EMZLSERAR
REMEMRPHIR A

ZE%E EH

ﬁ“t' R B O

National Defense Industry Press



= zéi"ﬁ BAE%IJII ‘-’"ﬁ: —l-i ﬁiﬁgﬁ%{ﬁ

e

ﬂﬁﬁﬁt"ﬁ“ ’% 5']

EE A SEFL K
REMZ XA

B4 %

A S
s -



EHERBE (CIP) i

R AR S B AR B A i 2 A K A IO/ 22 [ 4 T

dbaE: EBE Tl R, 2007. 10
BTN ERYG + 1" Gzt BFtez51]
ISBN 978 -7 - 118 —05313 -5

L. .. O.%&... . ORBEAR - A - Az TR -
A QmERBA - B - UK TR - V.V -39

o A P 1R CIP B A%y (2007) 5 118989 5

@ o A oz oo HBEARA
(IR X SR TRe M % 23 5 MBIEGH % 100044 )
IR By 1l 8 pekk ER ) B A
HAEHIE 48
*
FFZ= 880 x 1230 1/32 EP 8% =#243 TF
2007 410 A4 1 BEE | ERRI  EP#1—2000 #F  E M 25.00 JG

(ABWHEHR, R AR AR

E B 5 : (010)68428422 KATHEME : (010)68414474
KATIEE . (010)68411535 KATIk55 . (010)68472764



8RR A RN Bt
bt LIEER 2

FREZER
BEREZER

% 2]

Kt B
& RAn

AK&

(HHKEEHF)

TIREK
o
X1 5 2%,
A
MR A
&R
A 3%
xR
" R
B AR
FE

T AR
R A AE
ERE
R EN
A K,
e 2

-3

N

#E R

AT 4

IFR
k&R
&7
R4

% B

FARAM

FR B 4



5 A AR U SR BobA
DUK PR ERGEME 2

FREZER KES
BEEER £ %
£ (MK ZEHF)
Lgsk ERK BER NET FEH
£E%

b B £ W ohia

pi|



*F %
B E %
*
wmEE

AP aEH

= 3 S
IEE
&)
B4 FaiiF
FEF wWEE

"

flx

S
o



¥

TR GRBOPE P BT & ZE I i 37 2 R PR S 5 4
ANA SRS o AT )RR A s A e A B R B G B
I, BEERL A BOR AW A , Bkl B S KB ABAE ], 2%
9 55 AL BRI ICES 206, D A A ZE I R A B R R o NIk,
I ATIREN R T CRBEMBA A S ZRob /™ 107 TR, FFHZUE
DRFE FEEIE T XE MBI FEIYNGE" + 1" R MBS

S 255 K B R B A I 2 L e AR 2 [ B R i e SR
b2 A T R F) DR S, AL A BRI 7 T S8 4 AR KK 1) — A E B AR
o B LB s T B MG, AT AR B ROC TR
FWE TN —RANEE GRS 01T, I FEFINGSHEBLRHN) (4
SEHE R HIEE) AR, REFRAE AT MEPE SR TEAR S &, AT
W FEHR VNI A B 7 3 B 75K, 15 19 58 1 a4 2 4 BT I
B AE BRSSO EAR S H S

‘I GBI 69 TR, WA B SRR | il SRR LT
W ke 5 R R RS IS B 4 RS 28 R G, XEHMBE
BT TR A RHHAR A BRAR B2 50, SO R 1 [ N e Bl
ARy ), St E BRI TARBAR 2R3 Bkt d i) ik — A S 4k
e R —HE R R RORT B . AR B E 2R A K% U
A RHE BRI BT, AT e A G LI AR IS %

WX EHMAES A 22 T AR R TAA MBI, A 22 TR
R PR BEAT 55 1 52 I, A 4 T Bl RS Sl Ry

BR A EF )| SHAM
hBEIERA
—00R%E+=A



RPa i.
i[]] i

FE DL B SE J— Ff i 78 9 A —HIL A i o, RS LIEE 2 4R
A EGR AL FE S ECUU fLR AR RF 2T AR R RN A
SR T HEAUBLSC BN FH , R G A T RIS AR EENE A
FG MR AR AR EE" 0 A S R AT R R
AR v 9 N —HILAS B 5 R0 0 S | g U0 5 o B AL 50 B L
Fe H i B AN R A RIE 6 % . AR, 456 7 NASA Iy )
K7 H B K FA I 5 A SRR F 2 L BOEING ) &AL kg $05 Fic LA B A
F T HEAT B KB MR A B T AR DGIA R LR, 41 T B ARTE
FU 7S AL AT e 1y ELAA T, DA IR T 4 X6 DA B0 55 B AR 1 B A

