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Abstract: To meet the requirements of some injection simulation platforms for reality, a real adaptive topog-
raphy optimization algorithm based on Real Time Optimally Adapting Mesh (ROAM) algorithm was pro-
posed. By taking the terrain generated by ROAM as a base grid, a new integrated parameter Y was proposed.,
and a given threshold was compared with the Y parameter to determine whether the local splitting was imple-
mented or not. The sharp features of the terrain were extracted {rom a vertex that satisfy the splitting condi-
tions, and the local curve surface was splitted by Loop algorithm. Finally, a video stream was generated by

rotation mapping algorithm in real-time roaming process and it was sent to the injection simulation system to
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be displayed by a Digital Visual Interface(DVI) display. Experimental results show that the average of roa-

ming frame rate of proposed algorithm is 45. 1303 frame/s and the peak frame rate is close to 50 frame/s,

higher than that of traditional algorithm . Moreover, the obtained terrain could display on the DVI display on

the injection simulation platform with an average of roaming frame rate of 45 frame/s, which satisfies the re-

quirements of the injection simulation systems for the reality.

Key words: computer vision;real adaptive topographic optimization algorithm; ROAM algorithm; ter-

rain extraction;injection simulation platform

1 3 F

D B3 T E 5 Ry P AP B 2 S LA
TEAR G, oSy 0y 1A 9 Bk, Rs
W22 A WA ik, H s A
5 L E BN T XS 208 PR B 05 L & T AT X
L 5 0 1 A0 L AT A 5 SOk A L b

AR SORE b A2 ALY I 37 5 A2 B — A WAL I
AFE AR BV, B ad DVI(Digital Visual
Interface) /R JEM T —EF AKX ERS.

A 2 B2 50 1) S B PR X 403 S 0 A
AR I T AR R SR . R AR ORI
67 A B S A i K 40037 R UTIR SOR AR B2 110
TEARAR . W T8O B BN RY MR 07 B 5 T DA
[Fi) s SHE B3t 34 2 A8 A, (5 S X T R MUASE R 40 1
L7 LT e PRI A R 2
PRI M A 5 0 2 AN dE bR . BIE By AR il 3 %
YOt T TR Ak B ) A8 17 1 2R 5 4 O ol o 4
s g 1 B A B GR J7 LA SRR A= i R FH Y 45
G IIB7 52 N A D O W/ 51| R NG W 1 = A = S NS ]
i Pt P A5 Ak B R il 2 T P R B K

Duchaineau F 1997 442 1 T —Fp szt 4k
M & W B kY (Real-Time Optimally Adapting
Meshes, ROAM) 5275, B RE W6 AR 4 W1 A9 2 B
FIRL TR (18 36 FR T MR 3 285 b 11 S50 5 780 1 448 19 )2 0K
ol /D TR Gt 22 S0 R B, OF B R AL
Fitk . X PR 5Bk B TR IR R R
PR LT e S . PR A T AR 9 ROAM
VR A B IR R R D TR TR R 43 B AL R Y M
T e BB Ab 38 5 3, VAR T B0 Y 4y
Peg ks, Jf 38 o 20 b i 58 m b O (Y B STk
Hel ' xF ROAM 53k AT TRy ' . i 218
T8l & 18 n] 9k 9 25K, B R TE NADS
(National Advanced Driving Simulator) 4= %5 3yt

BILES RGO A3 8] T B 4F 9 I (AR BB T X K
MBS AT,

ARSCAESEHT TAERY LR b 2 T — & 45t
KA T 3 5% 52 8 i R 48 B Y15 AT A7 (9 b JB
AR . BRI R IR ROAM B AL 4
UCBUAE I A b T AE 24 Sy i 0L 405 B 3R 8 10 s
HJE POA% s #5256 1B S 805 45 08 IE #EAT L
Xof i R — 28 4% 1R 09 T 4T Loop Jaj #B 1l 1A 2
53 5 B S5 P S T A7 L3 5 AR R — A A U
HElE AR BT BT BN
2 HERAFERWTE RS E
2.1 EF ROAM EixpEmti

