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Method for Displaying Ultra-high Resolution Textures of Chinese Paintings on Mobile VR
Headsets

YU Feng-Yuan, JIANG Zhong-Ding
(School of Computer Science, Fudan University, Shanghai 200438, China) v

Abstract: High-definition, low-latency display of Chinese paintings is essential for Chinese painting VR exhibition
applications. Due to the limited memory and GRU resources on mobile VR headsets, it is challenging to display a large
number of high-resolution Chinese painfing textures simultaneously. Moreover, direct viewing of fine details is hindered
by mipmap management and thé low resolution of mobile VR devices. This study proposes an improved virtual texture
method, optimizing both tile request calculation and tile loading stages based on existing virtual texture methods. In the
tile request calculation phase, the method incorporates tile request computations for magnified perspectives. Compute
Shader is utilized to parallelize the processing of tile request parameters, and hashing is applied to minimize overhead
when constructing result caches. In the tile loading phase, lock-free queues are implemented to enhance loading
efficiency. A direct loading strategy for request tiles, constrained by a quantity threshold, reduces display latency. The
performance and texture display effects are evaluated in scenarios with single or multiple Chinese paintings, simulating

user behavior. Results show that the proposed method supports high-definition, low-latency display of high-resolution
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Chinese painting textures on mobile VR devices. Magnification-assisted perspectives allow for clear viewing of the finest

texture details. Compared to existing virtual texture methods, such as Unreal SVT, the proposed method achieves higher

frame rates and reduces display latency for high-resolution texture tiles of multiple Chinese paintings.

Key words: virtual reality (VR); ultra-high resolution texture; virtual texture; Chinese painting exhibition; display

optimization

AR R 55 AR — 05 VR &
2 T s 16 300 0 2 2 K, WF 4 ob I E AR RS 5h VR
Sk 9 Iy P R A R TR A 7 1 sk S Ak R
o T S, R i A 8 Bk R T
e S N RII < DIE PN AT E i OE & E=Er
o P 3 BT T J6 B R HR A ER, BB B VR
L BRI N AF S A7 TE i 2
v [ I 038 ) B AR S 1 K v

1 Tanner %5 A2 H (9. Clipmap % 5% 5-fif v K&
S 5 1 9 155 2 — SR (L A7 T A LB
B B9 mipmap J7 AU/ 77 FE 7. Rt
B3 RAT Ml B 4 R 6 R ke R T S0
5 S I R P 7, M o S A
T SR, T LA AR 4 B 0 3R 5 48
S04 e R B IR AR R R SO A B S
TP ALY, T R R R 7 L P R 7 M
G IR 02 B0 o S S 15, A, IR TR ) VR
VLRGSR R, 10 Sk S Fh 2 5 5 B s Wi 1O 4
A & AR, EEANEE Quest Pro k& MR~} N
12 mx0.5 m. ZpPERLN 150kx6k K25 LR, W
AN TR MU 52 7.2 em 7 BE WL 22 2] mipmap E 2%
9 0 [ T 25 P 2%

B b3 ) B, AR 4 2 P W e AT
SRS E) VR W4 S 506 7, 4 th— Fhikct 1
BLACE i, E BT M B 0 iR i
LI BRI 5 B A Bt AT 0 . A SR Bk T

(1) 7.4 Bt SR S0 BN HOK 556 0K 44 1 4
Hei SR8, SCROR MBI 5 T A, IF HoR A GPU
Driven [177 2143 Be i R 3K HL 5 b J53 5, o4
7577 AL Compute Shader #4745 RZAF T H &,

(2) £ 43 R BRI B A% B T 63 B\ 51 o 0 b £ P
T 1R i T 5 B B I SR R 0 S0 4 B R AR,
ST A (0 B M A0 4 B R AT IR

(3) Vi H R 80 20 iz v i 0 3 3 5 ) 2 W 2% 4T
o B B4 P 22 1 P 206 0 5, A 752 47 e

WoRR. G RERW, R TTIEERE) VR P& B4
S ONG RN TN ﬁﬁﬁﬂ:\ EES RSN
B MR R E E S, 5 Unreal SVT % 04 7
AR LAY AR AR T SO R 7R SE 3R

1 AR THE
1.1 ETFREMENSIRSE

Mittring % AP 51 B 40 SORH AR AT T 18
Barrett 25 N4 1 B A K FUL 408 75725 Hollemeersch
2 NSRRI GPU FAT TF 50 3 f 0L S0 H S04 T 1
REFIR AL 5 . van Waveren” Al Chajdas 25 A% 3T
A I R P BCHE T 1% 1 BT SE R HEAT S5 45, Cheng! 4
HH ST AR AL 3 b T 26 18I B B9 oK 1 3 R 1 4 DR S 2|
YIS B LG O¢ R AVT (adaptive virtual textures).
Revanth %5 N4 ) F 20 A T8 e RS03R4
HEPAT 1 RE A 5 1. Magro 25 N1gE & i e L B R
gt — P arE A 2 T A 2 G A R
HESOE Ry V. 3L 9 Unity Al Unreal 47
Skt 45 H % 1 O L8 5 %2 Unity SVT (streaming
virtual texture3[161‘5FH Unreal SVT "), Unity SVT R Hf
BET 4.

R TTEEELE T PC SR M RR LT IR %
StFR ) VR Sk B AGHHMERE B 4%, Lukas!V45 H 7
sk FEET C/S BRSSO EORE Gy T
A2 PR (7 7. Ma 25 N2V e — B e AR M R 4%
R GRS BRSO ) R SOE U7 V. R
51 % Unreal (¥ SVTU 75 % th 37 F:# 3h 3 % % . Nourai
25 NPOFD Funt 2 NPUA HAE = B85 & B ISR EA
FEERPERE VR B4 SCHLE YL R I 775, MELT Ma
Al Unreal SVT (A 1% B S 57110753, SCHR[20]
ASCHR[21]0 7B S s AR S RS AR .
1.2 ETREHREMNSERSE

FHE T B T3 A 1) R S0 7 vk, A8 B e U St
A A4 S PRL T 4 10 T 9/ D SR S5 BT SR 1 2 2% M I
185 HE I BUHAT HOR P, Schmitz 25 NP1 FH 3 T 1

System Construction R4t 53

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20254F #5344 5

P RE NSO IE Yt 5 2, Zhang 25 A\ PHPIR H —Fh LT
T A2 R AL SO 5 R 1 v P R B R R 3D ki S 2 I
N7 1% Paar 5 NPOVR F 3 084 ) R P SCEEL TR e v
i P B AR Y 26 T S HE. SR, 8 T A A 1) R UL S
TR O R AE R B & B AN, Ll Quest
Pro. Pico4 Ultra. Quest3 T35 VR ¥ & A LR
OpenGL ES ] GL_EXT sparse_texture ¥ &1 Vulkan
] Sparse Residency Image HFE. 78 371K 2 T 3K
P77 LG B RS VR %4
1.3 8RS PuakitEAE

