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Key technologies for online visualization of large-scale underground space
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Abstract: The corresponding technologies for sharing information and 3D interaction by Web3D were
described briefly. An efficient scene management scheme for real-time visualization of a large-scale
underground scene was proposed to meet its demands for webpage visualization. Firstly, the raw data
from the underground scene were preprocessed in lightweight, and a shell structure-aware scene
analysis algorithm was employed for constructing a scene management structure. Then, some
strategies were put forward according to the characteristics of the underground scene data, and those
are a SOI-ExteriorShell strategy based on Sector Of Interest (SOI) management for outdoor scenes
and a Portal-InteriorShell strategy supporting progressive loading for indoor ones. With the switch
between indoor and outdoor scenes, the method dynamically chooses the corresponding strategy and
makes it possible to roam in the large-scale underground scene online. From the final experiment, it
concludes that the proposed method efficiently culls unnecessary scenes in a greatly large extent and is
capable of meeting the requirements for real-time visualization of the large-scale underground scene

over Internet. As the webpage has an advantage of cross-platform, the system supports users to roam
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and control the large-scale underground scene under cross-platform.
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Fig. 1 Flowchart of proposed system

ERUE 'k
| M | £k ft | | "k |.‘|:J )‘:-rf;_ ‘
& 1
(1) JF IR A A 25 1 d 20« B XT3 2 () 45
M2 R R ARG — N T R

VR TR T 281 A, a2 A SRR ) 4t A R 4 B Tk
Az B 0 AR ) 1) T I G &R L (S 2 A B b AR
RS 7 A b O AT N BSOS B A A R AL
4.1 8),

(2) Y SBE Ak - FE TR A PR R B P s it
HET BRG] A A 10 A5 7 R BR TR B S
BBl (PRI 4.2 35)

(D Y AR o T G b SRR E A
F T, NE SN N I A g A B

S50, FEAME )RR AR R HEAT 2L, = R
FH LAAA Ay BT (1 4] 5040 25 [) 68 g 1 9 485 ) A
LE45 ALRUEEA y B R ILER 5 35

(4) 35 B BOR W B0 76 3 5 45 B A5 F 1) 52
R RIS BN R S RS . = A
SR R R, B G SOT-AMM A 8 B4 0K >4 iy
Ak B 1Y) 37 55 R BR A 76 PR R f T L =
B AN A 8 7% > AL SR v 0 AR L 38 SR A -
DA AR A5 SRR I 0 — 25 B 9 55 224 i 4 TG S 114 9445

Wi o d e, JE R K S AT A A B N R
P4 , 52 B0 HE A 3 5 00 B B8 i CGRE LSS 6 55

4 YHFHEEALE

MR 7S ) 37 5 TAL B AR A 4
O3 Y SRR G R B A N S MU ) A
4.1 ETEMBANERXRERE X

M T 5 [ 37 57 B S M T AR SR R AE 2R
HE A n . M FTY) N R EE M A 2% A LR AR 4E A
AR JER . T g — A X S S L A
T R S AR T 2K B Y R WO 3 B v
ZAT Yy AR TS T 50 N 3RS 24
PEAERY R K S AAS LB 73 ) G — Bk P 2
Wi IR R BT N SE R R 5 A5
TR

XA RMEE 28 i3 T A Y. LT
S S AT AR B 3 A S (45 R O A O R
fifk SRS B A/ B4 L s [ 5 2R A 6 ST B AR AR A
HRA AL, B 20 B 1 AMIMEGE S WOo)



898 b= W

7 AR CNO B N6) By 34 5 9 F 1w 1K,
& 2(b) Ryt B Y 34 3 06 &R KL Co #] C7 M E R
2z E A A AD L E —XET. E3
JUSE N RN LN € e B SR UR NS &/
AL 2 /R 0 LA B8l 38 0 3% T 24 AR 1Y) 3

EEE.
(]
IGI I

B

mELCN LI il Al
Ca) 4 5504 1 T 1

(a)Planar graph of building

W

(b) X 07 14 3% 30 ¢ 3R ]
(b) Connectivity graph of (a)