ROAM B3k i 2R E I WA, 5
RS R il = AR A = AT IR E S,
EERE = A5 5 F 4R X e L e i = M B &
EE TG . XA R T — A =AMl
G3 BT [l B A B — 20 0 R 4% fie /N Ak i K AR o
GLINF N — T Tk AR O S R R Y
Bl F e AR FELEN. B 1AM
ROAM 535 77 A2 (0 MR AR FE 22 . Lo H = A
9 R B R g3 B4

25

max

L

B A TRk 3 2 U I Y 0 A

Fig. 1 Grids with different maximun division levels

ROAM $3k 5% il 2 T B %5 25 18] 2% 000 5 vk
PR G R 5 . B = AMATE B LA iR 22 5%



%12

£ OEFETEASGEFG 0 A NP R Rk 3421

e Ry 4G 25 8] b AR R R 22 X TR AL i ik, B
SEAR /N ) TUART 15 22 5% 6 3] 1R 25 [ 237228 AR K
MR R IRE . XA BRRAE 0, (H 2 7E gl
JE B . AR R BB 5 B, e @5 22 1 OKS
JEB A 208, — AR A R A SO
ROAM B35 11 A J B AR S0 46 1k 5L Al 1 O 7
S i i sk B b e A T Y (B B R/ R B E M
BTG JE R AT Loop 441, SE5% R WA U
18 R UL (=1 T AR R
2.2 BB ENRN

SIAMIE Z 80 Y >k 2R HE 19 S AR R 1T )8
Pl AR [ R X3 Y S 800 Kb ok FRom
Z M DX SR AR 0E % b T A BSRL T B AN [ B2
MNFYSHEWITE, xR EEZE2 ANRE. M
S R b 2 REL R B
2.2.1 #3E

Xof R R G 0 T AR R ok Ak T o e )
rRC A TR UL I — A, R IR DN MO Y 40 T
2, Z D 5 AR X B kA0 6 R M O Y
T )15 AR A AHARL BRI T A Bl O A e A
Tk 38 LOD B (LS OG-, B .

B 1
kit kyd R

Hrr.d O 5SS R Z IR ES s kb, S
WA T, H k=05 k F—REWH T, H k,=0;
ke R B W R - A SR O IR 1 IRO(E Y TR
o QOIS Dl 1 IR /8282 0 N W £ S8 P R
BRMAY R L, R Z IR, ARARSCHE %
R BN B 2 2% B D e 3 s i) S B T O L O L
FUM DG 746

L (1

1
kyd+ k.’
T REAR T 5 5 2
2.2.2 MAEE
P A B R R B 5 R 9 R AR AT G, T3
HTE R R 3 A5 /0N Uy X b T %) RS R R R
2 R =M o BHLRE JE B AR A =
TR B 3 A TOE Y e BE A G
B3 AT R R AR o 09 R R AE S S
hi(i=0,1,2,3) .4 DT A fe /I im B2 AE R s T
AW ERES H .
m= Min(Ch;) —1
H. h, —m

L Z(h,—m)

i=0,1,2,3

i:0,19293 . (3)

v v, Vo

K2 =ZATnsEE

Fig. 2 Schematic diagram of triangle vertices

B /NME m B S 1, X2 T B Ik 4 A
BAER =N FE AKX O EE, RN
BIAODLE N Cao s yo) s BIA =DM T s y0) 3
7N R R R B

T(axs3) =— >, HilogiH, i=0,1,2,3.
(4)

2 b T T A /N DU b O A AR R K, I =2
05 (L R b AR XS 30 . ply TRLRE B AT A
Ko Bk Bz L H <1, 38 1 28 B BUR T L i
F R ORI, AR BE AT Ak

3 3
T(xsy) ~— > H(H,—1) =1— > H’
i=0 i=0

1=20,1,2,3, 5
LM —ELEENT Y. %
7T(Ioayo)
Y—in , (6)

