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Abstract:  To effectively improve the computational performance of the current non-navigational TIN-DDM automatic
generalization algorithm in seabed topographic forms maintenance, and enhance the computational efficiency in
engineering applications, this paper proposes a non-navigational TIN-DDM automatic generalization algorithm for critical
rolling ball radius optimization. This algorithm deeply analyze the physical meaning of the critical rolling ball radius, clarify
the correlation between the critical rolling ball and the TIN-DDM sampling point normal vector, based on the accurate
calculation of the normal vector of each sampling point, the numerical analysis of the spatial position of the sampling point
and the critical rolling ball radius, a calculation process for the positive and negative critical rolling ball radius is constructed,
and a more accurate critical rolling ball radius value is obtained by directly applying this value to existing generalization
algorithms. Experiments show that compared with the contrast algorithm, the comprehensive results of the algorithm in
this paper have been improved to a certain extent in both the topographic forms maintenance and terrain accuracy of TIN-
DDM, and the algorithm running rate has also been relatively improved.

Key words: critical rolling ball radius; non-navigational TIN-DDM; normal vector; calculation process; automatic
generalization
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Fig. 1 Longitudinal Section of Forward Rolling Ball Transformation
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Fig. 2 TIN-DDM Positive Buffer Surface Construction Process
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Fig. 3 Solving and Problem Analysis of Positive Critical Rolling Ball Radius
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Fig. 4 Principle of the Positive Critical Rolling Ball Radius Solving
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Fig. 6 Optimal Solving Process and Comparative Analysis of Positive Critical Rolling Ball Radius
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Tab. 1 Overall Statistical Indicators of Dataset
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Tab. 2 Generalized TIN-DDM Terrain Surface
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Tab. 3 Generalized TIN-DDM Sampling Point Scatter Plot

—
AN

3%

=

Bxl

I

by
/.

fete s

6 000

8 000

10 000

11 000




12 000

SEGERR: OmR 2 TR, 7ERFE S HNLZEEHEN 6 000, 8 000 10 000 B, PHFREIEIELT
{RFF T )54 TIN-DDM MR M EEIES SHHE. HEEELE RN R, SRS A a8EN
11000, 12000 i, 53k I g B MBCRIHEMR T EEIL, AR S SEAEE N 12000 B, 5% 1 AT
RN X AL B ¥H — @R EHERHERRE, AR ITAEX I AL B MR RHMEEE A K @H
F 3 [H1, WHIETE TIN-DDM RAE S H G, MBS USRI, 5% T BT RS SRR 55 A
WO, LRE R RES RS A IR 8D, WERFE SZEA R 12 000 B 509 11 H 4 (A X
B, ZIMEWE SRR T FERME R TR . BB LR AR R EAE T M TR,
S 1 R AR AR I FUR SR AR BE @ T S A E, A1 HRAE A R B 45 SRR &3, R
FE S TR A VPAN TR b0 SR AP SE VR, e A A5 K A SR B Il = .

3.1.2 REMILE RS

ik e BT L 1 580 11 4 &30 AE TIN-DDM K5 BEARFF 7 T 045, A0 Bixt 44 G
KBS TR TIN-DDM 5 546 TIN-DDM R 2 [BIZEXHR ZRRAE . SPIgRRZE . R iRz
ATV, PR ERLE G 45 IR BV Gt iR 4 Fos s

R4 ZERBEXLSHR

Tab. 4 Comparative Analysis of Generalization Accuracy

SERY FHREMAIE/m FHIEITIRE/m B RIRE/m
BEl Ly Bxl R BE BRI
6 000 5.749 5.769 0.384 0.386 0.578 0.594
8 000 7.422 7.462 0.553 0.567 0.887 0.902
10 000 9.493 10.094 0.852 0.862 1.265 1.301
11 000 11.417 14.171 1.088 1.190 1.595 1.792
12 000 12.901 24.780 1.480 3.613 2.113 4.898

SIS R EH] . ERAE A E BN AEE N 6 000, 8 000, 10 000 I, By 1 B34 S A HS BE g AT
TEIEI . HMELEG BRSO, MRS A EEEN 11000, 12000 B, 5% T B4 RHIE
MR T B BUARX T8E DL, i | BEEEEEREE, HZSERRESG SRS T
TN .

