ERSERE “+—H" BREANEH

1255 O b LK 3 b

TR HLEIE KA




EBELHE “+—F” ERGALISH
B R B

?+§§DHLE§}£A§§£§ﬁmf

(56 3 i)

M W e pE

T F I % & AR 41

Publishing House of Electronics Industry
1t % <'BEIJING



M EE T

ABREBEHSHE “+— 17 BREMRSEHM . 243t 10 %, 3 1 ERENATENERENESF
W&, MAMKREA. 8 2~5 Fh U B N7 METENERAE RGN RS, AVRZEAE
R EHR SAEH R HRR U R A BRI A RS . 58 6 B ERNH BB RIS
87 ENP=REH R = EMROERAE, QFUTRRRREARE. 5 8 B4 i 2 i i A4 K.
59 ERENAEAOEREE. 5 10 FxELRERLH 24 BB T &R,

APHALTMEL, HARPEN, SOHFEELH. RESERE S8HEAN. BT REMERE
FHRIELEIE, R TH.

AR A AR E R H AR T AR E M AP RS E .

REUT, AMEUEAHTREHEDRABZ R RERAE.
FRELFTH , RAL L.

EHER®mE (CIP) ¥iE

WY 2R, [EERE. —3 iR —dus: BT Tkl 20187
ISBN 978-7-121-34668-2

I.@ it 1. O e @ fa- . O HENERE-BSER—#HM V. © TP391.41
oh [ i A 1 CIP $iiiZ 7 (2018) % 149827 5

RN HHGH
TEgmE: HigHk FrLIgRER: T B
Bl Rl =WTARRENS AR A
¥oAT: ZAHHEBEFERA A
HARKRAT: BHF Ik H AR

eEHEEX AER 17358 % 100036
F A 787X1092 1/16 Ep5k: 19.25 FH#: 490 T+
B R 20024E3 HE 1R

2018 £ 7 HEE 3 [
B IR: 20194 2 A% 3 RENRI
£ M 520070

JUFTIESE B F Tolb ikt B P BRI, 8 WSS T s V. EBIEEE, FEAHRITIKR, Bk
R HRMIEEE: (010) 88254888, 88258888.

B RFER R zits@phei.com.cn, EIRZAEEIRE R I ZE dbgg@phei.com.cn.

AREHEPERTR: 192910558 (QQ &),



it

Al

EJLHER, RERTENERER T5IABENAR. aJLA#: “SLBAmH—/ M
K MTHEHL BT 20 R AR Rk B 4t ”

HEl, JIPAAENESFERYCHRT “HENEEE” . BASAZXEEFEX
FRZHRT RV ERZNREAR: FARAETR “HEIEREER” & “THEVERZES
w” R, HRTENEEERNERDMREMEAR, MEX—FERNE IR e 5
fith; BFFRAEF® “EHETENERSE” “THENER RS EE” “ BASRER RR B
EHAR” FRE, ERTRITEIEREN KBS ER AR

BAVEZFHFELBIEM L, SRENIRFRENEM, FEHNREFREARE
RETAEH. HEEE =/ Bx:

—REENATENERENELAAE, IEZEZRHEBENARX N ERHE R HEAE
MR R

ZRR RS B BB B K R T T B RE R AR

=RBRFHEBSLERMEEES, R_Iﬁngf@ﬁéﬂ?fﬂﬁ%ﬁﬁ%ﬁ* R K IR LB o

ARE2MANEHERERE “+ 8" BXZINEM . SFEHFELER. BMERAR
MAMBRFEARKE, BEERAEZERTTEBTINE.

EHARSEAE, MEFEHEN, LHEEELH, BERERE. A PREHERER,
BEEEZFERBFBCEMELRA R — B FHERAE R ERELS, BUTELEE
#H FIEM http://www.hxedu.com.cn 7 T T 8.

P10 E,

B1E, MENBUHENBEREZNELAES. NHMREIE.

F2~5F, H I BN NMBHENERAERSGMEG RS AVIZEAE, B
X RETEI AR RUREAEENEREES.

%6 &, EENA_HETHM _EWEOME.

F1~10E, FESR=HERHTHR, LEMLH.

BTENF=RZHRE=FENEOREIANE, OF AERNEYERS.

% 8 FEA- B A fh A Ak

B9 BEMENAFERHNHEREE.

510 X R SRE R L6 R A BAR M T fE R

TR 5 DK 2 1 556 B U R O AR 4R HH A — A e R o

EXABNREERES, B2 TEFRBERETENRZSHEARZERSER. T4, £
H FHX, XRE. RINSFEEREASHE, ERRREORH. REABEME. TRE. &
R, . A, BB AR, Bts. ZERSETRERETENAZESERE
Bt EVLEREFREANZN], 1235 T ABRNBELBIFRHE T ER/HBEHEL. &
W, ZEOOR, WEIR. WAK. B kIR, Az, TE. HE FHE. B4R, B
M, Y&, BB, KA. DK, HER. TR, BRE. FE. LS. O, ™I,

L1 Vil




RigE, 7. BR. ERE. BR. WICR. KWEE. ok, B&EK. £H. 2. TR &
WE. B B8, B BHEx. B, Bk BEE. 3. BE. KB, 58, £X
£, FRT. MXE. XEK. AFE. FEASRFETENEREEFE PR E R
YERIAHRARR «

HTEZEKFER, BPEREAZEZHRZL, BEEEARFRIE. (&K E-mail
Hitik: lufeng@hust.edu.cn.