AAS i 22 AR ST R R STHESRAOA L, & B il ERE G, R EER
TEFILF R, SHEERALDT: _

ZEECPEM K AR SII% b0 VTSR BEE |
RIS 2 5 FRTHE (P E AR B RHF S RO R TRCE R E) .
FEE (PEMEX BRSO VITHRINZET R E) KFRBESE S
B9 &,

FHEZCPEM XGRS b0 CITEBISMRE) BES 4
T 6 7,

H & (A R AR 5 I 4R o0 RATRRISE R =) B4 8
B9 5,

sk (R EMK AR S IO RITEREBIS IR E)BES 3 &
M7 7,

R R E ALK A RHE 5140 B BRAM K TREM KRR
SRR HMRE PR R A AR HE R T AR RS TRMLES .

A BN THEYN FHRE MK THCF TR DS L ¥



Vil FR PRI SR IR R AEAR 2 AR P &Y AL AR

BHECR , AT 4 %ok kg S B S B AR O () T AR AR A BRI
UIibE sy

FE T B S B A& S SRS, B R R RTAGTURAR 2, th T AR
KFERR, BhAYZ 4k, BiE KEEE#HE E.

A



Bl e o T R T T T A ST 1
1.1 EEHIINSEC VR HEE - ooemenescmmommisevasomesinivrsonvavmsnsessasstasnresaimm s 1
L8 BRI donsiioossummsietsisnimees Sss e s s eSS AR |
1.1.2 VR I F AR coeeeerrereiiieeaiieeieieseesieseenesesieeesnaeeennae s |
1.1.3 VR EBAEE csessiisissniisnisasunyssassssssrissassressasassosessions 2
1.2 VR 2SI MEGIEALH Y, -=-vcvsesroossmmsvsnsnsoonsmsansnsamsnnninasansss 3
1.3. 8 WR BGRIEIE woveoveavssissusinsessssionsososiansshmpsboionssisns 3
1.2.2 VR BZLIE KRR coveverereeeesemssinseseseniisseeesesseesssassesens 5
1.3 NR BEGEFS vt e e ioer s e T e eer e r e h i 8
131 ZEX VR B Lo esescessssenseenens 8
BT 3 2 204 TR | e ————— 9
1.3.3 BB AMBT VR AL oo 10
1.3.4 K VR BLE coooreeremrnmmmnniniimiiisniimmii. 10
1.4 VRIFIARRB IR -o-ovreomeiiomcmmmoomrnmasronrsssmrammmnmmnnsnaanenssrrassss 12
5 5 - R 13
BETHR  covsmnvnovunsnsss sonnomsvmees siwsrssinnaresssnant seevus sseansssstsnnasannes 14
SO ABBEFIRIFAE oovooeeeeromremmmomminienieteniessetinnesseannane 15
2.1 RIS nuisiaseais i s s e Ras R 16
2.1.1 BB PR A IR o-consvsscosmmorvssiosmesssssmrsenspasssmssaninss 16
2.1.2 ALBEAUEE R IAFAE oomeeeeeeeci e 23
2.1.3 uﬁ—rf—.ﬁ ........................................................................ 35

2. 1.4 FEMRAE HUEE L BB osonsarerersmmonsnmsmmnsonsssasennanessasnns 41

2.2 AIEEADFEZRLE oeoeveererreemreeieesessseseeeeesseseeese s 45



X SR PABL SR FH AR B A AL 2 ALK o 65 S AR

TR N SN SESS S ———— 45
2.2.2 AT ER A e, 46
A Qi S TRt ——— 47
BB BRI e e SR TS B ik R AT 47
T T - 1 T 48
2.3.1 WUBFIBBE oo 48
9,8, 2 ABEFIEEAR scomsmessvsiomirsesunses toss s s h eI vs 54
LB oo e 61
BT TURR  vvevvemremenmonusivmsunseniminsiossessssonesssassess sanessssessesissnss e ves 62
3B FIEARRIEIL oo 63
3.1  AEIR coeronmsmsesen saponsnvmmanesunsnnie ross sanunss soben snassen nssns s asasomasns 63
3.1.1 ALZA B ALK - vvvreeeermrrrrereesiinseessiaireeesssinnesens 63
3.1.2 AT AR IAEILAR oot 63
3.2 WLBBUNEBZRIR orrr-srrvrerermmsnst cosmmanensenssssasidssmn svbonnidinianisisn 65
3.2.1 BEBBER s smsisa st s 65
3.2.2 BB EFT oot masinisishisemises miis 66
3.2.3 B FE NI E T v 67
3.3 HRESLRE4EETEBFEATHIE o 68
3.3.1 WA WMEOR TR 69
3.5.2 BRBEBIB R smmmmovvnmesamiveniisss it A assis 78
3.3.3 ABSFE TR coeeeeeereerrrene e 81