3.2 IEfTREN LR

TN L BEEIZAT R B SS, ASCHE 3.1 /ANTSRIe sl (AN RIFREEE A JEAT I 7E 1 B 4H
B (LU RIFREEE By C), 90 5 R A R Sy = 204000 e Mk 5 000 AN RFE AT, PEVERIIZ 1T TH)
Wk 5 frox. HAPHUE B 875 26 424 MR AL B¥ESE C B 48 300 S RFF AL

#* 5 HABITMESLL/s
Tab. 5 Comparison of Algorithm Operating Efficiency/s
R A ¥1E B i C

Bl Bkl BEl Bkl Hxl L3




137.2 511.7 515.1 2438.3 1909.1 10843.9

SIS SRR FERFE SRR R, 509 [ s T AR I T RE L. X T8 A FRA 1T
IBATIN AN SRE TR 3.72 45, Btk B W 4.73 1, Bdsk C N 5.67 1. Bl LRI R EEH AT
TR T 5EE IR OUE T I SR SNER AR R T7 30, PRt SRR B BR AR SR A Pk P 22 e e P 5
FIBATRERN AWK RAE 1.2 /1T, Sk IHERBUEE R A Py (IE (FO Ik FRsIERER R
SKbr B4R Py IE (B0 SCBERAE R AR . AR SCHR (18] T K, #ET4k Py BUSRBERAE il 7 2
HIKrER Py LAAMREE SASEEE BRI R BAE Py 19 2 807 18] ETR AR CIN B, FERIE BRI BRI
FEREDN Py BIE (00 SRR R 4R, BEJEAE TR Py AIE () SREERAE i RE e ZE DO EE R 7
KAWHE P £E 2 55 7] LRI SCBERAE m 5 HARRLIX ) o AR Y 2.2 /NR]50, S04 T HIIE (50 [l 7t
KRBT R B RS AR BOIF DL IE (510 il LR SRR AR R A vh s/ ME 7 U 52 L
207 R B LR T I FURBI BRI R R, AR T s T AR5k,

4 48

ARSI BUHT SAE TS —Ff TIN-DDM SRAF sl FHR B EREAR AR T %, FFRZIE ST BTk
(15T SEBZSERI it . ASCRNERE T Im SRS ER AR Y B UL 5 SR BB G I = itk ot 72
RN BT (15 ] SRR SRR B BR AR SR IR PR RO A L, R B3R PR B AR Dl SR B BR AR SR AR AR A, 1)
W1 Wl SR S ER AR AR AR ) S S BAR T SRR . NIRUE A R, A SCHER R SEgR a4k b, 70l
METE S € B A FEIRAE 1 XA SCRIEAE SR G RUR  TEHE I | 18T R =5 3 (AT EE R 2,
VR A SR N TR B ER ALK A I RT IR AT, SRAE R B 22 S5 R M7 i T8 U101 1 03 1r) B SR 1 5
ASCEREREBAE VIR, M0 T Bl A 5 B R IR AR i, WG T B SR IS R R A 1 5 R s 1
IR AL B VARG, DRIIR AN W oRbE 8 B R 2 1) BN ) R AR (52, IF AR B
1) B SR AP AT A A A SRR S A I G

EEP e

[1] LiZhilin, Zhu Qing. Digital Elevation Model[M].Wuhan: Wuhan University Press, 2001:78-91. (Z=&EMK, 4K, HiFm
FERIRIM]. L BUR % kL, 2001:78-91.)

[2] Zhang Lihua, Jia Shuaidong, Yuan Jiansheng, et al. A Method for Controlling Shoal-bias Based on Uncertainty[J]. Acta
Geodaetica et Cartographica Sinica, 2012, 41(2):184-190. (3Kirte, TIUNZR, Jo@l, . —FET S E KRR
HTVED] M4 2E4R, 2012, 41(2):184-190.)

[3] Porathe T. 3D Nautical Charts and Safe Navigation[D]. Eskilstuna:Malardalen University, 2006.

[4] JiaShuaidong, ZhangLihua, DongJian, etal. A Method for Constructing DDM Serving for Navigation Using Pre-constructed
Model Surface to Control and Adjust the Selection of DDM Nodes[J]. Geomatics and Information Science of Wuhan University,
2019, 44(11):1715-1722. (B{INAR, FRI4e, EHT, 5. FFHAIBERLH KRR R R IR s DDM M2 [J]. #X
KR (B ERERRD . 2019, 44(11):1715-1722.)