&
F R K L



BE A EE BB D oo e 1
1.1 ﬁ—ﬁﬂ@%%ﬁ&ﬁ*ﬁ*wﬁ ......................................................................................... 1
1.2 tHEHLETE B I B e s )

1.2.1 ﬁ-ﬁﬂﬁg%%j‘t’,mﬁ% .................................................................................. 9
 [h Q%E)@ﬁ:ﬁ%ﬂgﬁﬁ .......................................................................................... 3
123 E}%ﬁ,ﬁ:ﬁgﬁﬁ .................................................................................................. 4
1.3 -‘d—ﬁﬂ@%%ﬁﬁ@@ﬁﬁ ..................................................................................................... 4
1.3.1 i-{-ﬁmﬁwjl&ﬂgﬁjjﬁ ...................................................................................... 4
1.3.2  tFEHLERBNZE R oo 5
133 ﬁﬁﬂﬁ%ﬁﬁ .................................................................................................. 5
134 j}ﬁﬁﬁj%ﬂ%%tﬂﬂﬁﬁ* .............................................................................. 5
1.3.5 BRI Z AR oo 6
1.3.6 Elﬂﬁgﬁuﬂﬁﬁﬁﬁmmﬁﬁ .......................................................................... 6
1.3.7 1EEJT PA BRI oottt 6
13.8 Eﬁgﬁﬁfhﬁ_m ...................................................................................................... 6
1.4 THEH LB T T GBS e 4
1.4.1 ﬁ'ﬁmiﬁ@ .......................................................................................................... 7
1.4.2 ﬂﬁﬂ{%‘@,%gﬁ ...................................................................................................... 8
1.4.3 A HLAT T oeeneereesnnersssnnnte ettt e 9
1.4.4 Ei@@%ﬁ{f\— ................................................................................................ 10
1.4.5 ﬁwmi ........................................................................................................... 10
1.4.6 1&4%%—{—%@‘%% ................................................................................................ 12
14T FeRT BITBHE T wevveesrvonsssmssssmnasucssusenssorivsassausssinssissasssnas ieniisassssssasssnsisbashssssasssaass 13
S RBL L eveeenneeeomnnennte s e 13

W2H. AT TR B BTG +---o-cvovseoeonevssasussssnssasssenssssssasessbhsiutosspadiasecesnagassosdosossasssss 15

2.1 HEVLETERGUMEIR - ooveeerereree e 15
2.1.1 HHEHLETE R GELITHEE - ooeervmerremreessesmeses sttt e 15
2.1.2 THEVLETE R GERILER -veerreerreerrresresmnsni s s s 16

2.2 BETEH N AL R cvveerennsesnnnstintiniins it s e e 18
221 BB e e s e 18
222 BRUFRBE v 19
223 B 19
224 FHAELE -ovoreee e 20
225 ﬁ?ﬂﬁ" ............................................................................................................... 20
226 Eﬁﬁﬁkﬂﬁﬁﬂ};ﬁ ................... P PP 20



o o B | ﬁﬁ%ﬁ ........................................................................................................... 21

228 ﬁ?{)&b‘( ..................................... W TDOEOTOE L SO OO Db JOCIEaT GO COTTCDE 21
229 @@E;ﬁ& ........................................................................................................ 29
2.2.10 Eﬁm)\g% .................................................................................................. 22
2911 mﬁiﬁﬁ)\%?ﬁ .................................................................................................. 23

23 E%Eﬁ"\‘iﬁ% .............................................................................................................. 23
231 ﬁﬁm%ﬁ:ﬁéﬁ ........................................................................................................ 23
2.3.2 CRT BEJE IR TRBE --ovrevememremtetee s 27
233 S{Zﬁﬁﬁ'{%% ........................................................................................................ 30
234 Eéﬁi)ﬁ!%ﬁ% .................................................................................................... 33

2.4 @%Eﬁ‘\‘?‘?ﬁ?ﬁ .......................................................................................................... 34
2.4.1 %WE%E%E%??\%E‘J%W ..................................................................... 34
242 é’%%ﬂﬁﬂ(ﬁ ........................................................................................................ 36
243 *ﬁ?’iﬁ@ ........................................................................................................... 37

2.5 @Hgﬁﬁ%m-‘&% .......................................................................................................... 40
2,51 FTEJIL orveereeemmmmees et 40
059 BN cvcssbasniiundninsniaiivisaisionsssncbbbiitldidiiti i st Al i Lo bl bsencancans 41

