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Fast Contour-based Object-space Hidden Line Removal Algorithm for Mesh
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Abstract Hidden line removal, which eliminates lines occluded under certain viewing angles.is a key technique for addressing
visual clutter issues in 3D scenes. Object-space hidden line removal techniques can calculate the precise locations of visibility
transformation points, making them widely used in practical engineering for 3D visualization modeling, high-precision drawing,
and other purposes. While there are many mature object-space hidden line removal algorithms available for planar polyhedra, these
algorithms often suffer from low computational efficiency when handling commonly used mesh models in practical engineering due
to the large number of triangles within model surfaces. To address this issue. this paper proposes a fast contour-based object-
space hidden line removal algorithm for mesh. This algorithm filters triangular facets based on the intersection of mesh object
contour line projections and performs intersection calculations, thereby avoiding most redundant intersection computations. Addi-
tionally, after intersection calculations, the algorithm rapidly determines visibility based on the line segments where potential visi-
bility transformation points lie in relation to the contour lines and model, further enhancing efficiency. Experimental results show
that when processing the hidden line removal of ordinary and complex mesh models in two common hidden line removal modes,
the efficiency of the algorithm presented in this paper is over 20 times and 80 times higher, respectively, than compared algo-
rithm,and the efficiency difference between our algorithm and the mainstream geometric kernel ACIS is within 2.5 times.

Keywords Hidden-line removal algorithm,Object-space hidden-line removal, Mesh, Contour lines, CAD
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Fig. 1 Image-space and object-space hidden line removal
Xof Ty A 1] B T Bk ARIE view X A% 44 3 AT ¢ 52 A8
S5 AN TG AT G A AL B TSR o G e R TLARS X AT A A
LA 3 DA A5 30 05 1o R0 AR R AT DR AR A i (AR A 1 T R
7RO AL AR I — 2 A5 B0 B g R . HORS EE S P 4R E L
faf s 2% . DR, 7 52 bR T o) L e 32 {0 Ak =5 ) ) 9 B
iE3

2 MXIE

BRIP4 5 view BB T HELRAE B R B B 15 6L 4
QR L Ve NP 2 FTas . A T 9 I R R 2R A 5 1Y
Z UM T E AT M A TR T K. A A s TR AT B A D
F 1 iR, view B A0 07 B ORTHS 1) 0028 1) 1Y B3 1) i S
SRR B A RAES E B ELRB TR, BH
BRI = MR BiES DEHKOLEB R r., Hit.L=EU
D B TR A A L MICEA R o, L RIE W%
WA view PATHR I EMIFE SR P P T A JTE Z )
B S AN b, BB EFTE M MES N T,
TEEMNEH p. 515 3p=2n, T I view AT A 1945
G R Pr ProcE R PLIGE Z M 458 SABCR o 8 = 4
23 8] 38 BN 0 RS RS RE (AN s IO A T 8
A v,

T p-2%

Y
~—

%AEE FRER
VE A [FUBH TT A LA A7) 4 2 T R
b IF — S HE PR T B A7 25 EIL A i L S

K2 ZRAE Py = Uk
Fig. 2 Ambiguity of wireframe

FERT AN TAE P, Roberts ™ £ 1 T3 F L 1950 Fl £ 4
T 3 BT I8 B B0k L (32007 6 7™ A% R BT A B ALER 2 iy, B
AR AL MR FLIR . Weiss ™ 581 Tax — BRI, IF IR T
Aab 3P TG R ko T L A B B B vk . Weiler™ F
— PR TR T B SRR 2 Y R £ 3008 3 I Bk
Appel SR B T A 2 H1T8 (9 30 BORE SR 38, B R 43 S Al 43
BT A 2 BB — X £ % T S T M s ik
Devail ™ 20 ¥F 7% 25 5 L AE AL T n 4530 09 8 R SR 98 L 76 B
W T EERE RN OGH B TEHRE R OGH)
RIS, HR A E el B A 2 08 I o H
2 P AE AR 52T T A B G0 T 2R 11 B A, PRI U B A 38 AR R
DR I TS o8 Oe® )P, Ottmann &P T
BRI 2% 8 R O ((n+ k) log? n) ML 375 . Nurmit® 4
T BGHE R I R R BEERE ) OC(ntk) logn)
1B B 1Y 18 4T SR TE 28 w8 B R I B (KB AT s R A
fik. Goodrich" & T3 T 2B HES M H R Tk k£
Y HES B I E AT SR 28 TH I FA] DL W AE e R AE SR
f A B 28 B R O(nlogn+rk+r) BT RiE A FHTRE =
Yz A FORAE 28 A9 B . Hsu S50 3 T AT DL Ab AR 0 A
=Y P A AR A S IE BR TT B 1R T VR S BT 1 2 Y 3R AT
PEIR R ZE o T4 58 2t in 75 2540 W mT UL 1 2 BE B 36 v i
575 51 B A 2 B P ULk 8 . Song S50 XM 22 18] A 48 7
W B ok R AT S, AT L R 0 R R B O S HE ) L AR T
M TR R ACR . Xu S0 P T 25 TR Y R 0T
B T A E ML R