[5] Zhang Lihua, Jia Shuaidong, Wu Chao, et al. A Method for Interpolating Digital Depth Model Considering Uncertainty[J].
Acta Geodaetica et Cartographica Sinica, 2011, 40(3):359-365. (3Kirte, TEUNZR, R, 2. J0AAHE JE B 7 KIE
R A TTVED]. 424, 2011, 40(3):359-365.)

[6] Tian Fengmin, Zhao Yuxin, Li Lei, etal. A Method of Constructing Undersea TIN-DEM Based on Vector Nautical Chart[J].
Journal of Harbin Engineering University, 2009, 30(2):143-147, 153. (MR, &EH, 24, & hREHTIFEY
HHFJK TIN-DEM &R L[], Pa/RIE LRE R4k, 2009, 30(2):143-147, 153.)

[71 DongJian, Peng Rencan, Zhang Lihua, et al. Research on Optimization Digital Depth Modeling and Rolling Ball Transform
Processing[M]. Beijing: Surveying and Mapping Press, 2020:161-170. (F#i, B0, K2, 28 Bp/KiRieib g
JORENERAEFREAR[M]. 52 Hi ki, 2020:161-170.)



(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

Tang Yuhan. A Thin-method Based on Local Terrain Complexity Index for Lidar Bare Earth Surface Point Cloud[D]. Chengdu:
Southwest Jiaotong University, 2019. CFERK. —FhET R EHIE S 3 EFaAn L2 LIDAR M 2 2 B $l s 7 vk
[D].  BEe#B: PEREEACIE R, 2019.)

Wang Yingxue, Li Shaomei, Ren Ligiu, 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. (EmtE, 2=
Mg, AENRAK, SF. TAAFAE A YL 2 8] R ER H BN ZR B UED]. BN K ZEZIR (BERFAR) . 2021, 46(3):427-
433, )

Li Zhaoxing, Zhai Jingsheng, Wu Fang, et al. Seabed Terrain Complexity Representation and Computation Method for
TIN[J]. Journal of Geomatics Science and Technology, 2018, 35(3):305-310. (Z=Jk3%4, Enid:, RI5, 2% TIN KR
Wi R EFROR SR INA]. MRFAROR 4], 2018, 35(3):305-310.)

Weber W. Automations Gesttizte Generalisierung[J].Nachrichten aus dem Karten-und VVermessungswesen. 1982,88(1): 77-109.
Cai Xianhua, Zheng Tiandong. A Study of DEM Data Compression and Its Algorithm[J]. Bulletin of Surveying and Mapping,
2003, (12):16-18. (ZAete, FRARMR. BT mfR BB ER = 4n S B 9E 0], M4zi@Ek, 2003, (12):16-18.)

Xu Daozhu. Study on Cartographic Generalization of Relief Based on TIN and RGD[D].Zhengzhou: Information Engineering
University, 2007. (fRiEA:. 2T TIN f1 GRD MiHiSia & W7 [D]. #6545 B TR A, 2007.)

Fei Lifan, He Jin, Ma Chenyan, et al. Three Dimensional Douglas-Peucker Algorithm and the Study of Its Application to
Automated Generalization of DEM[J]. Acta Geodaetica et Cartographica Sinica, 2006, 35(3):278-284. (k3. M, fa[jd:, 5
e, 5. =4k Douglas-Peucker & ikt HAE DEM HANZEE IR R[], L5 4R, 2006, 35(3):278-284.)

Ji Hongchao, Dong Jian, Li Shujun, etal. Three Dimensional Douglas-Peucker Algorithm and the Study of Its Application
to Automated Generalization of DEM[J/OL]. Acta Geodaetica et Cartographica Sinica,
https://kns.cnki.net/kcms/detail/11.2089.p.20221031.1807.002.html. (%, #HH, WA, & WML SEE
HIAERLIF TIN-DDM H 3h454 50 [J/0L]. MZ:2#4K, https://kns.cnki.net/kems/detail/11.2089.p.20221031.1807.002.html.)
Zhang Zhiheng, Dong Jian, Peng Rencan, etal. Division of TIN-DDM Topographic Forms and Continuous Scale Representation
Based on Rolling Ball Transformation[J]. Acta Geodaetica et Cartographica Sinica,2020, 49(5):644-655. (3k&E#7, #HHT,
SN, AF BE TR TIN-DDM #8254 73 S8 REFRIE[I]. %224 4%,2020, 49(5):644-655.)