2.6 OpenGL @;{gﬁﬁ:@ .................................................................................................... 41
2.6.1 OpenGL H‘JEE%IJJIEE ......................................................................................... 42
2.6.2 OpenGL H‘J%%’Jmﬂ ......................................................................................... 42
2.6.3 OpenGL H‘]%ﬂg‘%{f ......................................................................................... 43
2.6.4 _/I\%Eﬂg OpenGL ﬁ}?‘ ................................................................................ 44
}j@ T RLTTIrrreee 47
I FPIBOAETEREAR - weoerermsersscmsmmescsesissiseisssisessstusstsssptosssssssosssossossssssssssnsssasss 48
3.1 B BB B ooerrrermer e 48
3.1.1 }Eﬁ}hﬁg‘é ........................................................................................................... 48
3.1.2 E%ﬁ%ﬂ‘]ﬁf&ﬂﬂi ........................................................................................ 48
3.13 }i’iﬁ ................................................................................................................... 49
3.1.4 —.ﬁ:[ﬁﬁmu ........................................................................................................ 50
315 ﬁ&ﬂ:lzﬁ- ........................................................................................................ 50
3.1.6 @@*ﬂﬂj%%ﬂ ................................................................................................ 51
3.1.7 E*mﬁgjj ........................................................................................................... 51
3.1.8 m%g&%ﬁﬁ- .................................................................................................... 51
3.1.9  FERUASEI R F ooereeeeerer e 52

32 Eﬁﬁl)\ﬁ%—'—?ﬁl)\&tﬂ ........................................................................................... 52
3.2.1 Eﬁﬁ])\ﬁ% .................................................................................................... 52
) ’-ﬁﬁ])\’l‘ﬁiﬁ ........................................................................................................... 55

o) ﬁﬁﬁ%@ﬁ* .......................................................................................................... 56
33.1 %ZIEBEEEQZ%@H* ............... 56



332 Eg&iﬁﬁ* ................................................................................................... 58

34 OpenGL AR R TS AR LI SE I +ovverversressersnmmmmsnnsiss s 59
3.4.1 E-‘f- Eﬁ‘jﬁmgfﬂ ................................................................................................ 60
342 gq‘—ﬁﬁﬂ{lim ............................................................................ oG denagiey 62

35 OpenGL cp%mﬁﬁ;ﬁg;}ﬂ ........................................................................................ 63

3.6 OpenGL B S BT R eevereeenersernssmmesenses e s 67

SR B eeeennnen sttt e 68

AT BIAIET SR LEM rorroereoressosrsssssssssssssmsssssesorsorssuasassnssssssssassassassassassasssssassasasosss 69

4.1 gﬁjﬁﬁ ...................................................................................................................... 69
4.1.1 EZKQ%J_{?? .................................................................................................... 69
412 }L{q{%‘lal_ﬁ%}bfﬁ“‘a ........................................................................................ 70
413 élé*j&,% ............................................................................................................... 71
4.1.4 &EWB@EX ........................................................................................................ 73
4.1.5 Eﬂﬂ%ﬁ@ﬁ .................................................................................................... 74
4.1.6 ?ﬁ%ﬁ%'—ﬁﬂkﬁé}iﬁ .................................................................................... 76

4.2 Egﬁ%ﬂ;gﬂi;ﬁ .......................................................................................................... 77
421 gm}fgiﬁﬁﬁ ................................................................................................ 78
4.2.2 *ﬂﬁﬁﬁ{- ........................................................................................................... 81
423 mzﬁiﬁikﬁﬁz ................................................................................................ 81
4.2.4 élﬂ'ﬁiﬁﬁ#—:ﬁﬂ? ............................................................................................ 83
4.2.5 A SRR cveerneerneene 84
426 BSP N ............................................................................................................... 85
427 OpenGL == m;wﬁﬂgjﬁ ............................................................................. 85

43 q;;ﬂ]‘mu;(j%agiﬁ-\- ....................................................................................................... 90
43.1 5}%}1‘@‘ ........................................................................................................... 90
43.2 ﬂ;;{ﬁfg% ........................................................................................................... 92
433 *ﬁ?,‘f.\gﬁ ........................................................................................................... 93
434 %%%ﬁ%ﬁﬁ ................................................................................................ 03
435 ﬁﬁ% E/.]ﬁf:mﬂs ................................................................................................ 03

4.4 Eykﬁﬁ ...................................................................................................................... 94
4.4.1 &—%Eyk@ﬁ .................................................................................................... 94
442 E{kﬁﬂm;m ................................................................................................ 95
443 OpenGL *E{K%ﬁﬂﬂﬁ;@fﬂ ............................................................................. 96