KA A S BB d TS L A an Ty
., MAAROMARGHEHF].
3
Y = (kyd + k) (1— > H) . (7

AR DALY /N 15 2 45 i 2,
ity o 7 4

— PR U R B TR S P SR Y
ML TFHMIEE ., BT =MW AL, TR E
BT RS A5 T AE T T SR 9 R I T A A L
BR L, A SO S S = MIE R — 9%kt
Hh S B A S LR
2.3 ETFSHBRENRIBAES

Xof R KA b T 3 55 19 i G B T 1) AR A
PRI BT H AR Z Ak FU A 88 A0 A0 1 b
IR Z RN RIR] AR SO A BE S0,
M Y<<&Bf R H] Loop 553 4l 43 1 T8 , 75 W AN fi &b



3422 b=

T TR

522 %

P, X B L E Loop 21k B 4 i

Loop 4043 J2& DU 5 = f1 98 43 24 40 4 B K,
20 53 it TR R MO TR B L A4y — R B M
A M B AR AR ) — AN TR L -
AP35 P B T A (5 T ) B AR AR T )L o
Wt e o) AN R ORI . 2 k=6
ik Ay TE DU IO R, 5 00 A A3 SR T . M Y T
o R M TR v o gL s v B R
F 05 S A . A8 A LU 40 15 B BR T A AL
C B H A SR C ESER 4 R KT .

TSk g S B3 EAT 4y 25 . FESCEk[10]
' Hoppe #3143 Jhy 75 B AR 47 R BURHAE (19 7R 4
AEE IR 1, X BRI W A 3L o ) g Xk
TypeEdge Bt 1 il 0, &5 T0 5 o AH%E WA i
(2 AU 1 B AR n,

() n=0 R FR A G 52 n=1 BFFR AR
Tl kL G A5 R A A0 R0 A I L A0 G I
T 118 PR 00 051 1 7 R

wkréas—h9%+wm4~u+hwx (8)

Horr, 1)2%(5—%(3+2005 2—}:)2)0
A 53 Je B AL
“U,-'Z%(B%Jrv,-ﬂ+3v,-+"u,-+1)(i:1,2,"',k) .

9

(b) 2 n=2 W iZ & o 5 3o e 3

JIt 78 B9 40 5 TR SR i, 25 R k=4
R Sy TE DU B A AR ) S A S 0

h R
(@] (@] [
\\ // \t// h b
O
(@] )\ (@)
O
ol

3 AR SR i B R
Fig. 3 Regular boundary points and singular bounda-

ry points

(1) 300 5T A5 A 40 53 A <

%/:%(6%+U1+Uk> )

Horbs o F o 2T 00 AHIERY 2 LA TS .
(2) T 530 R0 4 o3 L
22 A B R O T B S B Ok A S i
GG

vi/:%(voJr’vi) )
M — A Sy IE 0 i AR
’z),-/zé(SuHrSv,) .

B 5 251 i 5
3 A TEARG AT ST ik 204

3.1 FAXPEEHFESR

ARG HE ARG FEAHE = AL,
DVI Bns AR B 6. B E 4
. BALEZEM TR RMIE S 5. DVI
R s WoR TE A 5P & il g s R . T
AR BV & FZ AL PCle(Peripheral Compo-
nent Interconnect Express) $# 0 . CameralLink %y
A 42 11 DV i i #E 1  DDR3 SODIMM
(Double Data Rate 3 DRAM Small Outline Dual
In-line Memory Module) #% M1 Pl A i 6 32 1 119
FPGA(Field Programmable Gate Array) % i &
. KBS &S PCle £ %4 FPGA %17 . 5k
JRfEk s DV il s, Gl 5 Fras i A
15 B & W RE - se 1

| DDR3 SDRAM
SO-DIMM
[Cameralink|_ .|
S A ]
s AN
: \':;:'El"f PCleGen2xd| PC
Cameralink| 1 ] ' \_
i i I
DVI
Uit

