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Abstract: Objectives: To address the limitations of existing non—navigational triangulated irregular net-
work (TIN)-based digital depth model (DDM) generalization algorithms in maintaining seabed morphology
and improving computational efficiency, this paper aims to develop an optimized automatic generalization al-
gorithm by refining the critical rolling ball radius. The goal is to enhance both the accuracy of morphology
preservation and the practical applicability of DDM in engineering projects. Methods: The proposed algo-
rithm first investigates the physical significance of the critical rolling ball radius and establishes its relation-
ship with the normal vectors of TIN-DDM sampling points. By precisely calculating the normal vectors of
each sampling point, the method derives a novel workflow for determining positive and negative critical rolling
ball radii based on spatial analysis of sampling point locations and radius values. This optimized radius is
then integrated into existing generalization algorithms to improve their performance. Results: Experimental
comparisons demonstrate that the proposed algorithm achieves better preservation of seabed morphology

and higher terrain accuracy in TIN-DDM generalization compared to conventional methods. Additionally,
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the computational efficiency of the algorithm is significantly enhanced, with reduced runtime while main-

taining or improving output quality. Conclusions: We successfully validate the effectiveness of the critical

rolling ball radius optimization approach in enhancing both the accuracy and efficiency of TIN-DDM gener-

alization. This method provides a robust framework for maintaining complex seabed features during data

simplification, offering practical benefits for applications such as marine engineering and hydrographic sur-

veying. The integration of normal vector analysis and adaptive radius computation represents a notable ad-

vancement in automated DDM generalization techniques..

Key words: critical rolling ball radius; non—navigational TIN-DDM ; normal vector; calculation process;

automatic generalization
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Table 3  Generalized TIN-DDM Sampling
Point Scatter Plot
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Table 4 Comparative Analysis of Generalization Accuracy
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Table 5 Comparison of Algorithm Operating Efficiency/s

Bl ikl L
s A 137.2 511.7
s B 515.1 2438.3
Hd C 1909.1 10 843.9

F1 28 5 AT, 78 SR AR e ) s 5 A (] i, B 7%
I Mo TaEk I . X TFEREAH
L B A ) Bk 1y 3.72 4% Bt % B oA

47345 BIEE C 567, M ER ML E
BRNET TR I 58% 1022 NET
e V8 R 2P 42 0 oK i O =X, R e SRR sh ek
T SR e 1 T 22 SO SRR IS AT RUR A A Y K
B OMRAESL.2 ATk, Bk 11 7R SR BT RCR B A ps
(4 1E (670 I BH9R sk 42 o A2 S0 b 1 e — A F
o p, 1E (f0) SR BE 5 0 A2 . AR 4l SCiik [ 16]
FIHL, 724K p, (10 SRR A AT, 5 ZEH TR p, A
AR A5 110 A5 B BR T A TE p, 0 2 Bl 1) B
B R N R, IR T A K (/N ) A Y SR AR A A
HEH p, B IE (F71) JCHEER A S 4 B S 76 T4k p 1)
1E () S SR R AT ol B e, 75 B2 DA 1k 1 O 5K
AW A2 p, 7E 2 Bl 7 1] b i 56 BSR4 5 AT
DX ) o T AR 4% 82,2 W], Bk TG IE (60 1) if A
VR B ER AR S T BT R B O DL
1E (B 1) W 7R sk 2 42 45 & v e /M 19 7 38
B HAE %07 O FEE B R AR Tl LR Bh ek
B E R AR T ST ReR T
Bkl

4 % E

AR SCHR Y —Fl TIN-DDM 2R A 55 i 578 s BR
AR ALK g B, T I A B SOk [13] 5 3
R . A SCRE LI TR RR B ER R AR
(14 ) B 7 S % HL 5 1 VR Bl Bk DG I = A
TETR A G5 B SCHR [ 13 580 125 5K fige i 5498 2 3k 2 42
Jah B 4 Sl b R R oA T AR O I SR BBk
AR SR il S, BB T SR sl Bk AR AR KR R
1 J R S HART B R . O B E A R AR S
FEAH DG SL B0 B R 4 b, 430 DA 1k 5 i Y £ B
B AIE TR A SCRVETE 22 S RO MBS B I8 1T
HOR = HE PR T BRI M A S
T WG VR Bl R P A2 SR A 1 T SR SRR S T AR
Je 55 2t ol T V) S T ) 3 1) kSR R B 5 AR SC
VL LA RO B VIA G i i T 800 A B 02 B ik
B SR A R, B0 T e SR IS SR ARG P R A
ST 2 B B L T A 3 (B DA O, R IR A
43 B SR B A R R s 1) A0 i 1) R i Y 52
M), AR O X 325 1] o SR A E AT 00 Ak R AR SO A
Je (1 e i A