TR Qevveeeneenenenee e e s 98

FEE BEEBIAEREE 99

5.1 TEIERHIFTHEEEER -+ omvorovecorsmoomssansmssorsuonsasasassenssssstsssresssnsasonssssnsossass soasstoasisnssnssnsasssssassses 99
51.1 ﬁﬁwﬁﬁi ........................................................................................................ 99
5.1.2 /5 Bresenham &y oo AR RSN TR SRS A s e 101

OVIIO



5.1.3 Bresenham ﬁf’ﬂi ............................................................................................... 103

5.2 [RIBGFTHEEE L «veeerrrremneee s 105
52.1 j\ﬁﬁ%@ ...................................................................................................... 105
5.2.2 /5 Bresenham [ [R5 «ooveereemmmmini s 106

5.3 R HIFTREEE TR creverrerrmrrneee e 107
53.1 %E‘JﬁﬁE ...................................................................................................... 108
5.3.2 WEEEIF A Bresenham BLjg «-oereeememimini e 109

54 ZiHEHIFAREEIR S X IRIETE oo 112
5.4.1 ZIHTERIFIREEGAL oo 112
542 JHGEIEFRELVE v 116
543 E‘:jﬁiﬁ—fﬁ ......................................................................................................... 118
54.4 ﬁ’ﬂﬂ*ﬁ;’iﬁﬁ .................................................................................................. 122

55 ?ﬁ&bﬂ .................................................................................................................... 123
55.1 ﬁ%?ﬁt ......................................................................................................... 123
559 %ﬁ?ﬁt L T SR PN PPy NS R RRR P 124

5.6 JBPEADIE o ooveeerrem 124
56.1 ﬁg‘gﬁ]gﬁ% ...................................................................................................... 124
562 ?ﬁﬂgﬁﬁ ...................................................................................................... 127
5.6.3 XIRIETERIBIE - verrerremrmmm 127

57 fiiﬁﬁi ........................................................................................................................ 128
57.1 ﬁm# ............................................................................................................. 129
5.7.2  TATEA DR IHHT AR o oooveeronne st 130
573 ﬂuﬁgﬁm# .................................................................................................. 131

58 1 OpenGL FZL B ] JE veeeveeennesrnemsanssnnssts e 132
58.1 ﬁgqg%%ﬂ ......................................................................................................... 132
582 E&E‘J%ﬁﬂ ...................................................................................................... 133
5.83 5’@.%@3‘]%*” .............................................................................................. 134
584 OpenGL 1:|:x H{J?ﬁ@ﬁ ................................................................................... 138
585 OpenGL q: Bg}iiﬁé ....................................................................................... 139

;lﬁ_!ij T TP 141
:ﬁ@?ﬁ&:ﬁiﬂﬁ .................................................................................................. 143

6.1 %Xﬁﬁ .................................................................................................................... 143

6.2 EK}LW%@'& ............................................................................................................ 144
6.2.1 T FB AR eoeeeerr e 144
622 Hﬁ'ﬂ&ﬁ ......................................................................................................... 145
623 ﬁ%/ﬁ& ......................................................................................................... 146
6.2.4 xﬂtﬁ(ﬁﬁ ......................................................................................................... 146
6.2.5  EE IS T coeerree 148
62.6 —HEBTEJLAZSBLEGTIEL oovererversessisssssessissnsmsnsssisisisesssiseasissasens R 149



6.3 AR coooreeere A ieeraeeiasiriinhdaanestnnesssressenarensanne 150
6.3.1 THE A TFAEMAIBARIEEI R oovsivsissrasessomsvisiianiobasisosisssbupimiiosanissspatosiseacn 150
6.3.2 T YER AR AR e 150
6.3.4 HAh —HEE AL oo e 151
6.3.5 FHRAE— S e LR AR cveeeeemnnssnniii 151
6.3.6 AHXTTAEE T A T 4E JLAAT AR - eoeereesenessmssssiisnnn s 152
6.3.7 MAFRZRZJA]FRIAEHL - veoneeveemeienit 153
6.3.8  FEHIARHI «ooeveeeemmn 154
6.3.9 /BE#%E@»EE)E— ...................................................................................................... 155

6.4 T HENHBL ovrneeenine et 156
6.4.1  FEAHE DS ooverreernereni s 156
6.42 F P ALPR R BITNEZALBER ZR IR e everennememmsimninssi s 158
6.4.3 Bl 1B DK AT R - oovvvenmrmenc 158

6.5 B B e 159
6.5.1 B RRIFR BT e 160
6.5.2 B LR BEIIER BT oo 160
6.53 BIATEHIEE BT oo 166
6.5.4 FLABFERET «ooveermrrmmr 169

6.6 OpenGL H [ T HEMLBIATHL -ovvvevesvissintmmmstisis st s 170

S JL Genveeeneremmnmnnee et 172

FTE ST ST ED e 173

7.1 EYEAR PRI A B oo 173
TA1 JUAATR R cverenernmesnersrss sttt 173
7.1.2 SYETFIRAB RSB PG voenveerreernsmmnenieninn e 173
T 13 ST LA LR cveveree e 174