2 U SCHE R A R TR Gl iE R o B R
HRSH, ERSEAAEE RS RO B R . L
HR[10]25 tH SR S 04 ROUE ) B AL B T7 i Rl D46

Af GPU [RIE1E R Z M 2 CPU, A F B R EEUE

SRS MO L 8 TSGR I B R & 5
YeilrsR et 5 TURR (5 B 45 oy 0 ) St SR i
RIS BB e 26 5 GPU [l AIZ IR 5
ISR SR B2 AT RO
SCRRITTZE HHAE GPU EFFAT il RS HEE AL
FIAISE 5 B SRAE A 147 7%, (RHOSIRAE GPU #%
TR, T — A BB K B0 R 4
UL, 25y P, DTS R A
SR LN, Unreal SVTUS3 20 [ 301 5k 2 5 808
B CPU, ZARER 4T RS LR R IS
LRI 2 a3 A0 SRR T 1R 308 T R S 0
BEFIR (A3 E, (B T CPU 3L R el sk St
PRIGEIR. SCHR[191% REEMRE AL B 4 E ALy Btk

SRR EUR, SUNAE CPU LR T (A fh B B |

By YT B Ay YUl oK, 1207 VETE 4 YL = B I RE
Kb = o U SR EE A RO, HEE BRI 2, &
OB S BUE SR T LRI OK, BT IS AT AR TR,
AL F|SCHER[ 1118 &, FIH Compute Shader H4L4L
B4y Huid SR SRS A B ok AR, 8 0A A 5 iR AR A
FARRAC L ZH A e 25 SR AF I, B 2 Bl 3 22 A8 5
BB T B 1) ) .

2 kMg ¢\

FE A S0 FE B A S U A % mipmap 114> K/
A7) i 508 5 B SIS bl 0L i 77 1 7 5 B 03
Srbe. HEPAP BE AR LR 1L P 77 . B AR . TR
SORIE RSO, ML, TR S 2NN

K 98150 3 47 HUH A 4% I A7 B 9 A L, MR,
YA B B 07 5 A RSB A BT S PR S B,
P R S A7 K 7 B A A L e A AT I A
B BT S A B SR A HumE . MR L
TR, RS E R . SNPGRS A THE. &
e, SEAT I B 9 Y T e R B SR B, 4Bk
SR 5 TURAS B4 2 R AT BG4, IR 4
HUNER, BT NER S BRI B3k 5 T T A B SR
T, 5T AR T 46 0 2 T S0 A S E
F SCHE 2 18], R FE B WS 10 80 A AR SRR PR 4
HEVE Y AR B

7S04 4 v T SO R4 SR RS 3 VR 4645
P, 7E SCHR[O1% Tk HeTlhels, T TSI AT 11940 B R i
B BT T BT PRk, A% SCRAHE A R 30
SeE Ik E 1 pn

B R B T \
SRR | KRR
53T [ aomsydr et ||
L, P P——
i &I
TRA I RECE I :
T |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S S
ST ﬁ: ﬁ\ | w !
BATI Y BE Y ﬁ@[“g%ﬁ i gfi%ﬁ%ﬁ#@ Iy Y :
TR o (e ot '
1 gy (PRI UV R TURECR | U e | RER Ton, no e Ar I | et
e W i S LR S AT e I
| |
o YUt A | piee ;
R L G s
— APt RIT AR A T !
TS A 5T Compute Shader 17 | i mpm s | Cob &
JABIA 157 BRI L g ||
Yol R SH i Wy ROEA7 CPU

54 R4i# ¥ System Construction

BT ASOEMSEL T ik

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

20254F 55344 55

http://www.c-s-a.org.cn

i H AR SN A

TES HUE R IFHE BB, A% G i L S0 7 VA 3L
B — WS A (¥ 53 HLid SR VT 0, A SO P A e
T TE I TEO A B A 1 23 i SR8, JFRIH Com-
pute Shader JI3E Ab BE 73 Heid sk S 50 oc B, Al e A ik
SRR T A AR G, S SR 1177 ik bR ic B A
R 7y P I 22 N AR PP as AT M e T B ) 1) .

FES» UM E 7 ¥r B, Unreal SVTU 25 7 9558 F 3t
TG ) 2 B2 20 a7 om0y B, AR A
T B BA B 77 Xk G B 5 4 E 43 SO AR N (AR VAT 5%
P RE T FE. 220 HUE R AR A i, % 481%F mipmap
J2 2R 5y B SRS AL S B H FR 73 BB 78 X AT
FRANER Y mipmap JZ Z s K o3 B, T S 18 v B
FELUHR Jy P i R G 3R L 25 g 38 o U 3 s v R
T8 DG S 2 3 7 SO0 H i, W A] 2 HRaE R 22
SR AR SCTT VAT B N R i U SRR SR e
LS 5 (5 1 0 7 5 B S 0, 8 3 R s 2
%kﬁﬁbﬂﬁﬁ%ﬁﬁk%%ﬁ%ﬁ%bﬂﬁ%ﬁ5%1&%%
FrP AT R E 1.

3 HEvE S B
3.1 SEESHERSITE

r [ 8 4 S Y 4y R AR 2 B, T RE AU
SUMFER T 2 2 R RSP S A R M 2 mipmap H4=
FRECER 4y . A ST 1508 T A BN T 7S AN AR 3R T AL
T AP 4 TR 7 RE S 1 A5 OB ) 2 1 T RS 4 T
S 114 1 T 2K

LUy YefEfi i RGB24. ASTC. DCT % Zfi &

248 B s i A% 2. D A R I e R LR 5 5K, SO

73 BNR P RGB24 2570 i 46 SUHL A A7 filf il e £
Py Peads T 7E FF 7] 2, éﬁﬂﬁﬁ%%ﬁﬁﬂiﬂ%‘?f@%
Ed HE ) SCEL Gy SRAT 8 A B2 A ke SO 0y
HUT@ICIRR, SRBET I A AR,
32 TIRAEH

AR T F K mip-mapped SCEE A, AHE T X
W 087 RS A, mip-mapped SUFR A TR AJ 72 H
g R ATV I, A5 U i 2R P, Ak o
FABH B ) TR 0 2 38 N R SO B B, H
Y AP SUBER AL 25 0 FR .

I TR A AT R e BB 1 AL Unreal SVT!13
T GE A AEISAT IS R 7 1 SO BN 25 43 BT TR A A kAT
WRAEI. R EHEERY s — RASE AT ¥

18 1) 5 B I, AN SCf# ] BRKGA (biased random-key
genetic algorithm)™ Vi 71 35 5 51078 $idls v 45 B B o
B G I AT SR R, K DR S I 4l SR T
b, SIS AT I A U7 ).