IR T AE AL B 2 AN B K i T e A R R R TR B
Bb A A S 7 AR R I B AT R A L B A S TR A 3 T v
H LB AN & 3 T R B AT RE A2 1E BT AT B

RS R 121 B % 5 A T B NS W\ RN TE R N R
1 R A T L

3 AHBE Y AR T A A

Fig. 3 Intersecting mesh model



224

Com puter Science FEME Vol.52,No. 4, Apr. 2025

3 E T BRI A% R 4 4 == (8] BR i H R EL %

3.1 EE#R

B3t b AR R AL 7R SO T R R 0 A A Ak a3 ()
PR TR 7 R AR g, L () A 2R O

O +ef+ctn) (D

WE 4R SRBEMBES S HRARHTLER.S
FICRANEN s s MK SSHE ISR BT LERR, s
JCENEN j i RIME R KB ES L KO R 4G
FIAMREAL, [T IERNEN e j<<e<<nm; RIBLLZEW
Ry =R 4S8 I R EHELTER AN =M, I F o
BB fo<psfimEn] WAL S E A C RO 8MK
o5 R, AP B0 R ESTAY AT DR AR A R 6 Ak A T
WHIFEE AT, CTIOREEEN coc<<kt+i<k+r,
AR SCHE I 5 TTBRAE TR B R 2 B P R Oe® ) B
S OGH),

— H# CIRRPROZAE
TR & o+0 HATRLUELA
O w4 o ERTRLUEME
RBREE o AZTRLMEME

B4 A SCH RS s 2 A

Fig. 4 Data structure of the propose algorithm

AR SCR Y B BRI 1 TR .
BiE 1 B TR Y PR M K 2 8] P B A
A < 1 Brrep M 28 T SR B4 10 A% (A IR B4 Meshes,
B il S8 RE T T B A RS PR B Meshesou
1. 1438 B B
L1 3 7 = A R HEAT A TS
L2 kB R,
2. SR 2S5 ] LA 18 B
2.1 W B S HR
2. 2. Ok AT BEARZC B = A 18T 17
2. 3. BRIEERE AT LR AL A
2. 4. SRl = f T WA
3.1 B i 90 5 By B
T AR JE SO B = MR EE L RITE,
3.2 MEWR
3.2.1 WrEmik
WA 5 BRI BT B R 3 AN RBUE D TR
TH B BCE 156 B LR B 4R S5 2) 5 B SR B BUalE 19 34 4% (Edge)
R Bl E53) FF ORI B AR B9 T (Face) P &R (9

BB D,
y y y
|
|
(a) %8 B £ 18 (b) 75 25K 1 Ba s i (o) 7 23R K B s 1
FUE SRS 424 THT P IS Y 5 IR B

B 5 BRI RE

Fig.5 Line segment sets diagram

Z W B AR R LR BB AN R L S, T B R ) — A T
J s g A AR e, SROARE I IE S = AR T 0 T 1 1 [RD B E AT R
TR 590 3% 5 9K 5 o 38 Ao 405 42 = A TR T ] P 2 7 R ) H 4] D <08 4
R AL BOIM O S & N R ER LB, WA R 5 Y [ 48 BT
LB T — R BL R, HRAB— BB L2
3.222 T EHMkBMZFEA

WA 6 AT pg T 2k T B R D A% B = AT .
B W A B A B NS = T A BN R E L BAE =
FA T A B 22 AR A A il T A Y = A T B 4R
2 = FA T 7R Py A, 0 A — DR