7.2 U TR «oveeeeemeeee 175
721 SHEREAR LR B HL oeeermeneriei 175
722 EHEE AAARH L 180

7.3 SYEREELAR IR cooveeen e 183
73,1 JEBE B correerrre e 183
732 BHERL oo 189

T4 FE R R oo 190
T AL BB AL coeeeeeee e 192
TA2 T RHIEAR e 193
TA3 R IB AL e 194

7.5 NRBZMAKR ZR P AL BLZS ] oovvrerneesnnenss ettt 195
7.5.1  NLBZARER BRvreerreerrreermnessnssiie ittt s 195
7.5.2  ARBEZZT[H] rreeerverrrersremmsnnnntesitst i s 196

7.6 HENLBZIRIRE +ooeeverrererern e 199



761 - FEP AR TR B AR AR T IS Plocosvescrsommmmmssscsssmsancussiansarssseyyihsifosipoighe oodbonis 200

762 FATHE IR TEAL B R A e ooeveee A A L R 3T st e s cvaxvve gy afiaiunvasanas 200
7.6.3 Em&%%;&j@{%&%gﬁ .......................................................................... 202

7.9 Eéﬁﬁz‘ﬁ‘g .................................................................................................................... 205
| %?%ﬁ?ﬁ%ﬂ%%lﬁ] H(]ﬁzgg .......................................................................... 205
by o R LTIy | (ORI RGN S SR Eh S LR PSS S S 206

7.8 OpenGL *H@&?ﬁ% ...................................................................................................... 207
78.1 %E%j&& ......................................................................................................... 207
782 *ﬁﬁ:}ﬂ@xﬁﬁ .................................................................................................. 208
783 &%/}Eﬁ ......................................................................................................... 209
7.8.4 SQW'J ................................................................................................................. 211

S B T eeneeeeeeenen e 213
%’ 8 E Hg%j:—) HHE ................................................................................................................. 215
Bl BB coreraromemeemnmmcmomeelynso s e s amamesms oo s s o 05558055 K A 215
8.1.1 /T BERE IR YRR e 215
8.1.2 %%/Hﬂﬁﬁ@ﬁ%g* ..................................................................................... 216
813 @&/Hﬁ%%;} ............................................................................................. 217
8.14 ?@ﬁ_ﬁg@ﬁ ...................................................................................................... 218
8.1.5 ﬁééil‘ﬁﬁ%ﬁ: ...................................................................................................... 218
8.1.6 #%ﬁﬁi ......................................................................................................... 219

8.2 E(k#% .................................................................................................................... 220
82.1 E %EYK#% .................................................................................................. 220
8272 Hermite ﬁﬁﬁ% ............................................................................................ 221

2.3 Bezier Hﬁgﬁ/mﬁ ........................................................................................................ 222
83.1 Bezier HH&H’JESL .......................................................................................... 223
832 Bezier H;ng%[}(]:ﬁ}ﬁ .......................................................................................... 224
833 Bezier ﬁ:ﬁ%ﬁgiﬁi .......................................................................................... 226
83.4 Bezier mﬁ ...................................................................................................... 229

S BREL LB T - oroovoerorisebassusnssinssisisniodhsitnsess s iuss s i ke shs adea ol e assis seianre 230
84.1 B ﬁé% Eﬂﬂéi% ...................................................................................................... 230
842 B ﬁé% Hﬂ&ﬁ‘]‘ﬁ)ﬁ .......................................................................................... 235
843 B #% Hﬂﬁ ...................................................................................................... 237

8.5 ﬁﬁﬁ#%ﬁﬁ/ﬁﬂﬁ ................................................................................................... 237
85.1 NURBS E%/Hﬂﬁmﬁ)‘( ............................................................................... 238
852 ﬁ@%@ﬁ%'ﬁﬁﬁ: .......................................................................................... 239
8.5.3 . NURBS Eﬁ/ﬂﬂﬁﬂﬁﬁﬂj‘ ............................................................................... 240

86 RALR H T B RE BRI L e vveveveesorenrmsenmsissitissbsssesssussiss b seithsenssossssmssss dosnsthassasons 241
8.6.1 #%@&/Hﬂﬁﬂ@%ﬁ ..................................................................................... 241
8.6.2 #%E%/Hﬂﬁ%%ﬁiﬁi ............................................................... = s e 242



R.7 OpenGL éﬁ&]lﬁﬂ?ﬁ/ﬂﬁﬁ ............................................................................................. 244

