e e ——

W AR IFR R AN

» ElbisiiniglE |
ERseEs |/

o kA R
pild |- ‘

* REFRAEE
JRHTE O

EET F o EFe £ 2
ARRAE THABEARLE &

BERF AR



WE AR BK AF I K& &% FZ 5

3 D N ‘ EFEE.
ﬁ + E ﬁﬂi : Fletcher Dunn, J& ¥ % ik JF & 2 il

Terminal Reality(t ¥ B % A i,

Ve . Bi % 5IFR TR DTG (4 x 405 B
ERSHEFE 0 N
d (Noturne), I H & €U ifi 3 1)

(BloodRayne)ity - 2 #{ A, i

Fit IF 2 1) AR i K %% PCHL 1K
Windows, Macintosh, Dreamcast,

PSIl, XboxfiGameCube JLFp
HFa.

FRERMATEENIDMARS, X3 EIHRIF LA
RAREARRGANEER, FEFRUMITHFEE. R Siniinl
HELRRHREULTINN. BENTERMENMIDR, # B S

PERG TR A A FRROCHRK, HEESEERE [ s LaAtont s

SR B4R | RIFRMBIG LKL .
8 s
FHAE ,
KXKFABOHEXEARLEIEH
o MATHMME, WMEE. LirTjE. B, TH. Ky 5]www.cngda.com
A, FERAERTE. JLEET. HRXMRN= g, MikA B RIE.
o TR T3IDPHIIML, BRNTHEMNFRRFHAZEMH o FHTALGITH
LHEEER, o EZHERFLEEE
o EBUHALHED
o AR THFEMILTASEFRR ARG, 1247 —LeC++3£7 | * ESNHERIER
AEIMNEREE, ENEBEREEHILAES, N\ BASHAL 86-10-82396727
Ptk . hitp:/fwww.recursion.com.cn
o FTIEEATHMEMNTEXR, Email: sales@recursion.com.cn

ISBN 7-302-10946-X

EBLF: . PR
i ”r | ABLR WHALBRA R
|
9 1787302"109464"> M HBEBRZAREZS: http://www.wenyuan.com.cn

EH: 42,0050 12E R SZBlFE: service@wenyuan.com.cn




¥ & F

THENLE T B T RHEA R — TS B EEHAXHEAR. EdTHABRKOEFE
WEE, tHEPUBRIR R U R A ol DR A R R R, BUATE TS B Bl sk T R
EAHBEEMLLE, KRB PRI T U RO T .

AP E EIHE 5 HLEE A R E R AR R B AR, B RUMHE 3D 8% F. 3D H
2 — TR U AR G 2 R, FBEUTRERER I M LT . 3D ¥UERIHE
JUART T 32 N R A U Bl Ak T & s, e e e . W30 %%

AP L AREAMARE R LA AR, HWrhadEma, B, ool JLAAEBREM
Fe A TEMIERE b, -SSR TR A R ECE L, R E S LA BT
MRERRI . =ML, T AR SAS. BT ABR ANt EIEFRSS
P AR PEBEE, U A B A S BEF M PLAATIT R R FIRT, g AR CH+SE A,

T A B HE ST, B UL R T R T B BUEE R AR A, JRRE
ik B2 S AR T R ARST T AR

HEHE RIS R 1230 %R, R ERAERBRFE IS THERSE
— 2 MR LA R . AE AT LUE R i SR R A R AER 2, el LU
FHEHBEENIEEON VB, M TRE/K VAR, BREMER, X T HhRURAR,
P AR, Wik E R VERR IF . K AT LA A b [ U AR T A EK B b
http://www.cngda.com #E4TV4 8 52 ifi .

LRI L E A R R A RIS 5T 6, BBTER A LR S K
APRERE DL TR CEMBL, XEICERHBRA T, T8, B0, KER,
FEABEF PR Y 7AW EROEN, HERNGLREZ ) Gevs L3k BRIk

B T
20054F5 H



23

2.4
£3E

3.1
3.2

3.3
3.4

AR ID T e 1
POl 7 s - T |
FEA B THEEAEMER .. 2

- RO 3
EEREEFEERED ..o, 4
DO 5
IO I SIS - < 7
221 HRRARRMLH-

BAARRERRE ..o 7
222 AERE 2D ABRR e 8
223 2D HFERBEHBERSP

=k (1) = RSO 10

1, A 0 1 1c) 0 JUNSNURR b |
B, B=Eh 1

2.3.1
232 73D WRRBRS

= (Y = T 12
233 EFMRREAETFEIFER ... 13
234 APHEELE ..o 15
238 16
ZRRR 17
M AERRZREER oo 17
—EHFRARRR i 18
321 HAEEER. ..o, 19
322 IRABIFR . 19
323 HBIARR. .o 20

324 BRHEREREER oo 21
BER AR e 22
R IR oo 23

K

4.1

4.2

43

4.4

$5%F

5.1
5.2

53
54

5.5
5.6

5.7

BABRFREEIR coovverre e ssnresns 23
2 R 25
BT ... 26
M R—FFTEXL e, 26
411 MESERER. ..o, 27
412 FREEER ..o 27
% 38 T T 7 27
[A) B ——JLATSE 3 o 28
421 FEBER ..o, 28
422 MBSO ..o, 29
4223 FHEEIRE ..o 29
424 REBREILBET........... 30
B FR e ersssssarssesssasssnenas 31
431 AARTELE oo, 31
432 FEHEBEIER o 31
=3 U .
BIRIEH ..., 34
EEMEARIE JLT oo 34
FFBEUME oo sssres s ebesssenns 35
£ =115 TR 35
LAY Iy R 36
541 BEETEN .o 36
542 JLTRREE ..o 37
O N7 - ) O 37
551 BRGIEW ..o 38
552 JU{TRERE ..., apirsaenaisnstas 38
FRSEENTE ..o, 39
56.1 BEIEN .o, 39
562 JLITREER .....oooooveeeveeerrreneesrennes 40
FRAEAL ) vt ees e 41
570 BEEM ..o, 41



IV 3D &5 4a; BEE#RXFL

572 JLABRE ... 41 7.1.1 FEEEREERALE. e 69
58 MIEAIMTERBRE o - 702 HBE e 70
5.8.1 BEHIEM oo ereenssesenns 42 7.1.3 mBEEMEREER ... 71
582 JLAMERE ... 43 T14 EEE s 71
583 —AHBIB—AAMAE...... 45 7.1.5 PREMEFERRE....cee. 72

SO BEBEAR oo 46 716 FEREIRIE o 72
EAUICE 3¢ J 47 10T AR ERERERTRIE e 75
5901 BEIEM oo 47 718 ITHEEFIFE...eerenes 76
5102 JUTRERE oo 48 72 FERE— LR oo, 77
5003 BB e 49 721 EERERERERA... 77
TR L 5 L TR 50 722 SEBEHIR R s 7
SH11 GBEEW.....oerereneerneeeeene 50 723 BB 82
112 JLETRE o 51 T3 BB oo sassnnns 83
512 BRFEARBUAR oo 53 REeE EREAGMETMR. 85
503 LT oot 54 8.1 ZEHYEETHRLIRER ..o 85
gﬁi 3D rﬂlﬁ .......................................... 57 B2 JHEEE oeoeeeseeiessnsscsnseessssssssssranasssasessnsnss 88
61 ARl - 8.2.1 2D FHIBEHE oo 88
R < 1 OSSOSO 822 3D RS . 20
62 Vector3 FE e 58 823 3D EBIL BSOS e 01
6.3 BRI oo 60 RN 7., S 94
6.3.1 float 5 double.....c.ccvremrmmisrirnrens 61 83.1 IAREREH LRI oo 94
632 IEEHFEER....occooeveeeeiens 61 832 WALREFT BRI oo 96
633 MRHUBEBBKRME..v 61 PR 5o 22 99
634 AEFEHFAEMNERH...... 62 84.1 [AKREIELTHE ERE.nn.. 99
6.3.5 {8 const B AR ...c.ocoovernene. 62 842 MEEHSZNFHEE....... 100
63.6 A const SIHBHL ..o 62 8.5 I oo 101
6.3.7 FERABSIERARE............. 63 8.6 HNBE oooioserssesreeseresse s 102
6.3.8 TEREVIR .o 64 8.7 AERMIL A ivooiereserrereereeeesrsessaannareans 103
639 AEFERABBE ... 64 8.8 AFHRIFI .o 104
6.3.10 ANEAF (SRR oo 64 8.8.1 LBHETH.....ooviieeec 105
6311 2RREE T 65 8.8.2 1HHTAFEE....oeeeeeene 105
6312 AFFFE “Point3” % ....onrnn 65 8.8.3 AIHEERBR ..o 106
PR R LT i AT— 65 884 BB oo 106

- I -1 69 e T 100
8.8.6 RUBETH ...ooovverrreerenreccnsnireninns 106

71 HE—EEFEE N, 69 887 ARERINE 107



8.9
FOHE

9.1

9.2

9.3

9.4

9.5

2952 (T 107
BRI EEEHR . 109
FHEERIATHIR oo 109
9.1.1 MEHEEN. ... 109
91.2 JLFIREEE. . 113
BEPERIIN ..o enss s earene 114
921 BB ..o e 114
922 JLITRERE. ... 115
IEAEREBE oot saeteens 116
931 FEEIEM...oeeeenens 116
932 JLIATRERE. ..., 116
933 FHEEERW e, 118
454 FEUIERE ... 119
9.4.1 4D FFIREM]...cooeerrrcerirenns 119
942 4x4 PRI ..o 120
943 —BHEHR . 123
944 B ..o, 124
9.4.5 PFLRAR ..o reerceieinn 125
946 {#H 4x4 FEREHAT

17 5 V5. - O 127

F10FE DHPYAUASHNS............. 130

101 FAaRkHE? ... U I (|
102 HBEFE oo 132
10.2.1 FHEADHRE o 132
1022 HERFEEAMRA ... 133
10.2.3 HERHRBRBERA e 133
1024 PG oeeeceecreressinenee 134
103 BREIH oo 135
10.3.1 4 BERBLA oo 135
1032 X TFEEAMIMLE ... 137
10.3.3 BRIVABIELA oo 137
1034 BREZAAIEBRA .o 138
10.3.5 B8 140

104 VUTCE ..o crnsre e eeresneraemaarens 141
104.1 DUCHEACE: e, 141
1042 B E5EH ... 142
1043 PUTHASH—MAX ... 144
104.4 FAPYTEE . ..o 144
10.4.5 BLIPITCEL ... 145
104.6 PYTiayss .145
104.7 MWyCHOLE 146
R ILBTR € 27§ ) NE— 146
104.9 PUTH “EF” . 150
10.4.10 DYTTEATR ...coovvvneinrrirene 151
104.11 PO TEAIx 4. REA

PREEH ... 151
10.4.12 VYTCHREE ..o 152
10413 PUTEMIEHM “slerp”... 154
104.14 WcHHE—

“SQUAL™ ....vvinrnire s 157
10.4.15 PYTEBIME ARBR A ... 158

10.5 B FTEEEEEE oo 159

10.6 TiKBRZEAIFEB .o, 160
10.6.1 MBS A BIERE ... 160
10.6.2 MIEPEHBBIBPIA .......... 162
1063 MUTHEHRIER ... 165
1064 MEMEFHHRBIIUTH .......... 167
10.6.5 MBRHrAEHRBINICE ... 170
10.6.6 MUY TEH BRBIBKRIA ... 171

107 B3] vt 173

FE CHIEH...cooeeere 175

T BRI ... 175

11.2 EulerAngles 2 ..........cccnrrcnvensvcrnens 178

11.3  Quaternion 2 .......oeeeerrercrereensenseeeens 186

11.4 RotationMatrix 2 ........cccvvcrrnnrirneenn. 198

11.5 Matrixd®3 . ...ovecrcrrrerrernrsnsneasennse, 204



VI 3D#FXs: BEHHEFE

g2E

12.1

12.2

123
12.4

12.5

12.6

12.7

12.8

P 1R (1 2 1 225
1211 BRARR e, 225
1212 BEEARE e 226
12.1.3 “HE” AR .. 226
1214 BB ..o, 227
EHEEHBER ..o, 227
122.1 PIRFETE oo, 228
1222 HEPWBEEA ... 228
12.2.3 $¥%M 2D HEERR K1 .. 229
12.2.4 AARBARFEEER .....230
BRFIME.....oovcreenrmerrmrerenseesrssnsseseasnsenns 232
I THE ..o, 233
124.1 AABB RIEREHIE .o 234
1242 #HHE AABB ..o 235
1243 AABB Hiift#................. 236
1244 e AABB ..o 236
ST oot eseees s ness s sn e 238
125.1 ‘FRAE—RIAENX ... 238
1252 HZ1REX i 239
1253 FF=ArRH

CREE” FH e, 240
1254 fEFEMAER ... 242
B - | SRR 242
12.6.1 BEEE oo 242
12.6.2 [ v 244
1263 ELBBRTE ..o 246
1264 BFTEA oooeereireennrerernans 252
E 5715 1 3SR 255
1271 e LAESERN

375 255
1272 BHHAZELAE ... 256
1273 MEBREEHMEAFE ... 256
1274 ZAnWBABRET# ... 260
23 TP 261

F1zE

13.1
13.2
13.3
13.4
13.5
13.6
13.7

13.8

13.9

13.10
13.11
13.12
13.13
13.14
13.15
13.16
13.17
13.18
13.19
13.20
13.21

F14%E

14.1

14.2

JIREIE o [ 262
2DBBRHEE EFIBIEA . 262
SEHE LRBILA e 263
i 05 75 i A 264
=Sl 9B - 5i = O srersisoning 264
AABB FHIBHE A oo 265
FAAT PRI ...oooeee e 266
£ 2D P& ALN
FAEPERR ..o 266
£ 3D PR &S LT IERR...... 267
SR EEmMAZHERM ................ 269

AABB FIFHE A HERE ......... 270

= R AR AP ... 270

S AME/BRA AR ... 271

B EEREG A A TR ... 273

B AABB fIARACHERE ............. 275

BRFF @ MR ... 276

FHEM = MR RN .......... 277

4R AABB RN ... 281

P~ AABB A RE ... 281

HARR SR I ..., 283

AABB3 ..o reernae s 283

75 S 298

SRR ... 300
I . | - SN 301
14.1.1 RII=ZAFRE .o 301
14.1.2 BEER ... 302
14.1.3  #FXHERMRERRE .......... 302
14.1.4  THFEBAF oeveermmrnsesiersninis 303
14.1.5 = oo 303
14.1.6 =M oo 306
FUIMB I coererreaesrere st sbanes 307
1421 ZIEBREAER ..o 307

1422 FTHEHZEER ...cocoveee 307



1423 WRME ... 308 (BT T < - TR 7 7.
143 I E—FHE e 309 15.6 SUEEmS
144 =HPIRIEE oo 309 15.7 JLEEEBAER SR .o 344

144.1 FEFEE oo 309 15.7.1 LOD &5 ¥ EM ... 344

1442 BEETA .o 310 15.7.2 1o} APL 80X L& ............. 345

1443 THHF o oooeeeeeeeeeriereeenens 312 158 ABEHIERE oo 347

1444 TZEH ..o 312 15.8.1 EHBUEBYAEM .................. 347

1445 PIREIEWE........ooeeeeveenrenn 313 15.8.2 THAIEE .o 348
145 CHE=MMMEE. .. 313 159 EEHB S . 349

WIS5E FEHEE e 319 15.9.1 TITRIBE oo seecsesrenne 349

151 ECAEBEE oo 330 15.9.2  FET ..o 350
152 HWEVESEE e, 199 15.10  FEHHE oo 352
15.2.1 %Eﬁﬂjﬁu322 %16i Wmﬁﬁ‘l‘l ................................... 353
1522 BEHNBEE ..o 323 16.1 ABEAEEI ... 354
1523 FHE ..o 324 16.1.1 ETHHEMARE ................354
1524 MIHEGRH oo, 324 16.1.2  GEWTEEB ..o 357
15.3  ABFF AL ..o anensenens 326 16.2 FEIDPEIEEAR v, 357
15.3.1 HAEISHREME ... 326 163 PG FRD .o 358
1532 BEHLFEME ..o 326 16.4  POSUBFI A B e 360
15.3.3  HEBYZEM .o, 327 16.5 BSP B .ococviiiirrcnrenerererersisessanananans 364
1534 BERmZH ... e 329 16.5.1 2B BSP..rvereecrereennn. 366
154 FEEEB i 330 16.52 EESEIE .oooenvvren, 366
15.4.1 BEEAIBE. o 330 16.6  FEWTHIER .ooovoeeeeeee e 367
1542 YW o 331 16.6.1 BEEITHE ..o, 367
1543 AT RE—RE ... 333 16.6.2 Portal HiAK....oovevceerren. 368
1544 GEERH TR o, 333 BT E BB 372

1545 BRI ... 336 .
15.4.6 Hjﬁjtﬁﬁ ......................... 337 Bﬂﬁh ﬁ%ﬂ{]ﬁ-‘fmﬁ .............................

154.7 JEBYUBERE oooeeeeeseeresnnnns 338 Al RHHGEE i 373
15.4.8 jlﬁmj‘jﬁ___znﬁi+333 A2 %J’E! !ﬁfﬂﬁfﬁﬁ ................................. 373

1549 Bl oo 339 A3 FHEBRE 374
15.4.10 flat F 55 Gourand Ad RN e 3T
T e 341 MiFEB BEXER ..o 379

373



11 H4R3D%EE

A H TS BAMTE 3D JLA R 5 A% ¥ ) B——3D %% . 3D J¥ER — TR SLFAAE K 28
T LT 0 R B S FR S R o L] ) R B 2 At . XTI R R P A i v LR AR 3D
R, mEEE. HR. HE. ABEAER, BURENZEFE.

ARAABOMIRAA CHIBE SR RFAREARS . BN SR 3D SEPHFENLAL
R R, XBHEAEAHXET S ARNSE T M. ROIERBL VSR T EFELRE MR
KRS, AT HREESHER CH, BXRBHNMENERBARRRAEAREES LR,

ARFARIMEVERSE. E. SUHEUENEE. BnRETHEXEER, BoEHL
EXRATREABHMEOATRELEN.

1.2 AT 4EFEES

MEITE 2 3D B AT HEWRBEREF, BAXBRENETAEN. THLEEAH
£ 5 7 U e B 45 1 ] S — SRRt (T R B BR B b, A AN AR EERERBR? BAEH
HigEm—E LA

o J— XTI ABHMNTHMRELE. KURBANRBEZRAXANTE. BEZE—
A4S, AR AT N AR AN 3D BE—— 1 A B A R LAR /R 0 X
EEH R 3D MERTHEN A ZARBEREXCLAE T XEMA). FTULBH
ERE: ¥IRESHRREALEFNNZEOS KB, LK, ABETUHESHTH
@A, Skl EBeY, FUSTENBERRGHAE.



2 IDMFEA: BHEHHERIFL

XML E: APBEE =Tk BeE. JLARAE. MERSHH T —
EHFREAAR, FEHRHRAXER LS T, BHTHERERTHEITE N, RAVE R
&R ERALAHEBRRNEE. &35 US40 T RB R RS AL RBEE,
3D EfL. HERZENNIGE. FTHEURHEE, EEREEANKBIARES. &8
T ERR e AR AE, U EEI D BMERBENERES.

B—E_MEE: EEERLFLREFRBEMLE S . Fletcher Dunn # 754 K5\ i R 4
By, EARWFRTFES AR IEZNESN. ML R Terminal Reality 2 5 KIS G EFE R,
BloodRayne i H f)4i$# . Lan Parberry i+ 18 EMI M X RIFNAN K LK LHB, &
BRMBAFEAER, BRE=AHBFERGENE. B AE RIS =T K wni%
REASHEE, BAFHERELNWERBELE. N 1993 Fk, MREILREEN ¥R
EREHBIERT R RE.

H—X _riEE: ﬁﬁﬁﬁﬁﬁi?zﬁ]&ﬁﬁﬁﬁ%% ID WEIJLERAAfER, EBR4T
REERBEEE, ARE—TAH, %"ﬁiﬂ&’?ﬁ_ﬁ#ﬁ:ﬁ?ﬁﬁs MmAEESE HIRAES
RARBEAFL, BIMNAR “9rd” 3D %, DEIEE “BR” AikE. 82, 2PR
MTHEERS. AEAR SN LIRESE—RBFAHHE.

H—EZFRE: EFPRABPHRPERIITRTUSSEESERS, HESTHE. ~2
#HirH. BAEMNRATNTEES28H, SEREHELT —XEEARLEERHET. F2HS
FHTHERPRSGBE—RETRAEIRAEE, BERFRDN—FBoAREHFEILESS
B3

W—E_MIBERKE: BRMNEERKEREE, & T&%HE, ﬁﬁﬂﬁ?fﬂﬁﬁ- &
ERabBERAFHBEREAERH. RNEHATEBAHA FRERZTENHMNE, SAR4dE%
THER.

M—E M. EPEAMTEHR. tARESEEHFE—-BRITHRAGRHEES. RI1H
BT —A 8B ™ : www.cngda.com. F#8 B Al LA 8 — 237 B A8 7, LU iE 3 RE E I
ﬂﬂﬂﬂﬂ%iﬁﬁ&?@ﬁﬁﬁ*ﬁﬁﬂ‘]ﬁﬁh LR s ETFRACE(BIERAEREAT)
MERMTAR, HolELHRBSIBERANEM%ET 3D K. BRAGREOMEEE.

13 BEASEENERMR

BEAXBNERH S, EEFERE —ERALKNARALAMIR, 8.

R#RE A EHR

REEHEEN, mEgaR. 2
BR B AT B

A 2D BCJL B ILfFATmmH



F1¥ @i 3

Boh, BIFEA=AERY, AR, HRAFHT —EXBHFRSHEENT DA,
BEABRHLRIAS, EETETH CHRIZNERMIIARTE.

o MHRFHBEES

o HENMBY

o [HmMMEEHEHAIH I

EBHRFRBEERFRBANHRTFEHRE, F&EH CHHEF TR LR, EFTEETR
FRFBOESHHENBEETER. SIH2HS, ASTELEMRERSLIERE.

14 #f =&

e W1¥ i RMEEBCEANENX—E. BEANMBTEABMEREE. EBFA, UK
HiEAREEREN —LEXmMH.

P ﬁ%mm3nﬁ%m&ﬁ£,%ﬁ%T%ﬁ%ﬂ&ﬁﬁEﬁ?ﬂ*%ﬁmﬁ&u
BI3®k TR BHAKFRRURENENMEHAREUERBRXRN.

Wal DGRBS, LUK 0 7F 55 0 L AR SR ]

WS A fm T B X R LA R

oW |Ot—ANTHEG C+3D AR

TR MEEANLAMAENTBERE, FBRRTEFHERFELREER.

BIE NHESHEETRMEAMMERER.

BoR NP HHANAEEAERURENRER.

Fiow NEDEEPRESMNHLBAARTE.

BURE H7H 10 ENBERERI CHA,

BRE NMFEEH/LAETHTRT EREHBEFERENREEESN.

B13H LW BA KT L E TR R .

R TR ENERABRE=AME, FRITT I CH=ZAMKEE.

WIS HHVEREER, EPHETRENHFETRR.

EioH TR UHENEEEN A EEEE. TRERMEK.

1T REEEFVARMNOMEF IS - PRHEIRE - SRIOIHEFE - SS5RH.



2.,

mY

R REFR RS

AF BN IDHFHELBE, £5=F,

2 FABIDKF

4
*

*

WH R EGHT, TEASH:

BEBA: ARE. i FRHPEK |
—F AT T R B FEK FHZANEE, B *ﬁlﬁﬂ'ﬁﬂ
#2382 P short. int. float. double LFPH 4B X B> E 4B A "
it HALE A 8 — AN

B 229N BTDEFRMF XTFFEGHKTF, T E2ALE:

L 4

* ¢ 0 0

2D HFRFH

). ¥4

x4, yhh

2D ey &

& F Ry E A4 2D T A 645,

B 23V 2DEFREFYRIIDTE, TEATA

\ 4
*
*

*

z 44,
xy. xz. yz ¥ &
P& F R ARy 2) AL 3D T A 4 &

EFARR, EFLAFR

3D HF VRN 3D RGOSR R, EEANAE. KPR TR AR R L AR
MR BRAMYHELHLBEYR. WESF. EHYR. EFHE « 4 F K (Rene
Descartes)(1596-1650) & 8, i LMbHI% Far4a. - FR LGS T 884 JLIA, B SE A Ay B R
RMULPIFERR S [ &, SETERIE “ ERFRI R I 7 A8 L T A, %
) —ACREE R RERS AR Rk, 5 0 A1 A S P S o 2 ST A ST 0 B0 B T (2.1 90 P 40 A0 3 A
W) TR ZKHERR T ot 75 A 0 I ) SR HH 25 ethos(IA 0 B TR 2 VR IR 1Y), pathos( Al A iXH¥ & #47),



#2¥F WFRLTRAE 5

logos(PH X B4 B SL), iy 2 4RAE — FF Sk FHY 400 S K o 1) A

21 1D &%=

A G H 2] 3D K2, B AT A AR A4 B 1D B2 . IR HZEREA 3D
2, H AT M R RA B

BTHEN, AR THE “$C67 AW T ARK. “—%¥%" HESREAHEMRGE 2.1, &T
SR CFRET A4 ZET, IR, AMRREASXHEST2THR [ g |
ok, FRAEE — ABEEHITRZ  “RE X", FRMXHERR LS
FEit M. BASCMRIRIE, RIS IMA LY “H7" Xt |
NRFIE R, X EET %7 MR, BIREE |
A AR S, TRAEH SRR, ERENRREDBRE |
o FIRF “17, “2” BORERET DA, WEM “M”, “X7, “17
%), KB, BFEET. Mzl

AT BT R —HER o, X SR T S, i 2.2 FrR, & HK LFRAM
oM. i b, SEeTUUEREK, BX T AE, RODFRBIE s R, FEA A HkoRFERE
AT K. B E BRI AR AR R LS AN, EXRTITRASEMRIMRE, BARXS
28 T AR AR

AahAd

o 1 2 3 4 5 |

Lo cn s mm s aapum

22 BAKNH

IR R AR, ARAEA VT A K — R SERE LA, dubr A THERAKKBES. TR
e, BRRA 7 R, KRR S BT BN E—d BRBA AR R B EODAL.
AN ) B BB an 8 2.3 B .

Rannes s

FHMHHAERETHE, RIBE—BAAREBREERYE, BENGFL—R¥. TRTETHHR
AR LS AN B, W 23, 11127, REFEFNHRXEEOI AR, AR T Mo
FRC MMAEE. AT HE, ANES T/ SUERRE, B “3.14157 RACETTKH) 31415/10000.



6 3D&FAa: BAMEHATE

£ 0 1 2 3 4 5

—

B2 3 BHENHMEENHNERTLE

LT B ], AT AL H R o A S EOE R R A B ERr, BRI ARK S H
fRitt, A E (G pai). Xir=4E T ATIRISEE, ¥ EH BN 7 XN RS —w R DB
KRR, MERETEL B SHBCEFHEE AR PR ER B —, FAERTREEMN
REml, AJSGEA MG TR R R A BT A, WS EAS AT A B E RO R R B
R B RS, W ST B SRR R

HEk, S OEBERITSCEFTATTE . QGRS 2 EFLNPEERMNANL: LH
SR —RpEEE, DG 55 R B ORI PRAG . G SRR S th R eh A7 PR B CR AL i i, A AT H fETH 3
FREANFEEME—PARN O Mo THRATIEMFYANRNEE T E, EXman. B3 1T%%
A4 5E T ). B IRAITE, (R B BBCE s aER R A 24, JF A AR E AR B AR — P H R 7GR
K, Har#. BiFsw P mAEE —NEBRERIFHE O, IR A Wil e 8er . AR
SR, EERABXEMOBES. MAMNAMEH o, MR 4EH 3.14159( 5K % H i & .
3.1415926535897932382626433832795) 4k n] LL itk 5¢ X i 5t

A kAt 2 B AF FDESEBCEW? BN TR EAERHE A - B R R3St 5 ep 4 F i ARE
“scMe, EEEEBMEE. 3D EMMAAETE R, WEERHAMR? MELSEHR —H, HE
RhEE Y RS B O PR A, oT MR CH+3R 8800 2 Fh B 28 BURAA 3D RIS, 4 short,
int, float f! double. short /& 16 £7 %%, nJLLCFE 65536 D AAIMIEUE, HEARXAEIRK, HAE SN
Fob AT ANUE Y. int 2 32 FIREE, WTLUCFE 4,294,967,296 AN B . float J& 32 A A%, wILd
R4 4,294,967,296 A~ ¥ {fi. double 5 float 25{l, & 64 (U A M. WAV 6.3.1 WHRANIHEZ A~ & .

o HE 0Lt 573 90 I i P 7 () S B I PR O R . A — FP R AU S short, int S BSIEN), i
float. double ALY, 1Sk Bk bixX Se ¥ A YRR B 1A . LART (0 v AL FEE 27 0Pl 2 BOE I B 4L
DR 2k A0 et B b BT SRR D B LE AL PR A XSS, B TELERBESE, ZXMRECLn 1. BRIZEN
YEFRRERENE ? FRAT 48 A 2 SEHLIE I 2 1 5 — e, W4 i)

WA EEESE N EMRNMRER EEREMEERRANE .

ABKEAEH T ZM¥eE, ChRBoki, QR x MLl sin. cos). TAPRFARLLALH]
SE RO A BOREE, PIA e RE TR AP A 304, T IXAE A 18t LE FF & NI 3 i) 1 SEHLE 2258 — eI .



F2¥% SFFREFAZ 7

22 2D HFREF

BRAE LLRT AN A WY Bt “HER/R 7, TRt BRI 2D WRARBIRRT . B ERREBEHER
Hme— ARt R . mRERSERLERMRER, RAidEXEE, LKL TIeM, B4
BEEEHRREHERPT .

221 EHFEREFRMEG: HREPRIEF R

iERAARE A2 A BRI B R/RRR RO R TEHENAR, M 2.4 FUR.