4 IBATHIH B
4.1 LEESHUEKIREE AR
411 JEORAHBIALA 0 Bl sRiH 5

E 1 [ 1 JE 7 3 5 EM’Q@BU;%II/E: i EAE Y 5
HARINAS N L EEAE AL, ‘Eﬂﬁﬂlﬁﬁﬁﬁ?ﬂﬁ%, VA S AR
FOV (field of view) B F K {4 . {814 St 0l 2can
JIAEAN ST PR s BRI 10 7 Bt R ),

59 SRR OB B0 A 0 5 et R V5, A SOk
TE F WA A B 53 Yeii SR v S E Jead iE A, 38 ek
B AR 3B B T o Bl SRS 0 SRLvE L aE, ek
8 AL A 1) 53 HRA SR 2 B i A VR Gl i (1 v e &b
RO, B 55 F WS 1E R S HOE e 45 Rl
P —[F# Compute Shader 4bFH,

4.1.2 #£T Compute Shader AbFEiE RS H a3

AL Af A Compute Shader FAT s AL EE 175 3K 2%k
ZUH. Compute Shader T35 4 H 75 Pl SKmi B A&
Aoy HUME SR A A4 REAE, 1H 45 RAFETE
Compute Buffer /1, 75 R ZE CPU J5 T AE /8t
INEAN S H A HE S, T R AU X, Compute
Shader AJ ELEEVT . "

245 ﬂ\ Compute Shader K02 3= W 5 A AR
ﬁﬂﬂﬁ)@ﬁ%ﬁﬁ%%‘i?‘ﬁ&@%ﬁﬁ. HREBUE A
RISy POl SR 24, SR 5 IR 4 B 2 007 1) DU 3R L
) A7 87 e O A = = e 17 2 a2 DA L
I mipmap 7S R ERFH SRR 73 B 250 N 73 BNy
W SR B, W FE AR 7 BN 848 4 &5 R o
ARSI B 73 Pehn 8 4a 2 5 & 45 B AF, B4 B 4y
PSRN 3 53 P sk i B4R & 45 SR G2 A7
4.13 WA R

AT R s A 107 08 £ SCER[111776 kS
FrRiC B, 13k PR i B A

h=a-(B-F)mod m )
B=p-228+1.2% + morton(x,y) 2)

AR A [F) AR08 8 o B2 3300 45 R 2 A7
R (B RIS 7 WS pR A, X (). Herb, b ROR 4
ZAFRGME, B B Pedmtd, F R 4HImiEL, o A

System Construction RZ % 55

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20254F #5344 5

m NENE R R THE R E, SCRR28]45 B RAF A )
SR LR R RS HE. B h () itFEA R, X
i p BRI S, [ KR mipmap ZH, x Fl y R H]
Lo PR, 433 x F1 y AAFRE LSS (Morton code)
TEXHEF. morton PREUGR 0] — 24 SCHi g A, 0
MR, FE45 R AF P IR B mipmap 2 2BV 7y et
SR RS AR TR T I E 28, R — o B
ZHAEAS [RI WU e A T 545 FRANIR], CRAIE T 22 ot A 73
B RA RGP R IR,

I A SR FIOK
IR A ) 7 P sk
HEGFAG, RIS

PR 8

V7 U, B R R 2
Yo7 AR 25 S B
!
HRARRA 5 B8, VAR
e ey s B
Yt ROEAE

13 e 25 09
SR A

a3 i SR 7y e f) 23
Belnada <

I

HUR I 75 B8, T B
IR 4y B A6 4
EALREN

2 Compute Shader 4bF 73 HLif sk Z H S LA FE
4.2 SUEESRMEK
421 S BINETT I

Unreal SVT Fil I 2 B2 £ Bk 20 53 26 I 600

3 Pl AR 5y B AT 55 2 i it IA4ESS, LA [ 25 5]
N5 4 22l RECK PEREIAFE. 8 S8 FH TE B BA 71
TR HEAT SO AR D . T B RA 51k B 5
FHIAROTE, BT F28) VR 16 LA IRZ&RE
BRIR AL & .

BEWTE LR 0 BN BRI U458 478
BUAZ A, I LR 2 BN 3R £ T BB 51 3R
TN 2 BEAT 73 BN BAE 55, FLUR, NS e il Bk
TN, K 7 PR IN N 73 S Hs e B BA 81 v A 4
422 HUEBMERE R R P E RN H

L3 PAE R A I, 44838 mipmap J= 205> B

56 R4Gi# ¥ System Construction

W 20 S AR B VR 43 BT 2E DX 35075 R sk
mipmap J2 55 A I 4 0%, 3ok 4 B8 1 6 VBT FE 038 45
R HEIR, B o [ 0 A

7S 7 A R B R i e R 43 B S
e300 3o R 2 BRI K 43 MR A, 3B e K R R
SR R B AR FF AT R . 49 ok 4 B
I A5 A5 R DR LA, 4 A2 1 ) 4 4 BA )
BT 4 HOMBE 2, BIR K RATRSIE T —Widks: &
i, ELFSRICEHT W B e @ e
43 MRS TRGIENER

ZIKI%}EM%H% LRU (East recently used) TR Mm%
K7 S0 4R e, 0 £ 4 ] o I 6 B 4 0
mipmiap J2 ¢ 55 A IS0 43 B, T (AT 5 4 i SR 313
FF S N 43 A7 W

3 SO 7 4 WUHRAR ) B0 o LN 3 Hef
PTG T TR LR CPU ki
AR A SCSR P SCHRL 1110073, R LT % €0 58
33 T 2 S
44 YEEHHER

i R 0 A 2 T R TR 8 68 75 4 7 R 4 e 43
B, 25K A B E AR B W, KL IR R
R4S HOHHE; 251K 2 Bk I A B ACE, g
2R R 4 BT CE X 5 mipmap 240 51 5 £ 3R
(LI S S 2 T S

VL A AN 2 SRR et R

B MAR G) IR @) R UV [
(1 V) 45 TR 05 5080 R O SO AT (), 580
BRI AHE. S, w,, B v, TR RS ALRAE, u,
1 v, RGN 26 SO0 R~ S0 AR A, W,
FiI H, 27 4 508 5 R 98 85, Wiy A iy TR 805%5
J& 2 MRS R~ 55 .

W,
- Wi Hm

H,

P = Hgy o @

2RI (u,, v,) TR TR T TR A

HRFEAARR (u,, v)), 1120 (5) A1 (6).

ﬂoor(%) + ﬂoor( Mottse )

3)

Up

fy— 2 )

()

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

20254F 55344 55

http://www.c-s-a.org.cn

i H AR SN A

NP Noffset
ﬂoor(y) +ﬂoor(—21 )

Vy =
N
ﬂoor(y)

Horp, B4 TUR ROSE N MXN, & FF TR RSN M XN,
4 LR AE & I TR P AL B AWMFE A (Mogrser Nottser)-
3 ¥ ) mipmap J2Z4 N 1. floor BREGR [R5 NTF RUELR]
RS

AR 3 ARG (u,, v,) A1 RAE TUR SO SR N 73
BRAEDFRGCH I ABAR (Xpnys Vihy)-

AR ARG (uy, v,) HHEDRATRZE (wg1er Viite)
= (7) A (8) Frow, Herb, Wikt o Bk 7 R
N X,xY,, B PR X Ve, LB PUL T
JREZRECN E.