Bl 2 S Bl
Fig. 2 Example of underground building

.
- HHNEENE

B3 S5H BRI g8 — )5 R B
Fig. 3 Shells extracted from underground building

X 24 TRT B 00 PE R B M R A £ U 2
PR BRIk b B, 25 B B 2= AP 25 B4R B
ST B B S A R B B T R A
P T BT A O RAR I A LB AR
4.2 ETHBEUHEENER

HI 0 A B AR B AT A AR R 2 ) T A . 2
A T 20 Pt i A H B A T 5l o e S v L )
RERTR A A S S R T LB 5 A
PRI 55 07 3O ) SRR AT R A Ak B, [T
4 Sy i i LA s B e B AL B i A g i AR L AU &
T LA AR A RS Y T B R AR

V'=V/(2k) +n, (D

Hor . V 3R 2 i AL AT RO TOUG 0 VIR i LS Y
TS s ke Ry TOU R B A2 5 m DDA O A 1) A

(T A7, 0 830,008 2 80200 (3G, s 8es, E5 B0, ik T
(& 4 A T £ oA JFC T AL A ) 2 )1 B0
Fig. 4 Simplification for extruded shell

AR 2O AT R B2 i A AR 45 TR 9 T 52 )%
JIE L, B O, R R R . AT 4
LS N 3L AR R AR Bl A O R
R 1/6, HUS T B4 iR AR

00 TR R 41 37 S5t B0 D0 B 19 TR)
0 R B AN 5 BT A T T R B B A
R R A E NG R E NS E T
ST TD . 2 1 52 BEOR R 40 (1 47 54 B A L G
o B RN 37 5 KO AT R R s b T Bl Y
VIV UER O J 252 37 5 A6 B SR 194 52 it 412 A3
32 FF

5 YywEHuhhi

TE S R N B9 KR 7 5 oL sz s o
3R Y 1B 458 P9 52 TR0 >4 T S B i 2 Ak B 37 5 X I
EERBEDN RN —/ DA . AR LG I8 S
A P PR 2L R T Y 3 S BRSSO
PR AT BE/IN B 2 AR B DX IR P A S
501 ETEXRUMEHENNGREELN

W 5 PN FY 3 B L A A ST T A R 4
4\ SRS 28D T SR T M T 23 [ 37 357 4 2 1) 5 1]
Y /N TR 1) L O T AR S R R R B
JE R Z AL FIAR SR R = S 5%

FIHT & A7 78— SE 50 55 19 RS Jl 23 J7 125 4
SCHRCTL A s ol o B30 i AT 3 330 v 4l
G IR 1) 28 DR R R IR o R LU AL 5
TR I A R 8 ks () 52 2% B A5 0 F I L B
2% JE A A BCHE A B B R E L TR R b A B
iR R A AR . DRI AN SCER XX 3 A X A
PP

(DTEREE ) SRR AR A R =
T2 5T FURE S R T (i B D 2
SEIAT AL AR AIE T 3+ 50K B2 SRR AR T 35
AR

(2)s T3 A BRA5 4 DL 37 S5t o4w 3 SO 9 ] X



3 ]

X/INEE A KRR M T 4% A7 £ 7 G B R 899

i, Hohid ST R ID SRR SO R E
PR SCE AT BEAT T AR B4 = S0 SR A B R R D
R i ) R s B A R A RO L Bl 37
RS 10 3 25 I 2 A AR M S

(3% 9 A% 3 2 B 10 47 JR B1) S8R5 9 A% 2 5 X
GRS I R B ST AR L R R T AR
Pt 7 5t 4 HAE ) 114 2l 25 TR

s RY
..... = = Fed b8

_ # FEtBIE o
B -

(T ES ™
JAG L} ﬁ BB RN Y
“Cam e DA 1
105 3
NULL
AT - 1 XY
Fedi 8 (1
PR ERY Fe# B 3
[T A -
D4 5% NULL
FEHE XY Hiﬁﬂt‘ilmx.v -
3 D48 4 IDI{‘F“"T
JRC 105 5 4% 1D 5 ) 3%
NULL
MR IEXY bt
IDG48 T4 NULL
D45 5% F XY
D8 (2
XY A
DY (4 DT
1D 4 51 NULL