M4 EARGE R

Fig. 4 Structure of injection simulation system

HEA X B 553 FPGA 2B PCle #



%12 +

LA BT IEA U B 5 0 B I N SR TR AR U 3423

K5 EARGTET-G LY

Fig. 5 Physical image of injection simulation platform

(WL el o= L VAR L5 S S N W 5 3 NP 2 S
297 3.8 GB/s, e fmialr SE R JHAR R 59. 7%,
WX F X RE— AN = M RE 19 7 L7 B U AL il R
AR B B, S T LR %
MG B WA, AR S ot et b A ML TE 3 5 A AR
TRV i v S A I i UK W R AT A
SR R

3.2 BEEPR

HR A b 34 B S % 1 AR B i AR S
EREIT .

1) #E7 HE AL = A B AR A < BlIE T 1
TR ) B A OE TS Ak AR AE O ROAM
Lo SR IR TIAS, 5

2) ROAM B3k 4143 M A%, R H o [2] =
0.5f % (o[ 2]+ w[2])+RANDO 1583 T A5
= S SRR TR N1 B oK = S VA S W D )
AN 2 ANTH A, level2d zsize[ 1] * RAND(O)
NI EE—EE BN IR, ESSH L.
W A5 1R P4 5

3) B R IR A d R X
I IO A Y AR RAE L 15 B Y RO

) B Y S80S A BE & RN
RE TS S A A4

5) X is 2 A4 S5 A4 B9 T0 A5 (54T Loop 40475

6) 2zl I , 3 5 A W S B AR A A s
i 10 20 A BB R

FEHEA S BT 6 W BHEEE 3 E 1) 1) 3%
P £ T i DDR3 FE 4% X R 43 K 43 31 %
Cameral.ink %ij A F1 PCle % A 875 B ok S2 301 .
7t PCle DMA H @ SC—> U408 Uit ) 328 4% 25 17 40 »
I S ) T I B A 04 (R R i B A T R TR

'

1 FLE G A

DDR3 2217 [H{&
—

AT Y L —
i1 pCle g | PSTEIRARA

‘ PCle i FIHL

HoAth b

jifi PCle 21
{18y FPGA

[l 6 I AG A 42 k B
Fig. 6 Flowchart of image operating on injection sim-

ulation platform

B N P B K Al i T R A 1) O A AT AR
U EACTN O/ o VAV W Sl L e = e o o A
Pt PGt A4 O 1), b AL AT LA o) R
(53 BER AW . & 6 s AU B 5 18]
BAL BRI

4 BRI FTHEANRNGAZLR %
R4

A7 BL SZ 5 R 8% 8 Pentium (R) dual-Core
CPU E5300 2. 6G. AT A 2G. #AF R4 0 Mi-
crosoft Windows XP, g f2 ¥ 55 VC+ + 2010
P H OpenGL,

XF T Y B A R IR ST 22 I S B I
BT 39 4 Y {E 1518 Ui B 0 7 25 WA, 223 Y
M 7 s, Hrp Lo =25, K8 Y<<160
B SRy 40 43 0o 22 3 H 5 ) 45 2 Y>165
IF 9 R AT HF 5 SR EOR 2 Y>> 175
B 55 5 0R B AR L AN AN T i Uy T HL A 3]
AR 205 SRR ; 25 Y>>210 I, BLOR S i e i
Wi AFL G 43 B 25 SR R AR . DRI A AR S
SCE Y B 175~ 210 Z JE] WA B, 52 EE 5 AL
b, ASCTE P & B 200,

Pl 8 Jg A SR EAE Lo 53 24 15,25, 45 B
Loop 47y — K HI A X L, I8 8 Al LI A
SCHEAE DR TR BURRAF 1) [R] B 4095 58 722 L 4
Jill — L&



N VALY ) (=} N
3424 e KWEE TR 522 %
48 . . . . . . = 50
45
ol S » F Y]
E a0 S 3 20
= 38 15
z - =
] / o 101
E 36 - e g 5
] = 04
= 1 2 3 4 5 6 7 8 9 10 11 12

34
32
301 4
2 - N . .