25 T RTTITIPPPRTPPRPIS 81
BFETLHER  cooveerrereererm 82
B4 BN RGEREFIEIE oo ssses 83
4.1 HEIR oo 83
4.2 FEIRBTE U] crenrsmmsmmsasmsioimssiss oo 83
4.2.1 JHFEF E oo 84
4.2.2  BEBAEAD i 87

4.2.3 SLPRESLT coooeeiereiniisiisn st s s s s 92



4.3 BIKHTETALTIAR oo 101
4. 8.1 0D BA comensmmmmmmammians sossnsmsoms wsomes savssatsn asanms 101
4.8.2 BB v mminiimeasssosssiissssssmmmsesets 103
4.3.3 ATFREREGBEABILEE oo, 104
4.3.4 A FRBBEAAEGEAGILIE e, 106
4.3.5 R THEMABGEABLIE o 107

4.4  FEFEHGI -oooovneremmmiiiiiiiiii e 108
AT FIEIE snmrnmsmonms voimiimesmons soss o G e S s aled oA s TR OSSR 108
4.4.2 BLEIEE cooreererreeinini e s 11

B S RIT ccici smssumonemumsonsisosnonnsi sasnses sessaniossns sa s snassbenanessn s sassssnid s 115

FETE TR oo oninsmnsncianmass vnoams omm aibossoimsoiis sasis 44844155 40 S0 B s s e 0 116

FESE EHWINEA—FIZETEIEE oo 118

5.1 AR ARSI oo 118
5.1.1 ABRALZHE SR FEHUE] oo, 118
5.1.2 FZARBTRRI i 120

5.0 SPRETRERE o vmnnsvivivascoiirsiians i v sassanssssaisinsasssa s 129
8.2 ] EIMID asssasvanmeraanisnas ssatinmansssis saemsan dosne st Seaesiasams s smimeids 130
7 0 [BOOND e errs iy e Ao Fua i o s 134
5.2.3  ZEARBRAL creerreereriiinii s 135
5,24 SARIEY R A oo stimessismsasiissssesasssots 137
5.2.5 TR BEE  curmosrirm s mersoss s AT 139
5.2.6 R EARBTIE oo 139

5.3 BRI R EIRERIRSL e 141
5.3.1 AREBIRIZEF K, ooreeerrmrmreeminnenineeiieineaninns e 142
5.3.2 AL EBIRIFEAGPERRIEAT oooovremrer 143
5.3.3 [EESRIZHARAGER oo 146
5.3.4 ERMIAEZAGPTRBIRIBHER crvrersimnensininenns 152

5.4 il S R EREEE e 153

5.4.1 BREABEABLBI sooesmmsmimnsnsimonsiasismssasss 153



Xl JR SIS 3 K B AE AR AR R P 65 AL

5.4.2 BB HAEBEATEBEHAE oo 155
5.5 VR BYBD FETFRGE --ereeveevvnereossrcnseronsiosvnnineassosmsnsssssnmsssin 159
5.6 VR TR ZRGEEERN, -ooevvresvnresmnsananisnmnssminsmerenssiassisenesassmasss 161
= S 164
TR IR wmensmonnssumsn osemess 4asasns s ais duniss s i doi s 45555 S s i s 164

SEOE FHRRIERGIRR --oooveuerececommmmsiensosnimaiormesmenssmeaessassonees 166
T . 7 T s 166
6.2 ANFHHIER S BB EIERE «ovrsnssonormmosinccooneassorasmmmmmasmanane s 168

6.2.1 HEHEIBEFDHT  ovmsnsisesoseroivosisssonsvoss svssasnsrsmsnsmss 170

BT BT W R oo s AT 170
6.3  TRHML I ceveerrrnrresriiniiisnsnnnasissisesnentassssnsesssaesaessnsenssssnss 172
God SRHEHI omomrmr s e AR R AR A S 173

6.4.1 F BB AIB I voonrvoesivnnrvmnmsnsesnsmpenssnsvmnissassmsvsanisansaos 173

6.4.2 FPFEBEFPIEEN ccvviiniininiiiiiniiniienansrees 175

6.4.3 F GRS Th oo idarsrye i v s s 178
FELTETT v asovstcicamm ot w5 A o 0 59 53 S £/ A & 9 S SRR S OB S TR 185
LR vevrmorvannnnes cvnonamansams s sois smrwe v svs s s s s e S A e £ e AN SR Y 185