87.1 Bezier Egﬁ/@ﬁ%ﬁ ..................................................................................... 244
8.7.2 GLU {5 B R e T BRI e -oss oo o P Bire b ppoppufebonssfitinfiessenss 247
gﬂj o P P PP PP DT PRTTS 252
FoE B v eeeene et s 253
9.1 @Egﬁﬁ%&ﬁ& ........................................................................................................ 253
92 Elﬂ*ﬂﬁ&ﬁff ........................................................................................................ 255
973 @EEF’?%& ............................................................................................................ 257
94 Eﬁ@ﬁﬂﬁ‘ﬁ@i ............................................................................................................ 258
95 %gﬁﬂﬁﬂ-ﬁﬁi ............................................................................................................ 260
0.6 BSP B vreeersreennnnninniiitiii e 260
9.7 %ﬁ%gﬁﬁ??ﬁ% ................................................................................................. 261
9.8 OpenGL q:gq{ﬁp%ﬁﬂ .............................................................................................. 262
g}ﬂ@ O D T T P PP PP PP TI PP 267
EAOTE FLICERETGERE - evorerrerenrereersesemnnassseissisessssssnscssssossomsasassssessesseassassasessonssssnsssasens 268
10.1 fﬁi%ﬂﬁﬁﬁ .......................................................................................................... 268
10.1.1 ﬂ:%% ........................................................................................................... 268
10.1.2 @}ig‘hlﬁ ....................................................................................................... 269
10.1.3 %E}ig‘ﬁlﬁ .................................................................................................... 270
10.1.4 %gﬁﬁm ....................................................................................................... 271
10.1.5 ﬁé ............................................................................................................... 272

10.2 %??ﬁﬁ%ﬂﬁﬁﬂﬂ@%ﬂ%%ﬁﬁﬂ ........................................................................... 273
10.2.1 ‘E%%?ﬁ%%m%%’%ﬂ ................................................................................ 274
10.2.2 Gouraud %E%ﬂ“.ﬂ ......................................................................................... 274
10.2.3 Phong B PR ALD L v eeeennnne ettt 276

10.3 ﬁ%jﬂ:ﬂ .................................................................................................................. 277
104 FEAEBABL ooreerrere 278
10.5 ﬁ?ﬂ%%i@?ﬁiﬁﬂﬂﬁ ................................................................................................... 278
10.5.1 Hﬁgﬂ%*ﬁ}uﬁ@gﬂ]:ﬁ ................................................................................ 279
10.5.2 QEW%X@%% ........................................................................................ 279
10.5.3 Mlﬁﬂ%%‘]’ ....................................................................................................... 280

10.6 %%fﬁﬂﬁ*ﬁﬂ'—?%ﬁlﬁﬂ% ....................................................................................... 281
10.6.1 %ﬁ;%ﬁ\ﬁjﬁﬂ ................................................................................................ 281
10.6.2 Whitted %ﬁﬁ*ﬁﬁ .......................................................................................... 281
10.6.3 ﬁ'ﬁ%ﬁﬁﬁ%ﬁff ................................................................................................ 282
10.6.4 %éﬁﬂﬁﬁgﬁiﬁﬁé ............................................................................................ 284

10.7 OpenGL *Bﬁﬁfﬁﬁ’%i@ﬁ%ﬁﬂ@ﬁ ........................................................................ 285
10.7.1 OpenGL Eﬁlﬁdﬁ ........................................................................... 285

.XI-



10.7.2 OpenGL B SR TR e 286

10.7.3  OpenGL F A -++wvveveremseessenseees s A R A Aep i gy sssit cessdsa Tasbnnsnanes 287

10.7.4 OpenGL T AD TR oo 288

10.7.5 OpenGL FRIHTZR | --veevvveremmmrremmee e 289

TO.7.6  SEI +rereenmeersmeee e 289

10.8 OpenGL F R LT LB - eeemee e 291

ST JIL L Qreenennernnennesnmerneetst et 293

BRI LR - vevevere e 295



BIE 4 W

EERBRBARANMFE B ERE A, B, AREEEIWIE. MU, VritfmRiEs
SRS E AN, P2 80% MR B BLEIREL, “ HEAM— I MEA— M ERHERIRIE.
Fik, EEFFATENRER. &R E R B EERERA — N EF SRR R0

1.1 AEHERE R RS
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BEIZEARNEIE. (Computer graphics is the art or science of producing graphical images with the aid of
computer. )

TEHER LN SRR . B EXKERRREBEANERE DML R 1%
WX, BERETEFEA . B BR. BEURERLE, BT HRE. REorEnRE
APTHREE. HWRERRERTUSAPRE: —REZEBRIA. &, B, FFITEE; 5
—RERUDEASEARYE, WREREMEMENAR. KE. 6% FIERFR FEUTER.
itn, —iERE R LR ESRBARRER SARK: 2 S=7 BB R B AE —ERE
(GBI ZA R R TR BET . B, LB B B AT LUE S “ ARt ik
R HRAH A EEE B IERE B EAE”.

TENPRAFRBRERCRE BN BN E AR S RERENSEE. RRERABRAK
FEERE A B R B — R s, SRR R A, XERARTAREREE.
SRER UV ENF T REROTRSHE BESH
RFEREFH—F % TRRSETLRRIGER
B, SeBHIE R AN RS LR AR E: R IESEO
R B SR LATR M. XAERT LA —P 4
7 ESBEMR K EEMMEE (Graphics), TR
MrERR R E & (Image).