(6)

Xie—2-E _E
Uiile = (u,, X —ﬂoor(up Xm)) n:}(ﬁ\le + X @)
’ 1
A y
. Yae-2-E E
vite = (vp - Y —floor (v, - Y,)) - WT ey ®)

iggé 5. *E?E (xphya yphy) *D (utile’ Vtile)a i‘[‘ﬁ#@fi&
Ii%jciél‘é*;ﬁ (uphya vphy)a ﬂuﬁ (9) *ch (10) Fﬁi_\" ;H\:EF]%
RO BRI 73 RSN Xy Y gy

Xphy + Utile

wm% oo ) ©)
Yphy T Viile

%w=(§%y) (10)

S 6. KR (g vyny) SFAREVIFR ST R

5 SEIRLER S0
51 LRI '

541 S A S BN B AR i Uity 14
B s 2k FHEARSEE, Unity WA 2021.3.33f1cl,
] CHES S,

SIS R 5 VR k1% Quest Pro, Quest
Pro % & [ 1H 50 A & Snapdragon(TM) XR2+, 12 GB
BATHS AT, BE RGURAZHET Android 17 Quest OS
v68, PR BN HER A 1800%1920. A< 43 S U6 5 ]
Sk H i 3% B T e S RS 7 I8 AT I T, S A A4y P
N 1024x1024, WA 60 f/s, FZR K 15 Mb/s.

LRGSR 128128 SUHL AN BN K 4 BRI T
Vg, gr3ikg =08 RGB24. 15 i K sz 4637 5 v, S2i6

-

B ACE A/ 30x30 MU AR B, £ 47 MB,
162 RS0 Foh W BHIFELUR KNS 4545 MK
BB, 2915 95 MB.
5.2 RIS SIS & MBS ER b

AR LRI T T BT N
W B 3 AT 0 5 S B AT %1 L. S0
b FHCE U N 0.5 mx12 m (1) (T BT L)
2, SO HEE R 152089%6083, il WL 4% AH AL IE 29
10 om TEXHEI% 535, DA 1 m/s {03 P800 A 2 L
I B BT R 104 SR % TSk B RBRIZ 30 i
5 MR R HCRLL) 220/, 5 4h B A gk 44
UL 10 1 A0 0 5 B 45 4 BA B v 5 4 I e A
PRI 205 0 5 I35 Bt R (A R L7 .
TR 58 BRI O 5y PSR 5 B4 E 3, T
R R LU, G50 0L R P % 4 R
B BTS2 R 3 e IR 7 R 7 R
S TIAGUR A IGRENT, G5B 1| TR,

R 1 AFES BN RN AL

AHUNE T ISR (D) IS T BEER (s)
1 11.45
e . 2 10.5
Z TR I 3 10,51
4 10.87
TEBAF 720 mEk 1 4.81

T3
B, 2 2 57 5 e I 28 F2 40y
2 W FERT e, FEINALL10.5's, B & i T B BEBA S 53 45
ARG 4.81 s FERT, B TC BN 51 57 25 It i T 3
TBEE D LI 1) 2 82 20 N # SR g, i e 1Bl 3%
7 R (M RE AR, 7E A B 43 H i 28k T 8] /R M AT 55 B
S HMETTIE R E .
53 HiRESIHRIE
53.1 SERYsRih
AR S A ] K T AR TSR A R a1 3 TR 1)
CFHEYT DY Bk db 5 A3 5, 46 R
49 0.5 mx12 m, S5 PEA N 152089%6083. F WL EAH
BLEE B 40 cm 1EXT H 4, JEOK S BCE 1E 3 WA AL S
) 2 T, TBOK A Bh AW A 43 HRis SR Ve e 45 808 7 %
A 512x512. FOREE A EI 2 2.5 em*2.5 cm [ X
BRI 10 ecmx10 em oR. 354 5 F, B E
3K mipmap JZ44 N 2 HISCEE 5B, K841 K mipmap
JEGN 0 IS 4y B

System Construction R4t 57

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it H LR g N

http://www.c-s-a.org.cn

20254 55344 5

P3P I s S

5.3.2 HCOKAHBIALA RIS ORI

4 TP 5 45 I 25 G O B AL A RR 25 5 CK
i I 1 (0 REA ST PR 7 32K 1 A SO 20 1 R R0 RN B
P 4 rh g S TR B AL A AR BB FLSU B 7 o0 2 L
FRBOR il B AL A 925 AT 1 SO B SR8, W1
BLREST.

FETH T I SCH T A R

4 SR BAILA 0 KR IS TV ISR AOR

‘ ‘ s
Hs ﬂe%/aﬁﬁzﬂﬁﬁmﬁamﬁmqgjg&g@%&ﬁ%
533 Kﬁ%ﬁ?ﬁ@ﬁﬁﬁﬁ&%w

KNSR ns OPU L LT R . R it AL
Compute Shader J¢f# F G 75 77 1% ) Compute Shader
X 3 FAS[R] 43 Beidh Sk S e B AL B 5 VR I AT M RE AN
BN IEIR HEAT XS L. TE R B A R, ] 3 R
AENUFOR 8 — R ZE 1A 4G LA 1 m/s B TEFE 5] iz 3l
10 s, Gt izt B 3 P [E 7 V5 B~ YRR 7 18 47 i
P SR S H SO A B AR IR K85 o B SR
a2, FHAE I Sk 2 B S BE ) e SR R A8 AT I
AW 60 f/s. EHNEE R RERE N 16.

% 2 s MR AIE RS H GO A 7 N R P18 1T

58 R4i# ¥ System Construction

-

-

PERESHON EL, W, WA Al Compute Shader
HITTIARECK F CPU 2 2ot 57 48 1 7 1A AR
SRS HSOR AT AE IR Je 5 i 1 53 BUi SR i .

