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 E: BY  HATERRHEHIE T AL R AR AT AR T 40 B LOD (level of detail ) 773k , 1277 A £ PRd i 4
{8l P ORAFAE GPU-CPU (RS AL, Hok T4 30 1) A W18 52 05 VR B AN DR, IR AFAE A OR T 58 421
BREGIIE . itk sk s i) gl , St 1 —Fh GPU RIS AR B IE rT AL T 50 ik 4545 GPU Tessellation J5 ik Ak
TR RS )R 22 1 LOD J5 ik | Jey i AL AR 28 18 e S8 505, B AT BR300 T (AL 19 2 SR A B B4R
ER LT EERMIE AT RS CTVS iRk R BE O Bt 5 2 70 B R i LR B Bds i 5
TEYSE . WSO Z R GEIEAT T S LI R 707, A LU AE 586 T GPU 19433k LOD J5 ik, FPS(frames per sec-
ond) $2TF 100% A b AREF MR T RGBSR, 218 ZRRIIT Tk S VB0 1 ey, Al T iz s
TRMBR A RRE R RS

KA EERATIAL B G GPU JE 4 GPU Tessellation ; S5 Ry AL A5 A

GPU Tessellation method of global terrain visualization

Li Shanglin, Zheng Liping, Zhang Yingkai, Li Lin
School of Computer and Information, Hefei University of Technology, Hefei 230009, China

Abstract: Objective Existing methods for visualizing global-scale terrains are basically derived from the chunked LOD
method. With such methods, GPU-CPU data transfer bottlenecks still emerge in real-time walkthroughs. Moreover, the ad-
dition of skirts to fix cracks requires additional resources and may not even eliminate artifacts completely. To address these
issues, we proposed a GPU terrain visualization method that combines the GPU tessellation algorithm. Method The view-
dependent and screen space error-controlled LOD method, and local coordinate system rendering algorithms. This method
significantly improved the efficiency of global terrain visualization. Result A global terrain visualization system was imple-
mented to provide global multi-resolution satellite images and achieve high-resolution terrain field data rendering. Exten-
sive experiments were performed to analyze the system benchmark. Compared with the traditional GPU-based chunked
LOD method, the proposed method can improve FPS by more than 100% , thus eliminating the system bottleneck prob-
lem. Conclusion The proposed method is practicable, robust, and widely applicable in large-scale global rendering sys-
tems.

Key words: global visualization; terrain rendering; GPU rendering; GPU Tessellation; dynamic local coordinate
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DR T —EHT GPU Tessellation [ /]
W& AR U 25 207 R REA RUEAIL CPU-GPU s &5
e LA 5

2) IR EE G T A GBRE S MR E NI,
& A TCEE Y LOD e WA, I 058 FH Jmy i AL bR e
Y5 VE LR P T YR R 2R AR %, PRAIE T o R
HYE Gl R 5

3)veit FHET 3 2 E QAR TE G R G, X
RGEFATE R R S5 S I, S0 TR SRR B R R

1 HiRE

1.1 GPU Tessellation & %

Wi Lk 4 GPU — N IUIERY 4 DTS AR PR,
Tessellation Shader BEMZ3 135 7 19 20 43 2401204 DU i1
T2 53 AT S MG o DA O A, 318 55T GPU
Tessellation {1 JE A% A= T

SCHERL29 ] $2 5 T = A B B i 1Y Phong
Tessellation $53% , - i SCHR [ 30 ] ) = IUAIE . %
JE 3 H T A 00 e A5, 8 L T UL B Y Linear
Tessellation J7 1

ZE ML T po Py P2 D3 (RO AR ER R
(u,0) (u,we [0,1]) T AHE”E WL N A
WA P (u,0) o FEESE N

p(uv) =(l=u)(l-v)p, +
u(l =v)p, +v(1 —u)p, +wp, (1)

S AR AR AE O AR B # (1) 7B GPU
Tessellation Evaluation Shader( TES) f¢#b T i a1 21 43
(ER7 38

Tessellation Control Shader( TCS) i i3 1% & PUih
TE 4 >3 50 A 3 B P R A 43 B0 R AR (e,
) $55 TES Az iUt I8 A% o e 35305 2 S 40U
HOTE U AE BT i RO AL R, 7E 2.1 5 1F
it (NI s NI Bl S R U
1.2 Block #3454

3 LOD B3 vh R A7 v G A B2 109 fe /N LA
FRA Chunk, 1 J2& 42 Bk PU SR 4544 H i — 4> 15 a5
£~ Chunk 5 Q&L 1 s, die 32 2038 03 o
K/NK N XN +4N BT AL E (Position) (2L HE AR AR
(TexCoord) , DL X K/INK N x N R 5] 5038 (index)
SfEE . MAMAALHE 46 & ( Bounding Volume )

iR ZEFi i ( Geometric Error) 85 HAWAE B o

Chunk

Vertex Buffer

TexCoord2
(NX N+4N)

Position || TexCoordl
(NXN+4N) || (NX N+4N)

Index Buffer |B0unding Volume” Geometric Error

(NXN)