North 6th Street
North dth Street F
North 3nd Street |
North 2nd Strest
Morth it Street |
I
South 18T Street :
South 2nd Street E
South 3rd Strest E
Sauth 4th Strest
Soueh Sth Street
Y PP Y b EOFEEEEE G
g § & : ¥ : £ ¥ %! 3 § § &

24 EERWEAEE

&m¢ﬁmﬂu%ﬂ.¢R%ﬁwmmmmm%ﬁﬁﬁ¢uﬁﬁﬁﬁ;ﬁﬁmﬁﬁﬁmﬁﬁ%ﬁﬁu
Hoh e BH RO AT B RG4S /Y, tndb 3 g5 08 1S 1.



8 3D#FEA BELEHSFL

FTFHBEREmALERP) . 7 E(Division Street) B i b F il oL . HAbRIAbE ) il
RARIEE 5 R EOMHIE R M AN, R S B 22 8.

RREFHAFRAEMNGL2EARMTE, ML, MEAGFERE, haeRES 8RBTk 4 g1
22 Bty kE R GF AR, IR ESMATHEFEN TR Mg, flw, A TFIL 4 B 22 8
R OE L 2l 3 P RERR, TEREE 7 MER, BAE 22 MK

222 {XE 2D &

AR S B, R R A A M RS T DR R R AR O BT . BTN
PR ok, Bfi)n] LAGE{EmTie S 2D ks R——LhiniRfEa L. Bt . B L. KRE¥S E
e E.

25 BT 42D @ FIRAERR.

t 4 |
i T
|
| |
3 o N S
: . |
| Ak e B 4 L1 1
i J/* :
. : _ —>
i N
1 |
: 3 |
i &
i -. i
i - — —_— — — — — — S
N
-v -

E25 zn_‘ﬁ'-ﬁmﬂsﬁ:iﬁ
e 2.5 frs, 2D B E/RBERHLL FRAEX:

o A 2D W KRR RAA AR AL, BYER B(Origin(0,0)), ERALERMPO. FEA
ST ERREE L.



C F2¥ SFERLEK 9

o @A 2D HERRAERBEFRLLRANEKEFLLREMR, HM “H” (axis). P15
HMEE, ZMSTEHFRRGS REENS AEEGEEF LA, EIRAVEN EHE
PHIEAAEENAIER). BPRKEMBEMAYSTEFRBNHLMEE.

THAAHER/FRESE 2D FRER 2 (8 B

o WERMAKNRE, BRI ATE A RBHE--#5. T 2D AbRA R
T PR R A 61

o WEREBMIEARE. MSLLIERTHEXEFTRE.

o MBAKRT, BOAHBRLERN S, TEAPHKEARENES.

/2.5 o, ACRRIBFE x &, @ANx SEH R, EAMRKEyY 8, mERy MIETR, ZEE
72D MARRMB . R, & OKE” M CEH” KRR LR, tinsE AR, P
#EZ AP B, FFRFRE “EH” M.

RATOTLURIE B O 8 7 e g A bR 098 ) . kR B0 R AR SR 8L B0 vl LUK 1 R BE wit
B IbE R . TR R R A (120 K B RO BT 1) A R AR SR S 2 Oy LA AE V). AR
EEAEMOEF M, P, LR x SRS A RIE, y @ T AIE(E 2.6 FTR).

i 1 o, SR L 5 S St e el e T ot

: N
i - *X
: x-axis 7

t

18 - . |
e . =
; i

|

et g s

N
4y

M26 BRBELER

BAE, YiS-ERRGEE T ECL5ME, (WHEMLERESIECEENS. HTRhEASEF
R T BT 5 A R 2 R e P R AR R A 8, ARV B T AR A LRI
%, REMAIEERSAE LA FANERXR, BENSWEATLRF. S&EE 2 KN EE R

%, HEEK, AROS%EE, RHERIAITKRR. T ERRMRIE, BAMBEBHE &R 4
FAMME. TREEFREE AR T EIINER KR M.

FRALSREMIN T 8 TR AR, WA 2.7 i, AMIERFEAMRLE EE | AMEERET
LA K. BRSVERIE T U SCRRAET A



10 3D #&FAn: BELHRTL

i Il

M 2.7 2D chAlgERIMRYIER
SPFE T HA M, 52FIHET TEAMIHE. 2F, 2798 1 TR S 3 By iR
T, Bk o i e 5k WY LA B AR AE .

AR, FRESEMNEFESES 2170 4 MEEREAAIRHERER. BELTEHR, mBNFTI
METME, el HEE 2 TR R B AR !

BRI, TRRAL x $A0 y HOEFH AW, SAEELFEHME x MmA A IE, yfhm ERIE. B
PLARF R EiR, BT 2D BAFRME “HH” K. R, ZRRENT 3D L5 KRR, JH
AR 5% B 1R VR A X A ) B

223 TTE2D B FRBLIRRAPELMS

MR RA—RELL AR, A TS RRLERTEM A, AMISIAT B FRAROERS. &
2D FEH, FA )BT AR R A A R ZdEE, FLME RPN K, =4
Z4%). A RRRBNEZNEBAL, LHEGENTEBERAT ZAESRAZAMEENT. H)
Hhi, WA BEEABEIAENMAOFFTSES. E2.8 a7 EHFE 2D HR/RERRPELLS.

i e

' g

2.8 EDEFRELEFERPELMR

ap 2.8 Bk, x A RFERZSE y MNBEFSEE. ANy TERRZLSH N ETSESR. “F
FEREE” RIBEXAFm LIEEAE, MER R LR,



£2% HERLAFRSL 11

2D BFRAIRNER R E R (x, ). B 2.9 R T HiF/RBBRR LA LR y B2 L0 S x BFR5 5,
FAR R x BIRATE. R, y BERHERSE x $ L, y B ANAE xMTH. B8 RINTLU
RIZHBPI EAER R, MARKENIE S FFAUTLE, FHIMERE.

i e e, L, RN e L A %

€

29 20%E-FREFNHTF

2.3 M 2D % 3D

RNMCSHERT 2D B R/ARRIFR, TREEX—T 3D FE. ¥IEELR, 3D FEHZLW 2D ZHE
—AHl, HERAEE T S0%MEAE, M HIEmtk. MxT 2D 456, 3D ZF(A A LLHARMEREX AT
BERRASH AP EAREN 3D X EHE). 3D FHIFE 2D REMEKE. 2R, BETFL2DRE
ATLAEESIAR D &, BIILBSEE 2D PSSR, REET BE 3D $.

231 F=1HE, =1

BRNBEI M HCERR=HAERE, AU SRERYE x 800 y 8, X&LTF 2D Filn, EHAFRT 2D
Brh, WERMSITE. B3 P HIFRIEz . —BIERT, 3/ MMEHESE. bORESMHBEAT M
AL, B 2.10 BT 3D kR R

222 Wi Egitigit, 2D Pl ERAEE x MG AL, y R EAIEARER AR, HE3D
IR ERERER . ARMES. FPEPTFRARERARGREE. 2.3.4 RIS E RS F EH R

ATER R L, 183D PH x fh. y BT 2D 0 x Bh. y BIEAMERR . 3D 9, EE—XHERE
XT 1M FHIEHETEI N, AFx, yBIR xy Fll, BEETzH. ¥, x FHEHEET y 8, )z



12 3D 45 sk B Hufak A

R BT ). BRATTET BAIA HIX 3 AP 3 4 2D WERA ], Blln, WmRiEEe, +y Bz 2 5IE
B4 A, AR, AR xz Pk R “Hifi” 092D MR P,

E210 3D HEERLEHER

232 7E3D EHFRRERAPEMSR

&3DW%W'?ﬁ%%3¢ﬁ=myﬁﬁ,%ﬂﬁﬁﬁﬁﬂﬂ-nﬁhyﬁﬁ%ﬁﬁ%ﬁﬁuWW:
(R B yx FHIMA FFSRER, Uk SUR HHEEM 2D h kA, i 2.11 B

i
|

| -y

B2 11 30 PECLS



F2% wERLFAL 13

233 EFURRAS5AHAFURFR

2.22 ¥itieit, BT 2D AR RELRE “SM7 0. Fiim, A4 2D AERR A B, IEHAMIERA, B
B 3L x, y HUAIR A A B (048 R (1B AR ARl B TR ) . A9 R0 I 4E 3D %% [A) R 7 AL

Bl 2.5 FEos T 2D R RMIERHETE R, ©HE 2.6 Bt R RRR y B MR, RE, EE 2.6 M
HEFHERE 180°, A y Fl b, x4, B EMEER, MEH TR, B, MAER 2D &b
£, BRAE AT DR,

FHEHEINAEHX M ST RE 3D . HEE 2.0 FiatIBin R,  fifma R, RITEELL
I B A 2 S e S, T AN A2 ?

EHRBTENW, BRI AR AR EBRARR, 5= E R A E AR AR R (i R G
BEAR A, AEFR, FWER TIFEHT).

3D AbkR R 2 A E R . ks b, FAERRE SRR 3D BbRR: A TR F AN
#. WMRFARTAETFLERRA TR, WalLLBELEERES, HFUWALL.

“HFE" M “HFE" SHRBAAEBR? BRIVEEI— T ERANARRRAAE. MHAT, L8
RAGIEE “L” B, KiHERAG, figm b AN FEERTTGER, FEERS LEFE, T
B, BE, RMMOLELT -METRRR, BR. REIAK=ATRINAR . y. 2 HBE
Al k2,12 B,

FIRE, AT, WafmE, XK=, BEXaEaL, KME M FARR, R 7
RARLKR A TR MRy 2HIET . AFLEFERTE 2.13 Fiox.

B212 EFLER - E2.13 BEFLER



14 3D #5 sk B SHNF4

L EERHD T, BFATRIEAAFRENLERESSR, HETHET AFNO).

RMNELIHETE. HFRERNRE, FEITRIOE TSRS, LNk, TSR
FXRAEW. WEEE 214 PHER, RARER 1T, RLBESTRENTE: B0 TFESE x S
ERBRA, BEU x YR RER yz Fll. MFEFLER, y RIEN AR z MIEFFEEE, -4
EJ5 i p $h 0 5 FI BERE, P 2.15 iR,

M. S AR 2 F S5 R AR 1 REYE £ F L5 R R AR 5
+y 4z +y ¥ M-z
+z ¥ fl-y -z ¥ 8-y
= -y [z -y $E 42
-z ¥ FEl+y +z ¥ My
+x $E Wz +x W] +z
-z ¥ 0)-x +z i [)-x
kd -x H -x ¥ Fz
+z ¥l +x -z H )4
+x Ehl+y +x ¥ -y
+y $fi-x -y ¥ )-x
2 -x ¥ m-y -x ¥4y
-p ] ex +y $+x

B2 14 EFEFERSEFLERDEEH

*y

M215 MxWEAEREFEER



F2F WHFERLAFRLE 15

ETARRREIFHR: y BIE T [ 2 S507 iR . SN BURE — MR S AR, 33
R FIRE R .

Fo. A TAER R AT LU B #4516 B 00 0 v LB — MR AO P 5 . e SRR B A A R R T
5, SRR P,

ETFHRRRATFARRREERZ S, EARNFRASBAARNTERT, AMISERESFERLS
F. W, GO EHER SR A TR R, fRAEABIUME R T ERA TR, BTEL, RS
R AT B A S AR, WIREER AR MG AR, BRI T T AR REE,

234 APHERYE

ZEFFEEHE 3D I A2 5T, RAITEREM e WInKALTREREREA TFAIRR, +y
e WA 7 1), T ERATISR B, Sk 1 R0 I # T 8 By RHIERE (S HRTTME 2.7).
e 3D b, MIEaH 48 MOARRM T EORIESR, Wb 24 MBETRIRR, 24 FRAFLIR.

AR SRR AR E, X2MEL R R, B, £RTRITGH BUEF ML
HRB B HAR . i A B HERFENSAEER, KBRS HKAK, AR
K, MFTEFNBELETAA TR RTAEZRMORRK, SERekRiRY.

ABHBRATLRER. +x, +y, +z05ERAGT. B, 6, WHE2.16 Bk,
W YR ANACH BRI (. AT AR RRR), BAIBx BRI “AR7, +z RoRE “IE”.

216 ABERMEFLFERAE



16 3D & isk: BHLENAL

24 % 5]

() £HE2179 a. b. ¢y dv e f. g hy j AR

i

B 217 BHERMSE
(2) FIH 3D HFERBERN B HARAE. BHBEREFRER, BLELTFURR.

() WATHIREKAE 3D Studio Max P, RE A R+x WA, +y W, +zF.L. SREFLHERE
BRATFMIRR? |



 AEHIABAMAGMA, KAV,

B3 PR S RAFRGE R,
32FABE NG LR, TEALH:

*  wRAA
 JEETT YT S
® B EA j
¢ iMHkiA ' o

B33 FIAREANA, CEEMTMEID FUEALRER AWK,
JAFNBEME—NEAZEFHES A 244,
B OIS HABAIERR, TEARA.

& AR ARRINTE LA R

¢ MbrhARAERLER

WL 5 2 FAF I ROVMIE, N B E B RAARR R G 7E T 7 B LA R . (BRATREER 5 4k
HRFFHLERE, TR EHEEAFHAMTER RS S Fal LA R ALK R). FELHT Lo
FPEFERN TR AP BB R, HHE T AR AR R

31 ATLEFERZLEGR

FAT A BAERZ AR R ? 3, EF—4 3D AhR R A8 £ 0T UL [ T i g, 0L & A3 E) P T
M. RIERFERE MR, REEHE N “HR” BiRE, FEX MR R R AEHR T H M T .
RAFALER AN ? Stk b, xHeigE s R “NO . A&, AR 0L 48 FH AS 1R £ A8 5 2 36 o 4

T 2 B ARbs R 1 IR DL S QR REEAS S 00 b FSCIRSE PR . B0 b, BSCAT AT A 20 FLUE —



18 3D&F R BEHHEEFL

AR BERREE. BR, STF—AEEA e, BERSIEEENRLERDHLE, BAENYET
LR R MF. G, HEAROEREMAME, BAEREPR, FEEW, it
WEEN S, TIEERRNERMEHGME, RA7EEES, ARMHEAEI TR, REFRIXLTR
AMFER, FAREE RS R FHE AR & Ak, EBENKERRT — 5%, BxheEs
RARREERNARMAS. TEFE BN BRAE/MRONE, X TER TR
BRARNESALER, BAXNFRAAAREERLEN. BEORBKEE N EEASTEAS BFEN
MABR TR 55 B BT AL BT R LLUBIE S O HE PR . B ASBR R AR S R 1 R M . T B+ £ 8(A L AT 384—322
F)EARAFEE (RILFD (On the Heavens)5 (#F ) (Physics) P2 T Hu01R, P bk B 5= H i IE 4.
BT L 37385 5 07 (24 TE BT 310—230 ZE)8RH T B0, SRR A R 5 (0 A ITDUB B, AW T 24T,
MIFANEERETROMAT. BTFSELET, IMABRARERE. SR SR - FARB4T
—1543 E)EAL A ZEVE (On the Revolutions of the Celestial Orbs) 5, ZFEHORPRBITEMNSEEL,
EHLRPESBE, FENRENDT NG, 4R, FEFTABRKXAER, HeEENHECHN
BEAEROE, FemRIES(1520—1591 )7 2R A FT A T E AR,

#F (BPA) (Sand-Reckoner)—HH, FEKBEHEIFHRZS 7 5ES 2.0 DELENAIVUMEN, K
T —RIRBERERIERANE, WY ABL TN A. AFER 2.1 Hhp¥, mR
LB A TR MY TR . (ffdiiH B 8x10° BT, BIMRAMANEEFBXAZDHNIE). X
TEMER—LE, fhils T 0 A e B0, MARSH S ZRZMMOE. &H.O0RA
AR FEE S, MERGHEKEYE, EREAT, TERFRAHAECDER), UHENNERERE
BHZEASTNARE. FURFRILACSNEFRERRRNE, hRBREMIERT LT XA
R BRMBERNMBESERETE EEDRIREIIHAN, NESESRAMRLER, M
ARBHE A

2494 P FFERRHE, BATeTfe M _Lor el Cib X e, B b RIEER . FET LR T B4
—FHPREREEN. EES EHAFE /NG, RN GT RN “HEBMAe", BaEW
MIE. HE. BERERAIRT B4 EERHE XL, SREHY, BRIWNTE - RERE (Fh
WERY (Animal Farm) PR, “PraLirR e FER, AEEREXAaNESE.” ET%,
iERAE —2 3D BB P ERMBIEER. '

32 —EHRAMNLERR

EMBEREBRAMAN, RARLERRRENREHRPATENL.



FI1¥ BER 19

321 HREHFER

£ 5 A BEVER — {1 fE# 7E Lewisville, Texas($i Dallas 1 Fort Worth)i#t 47 54, EREBMR, i
frE R dbs 33 M0 4, T4 06 fF 59 4. B —frEHTE Denton, Texas THE. frFibsh 33 & 11 4,
e 07 AL 07 4.

s T RAE IR LE Cfat T (R, KSR, AT REIE Denton, Lewisville #E
AR, FAEIRSN R0 ES TR RIS AR RS, R, 28
s bE. it EMN AV IERINES - ERRAESNTEM 2D R, XA T RS A,
FEI S R FE b - B AEEME TE). KA, SRt Reo, os, bTREH L RE¥E Tl
A THEMEL, ANTFREFLRERREEER XTSRS,

HREERE—PERAOLER, CRUTHRELBLERNITENSLER. Mo —Hmk, Y%
At R R e RO R, WARRAT AN, SaL e RRERE LR,

AR i, R R BT RBROIA 0" MBERSER, FUMRSERSLE
AR, G, MRERREERENSER, Baketmh HET S, WOERRIE YRR,
B A e B R BB B (H EREGFE). FRWNRT, RS ERELT AR M HR". 43.]
TR WAT 4 M R EEAR ERATT, AR, RIE " HEER CROFRONE LR
BErhpsERE T, AP, CH T ERE CEERAERT.

tH oAb R I RIES R RN ETEH B R.
STt AR R R 1 A o) AR X TG L AR Y,

R R A AT A .

BEHLE AR

b A EERAULE. BR. #iHE).
o EH{kMIEE N, Bl E(NPC 1) 50 W),

3.22 k& ERR

ik bE A RS B B R R . BT EEE NI HERR. AMEBHaS TR
BE, RGN LB R R B T . Blin, BAIEAARAE ACHEERR. DRRE
U AT T, R B R R B S OR U E A ). N i i 2 P T RR]
HrBa, tAS@Elt, EARE, BA-ARRATE, W RN YR R ERRRE
AEEEE RS AE L SEASFEIRT A, ArHRELl CREsT mHERERE AR
‘AT RMERERTHERS, CmE" WA RTH.



20 3D ks BE LN E

WALk R op R fRERE T FEIRREALE . B, WEESE ERHS S LR )L, BMEEETEE
IR, SRAEES R “EZnE . R “EEMELRT, EEWIL? #SEiaiF. RS
EMPERIERPH B RN E.

HUEES AT, WA bR R AR ERE R AR ER R . DA BRI T A G AR PR R AE B AR bR R rp Al . B
i et FRAE SR AR bR R .
AR ER Rhal iR W B, .

o JARARHELMMEMMMEN? (REAHE™? )
o MEAH? AWAIG? RAiAA -2 AL? (RALEREH LR ST )

3.2.3 BV LA

PEARHLAL bR R R B Z F U KM HR R . TSP RRBERE bR ML, 22007 T RS AL b
R4 T 3D A6 hiin FEREALBRRAE 2D P . BHEHUVLPRRRER (ER R IRE) “IIE” HARR, i
“HIph " AR TR e AE SRR HLAY R R AT X . B HLARBR R P, SRBHLAE A, x B4, 2 B 1R AT
) FERE N SR BT ),y e E(RRARM B R BRENASN E). B 3.0 BT - RRPLAE
.

3.1 BENLRR

VERE, B B e bR R X TR B E AT e AR . FRRR, R B B IR G A
bR, zEhmsh, BDAEREE LS.

Yo T R BEAA bR 25 110 S 76 i) S350 5L W e A 1 1 1% 08 R RE R el o . e



FI3¥® B4R 21

o 3D ZFPHEGLESERBILIEG?

o IIDFMIMACTARERERL, EREHTHEINTFREANLE. £, L. FAR? (F&
o 1R 2 15 1 0L A T 2R B Y & 3 DX )

o XN NMVURTFERRL? CHELE, ReHAE?

o FEAk, WETERTE? (3% e R AR 4E AT A H)

IHEE, E2aHEr Pk, X R EARMECRM. 153 Tdugitie 3D BENAREREEREL—
IR R R # B 2D R B,

324 MMARR

HRHR, FRARELRSIMANIEREMN EEOHR. H TR FLRRIIDELIRRMESR, A
FIANT—HEIARER, WERELER REREEHALITERIVELERN “Lig”". fuLEFERN
HARH AR RN RS ES, R RO TT T LSRR B 3.2 BRT 2D hHfFk. (i
B, XBERATEFVBA G A RSN DOEAIEALIERMIRA. )

At ABGINBEA R R ? FO AP AR R BB R LR R R REE, MMEAER R P
FURRAATEYE. HITEEERHFILECIREGE-BELHE L. B33 835 BrTEMLE.
33 AREERIBANGEBIER, BN, SLEAVAEN y BARE L x SiiEm i Lil. %9
AR R A ARER, BRI RMMAE R AR RN TTREE TRELERE 3.4). BE, 10
MEALIR RER AP BRI AR R R S ERL T R AT R B R VAR B, 3.5 THEAEREAN
Hit i+ 121X A ] L

ey

. TK

Inertial Space '

T ——— .
Worid Space
B 3.2 HBADELER. BIELERM
R ER R

M3.3 MBADBLER



22 ADHEFEX BELSHAFL

i e . R

e e ey e e e e

F3.4 HMIAMELER B35 HREFER

33 BMEXLHFHR

3D EHIH R PRI IASE G LR AR —HCORR SRS, #in, ErR TR R
LG A, BRI MR RS “ BT “B7 ‘B B, ETOMEM D ERFTEH KR
MAAAERSE, X BT RE . AP E T R AL R R AL 25 S A R BT E LA R AL bR RAHSER. W,
¥HHLLZEQ, 0, 0), S|TFLEO. 0, 1000), REZE(10, 0. -1200), A7HZ7E(100, 200, 800), ‘{148
RIXLBETFEFVERPHMNE.

AT EMHARERDIEASYAEZRGXRR, FEEN T#ET A EYERACERN T @ . B
P, TEMIEY AR R MR R P AR T . AT AR e R, A
LA R SR s T4 q B8 py x BRZR, y B ERE N b MR R e i, & e
HEN R AR FAIRR PR ERMEM AR R RO RE T 2T EXBTRENAE, ABE
BRI R AR E, FORATIMAALRERR A ETE TR IREAFEAEE K,
AT EBEREE W AR R R AR RS [, X6l LU 5E. ﬁ#%“ﬁﬁ?ﬁﬁ%ﬁﬁb%#?
REMAHEMEMAE, HEER T REIME .

B oYk bR RTEHE R ABR R iZ8h, R AR BB AR REE 307 216 #4545
REE “F7 20 HEERERMEIDEYEITERFI BEIEHIE. fln, FATER, ELW
B35, HxLTRE), 4 “FKk" X4T8RT, HxRig LTHEY), WAKREXT yMmiza),
FrLVREFBEAR . 75 “X7 XAMERRS, LU x#i%s), ShRFEK. REBSFRETRY
bRRM z #iREEh . X=AahtE—HCRsh. ke, FrRarE—=a e iy LB A, RE



3% B4R 23

5B E oK. FEEAMED, BEFARRTR-ARIRNONE, REFCHERZERFRN
A B ITHARELR . HERGHARNMRFS, XNERERE S MLHE, Rl
SR T REREMHRES)ER, XEHEEEMHETESITR.

EVOD AR RN FHR VR RES, FRLRREN T FRIFERIES, FHRLFRAXN T FX
MRS, XHEBSMRAE. SELEEENTEE, FHEREERNTZNH, REDEEIIHRE
e, MEREASRBR AT ZEARBGFZR . RAVKRFRI5 RIBRATECBIRR Y, ZFAASRRNL—
FRAENLT —FEUE . iR R, T LR RZXRM AR LR AW SR 1
A RBAEAER, B, FEMREEL, JFANES ERE, X, XERAEN TR EZERER A
REFERE. BRAAMKELIRRRFEN, REURNTETRAEEEBHTAHETALR.

3.4 WIRLERR

FEt, BEVRSEBH-ADEFEENRE: EFE-MUREDRRS —MERR?

2.2.2 Wh L E], MFRR d F AR A AR SE X SR A E LT R R AL, B ST R R BT R
b, SERGAR T HARER, W%, HItBRARETAERR, HHTARRMCULIRR RO
). BRI R EER RS, REEELAIER T .

:

Mk RO AR R R BB, FTEMM VIR AR ANME. SR, RAMEHALLIRRT
LR, TARERASGHTFAFERTHOME. FOREE L, RAETARRTERO, 0, 0).

SR A7 (0 R R ARS8, 75 3D h B —AMRE MRS, XEEE 10 E T,

3.5 HFRZREHR

REAERINEREF, —AMNBRAREBERE-RTFA=UE. MEZHHEAPLEAM T,
HTEHZHE, BALAERE X TELSMEARE, W mEA RS, L =8Heu? "
“BZHEAEEG? T NITRSATBs A e R =0 a? 7

RARMNEELNBALRE=HHROBE, B5RESREISNERETRY. EVEANEERR
i, HUEATHIGCE, (BT EEH S RIRGLEE], QAU AT AR R P AL

XA ) RS R A — A A B B A R A —— R — SRR, BRES R T
RiZA. REHEAORELHE: LHEER. FEECUEAEFLRRERIVELERCEHIENH T),
o MY AL bR TR R T R AR ROLB M T). EEE, ZWRATHEERERS), REEARD



24 ID&F R BHEEHEAL

AR RREfIn Efmc.

£ 3.2.4 b, WAVEIHAEFMRAEALAR R AR A th A R RAMF IR R . FRRES B AR b7
FREMBIEALIT R, HPB MM RERIIt AL R.

BLAER A AT (7P C SN A SRR R e Bttt TR AR TR . S AT 7E ML 28 A MRHR & oh (10 B —— B3
FETCARN . ABE 3.6 W5, BT p MEIET ML, FTLUEM x BN T, T EFHBUR, BT
AR R T RIAAR R0, 100). EREREHEEAN BESADRBIE BRI RLE, THEZE
HYELIERE SRR B F AR R OB AT LU B 3T R A 10— 87 35, M0 AU AT S Bk 3

ot RERMGESERFIBMM LR, TS H RS LIRS B R AR R ES .
B 3.6 7, RV IELLARBIGES 6 BES 450, MABIT MR, WE 3.7, EREBESFEED, THF
y HIETTR, x BF B KTZEBRPEALHR R b (K MR B R (=300, 600).

*y

A ) i
Inertial Space

f3.6 PFELEFERPONBEA 3.7 MHELERAPRNEA
BL, MR RERIIH RARR, TUMSIXAMERREYRSERER ST, MEYES
WA RN, WA 3.8, AT M RARRRBE O EN 7, wTHER (1200, 1000)f7 % .
BEIRNBIT, TN RS RBIM RLERR, SBA.

L S Y R PR R £ BESE 45° BB BIR AT &,
2. HHRUBERRATHATBERIIHRLEE,
3. XH, VIR £ RERE 45°, M FRA PBRERE T HAVEFR.

MO LR 0 A BE (3 A S FEHE S 14T, UBRHE IR -



FI3X ZAFR 25

1. A4 45 RET0, 100)i3 B & e £ 45° 310 ¢ AL 8% R AI(-300, 600);
2. MR RBI(-300, 600)[E A5 A FFEE R AR RM(1200, 1000);
3. XE, YELEADTH AP 45°, R ERmAFBRRESRT THALER.

At A AP BREEE T AR MR ? XM E—F, BT, ﬂﬂﬁﬁﬁﬁ!ﬁﬂ'ﬂ},
BRhY, HRAMENEHRISE.

|

*y

World Space

B38 HRELFERPHOIBA

AT ENPRET R RIS, ERRRET P ABERN AR, 8.1 TERARHEA
).

36 & 3

(1) HIIVENBREALFEZREHERW, Bk, BXE. 5. GERASEE RN,

(2) BEVELFRERBUALEROERNT: 58y M ek 42°, B8 6 M R4L Hix
TR 12 AL FR YR ERKEREE.

3) T EED, BOVERRBEEEN? (WF. BREE. SR, )
a. W SLHLZE AT THE 2 )5 i
b. BERKITELL R KU
- c. BEHN—TEEBEHES 1 HH
d. WAEHR DRI HHLG



4.

o) &

&

| AELENBOEHRA, £HZTF.

B4l PR R AAMREE, EEOEATRA:
o GE
T
& HENRE
& iTaEARIIOE
B A2WMIUTAERGE, TEAEA:
o EHBHGOF
& EFE5EAHB
& A—EIsEEATOT
& A—FiEaBAFOFE |
B 43 PABREAARANATREZANGEE, TEAEA:
& FaxtizE
* GHB5EE ;
TR ES |

b fHE 2D 3D BOEBF A ARHE T R . AR @B B A AR AR, AR N B RO
Y Bl LIRS, A LA T R T BB R, AR TORE 3D HE, W EARRRE A
R LA ENZ BRI R .

41 EE—HFEX

WACEF MY, SRR NECERI, AR R N S AR B —%ea. BOE L



#a¥ o¥ 27

A ERE—AEE. NREEMI ML E SOREAE, FHED, XREBEFENHAEY SLER—F,
FEEAIA-ERBNFS A EERRE “HRNAR".

4.1.1 EOESHFS

¥ XS ERAFEER. FRENBIOVPNFABFHBEARKIE. FRZAEN, REERANERE.
PR, “EE” R B” REE, W CEE” mYKE” RiFR, BERTEANR.

4.1.2 [EERVEE

mEAEERENREETH “ﬁ”. ¥EH. ARTUHEEERS, YREAE % #XL, KE
AUBAAR— R E. ABPERITR 24, g4 ERE.