2 % X #

(1] ZEidh, RIK. B mBEEBIM]. R 3K
2R AL, 2001 78-91.
LI Zhilin, ZHU Qing. Digital Elevation Model



1004 K2R (F B %D 2025 45 H
[M]. Wuhan: Wuhan University Press, 2001: FEFRR A ELIT]. WML 2EH AR %, 2018,
78-91. 35(3): 305-310.

[2] skarfe, SR, Joa M, &% — ML T R e L1 Zhaoxing, ZHAI Jingsheng, WU Fang, et al.

[3]

—
ol
[

[6]

[8]

(9]

MK T T ik [T] 4 2R 4R, 2012, 41(2)
184-190.

ZHANG Lihua, JIA Shuaidong, YUAN Jiansheng,
et al. A Method for Controlling Shoal-Bias Based
on Uncertainty[J]. Acta Geodaetica et Cartographi-
ca Sinica, 2012, 41(2): 184-190.

PORATHE T. 3D Nautical Charts and Safe Naviga-
tion[ D]. Eskilstuna:Malardalen University, 2006.
BUMAR, skar AR, A, A5 )T UL A AR A T R 4
TR GRASE TR A5 18 A ATV DDM A [ J]. s K 2=
WUFE BRI, 2019, 44(11): 1715-1722.

JIA Shuaidong, ZHANG Lihua, DONG lJian, et al.
A Method for Constructing DDM Serving for Navi-
gation Using Pre-sconstructed Model Surface to
Control and Adjust the Selection of DDM Nodes
[J]. Geomatics and Information Science of Wuhan
University, 2019, 44(11): 1715-1722.

MR, B W, A, S5 R T R A
% TIN DEM J5 3£ WFIE (], By /R T K 27 2
i, 2009, 30(2): 142-147.

TIAN Fengmin, ZHAO Yuxin, LI Lei, et al. A
Method of Constructing Undersea TIN DEM Based
on Vector Nautical Chart[J]. Journal of Harbin En-
gineering University, 2009, 30(2): 142-147.

#EH, I, kAL, G5 BT K IR R
WE KA MBE AWM. Joat: W2 il it ,
2020: 161-170.

DONG Jian, PENG Rencan, ZHANG Lihua, et al.
Research on Optimization Digital Depth Modeling
and Rolling Ball Transform Processing [M]. Bei-
jing: Sino Maps Press, 2020: 161-170.

JEEETR . — Bl L TR B TR 5 A% B R AR L 2K i
DAR T 2= Bl il #s 75 ik (D . U8« 7 g 22 il
R, 2019.

TANG Yuhan. A Thin-Method Based on Local
Terrain Complexity Index for LiDAR Bare Earth
Surface Point Cloud[D]. Chengdu: Southwest Jiao-
tong University, 2019.

s, 20, AR, B T [ AR AE A R 4% =S
R ANG G k] RIKREER(E R
BEEERR) , 2021, 46(3) : 427-433.

WANG Yingxue, LI Shaomei, REN Liqiu, et al.
Automatic Generalization Methods of Cyberspace
Point Cluster Features Considering Characteristics
[J]. Geomatics and Information Science of Wuhan
University, 2021, 46(3): 427-433.

I, BatA, RI7, % TINWIEIKHIP & 4

[11]

[13]

[14]

[15]

Seabed Terrain Complexity Representation and
Computation Method for TIN[J]. Journal of Geo-
matics Science and Technology, 2018, 35 (3) :
305-310.

WEBER W. Automations Gestiitzte Generalisierung
[J]. Nachrichten aus dem Karten-und Vermessung-
swesen, 1982,88(1): 77-109.

el R BT v TR R AL B A T 4 e S vk
FELT]. MLz, 2003(12): 16-18.

CAI Xianhua, ZHENG Tiandong. A Study of
DEM Data Compression and Its Algorithm[J]. Bul-
letin of Surveying and Mapping, 2003(12): 16-18.
TRIE AL . 5T TIN I RGD W50 25 & WF5E (D]
HOM - f5 8 TR K, 2007,

XU Daozhu. Study on Cartographic Generalization
of Relief Based on TIN and RGD[D]. Zhengzhou:
Information Engineering University, 2007.