K1 & Chunk AR
Fig. 1 Data in each Chunk

5 Ew M orH LOD fi4: Jr i 25, [0 4>
BRUU SR R T TR BT R R . A T R S
GPU Tessellation J7¥E45 45, AR R 45 M9 #0107 2% B
AARKZE S o A7 XA 1Y H T B B FR
Block, —> Block H (¥4 4n &l 2 iz, 4 2 3 T
RUBAE U B R/INVER Ry [T 5 1) 2 x 2, A ik
A — LA LOD BYfE

Block
Position TexCoord1l TexCoord2
(2X2) (2X2) (2X2)

’ Lod_info ‘ ’ SpaceError_info ‘

K2 44> Block PYRYEE
Fig.2 Data in each Block

4k 4 Chunk 5 Block 84 #% 30, — & 19 X 31
mFE 1R,

&1 Chunk 5 Block X 5l
Table 1 The difference between Chunk and Block

Chunked LOD Z 3 Block
NN 5 N A% I 7 A/
I ]\;egex Buffer 1 Uniform (% Uniform Buffer
uffer
P& I/ B Vertex Buffer K/t ?if;(’d_info A
, PRAS BRI 4 x N AT S 854 % Te4E M
ﬁﬂg %/_‘ i
REBE e ewmn #
ALt 9] b A B

2 Chunk 57 B HE i GPU

— i B 1
WAL o monpmyes 0 CPUK

Block e K4 s AE T I0IE N W] BUE, #1AX
Ty S E 2 x 2 AT 9 Rl TR, B R NV fEis AT
Wil A B G 3 A& HiE GPU B Rt Block
TERR A5 L BA & ] GPU BE b Bl 4 44 g o
AL R o
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R ) 2 — , %o i T ] AL ) R R RICR A B 250
Wi o 15 LOD (975 ¥ — oA PR 26 T ik
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AR AR E R Sk 3y o i 2
CTRyILOBLI

AR5 ¥k T E AL B P JE ) LOD: 42 BR
Block Z [A]f% LOD, DA K Block PNHRAY LOD, Mfajfk
iR, SCRAR N LOD Sy LOD, HfE] LOD
o FHBE TR LOD 52 , fR] B A4 4 o 8 BRIV AT £
WEAEEARSEAY Block Z M1 i 2022 1, X Pl
PERIDE S RERS (A5 5E G 52 A5 Tl B s A, HAA T 15
2.2 YN F . WK 3 Fras A —4~ 48R Block
(Y=
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‘ | \\x,

K3 4Ek Block 7n G
Fig. 3 Global Block example
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N
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Fig. 4 Screen-space error control
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Fig. 5 The LOD based on screen-space error
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Fig. 6  Crack fix methods
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PR
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“THBRT AR FEDRZE R W A 4 Gk i 7 AT AR B
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1 TCEEMIRR A U

1) SEHT VUSRS, AT 55 A RS Q5
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TR BE] LOD SRE A 721 F A 25
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S IR 13 R
Fig. 7 Search the neighbor leaf node

XHMEE— US54, type (UL, UR, DL,
DR) SRR AU SRy 2R B (A2 b A B A
T AR AT UR 5 s 22 4B s — s 2 Ho oL oy
A5, UL, T UL 35 g8 20 40 Ji AN TR S 25719 a5, {5
— e HIEAMESE T A1 UR 795 50 ARAE XN
P, W AH N A Neighbor( UR, UL, DR, DL)Z/R type
HREAS TR X A8 2 SR Fs A2 A

AT Y A S O 45 Rk A I
oAy 3 4T3 1) 30 FURE S HARRL . BIE A —A
MR I SRAE R AT A9 R e

B2 W R R AR

INPUT . 135 5 A

Node p = Ajstack <type > S;

WHILE ( P- > GetType() in( UL, DL) )
p = p-> GetParent( ) ;
type t = Neighbour[ p- > GetType( ) ];
S. push(t) ;

END WHILE;

p = p->parent();

WHILE (1S. IsEmpty && ! p- > IsLeaf() )
Node q = p-> GetChild(S. pop());
if(q= =NULL) break;

P =495
END WHILE;
A. Border_Left =p-> Border_Right < < (A. GetLOD
()-p. GetLOD() ),

B TAE 2. 1 /N 2 2 R E AT B AR <8 e [a] iy
LOD 220 o 1, B3 2 whife)m — 47 Hfs 248
— R EARAE , WL RE A4 P Block 21 540 73 BUEL
TRAF—2 28R, AR A SH IR N AR
2 WA o

RN LOD 1 S LN 8 s . TE &
HHIE) 5 €0, Block 5 HAHAR Block R G UL o

<SS N

S eSSk NN

SISO\ | PSR

B NSRRI AR
DS
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o o Sa
A N
ﬂ“%ﬂ‘\\"‘ y

K8 AEZeH] LOD Block fih 5t
Fig. 8 The border between different LOD blocks
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Fig. 9  The local coordinate
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Fig. 10 The framework of terrain generation method
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