41.3 igi&

BEREN, AFESE-FIREEEE, ), 2, 3). E30RNPBEREN, SFMRFIRABFES,
wEASER, WEXEAWES. RERBHMRE, KFE5HARMTER AMEBEEERRIINE
s,

1

3

FEBEEBRNT ER. EBRENERXFERCE. BE, B HTRRAS &R BHXHN,
£ 718 %%, BANS TR EHATEMNRAXH .

BAVEE S Fhegsks RO SR, E8FED, BRTHRIRIIHETR. I, v, 7

B EEE Y B~ oE. BEXABRITE 2D, 3D. 4D [, Ak o s, FTLARDER TG
Bz R, FHx yfAR2D RGOSR x y, z0FID AROSTE: x, ¥y, 2z, wilR 4D RN
A, 23R 41 BRRTHAERE:

2_ II—HJ,=
3] b, =b, =3
b= hz-b}r=




28 ID#MF X BELHHMTE

-5-| I:l—l'.: =
6 ¢, =¢c, =7
c= 27y
7 {:3 =¢3_8
_B_. c4=tw_9 * e

2R 41 EETERCE
WEE, D MBS EREEEREEN, T4 ER w.

42 RE—ILHEX
i T A ROEEE X, BFRERNEREHLAEL. MLEEX R, fREH AN
B ENE R,

o EEMXPHRERBEHKEE. ABEEANKE.
. ﬁﬂﬂﬂﬁﬁ?ﬁﬁT?ﬁfﬂ#’l‘]iB‘]fﬁr‘] T, ﬁﬁ#$m%ﬁ'ﬁﬁ%ﬁﬂ, 10.1 5 ¥ 40t
REMNMX 7.

421 PEBFER

4.1 ERT—1 2D RE.

EEERNE —SCH, W8? XE2ABEMEE R B, B EEE AT ER— KD
AMBEAAERY. FHENES AnR kAR, mE 42 5T, ﬁ’%ﬂﬁ!ﬂﬂ*ﬂ(h! “BR” T
i), WIREFBRE “TFH".

= —

Head

- ? . . N \

| !
|
| * il

M41 20 M4 2 mRgYLR



#£a4¥% HF 29

422 IEBS5HP

mEEWIL? Lk, IAE—AREMEE. RhmBREME, REXDA R, XITERAR
Bil, EHEAFEFFREBERNINGE, DEFVE. Hlw:

o (B “HNE=SH", RAEFREXTAEN, EIAEQFPEHNRRRNRHE
frts, MAREHME. XMMIBEMNES) ML EHATEE FUERRARRE
N

o R “RAILL 50 HEG RV MILITE” . XEAEHRT R, EHEKDG R
B EhfFEdL), ERFRAGEE. “SoREH R EBERIL” RHAMBR-R.

AR, UK. EESEN. ERATEAENHERE L. ABOEERAR, AW, ERHE
ERIFE, NMEREFTTR.

B4 ) B AL R SR O BB A R, BTSRRI AL E: “REE T T AZILER
HIBIUAEX ", AEEANMBEENI RG] TEXTRIEENESRE). A TRIAZX—H, 358
Ak, — ke, Bf RERAOKERTARAEXM. FRELE.

B 2 1o & R B AL R AT ﬁuﬁﬁlmﬁﬂﬂﬁﬁm.HﬁﬁﬂﬁﬁﬁﬂﬁrE%ﬂT RINEH =
FMEAABRHXMEA, SRR EBIRTEFHNA. e

423 EEMFTIE

MBRPNERETARES MEE LHAEMAR. fin, 43 F8 2D MEFIHERE x L5750
Ny Sk R AL EE .

xy]

i i« T = e e e e e T T —

M43 BIFHEBEF IHEFTSAEBEREZEDR
44 BRTET 2D MEMELINE.

R, BhiEAmEREREAEXN. (XREEAE N, UMERENDS, HFELYE xRE, y
m b, YElim, B 44PRETHRMENS NMEE, BENFERHR—R.




30 ID #F A BEHHATL

3D [EE 2D MR AY R, EWEREEN, 3D NEGRT 3 Aﬁ, ﬁﬁlﬂﬁﬂfﬁlﬂi{ Xy z
#0775 m _EEIGrE . .

H4.4 20 OEMENAE

424 RBEEBRTALUBFY

B ) BRI B R — A IR R W B ST TR ﬂﬂ@ﬁ*lﬂ‘]{iﬁiﬂ“'ﬁﬁl&.
sy 2 MR T [ B EFRERIE .

#ty, 3D MR, -3, 4R fr 8, BB ARE
HUE N A TR | AR, [T 3 ARG, BAT4 MR (B
x4y, +z WaHIEA, @E, @7, R SPZEE
AR, BTLL “RAT” AR $1FAT. I 4.5 FiR.

HES TR LS B E, tin, TLERiTHE 4
A, BRF3ANREL M ARG, THREBIRPERAL
B . PR RS A R B 4L B £ (AABB(axially
aligned bounding box)) LA E#k42. 5.8 TN EREINL LR
AEXA LA EWRE .

S — ——

Ma5 ﬁﬂlﬁ'ﬁﬁaﬁmﬁ?ﬂ



#£4¥% HF 31

43 [ & 5§ =
“HTEMR, BRESEHRDRERE. E-WhENTREAERIGE, BERAME. FUME
BYs” M Yrmi” MENTEEAR. “A” #RE, [ “PE” i,

B 4.6 L THIBE. —HWES-HPATRAANLE, S—WMEFEN— T RAARK, EELE
R AR RAARAERNBER. X—WEREERINEEXR.

< ' 7™ (% y)

2
<

46 HPLSEMARDR
4.3.1 HWMLIE

422 Wit T AREHAEMIEONE, BACHERUE. ANLENRERRERN: X1
PEREE, MEEITHREE T AT KX SRR

S —A A, X BT ALY AR X IR ? SAGHRRIFFEIFTR
. TR SR, BEEBRTRLE—LANXR, AN THENBERFE EBER
WAHEN. B3 ETeHREXLERN CEEMIDX T RAT .

B b, BRRT -MA—UNSER, HEE A AUEXAFRNER, REEL A3 &
RO R R B, A, 32k, AR A EENAREFFELNEER).
EREEER T A ER, TEXSRPHRHAEL. FENR, FEPHANEEFFEE, BRE
A P R A B 7

432 SimEEsEfxH

MR AEeE R AR S, HYRBAEANE. ARARMBIIE. 43,1 VRIRG A THRIELE



32 3D FX ek BE5HEFLE

A RAXE, A, BAMSAFNRERANE. EIMB8ELLRRROHEX, XFHT MR
REKR.

WTER x, yr B AT BT A y)RERRM R, yHXN.

q i
AN

The veclor
[xy]

\

The point
xy)

M47 mEnEEMXR

EIERT R, MEATFH, Ak FRENCBBS, BRLBEAR HHREMLE. BT
PLig, @flx, y)id T RAB R »BMBER.

SEEKANE, EENEESRANERERS F AR, HERS CHRSM0. 2ARE RN
S ARBARA S RGN, EX R USSCSR AT By, g
A, BERBE, BE A RA— k.

WERR T, (BRMEAFHE, SRR EX AR, @ﬁmﬁﬂﬁﬁﬁﬁ“@ﬂﬁﬁTﬂ
Sfolt, XAERT, WRBRE S ATIARARRE.

%S wh, RAMES “HB” LOBRE, TRR “A” EK. Hﬂﬂﬁ:&ﬁ"ﬁﬁﬁﬁ%ﬁﬁ
TG A BRRIA .

44 % >

4
0
5

() &, a=[13, 8}, b=|0], ¢= o FREEEF|HER, BEREITRE.

a.a. b. c PEBLET|E#? WLRTHE? ZARNEEIHNELD?



#£24%F H¥F 33

b. ¥ btc,+a+b, FIL R .

(2) TFREFRREARNGR, MEREAE? MEESFE? WREME, S ﬁfl\iﬂﬁﬁ{&!, ‘ﬁ‘i‘?ﬁ
i 2 KA ).

a. BWHEETE?

b. BAEEEHATEREG?

c. WXBFEICHEANEX.

d. BATAEEILCEAY), EEF 600 ZRMG/NR, &E 33, 000 /L.
(3) LA 48 hEEBEIKAD.

[ [ ) .||._‘t |
“la lo a |
_1 L, |
11 RATE D
f ' i
9 h %
£ l' 1 J 4 :
]

M4s Eik

(4) TFFIEHRRLERR N, BN, mREHN, Sk
a BPARKEFAER, NBEHLESRITT.
b. Hﬂ?ﬁﬁﬂ@ﬂ%ﬁﬁﬁﬁﬁ]&ﬁﬂ?ﬁﬂﬂ{iﬂﬁ‘ﬂ
. Hi— i B PP B b T — S B
d. WEx, Y& T A0 pBREHEE.



d.,

mEEHE

G

 AEIEAEABHEE, AN, |

5.1 ¥ it &) A KM AR A JUFTIRAE F 69 T FL.

S2HENBAPRANFTTHE,
s3PAB—AMkaE ROE FeTENTENA.

S4FNBRAGEHENL.

5.5 P aeik & F A a9 A k.

5.6 FhBEESIFEARE.

5.7 ¥ ABir i i S e EATRLE F ik,

58P hBE TR kAR .

5.9 % MAIE R A X 6 RE,

500 ¥4 5 —#HaFRik: SR,

501 Fhaf —#aERis: LR, |
512 A — e F e RAE AKX, |

4 AN T B BAHCEE XU E . AESNHmBREH. SR BN, RN
eribiE SR, AR JE PR 1 LA RO

51 ZMRHAS/LE

e o AT I R A AR R AR, 4.1 WS, mEESHABP AR T84, X
A SRR RAREMR T 2 B, W, SRYEREeh, RTLAR n 4E R RORGERERR A 0 AR BN it
AL, RYEAREOR M ER A BRI ANR T Z MRS, B 5 3D HEARE R BRI AR .

ID B O R A ) RS S LT RO TR B R BRI S A AR LTS T



5% GFER 35

i, SYH A UHRERREEREASES R, MABESUHE 33 FEERJLTEXL, BRAtTARH
B 7o L PR T LA SEBRAR AR 22 (B R R G L 7.2 ).

AHugETRERKNTEZEEHY, EEEIRPEWMRLAR L L. EEITR 2 R RETER
¥, FUL2D. 3D. 4D Fl R FIGEREESH A .

52 H 5 Y&

EmEFaER, TREAERMRN SRR, BRAFERRAEQERERFN 3D YEHPREEHK
R, ARAEN. ABARRRFERES RRKZE.

o R, HAMNEPIRFHFEERER, Wa, by xp y» 20 6 4.

e @B, AIEEHEFERSR, Wa, b, uw v, q. 1.

o M, AIAEBEHEKFRERR. WA, B, M R

FE, FARSEFARANFSLE. —HERNTEAER, AT akRRmE.

53 T [ =

s, BEEMMESAIT «. MEASNEETE y WL ytr=y. (EREHBFEIFIER
ERRFEES, MEMEERS.: )

aﬁﬁﬁﬂﬁ%Mﬁﬁﬁﬁﬁ%u%“$ﬂ&%Emﬁ—ﬁﬁﬁiuﬁﬂﬁ%ﬁ#ﬁ$ﬁ%&ﬁﬁ
$Fﬁlﬁ; !l[I:

#iltn, 3D FFBEERSHA0, 0, 0]

THBEESE, RNERE-ADNNENRE. M TRRLERm, FETHSDADEYH m K
MR, SRRT AN, mEs) R, SAREEE——MRFEHRNEE.



36 3D&EEA: BAELHEEFL

51 MEREE» SR IEBHXNETFE

HIRER D RAAF R RAAR A BRASTR R A SO, B0T 0 B0 e U
MIH. FZA T BRRER @AM, RIRERERRME SRR k.,

54 fi @ &

MTAERRS, SR x (AMEFETT A, 05 x NS T e fr e, M BRI x+ (-0 =0. (&
ﬁ%ﬁ,Eﬁﬁﬁ%#%ﬁﬁﬁﬁ-m&mw&m&—ﬁﬁﬁ.Wﬁ—ﬁwkﬁ-%ﬁ*%ﬁﬁ%ﬂﬁa

ﬁﬁﬁﬁ&ﬁﬁﬁﬂmﬁhuﬁ&ﬁﬁvmﬁmﬁmﬁﬁmw.Emﬁﬁmvm-#.ﬁ&rﬂw}
=0. (5.8 MR, )

541 =ZEFEM
%ﬁﬂﬁ%ﬁmﬁmﬁmﬁ,Hﬁﬁﬁﬁﬂﬁﬂﬁﬂﬁ¢%ﬁﬁ%ﬁ@ﬂaﬁ%ﬁﬁﬂ%:

a, =4,
il 4 —ﬂ'z
a, ., _Ian-- I
a. -a,

aRX5. 1 mRER
¥k iz 3 2D, 3D, 4D #61, A



5% A¥EN 37

x y)=lx )

1x vy a=[= -y

x y z wl=[-x -y -z -w]|
2% 5.2  2D. 3D. 4D [ EEFM
-[4 -5]=[+4 5]

{1 0 Al=[1 0 -3]

-[1.34 -3/4 -5 10]=] -1.34 3/4 5 -10]

5.4.2 JLiA#ER |
FREG, BAN-IHEARADESE HHRGHE. W52 FiR.
. o .
i
0.3 i
22 i
k22 _ .
[2-2)
11.31
{0,-3¢
[35&1’
-+
[-350]
(v}
[-4.-3} —
-—:::;/
b7

52 mEEHAEER
HE, AREEFPOMEELXEEN, RERIMFRAZREEN.

5.5 MEX/NMACERER)

SrEitest, MEA KA. ETRCSERD T, KA AERAERE T HRBER HK.
81 2D (B3, WA PEFRE, R4, MRS, BHAROKAPRENHER AUFER. @



38 3D#FAa: BAEERELFL

BN R E R R ICR i,

55.1 ZEEN

ELEAECD, mEAANHREFHAMIVE L TR, XNFRY il ” FIRRFIAMARES%
ARRL. XFICIEN o BTN E AR T,

L)

Mi=yvi+ Vit - v+ ¥
]
M=

2435.3 ) it A/

B AR RS 4 RPN, ORI A, 33 2D. 3D A R,
mF:

V[ = vi +v; (% 2D & v)

"v” = \/vi +\f: + v: (% 3D [ &t v) .
3. 5.4 2D. 3D ju) @i
FEMDRE— e E. TEHE TR 3D MRS T:

| [5 4.ﬂ":ﬁ%q4f+f

=+25+16+49
=./90
~9 4868

5.5.2 JLiER

AT AR S4 EFWARTF. X 2D hrEEE R v, fEME—IL v SN EA=AE.
mE 5.3 Fi .

EREALNKENBIAT Ry, v, WEME. GRS RTLNR, BAENREHSEE, ©
KM RIEN. | | "

HaEEa M, o TERER =M, FHAKE AP R TR EAAKERY 7M. MARE 5.3
HRAE:



#5% HFEN 9

M= v+ v,

Y

X

B | x['=x FTCAREAREAERT T, B —
IV =vi+v]
PP AT, A3

JV[ =¥+ v
Vl=yvi+v;

X524 5.4 HE. EHHHEID HEENAAEENE R,

; Mol —— |

B53 EEBEXNMNALGNLAEE

5.6 WHRESEERFRZE

B ESmBAGEMN, BENMEAR. &RERF— R, 5SRARVT. BEREARRIMH
.

5.6.1 E&EZEN

RS EEAREEREE, BRENSENTRESFRARNT. FRSHEROATFHFAEER,
BEFEMRGELL, BERER:

"a, | [ a | ka, |
a, a, ka,
k| :o|=| : lk=| :
am-l aF‘r—f kan—l

L2 ] La. ] Lka, |

2%, 5.5 )i b bR A R
W3 3D &,

x X kx \
klyl=|yitk=|ky
z z kz

X 5.6 3D R SRR
mﬂ&ﬁ&&#?ﬁi.ﬁﬂﬁﬁfﬁuﬁEWMﬁ=



3D # ks BAEHERESFL

H
k \k

v [k
—-)v —[vjfkjl (33D M E v HEFHEE ©)
v [k

2A35.7 3D MERERE

7B
2[1

2 3]=[2 4 €

-3[-5 0 04]=[15 0 -12]

[4J

6 8] /2=[235 -3 4]

RERELLF LA

5.6.2

FESmEMEN, THESRS. SR RENABHEHARERERSELLD).

bRl S e A SRIE R IR R E @ T iE % . Flim, 3a+b £(3a)+b, AR 3(atb)
WBEARERUEE, FEmEAGRRUS -1 HE.

i o] B AEHIA 0 R REMRFHRIEN, RLURE-L.

JUIRI B R

JUREESC Y, R LAbR R & BYRBOR 2 UL T kga O a9 K. s, b T R B erKREmeis. &
fEr Rl 2. MR k<0, WBRE B, B 54 BRT MEESIOARET L RABR.

!

M54 —1 20 ABHEIETRHOUR



F5¥ A¥FERN 4

5.7 fRENLRE

TR EE, RIAXCENHTBTAROCHKA . W: “REAKRAATE? 7 EXFHHEDL
T, ERSAEEREEEFE. 0w ERENN 1w, 6w RS H R ERRE L BECE R
EHERA IR

571 =EZEN
R E R v, HEGHEE—AR v FOHRAM R R v, XSRS bR
", BRI, RS KRN ORI

AR 5.8 bRk B

filtm, Fr#EfL 2D &2, -5):
(12-5]  [12-5]

[ 02-s1] 12 +-s)°

[12-5]
J169

=[0.923-0.385]

)RR . B BXEA RGN, RO IERET. LA EREEEX BATFHERH
77 Tl

5.7.2 JLifERE

oD HRiEh, R B R E A, R4 1A Sk Ak B (B 7 R A R Dl (R [T £
¥42% 1). 3D Higrh, i EH PRk, Bssh, HREHLERTET 2D M, RATKK
I e o] B A AR AEAL ] B .



42 3D #F b BE SR T A

5.5 20sihiRtEtbER

5.8 BERIMZEFREGE

R R EOLERARE, AT, B, &R E 0SSR SERRRE. RN
ICIA R R INwEE R IR ] .

5.8.1 EEZEN
O A IE SRR A FA G RATN, RRPRLS RATEN T

a1 [0 [ a+b ]

a b, a, +b,
+ _ .

Ay y brr—i a, t bn—l

L a, | Loy ] [ ayth, |

2R 5.9 9 1 Jia) A
Wik E AmAE &, a-b=at+(-b).



5% A¥EN 4

4, b, 1 Ta ([ b, a, - b,
a, b, a, b, a,—b,
- = o (+]- ; =
a,., bn-q a,., bu-l a, _bu—1
_an__ Lbrr_ _anr__ l-.‘ _bn_‘,l | !l-"bnm

AR 5.10 AR

AET
1 4 7
a=2b=|5|c=|-3
3 6 0
17 4] [1+4]7 [5
a+b=|2|+|5|=2+5|=|7
(3] 6] [3+6] |9
1] 4] [1-4] [-3
a-b=|2|-[5]|=|2-5|=[-3
3] |6] [3-6] |3
44+7-1 10
b+c—a=|5|+ —3 - =|5+(-3)-2|=| 0
6+0-3 3
M RELL T LA

o AR AES R E sl HEEA F 6 m) B DN .
o FIEREIMEE—FE, MEMEEETHRE, ERERERAHLLRE. KEFH atb=b+a, H
a—-b=—(b-a), X a=b &}, a—b=b-a.

5.8.2 JLifER

ﬁﬁaﬁhﬁﬁﬂﬂﬂﬁﬁﬁ:$$ﬁﬁ.Eﬁﬂa%%ﬁﬁﬁﬁhﬂﬁjEﬁ%n%%ﬁb%%@
— AR, XRERRNEN “ SAREN". WRORESZHEE, W 5.6 Fix.

B 5.6 iEPA T M ENEE R, hIEREEAEE K. R, i ath M # bra HF, H
)it d—c #l e—d B R, HA d-e= (c-d).

=Ry BB EA MRS, Wl 57 .



44 3D Skl EM 5L

.éMWWP

| -
I
| o

Es.7 =fAKINY RIS @R

FT=ZMEEN, MEME 424 Y PAMIREHAUEEN: MEREEELSHTFITRLERS. B
sxﬁﬂm4jmzﬁuﬁﬂﬁTmﬂm-m;mﬂgmmﬁﬁm§$ﬂ:mzl+mﬁ.mva+¢ﬁ,
65 4 A, 'S '

R 5.8 e M ARRE, EDh.

1 1 0 0
=3|=|0|+|-3|+|0
4 0 0 4




#25% AFEN 45

ES5.8 mBRELLBRFT
EERKREE, BER-ANEREHOES. 721 THEALSCOE AR RS RnR.

583 —MTREZ—ITRAKGE

HE—DEND D ANAE 2 e R R, 7 DHE R = T ) B X A e
B, BsoRRTERAbattHaBbmuBAR.

ry
P
KT—
! B3
%€ >
s b
. 4

M59 BoEEEEtRAaZbER

b EPEBTR, AT S e Bl b BRIR, R e R b AREED MR RUT R K B, Bl (A =AM
st b, fERSES, mEWSEE U R ERTE.



46 3D #CF Al BH 5 ET A

ER Bizb-afRETAaF b rmit. MRafk “WAZE” HRREEEFENN,. BORARSN
Fiae K—AREH R m&AHLERE L.

59 ¥ & 2 X

THAHTFLAPERERNARZ — BERAN. RARXARTHERSZENER.

HoE, EXEENMRREREKE. BhmERER LR, FrEAMLFTEI LR, B8RS
S A EENS A A RO . BUZE, AERAISH 3D BB AR, KM a B b mE g,
1E 5.8.3 WHRMNOLFRMFRATIHNTRT . 73D HT:
b, -a,
d=b-a=

b,—a,
b: _a_'

a Bl b MERSTRRd WKL &S5 Ttttk
E® (a,b) =|d|=/d+ &+ &

HARA, 73

BB Gab) =[b-af=(b,-a,)+ (b,-a)+ (b.-a)
23X 611 DEEAK

KHER S T 3D PRIBERAR. 2D FHAREN L,

B a,b) =[b-a|=(b,-2,) + (b-a)

AX 512 2DEHAR
&4 2D FH# 7
EX([5 0], [-1 8])=y(-1-5+(@8-0)

=J(-6)" +8°
=36+ 64
=10

REVER, WA AR e AEANARD FAEE. WRELdAAIAD B a MERTALZMN 2 8 b, 2185



¥5%¥ ¥EXE 47

P HREARERE EHMA 2.

510 [0 & = 3k

M 5.6 FHRMENY, FRAABRTCAER. HAERBTLARAR, FRAARXYNNERE. R
T8 %2y R FHREAT). |

5.10.1 =& ZENM

RiE“AR” KBCKa-b PHAS. SHESHBAHRE R, @R OREMRAR T MAMEE.
FRRBENGERSABRAREZSHITUERRES, BERRSRTAREELARS.

i AR R X R R IR, HERE k.

a || b |

a:! bi

: : |=ab, +ab, +---+a_b _ +ab,
':In-—l l!I."‘n—l
La, Lo ]

3. 65.13 ) it 2 3

a-b=Yab,

2R 514 MESREOENCE

a-b=ab +ab  (a¥Mbi2DRE)

a-b=ab +ab +ab.  (aFbAi3DFAE)
AR 5.15 2D 3D a3k
BIAE, MWARPATBIEH SRHISTHE: a-b=b-a. AXARMNESENHAE 512 WS,

2D. 3D $E & SREH FmT:
[4 6][-3 7]=@)-3)+(6XT)=30



48 3D & F X BYHHRT K

Bk

5.10.2 JLiATRERE

ﬂﬂmm.ﬁmﬁﬁﬁﬁ7ﬁ¢ﬁ!m"mm"ﬁﬁ.ﬁﬁ%mmxhﬁﬁimmﬁ,nﬁﬂﬁﬁm
HAW, Wk s.10. |

=3)0) + (=2)(4) +(T)(~1)=-15

RTINS Sulo} TDEESYES
AR T K/ 16 B A ) cos AV

a-b =] a | bjcose

ARS16  FEARKILFAWR

(3D 1, B R R AR A T R E P E X )

#a.

6= arccus(w—a--b—-—}
Jall o]

2R 5.17 FAREIFEFAHEAIEA

W a, b RBLIEER, RoTLl@EAR 517 PHBREESE. EXAHERT, EXPatE 1, B
T ‘

0 =arccos(a-b) (a # b & HE{I &)



#5% HFEX 49

N 518  HEFHITRENES
MBEAFTE/PHYMETHEE a M b LAMKR, U RBAARERAOTS, WA 511 iR

ab 8 R afib
>0 0°<6<90° 75 A
0 6<90° IEAE
<0 90°<f=<108° 77 B A1 R

51 RRERNTFSAAERE O HER

mE AR ARG ROFTES, FUEREMa, b XDEXRM. FE, WRa, bREE—INH
%, Maa-bWEREETE. Fit, ARNFRAENRREE, FHRBNEEMNRTER.

5.10.3 MEERF

gEmAEE v o 0, BBH v MERFEASR: VRV, . ENSSITATFREET 0 R
v=v, +v, . —RERPATHRY, N vEe LMK,

BAVE AR . B 502 BT HILARE.

i

M5 12 ERnEE

FERAER V)« MRE V) FTTF 0. EAURTR: vu=nlﬁu.
B R B MR v, 9B, BRI SRR RV T . BEMR, SMSMRMHRIIKY
el

cosd = M
I

cosf|v| = H"nu



50 3D o sk BE5EEFL

t |V, | A B R 5102 TR S16, B

_ “v“ms o)

TR

-n |vl| [jnfcos®

o

v-n
=n 3
Im
AR 5.19 RERABE

MR, R o REBLEE, BRIERASLDET.
fl‘]]iﬂ\'“- *vlﬁ?ﬁgﬁT! Wﬂf_“?

v, tV, ="V“

v, =[vl-v,

2 1 ) A oo 2 U A 5 2 2OKe ) B R 0 T AT ﬁﬁﬁ%ﬁ_f&ﬁﬂ&‘lﬁ’i‘ﬂ‘ﬂﬂ

511 [@ 2 X 3

5 Eh i R R L R AR, (LA AF 3D ME. RARA—#, ARG AR
AEHR, [ REE AN B B A R AT R

511.1 E&ZEN

s R—FE, RiE “NF” REIRE axd FHXS. XEEENRSHHRK, DEEBIFERIZAN
BEE

Rﬁ‘i}ﬁjj



gF5% HEEXR 51

Xy Xy Ve, —24,),
V1% Y2 |5 8%~ %2,
< Z3 Xy, = yix,

AR 520 X
LU

1] 27 TOX8)-@)-5)] [ 44
3|x|-51=] 2)-()®) |=| O
4l 18] lax-5-03)2) | |-10

VSRS R E R A, REEMREZ A, SARMXRE—EN, XRMEEAH:
a-bxc=a-(bxe). BN AERFERE—IFE, FRFRAEREFEIR, FLl(a-b)xcBAENL. &
Ha (bxc) RESEM. 9.1 WG HHBIZH K —EAFIRIE

WESRE, MERAREAHE. BLE, CHERTHRE: axb=—(bxa). NREAHELS
i, —@iiS, (axb)xczax(bxe). HFEIRMEZRBOENUHEE 5.12 g,

511.2 JL{AfE%

WM B A B EE TERAOBEA R, wE 513 For.

AR P

i
i
|
!
E
i
E
t
i
i

M5 13 EBXE
B, fEaflbE—AEEDP. MR axb EREFEMELY, EETaMb.
ax b (ST B A A5 W B sin HAR, W
l2xb]=|af b]sin6

AR5.21 XEMKESRBRM sin AR



52 3DHFEAA BHLEHEAFL

ATEVEE, [|axb| ta%F Ll a B b HBLOEATGABOES. LRIRIEX—L®, FE 5.14.

r\—-"--i-i-l—-wdl-.-'nb— wiary v B e |
i

b

D e B o e .

|
i
i
!

P T —

L 5 A S i &

S 14 XEFMFETMiLAREIN

22 LT R AT A0 AT PR FE MR AR bh, BIURAIBRAYSREL. o LLBFIX— &, it —sn =
AE “U1” FREBB A, T —ANER, Wk ss Fis.

| !
|
3
2
u
.:.-E.‘_
]
5-=
Lo
o basa

T o S —

M5 15 FTEHFEER

EREMEREKRORRE, LETN bh. BGOSR EBS TELTNAEBMmE, Bili%
FATA M m R e bh.

REFAE 514, Ba. bAHAa, bMKE. FEHsind=h/a, H:
A=bh
= b(asinf)

==} |blsine



5% HEER 53

- b

R a, b FIFRAEE—AH0, W axp=0. XFNTHBHOMES: A TERRMRR. X
X ARMEREAR, AROBBENCEAHREL. (4%, EXTRBVITHEETEER RS
RAM, BAFmERH TR )

CAEMT axbHEH Fa. b. BREEETa. b AW HE. axXb fEEEATTMWE? Lk a 87k
5 b fRHE, HREM a B b RGIRHEHERVRE, GEEHE aXb K. £XFEHRRT, WX a
b BMETE, F4 axbigME. mE afb RiEEE, axXpZEE. &6 TFLIERD, REFHR. W
Boa fl b RIS, axXbimBE, WHEa b EHEHEH, axXbIRHELE.

P 5.16 FAPE 5.17 4> B RER T MBS &t R % B 81 7 ) .

T P = 1 A iy A

# SRR e e f—— g

i e R i 5 R L P ol ST S s

|4

|
I

e T R A A i R i A s el

B 5. 16 ME$AE B517 #ER$HE

VERE, BOBIRT AR AT ERRE, AL & g3k b EME. M 503 ki, BERRME.
B 5.3 P E—RAE R AR RIS RTG, EOENR S WRTEE, BARL—RAE.
WiE 5.16 f15.17 .

YiREEENNAREARER T FE02S W) SAR02.6 WEZBAFK12.T KR E.