B2 RIREI BT, R RSN o

E{THERERTE =
R BRI Eaé;g_ TR S BEULL T ) SR A
Wi (fs)

i, 4 HAEIR (W) i (%)
CPUZ LR 89.97 13.24 76.96
AR 89.73 2.00 86.65
Compute Shader ’ ’ ’
{4 FHVG A5 7721
89.34 2.00 86.40

Compute Shader

S BN T T SO 4 MR ) BT AR
SR A A PR IR 5 e A SR 0 LR, S,
SR PR AR S 5 28 R 2 S b B 4
SEIR AR S AR,

RS B FR R B SR S P
VAR A S B 3 A S LA 4 R A
16 A HUKH B 0L £ e R xjiijnwﬁ Compute
Shader Ff A0S0 7 i, P800 DO SR 22 84 5 4
ﬁﬁ%ﬁﬁzﬂﬁ%ﬁﬁ*é%aﬂﬁﬁmé@ﬂm

iﬁp‘x(:ﬁ ,\;éﬁ\%ﬁﬁﬁ‘?%%ﬁﬁéﬁ%@é\%ﬁﬁﬂ]ﬁﬁﬁ
RN

TS ) 43 i SRR SP-48) 2 ANIZ A7 0P B 2%
TR JE AR R 5 135 SR AR BT B WS A Ay B ok, 3t
22 Mo HUE R, A PUmEIEIR fy 2 NS AT 28 b, fE
H Compute Shader [ 7753 — WS A N P 808 51
P R IRIEIR Ny 4-5 NSATM, £ 44-56 ms. €] 6 Al
7 45 H Wi Rl B Compute Shader f) /7 iEEAHHLIE
2110 s Ja, Mf b5 1 WTFUs 200 M N SO 56 4518 M
Tk PR 38 G s o R AU o= % ot 1B TR 3 B SR R
X AE IR A [R] AW A9 1) T V52 A AR A, 43 BRI # g iR
VF1) 1) T 320 T AR 45T I AR U A L AE M AT AL AR S 1
MR 1, CEHERRIC T S5 i R0 ARG 8] [F o PR AR X k.
P HE F Compute Shader F) 7 1EIAE 3 MM (4
50 ms) P 58 BT i iE WSO S BRI N # S B, AR
44-56 ms Z|A], 755 YT 25

© PEREEBAEIRT

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

20254 55344 S5

http://www.c-s-a.org.cn

i EN RSN

5 1 5210 3
S B RE S IIUER P EER

6 il FARIC LA Compute Shader AbFE4r HeiF RS %L
SUHR I R AL SCEE 5 v i e L T T AR b

%1% 52 0 53 i
SYEREATIGER  APMBIEE R
B 7 {EH A 77158 Compute Sh er‘&,iﬁﬁﬁﬁ%ﬂﬂiﬁl
ésc@aﬁrﬁm%ig&m%umw
*F CPU %«@%&ﬁimmx&w@m@mﬁ
PEIE RS RSO AL BAE IR WIECN 13.24, LURIRE TV
VL, S WL T T SO Bt R R SEIR Y

sﬁllllﬁ %nﬂlﬁ

YN 17-29 AN 184710, £ 189-322 ms. ¥ 8 4 CPU £
LRFE 7Dy B SR S U B A B v I Lk 1 T AR AL
R AFH CPU 2 Z8FE 720 1 7L 14 ASFLAi 4
RE 56 AR A N BT A e i T BB A B I #k 5 BoR, 4)
233 ms, & TUHTHE 45 R, (& TP FHE H Compute
Shader J7 75 LEIR . M SE B AR 5 2R b, 350 B A
Compute Shader &b P % kK Z 4 B A T FH CPU
Z LR S 0 A B SR S5 SO A AR I T I SO
T

A SR mg_map}:'z&ﬂn*k R A R

IR E IR FEAT X L. WS ARMLAL B K IE 3 J5 3K
555 5.3.3 T SLI0AH R, BN RN 1) AR A W E
M 16.

2 3 o H R A FH A (5] 40 B 28 R s 1 R UL S0 B
TIEH B AT IERE NS b, INEHE At SR it 5 R 1E
TRAFE T B2 IR R 738 AT e e 1k, R N 255K
W A BN IR o AR ZEE.

E\;?nécwh%n#ﬁwwmm%m&r&ﬁﬁ%r
J&LJ

.\‘\‘

% 12 % 14 1y

B SR A R IUE IR

S AER

8 A CPU SHBLS A SR S ML E’JFEM@E&@JL AL

K3 AFESBINEGRES RIS AT M RE AR ~

PENIEe FENBITWR (fs)  WERGHhRE %

Bmipmap/z F N 89.76+ . 0:65

SR MERE B . Y898l & L om

e ¥ 3
O 4 th {5 FEIGR mipmap JE£40 4 He i 5 5 06 1 p
T AEMINLIZEY 10 s J5 M L (08 1 WOT 1
S Fi P S0 5 e 7 T S 00 2 43 AT

551

’uﬁ‘ﬁx&%ifé HITALA N B35 1 it 509 1. A

& mipmap JZ 2% 43 B0 #5 58 w5 0L g0 B O vE T B
6 NMALBIMT (£ 100 ms), = T8 FH H0a BE BR € 1) B
B hnEk g 3 AT (29 50 ms) ZEIR, WL 7, B
K5 1AL PR 7 1 A iy w2 BB o 285 s A AT IR
mipmap = 4% 53 BUIM AR FEAK 1 1575 W SC8 4 B 8
INIEIR.

3 % 6 1

B9 1% mipmap JZ 2453 LIRS (1 RSSO 5 VA 1A A L i i AR AL

System Construction &4t &4 59

© MERSEBIKERST

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20254 55344 5

54 ZRESIHRIE
541 SERYEKLT

R SCAE T B PR RS A 22 10 B i £
i e [ DU 3 55, e A 8 sk o) HE R L
SUELI S R UL, 3t 40 Oy o PER A0HE, K
BGOSR SR 4 FR, 40 18 35 A7 K/
b i 150 GB. 375044 40 TR 70 )y 5 4, #5420 8 1R
) SFE7E = 70 om R B 3BT 8L 164 24,
32, 401X 5 HA[RNE A ECE N RO S ANLIZ 3 2 4%,
WK AR, WEEARHLEE 2 H T 170 cm, FFHA— 20 A
AT ARG B AHALHT 7 1580 A

g
K10 ZlRmAEsLLIs 5
R4 BB PR E S S50 B S
75 IR 35 44 FR
1 152089%6083 (CFRITLEDY
2 196301%x5197 CEAFLEED
3 1590104339 AW B E D
4 102680%5229 CHEFBED
5 109321x7183 (@)
6 117968x4722 CHFHED
7 91403x11161 (EKRED
8 1191773858 -l

CEPIIRY

e

542 WA TR AR |

AT B0 A AR 1 B 2K Compute Shader BL K
{5 FEI A 7 77 73: 140 Compute Shader PRI )4 Huiti ok 2
HSCH AL BT v 1 2 DR R 5 A R AT
R 7 5 4R RS B S0 40 T, Bl A
BUAZE I LA 1 s HOSEEFE ATE0E3) 10 s, Giil-iid i
e RS 7V 1 T 32 A

Vel 11 2 LA 7 0 76 7 O 4
IEATMIZE XS LE, A AR IC 34 Y Compute Shader b3
T4 B 2, B M2 M 2 R ok
BT S S, R RE T W B W T4
W75 7244k Compute Shader 175 3K 2 ¥4 FE kb #1515

60 R4 % System Construction

R 7 32 47 T 26 I 32 I 1) 00 16 0 1 B, il B AR
4 H W A A4 Compute Shader i 3R 2 5403 Ab
TirRAE 2 Bl s Mg AT R REAR.