25 L= . . "
160 170 180 190 200 210 220
¥

[
ub b
=1

240

F7 Y (XIS 52 i i 2%

Fig. 7 Influence of Y on frame rate

(DROAM 3% Lo =15 (DAL Ly =15
(a) ROAM algorithm with  (b)Proposed method with

Limax of 15 Laxof 15

(OROAM 432 Lo =25 (DALEEE L =25
(c)ROAM algorithm with
Lunax of 25

(d) Proposed method with
Ly of 25

() ROAM 43 Lo =45 (DA LEE Lo =45
(e)ROAM algorithm with
Lix of 45

(D) Proposed method with
Luaxof 45
B 8 Loop 4H4r %t L IE

Fig. 8 Comparison charts of Loop subdivision

T M 18 9 o AR b B S L R 8 3% Bl R F)
(%) b I 40 755 AN TR A b I8 i BEAS = A 0F I A 1)
ANECBATE R 7SS B AT SR R A IR
M FZE 1 400 frame NI E5E . 100 frame K

B9 ROAM Sk Luw=45 B0 A Ak il 28
Fig. 9 Change of frame frequency of ROAM algo-
rithm (L. =45)

39
385
38
375

37

365

36 SO SNDEREE.
355
35
34.5

Frame frequency/(frames~1)

I6 18 20 22 24 326 28 30 32 34 36 38 40 42 44

Lnax

K 10 ROAM BEVEBE Ly A28 A0 ML
Fig. 10 Frame frequency of ROAM algorithm varies

with different L.

50

45 + "o s eessemeesesssseseeessEsESBE S

Frame frequency/(frame's™!)

16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

BTIEES

B 11 A SCE R ROAM BVERE Lo /S [R5 A9 A5
Ak H

Fig. 11  Frame frequency of the proposed algorithm

and ROAM algorithm varies with different

Lonex

43 3 — WO MU L A5 3 12 2R W) B B A 2
WA 250 8 FORF X 12 A B O B (ELAE S 2
Lo W53, 1 9 CRE I WL R F IO N Lo = 45
I 4 1 it 3 R P SR ) A AR R 2R . B ek
SRR 1 AR 12 A% 100 frame EIR X
(- WU R/ . B 10 5 ROAM BB Lo
AN TR WA A AR AL R . B ROAM 8L Y L.
15~ 45 B WA Y - B9 {8 2l 36. 187 frame/s.,
B 11 G DL P O S AR SCHL L 5 ROAM
SR WU R L L £ 68 ih 2 AR R AR SCRL T 6=200
BF AN TR] Lo XS5 107 P T30 25 £ 1T 25 31530 14 2 AR
B SE 24 R 45. 130 3 frame/s, # (4 ROAM %



%124

£ OEFETEASGEFG 0 A NP R Rk 3425

TE WU AS At £,y AT IAR SR A RO 3l
JE S 18 Jir e A AL T R IR ROAM 83k

e R BT A S5 E DT iy TR U
G 0 AR 1 B T B0 2R 0, PRIt 5
HE D57 35 S I 22 W O TR A B B . 7R — o
FGAR o3 Ab B SE 2 ) o R = 4 0 03 S Bk S 31 —
HerTm, AR RS SR 5K AR BR &R Y
KRN 12 P, B A7 B B UL %€ 3 IR I A9 437
B, MR ZE R y IR SRR R o T
e B AR TE 1 R CA) 7 R Rk

B 12 AedR &R R R A

Fig. 12 Chart of coordinate relations

FEHLT N BT S 24 58 T 7 ok 1Y 1R Tt
I AR R 2 o T B Y B E A B SR P A
M T M = MAIE IR RAAEE SR N THEA W
=M R B R W 2 R 5 R T
JSARTE RO HER 256 X 256 1Y K BE BMP FI{Z 5 Hi
XA FEFERT 2~3 ms, WE(HIAF] 4. 406 ms,

EAIHLL T Camera Link iy 422 17185 B4R T
H1 5] PCle Mtk . %77 3] DDR3 SDRAM 1, 8K 5
P RAE JE U7 LR &30 PCle 35 ML, PCle
THE ALK B0 7 KR & i PCle #2 1 % 3% 3
PCle #t K, PCle # R ¥ & 1% 2 7+ ¥ DDR3
SDRAM SR J5 72 # 2 A7 1) 0 B KR £ 3 DVI
Ol A B aE DVI Bt L.