512 ZMHERBALN

FRFET —HHRANAR. WEARLREMHESRHN, FITEXERN T8, FfXea NN
ol 4 o () SUHE S H R

F

R we
a+b=b+a i) i Ik i AT e

a-b=a+(-b) jia) B i B s X




54 3D #FEu: BE HHKRFL

AR

(a+b)+c=a+(b+e¢)
s(ra) = (st)a
k(a+b)=ka+ kb
[a] = #[] al

[a =0

[a" + o] =fa + b

fail+ 1§ > fa + b

a-b=b-a
o= Va2

k(a'b)=(ka)-b=a-(kb)
a-(b+c)=a-b+a-c
axa=10

axb=—(bxa)

axb = (-a)x(-b)
k(axb)=(ka)xb =ax(kb)
ax(b+c)=axb+axe

a-{(axb)=0

ki
[ R INERISS &R
WERANG &
b i xt ) A i) A

fon) 5% LU BUAH 29 T LUBR B () S 3 i 0 PR 7 48 it 1) R

il B B KNk B

72 B T TR e B i e )
)ik B == 4 i

AT

FH 55 s SL1 B A/

Vi B FRiEN SRS

5 T 1] I A 4 i
TERRSHASGMYRSETENE
XA i

SR 945 2 e 2 1 78 B A R ) 25 SR
RTINS

SUFER ] B0V ) 41 B R

S 5 TR R A A RN R AR S TR

() 8w B Rk,

a. {3 7]
b. [[[-12 5]

513 % >



#s5¥ HEFEX 55

(2)

(3)

4

(5)

(6)
)

c. [[8 -3 1/2]|
d 3[4 -7 0]
e. [4 5]/2
FRAEAL T B
a. [-12 5)
b. [8 -3 1/2]

iHE FoimfRER:

1
i

v B R (6 (B  :

d.

3] [8
a. [10], -7
7] [ 4

10 [-14
b. :

TSR RE

SHiE

iHE RR[1,2] F[-6,3] B3k

L ERA



56 3D &FEAm BHELHHELFL

4 Y212
v—{Sjl. n=|v2/2

-1 0

Wl v RATITREE T n 1408, (n AR )
(8) itE.

8
x| =7

4

(9) FAEEEHN. SIHAAMERTESBTVLRAREIRRK, AREEERE. AT L2
FEQ), K= fhaesiEalay B, hitAa? MEmEnsaRKh 2K

(10) HH¥FHERIERE 5.7 BI45.

(1) ESBERNARREL FERRERA TAIRR?

(12) M s g iy M R A B — 0 KA 115 R FERAEEERTENSE F(R3.2.1
), LMK 097 KRB, GEMNSEN G 60 4. ERABMHAMIEEZEEBEIT?

3
10
7

bz




0.

3D mE&x

&

Al it T I —A R B Cr+E—Vector3 R ER AT DM oiR, #4539 ;
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B 62 %5 $ T Vector3 £ 657 A0,
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o TEHAA(GHMERR)RER
o [AE T
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6.2 Vector3

FEFH T Vector3.h RISE#ACIG(FEFFIE# 6.1). &BH T K Vector3 & X.

2% 6.1 Vector3d.h

SEPELLEEES T T dddrididdiiddidtirdddrrridriidiiiiddddiiridddiiriiiiiisirsy
!
// Vector3 H—TjHH 3D M REHE
/
JIPETEEEETTTTEdd T i Eddiididdd i iiddiddidditid it i idiridridiiiitiririiiiss
class Vectord {
public:
float x,v.2Z;
/e
[ BRUAHIERE, ARATE A
Vector3() {1}
/7 L R R
Vector3 (const Vector3 &a) : x{a.x), yla.y}, zla.z) [}
/I ESEIE R E, = EERYIE
Vector3 (float nx, float ny, fleat nz) @ =inx), y(ny), zi{nz}) {}
/ /AR E R R
f/REF CER M, ERREERS. JRRMSIA, UERAEE.
Vector3 &operator ={const Vector3 &a) |
X = a.X; ¥y =a.y; z = a.z;
return *this;
1
/T C==" BRIETY
bool operator ==(const Vectord &ka) const {
return x==a.x® && y==a.y && z==a.Z;

}

bool operator !=(const Vector3 &a) const |
return ®!=a.x || yl=a.yv || zl=a.z;
1
/7 ) e

AV E 0
void zero{} { ®*x =y =z = 0.0f; 1}
/IO =" BETT

Vector? operator - {) const { return Vector3(-x,-y,-z}; 1}
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S/EE I 2T 4T B
Vector3 operator +(const Vector3 &a) const |
return Vector3(x + a.x, ¥ + a.y, 2 + a.z);
}
Vectord operator - (const Vectorld &a) const |
return Vector3{x - a.x, y = a.¥, 2 - a.z);
}
/1 EnENIR. BiE
Vector3 operator *(fleocat a) const {
return Vector3(x*a, y*a, z*a);
}
Yector3 operator /(float a) const {
float oneOverA = 1.0f / a; // HE: ZETN “BF" HITHRE
return Vector3(x*oneOverA, y*oneOverhA, z*onelverd);
}
// EREREHF
Vector3 &operator +=(const Vector3 &a) |
X += a.¥; y 4= a.y; z += a.z;
return *this;
}
Vector3 &operator -={const Vector3 &a) {
X-=a.X; y-=a.y; z-=a.z;
return *this;
]
Vector3 &operator *=(float a) |
¥ *= a; y *= ay z *= a;
return *this;
}
Vector3 &operator /=(float a) {
float oneOverA = 1.0f / a;
®x *= oneOverA; y *= oneOverA; z *= coneOverhA;
return *this;
}
/7 T RERAEL
void normalize() {
float magSg = x*x + y*y + z%z;
if (magSq > 0.0f) { // KWAEEF
float oneOverMag = 1.0f / sgrt(magsSqg);
X *= pneOverMag;
y *= oneQOverMag;
z *= onelverMag;

)
// AR, BRFENREERTT

float operator *(const Vector3 &a) const {
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return x*a.x + y*a.y + 2*a.z;

bi
FIERTTEETTTTEIEdT T iiiirigiittididridiifidddiiridiiiiidiriiriiiitieiriy
I
A AT
!/
LELTTILITLS L0000 000000000070 0P F i i i iididiiriitiiridiigrry
/7 K R
inline float wvectorMag(const Vector3 &a) |
return sgrti{a.x*a.x + a.y*a.y + a.z*a.z);
}
/4 S R R A SR
inline Vector3 crossProduct (const Vector3 &a, const Vector3 &b) |
return Vector3(
a.y*b.z - a.z*b.y,
a.z*h.®x - a.®x*b.z,
a.x®x*b.y - a.y*b.x
)i
}
/i KRR AR
inline Vector3 operator *(float k, const Vector3 &av) {
return Vector3 (k*v.x, k*v.y, k*v.z);
}
/7 VR A Te] () B R
inline float distance(const Vector3 &a, const Vectord &b) {
float dx = a.x - b.x;
float dy
float dz a.z - b.z;
return sqrt(dx*dx + dy*dy + dz*dz):

a.y - b.vy:

}

FITELTTIIIIIET I G T ET R TELTE T i i i ididdditiditiriititiitilsi
I

/S RRER

/4

JILLEIILTELLITETLLTFRLIIITETLIT I LSS TTSLITT LTI EL PRI EI 000180 d ]
[/ BT RTNR

extern const Vector3d kiercVector;

6.3 it R K

RFIA S B HIBARRANT. AT, BRI Veotor BN 7RBI, A BAF MBI IR,
RATER 16— 2B Vector HPRELR, (HZEM LA E SRS HFSP 8 BT MRS R, 1R
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EHAFEREEY R, ERIVERE LER SRR AT et b & # O

6.3.1 float 5 double

HARERE Vector3 F ] float HIEA AL R double FIEHR!, WAVEFRT float. LHRET LI
R, double $RALMIBI/MRE R B LB . I EE— ML 200 B g9 FRWHRBIRT, B4 32 {I float
if) 24 LRBRTE T . EMRHFAREL—KE, 4 32 62K float MAHZLH, FHh 24 frRIAER

it 17250 H~HHESEE . MBRBAEE double A, MAMHA float AT LB AT MK AFREH HiE
Al ek B E T aPERE.

6.3.2 ZEHFHEL

CHAFEREHM. XERBEEBHAN SEREEFD “+” SN, & B3hRAMAEHE LS.
BRTEEAR, EREHANSARKREES. EREHFTURRARY, BTURERRRM, B
fIaTLA R B ¥, T Bk LLR P KER 3.

MEEA SRS, EREWFREBERME T EH R RN EXLFER EEHEN. RIMNERT L
FTEafH -

o [EFLIMELIIFR
o MERRKR

o [ EmERRE

o (AR

6.3.3 {NRHHREEMBRE

AT R BT T & aT LME R B S Y3, EE R RXRZ, A NS
Ve T . FIUANEREE T ECHEPRENEIZSHAE, LHESXERUTNEHT. B
URANERTTRCEE 2 —HERI 10 FAELiFREF RER), BFKE 6.1 P HFIHRRELES
LR RSP ERIER 99%.

H—ARESEEMERRRE, BERENSER, FRELEFRNEN. G, EaTaky T
BRI k FESA S BEST L ORERKSEREM. BEQRX MO LRABIMEBNHN, FIATER
RAKHFRERI BTN, TEFAEN, B3R SOHERAEF REHER, FURFB%.

B AR x. y. 2 B — A, i EREEENR()EE L float * K U5 R 7 & .
B3 F—A R AR L ) B 2, RAT—BAEFG, v, W EI R, TWARTH. AT RERT TR
VT RRL R A MR, EXEER T, BN RN RRCN getXO)RESRKRAZHTN"),
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AR float ¥IZSFR. MAZHFRAEHHLNEGER, HEASFIANEIERIMER.

TR EETERE, EE AR RN BF, RAOMER: BIEARMDE 3 DU ERER
MEAE T e, FNAEEEmE RS,

634 FTEERIZMZHF

NFHEE, AEERIPEAN. REREFESGFIHRE, 4 E8e. TN, RHRENAHE.
—ANmERNE, HAEERIFAEOENEZE BRRENEREOBIAIREREE.

o, ABEEZL FLEEEIRERMERE:

o X RIEHNARMARNFERZHF “*” . BRHARLIREA/ENE, 9FE
EHET “»” BREXEBRASHARIS. EXRFHABELESAE(BRAWATEE), A
UHE AL B2A Y RERHBMNEHET. GERER “%" SLBEEE, BX “%” A
ERXFR—BFAREHEFEFTERFTER/RYE, HXHFATR. LEFERT “*”, BEH
fie CIEHAERREK “F”, CESTPHUAFEXSEHR, FUESEEAENHAALERERM
WA ¥ (M crossProduct () “RHE” , R fEABITAEEEED “%” f “xX” Hi
P I FE e G0 26 0 g T e

e HEAX(Component-wise)lI % MAMLFEXFHBREMLLURMNUERKE,
ERDERF), BREAERARKE, HEREZHETLSIERFREL.

e XRENFH: EIHSIAIHFZEMAFEEMEE, MAHNEELRS, E44M5%.
BESLAV XA ZHEFURFEL. —tEf “DMF” H—rnBEAL2ERR? Eill
AEF U “FRERARN” HEL0 R - FHAER THERE. (F RN
“H B S B R FTIB MY “lexographic” HEFF . BEE S LA ERAERTIREA,
BEIEAAFER T, RIFtBEHEHTAIEEREHRT. )

o [EMX/: MRFHW, MRABEBRRNEFFTIHAUY, NE@ER.

6.3.5 {FH const i R HE

R u Gt ) const R AR L. B2 ASFH const kAR EMATH, T HE—FMAZ,
i RO AR R “AABE R, TRERIRXARE. X2 —AMEFACT %A B H 15 75,
AEEEEAMIERTE R T SN,

6.3.6 {EH const 3| S

BT A cunsﬂﬁﬁiﬁﬁff-. P47 LR OO B 2 R SR Bl 17 B const 51 il (consté&). PUAEAE 7 5
BsifH— XGRS, £ const FIHERA LEAEHE, MWLkr LRMEMM(ESIH), #@% 7 IHARIESR
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¥, XEHTREXE. 55, DRIEARRABKE, HAET AT R EE D NHE S [ E KK
S W Fe it (a] .

2948 vector MR AL S, B AHY const TR, LSMMIHALED. S vector IR
ERERES, HIBSEE const 5| AR EMET, SIFRTEE AR HREX, HEERRFH IR
A A R EP, B A AR B BB R . XPF AT AR B T ek 5 A& AR B LRARE,
FRMNEBEBARRENR, iGFRLORIENER. L LGRNRMIL, RS TER.

6.3.7 MRERESIEMRER

RATEABS LR ERIT IR R R, TARRA R . &R RBEIEITHEY, fEREER
REGEA, CAE—ABRAM this IBEHEREEZ. I, zeroORE—MHARHE. JIFRARERAET
Bt this A O R ERE, (B0, vectorMag(ek%0). MEL R —A vector LS HIRAE, BEwT LABB
HRRRY, BRI YRR ER. M TXMEAE, RIGELEEHIFRARE. FHHE vector
FikA P BHIXAHERAEN, FRARKESE. REFFR6.2.

A FE 62 AN RS IEAR R

class Vector3d |
public:

/ /3K 1) BRI I B o ¥
float mag() const;
b
/ 7 3 ) B A AE R L BB 3

float wvectorMag{const Vector3d &a};
void fool) |

Vector3 a,b;
float m;

/7 SRR A R RO, AREEE L

m= a.magl();
m = vectorMag(a):;

// MBRRFRBER, BARBAEAFERT LSRR
m = {(a + b).mag();

/7 AE B R BT R 4 5

m = vectorMag(a + b);
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}
BAR LA R AR vk O AR R B R EL:

KR
o [mEXT
o K A fa] BE

NENRRABRRRFATZEHER, FL9H “RREE" FE)RE zero)H normalize(H zero()
il normalize()# &1+ AR A G B(AEEEHFER)). RARINIALSTE vector i T A X R .
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result->z = a.z + b.z;
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const Vector3 inputlist(],
int n,



68 3D &F Ak BEHHEAFL

const Vector3d &soffset,

Vector3 cutputList][]

b

for (int 1 = 0 ; 1 < n ; ++i) |
outputList([i] = intputlList[i] + offset;
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pejcos 6.0 -8n
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PEIRATTS ekt n HERE FIE 0 MMERE. AL, P 1A A3 05 2 F i A& R(n,0) -
vR(n,@)=v'.
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i ERE R
o wRRENEHFvMv MR, SOKEMy, AR, wlv FEEET n 6°FEP.
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1 1| |mn

O|—-1{0]|m
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1+(-1-Dn (-1-Dnn,
(-1-hnn, 1+(-1-Dn]

|[1-2n] -2nn,
|-2nmn, 1-2n]
AR 817 IEEHERE) 2D Rk
3D, HIRH TR ES. AR 818 PrEMEHNALEAHERET n Féy ST T Sk AT B 1R A
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P(n) =S(n,-1)

(<1-Dnn, (-1-Dnn,

(14 (=1-Dn?
(-1-D)nn,

=| (-1-Dnn, 1+(-1-Dn?
| (-1-Dan, (-1-Dnn, I1+(-1-Dn]
= 2n -2nn, -2nn,

=|-2nm, 1-2n, -2nnm,

~2n.n, 1-2n]

—ann:

AKX 8.18  H{EEHEIRN 3D Mk
R — A e “ B — U, R BRI AN B 0 Bl 2 °F AR, YA EmE < IEm T (8

TRACRS), XRLERA B R MEREOR .

86 1 XL

PIAE R —Fh AR R “Hldh” ¥, eSS hB e, UIERNR AR SR ETE, BSAEENZE
ARG REAZE. EABERERE—LIENREME S —L. #w, 2D &, ¥ y RUFENEFR
EmE x b, B3 x'=x+5y. WHE 8.17 FiR.

&

Es8 17 20 )%

LI AU B R FE A
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H!{S}{l 0}
s 1

WiEH, FE SR x VEREREASR y #U)3E, 28 s BREVRNT AR, 552D U)REEH
1 i

1
H (s)= [D ':]

3D P TIEI E R — MR, RUARE TR MBI AR MR L. Qi H, BER X, y 4
PR ALER 2 o X EBRERE 5K 8.19 P

1
]

=
o

H,(s,0) =

H_(s,1)=

o o= S R e

F

Eo e D b omm Ly D

§ t
1 0O
01

H_(s,t)=

l_
=

AF8.19 3D UITHEMHK

YRR —FRAOF B0, ChEmeH TR O NESHREAREDD)HEREERE
55 E S ENRGEHCRRIFDD)NERZERA.

8.7 TiRYES

FEVHHNBEES T NEREGRRIRFHAEUE OE8” R — MR, X HERE AR RAT
AR R0
ERASEREEDENSE. WRHAPE - MEET R ERUENYE, RNBLEERIEE

Frm. AEEEMHBEIT. BT MEBLX A, DS YIERETE TR A R R BB LR,
BB RALRRERBBRIALRR. HPOPEERBEDMT:

Py =Py Myy um

Poon =PuaMun enn

= (PﬁﬁMbjﬂ—rﬂ{H M (L JE — G,
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M 716 T, SERESRILIE R A AR, BTCLRAIBER —MER BB MR R BRI TR IR R

Pown = PyuMuy 0 My cpw
=Py My i aMin onn)

IXH L RETETE B TR EN S S0 1 BT A7 SE PR A0 B e fe , AR ER oA P i B 0 R IR R 3 B2 A0 — D I A 3
BRI AEIRZ TG, &R RERLSRESAOHE), WTF:

Mo enn =My oaMuy enn

Pofﬂl = PﬁﬂMHﬂ-‘—mfﬂL

Frelmpe & MBS BRI THEMREN S AE. ERINE B THIE—SHILMREE.

FMZ —F 7.22 SHBAERRR: NN RREERENRAR. XESMERIHR T RER T
By, %IBERETRIL AB, 4RSS (TR A FAINAT SR B MRNLR, BE2, Ral, a,, a,

KA BT, FERERRIEHERE Xy

a'I
A=|a,
a]-
'al
AB=|a, B
a.'!i
aB
=|a,B
a.B

AR LR EINIGR, AB 45 R H4T F BSC A A foE e BT B AR R.

88 T H5 &

X EBIBAT I RER LI, A TRGHEFR N AERMERBITHE. X TE—E, BINBHHEL
ZRMPERFFSE M 8.2 775 8.6 1T MBI R A AR B & TiX— K.

EHREEFNHDIRELFN, BAFE N “WFE" R RIR” F/K—KLR KL D —ERE.

SR —RENL LR, BIGERRUPARE: RYUEH. £ BHEX L, BRERE
Fife s oA, Bt N, s . RATIEM a 3 b 1) F BH21E F(a) =b . 43R, RATMIDLEBE T 6

AR FERIE RIS, (518 Fo ALY 1 B AT RERY .
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8.8.1 4Tk
72 WRMNGBE T S RBNEERER. EHFL WRBHELZ TR, BABR Fa) 52 Erkr:
F(a+b) = F(a)+ F(b)
LA R s
F(ka) = kF(a)
MBS F S T RAZH: IEMKER, B2mol URZBR AEREN. EXRFRT, ¥R

) BLAT ISR 5 5 47 5018 5011 4 BURISE 4 BT 38 B PSR 05 M i BB BI04 AR RORE, 4
— Al R SR TR BT R R SR AT B MR RS R R B

A2 JPPEC LT 3 € SR B

o M F@)=aM, ¥ MAEEHERN, HRHE-AEETR. ZIRHERN:
F(a+b)=(a+b)M

=aM +bM
= F(a)+ F(b)
PHE
F(ka) = (ka)M
= k(aM)
= kF(a)

o THEMEESHTHRNERIRETOE. MEFO0)=a, a=0. B4 F AAREREEZR.
B F(k0) =a, {BF(k0)= kF(0))AEL, KMUTHRALIBOFB(RAME EASEN).

B 8.2 18] 8.6 Wit M H BHRMAEM MG RIER R, MUl EiH2EMERR.

TR, G EBRNE LR PATRERE R TATE. KSEHER FERNN, BF D0
MBI BRCY—EBEBEEER A, IR ST FA A7 B TR SEE®R RIS, X
MoE LR IEFN. SRR IARERE R, HEEARS B TUPTRINRRFTT.

8.8.2 {AHTELHR

(BSAER ISR BRGELETE. Filt, (iPERORAREHEROEE, EMEHRHRBEN
GHaEH, (EARFHUIHERBRENEES.

AghitiR T A B RBREEN TR, FTlERYS ZR.
USRI ST K EEEERBROISER, EMAHRBR V' =vM +b HERMR T L.
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8.8.3 TwifTik

WMRAFA— GBI, “HH” RS, BAZTHRRTEN. RGN, WREEEEHRF,
3 F ' (F(a))=a, xF{L&a, s F(a) &,

FEAT R R R B 2o 8, HEAHEEN]. WE, RIOVEPHD PRI —MiEERER T,
AR RN LT, R, TCUHARR R " FRES. BTl SN A4
LM EERAH L.

AR, BRTHELSE, HARZERRAAE “HH . MPAEECER, X -SHANGRENE T, X
SERBERTRREN. Fit, AELAZHRERTHEMEAPLH.

R o A R M AR B AR AL A 0SB, 7 DA SOM S A TR RO, BRATDISE 9.2 i id. Mok
MRB RN, WAERAANE, TEERENTRIRANE.

8.84 ZE AT

U RAEATE PR BRI R SA N, ZEREFAN. RETE, EENYSRHES
RMER. SRR CRFELAANAE. GRIFAZEFAZSR, HARERERXARDAZE, ERHH
HISZET . FrasaZERaEyismaiEn.

8.8.5 IEXRT#H

AiE “IEX” FR#ERAEMERARERE, 93 THSHXTERREENTEITIS. EXTRMFRE
FUAERRFLAAEL, mHEARITRHBER, ELERETEES, BEOVRES KL EmME.

T, EEANEERENAEMELTR. KE. AF. BHEAARERSAZ. (RE0k, ERDE
RAEBBOAD R IERESR, FU—eBRBUNEEAE. TRAEBEMERE X).

BoEBME, ELEEMTHRAE].
FAT IEAC R R O S AR 3 69

8.8.6 MK

P i SRR R B AT e, AR, TR KR, M. BRRGEEEAE, Bk
RO BRI, SEGF BN RRAZE#R,

s A et R FE IEMR AR R . PR A MM SR IEAR . 454, wER0iH /.
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o ) A e RS RERE AT FU AN 1

8.8.7 THRIFEEUNG

TRINH T EBRLERZRAXR. P, V" AREATRARMEFIONE, ZEER “Y" MFF
{ERm “AAR”, TRER “AEH".
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A i Y 20
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IEEX Y Y Y +1
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37 Y Y Y Y Y Y Y
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EHEER | Y Y Y

EXHE’ Y Y 0

ik Y Y Y Y Y Y® -1
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1. 422D AR 3D P IR AR EHE.

2. BTRA, A ERBET.

3.2D P REGEHBAFMSEF, 3D h RS BE TR .
4. )it B A A 2k (2D)E S F H(3D).

5. 3T LR A M HEQD)ECT [ (3D).

6. AHE “ A7 ERSER.

7. A ANPEiF!

89 %4 >

(1) 3% x BhiEss-22° AR .
(2) HIES y HNEF, 30° RURERE.
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(3) HEARYELERERIIMESISRIERE. W “WHET R, Y5 y BiRER 30° B 5 « 4
IE¥s-22° .

(4) TEMEAERDRBY AL RT 2 #.

(5) HisE z BhNER: 164° AOAREE.

(6) HIELEHA[99, 99, 9OIHERL-S° HIKERF.

(7  HWEERE, FPENK. . SENHEE.

(8) HIEMEM, WEISRAHFEETRED9, 99, 9914 Fin A4 B A ¥ 5 #HITHEH
(9) I EATEREERE, SR RS HEE T E &[99, 99, 99].

(10) HEHEER, BB rELELABEEET R, -99, 99]. MEHREER, SRABEET
W #[-99, 99, -99].
(1) FHERERE RS TR 8
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4 =9 -13



')

B P R 5B %5 ZNIR

....................................... frmnrr saanr aa redmani
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B 92 Vit

B 93 FitE XM,
n
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BT ENMBTEMTREEAOMBNEH, e THEMEMLMEREINXR. BIFECHFANAT
RERR. AEHLEN BEREIL b — T e, |

9.1 %EREEY1TIIX

RS EEE MR, BIEETREN 7202 ERERE, THAFREFANER. €
) JL AT R th R 4R T R

9.1.1 ZMEEZEN

B M ATRIRICHE | M| B “det M7, HE7REEREMATRIA A S X80, nXn MHERERIFTFIR i X
RS, ERAIEM 2X 2, 3X3 ERETFE.

A 9.1 T 2X2 BrE AT IR E .

|MI: mll mll

=m, m, —m,m
my My

21

2R 9.1 2X2 FEEEMATHI
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ﬁﬁr EE:FSE‘??}HJ_-{H‘I!! ﬁiﬁfﬁﬁﬁﬁﬁ?ﬂ%@ﬁ*, ﬁlg:ﬁﬁ%n

T EEEFDECZAK 9.1 FEMAKNRN AL L TES BHE, REAEMAKT
ERFRE R AL T ENR.

+. .~

mu}ﬂhi
Mz Ma2

HEH T

2 1

-1 2 ={2}(2}-{l]{—1) =4+1=5

_23 : =(=3)5)-(4X2)=—-15-8=-23

a b

=ad - be
cda

3% 3 By R RYAT FUUE L/ 5 9.2 Frow.

o My My,
m, my,m,, +m,m,m, +m,m,m,

m.ﬂ m]l ml] =

=My I, My = I, M —

3 My My,

=m, (mz:m33 - mzamn) + mll(mﬂmll - mmmn)

+m, (m2!m32 - mzzmzl)
2% 9.2 IX3IHEEMEMITHIR

AT LA KR B E R R L. B M EEHE, FENME LR TRNRM AL Lo RE
Ak, RERAEENA% EXEBRNAEE &R ALk ETREM. .

My Mz Mg muf mﬂ’_,mﬁ’
My Mgz Moy Ty Mz Mas
M3 Mz Mas Mg M3 M3y
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3 -2 0
I 4 -3
-1 0 2

= (3N(4)(2) = (=3X0)) + (=2)((=3)—1) = (IN2)) + (OX)(1)(0) - (4)(-1))

=24+(=2)+0
=22

AR 3K EENITRERN 3 M EE, BAEEMTHAFTXERBAFE “ =THR".

ﬂ I
b,
c

oo R

a,
b|=abc. tabc +abec ~abe —abe —-abc,
v C.
= {ﬂ},b__ - Hﬂ'b.l-' }CJ' + (ﬂrbr - a.rb:}cy + {bey - a}'b:)cz
=(axb)-c

BEEEMA T, c¥l. BEMY ZrAMBRER (THE) FIGHTHER. B8, 8K
147, -1 5. BEEM" HREMBKTFR. HEIX3IHEREM:

-4 -3 3
M = 2 -2
1 4 -l
SFAMM B—A2X2HERE, REAMPEREE1THEB2NEGR:
-4 -3 3
| 0 -2
0 2 -2 :M*'2’=[1 1]
1 4 -] -
XM M, #ET. FITEMRBRFE THNR FAREF TR, Ra93.

¢, = (1" [M™ |

2X9.3 HEMNRERTHR

wmk, Aidikc; #rx MEIR i 4T, B ATRNRIERTA. ERRTAR AR, WAMRT
AR E. AHR T ER PR ()" H USSR EERRRER 7 AR A RERR:

+ - +
._+_
+ - +

TEBRAEA S FXRBR F 2R AR n EHBEMATIIR, JFAE 0.2.1 Wep A RERERE.
n 4 BEHAT 5 B A5E 3o RATAT ARARR 720K R SGERE AT HI A (Z R E L EE
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1, BARBRTAESK e XA B T HEEKTII).

o, WHEETEERERE-TR—5, WETRITOSITE, BRUSNAAKS TR, Xk
RRRBRERENTFIR. flm, EREF T, 0T, THROTEIBRNAR 9.4 Fixk.

M= "mc, =i’"g{—l)'” M|
J=l

=1
294 HREEFRH nXn MERERITFIR
T 46T, EE3IX3IEBENTHR:

lr'rll | m‘z ml] m|4
my, My My, m, my, m,
=my My My My \—myim,, my, my,

m, m,, My

m,,
my, my, my; my,
my,

m m m m m m
42 43 44 41 43 44
41 41 I4]

m, my, m, m, m, my,
tmyimy, my, my\-—-m,m, m, my,

m, m, m, m,, m, m,

gRl, AIFH 4X4 EERITHIR:

my (my, (mym,, —my,m,)+m,(m m, —m,m,)+ m, (m;,m,, —m,m,))
=y, (my, (myymy, —mymy, )+ my, (mym, —m,m,)+m,(m,m, - my,m,,))
+m,, (mzn (mnmu - mumu} + mzz'[m.ﬂmq-t - mllmﬁ) +m,, (m:nmu = my,m,, ])

—m, (m,, (my,m,, —mym,, ) +m,,(mym, —m,m,)+ my,(m,m,, —m,,m,))

RIFM[BILA 9.5

m, {mzz (mnmn — m_umu) —m,, (my,mq,z + m;zmu] +m,, (mnmu = mismq)}
—m,, {mu (mnmu - mumu} - mza(mnmu + m,,m“) +m,, {mmmu —my,m,, ))
+m,, (m,, (m,,m,, — my,m,, ) — my, (m,m, + mym,) + m,(m.m, —m.m,))
=my, (m,,(mym,, —mym,,) —m,,(m,m,, +m,m.)+my,(m,m, —mm,))

BN 9.5  AX4HEEMTHI

REHTAIR R R B e UE8e. FIisMR, A MKIE “ TR’ fitErE, EAE
WATFINME, EERERETRIITERT MLRET/IIHETREANF. IR IRBETAE
it XTEoEBENEEHECEER T A BHTEE.