B 5 =Ah g Ag Ma R B

Fig.5 Structure for outdoor scene
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1000 353.21 1.2 — 87.8 — 30.1
1500 526.62 1.18 — 88.4 — 29.9
2000 705.72 1.24 — 88 — 30.6
2500 884.26 1.26 —  88.2 — 29.8
3000 1030.151.23 — 88.4 — 30.2

T =R M. NIFHHE
w/o: RMEMARIC T w il AR SO %

1 000
5
2100
(=11}
8
5 - R ] AT
5 100 e
£ —— VAR PG
z
| e
00 200 3500 1000 1300 2000 2300 3000

Number of models

K8 EANG R AIERES RG T

Fig. 8 Statistic of culling face in outdoor scene

M1 AT U A SR AR SO I i Bl



902 b=

K TR

%23 &

TR KR A B0 R G 4 R R R GE R B L
A AA F] 500 MRS ARE B EAEHL
MG, T A SO R R R A 1 i 2
3000 A, Rl B U 4R R B R R OB R
30 frame/s 7247, H IS LAY 45 3 A FF 11 0 AE A7
THFEXT HE v, 3 38 40 Uk B AR SO 10 A 00k

B9 5 KRR E

Fig. 9 Snapshots from experiment demo

8 i HH MR B = A1 37 S e ) St SR
SHRGET R I AT+ 3 50 3 55 R W 114 S o A4 i
S [ DT JRE 7% T 2B A 3 I = A 10 R AR BT
B FLAERHRIAS B30 650 B, S BRI 19 A b 5t
SO IS8 TSSO E 15 R4

SE Lk

[1] SOWIZRAL H. Scene graphs in the new millenni-
um [J]. IEEE Computer Graphics and Applica-
tions, 2000, 20(1): 56-57.

[2] FRECON E, STENIUS M DIVE: A scalable net-
work architecture for distributed virtual environ-
ments [ ] .
1998, 5(3): 91-100.

[3] NAEF M, LAMBORAY E., STAADT O, et al..
The blue-c distributed scene graph [C]. Proceed-

Distributed Systems Engineering.

ings of the Workshop on Virtual Environments,
Zurich, Switzerland, 2003:125-133.

[4] TRAMBEREND H. Avocado: A distributed virtual
reality framework [C]. Proceedings of IEEE Vir-
tual Reality, Los Alamito, CA, 1999: 14-21.

[5] The Virtual Reality Modeling Language. Interna-

4 i 2 A BN BB S S R L 55 A DGR
Ao K75 UL TR I 00 7 A B A X 3
i SRS B ST RS B T B B SRR T 5 — T T
WARE 7AW A BT R M4 5 1 MR 25 1)
Gy s O R

8 #&

AR SO LT 25 ] 37 5 09 B0 A o 2 L AR
Gi— 5 R A L 3 o A T AL R O 5
T AN Y R A, g — 5l
I 5 A BROR W, 25 BRTUAR K LB BR A 4
B G XA 5 3Ok B 3 A5 g kAT T
Ramtl . R RS G A R R WL T ik RO
HE B S8 PLAS S 5 T LT 25 18] 37 A B, R
Wi B8 IR T T i 0 O R S B R IR T L R
ERERIE Y &

IR AR SCAE R Ty TR A7 AE — R AR 2 .
AT A i A B0 0 B o o R 25 A B A0 A AR e 14
A AL SOR R N T T AR B A 4 E ) 37 5
Kot S BOZEE R 00 3225 R R R E 5 4 4R X
KO 9 LA e AIE I 25 K 2o 3k 28 5 2B A7 50 B o
T M AR T Al i R LR o — 2
(SR R VEVNRIE

tional Standard ISO/IEC 14772-1 [EB/OL]. 1997,
[2014-9-14]. http://www. web3d. org/fs_ techni-
calinfo. htm.