FIOE, T, B, S IR R IR A 5 AR
#E i TIN-DDM H s 28 550 E 1] W24,
2023, 52(1): 129-141.

JI Hongchao, DONG Jian, LI Shujun, et al. Non—
Navigational TIN-DDM Automatic Generalization
Algorithm Considering Topographic Forms and Ter-
rain Features[J]. Acta Geodaetica et Cartographica
Sinica, 2023, 52(1): 129-141.

A, EA L 2, 55 R TIR SRR R
TINDDM HJE B 25 %1 o3 Je % 28 RUBE 3k [T]. 2
224k, 2020, 49(5) : 644-655.

ZHANG Zhiheng, DONG Jian, PENG Rencan, et
al. Division of TINDDM Topographic Forms and
Continuous Scale Representation Based on Rolling
Ball Transformation[J]. Acta Geodaetica et Carto-
graphica Sinica, 2020, 49(5) : 644-655.

A, AN, IR, AF L RS BRAE e Y BT K
IR 2 ROEERIR[T]. MRk {5 R 4R, 2012,
14(6): 704-711.

DONG Jian, PENG Rencan, ZHANG Lihua, et al.
Multi-scale Representation of Digital Depth Model
Based on Rolling Ball Transform [J]. Jowrnal of
Geo—Information Science, 2012, 14(6): 704-711.
SRR, T, WO, S SCHER R R UK
9 TIN-DDM 22 s ifi R 4 2 59k [ 7). iR %
AR (fF BRMERD , 2024, 49(10) : 1831-1845.
ZHANG Zhigiang, DONG Jian, PENG Rencan, et al.
Fast Construction Algorithm of TIN-DDM Buffer
Surface Based on Efficient Determination of Key

Sampling Points[J]. Geomatics and Information Science



%5 50 &5 5 40 Mg

M SR B B R AR U B9 A AL TIN-DDM A 32545 5k

1005

(18]

of Wuhan University, 2024, 49(10): 1831-1845.
A, AEMLL, ABBE DY, A5 H O N A AR WU T
PR R Al ek [T] MR, 2019,
44(10): 101-108.

XUAN Wei, HUA Xianghong, ZOU lJingui, et al.
A New Method of Normal Estimation for Point
Cloud Based on Adaptive Optimal Neighborhoods
[J]. Science of Surveying and Mapping, 2019, 44
(10): 101-108.

Ak, Zds . R TN 5 24T TLS
btk m R 5 [ 1], R HIRUER
BHERR) L 2018, 43(11): 1647-1653.

FENG Lin, LI Binbing. A Robust Normal Estima-
tion Method for Terrestrial Laser Scanning Point
Cloud Based on Minimum Covariance Determinant
[J]. Geomatics and Information Science of Wuhan
University, 2018, 43(11): 1647-1653.

JR LW, s, SRAmE, A — bl kA
R FEAE SR T]. MR AA, 2021, 46(11)
84-90.

MA Weifeng, WANG lJinliang, ZHANG Jianpeng,

et al. Feature Extraction from Point Cloud Based on

[20]

[21]

Improved Normal Vector[J]. Science of Surveying
and Mapping, 2021, 46(11): 84-90.

FURYE, WA, JEARW, &5 R ICA Jr ik SR R
RIT R = AAUK AR AT [T]. RDUR ¥4l
(5 BRI L 2022, 47(1): 93-103.

WANG Haibo, YOU Wei, FAN Dongming, et al.
Using ICA to Extract the Water Storage Variations
Signals of the Okavango Delta[J]. Geomatics and
Information Science of Wuhan University, 2022, 47
(1):93-103.

v, R, sk, % B MR FRAE MY LIDAR
SR BAERESL(T]. MR, 2016, 41(9) -
140-146.

DU Hao, ZHU Junfeng, ZHANG Li, et al. A
Thinning Method of LIDAR Point Clouds Considering
Terrain Features[ J]. Science of Surveying and Map-
ping, 2016, 41(9): 140-146.

FE Wy . DEM AR S IRV [T]. SR
2, 2013, 36(5): 21-23.

WANG Xi.
and Accuracy Assessment of DEM[J]. Modern Sur-
veying and Mapping, 2013, 36(5): 21-23.

Research on Interpolation Algorithm