BEA AT EFERE SRR, EITE RS AL EERR

WES HIME. BET, SEBEREEFECHERE

BHERY:. BB 4 (Digital Image Processing) Fl

THEAMAE (Computer Vision), ‘EATZ AR INE 1-1 B 1-1 BHEGALIRLFAE X R
Fi7R o RN B AR BN S Y O BdE R E A ik

CEEARD BfR. FERGAENEERFERGZ M TR, B7ENEEET SN TUASERSK

clc



HIRRBERCR, Aot EHEHEAT IR Bih. . 081 DLEOWTAERERMTIREAT gD EnsE .
VLS RTINS B BRI ST RERIBEAIEAR, BRI Z PR R
AR, RMEBEREETE. MR RERRAREESTE.

TR, FEZHAEAR. HENEE. =48dEa T L R BB (A, T
LB B BRGNS & D RE, EIZRNEASE, RodRtbfest 7 #8
Zeginpdi

1.2 JEHEEAR R R

121 HEHERZEERARE

H 20 42 50 FATERLAR, RNERFERLD TEER. B2, AR, S O0mEs
BRI R, BS R BRI %, EREREENERERAAMANENSS
ERte WHENERER SR R R RAR B (et AR o

1. BrBREA (20 #4250 &4

1950 4F, EERREHE T BN 15 (Whirlwind) THENIECE T BvH LIRS0 I T 8
FIIBIMRA % (CRT) RER UL &K, 1958 4, £E CAL-COMP A RI¥ ML Fidx
PR R L B, GERBER 2 R UHEBHEHIAR KR SCFHGRE RN, 4 50 48, HEHE
FEAERE T HERFRERIT A, FROA “Bish” BB,

2. FHEEHA (20 42 60 FE4X)

20 tH4E 60 454X, EEBREE TPt (MIT) M L5 % TR ENIF R Fd6EZ R B FR
%5 SAGE (Semi-Automatic Ground Environment system) B4 T IEENBHIEENRTIRE. %R 5tH
WK TR S B EWEE, BEETTUMERCER M FR LR BiREE RIS R EZ NG
B SRR, AR ERIAEF SRR SRR, 1962 F, KEMREE TEREKEE
6% ] Ivan.E.Sutherland 7625 T —/NAT CAD (Computer Aided Design) f] Sketchpad R4 R /E
KETHEWL (Sketchpad: —MANUBFHIEERS) B, P ERMEAT “Computer Graphics”
R, MIHSL T ENE R4 . Tvan.E. Sutherland f) Sketchpad RZEHE A A KA H K
A RBARK R B E THEA. 60 FARPH, EERMAE TS, EHREAR. JURRBIESER =AM
HAE WA TR TR BT ENE AR AR IR, SRR, FERSIHFREEH
FRTIXATR TR X2 BB AR i 2.

3. ERHE (20 tH42 70 &)

20 A2 70 AR, RENETEAE WIAR M T — AT WIS LR RL, B
CADAM. EREELHITRE, M54SR m e, EFZEFBINA. 25E, FEHE
Inse& B RGARDBHTE HR, HEVERAABEBARZEN T KRB, RH— 2R A
BB AREANZ EEARFNHC2ER. EMERE, SHAMERHEEL, R ETHEIEREE
R—MNERR, FERFRER &R, TIReRR, ETEERNARARE .



4. LR (20 42 80 )

20 tt42 80 SEREEMAEBATEL RO, b T RARESHM IO HEINA, HHLE
BEENTHE . B ZRNMBEZERERZIL, BEHEATRE. XitdTHI T HACHHE
FE BRI ATHEHIA LRSS, InSEEER /4R #) Macintosh. IBM A 7] ] PC XIHARAHL, Apollo,
Sun TAEUGSE, EANZETETEHMER HE 2. HMER R R HENAEARA, M T KR
RIEZA PR EERET RN, B . SF. PR, FRRAE, bt
B TR E R RIS -

5. IRSHEEH (20 4R 90 FEKLUR)

FEA 20 120 90 SFAVE, BEEEBCAVNT. UL, ARG FE ARSI RSN A SO &
MTSEHERAR N T ERNER, EER, HEHERESI. BR. BUIE. AMIE. £
BAREFEARHRE S, RA—NZEREXRE RO, SEROTHEIEREMEt, 2R
AR RBREIUTES: O SEEREFERERLE; @ ETHRREHTHLREE; @ £
HHTREBES LS. ETHENRRAENBREARNEFEEE. BUIE. T, BFRF
AL 225175979 NG T | 8