ITFIR M — T B R
o FWERMITIIRZTERESTHNNBE: |ABHA|B|.
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o Xu LI REE E ARG L
IMM,---M,_M, =M [M,|[-|M,_[M,]

o EHHEMATINSTHREKMTHNA: M HM]|.

o WREHNEBRTIINEANT, BLAEMTIAFTE.

o AHMMEMIEREMITEMI, 1TFIAES.

o (EETHFIMIETHMI S —17THI AL ST,

9.1.2 JLIA###

ﬁ%%ﬁﬂﬁﬁﬁ#ﬁﬁﬁmﬂﬂﬁﬁnﬂ)W.ﬁﬂﬁ%?ﬁ&ﬁﬁ%ﬁﬂ%#ﬁ@ﬂ%ﬂﬁﬁ%
Eﬂ@ﬁwiﬁﬁhéﬂllﬁ¢.ﬁﬂﬁﬂ%ﬂmﬂﬂm$ﬁwﬁﬁﬁﬁkﬂﬁ%ﬁﬁmMﬁﬁqﬁﬁ
LB I R E AT I EARR TR MG 8", BAmBER.

o

llﬂ.ﬁ?. 2.00}

9.1 20 hiTHIRBFLIERRHFLMNTTHAMME T SER

3D 47 51208 T LA S 03 ) B =30 0 AT AT A0 RS B, 3D o, IRARAE AT
A RSN B, WATFIRER.

47 51 50 R B A e BB R T AR . AT I M X E AT ER(2D) HBEDM M K. 1T
B SH RS B T AR S B S SR S

555 B4 4T 9 2 B S B T AR R4S AT 42 K . I RAEREATSIA %, A ZEEa 8. Wk
HREATFIR N, MAZEBa RS . £8.8 Weh 4 T R RIZERE AR
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9.2 % & B %

AP ERMEEZH REREMRY, XMEEAERT .

9.2.1 =¥

AEEM Y, SEMT, R -MMEEE, MM S5 M HEN, SRENTEN. BAXETHAR
9.6 1.

MM") =M"'M=1I

2R 9.6 EEERY

FFAEMAERERAY. —MIENGFEEEFHE —TEF EROTERLT, BIAERERLZE
B, GRMRAFEE. MR- MEEFPERE, BAREHTENRETRE. WR—AEREEHY
R, WREAANMEMRTRERE. FREEMTARNE, EFEENTIIRANE, FURITH
AMEA A WFERE R TS OH R . seoh, M FERTEESR M, JAMNY v=08, vM=0.

M i) “PRHEREBERERE” iC1E “adj M7, ESCH M KR TRIEMFNF EER. TEE /T,
ERATES B 3 X3 M % M:

-4 -3 3
M= 2 =2
1 4 -1
HE M SR TR
2 =2 0 -2 0 2
c11=+4 _l|=6 cm*—l _1|=—2 C'3=+l, 4=-—2
-3 3 -4 3 —4 -3
C, == 4 _1=9 =+ 1 ‘1)=1 Cyy == . 4 =13
+_3 3 0 3 8 ¢ +—4 e 8
.. = = Loy =— — = = -
. 2 =2 = 10 -2 4 0 2

M BIBRHE R B R —ACE R T ROE R R R
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C, Cp Gy

- Cll c12 CH
adM=|c, ¢, ¢,

"6 -2 27 [6 9 o0
- 1 13 ={—2 1 -8
0 -8 -8 -2 13 -8

i k7

—BE T ERREEBERERE, BT M MATFI, BAET RN,

HFErmAR 9.7 k.
A adiM
M|
097 K1 A £33 HE Gk FH bR AEAE BESRBERR DUAT A=k Sk 18

@an, b7 KA EEERRE, 1.

M- =aaﬂ:"l!’t\'l
M|

(6 9 0
-2 1 -8
-2 13 -8

-24

~1/4  -3/8 n}

={112 -1/24 13
112 -13/24 1/3

SRR AR AR LRV R R A, s TiE. RPN RARRNEE T EEESE

R £ 00 ) B A R

o WM EFFTHREM, WIZMEMFRYRESETRERE: M) =M.

o HiMMKEMEEEAR. I'=I.
o HHMHEMIZTEMNINEE: M) =M.

itEpL B, R ERKABIEEE D, XFRERERAEGRM . T I ol R S 2R By R
Bt XWVFRER . AT, A TARBRERE, Bt JL{TRE A o R L e AR BB AR R, b P R R R AT e SE AR

4k, (R A AT LAk A £ Bl KR P 32 {1t JE 4> 3 (branchless)SE B, XHPSEI A EE LS M@ RAERGHAE
Fl RAEES o iR,

o  EEFIRANNIL T T M B A% AH RIFFRRER: (AB)" =B A™ o XA RE| B MERMER:

{M1M! “‘M-—IMn)_I = M-_lMI—I_I " .M Z_IMI_I

9.2.2 JLInTRERE

FEREREE)LA EIEEAM, BAEERROTELTRIERY “ k" R “HR” BR—E “HH"
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BB S, UL, Wik B AR MORIEEITRR, BAR M MM #TE%, HeRBRnE.
IXARAE 5l SO AL :

(VM)M ™' = v(MM™)

93 IE X % &
KA A HA TR KRS

9.3.1 EEZEN
HHEMRERZH, MHAAM 5EHEM MFREETRHE, LAK9S.
MIEZRE < MM =1 |
2aX 9.8 RyBEFEMIEAH
[F1Z 9.2 Vippse 30, MERERLLUE M % F RN MM =1,
Frid, W -MHEEREZH, BAEHETSTEHEE.
MEX <M =M

RRFIFRARAR, AL PR B EERNE, 703D BRI b e R e b
RA LR WA . Bim, 8.8.5 WHIRBMEHMBSIER L IEZM., WRMBERERIERZN, BT
EBRIVSOEENT, XD E.

9.3.2 JU{AfERE
ERSERERRANER A A, FARES T HCHBERE . REFME-MERRTER, UNATN
P e ?

REBUT, RAOVTLELATRIEER BRI, E2 THENENSSEE. 8K, E& %
e (CE: REFMESMEERELRK). XHEHIEREE, 7 1.4 1 C++& RotationMatrix o] LLF
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MM’ =1

m, m, m,}\m, m,
my, My, My im, M,

m,, m, m;|m, m,

REWMT oM%K, WM EBERN, S04

mm,, +m,m, +m.m,; =1

m,m,, +m,,m,, +m,m,, = 0
mmy, +mmy, +m.m,, =0
my,m,, + my,m,, + my,m,, =0
My My, + Moy, + Mymy, =1
My, + My, + my,my, =0
mym, 4+ mom, +mm, =0
My iy, + M,y + myymy, =0

mym, +mom;, +m,m,; =1
wr, r,, r,AMMT:

r=[m, m, m;]

K =[m3, my,  my,|

T :[mm m, mn]
l-|

M=|r,

!

HZXINTFAEREMEE, f:

r-n=I r-rn=0
r,-r,=0 r,-r, =1
r,-r,=0 r,-r,=0
TLLE e — HoAR R

1
=0
0

HMM =18 M BIERN. Sr#E nT:

= o= o

r,=0
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r.=1

_— 0 O

B, SHNA - IMREERURNER, E5EASNABRGERE 1. Bk, 45, r, r 28R40

mEE, 1. 4. 9 X ARERMAL.
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FrEA, EH—MEHRIERN, NI E Fil%&t:

PR R — TR R AL R

PR LE.

R S RE R MR . XL TSR S MR IESSH, W M7t AR,

RSB, TR R IEZZ M T A fe R A EZ AR A mRBARRIE, Bak
HIERMLERRANE. EEEREMERT, AREELHUREENRE EXHRITHER, A5
PRARAHT KON IE W RE R IR B MO, TR AR R ER, BAXRHRET SRR UM,

HE, A 1TRELHEANTRSFERERMMIEE. REARES, o -4daBoHEH, X4nE
AN E [EATH(orthogonal basis). ERERFARREHELR, HAEKFAREMERGRE. I
eSS R R R, MRS R IEAT E (orthonormal basis). A5 F it 1E 2850 B i 4T 5550 [m) B30 2
T b vlE I 22 2 5] B (orthonormal basis vectors). FTLL, APl HEARE M BAEMERHFISI—ERERX
FE (B R ) B bR IEAE ().

9.3.3 EREIER{E

AN AIRE LB RIS RS b T IEZEPEMA e, Bltn, RIREMSMARME I T 8, & BF A BEHm AR
B IR(ME “HFRIRTT” ). REMFRT, HEMAEERWL, B3 IERER, X MERFERT R
UG B A () (35 D 6 IR
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AT RE D RV S & AR R B, g, W ATREERREONEZE, ZEL
AN F B GEHRPRBRERY. BFFAREORE, KRA9EMRER
KA e FEONAEME. XHILSEE “HEEEAR". B EA AR R R 8L X
E93I3 Wit

INGE

CATR R 10.2 745 ob By A 41 o) B A0 B 4 A 6 38 1) /N5

R R RIE AN SR ik, BAVTUESATARR R P WS S — D RIRRE
Mk ] B .

AEMERREFEFAER, XFEBREFENE RVFEDS RS R A E AR,

AT AP {F FRE R 3k 77 4 .

BE 0 P A B R R IR E R P R R, TS 2 8 — a9 .
HRERSRME T — R AR “HR” MR RPLH .
EREERMNEMEENANRGTESEAT 2 48 3 FOAF. SHREHAFT LT
e (3t o 030 3K A 114 BE 0 TR MR A K ) R

H Ak BT B AR R . — AR R A R R . S B R 1 B R 2
3% BRFE 1 4 28 AR AT AE 3 BUW S BE .
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o JERE BT AR HAEW.

10.3 BX $I £

B 77 8 PR A R R . TR DL 4 B9 K Leonhard Euler(1707~ 1783)0% 7
%, WAE T RS T A R

10.3.1 T4 RERHLA

Wi 48 1 BE AR SELARLS 96 £ RS 20 Sk 56 = /™ AT 3B ELAI (K = R AL 51 XUk E A, I
Sop AR HMMEEL b, BFEREREMEBERSAL ). ZHA “ME” f) 832 L R PR B i
fir e R R R AE R e, AL 2 15 e 3 T R 7 SR R A A R 52 A8 bR R )

bk 437 83 448 5 0 A 2 408 = A HARIE B A0 RS, B4 R =~ ? H AR ? LsE, TR =A-4A
AT NUE BB AT LA, (IR A SCO R A o R R AR RO -SE WP T AL e i e P 9. it 20 E, 1
BA AR, RFTIEN “heading-pitch-bank” £, TR RAET — ATy L s R 1 heading ffi,
4~ pitch i, A bank fi. ERIHEABEEILMETET “hRiE” J5 i —— 5k R P A Al b A6
kiRt 7. ERRMET B b, AE#R(E heading. pitch. bank RE¥E, T J5 O 1A Bk B AT AR B 4k i 77 o

LERETSE L AE “heading”. “pitch”. “bank” il S U T AT 160 2 ] A 45 o A P A AR bR E R 25 - R
TUERIA T4 %, +x A4, +y b, +zE§CLE 2.16 B R). WEA T MO 26 T i) 52 SLIK e A%
EXm, nfeABFA KM 8.5.

WP 10.4 Fi5, SRS R MM RE A, heading K% y HhHINEY L, fi] A1 BEE b (IR
WA, R I 1) R 7 1)

@ 10.4 heading 2E—T i, St y¥
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#23 heading lE#% i, pitch 58 x SO e &, R RDIEAERRM x Hh, ARRBEEALERR P x .
‘rﬁﬂﬂﬂ‘ﬁ%iﬁﬂ“, rﬂTﬁHﬂ‘]ﬂ_n ﬁﬁm 10.5 H]:HQ:

B 10.5 pitch BE S, SRS ERD « 5

RiJ5, #3i1T heading 1 pitch, bank %%z MM NER: B . FIKIEME, ZYEAPRRN 2 J, AREM
YABRR RN 2 . HABA TN, MBSz &, SR RAIE. WE 10.6 FiR:

bank f11F 7 [ Ry it Et, X IPHLFE, K4 heading H1E A R MBS §F. &, MWRIE) 3R A8
i) 51 2R, heading () 1E 7 ) MR §F, T 9 SE bank 4 1E 7 ) B & MAE SR J5 B B . 0 SR IR AT )y il
() IF A 1%, heading fYIE 5 [ th REWEEF. 80&, M z Bi IE 3% £ B, bank BY91E 75 [m) 9 MRE £
AR ERT A ). &P 8 AT & 22 FiE .

E 10.6 bank BE=HESE, SHWMELERAR 24
ok, 24IAT B HESS M & heading-pitch-bank B, EHRMMPEAPRRBD AR, WA E
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Abpr R BIMIE LR R, BEH G B HE B2 6

“heading-pitch-bank” tBMU4E “roll-pitch-yaw”, roll FEfLF bank, yaw LT heading(HL b, yaw
H A% T heading, £ MW 10.3.2 %), E&. 7 roll-pitch-yaw Rk, MAEKHREF RS Wik ER
FR BB RSN — 8.

10.3.2 XTFERRAAMEMLYE

AU 4220, heading-pitch-bank RENRHE MK ARE . SER=1EAHEBHPEE R T
FIERREE X — AL BTl BR%BSRET RN ALAER SN,

heading-pitch-bank RAH L T LK. LR, FRANBFEHIREALFRGHE, THLHA
WE, — 4% B AKE R roll-pitch-yaw, 3 ) roll 4 F bank, yaw & & %4} T heading.
R, 'EHRINER heading-pitch-bank M 4H 5z . XEREN EM. TR LT R
MIFRTHRBMUELFE RO EEMF. (FELE, yaw 7 heading EREHER EMER, yaw
RSMELIRER y BIBEER, heading REMIELIRR vy MR . HAZXEMNEFHEEY
A ER R y R ARR R y MIE S HTH, UM EANHFAEE. )
RE=AMERAELEEM, A EUMREH /R, BFEMASF/REEHE L.
REFBMEEMNTE N ANA —ELFMETAEFRAFEN. #m, 552 LBUE X pitch FIE
HE R A, 3 RiXF T ERE L.

hWREBEEN, HETUUARMOMFEH#IT. WFEHEAEE. SO REHMAEHXE 1
# 4, {H heading-pitch-bank M7} 3L . heading BB EMMK IR, CZMUFAEX
FEREARMNMEMTESEEEMBAMN “H”. —SkomELinZe x 5z #
(e 5% B A f 4 8 X . heading-pitch-bank W/F T 0 H /BN A MBS R: pitch BEBIKET
o] A, bank EEM RS - MK ER K.

R BRI SEHERNLERFHIERRA, RIS HATEN

BEETLSEMRINRNARLEN THERE. —EEWHARR, WIENREX. BT,
ABERBURAMES .

B R R M R B PTERRBRSL Ade at, B R E R R E R R BRI, AR
BT E IR . 10,6 WAFE AR, AEAMAEZAERARERNBEAES .

10.3.3 EXIARIES
Wz U =Bk F|IEAFOL, FEX=PHEEHE. XD AERD A RA RS

B A :
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e RUAMBIKRRESEA. CHELANTHMAEE, XTHIEYKEHEOY
HERE, HFEAMIBH AR, MERRNEBTHHELBNERBETSRYSE,
BombEER A B EEMAR, Hm, A heading-pitch-bank 7 453k 5% B M 354 1 16
ERE. FTHEARKBAMRA. YFEERFURBRESA TN, KiHEME—
) 4% .

o REFEMTREAR. KNAH=ZAHRRAFFL. £IDH, REFUREL>F=4A%. W
RELXBAGNRE, WNMAERSENHHR T M FTE.

o AE=ITHERSZEN. ER=1%, ENHERRSENKEA, TATUEESER
— A B ER. N —FER, BF “FEE” MR H. 498, RETER, #
BLOENREEN. THEBEANCERAS —ERZHET.

10.3.4 I ARERS

FRBKS M RIE AL BBkl £ 2 A

o HETMMTRETAAE—.
o ' WA ARERKRIEE R HAE.

I RAMF IR IX ) B SR — RN T — NS, FESPRELA TSR E. XA
A8, AR GIRRM. RAKARE, A0S “RakiaRRNaasaEg? 7)
AR AR % .

F—M, ER AN 360° i fE%E, RMNALSBIEABRMEHNLEE. 2R, .t 360°
HEAREH L, REEMBERET.

R, SR ) ) 42 i°) R eh = A A BE AR TLAR B ST 10 S B . B, piteh 135 BE %4 T heading 180
°, pitch45°, #RJ5 bank 180° ., N T{RUEEE AR AR —E MFR, LARGMENTER. —H%E
FEIBEAR B4 heading 1 bank PR HI7E+180° 2|-180° 2 [a], pitch PREIZE+90° B-90° Z [A]. X E L T K
Al —A “REFEE". MR, REE- RN AR T@E L, TH - ERYE
—HHEHFELRE, I ERERD).

ERMNPRE D, JLTFFA UK AAZHNREMEEEERRAERA. B45RN&EERHH
SR PIRCHy M, RIRE P BRI A . PR BIRRE AL T A SR AWK, W “RIERPEERG? 7.

Bz i 26 2 44 00 35 4 1) A 2 SX FE 1) < 6 heading 45° FF pitch 90° , iX 5 5% pitch 90° i bank 45° 25 1.
s b, —HiEH+90° K pitch i, BREkREIZE R AES R B RIER: . IXRVELE, 0 +90° 104 — i
A SRS SRS AR, BER B, 5 T MRS A NXHHLZRE, MEH A
Bif% I i heading SEFREEE EIBHAO S MNERS . $R60iE 10, TERRMIRKILA, WR pitch % +90°, M bank
HE.
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MRRENDT R G, FHREERTRERNAOBERT, NERFERAKEER . REXRE
AL A 1B [ARIEEM S, BRER, SESH, <<, HHIEMNHTLC, =5+ N O0TILH 1
i, C M A 203 B, iXE —IHEARMEOR, Flin, NHT A€z 8 B shE 657 .

XA o] R 1o B ARVE R 2 BN = R B AR bR R e . AT
AG=86 -6,

8 =6, +1A8

R i B A 1R % )

B, MEHAMEHBRIRE S, HEIEKMMAE. G, 7562 A 8 heading N 720°, 7L B
i) heading % 45°, 720=360X%2, th#tR 0°. BTLL heading {H HARZE 45°, BF RAMHELER RN W L
Sedinm A . Wl 107 s

F
i
i
]
|

§
.
:
|
i

%

b s

E10.7 FIRRESSEES MR

AR, BRI B R D R R A I BRI R A . ATLL, AP P B E RN RBIEKS A AR E,
70 5 18 R 4 T ) 6 R A R £ CHF 0 FBE BRI 7E - 180° F11+180° 22 [ S 1R 14 42, {RZE4E pitch {E BRI
FE-90° F+90° Z [AI Bt 75 & — £ 5T5).

i, BNAER PR &IERS M A B e M o i) . HE{ELAY 58 4 in) 8L R e BE S M RERO R SATE S 2R,
A 1] heading %-170°, B ff) heading % 170° . iX24{H &7 heading ATMRGIVERIA, #EE-180° F/+80° Zfdl.
EFENERAE 200, EFHEREL--REETHR, RS “KI” ST 340° AR ERKR 20°. @
& 10.8 AR
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o )
4
) /‘—\ i I
+270° 270
i
I
i
l
i
A=A70¢ | Be170° |
|

M10.8 RAKESSEGE “HW” kR
B8 RIX 2 (6 B B T iR AR A <27 AREHTHI-180° B)+180° 206, LAIRF|EAEIN.
wrap(x) =x-360° [{x+180° )/360° |

Ag = wrap(ﬂ _&n}
6 =6, +tA0

O D T AP A A0 B TR 26, R A8 BB L0 AR W BERE BT ) B0 1, S E K B MU T & B8N,
BAEREHE, MESERRERGE “H” X Y. BARELHETRETAEERRERN.
R MR AE B T B, AT R XX R BB T AR, R BRI RIX
N, WHREESLHAERA. ATEEHE, KPS EMLS(www.engda.com) EF 3k T ) HEY
W R MBI T |

BXR A RE R AT ) BRI, (EHARAAT AR RIS AN A ERSIE—EBEA
ROET MR R, T TR, EEFE, TEESATR, B—RENEE. STRSEE
EHAREE, RP—HASHBILEENRE. FEHRE, ZHkE. IR -TH=AEEREIDA
Rreg s SRR S ROV AR E, BARRERKEN. FAER=ADHRERIE 3D HTRHRE,
LRefRIE a1, MMLBRLXEFEE, mmS. 10.4 1935% 5 R T i sux £ .

1035 =%
URATE S A 103 BR¥RMXTFREANAS:
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BRfrf A=A AHERGEAN . XEAAE RS = BAHE E T BT R R & .
3% F R BK 4 # 246 & heading-pitch-bank. '
EEHEWAT, BRNALEMyERETEM.

LRFEFER R BN, BB A S 8 D 0% () K47 6% 3D T LL.

B A" MIBKEA. EE=AHARMREARERENH.

K iy A 746 ) 46 ) B, 3RS el A B R A B0 PR 3 4 R e A 2 ) B A S 1 S B
FRBEIKEAERCBEEERE, it RYALTRAUEENFERET heading
bank 7E-180° F+180° 2 [A], pitch #E-90° |+90° . [a]. IR pitch 25 +£90°, W bank HZ.
4 pitch % F +90° B, &/ 47 [ 8 . EXF R T, B E2wD>—4, B4 heading
1 bank fI e AR B EHH. .

EFA R RN RS — R 8. @RK 4 EEERITIR, HE LW
W, MAR#E— I RERNE, E5RAWNRNBRTRE.

10.4 Tt

REMTTEZE 3D B P Mg M, RFXBHEATT . TSR RARA LR H

1R & A b UEBR DY e B R 7 G5 B . A2 A-HEeH B R E 4T i T AP T

St B =AMk #ik 3D AR 24 SEI T FBUXEEK EE? XEEECERREN, e RE L

10.4.1

— AN TEEHAE RSB ID AESR. @FdhEaRhw, KWRETBYE K vk
ST x0 vy, zo PEFPCEESHITF

5 R SO, . VTR ot A58 A DU A Mok 204 77 (I Bk dr & A RT3, TG T IX
i) 2«

M T Eicx

[w,v]

[wy(x,y,2)]

GRS T, B v IXRREICEESE, B BT, ‘PR MRS ERE. EXFET,
REHE, FralcfeARMERr. EELNMNE, ROSHEZINISHEEBRRNIEL.

AT LU TSR H S, AMXSEERANBRRN—B TR “7" R “5” NAHEANEHRXH.
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10.4.2 M5 EH

ERMNEM BT —THEHANEY. mBERELTEREFMHNTE, B2 XEHAEIHTRT

SLEE, BANRMTEMEMILE A MR TR, AT, NaeEmEEt L REEEE8b
EHH R, '

T (@, DEXTE atbi, | RFUVERER, #Li"=-1: a HWIELE: b HFIERM. ERLH L
HaeR A EH K 0=k+0i,
HEAERE M. e, Mk, maAK 101 FioR:
(a+bi)+(c+di)=(a+c)+(b+d)i
(a+bi)—(c+di)=(a-c)+(b-d)i
(a + bi)(c + di) = ac + adi + bci + bdi*
=ac + (ad + bc)i + bd(-1)
=(ac - bd) +(ad + bc)i

2101 HE M. s

W AAE S, LT R EEMEE. ciEmAK 10.2:
p =(a+bi)

p =(a-bi)

nX10.2 LHEEH

AR TR MR, XA B E A IR S LM A A T L, MR SRR
BT EMRBSR. 25X 103 B EREK D2

Ipl=pp

l| @+ bi ||= /(a + biXa + bi)’
| a+bill= J{a + biXa — bi)

=va +b
2R.10.3  REHME

UMBEET A 2D Pl L, ALK FEAM: LHAER. X, ﬁﬁﬁﬁﬁﬁ{x, »)
RS 2D . HXF TR, efIRARRETFHPHERERIET -1MEH). BEX
¥ p SeI5 piRERS B RE 6 It L, B 10.9 B
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i ] {
p(cod @ + (sin 8)))

| ] ?

[ i

b
i
i i 1

H10.9 EFmPIEHRER
ST IXAIESE, SIAB A1 EH ¢=(cosf, sind). BE, BEENEY p' BAEHFE T
¥:

p=x+yi
q =cosf +isiné

P'=pq

=(x+ yi)(cosf +isind)
= (xcosf — ysind) + (xsing + ycos )i

MR, M 82,1 TRE, %I»f\ﬁﬁqﬁlﬁﬁ 2X2 NEREERE R BN R R — ), BRERET S —HE
BHE . JaE, A AR #9777 L7 3D AR AT UG

IR 2 2% K William Hamilton R —HBOH T I LR RS EM 2D § &S 3D. iy, &
B (1) 5 M %A — A S AT A KB B . SR 7T, Hamilton — ELIRA /MBI o —Fh 4 A B BB 00 & LI
S, AN, 1843 4F, 7ERSHERLEBEIS L, BRAERN EH = BT
FRBA . 3R XX F 8 BRI A% A )4 Broome B E(XE%R M FHiR). X, TIGEH
AT,

DCEd R T EEERS%, SERSERL ke ETRXEADF:
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AR W, (x0 yr DIEXTEHE whxityi+zk. BINS EHELSER, BEHESBOERITEE
NMHAFP O L. FEEMR, MEHAERRIE 2D R E210, NS e XiEHE 3D bR E.

10.4.3 MiFns—Axd

BRAUEER T —NEER PRS0 T iess . Bt 3D PAMER MR R R 05— R P —iE
HOXEMBRZ—BEX LM, PERHRRLEMEE. BR, EHMNTEEER). Y4
F AR AR RN R — A RRECERL, M —AR IR NENRERET R,
BR, H—AXNELORAD, SFEEIN A TEEFN).

8.2.3 ¥itf, AT T MRS EEMEBEH R, REGTARE, & o ARESH. T EH kR
KEHAEE, o @CHPLAKESHETE. MELETFRETFEN, n 85 & LT L8 8NN -
HEe “IE” HR(MBERET iXEEN, BH 85 ). # 6 bEMEENE. FHit, $—&%Mme)E X
T—M A8 %aiREMHIES 0.

Vs Re AR EE A A B s — A . AW, n o AR EEFEENTEMI S b—
ARRT L ENAREN TSR, BAERLERE. AKX 104 7 HTHUTHPHEM 0, 0HIXR, B
PO ¥ in A e T .

q=[cos(6/2) sin(6/2)n]
=[cos(6/2) (sin(6/2)n, sin(6/2)n, sin(6/2)n.)]

2R 10.4 VT HANIE
i, M w BRI OAXR, BEMNARRE—RHE. FEFE, v tbEXRELTLEMHE.

10.4.4 HilUTH
VUnEREsR . WIERERE: e EHZEMA, WA 105,
—-q=-[w (x y 2|=[-w (=x -y -2)]

==[w v]=[-w -v]

2%10.5 VU o ¥ oK 4
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q Fi-q AR LA AR, RATEE! WRBAHR 6 L 360° MR, AT qREN

ks, HEM q MU BRERAT. Eit, 3D FOEEACBEERRARNN SRR E &
fIIEAR R B

10.4.5 BT

JU b, TREAA 8" Wa¥, efMfUEREREMALE: (1, 0F-1, ojgEEREE 0, el EE
mE). 2 0 & 360° MM fER, HE—FER, cos(62)=1; 6 & 360° M HER, HE _FER, cos(82)=
-1. FEFHMER T, #% sin(@2)=0, FiLln MELXKEE. EHBNET:

MNE A 6 & 360° M BEEASR, HALFRASE, H HiEH LR X RER.

¥eFEE, LHRAE-DRLNTE: (1, 0]. FEREMNTH q FLAAPITTH1,0], ERE q. 1
B ¥ q LA —A “JLMEAL” PUTH(-1,010 G E]-q. /LT L, EX q#-q KEHALBHEE, 7]
WHEREHRR. BERFEL, q M- A%, UL AR “HIE” #RNTE.

10.4.6 MTHHHIE

FES—¥, NaxHbhE#E., CERARBSRENRL, AKX 10.6 Fix.
lal=iw (x » zileyw+x*+y +2
H[w V)Wl vIP
AR 10.6 Jlo¥mE
URMNBEFCHILAENL. RANOHn, B
lqli=i[w vl
=Jw+ﬂv"2
= Jcos?(8/2)+(sin(6/2)nl)*
= Jcos?(8/2)+sin(8/2) ||

n by fr &, BrLl

fiqll= ycos’(8/2) +sin’(8/2) |||}

= Jcos (8/2) +sin’(8/2)(1)
= \Jcos’(8/2) +sin*(6/2)

NH=fsksin’ x+cos’x=1, 8%
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| q = \Jcos*(6/2) +sin*(8/2) =1 =1

WERK T HMTTERRERITAL, BRIMUERF XA MUK AR . X FIEmENNT, Wa
T8% AL K HEH

10.4.7 Wi 3tfeFnis
PUFEHFEIEME Q" AT DY R RIS, RAR 107,

a=[w VI =[w -V
=[w ¢y 2] =[w (-x -y -2)]

2R 10.7 VY o # ) 3L H
POT ¥ aidiicdE ', s SCH IR ML LLE R, AR 108,

i

Py

2R,10.8  PUTHAY

W pEMEHNEBAREATBONNRIR. Y FEH a, EFRFa" Hla, NBE—FHT
e, a(@a)=ala=1. WnHMFLERFEOER. —SUTH q /LUERNL q', ETHD) HEA
PUTH[1, 0](10.4.8 WM E P T ¥ m k).

223 10.8 BV uEu pERE X, BRI ER AT, Byl aid M3y %,

EArEAB, BN q Mg REHERMANE. BESRIEXFEE, @ v 8h, BRkEEELS
b, EEET ROV IE M. Hik, %8s oM, iq HHERNTAESHRNRAE.

FXRMNO BT E, WTHRETUR S —FE: wER, v A%, XEREMER, TAL
T L B BE R R R £ T . XA A 108 S HEECF (RO TRAN B RIZFEH), HFRET

TR — ARSIV ERE LA, EXTEE, RiE 307 AHSHRS, FRIRE
B XA,

10.4.8 MTiIEE(XFE)
VUCE REMRIE 10.4.2 b E SRR RAER, T

(W +xi+yj+zk)w+xi+yj+zk)

=ww, + wx,i+wy,j+wzk
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+x, Wi + X, X0 + X, 0] + X,2,0k

. Ty s .
YW )+ VX Jit YY)+ Yz gk
+zwk + z,0,ki + 2,y + z,2,k°

=ww, + wx,i+wy,j+wzk

+x,W,i + X,%,(=1) + x, 3,0 + x,z,ik
+y Wy j+ px ji+ y (=D + y.z, jk
+z,wok + z, x5,k + 2, .k + 2,2,(—1)

=WW, — XX — VW, T 42,
Hwx, + xw, + ¥,2, - z|y1)i

+(w|.}'1 YW, + X~ X zz}j

Hwz, +zw, + x5y, — Y%, )k

X B T e ERE MR E X, FREIUER oGRS, RaK 109.
[“’. x » 2w x ¥ za)]

WW, — XX, = Y\ ¥, — 4,2,
WX, + W, +ZV, N5

Wz, +Z W, + Y, —x 3, ||

[w, v,] [w, v.]