100
90 | #===mmmmm W= g Hemmmmmmmm x
80
70

60

I (f/s)

50
40 |-+ dRiasa
LR . .
' \ BT a2 w
» AR
K11 ZIEESSRI ST, AR HRIGERSHSEAEE Ty
AT (7 PR L
543 ASCTEAATIEE
5 GUASO M B HUE N S AT
HGE. th T S EUE 2 7 9 £ K mipmap J24%
O Y E DL 77 1, S/ 070 A B
35 ], PR 08T 52 ) ) IS, WO M
FLH2, WIBRLCRE T R TR B AT R RER] 220
S P SR A RTINS R
B, BEH T BRI S, 5 R M
B, SRR, A PRt R
WS 07 S LB B s ST 4 5 S 45 4
M52 AR T DB 15 B, 4 SR

S RATRET AN

RS ZIREELEIFT, ACTTESPr BT

I (5 Fi it (ms)
HE  EHUT

PO R
e
s wE OORHE ek mw
8 2.79 0.89

0.12 0.14
16 2.93 0.92 0.12 0.18
24 3.18 1.03 0.12 0.24
32 3.97 1.18

0.12 0.37
40 4.41 1.21 0.12 0.47

TRAH
i)
1.17
1.21
1.25
1.63
1.89

55 5BBHEMNXIEERE
551 SOANEBITIEREN E

AR SR L A S T i 5 R S B A T R
Ma 25 N U225 H FR 3 e A1 1 A6 1 4 1A 2 UL S0 77 925 BA
J% Unreal SVTUIX 3 Fft C AT K2 S SCHL J5 9206 AS [ SCHE
YRR LM PR IEAT MRS, Ma 2 AU H R

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

20254 344 S5

http://www.c-s-a.org.cn

i H AR G N H

NGO TVEAEA LG T AR Ma VT. Ho, FEAT7 %
A1 Ma VT WA EC AR SCER[ 10181 SCHR[19]4E Unity
B E G £k 4TSI, Unreal SVT 1] UE 5.3 fi
ARHEATSE, KRG EBINGCE. BT O BRgE
AR O B AR A, B DAAS S0 A5 HDU 00 5 35 AN fd
R SR it By T L e 0 P O 1 1 e LB W ATOA.
S0 A FH 5 T 1 S 56 37 5 A TR 3 A R, B e
S AAIEE 25 em B0 E A, TREEWEAHPLER (E. did
(T HEIT D) ST EEY, I 4096 4N
BB K R S AR RSO 4 B i B 2 80 4y B
W, Geil BE S o B L HR I, AN R RS0 T i
SRR IS AT .

SIS EE R 12 FioR, ARSCHE BT E L K&
Unreal SVT HIrHUERES
BRI T7 %, W RS L RN '?mﬂ“*i%ﬁj\ﬁ#
R, FRpis J:ﬁrlﬁ}iuj\ﬂ@fciigbn%%ﬂ&% EN
ST AN UnrealSVT.i'Ju 90 f/s WM Zis AT, (HIAEA
Jiik TR %%&fimz}z%ﬁ&ﬁﬁ BIRAR, 12 1T M
REK. Ma VT FI78 B Rk 51 F 2= 125 18] 7R 5 11
B PO, AR PR RUD I, FEFE AT DA IR
IBAT, (HEE BRI 2, CPU L2 Heit 5y Buid sk
(O TH SR N, RIS AT R IR R 4.

100
90 | * CRR——— .
80 | .
70 | X
60 | T
50 |
40 e
30 t -
20 |
0+

Wi (f/s)
L3

--k-- Ma VT
--+-- Unreal SVT

)
4096 . 8192  "12288

Bl 12 4 P ISOR T ELEA [ 08 73 PUS BUE i (17
BATWIZEXT L
SR, FESUH A PR R Z I, AR ST IEAREL
TR NSO FE A 5 1R Ma 25 N\ B HA A 33 G 7 g 4t
A NS TV B A A ) PERE R L, H 5 Unreal
SVT Kz T RE & ] 54+ 1.
5.5.2 5 Unreal SVT i Wi 808 7 P 7R I8 3R % b
AT SEI A 7155 Unreal SVT 7E UL U
BT P B U A AT O I (1 iV I SO A B R

16 384 20 480

frﬁmﬁﬁ%?’\iﬁ%ﬁéik’% :

IR, SIS 5 e i S50 3% SR B I S A R, AN
FTBOR B TR, S0 A BE B 25 om TE 0 H 45,
PL 0.5 m/s (13 B A A2 ) A 5] 88 B — B[R] J5 45 1E
1Z23).

HH T Unreal SVT f£E#3) VR “F & EZR T4
Apk A 2 GB K/NBRH, BT P Unreal SVT SE& 37 5t
ARk (FERITLEDY 808, w13 o, ff
FH Sk 2 B 3% BE T BB SR R P 0 A7 1 T, 3% o) A A3 it
K 60 f/s.

L
B3 Unreal SVT B 08 40 He R BRI IR 520037

AT AN EAT AR, A Tj kTP iE
AT WUV A BTG 240 7 A B ngkid ok, aree 14
TBAT PN 5E RO R A Buin gk, BASS 5.3.3 R BN
SEIR VBT IE B, RS R— A TR
SUHL Ay HLi SR BN IEIR N 34 ANE AT, £ 33-44 ms.
K 14 45 R SEe et 2 v, A S vE MAILER I
51 WO A6 BN A P SO 56 4277 T 2 1R 350 43 S | R
AT 5 K% o1 T, AP 1A L A TR A A 1 it
5O 1. BTSRRI 5%  TH — e Y, 58
FEL 1 A5 32 30 W 5% 1 i 5 A 05 D\H’J&fi[iﬁ%&
Eiﬁ%mﬁuﬁqﬂﬁa 20 % ] i 7 57 i 40
ﬁuﬁitﬁﬂtﬂiﬂﬂi\amﬁﬁﬁwnﬁ BT LA SC T VR TE %
S P AN B AT S AR i T o AR 4 B X 4, L
U4 R T W B 1 WURIER 2 i T

R 1

551
Bl 14 ARSCHIEAEROE PR B WS AT D By () & L i TR AR 4k

55 2 1

& 15 45 9ei i v Unreal SVT MARBLE L5 1
LT 463 B AR A P S0 5E A 17 BT 4 14358 3 33 ) R At
M5 5 ol 1 T, 1A A T T 3% o) A A3 o i T H A7 1)
TR X 5. Unreal SVT 7522 30 MM (£ 500 ms),
AR SCJTEAE 44 ms P BRI AT 58 SOLF N BT o T T 8L
oy Pen 5 BoR, ARSI VAR m s AU EOR
SEIRJT A B R