122 EEsENARE

ME R REHIRERE, 20 AL 60 SFAUHHHILRREHITHIN B7nds, RAEE NS
R, B RAFHEhIATERE. (B4 TRBEMNGE BETEU 30 WAL SRR
R LB, ARE R RSRAA T SN B, EERE — MR KA
Has, XEAELRRA RSN, ESARREEERAE Y R EZRE. 60 FAEM, Fx
LS, LT R EARRES EATRREFLAFIGE, MSBIRE, 2P, BrKRRE
BAEARLE EREEARA ErsiSERAES, WA TEREMMER. FiEE B HIE
— R AR R LA EACE,  TIIMERBRAMAREvH LT 23 DA RS . LR 3L T SR
BAARG SRR E R ETEERES) . 70 AR, BRUTFOE B RER LA RS ML T, ATLASR it
RARMIBIFZE kRS, N REMIEET HAEARK R Bras. XM BrRET, HE
AHIRB. A7 BRRIHREMEER — TR R, REEGHHR L 30
AR A ST RS, DISCHLETRRIRBRTTT R S AR St B B as i H IS
EIFEA BGBAR LA B BB R AR B, A%, BR, ERAEREES TH N
. R RH Y Braa B EEEMARER RO AR —. HEERRET M ERSE 8
ERRERS FRTERS. BOLERSRE, BNEE UL, [REENSETET R RE.

B Bon i & RE 7E R A LA RS ETE, (BT ENLEE RGUE N REIEE R EIEAR |, XK
WEERL &, WARYEREE &, 0TS BRR. FTENHLAAE T EpLR R
MR ITEPHURIBOITEDL, HAHoREE, PhREBcEiiE. LEammRRALEmERLE
NE

IR B B R &M Hl B &R R, BRMABE R IR AR R A SRR
BIFERAR. YT, BREFER. WARFMBIERSE, BB THNESRRALS & 1™ f—AlR 5
MBS . E= R RANERIL RS, WIH W R =45 575 B =4 EE
WA, CIEZEBNEIETFES, LA B A AR AR 77 [ ZE A ) 6 A B B EERIEIE.

« 3.




123 ERARHHIRRE

FEbEE B, STHENLEIEER AT R RN A R R, R RS
R E R AL, B, S A B S R A AR IR, S BEFREHTECHE
&R RN SR SN, BUERRR ML T ERNHERFEARE, '
BrBMENE. XS T EEEARKKER, H— A 7 B RERHE Ek. TEA
1A B B REE A P TG RCR I A I R R, XA A5 BN A AMY AT LAZEAN ]
M ENLR G KA & B, T BRI & fie il 50 R =L

1974 4, EEIENNSEREWERS (ACM SIGGRAPH) BAFFT—AMEA “SHIBLXH
BRIFEHA” MTAESIN, Fra T LB R B M EH TR, ZZRET 1979 £ T CORE
Bk ErE . SEPRFRAELA (1S0) FIEEEZRFMER (ANSD Rt 58— BB FARvEE
RERHORS GKS, XE—DHEREME. ER=48 7 GKS-3D £ 1988 4t h =4EE
TR FRUE, 20 tHAT 80 FEAR LA T SR B T JZ IR G544 e A MERIAT M i I FEARME PHIGS, LA
R A E L FRME IGES 1 STEP &5, i )Lk, 1SO ELEHEHER 51N A B SCRIARIER «
HEHERZORS (GKS) AHEFBHG. =4EBZ LRSS (GKS-3D) AHEFES. BFRE
VAR HRBERFRS (PHIGS) MHEESE S WHEVIER G (CGMD. HEHIERERED (CGD.
REAEHESTITE (IGES). FeitiiR i (STEP) %%,

BT BE ARG AR bE, B R AN E RS, AT R N, B
HEESE ERIARAE, U0 SGI 254 7] FF &) OpenGL. ###K 2 7] F & i) DirectX . Adobe /A& FF & ¥ Postscript
%, Hh, OpenGL LI T #M=4mAERAERA, BLINEE=4MR 5BV HEA=4
SR ATHE. HEl, OpenGL MYEHIE EE# 45 SGI. Microsoft. Intel. IBM. Sun. HP Z5#/E{
A7, BEEHTIAMME. ABEBES C. CHRTEE S OpenGL FEREUEA HAIRHFSHLH.

1.3 HHEHERERIM

SR, WEAERECL A TAI, mRkE B, mk. Tl BUFHTT. 2K, &
Sk Tk BEFEYISE.

1.3.1 HEHEENRITSHIE

WHEAGEBT (CAD) SitHEHUAHBHE (CAM) RUFENERZMAE 2. Bidkri
Z—. BBV ERCHEBARZA TR, W WL M. FE O RN, SRR ST
2. HUBRGARIERE. BRI, TR M Bt ARG RET, TRl B AT CAD/CAM K

CAD HARGRME T —FiasA i LR, B E MR BN EAT Rt AR, =L TR
Bl (LRHERD Bk BRI SEhr A E S, iR S e s BATA S, M aTLLE .
RIGHINT BTGB T SER AT A BoR. T Ik, TR REAER. ENHILRR
IR TR RINL M58, CAD RGUARAI LA TS TR IR R TR, @35 CAD %
BB SRR R T HHEALETRA BN . MRS IRERBR A, AT TR R

L