=[ww, =V, v, Wy, +wV, +V,xV]

AR 10.9  PUTTHERIERIFRAEE X

FE XARRALETRAAGELKTERL, AAEFRA—FHMBARGH X, ZHFREGEXL
Fap ey EL, MEnd,

A AV TS U RAE RS, “AT” 8 “5Y)” Wl B A4 K.

DU X SR RS, BARMBRRE, maX 1010 B,
(ab)c =a(be)
ab # ba

AR 10,10  PUnlRiEk LSS REAREZHRE
MAEEE H AP THOUR A
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lagl=lw & » 2)][w & » )]

WW, =X, — ¥y, — 2,2,
wl.x: RS I|W2 +Z|J’I —_}’123

Wy, + yw,+xz, - Zx,

WZ,+Iw,+yx —x)y, i

(ww, —x,x, ~ ¥y, —3132)2
+Hwx, +xw, +2,¥, - y,2,)’
Hwy, + W, +x,2, - Z,x,)
+{W,Z: tw, + px, _-rl.}’z)z

A
-

HETT H-65 [R) AT (PR Ay X A A0 BRAR TUAC BT AT A TR 408 & 2 i TH# B AR 10.11:

2 2 2.2 2 2 P
W W, + XX, +y|y: +zlz2
2 2 2 2 2 2 r
WX xTw 20y, g,
2

laq. l=

1 2,1 21 212
WY, W, Xz X,

2_12 2 2 a2 2.2
Wz, Hzwy Ry Xy,

wi(w,) +x, +y, +z2,)
2 2 2 2 2
+x(w, x40 +27)

\ +y,2(w:2 +x:] + _1-':2 +z=:)
+zlz{w11 + x: + y; + zf]

=\/(w|2 +J.'|2 +J’|2 + z|2)(w:2 +.I._,2 + y:Z + 223}

Bfa, MNAOCEERR R B 2K 1011

19,0, = (W +x7 + 3 +27 )W) + X7+, +2,7)

=\lla IPllq, I
=" q, “ |Eq1 ”

4= 10, 11 VY B TR A B A T AR SR T

R, DU CERBIH R TR B, AR EE, FHERE T HA SO RN & R
L AL g

DU FCER R B A3 35 T4 A VY o B adt LU B ROt AR 3k, A K 10,12 R

(ab)" =b™'a"

(qlqz ! |q,,)_1 = qu-lqnaln‘l g z- q,
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AR 10,12 VITTEFBAE S T B U o 88 LU K B BUFF A

A B T DU S O R . AERAT “FR” —AMRME 3D G ye DBIDDTTRCEE, SRILE X
P8 p=[0, (x» y» DIWTTCHR, E—AER T, p AERBLAIIITH). B q HRATRAHEEIITH
b [cos(6/2), msin(62)] m MEEEEH, BALAR: 0 WEEHEM. GLREAMER, AT EHRE A LU
3D 5 p 4% n fiEs

P'=qpq’

BATAT CLEMX A A, BRI RE, (RAn M0, REMANX8S L. WL L, REPERMN
X FFRAHE S I e B R R A R A, 78 10.6.3 b, RANES T 558 W ERE L1 A B HE S U
MR, DAIFW, NtKER 3D MBREMMNXR, ESHLEG EHEN, FR%
B FR. 9BE L, LT RMEPUIT R B R T 2R IS TR R R LA ) B P B (R —

PTFXA RS FROMY, Do sRE i A IR E I B 7 iERANE B e AR . 4 p A — 1Y
TEk a HEst RS A A AT T 3 b HES
p'=b(apa”)b”
=(ba)p(a™d™)
=(ba)p(ba)”’
SERG, SCHEAT a HESSTHALAT b HERE SN THRITAREL ba AR M B HEEE . B, VUTEEORIEREARE
B U, XA TR R B, MIE T TSR M ARRE R X, XA R LA R A R L
. AR A, BOUEIMRIICL ¢ B ONUT G WS, XA A RN ER
AR (58 20 £EAE FRAT o) B R R R o
st Aat 109 SR “MUFGE" 88, EABXARCIES, RAVEEWIREE S, LUAERHE
SE R K E Xk, R, U RS ZE T M, RAR 1013
w, (x » 2)][w & » 2)]

|- WW, — XX, = VY, — 22, -|
_| [ M*a +4w, + Y2 =20,
WI-PI + _}’IWI + Z‘Ij - Ilz:

Wz, + W, +XV, VX

[“’1 "I][Wz V!]

={w,1.*:s2 —V, 'V, WV, WV, +V, "'3]

A 1013 AP AR R o ¥R E X
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RHBA RN T REARANA v, 0 CJLARREE, UhRaEA N T B R ekt &, f—
ARIME, REBIIOEN, HUTBBERBLY, TEE 0T RE R B IEH:

P'=q"pq
AR THEXMRAT SMERERNSEX, CEALNAN, 5B RAENBUE—3.
p'=b_'{a_lpﬂ]h

=(b"'a"")p(ab)
=(ab)"'p(ab)

ABF R KA MFA RS, BEEHELK 1013 U TCEREE L. BT RERDIRE,
B AT R bR AE RO 238, T ETRES R R AR BB S Kb B AR KM, RAITEES L.

BANEAEBE MO ARAE, ZHTLUXREMAER RN BN, 1.3 ES H T, SritEs
FE WA L EX PUTHT M A A BT EERAE. M TRADRER, I cBRRALBEH R e, @&
K5 TR, ZHEFEAGAEEMER. JAI0E MOE T 2K oM AR SRS RIIEA, &
N E R MR, ARG EREXANE, KEAFERLEFEmMON.

1049 MxH “&E”

RV TE RE R, RAESS TR TICHM “ 7. “E7 WEXH-AMH BB A HEH
. BA)iEUL, SEHALa Al b, BERETFEM a IEFERI b AR d. FH B S EMEEMERY.
ad=b.

(I B A FH IR TR 58 n B AR (X U e ik s S, WE A R ot I T A 25 ) A i RO . Y ERFE 5Kk d.
MEFXPHERAGE, BLMATUREMBR a, B2, ARERUNCE, HEEREN. HiFRLUE
i BEk BARE MR WHRN AR a ' (LAEE, Dok w2 A ).

a'(ad)=a"b

PR Y o ik g &1, LA 3.

a'(ad)=a"b
[1 0)d=a"'b
d=a'b

WA, BAIAA T RKBAR—DHEE S AL BEA TR . 10.4.13 B RIZF .
e b AT MEMAE <27 ERUT R, MARRER “E” (WiX).
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10.4.10 M SF
Vet ARiaH . EmMicia. EXMmE SRIEE LR, ek 1014 Frr.
q,-q,=[w, v]:[w, v.]=wu,+v v,
=[w, (x, ¥ 2)][w (x » z2)]=ww+xx+yn+zz
w3k 10. 14 LFTR =k

R, Mn B AR, HEREGE. TR ot afMb, F-1<a-b <l @TFRIMNAXLab
gt {, Kha-b=—(a--b), FrLL b F-b RAETHELALE.

V0 76 360 5 ST AT AR (00T e i SR LT R . WU T a- b MIZERTHEAR, a M1 b AAERKA
PLEEEE <AL,

10.4.11 MTHEEIAFE. IBEIREREZE

AV ey =MEE, REROHEEH N, BENAReER N TiieHrEM. X8e
RV TEOT B, 8. bRk,

B5E, iR ESM TN E N, SIA—THRERa , ST ¥M 02
a=0/2
[n=1
q=[cosa nsina]

=[cosa xsina ysina zsinal
q o ¥ SOk 2450 10.15:
logq = log([cosa msina] )

=[0 an]

Ak 10.15  PIoeEEI
=Rp7 “EET. EE log q LR, EBARZRLLIITE.
RO LU AR R R . Bk, WIcE p N0, an], n bR E:

p=[0 an]
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=[0 (ax ay az)]
=1
A, RECGESCA A 10.16:
expp=exp({0 an])
=[cosa msina]

24X 10.16  McHAIER
RIEE S expp BGZIE PP TTE .

VOB SR MR UL T EMRBERER. EHZ—TF, TR a, 7 FHIRRBML:
e =
[, YT Mo Bz 800 PU T #oo 80z F matie 51 .

exp(logq) =q

BJa, Wshe S5 —MiriEmR. KT EFRER: SMrESRRUX MR, Seici oy

ka=k[w v]=[bw K]
=k[w (x y 2)]=[w (kx by i2)]
AR10.17  NEKAFEAR
—EAHR R, IWEIM AEEARUBNSESPIFERAEM 48 HNER.

10.4.12 MTHEKE

Ve ERErE VRS, B (A ENBEBEHRE, BEEFNEZ MUy SH, mluck
KEAPAANBH—nBARH) . NABCRBNESCEUT LR, EiZ-—-F, a’=1, a'=a, a
RHAEFIRR. [N 0ZER 18, o' M1 B a. WCECRBEAELUMLR: H:M0EH 1, q M1, 0]
# q.

R VCHECR AR A A, B e U BB PR < —855 7. #lm, Mok q RR A8,
HAERERBNARIS EMALBHMMNcE, TEUXHHE: 7.

RSB0, 1B LT A MBUHE —F(EE A EENFEET ). Fi, ¢ RERNHLLB
& q BIifE. i q REREE x MBI & BEH: 30°, M4 q° RS x ShIGRHEHIERE 60°, q"° {0358 x Hhilh
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i BEF: 10° .

THEHRBAEERIFME, WaiREAMENEHBEEEI. A6 oMY, S8 EIKHT, q' A~
RYUARISE x WM £ BESE 240°, Wi RWE 4 80° . BIR, m—AH e 240° S0 T @48 & A 7 i e
H 80°, MHEABEHM “RAGER”. (HE, IR S PIEE, FEORTTRARTNEGR
T. #itm, @) ARq, RERNBENZRIE. —HBokR, LR EEBRIGEEHRELX, W
(@'Y =a", NIYTHEAEH.

WE, RATOLAEMVITCECRRETLUARMNMMA AT . RINFECHEEENL. WEBCRRET XE
it “FR” 28 L, XAk 10.18:

q' =exp(tlogq)
2R 10.18 NIRRT
R, M TRERE, AR

I']I - el!hﬂ}

IR A2 N0 R 1 iy q' NG TS| q. FEEBIX Boa T AR 7 # o MK 6
B, Mg TR, SRR ORU 6 BS, EEUEH “HON” TXEOZ. M6 F o B

Howhlv, FESHAEGREREREE L, £ EEEEX, CEEERIRBHNERE RN, &
Frifi 8 10.1 BrRBIAE R T EH S ¢ B9ME.

AEFE10] OLEKEE

/4 VTS E (wA. i)
float w,X,¥,2;
/1 R
float exponent;
/7 RBRA U CBAE DS, B RRRF
if (fabs(w) < .9998f) {
// HREHL¥EMA alpha (alpha = theta/2)
float alpha = acos(w):
// WHFHK alpha
float newAlpha = alpha * exponent;
// HHEF WA
w = cos(newhlpha);
/BT xyz (H
float mult = sin(newlAlpha} / sin(alpha);
¥ *= mult;
v *= mult;
z *= mult;
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RTZEMNR, HTEERMMTA:

o Hk, AUOEHACNTHMBE. BAw=t12SH mult BiFEPHRBRERS. B
PUCHER IR AR R A U CH. Bk, wRKEMBMAR BT, HEZABREYR
H 2R 7] R PY 7o B vy

o W, i alpha Bf, AT acos ¥, EHBEPEAEMMAKE. XFALEW MK,
fo U 7T 380 4P A R R P IE O R MO R R AR . R O e B A 0 BE A AR T e 1 R R T T
B I BEH

10.4.13 MxHIEE— “slerp”

A 3D 3% o U T AAE A A0 TR ph 2 th F— RO KA slerp BUIZSY, ©fEERTEE b 6 ( A94% 'S (Spherical
Linear Interpolation). slerp & IAEHA M, BN'E o LAZRA D TEBIA THIEME. slerp BB T K
fo SR AT R, 10.3.4 %),

slerp B—F =iz, XFERFEHF=T80E8. iR TMREEEANTTE, el PREE.
BOXEA “TFER” M “EH” UnHaihq, Mq, . HEBSHEEHER, (£ 0F 1 ZEEWL. slerp &
ﬁ! SlBI‘p(qn,q.J)

iR [ q, 2 q, 2 6§ E 7 4.

AEER A MBE TAIESH slerp AW ? WREER MR o, M o FIEE, RNSHEHTELY
k35 AR I RAEW

Aa=a,-a,

lerp(a,,a,,t) = a, +tAa

FRRERIERE A RN o, FFEh, b a, Ma ZH "G B=MELPR.

o HEAMEME.

o HHEM—IT.

o TENIMAME Ein B,

f LA S [7) P 5 TR 7E 1Y 70 38R R4

o HHBEBNMEME. 1049 TCEE¥E, q,F q MWAUBHAqQ=q,q Hil.

o HHEN—ES. Wi KTETLUE, 10412 Hitidd. 20— dAq S,
o EFHMELMEEMN—IS. HikEHITERERASRAUE:

q,Aq" (FF A I A 50 DU T Mok OB 0 LB X AT A ZE A B i ).
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iXFE, 3 slerp 2RI AR 10.19 Frs:

slerp(q,,q,,1) =q,(q,'q, )

210,19 B ERINTTH slerp 2

XS EH slerp P HE. KB, HER—MENG R HE.

RAVE 4D 2 RBITH . FAFTHRIVBN B THAR BT, FUENE “FE”
F— 4D “3RE” L.
slerp (134 BAL R 4D BRI LR T TR MR ECK R BRE L PR A L HRH HK).

AU BERREFEHLE. @F 2D ARV, My, FREACHE. BNEAHEY,. EEE vV,
B v, JLEEHEEME. R o v, B v IATERAMA, Ba v RS v BIUEH ro %R . M 10.10 Fir.

—

B 10.10 HESEHEME
v, RIER v, M v EHAE, AB—HER, FERNESER LN L, E7.

v,=kv,+ kv, .
AT LR S A LR k, Rk, . B 1011 R T HEM .
X Ld kv, ARHARE A = AENE =/ A AE:

) sint@
SN =

1

sintaw

k, =

sin @
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Ke¥o

Bm10. 11 AMlEEER
MRS RS, -

_sin(l-f)w
sinw

v, ATAR A

kﬂ

V.= ku"u + klvl
sin(l - @ sint@
v, = ; Vo +—
sin Sin @

RFAL BT REIU G, ES derp 715

sin(l1 - N sint@
; o ¥ |
sin@ sin@

A LU R v A A Y TR ) < T

XEHEBEATELSR. £, Wl q M-q RFMREKF AL, BENEN slerp 192 30 m] B2 B4
—FEROE R, X REN 4D REARKEZ B EES B, fXHRKE 2D M 3D PASEE. BRTIE
Rik#q Mq MHFSHRARq, q MEREES. B_NEXENRWR q, Wq IFEE, sinf&
few/h, XNBRERRRSHBAE. b TREXENEE, 2sind FRDRHEHRBRIZMEEE. BF
A 10.2 HEFTH R UERRL A B T o SV T A slerp .

AHFFE 102 slerp I FH

/1 PR
float w0, x0,vy0,z0;
float wl,xl,yl,z1;
/ EHER

fleat t;
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A Y LER

float w,x,vy.2;

/1 AR ERI TS AR cos

float cosOmega = wl*wl 4 x0*xl + yO0*yl + zO*zl;
/7 TR AN S, MR — DU c LAk 4D 7

if {cosOmega < 0.0f) {

wl = -wl;
xl = -xl;
vyl = -yl;
zl = —-z21;

cosOmega = -cosOmega;
}
// REENEETITEGLUEERE
float k0O, kl1;
if (cosOmega > 0.9999f) {
[/ FBEE—UREEE
kO = 1.0f-t;
kl = t;
} else |
// H=#4R 2in~2 (omega) + cos”2(omega) = 1MW sinfi
float sinOmega = sqgrt(l.0f - cosOmega*cosOmega):;
// ilit sin Ml cos it EAE
float omega = aten?(sinOmega, cosOmega);
// WE BB, SRR AEE KR
float oneQverSinCmega = 1.0f / sinOmega;
(/R EER .
kO = sin{((1.0f - t) * omega) * oneOverSinOmega;
kl = sin(t * omega) * onz20verSinOmega;
}

/1 fEE

w = wil*k0 + wl*kl;
x = x0*k0 + x1*kl;
y = yO0*k0 + yl*kl;
z = z0*k0 + zl*kl;

10.4.14 W HFF— “squad”

slerp 4L T WA HLLEAIEE. LHLTHANALFI(EHA T RIVEELUMEE “BE2")
M AT? RATTLAZE “PSlR” 2 slerp. RUTEAJUTEPRRIERE, BRHNZMREUE
REEEN . BR, EHA LA RESE—XRRINAE#RN.

RARATEHEY TABNEE, BREI1ERL H squad(Spherical and Quadrangle)ff) A, A%
P A Bk AS. BRATT R IR XA BR 4 Y A (RS E M — R R M RUE, WmAEESRNES)
A 0RO E R MR B A E 3 AH. £iEME, mBERREA T squad, ﬂﬂ?‘ﬁ%%&ﬁﬁ
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Sk T N

WA BT S ETE X

q,.9:.49;,.""*»49,-2,9,->-9,

Fsh, Sl “HBL” TUITHs, , REEE R el

-1 -1
s, = EIP(— log(q,,,q, ) +log(q,.,q, }J q,

4

B, q Eq, itEils, FLL, s Bs, BRI, ROER, BAM g, ENEq,,. B—H

BE—TEHAATES AR EE. GRGE - EELXR A, DM R B,
— AR5 W Ty e R LK RN

SNV A, squad AT HHEPENGEPFEE Z-SERR=TF%.
WA R A

q:—l !‘qi'-'qHI’ q“z

EBEGIAN—MEMEZER A, A N0 ZLE] 1 B, squad 22 q, Blq,,, ZEIAHRLR.

B R A th 2 B8 oy BUN A squad 77 iE3K3RE, M 10.12 Fiw.

Squa’d(qr "qHI 551’ "si'-t-l. 4 h) = Slerp{Slerp(q: L q.r+l "k}i Slerp(sf !sj+l lh)ﬂ' 2"&(1 - h)}

A 10,20  squad iZ¥

10.4.15 MUTHAIPL RFER =
U 53— A iy BB % ATV T AR

TRIEE. slerp 1 squad 34 T 7 £ 18 ) FIg 6, A AT EAER AL F A (E.
BB AMBORY . PUTH UIRAER ML TR B A RO, R 1R R R
BAEHT &M%, Muo¥EmRHT MASTHERACBHTE, B ER%NIER
thEe BRI FE M E A, AN TERBES.

BEFNERE R RS IR. 10.6 B, U0 HOR K R (W] 6 % Bt bC K by £ 506 BF 2 (6] (9 4%
BAMUR— A

AmEAE. NoHNEd 4 M8 WHEBEAT I8, EHEE “S5F” A2CER1R
LBk $L M % 33%).

BRI SR AREMHANH. NuBhHAEREAUNG RS, ARk ERERE:
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o LIERHAMMA—E., XMHINBUFEAARXR, EERERFRARAMEN, W
TEEshE M8, XBI A 33% b R E AT WH .

o MARMAERSZ:. RN RBRZABSANZERRBUREN CHASEGAERTHT
TEEARAEAL AR X AN ), B4R DY TR AL KA.

o MFEM. &FA=FEP, NxHEERMETHEEMEMN.

1056 BAHZHR

EBRANCBRLNPRAE. 101 FIH T =ERHRATENARZ4.

#£10.1 EM. RRMAMOTM LR

E&/1E R i3 BRI M lpIR

ERBFERA(DEN | 8 AEEMMAERIE | FROAIERIIER)

REE)EH A BE)

B R e ¥ i, ESFELNTEE, | A6 Bk, LLEERE®R

vy d . Bl g

& {E e ¥ MW N3 ge, BRI MBI R | Slerp REHt T FHRHMAE
a3 b i) B

Cidiike i d H 5 i3

ERHFERXHFEFRF | 91MH 3 A 4 ¥

Fﬁ -

MEEAMARIE | £ TR, ME—FELE | FR, HHEAFE, B

H A T ERH fI1E 482 f

Al fie S BAEE 58 PR AR EE=AHMGN | THRSUARETR,
AR A i KB A )N e = 27 o B

AREH A RATEERTFARANER. TRRRITAEEREAN— LR

o WiMBASMA. UTWEHMAPOYEEEH UM, KAMAEAKBEUANILE,
AEEEORERA . EREPREF LGN ERRERRNL). ER KPR ZT
AR 2, FEL “RiL” HEXHHKESBHE, BRIESHEEHELBBERR.

o WMBEELHMKRAZEFERNE, BAREZFERER. SR, IHFAERFLERAEH
A REEHN L, FEFEMORRERIEREN. 53— fo7 R R R KA E R T4
M “EE N7, RN —AREEERN, 2R AR A SRR 5 B B F AT

o HTERBLA T OLBUE M) )N 248 BCh A ST BB AR 5 A 25% RIS FF
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HEARRIERENEMNMUE &, aRHERERERESRREZ BMOEE, Vnka
HE R B B RO R FE .

o THNBERMEANTHER. WREALMBER, BTUAERINTHRREBHE,
WEAE 5T G B R E FERME R .

106 FARRZ BRI 1%

EATRHMAES, ROCEBITIRONS: ERRAER TEHARRRFERARR, EHH
TEFEFENEN SR ENHTREFEAUBA—FEAESRNS —#HER.

10.6.1 MEXHIFRsEIRTIGERE

BRfr R T — e 3. ﬁii‘:’]i‘fﬁHiﬁ’?‘ﬁﬁﬂﬂﬁﬁﬁ%ﬁﬂ]i&ﬁﬁ"’i‘ﬁﬁ, EAERERARR
TEANAME. 48, ERRNZVEDGIRIELIRI R BRI E R R PA BRI R AERE R %
B, FFIHEX PR .

BATHS BR LA M LR — P REFEIF,  EF PP 55 B A (R e B9 A0 45 28 1)) M ABR 28 728 ) % e B
ApRAE W], Bk, AT CURIRKR A SE SO H R Bk H = £ R — R R R R 1 — B A

M, .. =HPB

H. P. B 7354 heading. pitch. bank MIGERIERE, TS RILE y. x. z BilEE . 822 WO &%t tnf
TR AR, (B —ARELRE, 81 WM, U “Lirsn” mEERE “A” K%M
FRtE. ATUAMESUX e R AR A REEAEMPAREN, Fln, pitch F8RE@EE T, ALFELEXTF
b fE e . Bohrf A HEiENEDERN AR REE R, BROTENREE “ A" WER, Bl
WHAEREH. P. BH, AHRMESREER. & beading. pitch. bank MBS #2502 R A, p. b:

[cos(~h) 0 =—sin(—h) cosh 0 sinh
H=R (-h)=| 0 1 0 = 0 1 0
| sin(-k) 0 cos(—h) —-sinh 0 cosh

1 0 0 1 0 0
P=R,(-p)=|0 cos(-p) sin(-p)|=|0 cosp -sinp
0 —sin(-p) cos(—p) 0 sinp cosp

B=R (-b)=
0 0 1 0 0 1

cos(—b) sin(-b) 0 cosb -—sinb 0
—sin(—b) cos(-b) 0|=|sinb cosb 0

LU 24 A N X S B AR Bl A K 10.21:
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Mm# itk HPB

Ccosh 0 sinhl[1 O 0 lcosk —sinb 0]
= 0 1 0 [[0O cosp -sinp sinb cosb 0
|—sinh 0 cosh)|0 sinp cosp 0 0 1

[ coshcosb +sinhsin psinb  —coshsinb +sinhsin pcosbh sinhcos p
= sinbcos p cosbcos p —sin p

| —sinhcosb + coshsin psinb  sinbsinh +coshsin pcosb  coshcos p

AF10.21 BRI R B A A AR 1R O R P R B

I BRSSP R SRR . B0 R
EXH, FUREHERRRECHEE. TEREZ R, | |

5T AR (A BB BR8], WUFRLZ% “un-bank”. “un-pitch”. “un-heading”. A3
e SR

Mypime = Mg o )"
= (HPB)"
=B'P'H"
R, TLLAKEERERBT . P H ST NAEREMY, &R EHARIERAL. p . h )
— . (R —EREh, R AN A, ERXEMARRAZER. )

cosh sinb 0
B’ =R (b)=|-sinb cosb 0
0 0 1

1 0 0
P'=R (p)=|0 cosp sinp
|0 —sinp cosp

H']=Ry{h}= 0o 1 0
Lsinh 0 cosh

cosh 0 -sinT

AT F R, CLEBREEEEEN, 8324 10.22:

My mn = B'PH”
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[ cosb sinb O][1 0 0 |lcosh 0O =sinh
=|-sinb cosb 0|0 cosp sinpi 0 1 0

0 0 1)|0 -sinp cospl{sink O cosh

[ coshcosb +sinhsin psinh  sinbcosp —sinhcosb +coshsin psinb
=| —coshsind + sinhsin pcosb cosbcosp sinbsinh+coshsin pcosh

sinhcos p —sin p coshcos p

23X 10,22 AERR A E AR REREER
AR 1021 MIAK 1022, T LUE BI¥E— B SERE 0 S R —— W S B (S B

10.6.2 MIEREETIREIECH M

RAMBMER AR RB RN ARERBUTILA:

o UMEBEMARL AN Dk—MIEERBE— W&, AV EERE— &
SRR, Wik A Rk Y i B AR S 2 21

o XNEBLEANY, FEXEFEARRATURRERE. BY “RL” 08, X2if
BB ARG RIEE “BRHIBKCR A ", heading A bank MM % +180° &, pitch M5 E % +90° .

o ERTREMREN, RINVABREAKRENREE. ARENTOEREEINER,
M. B, XB, Ritd THEESER Lk,

ERXEHEEE, BRNZAMNLE 1021 HERBER -

coshcosb +sinhsin psinb  —coshsind +sinhsin pcosb sinhcos p

Mo s = sinbcos p cosbcos p —sin p
—sinhcosb + coshsin psind  sinbsinh +coshsin pcosh  coshcos p

M my, ATEASLEIREE p -

m,, =—sin p

—m,, =sin p

asin(—m,,)=p

C & & HIPRNERE R ¥ asin A& [EHER —/2 Bl x/2 MR, tHERAREM-90° 8] 90°, FREBRITEER
pitch {H .
FIET p, WBMEET cos po my, Fim,, BLLcos p ATLLRA sin h M cos h, WF:

m,, =sinhcos p
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m,,/cos p=sinh
m,, = coshcos p

m,,/cos p=cosh

— ELAIE T FRER cos A sin fH, #PTLLA C 85 MARAEFE R ¥ atan2 WEMEME. X REAVE(
R - B x ARILRE, CREBIVEEMTEE. 288 EX0TLlBH.

h = atan 2(sin h,cos h)
=atan2(m,,/cos p,m,, /cos p)

sehr b, Al BT . Bk atan2(y, x)E9 LAEBIERHUE y/x ) arct {H, FAWANSHNFSREEM
ERTER SR, Bk cop>0, BEAEWEMMGS, FILRALEN. HLl, heading it H M .

h =atan 2(m,, / cos p,m,, / cos p)

=atan2(m,,,m,,)
o] LA R #E A 7 XH my, R m,, ##43 bank:
m,, =sinbcos p
m,, [cos p =sinb
m,, =cosbcos p
m,,/cos p =cosh
b = atan 2(sinb,cosh)

=atan2(m,, /cos p,m,, /cosp)
=atan2(m,,m,,)

1 cos p % F 0, MARERIH FRIIHYS, BA S ROERTERSEN 0. EEBWMB cos p FTF
0, W p J+90°, TWekHEMIEEHNEREFHE, XA HHUMER, heading F bank LEFFHIH(EE
BiHEEE. JOEE, 46T SEE EHA K HERS 8P4, heading, bank X 0. BUFE. i T pitch A bank HI{H, #I
T K% heading. o R{bE L.

cosp=10

b=0
sinb=0

cosh =1

HEMMUAAR 10.21:
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[ coshcosb +sinhsin psinb  —coshsinb + sinhsin pcosh sinhcos p
M i = sinbcos p cosbcos p —sin p
| —sinhcosb + coshsin psinb  sinbsink +coshsin pcosh  coshcos p

[ coshcosb +sinhsin p(0) —cosh(0) +sinhsin p(1) sinA(0)

= (0X0) IO ~sin p
| —sin k(1) +coshsin p(0) (0)sinA+coshsin p(1) cosh(0)
" cosh sinhsin p 0

= 0 0 —sin p

| —sinh  coshsin p 0
A, BERIEIL —my Mom WHH R, BEN2REET b sin F cos {H.

i BRANEE ] LI A B AR MR —— P BE e 40 B b SRR A RS . 0 T RBI s, B
ANt A& REE.