WIE 13 Fr R A SCRLE i BSR4 R K H
M Lo =25, A0k LA AL B 7= A i@ i 1.3
s, 22 DV R 88 R i A7 507 6 5 i
17 B 5

SE

[1] DUCHAINEAU M, WOLINSKY M,SIGETI D, et
al.. ROAMing terrain: real-time optimally adapting
meshes[J]. Proceedings of the 8th Conference on

nisualization,1997.

13 AN AR A

Fig. 13 Results of injection simulation experiment

TESEI (7 B AR Y L U 15,25 ik
AR AH 5 EOF B AE DV R & 5os 1 0 2
WA S i i s LB 7 AL B S B T 43
~46 frame/s. S5 AT HIA SO 2 0 A S
FOF 65 SERP PR A ZOR . 2 Ly — 45, 8 L 200
@ R P R S B R MO S WAL R E
RE A5 0P 15 I 5 [ i, L It PR 8 3k — 20
JEo RV T — 2R e i 2 2 A

T R FOF G 0 R LA i3 s
PR, $2 T — P AE A ROAM 5k 4
P A% 8 BE Al b X AR AL 4T Loop 4 43 1 HJE A=
R X EERAR 1R — W ST Y S50
PEAR B0 — o SR TR AT Jm A 4 . 5
56 ¢ WA SCR B AN ATE AR L IR i 407y 1 B fin 4
i, T L AE A5 AR R Ry T A R T AR B
M E=200 A< SCE L S 8 i Wi A o 4 (8 R
45. 130 3 frame/s, fm T J5 I 575 09 36. 187
frame/s, B S 47 A0 U i 3 30 AU B
FHEIFRR, 4 R B AR CB LA Luw 500 R
15.25 W} BB #% 1 73 it W M 2 05 1 F & i 3
DVI st b PR WAL 45 frame/s Z2d7. 52
B0 25 SR R WA SRR L T G s W R T AR
15 BV 5 SE R LK,

(2] Z#&.a&, T4, F. — 0 A TR 3 B AL
SRk B HAF BT[], 3 A4 £, 2009, 26 (6)
66-69.

WANG T, TANG H, WANG J L,etal.. An algo-
rithm for artificial data map creation and its simula-
tion [J1. Computer Simulation,2009,26(6) :66-69.

(in Chinese)



3426 G KE LR 20 %
[3] HAGBI N,BERGIG O,EL-SANA A, et al.. Shape shes [J]. Visualization and Computer Graphics,

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

recognition and pose estimation for mobile augmen-
ted reality[J]. 8th IEEE International Symposium
on Mixed and Augmented Reality,2009.
Pl Bk, 2B AL, BORL B B0 4E 43 it i
WAL RIHIT]. ARt 5 @B EF
#,2003.15(10) :1287-1293.
ZHOU H,ZHOU L SH,WANG ZH D, et al. . Sur-
face reconstruction from unorganized points using
subdivision techniques [J]. Journal of Computer -
aided Design & Computer Graphics,2003,15(10) ;
1287-1293. (in Chinese)
LOOP C T. Swmooth subdivision surfaces based on
triangles [D]. M. S. Thesis., Department of Math-
ematics, University of Utah, 1987.
ENGEL K,KRAUS M,ERTL T. High-quality pre-
integrated volume rendering using hardware-acceler-
ated pixel shading [C]. In Proceedings of the ACM
SIGGRAPH/EUROGRAPHICS
Graphics hardware,2001,9-16.
H AN, £kAs, TSRS M AEPLERER(T]. &
F A% T42,2011,19(6) :1353-1359.
PAN SH S,ZUO H F. Camera tracking in industrial
augmented reality[J]. Opt. Precision Eng. ,2011,
19(6):1353-1359. ( in Chinese)

HOPPE H, DEROSE T, DUCHAMPY T, et al..