FTE FHEIFBHIFFRETLD oo s 187
7.1 KJE APL OpenGL HI Direct3D --oevvvvvvvminiiiiiiiii, 187

(5 1 | OpenCL ............................................................... 187

T. 1.2 Direct3ID reosroseevesovavsonansesssasunmesranssnsaensissnnsesasmssanssos 188
1.2 Z=HERBERIRIE svosmsomemsimsonnsommneessmemssissosivams 189

7.2.1  TRIS PerfOrmer ««ceeeeeeeesnreetmmmnemeemneeeerisnaeeaerenaaaaeenes 189

T.2.2 Vega ..................................................................... 193

7.2.3 Vega Brifg essmismiresetmsrmnsssa s s sme s s n s 196

el WilieE ROt T I B T ST 197

T8 Narlpols ssisvamndasiissimsnssismst i renassmssanmmissssaasemsmims 199
7.3 RTINS soncessunpensvsenornnrsnssnenrionssussosansmnsnsasssransrvinasss st 201

7_ 3. l Silicon Graphics — Onyx4 .......................................... 201



T-3.3 BOLOmEION onovicaissssanivcinizsasossssisnssstassssspsatasess 202
7.3.3 =SsimBUSION G000 sssssevssavinsississisanisvsinssssssnsssanisaves 203

R T~ R NI SRRSRERER SRR SR e 204
FELE BT oovcicsnsnvommnisnmnansosntsnionassasonnosassersssassns snansns soeiavessinons nsosis 205
TR »ooeonmmensnunnussuvsios covsmonsaveusessnsaon sonanos suusnseuesss s e 205
E8E RITEHERLFEING « ceosssmimnmmorensisvianmmsmmamasassssssssssosssngaes 206
8.1 HEAR occvceiccnceiiiinnicinina o e snssvemansvese sts s e an s as s R s s 206
8.1.1 EEIFIIEATIEA  comevesecisnsiossisnsassisnssnarossossussnssasasss 206

8L " i e L . B S e 207

T F T PN Y 209

8.2 BHIFITEREEEIAR o ccvvvrcrirainienitinisonorinanienes e 210
8.2.1 ZEEEH K soisessicinsssmmsssasssimpnsomsonsssives idsssnsismaos ssnmmassn 210

§.2.2 AREIE R cccmmrresimnisosnssnunisss s nssn s s s 211

8.2.3  JEAUIL DI A oottt 211

8.3  FEIUHIE AN FHATUEL e 212
8.4  HEAUBIRH AR LEMLZS FURBE G RIN R rrvrvvvrrnerrn 215
8.4.1 =ZHEFACHBETHBHA o, 215

8.4.2 FERMEGBEIFE oorsmininsinnmnvimmssmironsorins 217

8.4.3 HRELERBEFLEFHP vt 217

FLEHT  covinscondss svsnonnnnns damsas suues oo senns s adnssbsnssns sasies syareasns sasEamagsnas 218
o NTHR, e e R AR R PR R K S e B SR A A A R 219
FIF BFEHMELHARAEMEIRERPIBEIRE e 221
9.1 MFHNKASEILBELETRIEIIUNLE e, 221
9.1.1 A KEBITMALMEIL oovrrrrerrrmrrenniiiiiinininn. 221

IS - F ) (2 R - —————— 223

9.1.3 FBNZEBIFP FIE  recmemmvmmrsnmmosmssassessioe vavomne snassssnsas 225

9.2 BIIRTAFIAR soseovercreinmiinnisiiionioinsininretitreneseanasees 226
9.2.1 R 5 B FURE BREAY <wveeereerereeimimsinsinsiennneennenas 226