A TF 103 AR HE—Hie st 28 R IR 42 A

/o WIEMRTFE T i
float mll,mi2,ml3;
float m21,m22,m23;
float m31l,m32,m33;

/4 LR R A AEELL PR R
float h,p,b;

/7 Mm23 W pitch, lasin () FEHR, BEATEBIIALTF -E0iRE
float sp = -m23;

if {(sp <= -1.0f) {
p = -1.57079ef; // -pi/2
} else if (sp >= 1.0} {
P = 1.570796; // pi/2
} else {
P = asinisp):
}

/i NBEHSHNER, A -EikE
if (sp > 0.9999f) {

// MIEFEIETHE

/! ¥ bank BF, W(H4 heading

b = 0.0f;
h = atan2{-m31, mll);
} else {

J/ AL mi3 A m33 ¥ heading
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h = atanZ2 (ml3, m33);

// it m21 M m22 % bank
b = atan?2 (m21, m22);
1

10.6.3 MEOTTHEZIRBIZERE

BT A RO MDY TER B B, T LURIT 8.2.3 HRVAERE, ' HETH SRR HEst
»

ql

r1

R(n,0) = nn (l-cosf)—n_sind  ni(l-cosf) +cosf nn(l~-cosé)+nsinb

nn (1-cosf)+n sind nn(l-cosd)-nsind  ni(l-cos) +cosd

{ ni(I-cos@)+cos@ mn(1-cosé)+nsing mn(l-cosd)-nsing

XAMEMERR o f1 0 Fori, BT EE:
w=cos(d/2)

x=n_sin(&/2)

y =n_sin(6/2)

z=n_sin(8/2)

LRI BEBERTEEEELLUMRAN w, x, yo 2, BN 9 DAL FER. FEML, XM
BRI HAER T, —HM N L — Aok, Mo ERERFERENTERE. R, ENAETR
2Z )4 B 40 1k SRR

' T8 XA -AHOIHRBHES, RALD TRAES, R LR R, ZERIESE R o THRF 6,
o R AE A E N AR ART A LAE] K 1023,

HEBHMEX AL LR, BRNETEEN m, o my, Bom, 552K

m,, = n.(1-cosf)+cosd

BAEM ERBERI, BEHEEERGEESME T, HED ERAREMIZFEEE .

m,, =n’(1-cos8) +cosf
=n’ -n’cosd +cosd
=1-1+n} —n’cos@ +cosé
=1-(1-n +n;cost —cosd)
=1-(1-cosf—n: +n’cosd)
=1-(1-n;)(1-cos®)

METRERZE cosé T, ML LALE cost/2 BE sind/2 B30, P AN T ESELHENRTMN.
BLLATIRRE, W a=02, % a B cos BIFHAARN, BASG:
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cos2a =1-2sin’a
cos@ =1-2sin’*(6/2)

¥ cos@ A

m, =1-(1~n2)1-cos8)
=1-(1~n2)1~(1-2sin’ (6/2)))
=1-(1-nl)}2sin’(8/2))

REAREEHHURGERXEMFH 7T =MARXsin’x=1-cos’x):

m,, =1-(1-n?)2sin’(8/2))
=1-(2sin*(8/2) - 2n’sin*(8/2))
=1-2sin*(8/2)+2n’sin*(8/2)
=1-2(1—cos’(6/2)) + 2nlsin’(6/2)
=1-2+2cos’(6/2)+2n’sin*(6/2)
=—1+2cos’(8/2)+2(n_sin(8/2))

BJh, RN wHlx:
m,, =—1+2cos’(8/2) +2(m_sin(8/2))°
=-1+2w" +2x°
EARESRMY, BEMEHrah iR E, 8.

m, =1-2y* -27*

Kb b, B AR, B 40— AR T LU T SRR E e —— B R B B3 22 &5
FRE, B m, AW -y -2 EAw 4 x4y 422 =1, FIAXSHERRSMN. HER
SR ARV GBS LA BP0 “5i” o B—PP, n RELAR, ol +nl+ni=1,

2 2 )
Ellll-n,+ny+n: :

m,,=1-(1-n2)2sin’(8/2))
=1—(ni+nf}[25inz(3f2})
~1-2n?sin’(6/2) - 2n’sin*(8/2)
=1-2y’ -27°
TCE my, Mom,, JULRFIFEM TR . BRAEBEMAK 1023 9, BEH T EBER,

HRIREFEEN AL LE, EMNHKMARTERLE L, Dm, H67T:
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m,=nn (1-cosf)+n_sind

TEEAFR] sin B AL
sin 2a = 2sin@ cosa
sin@ = 2sin(8/2)cos(8/2)

WIS SIAGE
m,=nn (1-cosé)+n_ sind

=nn (1-(1- 2sin’(8/2))) + n_(2sin(8/ 2)cos(8/2))
=n_n (2sin’(6/2)) +2n,sin(8/2)cos(6/2)
=2(n,sin(0/2)n sin(8/2)) + 2cos(8/2)(n, sin(€/2))
=2xy+ 2wz

HAbIERT AR TR HFAFRN AT H.

Bja, oM s o e RERER R RS, A5 1023 BT,

1-2y* =22 2xy+2wz 2xz-2wy
2xy-2wz 1-2x"-22"  2yz+2wx
2xz+2wy  2yz—2wx 1-2x°-2)°

27 10. 23 T G s 1 B B

10.6.4 MEBERESEIRE) M T

%y T M FEREAE B b b AR RE B VD o8, T pA BRI A A 50 10,23 RO X A 2R 0 H X R (e B4 RE B Y
EhFE) 1% 3.
fr(M]=m“+m13+m-_,;

=(1-2y* =22)+(1-2x" =2z)+ (1-2x" - 2y7)
=3-4(x" + )y’ +2%)

=3-4(1-w?)
= 4w -1
.ﬁ:.: W ;{]=

\/m” +mn+m33+l
W= 5

TR = AT ERHFAN AR, ATUUBRLRTERS =1 TR:
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m, ~my—my, =(1-2y" -22")-(1-2x* -2z") - (1-2x" -2y%)
=4x" -1

—m,, +m,, —m,, =~(1-2y" =22") + (1 -2x° =227) = (1 -2x* =2)")
=4y* -1

—m,, ~m,, +m, =—(1~-2y* -22°)-(1-2x" -2z°) + (1 -2x* = 2¥°)
=4z° -1

A, XHAFEAASREERLIE, FHAFA/RNSREREM. (ENEREE, BHEF
IEHGE £ ARME . YER, q fil-q ARHEREIN AL, BIOGEREEREAREL 4 M2EPH D
@B IEF M TE, BRAREN MBI AT 4 DA X RN .

BTG R AR T X A LA PR AL E L ORI 2.

m,, +m,, =(2xy+2wz)+(2xy —2wz) = 4xy
m,—m, =(2xy+2wz)—-(2xy—2wz)=4wz
m,, +m,, =(2xz +2wy) +(2xz - 2wy) =4dxz
m, —m,; =(2xz+2wy) - (2xz — 2Zwy) = 4wy
m,, +m,, =(2yz +2wx)+(2yz—2wx)=4yz
m,, —m,, =(2yz+2wx)-(2yz - 2wx) =4wx

B, —H AN AETEREREFRERT 4 MEPH—A, mEEHCU T g F b =

my my tmy 4]

m,. —m., m, —m ' m;—m,
W == Y= 23 3z y:—j'].——l!. z-_:_'t_.-.._lt_
2 4w 4w 4w
\}rm -m,,—m,, +1 m,. —m m,.,+m m, +m
X = LK ] 2 13 — W= 23 32 y= 2 21 ¥ = 31 13
2 4x 4x 4x
\,r—m +m,, —m., +1 m. —m m. +m m.,. +m
y= i 22 3 = 3! 13 x =12 2 g =2 32
2 4y 4y 4y
-, — M., +m,, +1 m.—m m., +m m.,.+m
2’=J 11 pe] 3 — = =12 21 =23 13 y = pi] £
2 4z 4z 4z

0 5 FR DU R 7 e 67 T R B U TR 8 56 B — P B 8w, UG FFSE x,
Yo zo XPBEAIE, MR w0, BERRHENL: MR w FHA, HLBAKETEE. Shoemake(H
% B B 22 B RIEHE w, x, y, 2 PEABRACRABCTTRES), RUELENE, FEk
KRR HSITR, AT =,

il 6 4RAS A — MR E e AL T XA T
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AZAHE 104 AIEMRAHRE) W9 T

/7 AERE

float mll,ml2,ml3;
float m21,m22,m23;
float m31,m32,m33;

/7 EiH T

float w,X,¥,2;

/] B w, x, y, z PRIEXENE

float fourWSquaredMinusl = mll + m22 + m33;
float fourXSquaredMinusl mll - m22 - m33;
m22 - mll m33;
m33 - mll m22;

float four¥YSguaredMinusl

float fourZSquaredMinusl

int biggestIndex = (;
float fourBiggestSguaredMinusl = fourWSquaredMinusl;
if (fourXSquaredMinusl > fourBiggestSquaredMinusl) ({

fourBiggestSquaredMinusl = fourXSquaredMinusl;
biggestIndex = 1;

if (fourYSquaredMinusl > fourBiggestSquaredMinusl) ({
fourBiggestSquaredMinusl = four¥YSquaredMinusl;
biggestindex = 2;

if {(fourZSguaredMinusl > fourBiggestSquaredMinusl) {
fourBiggestSquaredMinusl = fourZSquaredMinusl;
biggestIndex = 3;

/1 WE P RAERE
float biggestVal = sgrt{fourBiggestSquaredMinusl + 1.0f) = 0.5%;
float mult = 0.25f / biggestVal;

AR R ol
switch (biggestlindex) |
case 0:

w = biggestvVal;

x = {(m23 - m32) * mult;
y = (m31 - ml3) * mult;
z = (ml2 - m2l) * mult;
break;

case 1l:
x = biggestVal;

w= (m23 - m32} * mult;
y (ml2 + m21) * mult;
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z = (m31 + m1l3) * mult;
break:
case 2:

¥
W

biggestVal;

fm31 - ml3) * mult;

¥ = (ml2 + mZ21) * mult;
= (m23 + m32) * mult;

break;

z

case 3:

z = biggestVal;

w = (mlZ - mZ2l}) * mult;
®x = (m31 + ml3}) * mult;
y = {m23 + m32) * mult;
break;

}

10.6.5 MERHIAEIREIMN T

Ja T ¥ RO WBRBL A B DU e, PTUMER 10.6.1 1570 A48 i) A RR$ir i Fig i 3 o 2R UL B 7
o WX =ARER S RO TE, XE-IRRENER. FRE=AeEoEER— . #
WEE—FE, AR EELER. B RERE—YE TR, B oMERE—BREN TN B
f1E K 3EHR R, FTURMNAESRE—D T

F110.6.1 H—#F, WEKBMANER R p, b, B h, p. bAHAGH y, x, z EFHAUTH. B4,
B e &, R E AR AR R A BEH A (B 10.6.1 W NAT 4 (R T BERS A IR RE)

[ cos(—~h/2) | [ cos(h/2) ]
0 0

h= [sin{a—MZ)} - [sin(hfz)]
L 0 4 L 0 i
" cos(=p/2) | [ cos(p/2) |

sin(—p/2) —sin(p/2)
1)
b 0 . L 0 _

Ccos(—b/2) 1 [ cos(b/2) |

b 0 B 0
- 0 - 0
|\ sin(-5/2))| || -sin(6/2) )|

P E MR B e A48 8] 2 50 10.24:
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Qe o (s P>P)
=hpb

" cos(h/2) |[ cos(p/2) | cos(b/2) |

_ 0 —sin(p/2) 0
1| —sin(h/2) 0 0
i 0 i 0 I —sin(b/2) } |

[ cos(h/2)cos(p/2) || cos(b/2) |

_ —cos(h/2)sin(p/2) 0
|| sin(h/2)cos(p/2) 0

|\ sin(h/2)sin(p/2) ~sin(b/2)

[ cos(h/2)cos(p/2)cos(b/2)+sin(h/2)sin(p/2)sin(b/2) ]
—cos(h/2)sin(p/2)cos(b/2)—sin(h/2)cos(p/2)sin(b/2)
- [ cos(h/2)sin( p/2)sin(b/2)—sin(h/2)cos(p/2)cos(b/2) ]
|\ sin(h/2)sin(p/2) cos(b/2)—cos(h/2)cos(p/2)sin(b/2) } |

AR 10,24 MERE A VHESHE B YRR DD e E
(E4E, FBHHNTEIREE LREERNBFNERGR, R 1048 ).

P E——R VY T BRI —— kT T B 36, WA 5K 10.25:

Qs (. VD)

=Qmﬁ+w{h-P-—b)‘

[ cos(h/2)cos(p/2)cos(b/2)+sin(h/2)sin(p/2)sin(b/2) ]
cos(h/2)sin(p/2)cos(b/2)+sin(h/2)cos(p/2)sin(b/2)
sin(h/2)cos(p/2)cos(b/2)—cos(h/2)sin(p/2)sin(b/2)

| { cos(h/ 2)cos(p/2)sin(b/2) - sin(h/2)sin( p/2)cos(b/2) ) |

AR 10.25  MERB A EAE IR K i

10.6.6 MEOTTEEFEIREIRRHL A

% T NPT B R, ATELREAR 1024, REWMK, RNEEEEERENHIILHHR
B, ATIAURAKDRAUGEIE R, 10,62 ¥ DB HMSEMHBECR KA, RAERIE AN
U0 e MR B B R . S M ERE R B A R, BERBHAR 1023 1RA.

H4510.6.2 TR
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p =asin(-m,)
, _ [atan20m,m,) % cosp#0
~ |atan2(-m,,,m,)  Hfh

b z{amz{murmn) H cosp#0
0 oA
ZERAX 1023 B EMEEGE:
m,, =2yz+2wx
m, =2xz - 2wy

m, =1-2x" -2y’
my, = 2xz + 2wy
m, =1-2y*-22*
m,, = 2xy—2wz
m, =1-2x"-22°

RAFFL R 2]
p =asin(-m,,)
= asin(-2(yz + wx))

( atan2(m,,,m,,) # cosp0
=atan 2(2xz - 2wy,1 - 2x* = 2y%)
=atan 2(xz — wy,1/2 - x* — y%)

h=
atan2(-m,,,m,,) o Hib
=atan 2(~2xz — 2wy, 1 - 2y* — 27%)
=atan2(-xz—wy,1/2-y* —z%)
atan 2(m,,,m,,) ¥ cosp#0
. = atan 2(2xy — 2wz,1 - 2x° - 22%) |

=atan 2(xy — wz,1/2 - x* ~ z%)
0 HoAthy

AT S E R BB . WA R 10.5 FOR, BRI YD SR R A
AAAEKE 105 ARk TR BB A
/1 BERERBEHABH

float w,x,¥y,2:
float h,p,b;

// ¥ sin(pitch)
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float sp = -2.0f * (y*z + w'x);

[/ BE e, R RERE
if (fabsisp) > 0.99299f) |
// W E EEOE A
p = 1.570796f * sp;
// ¥ heading, bank %

h = atan2 (-x*z - w*y, 0.5f - y*y - z*z};
b= 0.0£; '

} else |
/AR
p = asin(sp}:
h = atan2(x*z - w*y, 0.5f - x*x - y*y);
b = atan2(x*y - w*z, 0.5f - x*x - z*z);

}

KA —IRTE VL G B cR M, BTN R LESEE K. REK X, », 2 HZER, HAWK
—AR 4 U T MR AR — A DD G B L

RAEFEE 106 MRt R BRI A

/! WH sin(piteh)
float sp = -2.0f * (y*z - w*x);

/7 Kt R R, il wRE
if (fabsi(sp) > 0.99%9f) ({
// MIEESRIETH
p = 1.570796f * sp;
/ /it ¥ heading, bank B%¥
h = atan2(-x*z + w*y, 0.5f - y*y - z*z);
b 0.0f;
} else {
/1 AT ERE

p = asin(sp):

h = atan? (x*z + w*y, 0.5f - x*X - y'¥)+
b = atan2(x*y + w*z, 0.5f - x*x - z*z);

10.7 % 5|

(1) HiE—AEE x fiEsE 30° RIDUTCH. SREMBEE. S5, RIERARREWAIER .
)  BUF TR R R MHER: 7 SRR 15 IXRR ek e T
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[0.965 (0.149 -0.149 0.149)]
(3) HUTHTH:
2=[0.233 (0.060 —0.257 0.935)]
b=[-0.752 (0.280 0.374 0.495)]
WHEARa b, it a B b pE, HH 3R ab.
(4) HF 2 EhagooBEE R
(5) B ¥y R 5 Ry A ) CHHACE.
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C++ 3£ I

i&#ﬁmﬂ TATHFAFPITERE CHRA, «ﬂ-ﬁz&"ﬁ

ul?ﬂﬁ*ﬁi&#ﬁ

11.2 %44 T EulerAngles %, DBA M XMA 514,

11.3 $#4# T Quaternion %, A9 T¥M XHKAG AL, ;

11.4 ¥4 7 RotationMatrix &, TR —AHshesEM %, ﬁﬁ&%ﬂ#ﬁﬁﬂthi

DE 208 fok Lok

B 115 ¥% i T Matrixdx3 £, 'E;E,#&!.*ﬁﬁﬁﬁa#&, TRRSTA B LA EE
B “B A" RARE e IE R,

ATERN MR 7 FERE 10 FRBMMYL, B CH36, HRER 3D 0L, HATHER R4 5
FADE'S

TR K, BIHEMLFTRE UMD, BHFL A cpp EICHIFiTie EE 1L
LAY .

BAHAFERIEOREH R, FveEfIcSE)/lEPihied 7. X8, #EPsHTEOn
ST,

111 ## R

RN R RAMRZ R, 8RS R JL A RE R SR O ETMA, AP 6 T A
LN R T A48T,

MEEMBBR AR SN ENT, HRENERBT . Y S5 5T % TR MR IE B3
BT RUFIOIERER, BRRMEHELIMGS . 5 585 P B 7 LU L B I 3 T4
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XL P HL A LA IE R 0 T 58 7 A2 P 28 B B i 2 M BT 600 IO, 180 35 405
A O TR T B o BRI R PR T W R AR 0 2 E LU %74 2R . T80, %Y RotationMatrix 26,
B KRR, BN ORERAS 0@ RotationMatrix, XM HE B A % HBLMR B A &
Y. |

BAVBEAER T — R 7 S K F A7 8 8O se A TR 8% B118 MathUtil.h #1 MathUtil.cpp 324¢.
MathUtilLh InF:

25 #%% 11.1 MathUtiLh

PELTEEEETT TR T T i i i i re it riddidrid i ir i it rididtrbidirir i it s iiiied
r

// 3D Math Primer for Graphics and Game Development

!/ .

// MathUtil.h - Declarations for miscellaneous math utilities
I

// Visit gamemath.com for the latest version of this file.

[/

PILLELELLLLELILIE LI II LTI IR ETIT IR I I IR LI EIEIET 00101100000 00007077 _
#ifndef _ MATHUTIL_H_INCLUDED__ ' -

#define _ MATHUTIL H_INCLUDED _
#include <math.h>
JIENH pi HREE R

const float kPi = 3.14159265f;
const float k2Pi = kPi * 2.0f;
const float kPiOver2 = kPi / 2.0f;
const float klOverPi = 1.0f / kPi;
conzt float klQOver2Pi = 1.0f / kZPi:
/4 BEMESM 2pi FEEAERBE-pi B pi MXEA
extern float wrapPi(float theta):
/O EET REAMR%
extern float safeBAcos(float x);
// W RAER sin Bl cos B
J/ERETEE, NABEIANE. ANTRELRS TR
inline void sinCos(float *returnSin, float *returnCos, float theta) |
/1 ATER, RNBMEREE=AREK
/! ERERETE ETUEAEF—
*returnsin = sin{theta);
*returnCos = cos(theta);

I. .
LEOPEITTEEIEE TR T EE T i Edi it ir i i it it iiiriditire ity
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#endif // #ifndef _ MATHUTIL_H INCLUDED__

—EU 5 5% R MO8 E MathUtilepp ', 20 F:
#include <math.h>

#include "MathUtil.h"
#include "Vecter3.h"

const Vector3 kZeroVector(0.0f, 0.0f, 0.0£f);

¢/ N EEMN 2pi 53 WAEMBE-pi 2l pi MEEA
float wrapPi(float theta) {
theta += kPi;
theta ~= floor(theta * klOver2Pi} * k2Pi:
theta -= kPi;
return theta;

// safehcos .
/ /M acos (x) HF, (HinR x B EEBERENEEINENE
JEREHELE 0 8 pi 28, FcEE TR acos () AEHR

float safebcos(float =) |

/1 REHR A

if [(x <= -1.0f) |
return kPi;

1

if (x »= 1.0f) {
return 0.0f;

}

// EFERAE C A%

return acos(x);

i o e . e . i



178 3D #F ksh: B 5T L

11.2 EulerAngles %

EulerAngles 25 LIBKFr I FE R E 6L, 1 heading-pitch-bank £95%€. X TEIMAMELERMN
heading-pitch-bank £95E ) AN, #HS W 103 ¥

EAREFEW. HTHEEN BRIANGELRABHRME. HHRRETHM. &, FERREZYH,
HA MR ERREFOARATUMEAEERELE, B XA RFEEFTHI.

EulerAngles 25f98: 130442 EulerAngles.h, —i:H Zvf QM 7E EulerAngles.cpp HLH. TFHEFIH
EulerAngles.h X E A A .

24 # % 11.2 EulerAngles.h

PELEETELTEEdd i i itd i it rddid e didd s iddrtiddidddiddiiidiritdiidditiiditirdd
!

// 3D Math Primer for Games and Graphics Development

Iy

// EulerAngles.h - Declarations for class EulerAngles
//

// For more details, see EulerAngles.cpp

//

JITEELLELEELTTELELI I I I i i i iidiidiiitiitddiitedtiitiidiiiiiis

#ifndef _ EULERANGLES H_INCLUDED
#define _ EULERANGLES H_TINCLUDED___

// FHipE e

class Quaternion;
class Matrix4x3;
class RotationMatrix;

// class EulerAngles
/7
// %$ 5T heading-pitch-bank BKH i R

class EulerAngles |
public:

/1 eIEER
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/1 HEEORRT
/) RRERE=ANME

float - heading;
float pitch;
float bank;

/1 et

/! BREHIERM
BulerAngles{) {}

/i ER=ETEY

EulerAngles {float h, fleoat p, float b)
heading(h), pitch(p), banki(b) {}

/I BF

void identity() { pitch = bank = heading = 0.0f; }
/1 BN BB B

void canconize();

/1 NI TH R B A.
/7 AR MBS — i DT, AR,

void fromObjectTolnertialQuaternion{(const Quaternion &q)
void fromInertialToObjectQuaternion(const Quaternion &g);

/7 BRI A
/ JRU N B R O W — i R E i A R R B
/T FRR AR, HHBS R IEAZN

vold fromObjectToWorldMatrix (const Matrixdx3 &m) ;
void fromWorldToObjectMatrix (const Matrix4x3 &m);

/1 MR R L MR BB A

void fromRotationMatrix (const RotationMatrix &m);
}:

/1 AR “RALT BB
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extern const EulerAngles kEulerAnglesIdentity;

PELTETELLLTLLIELET L TLITT RIS DL P LIS EL AL LA TIAALL PP 0002 i 00107017177
#endif // #ifndef _ FEULERANGLES H INCLUDED _

EulerAngles REJHZWMRE M. HE LA M7 TEMCLEAR .

®  canonize(VeR M TEH R BAREK AL T “RBIE” F, W 103.4 Fa9#E.

® fromObjectTolnertialQuaternion()# fromInertial ToObjectQuaternion() &f % #8 4 PU 7T %t 5 6%
i, B-TRENSHERRADELIEZIBMELEEREERN N LY, B-/1R%HN
SRENRMABELHERIMELERIESNNLE. 35 1066 ¥, BEHEFE AT M
RIEHNER, HBBT I ALEEHIMRAE. .

o [[Af, fromObjectToWorldMatrix()F1 fromWorldToObjectMatrix() ek %30 55 B fr) He $5 2643 i 75
P e B o Ry A, B ML e ) R R R TE AT Y.

— 4657 7R M 7E EulerAngles.cpp FEHE, WF:
24 #%% 11.3 EulerAngles.cpp

PESTTEETTTEEFI LT ORI T LT ELLL LRI LT E I E LT i i i diitiditintiitiises
I

// 3D Math Primer for Games and Graphics Develcpment
/'

// EulerAngles.cpp - Implementation of class EulerAngles
!

PILLTIEITEL LTI AL LT EE LI TP 80 000000007070 870 0000700000000 100007010177

#include <math.h>

#include "EulerAngles.h™
#include "Quaternicon.h"
#include "MathUtil.h"
#include "Matrix4x3.h"
#include "RotationMatrix.h"

PITEEITEITTEETTEEA LRI d 0t i e dditdiidiiidiliiiiiiiiiis
/'

/R

1/

/O BEMEGREIEFENLE 11 7

/7

[/ BRAIEEE 10.3 Y

PELEETELTEELTTIT LTI TR T LTI IRt r i i ddddiiirititiriiiriti
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FETEEETTEET I ER I EI T E i it id it i td sttt ittt didiiiridiiiridiiiidries
!

[/ R
I/

FILTIHEAETEL LT EL eIt d i iiditididddirtdidiidddtdiitddiiirediidridiiirsd

/AR CRAT BB E R

//BRERMTERMEME T ORI, XERR TN S, EHH A ZN fBENELZ TRsSIHE. &
A B HERT, CRERFFHEEELY 0. Bk AETEH AN S BHIE 2 .

const EulerAngles kEulerAnglesIdentity(0.0f, 0.0f, 0.0f);

SIIIELTILEEELTE AL d LI EL i Tttt i i it dd i iddd it ddridiiiiirii?iiieildd
1

// class EulerAngles Implementation
/Y
FITEILTIT T8I dEd i Tttt itdd it iiddiitdddiridddidridtdddisddtiiiiiiririly

// EulerAngles::canonize

-/ R i B IR R

/R ER 3D AMMAMTNE, EFe BRI ANE
/7R FHAAR R mAHEES, WarrEw
I

// EEFERHR10.3F

void EulerAngles::canonize() |
// B, #pitch T¥F|-pi Bl pi (6]
pitch = wrapPi (pitch);
/7 BAEHS pitch ME|-pi/2 8 pi/2 2

if (pitch < -kPiOver2) |
pitch = -kPi - pitch;
heading += kPi;
bank += kPi;

} else if (pitch > kPiOver2) |
pitch = kPi - pitch;
heading += kPi;
bank 4= kPi;

I

/) MERS D aSATER. RFFEEMRE
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if (fabs{pitch) > kPiOver? - le-4) |
/0 R M, AT S H M R RS heading

heading += bank;
bank = 0.0f;

} else |
A0 AEJT B, 38 bank B E R R R4 G

bank = wrapPi (bank);

/7 B neading ¥ #e 2) PR 4 o

heading = wrapFi(heading);

// BEulerAngles::fromObjectTolnertialQuaternion
I
£ WA VY ST S R R
s
[/ EEEREN10.6.6 T
void EulerAngles::fromObjectToInertialQuaternion({const Quaternion &g) {
/f VH sin(pitch)
float sp = -2.0f * (g.y*g.z - g.w*g.x);
/BT, RIFEEERE
if {(fabs(sp) > 0.9995f) |
// MIEEAEIETF &
pitch = kPiOver2 * sp;

// bank 8%, il'H{ heading

heading = atan?{-g.x*g.z + g.w*q.y, 0.53f - g.y*q.yv - g-z*q.z);
bank = 0.0f;
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} else |

A HRAE, XEROAGMEA “E209" asin B3 HAZAIERE T A8 B O & EE®

7.
pitch = asin(sp);
heading = atan2(g.x*g.z + gq.w*qg.y, 0.5f - g.%x*q.x - g.y*q.y);
bank = atan2(g.x*q.y + gqg.w*g.z, 0.5f - g.x*q.x - g.z*q.z}:}
}
}
f/=mrmmm e e e e e e e e e e e e e e e -
// EulerAngles::fromInertialToObjectQuaternion
/ /IR — 0 4k 00 e B BB i A
/7

/) BEFEBIER 10.6.6 71
void EulerAngles::fromInertialToObjectQuaternion{const Quaternion &g} {
// #H sin{pitch)
float sp = -2.0f * (g.y*q.z + q.w*q.x);
[/ REAIAY, AT ERE
- if (fabs(sp) > 0.9993f) {
//WIE LA EE T AR
pitch = kPiOverZ * sp;
// bank B%, i+¥ heading

heading = atan2(-g.x*g.z - q.w*q.y, 0.5f - g.y*q.y - 9.z*q.z);
bank = 0.0f;

} else {
/] WHAE
pitch = asin(sp):

heading = atan?(gq.x*g.z - q.w*q.y, 0.5f - g.x*g.x - 9.¥*q.y);
bank = atan? (q.x*q.y¥ - g.w*qg.z, 0.5f - g.x*q.x - g.z*g.z);
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}

// EulerAngles::fromObjectToWorldMatrix
/ F Wt T M b R A A B I RR
//EBEPERIEARN, AR

Iy

// BEERAR 10.6.2F
void EulerAngles::fromObjectToWorldMatrix (const Matrix4x3 &m) {
/ /i m32 ¥ sin(pitch).
float sp = -m.m32;
/4 R B
if (fabs(sp)'> 9.99999f) |
//REEHSRIETFTHE
pitch = kPiOver2 * sp;
// bank B%, i+# heading

heading = atanZ(-m.m23, m.mll);:
bank = 0.0f;

} else |
! vEH

heading = atan2 (m.m31, m.m33);
pitch = asin(sp):
bank = atan2{m.ml2, m.m22);

// EulerAngles::fromWorldToObjectMatrix

/ 1 AT 57— A b 3R 2 B B B R A
//

//RRERERIEAZN, ZRTFERS

/1

// BEEBER 10.6.2F
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void EulerAngles::fromWorldToObjectMatrix (const Matrix4x3 &m) {
//BEEm32 HH sin(pitch)
float sp = -m.m23;
/ /R ) B
if (fabs(sp) > 9.99999f) |
// BIEFFSGE T A&
pitch = kPiOver2 * sp;
// bank %, it# heading

heading = atan2 (-m.m31, m.mll);
bank = 0.0f;

} else { -
-5
heading = atan2(m.ml3, m.m33);

piteh = asin(sp):
bank = atan? (m.m21, m.m22});

// BulerAngles::fromRotationMatrix

// FRE e R R M ERF A

/

// BEERER10.6.2F

void EulerAngles::fromRotationMatrix (const RotationMatrix &m) |
// B m32 ttH sin(pitch)
float sp = -m.m23;

V0L 59008

if (fabs{sp) > 9.99999f) (
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//ENE L HRERIEFAE
pitch = kPiOver2 * sp;
// bank B%, ¥ heading

heading = atan2{-m.m31, m.mll);
bank = 0.0f;

} else {
e 5

heading = atan2(m.ml3, m.m33);
pitch = asin(sp);
bank = atan2(m.m21l, m.m22);

11.3 Quaternion %

Quaternion 2RIk L PUSE ML R RAEH AR . X TFIARMELEE, WS 104 Y. EREN
FABI DU TC M (e i WA &b, P e B DY ST 3 B MBS A M BRI BE . AHd
AR TR AR . . W, PRER. B EOX R,

F#i /& Quaternion.h 3C{4:
#2 4 %% 11.4 Quaternion.h

LEEELEEEEEETE T it iid it ididdd it didd iy idirdiddidiiddddiiidiiiiiiiiir
I

// 3D Math Primer for Games and Graphics Development

1/

// Quaternion.h - Declarations for class Quaternion

r

// For more details, see Quaternion.cpp

//

FHESEETELTTTT AT Edrriirrdiiriddiriiifirdididirrddiditeddriridiiiiddiiisy

#ifndef _ QUATERNION H_INCLUDED__
#¢define _QUPLTERHION_H_INCLU DED__
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class Vector3;
class BEulerAngles;

// Quaternion ¥
J/ERE iSpPhEAAMNBEI T

class Quaternion {
public:

/1 BIRHER

J/ sl EERAREEELE M
J/ BTREERE Y public, XEN T AL REEE (0K 1/0) HRADENE M

float Wi X; ¥Y¢ Z:
/1 BFBRE
/B A e T

void identity{) { w= 1.0f; x =y =2z = 0.0£f; }

/1 MyEAT NEFE Y TU G

void setToRotateAboutX (float theta);

void setToRotatelAboutY (float theta);

void setToRotateBAboutZ (fleoat theta);

void setToRotateRAboutdxis (const Vector3 &axis, float theta);

/1 EERAT Y A—RE e R U, 0 B BORRKL A L s

void setToRotateObjectTolnertial (const EulerAngles s&orientation);
void setToRotateInertialToObject (const EulerAngles &orientation);

/7 3R

Quaternion operator *(const Quaternion &a) const;
// WIERE, ZRFE c++IAMMSHE

Quaternion &operator *=(const Quaternion &a);

// FU0 8 AL
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void normalize () ;

/7 HEBUNERE fl B

float getRotationAngle () const;
Vector3 getRotationAxis () const;
bi

/)RR R YT
extern const Quaternion kQuaternionldentity;

/1 W TR
extern float dotProduct (const Quaternion &a, const Quaternion &b);
// M HE

extern Quaternion slerp(const Quaternion &p, const Quaternion &q, float t);
/7 It

extern Quaternion conjugate{const Quaternion &qg):

7/

extern Quaternion pow({const Quaternion &g, float exponent);

IITIEITELELELEEEELE T EET LT LRI i ii i i i rdiriididiiiid il il
#endif // #ifndef _ QUATERNION_H INCLUDED _

RGP AR AR, B2 NEBENTE R ERIIN AN KA ThEE. b T 1 —MR
BREAMUBHNGE, FTEMFEH setToXXX H ¥+ 8 — 4 . setToRotateObjectTolnertial() Fl
setToRotateInertial ToObject() l H M Bk A H B B o HER . B EHOR— MU, REND®S
[B) B <2 [E) QU BE RS s 5 — A BRBOR B R P22 (8] B P04k 23 M) (U BES: . TLL2 % 10.6.5 LIRBEEER.

