1 K1) 73, I A rp g BB — B0+ XSk AT ml il o
RERE I AR FF O BAFE . Liu %8 A\[18] (Fast Low Rank Representation, LRRfast)if: — 5 F|H 5| T /N — 7
FoRTT, W et AR () Ay B, AR ORIEVE R A TR (R I 2 0 T As AT I (A], (B AR R
= A RA RS T E I [19].

T EHSH J70l I S B R B V) TG AL, 930 55 M 5 R85 o T SR kv m) i o B
o Li 858 A [20]82 & #ei% f il TH 57 (Robust Normal Estimation, RNE), Fll F & 4 Gi i AR W R S i 1)
PP R E AT WSS R, ERBURFEM L PCA BA S LF ARt o (HZ 7 iR 520 U6 41385 o = Al g
FEIKFRM, 7R 2% JUAT R AR B e 75 25 AF N T RE IV M 22 - Boulch S5 A 15142 & TRENLE R
e [PV A T 5V (Hough Transform, HF), %7 VA4 G R AE 75 15 RE 8 IR 55 A 32 51 R A FURAFE & 1) e M7
R SRMAEFELLIBURHE ST, AR R~ S B = A 1k m) W] Be v& A AR RS2 X Ta], - A
M BOL FHE R o B0 IX — [ R, Zhang S5 A\ [21]4& 5 T O — B M $ 52 (1032: a) £ 11 59% (Pair Con-
sistency Voting, PCV), I8 QN 258 &1 1 X0 RAE & m) e MG SR 77, R QBRI AR (132 17 ik
THRE B . ABZ IR ORI 46 S A & ROR 7 9 e 75 F 52 2R RRAE AL VE e A T AR E 1% 5 1 AR
EHR LRIt

R 2 BT DS T SO O R IR AR . 6 T AR AR BURFIE I R, AR AT AT R 2 A
16, ML )l v R M . DI as AR AEES i THD6E A& TR FE M, Cao 25 A [22]42 HE QBB (shifted
neighborhood) ) AR, %77 VEAN B4R F DA 117 A0 Hh oo 9 ] 5 S48, T A2 A2 DA 205 s 1) S PR a6 4T
S e 9 e — AN B AT R HLR AT BRI B O B REAIE B S 3H AR SEOR Al v A M, 5 ORI T E TR N
PatchShift. %7 VEAEIRBURFIE IR FF 7 R AT — @05, (MG ok SR AE i 77 A 0%, (ke SR &R
AFEATS 2T RSN IR . BEJS, 9KEE N [23 178 A A% JEAR I At b, i S del B 1 g adt 77 R
I REHAT T T, WD T ARG AR R A B AR AL, H H gk AR R AT AR XS [ 5, ek A [ A 7K P A
SRR LA S5 R B R A R o it B BB AR N [24 i — 20 5] N2 RBE(RIE AR 1E 7% DUY AT ST
A, FINMEK, Fy ADN=FREEREEL I, ¥ 78 7 EE RS R0, e 7 EEER
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BMARE . B —n) 8, AR SO AR T A AR B AR bR 1) 2 REEAR ISR L Ml T EE, B2 R
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Figure 1. Overall flowchart of the proposed algorithm
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Figure 2. Mean RMS, of different methods under varying noise levels
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Table 1. Comprehensive performance comparison of all methods across the entire test dataset
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Figure 4. Visual comparison of normal estimation errors on representative models at 0 = 0.05. From left to right: Ours,

LRRfast, HMQ-4, PCV, and PCA. Blue denotes points with angular errors no greater than 10°, and red denotes points
with angular errors greater than 10°
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Figure 5. Sensitivity analysis of weight parameters (10 test models and 4 noise levels, 40 test conditions in total, K = 200)
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