System Construction R4 61

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

20254 55344 5

551
B 15 Unreal SVT 7EREILLIT BE B9 WS AT i) Ao L i) 1 25 1L

SEE

ARG T — Bl i) LSO T, fERE) VR
Sk ERT LS TEMT . s, KR BoR KE. B
Bag i 2 SESNTES L NS Wy R e o S0 W < IS  E3 S RS
(1) 73 Head SR T BB BOF 3 Bein B BOd AT Ak, 75 4
PUg SRt J o BOm A TBOR S B A 18 SRH 5, IR T
Compute Shader FHI 75 77 V2 1 A #E 73 B ﬁ*’é‘ﬁ%
7R 5y Pom i B, 2'—‘17:7/2%]%95%@\@]*54& 23]
1B PR 7E 11 ﬁ*/\ﬁ%ﬁfﬁﬁﬂjﬁﬁﬁmﬁ?ﬂsg ST R,
5¢1&m/ﬁ%ﬁ&fiﬁﬂ%m?ﬂk 'ﬁﬂ’ﬁﬁ/f*ﬁﬂi AL
ﬁ/i—f?fu%&ﬁﬁﬁ%uﬁ%ﬁ%%#_l:ﬁﬁm¢ﬁ$
1247, I B A EALH B M SO o PUR IR B IR . A SRR
B 0 A TR 24 R 77 V2 AN SRR RS B35 WK 1) i) R,
DATE B8 5 44 B 37 55 o, SICB 8 s 43 9% 26 o [ i 40 3
1B EE (R R

S 30k
1 Jin S, Fan M, Wang YC, er al. Reconstructing traditional
Chinese paintings with immersive virtual reality. Proceedings
of Extended Abstracts of the 2020 CHI Conference on
Human Factors in Computing Systems. Honolulu: ACM,
2020. 1-8. [doi: 10.1145/3334480.3382934]
2 Yuan C, Yun Z. Tunable, a VR reconstruction o{f ‘fListEning

i

to a Guqin” from emperor Zhao Ji. Prdceedings of the 2016
SIGGRAPH ASIA VR Showcase Matao: ACM, 2016. 1-2.
[doi: 10. 1145/2996376‘29963‘79]

3 . MO S RO AL AE. 2 EDR, 2014(5):
28-33.

4 Tanner CC, Migdal CJ, Jones MT. The clipmap: A virtual
mipmap. Proceedings of the 25th Annual Conference on
Computer Graphics and Interactive Techniques. ACM, 1998.
151-158. [doi: 10.1145/280814.280855]

5 Mittring M, GmbH C. Advanced virtual texture topics.
Proceedings of the 2008 ACM SIGGRAPH Games. Los
Angeles: ACM, 2008.23-51. [doi: 10.1145/1404435.1404438]

6 Masood Z, Jiangbin Z, Ahmad I, et al. High-performance
adaptive texture streaming for planetary-scale high-mobility

62 Z 4515 System Construction

15 M

3 30 i

information visualization. Journal of King Saud University-

Computer and Information Sciences, 2022, 34(10):
8336-8349. [doi: 10.1016/j.jksuci.2022.08.014]

7 Masood Z, Jiangbin Z, Irfan ,AM‘, et al.*High-performance

virtual globe U terrain rendering using game engine.
Compute(L A‘l(\gtlof nd Virtual Worlds, 2023, 34(2):
e2\08 [doi: 10.1002/cav.2108]
Llu T, Wang S, Lei ZL, et al. Trajectory risk cognition of
ship collision accident based on fusion of multi-model spatial
data. The Journal of Navigation, 2022, 75(2): 299-318. [doi:
10.1017/50373463322000066]

9 van Waveren JMP. Software virtual textures. https:/www.
mrelusive.com/publications/papers/Software-Virtual-
Textures.pdf. (2012-02-25)[2024-09-01].

10 Barrett S. Sparse virtual textures. https://silverspaceship.com/
src/svt/. [2024-09-01].

11 Hollemeersch CF, Pieters B, Lambert P, ef al. Accelerating
virtual texturing using CUDA. Proceedings of the 2009 GPU
Technology Conference. San Jose, 2009.

12 Chajdas MG, Eisenacher C, Stafnm‘;ge M, et al. Virtual
texture mapping 101. In: Engelw ed. GPU Pro 360 Guide

ew Xork A K Peters/CRC Press, 2018.

6%79. [d%i: 10.1501/9781351261524—4]

to Renderin;

#13 Chen K. Adaptive virtual textures. In: Engel W, ed. GPU Pro

360 Guide to Rendering. New York: A K Peters/CRC Press,
2018. 513-526. [doi: 10.1201/9781351261524-30]

14 Revanth NR, Narayanan PJ. Large-scale virtual texturing on
a distributed rendering system. Proceedings of the 5th
National Conference on Computer Vision, Pattern
Recognition, Image Processing and Graphics (NCVPRIPG).
Patna: IEEE,2015.1-4.[doi: 10.1109/ncvpripg.2015.7490050]

15 Magro M, Bugeja K, Spina S, et al. Atlas shrugged: Device-
agnostic radiance megatextures. Proceedings of the 15th
International Joint Conference on Computer Vision, Imaging
and Computer Graphics Theory and Applications. Valletta,
2020. 255-262. [doi: 10.5220/0008954902550262]

16 Unity. Streaming virtual texturing. https://docs.unity3d.com/
Manual/svt-streaming-virtual-texturing.html. [2024-09-01].

17 Unreal Engine. Virtual texturing. https://dev.epicgames.com/

© ERSEBIK T

http://www.c-s-a.org.cn


https://doi.org/10.1145/3334480.3382934
https://doi.org/10.1145/2996376.2996379
https://doi.org/10.1145/280814.280855
https://doi.org/10.1145/1404435.1404438
https://doi.org/10.1016/j.jksuci.2022.08.014
https://doi.org/10.1002/cav.2108
https://doi.org/10.1017/s0373463322000066
https://www.mrelusive.com/publications/papers/Software-Virtual-Textures.pdf
https://www.mrelusive.com/publications/papers/Software-Virtual-Textures.pdf
https://www.mrelusive.com/publications/papers/Software-Virtual-Textures.pdf
https://www.mrelusive.com/publications/papers/Software-Virtual-Textures.pdf
https://www.mrelusive.com/publications/papers/Software-Virtual-Textures.pdf
https://www.mrelusive.com/publications/papers/Software-Virtual-Textures.pdf
https://silverspaceship.com/src/svt/
https://silverspaceship.com/src/svt/
https://doi.org/10.1201/9781351261524-4
https://doi.org/10.1201/9781351261524-4
https://doi.org/10.1201/9781351261524-4
https://doi.org/10.1201/9781351261524-30
https://doi.org/10.1201/9781351261524-30
https://doi.org/10.1201/9781351261524-30
https://doi.org/10.1109/ncvpripg.2015.7490050
https://doi.org/10.5220/0008954902550262
https://docs.unity3d.com/Manual/svt-streaming-virtual-texturing.html
https://docs.unity3d.com/Manual/svt-streaming-virtual-texturing.html
https://docs.unity3d.com/Manual/svt-streaming-virtual-texturing.html
https://docs.unity3d.com/Manual/svt-streaming-virtual-texturing.html
https://docs.unity3d.com/Manual/svt-streaming-virtual-texturing.html
https://docs.unity3d.com/Manual/svt-streaming-virtual-texturing.html
https://docs.unity3d.com/Manual/svt-streaming-virtual-texturing.html
https://docs.unity3d.com/Manual/svt-streaming-virtual-texturing.html
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

20254F 55344 55

http://www.c-s-a.org.cn

i H AR SN A

18

19

20

21

22

23

24

documentation/en-us/unreal-engine/virtual-texturing-in-
unreal-engine. [2024-09-01].