Dong Jian, Peng Rencan, Zhang Lihua, et al. Multi-scale Representation of Digital Depth Model Based on Rolling Ball
Transform[J]. Journal of Geo-Information Science, 2012, 14(6):704-711. (FEF, Bk, 3Korte, & RShERASHI%
FOKIFMA 2 N EERIL]. HERE BRI, 2012, 14(6):704-711.)

Dong Jian, Zhang Zhiheng, Peng Rencan, et al. TIN-DDM Buffer Surface Construction Algorithm Based on Rolling Ball
Acceleration Optimization Model[J]. Acta Geodaetica et Cartographica Sinica, 2019, 48(5):654-667. (%7, k&M, A
55 AN = A7 100 B AR A R v T AR SEAA) E RPR B BN AL S [0, %40, 2019, 48(5):654-667.)

Xuan Wei, Hua Xianghong, ZouJingui, etal. 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+116. (&ff, fEm4r, 4hitsh, 25 Hi&
82 f5 £ RIS S R 1K) iR i ) Al F DV 0], MZ:ELS:, 2019, 44(10):101-108+116.)

Feng Lin, Li Binbing. A Robust Normal Estimation 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. ( &k, Z=
JREE, — MR TN O TR TLS s S22 SRR VA ] sCDUR 2 24 (5 R0 5 2018, 43(11):1647-
1653.)

Ma Weifeng, Wang Jinliang, Zhang Jianpeng, et al. Feature Extraction From Point Cloud Based on Improved Normal
Vector[J]. Science of Surveying and Mapping, 2021, 46(11):84-90+146. (FfPI&, F&aw, sREm, 2% —Fhoitk
] B A BRI s SRR SR D). M2zl S2, 2021, 46(11):84-90+146.)

Wang Haibo, You Wei, Fan Dongming, etal. 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. (E#3d:, WA, TE4HEB, 2. #
Y ICA T3 IR R R = MK RS S [I]. sUBOR 244k (R RO, 2022, 47(1):93-103.)

Du Hao, ZhuJunfeng, ZhangLi, etal. A Thinning Method of LiDAR Point Clouds Considering Terrain Features[J]. Science
of Surveying and Mapping, 2016, 41(9):140-146. (Atifi, HKRE, K71, . BUAIMIERER LiDAR A= 85



. ML R, 2016, 41(9):140-146.)
[24] Wang Xi. Research on Interpolation Algorithm and Accuracy Assessment of DEM[J]. Modern Surveying and Mapping, 2013,
36(5):21-23. (L5 DEM WIEEL SR 70 BRI, 2013, 36(5):21-23.)

ZE-I=W &

PR ISR shERE AR AERTIRE TIN-DDM H )25 5 Hik
E&: #E&, F20E, XEE, FEiEdE, PR

ks H 1. 2024-03-09

DOI:10.13203/j.whugis20220719

SR

EH, FAOE, REHE, & In ARSI ARNTE TIN-DDM H 3)45 6 5k [1].00BUR 7244k
(&5 BRF2£AR),2024,DOI: 10.13203/.whugis20220719 (DONG Jian, JI Hongchao, LIU Guohui, et al. Non-
navigational TIN-DDM Automatic Generalization Algorithm for Optimizing Critical Rolling Ball Radius
[J]Geomatics and Information Science of Wuhan University,2024,DOI: 10.13203/j.whugis20220719)

M4 K CEAAMER S IEX M RESA AMER, 1§ LIER RO !

TR HAR AR B 3 -

F LR B B RR E B S 2 UL B B Lk

wHr, N, B, XEE, H ik

HPUR 54 (15 B R R, 2023, 48(9): 1473-1481.
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20210191

FA R /R 2IBB N IE L BORBEE FEBAIRE
Hooom, 2, RS, #HE, A

EBUR 240 (15 BRFERR), 2020, 45(9): 1461-1468.
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20180261

A FDUAAR Y T 92 K AR B G B B8 DDM A4
BUMZR, sKAZ4E, A, A

UK 24 (5 B RFERR), 2019, 44(11): 1715-1722.
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20180087