Piecewise smooth surface reconstruction [ C]. Pro-

workshop — on

ceedings of the 21 annual Conference on Computer

Graphics and Interactive Techniques 1994 :295 -302.
Bl B kK, E &K, Loop 414 il i (4 B & N
R AR A RS LHIT] R AE B H K,
2003,22(6):1016-1020,1029.
ZHOU H,ZHOU L SH, WANG ZH D,etal.. An
algorithm for generating offset Loop subdivision
surface [J7. 2003,22(6) :1016-1020,1029. ( in Chi-
nese)

LIU Y G, PRABHAKARAN B B, GUO X H.
[J]. IEEE

and Computer

Point-based manifold harmonics
Transactions on Visualization
Graphics,2012,18(10):1693-1703.

YOO S W,SEONG J K,SEONG ] K, SUNG M

H. A triangulation-invariant method for aniso-

tropic geodesic map computation on surface me-

EE R

F OEASS L ARFTA A
WFFE A, 2009 48 T 0 JR 15 LT R 27 3%
C K S R A o N A LR OB I B o
{5 B 7 W ) B 58, E-mail: wangy-
ing2801@126. com

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2012,18(10) :1664-1677.

MA e, WF,EF. LT ROAM 55k (9 26 B
AR ST ], A R 5 £ K 2013,23(1)
237-241.

CHEN X [.CAO L,CUI P. Research on real-time
terrain visualization based on ROAM algorithm
Lyl
2013,23(1):237-241. (in Chinese)

A A A k. Y 2 Bk ROAM 1 U fif £k
AL ] 7 S s R K F AR 2009,25(3) 1 56-
59.

XU SH H.XIU CH L. Improved block ROAM ter-
rain simplified algorithm [J]. Jouwrnal of Qiqihar
Uniwversity»2009,25(3) :56 -59.

HE Y F. Real-time visualization on dynamic ter-

Computer Technology and Development,

rain for ground wvehicles simulation [D]. lowa:U-
niversity of lowa in America, 2000.
GIJSENIJ] A,GEVERS T, VAN DE ]J. Computa-
tional color constancy:
[yl.
2011,20(9) :2475-2489.

[ Ak, AR A, &L OO IR RS Y A SR K
BYGEIEIFL)]. k% % T 42,2012,2009):
2103-2109.
BU X ZH,LI G J, YANG B, et al.. Fast unwrap-
ping of panoramic annular image with center devia-
tion [J1. Opt. Precision Eng. ,2012,20(9):2103-
2109. Cin Chinese)

HENNING BIERMANN, ADI LEVIN, DENIS

ZORIN. Piecewise smooth subdivision surfaces

survey and experiments

IEEE Transactions on Image Processing,

with normal control [CJ. Proceedings of 27"
Annual Conference on Computer Graphics and
Interactive Techniques,2000:113-120.

CHEN CH,ZHUANG Y T,NIE F,et al.. Learn-
ing a 3D human pose distance metric from geo-
metric pose descriptor [ J]. Visualization and
Computer Graphics, 2012,17(11):1676 -1689.

ELMQVIST N, DRAGICEVIC P, FEKETE ] D.
Rolling the dice: multidimensional visual explora-
tion using scatterplot matrix navigation [ ] J.
IEEE Trans.
Graphics,2008,14(6) :1141-8.

Visualization and Computer

FEARAI63—) B EMKENEHL
A S0 L B EE B 3 2 A S S A R A
5 HE AYESE . E-mail : wyjciomp@ so-

hu. com

-—-._\

(RRIERE REWW FEEH)