Lukas R. Rendering interactive maps on mobile devices
using graphics hardware [Master’s Thesis]. Wien: Technische
Universitdt Wien, 2012.

Ma JZ, Fang ZY, Zheng JB, et al. A virtual texture
technology realized on low computational power platforms.
Proceedings of the 11th International Conference on
Dependable Systems and Their Applications (DSA). Suzhou:
IEEE, 2024. 324-330. [doi: 10.1109/dsa63982.2024.00050]
Nourai R, Aksoy V, Htet Z. Cloud rendering of texture map:
U.S.,20220319094. 2023-06-13.

Funt B, Nourai R, Aksoy V, et al. Latency-resilient cloud
rendering: U.S., 20220139026A1. 2022-05-05.

Obert J, van Waveren JMP, Sellers G. Virtual texturing in
software and hardware. Proceedings of the 2012 ACM
SIGGRAPH Courses. Los Angeles: ' ACM, 2012. 5. [doi: 10.
1145/2343483.2343488] j .

Schmitz P, Blut T, Mattes C: et al. High-fidelity point-based
rendering of large:scale 3D scan datasets. IEEE Computer
Graphics and Applications, 2020, 40(3): 19-31. [doi: 10.1109/
mcg.2020.2974064]

Zhang A, Chen K, Johan H, et al. High performance texture

streaming and rendering of large textured 3D cities.

25

26

27

28

29

Proceedings of the 2020 International Conference on
Cyberworlds (CW). Caen: IEEE, 2020. 17-24. [doi: 10.1109/
cw49994.2020.00011]

Zhang A, Chen K, Johan H, er al. High-performance adaptive
texture streaming and rendering of large 3D cities. The
Visual Computer, 2022, 38(4): 1245-1262. [doi: 10.1007/
s00371-021-02152-7]

Paar G, Mett M, Ortner T, et al. High-resolution real-time
multipurpose tunnel surface 3D rendering. Geomechanics
and Tunnelling, 2022, 15(3): 290-297. [doi: 10.1002/geot.
202100066] \

Gongalves JF, Resende'MGC. Asbiased random key genetic
algorithm for“2]5 and 3D'bin packing problems. International
Journal of. Production Economics, 2013, 145(2): 500-510.
[doi: 10.1016/j.ijpe.2013.04.019]

L’ecuyer P. Tables of linear congruential generators of
different sizes and good lattice structure. Mathematics of
Computation, 1999, 68(225): 249-260. [doi: 10.1090/s0025-
5718-99-00996-5]

Lamport. How to make a multiprocessor computer that
correctly executes multiprocess programs. IEEE Transactions
on Computers, 1979, C-28(9): 690-691. [doi: 10.1109/TC.
1979.1675439]

(B e 5K EHE)

System Construction &4t 1% 63

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://dev.epicgames.com/documentation/en-us/unreal-engine/virtual-texturing-in-unreal-engine
https://doi.org/10.1109/dsa63982.2024.00050
https://doi.org/10.1145/2343483.2343488
https://doi.org/10.1145/2343483.2343488
https://doi.org/10.1109/mcg.2020.2974064
https://doi.org/10.1109/mcg.2020.2974064
https://doi.org/10.1109/cw49994.2020.00011
https://doi.org/10.1109/cw49994.2020.00011
https://doi.org/10.1007/s00371-021-02152-z
https://doi.org/10.1007/s00371-021-02152-z
https://doi.org/10.1007/s00371-021-02152-z
https://doi.org/10.1007/s00371-021-02152-z
https://doi.org/10.1007/s00371-021-02152-z
https://doi.org/10.1007/s00371-021-02152-z
https://doi.org/10.1007/s00371-021-02152-z
https://doi.org/10.1007/s00371-021-02152-z
https://doi.org/10.1002/geot.202100066
https://doi.org/10.1002/geot.202100066
https://doi.org/10.1016/j.ijpe.2013.04.019
https://doi.org/10.1090/s0025-5718-99-00996-5
https://doi.org/10.1090/s0025-5718-99-00996-5
https://doi.org/10.1090/s0025-5718-99-00996-5
https://doi.org/10.1090/s0025-5718-99-00996-5
https://doi.org/10.1090/s0025-5718-99-00996-5
https://doi.org/10.1090/s0025-5718-99-00996-5
https://doi.org/10.1090/s0025-5718-99-00996-5
https://doi.org/10.1090/s0025-5718-99-00996-5
https://doi.org/10.1090/s0025-5718-99-00996-5
https://doi.org/10.1109/TC.1979.1675439
https://doi.org/10.1109/TC.1979.1675439
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 相关工作
	1.1 基于软件的虚拟纹理方法
	1.2 基于硬件的虚拟纹理方法
	1.3 纹理分块请求计算方法

	2 方法概述
	3 数据准备阶段
	3.1 纹理分块生成与打包
	3.2 页表合并

	4 运行时阶段
	4.1 纹理分块请求获取与处理
	4.1.1 放大辅助视角分块请求计算
	4.1.2 基于Compute Shader处理请求参数纹理
	4.1.3 哈希函数

	4.2 纹理分块加载
	4.2.1 纹理分块加载方法
	4.2.2 数量阈值限定的请求分块直接加载策略

	4.3 物理纹理与页表纹理的更新
	4.4 纹理分块显示

	5 实验结果与分析
	5.1 实验环境
	5.2 不同分块加载方法加载效率对比
	5.3 单幅画卷场景实验
	5.3.1 实验场景设计
	5.3.2 放大辅助视角的观察效果测试
	5.3.3 不同请求参数纹理处理方法对比
	5.3.4 不同分块加载策略对比

	5.4 多幅画卷场景实验
	5.4.1 实验场景设计
	5.4.2 哈希方法优化策略的效果测试
	5.4.3 本文方法各执行阶段耗时

	5.5 与已有方法的对比实验
	5.5.1 与已有方法运行性能对比
	5.5.2 与Unreal SVT高清晰纹理分块显示延迟对比


	6 结束语
	参考文献