TSR = ATE O BN = A B R = ATE O ABA
=R .
B 6 )R R b = M A s E R

Fig. 6 Diagram of breadth-first search traversal of triangles

TE = ST R A AT A P SR G T, O 30 5% B
oo AR AT R T N BA R = A T A T A TR
P R AR R B2k B, AnIA 7 BT 4 2% 4B 130 1Y 24 05
MASE L BRI I IR L B R, PR E %L
ALY AT T I D A R O M 2L R = TR 1 R
o o DU TE B 0 = A0 O B A B R 850 2k

BT R BE SUR A
Fig. 7 Diagram of contour line segment definition

3.2.3 MEERZBHME

W 8 IR T AT R ER LR B R . N — SR )
B FE 0 2R B 1 45 R i w3 R AR ) R R 5 M Y TR =
1, IR AR R R R B HZ = A E B P = AT R
B TET o) M AT T OF 90 S 30 2% B Y s M, SRS SR R
ik =MAE A MRS, A& BEETEIE S T m N
PR U B H OB AT R D R R B ) R T SR



RV NN 5 &5 < 5 T RIS 22 ) IR0 A% (A 9y £k 2 i) PRl 3 B B vk

225

B XY R 50 2R 00 50 I 4R B A 3R L OF MOIK A R 4R B 1Y 45 R
SR CER R S R R AR, B4R 2 A9 58 28 B 45 A
SRR T — AR B B S R 0 A B 50 B 2B i — A
R Z 0, 9 Brs . Elber 2812V 35 5iE T it i B9 48 BE
2R 00 Sy AT 1 iR LRI LR AR AL B 2 T = 4 A
B4 BEZR b M 2L .

AT 2 R
v

NI A

#/‘75%
14
iE

K8 RELBEHRIERER
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Fig. 15 Test case 1 visualization result
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Table 3 Test case 2 experimental input data
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ZAERMEHE v 1008
ZHAEAAE 3024
ZHAEREp 2016

N RS 122
R 2 W& R 3079

4 M 2 5255 R AR

Table 4 Test case 2 experimental result data

(ms)

[N BR2HEF
5 ap g s [2023) 46.02 4307. 92
ACIS 0.81 37.57
R XK % 2.42 39. 85

16 A 2 o P ALLE
Fig. 16 Test case 2 visualization result

SIS A5 AR I L AR SCA U BB IE B PR b A B A I 2
AL R0 1 0 B

WA 3 1 — K — /N A~ 3K\ 2o A7 IR T 3R 145 5 58 3 Tk A< 3
VR I 15 R E A b A BB B A E A R S R B n I B, S
Wb A LI K 45 AN 5 M 6 BT A, W AL S SR 17
FEoR

x5 M3 T i A B

Table 5 Test case 3 experimental input data
AR 4 A HoE
ZHAERTMAR v 897
ZHAERBE 2685
ZAEkEp 1790
AL B R BB 128

HER 2B HREERR 2723

6 M3 S S5 R AR

Table 6 Test case 3 experimental result data
(ms)
#WR1ER #WR2ER
2 g 2223) 38.56 3560.16
ACIS 0.79 31.42
A XH 2. 84 46. 82

ﬂwﬂ\‘\\@\&%\\
o, 44#%%&‘&\‘
)

A

17 DU 3 T RR Ak 4
Fig. 17 Test case 3 visualization result
S 25 SR W] AR SCERL VL BE IF B D b Kb 3 A A U 2
WWEiE IR RIE] S
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M 4 R i ZA- PR AL B W 3 5, BB 50 TE AR OO L R A
1E T b &b B 22 A AR AR (] 7 76 AH 3 015 0 IO T B . SE I i AL L
JezERangk 7k 8 g, v AL g R E 18 iR .
2T M 4 T A B

Table 7 Test case 4 experimental input data

AR 4 # W H
ZHAEARMAEH v 2744
ZAERAH 8208

ZHAER P 5472
EENE R RS 245

SN E ERLEL S 5239

8 M 4 250 45 BB

Table 8 Test case 4 experimental result data

(ms)

BR 142 BR 248
# A 47 % [2223) 135.07 1204. 02
ACIS 1.89 89. 42
A XH % 3.19 179. 82

18 e 4 W] ALAE SR
Fig. 18 Test case 4 visualization result

T2 45 R F W] AR SCAA R IE B DR b Ak A A I
Wik iR RIS ]

M 5 g 5 A PRI, 40 & — i A LI B & 1R
RN 37 T v O A A 2R R — S TR (1 MR BT A A5 Y
ZIHHEAT TATR I . eI A DL S5 R R 9 Ak 10 fR A,
RS R 19 BTN .