9.2.2 EMFGREI ARG AL, -ooovvrrerrrmrrrininini, 228



XV B FHL SR HH K R A A Z ALK P 65 LA

9.2.3 BIMRRAHAE LTI e 235

9.2.4 B RE AR BJEF Y oereeseossorssrasssssansarsonsssssrans 236

9.3 ISR ARTEML T TCETFGE I eeeeeerereeenensees 238

9.3.1 TR THFIHRAITIRIBILR  coreeeereeerereersinnnnannnns 238

9.3.2  EIAIRIE T A GG IRAF BT BB LA BRI oeeeveneenes 241
9.3.3 MRBRAMEALEHZITHEA—MES

5 T T T T TI 242

9.3.4 BIFRETHIAI TAAPIFR  coorevvosmrnimamass sossssnns 245

- 5 - PP TP I 256



F1E # it

1.1 JB#IBLSE(VR) B

1.1.1 VREX

405 i A S A O ARTEAR 22, 40 A T 33K (Artificial Reality) | J
RS ( Virtual Environment ) | #§ f§ %5 [6] ( Cyberspace ) . 1% #i ( Telepres-
ence) A (Mirror World ) 55, I SE H A oG8 — € X, LB
JER AR RER B TE RN SE 1996 AEAE R BE (RIS ) B M BRIE (SEB )
WD) H 4 A RE 3 HEAUBSE (Virtual Reality, VR) , & —Fpa] LAG] & F
VRS g A 5 ( Virtual Environment) 198 AL R SE. B F 22K E
HUF 5 (Virtual Environment ) 5045 %€ (1 B S 4K, BEHIFEE & H
HRALA B 38 A0 T o S T A2 7 A B i L P i
R EA P AR . EABLSE SRR 2 G Ab 1 S50 5
RO AN THEGE 2L 8E BT 55w A a . MG EE AR JF kb
MR N R G 5 2 AR B VA

1.1.2 VR AR

B A K LA BB A R R B, B R R E W
TR S JF R R R G G HEHVLETE | B8R | =4 (iR
B BT E AR MEAE 1 .

1965 4F- 3 [E] ARPA {5 B AP H: R 70/ % + 1T Evan Sutherland k& %
TR B R) 83, SR 1T i BN RN — Nl e
WA R L 6T 11 IR I R e SO A 2 R UL B SE W 2 B HF i o [
1, 36 E 43 R K °F (1) Myron Kruger Xt 3k 28 iR #4809 SR BRHEA T T 05T,



2 BB FNIL SR 3 A R FE AR 22 ALK o 65 5L AR

3 T HMD F1 BOOM HEE, /i # H 3 #5341 A%, BRIV & /s &% 75 &
B RS AR B R, S AR XU I R, s SR S R
R AL, 1966 4 Sutherland £ MIT A 55 5 % JF 4 Sk 2% A ol
TAE, RSt T, T AR AR B (HAE R — R AL, FE 2 AR 8
BEIRE TARKE R, 1967 4EJb-K K2R i) BROOKS Hi Bell SL% %
i) Michael Noll 435647 T J1 BB 53, GEAE W 0 FH 7 5 kg 00 990 4K 1) Al
1, (15 P Az A sh B S 15t . 20 fH4n 80 AR, 6 VPL 28 |l 1A 4
A Jaron Lanier | X324 T “ Virtual Reality, VR” Ri&, FfiJ5, 35 E E B &R
AT —FRIA X VR HOR B 45 5050, IS 174 A B8 B M5
B ——SIMNET, 5| T7)71Z X0, 20 40 90 4548, 36 [E NASA Hifik
BT VR £ I VR 32200 FHTE 348G T 21 | 2 (] 0k 45 428 1] 650, I
& HUBBLE 22053 £ 40 S 4 MRT 1R 187 VR Y125, ik 3
T AR RS MROCR o 20 20 90 AR, THEEAL R S BOR PR K g,
A H A AW, IS i — 2P R AT F 1 RAF A

1.1.3 VREARILK

VR AR — T AL T BEA , AR w02 AR BLALE LR T 1 -

(1) FEEET N, LM A—PLA i (HCL) 25T 48, A—Hl
FEXSBSZ s VR S B2 — 4 i, BB e B E 5 A AN
Y, A—HLBC A BRI

(2) FWEERTEYE. VR T iHENL, B4R 1725t B0 E8oR
AL 5 FAB B, A A B A AR, 6 Ul — S 80 T T 2 A 95 4
T AL, LA e B O R s 5

(3) ZEMIAEERRM . HEAh AR A5 i A AT B e HoBE =2 %, ol LA
WEAEAZ G0 BLEOR SEBAS 1 A0 B A e M O AR 28 30T H 4 3 T AR U K
HARTE B . VR sk 40L BL SE kA7 IR ARk, AT LA A P R B e —
SERRIE b BB, TR R AU IR BT H 1 S

(4) TFRBER . LER= It KR, RA L= HIUE R R A
REARAS I P B A5, SRIG B 1Tt s MU VR R GUIF 7™ i, A b 7= 3
FHERL, RFAE AT R = 4E s T AEHL EREAT 0B SCH, B AT ARAS H P I