[6] BURNS D, OSFIELD R. Tutoral: Open scene graph
A: introduction tutorial: open scene graph, B: Exam-
ples and applications [C]. Proceedings of IEEE Vir-
tual Reality, Washington, DC, 2004 . 265.

[7] COHEN-OR D, CHRYSANTHOU Y L, SILVA C
T, et al.. A survey of visibility for walkthrough
applications [ J]. IEEE Transactions on Visualiza-
tion and Computer Graphics, 2003, 9(3):412-431.

(8] &k, e, KRB b5 nl bl 1 o] 2 o
FELI]. #EAE 5 KR, 2005, 42(2): 236-246.
PU J T. ZHA H B. Research on visibility for large-
scale and complex scenes [J]. Journal of Computer
Research and Development, 2005, 42(2) :236-246.
(in Chinese)



3 ]

X/INEE A KRR M T 4% A7 £ 7 G B R

903

(9]

[10]

[11]

[12]

ZHENG Z, PRAKASH E, CHAN T K Y. Interac-
tive view-dependent rendering over networks [ J].
IEEE Transactions on Visualization and Computer
Graphics, 2008, 14(3) :576-589.
EEF, FRE. VR, F. VIWOSG: #R A
SRR PG R R ] B
(F #. 12 84 %), 2009, 39(1): 96-106.
WANG G P, LISH, WANG SH R, etal.. ViWoSG:
A distributed scene graph of ultra-massive distributed
virtual environments [J]. Science China: Information
Sciences, 2009, 39(1): 96-106. (in Chinese)
F#, TR RVES Y AR IR AL R 4[]
B, 2011, 22(10): 2488-2496.
L1 J, WANG W CH. Optimizing grid construction
in linear complexity [J]. Jowrnal of Software,
2011, 22(10): 2488-2496. (in Chinese)
RER, 24, TR, F. ETZREEEATY
JB J T 2% IX 3l 1) K AL DVE 375 5% % 46 Wi ik 20
e AL CI]. 3 5 du % 4k, 2014, 37 (6):
1324-1334.
JIAJ Y, WANG W, WANG M F, et al.. Multi-

Layered Incremental &. Scalable Sector of Interest

EER N

XPNEASLI—), H g B RN A
WF9E 4, 2008 48 T v [ 4 ol K 2 (db
FO FRAFE 4 A7, BB I A 3
BALEIE 2, 7+ B LA, 3D A2 A 4k 31
%, E-mail: xjliul204@126. com.,

[13]

[14]

[1

(=4
~F

i

i

(MISSOD based efficient progressive transmission of
large-scale DVE scenes [ ] ].
Computers, 2014, 37(6):1324-1334. (in Chinese).
INEL, B, NE.F ETHRIRERER
M=tz AW HELT]. 5 #H% T8, 2013,
21(1):174-180.

SUN J H,SHE P, LIU ZH, et al.. Automatic 3D

Chinese Jowrnal of

point cloud registration based on hierarchical block
global search [J]. Opt. Precision Eng. ., 2013, 21

(1) :174-180. (in Chinese)

AER L HEE A AT A mIRA BTN
AARAERIE R R (D). b % s 42, 2013,
21(9) :2405-2420.

ZHOU ZH Y, XUE W Q, ZHENG J, et al..
Point set non-rigid registration using t-distribution
mixture model [J]. Opt. Precision Eng. , 2013,
21(9) :2405-2420. (in Chinese)

DENG Y, LAU R W H. On delay adjustment for
dynamic load balancing in distributed virtual envi-
IEEE Transactions on Visualiza-

2012, 18 (4):

ronments [ ] ].
tion and Computer Graphics,
529-537.

L

BE&FE (1963 =), B IR KRB A, #
2, 142k B0 L 2004 4EF FH AR
2EIRATIG A2 07, BA [R) 5 K 2 2
Be B I B AR B 58 ot F2 4T, BN E
Web Graphics . #2535 L JL A 3 Y | i
T HE MBS . E-mail: jyjila@

tongji. edu. cn,

(RIETE REWWT FEEH)