9 MBS LA KRR

Table 9 Test ase 5 experimental input data
AR 4 M ¥ HE
ZABRTAS v 3765
ZAEF A 11265
ZAEAB P 7510

LENE RN 1425
R 2 &R 12532

F 10 W] 5 505 45 R AR

Table 10 Test case 5 experimental result data

(ms)
HX 148 MR 247
# a4 [2223) 1963.56 69588. 52
ACIS 13.95 50. 86
E S 24.26 111.16

F19 Jifl 5 el fe g R

Fig. 19 Test case 5 visualization result

W6 R TAET SR AL, 405 A Fd TS 454 IR
TR — LAY TE AR IR, ST A DL R SR SR 11 M
# 12 3, AR EE R an i 20 s

K11 M6 Sk A B

Table 11  Test case 6 experimental input data
H A4 #
ZAERTAHK v 38941
AW R 116955
=R p 77970
R T8 R &R 9939

LERE R EL S 185223

F12 6 SLuh gk R AR

Table 12 Test case 6 experimental result data

(ms)

#ER1ER LS

3 g g kL2228 364 865. 82 7930416. 33
ACIS 1876. 44 7825, 44

KX % 4166.47 19107. 12

20 W4 6 WAk gk
Fig. 20 Test case 6 visualization result
WG] 7 g 533 AL S5 R A0 35 45 A58 280, A8 0 4 5 22 A 43 il AL
LAY e LT 5 1) A5 I RN s R A A DL R AE R LT
AFEFBIRL, SCB R A LA S R ANk 13 ISR 14 R, w) A
5 AN 21 iR,

13 DI 7 ST A K

Table 13 Test case 7 experimental input data
AR 4 #H
SABERTAH 0 36086
ZAEARAE 107934
=R p 71956
R 1 HBE R 11751

R 2 AR 117384

214 ME 7 SIS A R R

Table 14 Test case 7 experimental result data

(ms)

BRI LR A2 4R

3t a gk (2223] 280360. 45 6661341.76
ACIS 590. 96 3616.04
N 1368. 04 7533.70
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Fl21 P 7 nr A s R
Fig. 21 Test case 7 visualization result
WA 8 g A ANBILAG Hh o 8 0 43 i HIL 2R 0 R A TR A %
ALY AR G T R R B A A, DL R S B
RS AR R, SCg A DL B Rk 15 R
F 16 T4, iSRRI 22 TR .
F 15 W 8 S A K

Table 15 Test case 8 experimental input data

H A5 4 A #H
ZHAEATAHR v 82671
ZAERF AR 248913
ZHAER P 165942

ER 1M HBERK 75999
R RN S 213540

F16 W8 TR AR

Tablel6 Test case 8 experimental result data

(ms)

R 1ER BR 2R

3 a4 sk L2223) 1602490. 68 42059711, 87
ACIS 4976. 89 13477. 54
AXHE % 10437, 64 29325.52

K22 8w R
Fig. 22 Test case 8 visualization result
Zi b AR PR LAY BeURE ST Ak B 5E N A A A 1A
AL Y 8 B o AN SCEE VR AR T X LS00k R a3 S B s 20 A% AN
80 LA I 5 F W JLAT B ACIS 114 74 B Ab 31 % 4 2% B 7
2. 55N,

GEWIE TR HLIEDE 7 U, R 2k I R B R = A
ZHEG S LR IR VE R SCREEOR o AR T — R T
e B 22 T 1) W s s i) PR B

A SCH B 26 B AR T M 3 B B AT SR 22 5 T L R A
B Be iy & BB .l AT R T = TR N A R 4
B8 2% 45 w2 Sk BT RE S PR R AR R 2 1B
T 2L B RO L BEL R T A M ROR . A L
oy T 0 S £ 2 A L O I AT BB AH 22 00 = AT R, LLROR 1
SE T UL A8 Al SR i T DL A5 2D B BE A% DR S o o R i
A DL AR AE A s, OF B — 20 oR il = A 10 B T LM AR B, S
T A AP TR A B4 0 B A BE .S 505 BT BVH B
A 25 ) JZ UK S K R Jn S O R T REAR S B = M T R, E— P
A B
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