—ALGE R R MR IR AL, X R M M F R EMTE Y P A RRMEE. ABKE
AL operator* ()21 L, EBMIFMZERA). conjugate()pli BUEFE—A-Do%, &N THARRKALE
HSRWANTHAENALBHER.

{# /] getRotationAngle()f! getRotationAxis() ] LA M Y 7T 3 - hER BE  f Fs .

normalize QR RALFIZ A BORET K. MBREXMF Wi LA KEREH, RagWERAHX
PITiz. BIRRKEY M PO T R B A A E MR R T, @ % TREY KAnlfE. B2, EEEMNT
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BB FEX R E.

7Y G 3 B S BLE Quaternion.cpp ., WF:
#247%% 11.5 Quaternion.cpp

FELELELITLELE T LI ELTTEEII LA I LILEL LI IITII L Eriiiiiiiriiti
[/

// 3D Math Primer for Games and Graphics Development

/7

// Quaternion.cpp - Quaternion implementation
/Y

// For more details see section 11.3,

'y

JILTTIELTTLELTTTTELLT LI FdI LTI Iiitiiediiiiiiiiiisy

#include <assert.h>
#include <math.h>

#include "Quaternion.h"
#include "MathUtil.h"
#include "vector3.h"
#include "EulerAngles.h"

JITEEIIIELELLLEE T IR d i i dddditdddddididiit?idtittd?iiiiididiiisiir
/7

/1 EREE

!

JIILTLTEELTLEL I I E L i Ed LT i idiiidsddiitrisidtdidstrtidtdiirriitiiddsrss
/AR R Y TC M. & Quaternion BRRHHIEHEN, FEHRIIIFARE.

const Quaternion kQuaternionIdentity = {
1.0€, 0.0f, 0.0f, 0.0f
bz

JIIIILELLELTE0 2P LR PP LTI ELEL I LTI TEidI i i iiidirirrdirrtiiiirrry
/i

// Quaternion R
Iy
!!IffffffHfffffIHHIIffffffffffffffffff!f!ffffffffIIIIIIKIIIIIIFIIIHXIKII

// Quaternion::setToRotateAboutX
// Quaternion::setToRotateAboutY
// Quaternion::setToRotateAboutl
// Quaternion::setToRotateBboutAxis
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/I HIES TR E S RE R 0 DU T8
Voiﬁ Quaternion::setToRotatedboutX (float theta) |
/7 WA

float thetaOverZ = theta * .5f;

// BE

w = cos(thetaCver?);
% = sin{thetaOver?):
y = 0.0f;

z = D.0f;

volid Quaternion: :setToRotateAboutY (float theta) |

/1 W RAER

float thetaOver? = theta * .5f;

// BE

w = cos(thetaOver2);
®x = 0.0f;

¥y = sin{thetaOver2);
z = 0.0f;

void Quaternion::setToRotatedboutZ (float theta) |

/7 WEER

float thetaOver2 = theta * .5f;

/1 BRI

cos (thetaOver2);
0.0f;
0.0f;
= sin(thetalver?);

I
]

void Quaternion::setToRotateAboutAxis (const Vector3 saxis,

float theta)
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/1 BERER A bR AL
assert (fabs (vectorMag (axis) - 1.0f) < .01f);
// HEEAH sin H

float thetalver2 = theta * .5f;
float sinThetaOver? = sin(thetalver?):;

// B8

w = cos(thetaQver?);

%x = axis.x * sinThetalver2;
y = axis.y * sinThetaOver2;
z = axis.z * sinThetaOver?;

// EnlerAngles::setToRotateObjectTolnertial
/ 1 ¥ i PR AT Pk — 0 4k e A 0 Y e 3

//

/1 AL B S Bk A e U

(I EEEBHR 10.6.5

void Quaternion::setTocRotateObjectTolnertial (const EulerAngles gorientation) {
// WEEME sin M cos {E

float sp, sh, sh;

float «c¢p, cb, ch;

sinCos (&sp, &cp, orientation.pitch * 0.5f);
sinCos (&sb, &cb, orientation.bank * 0.53f);
sinCos (&sh, &ch, orientation.heading * 0.5f);

[/ WHER

w = ch*cp*cbh + sh*sp*sb;
% = ch*sp*ch + sh*cp*sb;
y = -ch*sp*sb + sh*cp*cb;
z = -sh*sp*cbhb + ch*cp*sb;

jlrlllil ——————— ————— i ————— o ——— = B e . S S G —— e —— o ————— ——— T — —— - T O S s
// EnlerAngles::setToRotatelnertialToObject
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/I ERAT R — D ERE I T
/f

WOUECE 2§ S kA e oh
BEEGERWEN 10.6.5H

void Quaternion::setToRotatelnertialToObject (const EulerAngles &orientation) |
/T EERA sin W cos E

float sp, sb, sh;

float cp, cb, ch;

sinCos{&sp, &cp, orientation.pitch * 0.5f);
sinCos {&sb, &cb, orientation.bank * 0.5f);
sinCos (&sh, &ch, orientation.heading * 0.5f);

// HHER

w = ch*cp*ch + sh*sp*sh:
x = -ch*sp*cb - sh*cp*sb;
y = ch*sp*sbh - sh*cb*cp:;
z = sh*sp*cb - ch*cp*sb;

// Quaternien::operator *

/N I REN, FALERE A0

/ | TR T I B (o) A

f AR TR AR “ARE” EOCHIEL, EM 10.4.8 71

Quaternion Quaternion::operator * (const Quaternion &a) const |

QOuaternion result;

result.w = w*a.,w - x*a.x - y*a.y - z*a.z;
result.x = w*a.x + x*a.w + z*a.y - y*a.z;
result.y = w*a.y + y*a.w + x*a.z - z¥a_x;
result.z = w*a.z + z*a.w + y*a.x = x*a.y;

return result;

// Quaternion::operator *=

J/ SORHEE, IRFAE c++BBEN

Quaternion &Quaternion::operator *={const Quaternion &a) {
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// FIFHE
*this = *this * a;
/7 Rl AEH

return *this;

// Quaternion::normalize

// ERMEP T
J/ BF, oCHEEIERLR, HR 10.4.6
/!

/IR RBEER D THWIEREY K, EEEZ N THERETTRERBUREY K.
//

void Quaternion::normalize() {
/v B TR
float mag = (fleoat)sgrt(w*w + x*x + y*y + z*z}:;
/1 KB, BRIERRFHIR
if (mag » 0.0f) {
/7 ENHE
float oneQverMag = 1.0f / mag;
w *= oneOverMag;
¥ *= oneQverMag;
y *= oneOverMag;
z *= gnelOwverMag;
} else {
). 3
assert (false);
/7 TERAGRS, RERA I T

identity(};
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// Quaternion::getRotationAngle

// BEEHH

float Quaternion: :getRotationAngle () con=st |
/f WHHERM, w = cos(theta / 2)
float thetaQver?2 = safelcos(w);
// BEER A

return thetaCOver2 * 2.0f;

// Quaternion::getRotationAxis

/ / HLER e

Vector3 Quaternion::getRotationAxis({) const |
// it¥ sin~2 (theta/2), WfEw = cos(theta/2), sin”2(x) + cos”2({x) =1
float sinThetaOverZSqg = 1.0f - w*w;
/1 TERGAERAE R
if (sinThetaOver2sSqg <= 0.0£f) (
/) BARLPO TR AE R EBE, RERE R = S ]

return Vector3(1.0f, 0.0f, 0.0f):

// ¥ 1/sin(theta/2)
float oneOverSinThetaOver2 = 1.0f / sgrt(sinThetaOver2Ssqg);
/7 BB

return Vector3|
x * oneQverSinThetaOverl,
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y * oneOverSinThetaOverZ,
z * oneQverSinThetaOver2
)i

}

JITILLELLILL R I LTI EE T T T E it ddid it iddidird it idddiiriidiiiddirigid
r

/7 R ER
//

JITEELLIT IR E LI Eddd i i d it did i ditiddidiididtiddiiittidtiriditidtidiiliriiy

// dotProduct
/¢ YT ¥ R

7/ BAER BRI e AR B EEREPFEHF N “EFEE"
// R 10.4.10 W

float dotProduct (const Quaternion &a, const Quaternion &b) |
return a.w*b.w + a.x*b.x + a.y*b.y + a.z*b.z;

// slerp

// BRIk H{E
'
// @R 10.4.13

Quaternion slerp(const Quaternion &g0, const Quaternion &gql, float t) {
/) BERRNEYN, MREEED, BEGAS

if (t <= 0.0f) return g0;
if (£ »>= 1.0f) return gl;

// AR RGN cos H

float cosOmega = dotProduct (g0, gl);

/B gseA R, EH-ql

/7 Ml g M-q REME RS, BT~ ER RN slerp iZH. RAINEXRFPERN P LLERSR MR
1T hess

flocat glw = gl.w;

float glx gl.x;

ql.yi:

float gly
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float qglz = gl.z;
if (cosOmega < 0.0f) {

glw = =glw;
glx = -glx;
qly = -qgly;
glz = -glz;
cosOmega = -cosOmega;

/1 BAMARKERAEAT RN, U ARERNZ<= 1.0
assert (cosOmega < 1.1f);
/7 AR E R, EERTEIEREIIAER

float kO, kl:
if (cosOmega > 0,999%9f) |

S AEREGL, ENERVESEE. BAIERT

kO = 1.0f-t;
kl = t;
‘} else |

/) =M sin”2 (omega) + cos”2(omega) = 1 HH sin
float sinOmega = sgrt(l.0f - cosOmega*cosOmega);

[/ TR sin fl cos HitH A&

float omega = atan2(sinOmega, cosOmega);

/7 WEAT RS, X RRER K

float oneOverSinOmega = 1.0f / sinOmega;

/T EEE R

kO = sin((1.0f - t} * omega) * oneOverSinOmega;

kl = sin(t * omega) * oneOverSinOmega;

/4 HEE
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Quaternion result;

result.x = kO*q0.x + kl*glx;
Y kD*qO.y + kl*gly;

result.z = kO*qg0.z + kl*glz;
W kO0*gl.w + kl*qglw;

result.

result.

// &l

return result;

// conjugate
/4 WFCEatE. P L I 0 S MORE B O e A R R T e
// W 10.4.7 7%

Quaternion conjugate(const Quaternion &q) ({

Quaternion result;

[/ REERAE

result.w = g.w;

/T A B
result.x = -gq.x;
result.y = -qg.y:

result.z = -q.2;

/1 iEME

return result;

// pow

// ILHE

/r

// #W10.4.12%

Quaternion pow({const Quaternion &q, float exponent} |

// RERG T, BIERT

if (fabs(g.w) > .9999f) {
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return q;
}

// EL¥f alpha(alpha = theta/2)
float alpha = acos(g.w);

// ¥ # alpha &

flocat newAlpha = alpha * exponent;

/R w il

Quaternion result;

result.w = cos(newhAlpha);
/1 vV EE xyz H

float mult = sin(newhAlpha) / sin{alpha);
L]

result.x = g.x * mult;

result.y = g.y * mult;
result.z = g.z * mult;
/7 &

return resulbk;

11.4 RotationMatrix 3£

RotationMatrix J8 R A T4 H PP ERF R P 5 — . XM H Hsl 2 B 4R S A (B 2 4R 3
R PR AR 2 B R BEY . MRBETXENE, B8F 327,

EANEERARE-BOERE, BRIEEXANRACEIEE. Fit, ERIEXM. A 10.1 5
AR ZEEREMRTE, MARMEE. LEQIRIXHWIERR, 056 E 3 #RATT AL
FR2% 8] B #E A bR 42 ) SRR MR AL AR 22 () BIM) kAR AR 25 (). R 7 AL PR AT R BB Ha5E, BT
A % N — AR R BT A IXLEERAT LU 11.5 7745 tH#) Matrixdx3 3T EE.

RotationMatrix & X 7F RotationMatrix.h &7, WTF:

24 %% 11.6 RotationMatrix.h

PALETTELET TR r i i i idrdtired it irdiiitiddiriididirdsiiirridsiriiritsed
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rr

// 3D Math Primer for Games and Graphics Development
rf

// RotationMatrix.h - Declarations for class RotationMatrix
/7

// For more details, see RotationMatrix.cpp

I

FRILEIELIEEEI TP Td i i i diieddtitddidirddt it it iiiidddidiirdditiidsirired

#ifndef ROTATIONMATRIX H INCLUDED _
#define _ ROTATIONMATRIX_H_INCLUDED__

class Vector3;

class EulerAngles;
class Quaternion;

//RotationMatrix ¥
JIEBT —ARAN 33 HE, URERSE
/BB AIERER, ETHREEE R

class RotationMatrix |
public:

// Public data

// FEREHT 9 ME

float mll, ml2, ml3;

float m2l, m22, m23;

float m31l, m32, m33;

/1 IRt

/1 B R R

void identity();

// HRHETE RO 7 f R

void setup (const EulerAngles &orientation};

/7 RENTTHRIEERE, BN TS BRI ETT KR

void fromInertialToObjectQuaternion (const Quaternion &q);
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vold fromObjectTolnertialQuaternion (const Quatérnion &qg);

/1 AT HEN:

Vector3 inertialToObject (const Vector3 &v) const:

Vector3 objectTolnertial {(const Vectord &v) const;
bi

LLPEEPEETTEAdTdirddiiirdd?idl?didiiidddirirdiidrididrddtidiiridiiitidsiirtiids
#endif // #ifndef _ ROTATIOMMATRIX H_INCLUDED

A4 RotationMatrix JRIREI#, FMHIEWESEM. 5%k, HEI AR TR ERRE. WRER
VYT H, i m e B DY T R R AL . — BLAIER T 5B, ¥ A6 inertial ToObject()M! objectTolnertial ()
B BAAT HESS - |

RotationMatrix 254 HE RotationMatrix.cpp ®H, W'F:
2 47#%% 11.7 RotationMatrix.cpp

JIPEIILIT LI I EEI TIP3 T2 TP I 7020771 d il i iiririiiiiiilili
/

// 3D Math Primer for Games and Graphics Development

I

// RotationMatrix.cpp - Implementation of class RotationMatrix
I

// For more details see section 11.4.

/f

PEELITESPLET LTI I TSP T i i ridid i i iiiiiditidddididitiliiidiiidy

tinclude "vectori.h"
#include "RotationMatrix.h"
#include "MathUtil.h"
#include "Quaternion.h"
#include "EuleraAngles.h"

PALLTEERTLTTEELTT LTI P s i ittt idriddrsidiiidrdddiryirrirrdid ity
/Y

// RotationMatrix ¥
1/

r/

// MATRIX ORGANIZATION

/1 EARAE R E IR IR DT E RO AT

/2588, RRRBEE RN EE - BEH R LR ER

/7 TRECERE DU BES R, I R IEAZH

/7 EEHRAR R BRI TSR, WRERTYAIIMREMESR, NERUEHEE
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/o ERR:

/f

/7 tREEB Pk A e

I/

I | mll ml2 ml3 |

/i [ ix iy iz | | m21 m22 m23 | = [ ox oy oz ]
1 | m31 m32 m33 |

/7

[/ R ER A 3E

/Y

Iy | mll m2l m31 |

f [ ox oy oz ] | ml2 m22 m32 | = [ ix iy iz ]
/o | m13 m23 m33 |

I

// ] LLGE 5 ) B R A AR B

'y

/] MBSk

/7

i | mll m21'm31 | | 1ix | | ox |
I | ml2 m22 m32 | | iy | = | oy |
Iy | ml3 m23 m33 | | iz | | oz |
!/

/1 D EEIR AR

/i

I | mi1l ml2 m13 | | ox | | ix |
£ | m21 m22 m22 { | oy | = | iy |
¥ i m31 m32 m33 | | oz | | iz |
/

JIITIIS TR T I T EATITT TS d i i i ddd i il ddddidrdsdiiitidiitidliily

// RotationMatrix::identity

A ok Rk il

void RotationMatrix::identity() |{
mll = 1.0f; ml2 = 0.0f; ml3 = 0.0f;
m2l 0.0f; m22 1.0£; m23 = 0.0f;
m31 0.0f; m32 0.0f; m33 1.0f;

// RotationMatrix::setup

/7 FRICHL 8 ki Fi
1/

S/ WR 10.6.1 1
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void RotationMatrix::setup(const EulerAngles &orientation) |
/) HEBER sin Ml cos {H

float sh,ch, sp,cp, sb,cb;

sinCos (&sh, &ch, orientation.heading);
sinCos (&sp, &cp, orientation.pitch);
sinCos (&sb, &cbh, orientation.bank):

// IR

mll = ch * cb + sh * sp * sb;
ml2 = -ch * sb + sh * sp * cb;
ml3 = sh * cp;

mZ2l = sb * cp;
m22 = cb * cp;
m23 = -sp;

m3l = -sh * ¢cb + ¢ch * sp * sb;
m32 = sb * sh + ch * sp * cbh;
m33 = ch * cp;

// RotationMatrix::fromInertialToUbjectQuaternion
/F BUER A — PR R VU o Mk e

/Y

// R 10.6.3 7

void RotationMatrix::fromInertialToObjectQuaternion(const Quaternion &g) |

// RICHERE, EHRAR TR EAT S FREAEMAN, BANCRES B IFE

mll = 1.0f 2.0f * (g.y*g.y + g.z2*g.z);
ml2 = 2.0f * {(g.x*g.y + g.w*g.z);
ml3 = 2.0f * (g.x*g.z - g.w*q.y};

m2l = 2,0f * (g.xX*qQ.y - g.wW*g.zZ);
m22 = 1.0f - 2.0f * (g.x*g.x + g.z*q.z);
m23 = 2.0f * (g.y*g.z + Q.w*qg.x);

m3l = 2.0f * (g.x*g.z + Q.w*g.vy);
m32 = 2.0f * (g.y*g.z - g.w*g.x};
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m33 = 1.0f - 2.0f * (g.x*q.X + q.y*q.y):

// RotationMatrix::fromCbjectTolInertialQuaternion

/7 BB E—ER e Y o B R R
/i
/7 W 10.6.3 %

void RotationMatrix::fromObiectTolnertialQuaternion(const Quaternion &g} {

[ /RFEERE, AR TR, EREETRELEMRN, BRIHERAESBLRER

mll = 1.0f - 2.0f * (g.y*q.y + g.z*qg.z);
ml2 = 2.0f * (g.x*q.y - q.w*g.z);
ml3 = 2.0f * (g.x*g.z + g.w*qg.y);

m2l = 2.0f * {(g.x*g.y + g.w*g.z);
m22 = 1.0f - 2,0f * (g.x*g.x + g.z*q.z);
m23 = 2.0f * (g.y*q.z - Q.W*q.X);

m31 = 2.0f * (g.x*g.z - g.w*q.y);
m32 = 2.0f * (g.y*g.z2 + g.Ww¥g.x);
m33 = 1.0f - 2.0f * (g.x*g.x + g.¥*q.y):

ity
]
// RotationMatrix::inertialTeObject

/7 %) R — i kAR
Vector3 RotationMatrix::inertialToObject (const Vector3 &v) const |
/1 BL bRMET AT R R

return Vectord|
mll*v.x + m2l*v.y + m3l*v.z,
ml2*y.x + m22*v.y + m32*v.g,
ml3*v.x + m23*v.y + m33*v.z
Vi

// RotationMatrix::objectTolnertial

/ /3 1] B 1R B B
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Vector3 RotationMatrix::objectToInertial (const Vector3 &v) const |
VR 1585

return Vector3 |
mll*v.x + ml2*v.y + ml3*v.z,
m2l*v.x + m22*v.y + m23*v.z,
m3l*v.x + m32*v.y + m33*v. z
Vi

11.5 Matrix4x3

RotationMatrix X HH 7k H KR R R R, B EE Bk, €87 Z A2 T BH. Matrixdx3
RE—ATEM—BACBMERE, CTHERARLCEEMERFAER. XMEERRET T —ROHERERE.
Eds . i, MR, REATFBRB . ZEEERRNEE.

Bk, Matrixdx3 2 )& LA RotationMatrix 25522 F[F]. RotationMatrix ¥ 5 A 45 7k i P44 2= [6) fil
RYEEMM], 17 Matrixd=3 HE RN A, BrCLBAERE —BEBAE “|” A “Hix" 2LFE2E. f
RotationMatrix A —F¢, 'EHE G MR EF RN EN, 25 AReEmBAHREER Bix)EHk. o
RE R RO T MR, AR,

X B AE R ARB M TRk ik, operator* (VM IR AR EH S ML AIER . BHARMNMAERITAE
ARSIARE, ZREBFRERT—F ANER4. '

Matrix4=3 & X 7F Matrix4=x3.h 9, WIF;
F25F ¥ 11.8 Matrix4=3.h

LPELETELLITTLTEL LA TT P T T I d TP LIP3 T i i i r i iiiiddiriiiiieived
I/

// 3D Math Primer for Games and Graphics Development

/Y

f/ Matrixd=3.h - Declarations for class Matrixd=3
Iy

// For more detalils, see Matrixd4x3.cpp
/o

FLTETELETTITETTT LT IT PRSI S 3T EE T T A ST i i i i i iiddirisririlrtisy

#$ifndef _ MATRIX4x3_H_INCLUDED__
fdefine _ MATRIX4x3 H_INCLUDED _
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class Vector3;

class EulerAngles;
class Quaternion;
class RotationMatrix;

// Matrixd4x3 3
/7 I 43 HEEREE, fESRIAER 3D R ER

class Matrixdx=3 {
public:

/e SRR

/1 EEERE
// EH 33 S4rassnER BE—TEASYVE

float mll, ml2, ml3;
float m2l, m22, m23;
float m3l, m32, m33;
float tx, ty, tz;
1/ ARtk

/7 R RO b

void identity():

// EE BB

wvoid zeroTranslation();

void setTranslation{const Vector3 &d);

vold setupTranslation(const Vector3 &d);

// MR R Z A <—> RS RARNEN, BER B2 REREN BN, S aTRRERRKE M

o BE ¥ R

void setupLocalToParent (const Vector3
void setuplocalToParent (const Vector3
void setupParentTolLocal (const Vector3
void setupParentToLocal (const Vector3

/7 FE Al bl e e ) R

&pPOS,
&pOs,
&pos,
kpos,

void setupRotate (int axis, flcat theta);

const EulerAngles &orient):;
const RotationMatrix &orient):;
const EulerAngles &orient);
const RotationMatrix &orient);
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/1 FIHESEAE R R B P

void setupRotate (const Vector3 &axis, float theta);
/[ PRERERSERR, AOE B TR e

void fromQuaternion(const Quaternion &q);

// Fg i e B A 1) 3 B

void setupScale (const Vector3 &s):

/) WS Rh R A 36 By

void setupScaleAlonghAxis (const Vector3 &axis, float k);
// FEY)ERER

void setupShear (int axis, float s, float t);

¢/ WHTBHRERERE, BT B AR

void setupProject {const Vector3 &n);

/7 i R A R

void setupReflect (int axis, float k = 0.0f);

/7 VXSGR T S i A

vold setupReflect (const Vector3 &n);
b

/] BRFF RAREBRASGERERE, RiENEFEME G REREFET

Vector3 operator* (const Vector3 &p, const Matrix4x3 &m);
Matrixdx3 operator* (const Matrixdx3 &a, const Matrixdx3 &b);

/1 W=, REFA C++iRMERIEN B

Vector3 &operator*=(Vector3 &p, const Matrixd=3 &m);
Matrixdx3 Loperator*=(const Matrixd»3 ga, const Matrix4=3 &m);

/1 W 3x3 BT HIE
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float determinant (const Matrixdx3 &m);

FAR= o §::] 3050

Matrix 4=3 inverse (const Matrix4=3 &m);

/7 SRERUH T8 AR 2)

Vector3 getTranslation(const Matrixd4x=3 &m);

/7 WS PR - SR e A R B — ) B A R B/ T o

Vector3 getPositionFromParentToLocalMatrix (const Matrix4x=3 &m);
Vector3 getPositionFromLocalToParentMatrix (const Matrix4=3 &m);

FRILLEEELTIEETIIIELdIELEdddL L Eiiiiiddiiiiriidiiiddiitidsidtdiiiiridiirsrs
#endif // #ifndef _ ROTATIONMATRIX_H_INCLUDED__

URITEEEDRROTIE . RNFBRELFHERREEBCOHRATAN. EHTRES
FIRMER, RITMANH—T.

Matrix4 X 3 28057 R 5% o AR MR v U b 3 A AR BOoR SE BUE FF I R E -

identity( K 58 B 8 B AL 5 B

zeroTranslation()i# it ¥ 8 /5 — 17 & A0, 0, OPRIUHIERMM FBAS, REZRIHIGX3
HPARZER.

setTranslation( )45 & B 0 -8 5B 4 @ A48 26, A 3X3 #i4r. setupTranslation() X & ¥
BERAT . B 3X3 WO RN, FERSBRVIEERR.

setupLocal ToParent()8) & — /55 B A3 AN R I AL PR 8 A B B AL A bR 1), HEG R
MAKE 2R (R) 26 A AR AR A I R IR B A 7 1) . R R BRE A VR VT R R A4S SN 1 AL R 5 (] 32
10 ) 1 5 A A 4 () () e R (24 B 989 R AX 4 R ). JR BB AR AR AE 18] ¥ 75 G T LA A BR A M SR BE %
EHEN. FAEREMER %, BRECREFLHER, REEETEMEH.
setupParentToLocal() i B H 3 $447 Hl B L B O3B % .
setupRotate()ffI 7 > E 4% 77 tE 4P AN A — I SeS R MO SERF . IR B R A b, A —
ZRfC A T, W.cpp THIRE, 1 AE x B, 2Ky M1, 3K M. SHEEMIEHE,
H % A MR A M) setupRotate(), Sl —> 807 ) 5 AR R BGEH Bl
fromQuaternion()3 — 1 DU L E 3 M BIB X, EERK P A 0.

setupScale()BI 8 — NE B BT IS A HR RO B S EBH S HR. MARBREEH X, y, 2 K
MR . SR, R A AR EAE R 0 1 .

setupScaleAlongAxis() 8! 8 — -~ 8 FE $4 1T #5 42 877 1) 4 fil EXAMEIRELE—NF LA/
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Fil E——%FHEETRESH, FELEIENLR.

e  setupShear()EIE —PMUIZEHEE. ATUFEZXITRBERABSNTE, UTHSEOAN.

e  sctupProjectOfE — M HEHM. ZHEMEREFLREAHEETHE R RN FEER.

e  sctupReflect(fE — M- FHB|MBM M. B—PlAS, LirdHE - BFEHRE, FEA
BFLRER. BIMRAPHEEAERNEAER, BVHSAFIES. B THERATE
RAFFHER, LAMZEERENEYNEREEERE. )

AT ], MIMEHEARBOCE, KHEMZERA operator* (VAT . HEPFIER L AXFEE.

determinant()e ¥ FEMERTIIA. LEACAT 3X3 #2, WREERE—FIEH[0,0,0,1],
W ogfG—TCF B BEA—FIK 0 H X,

inverse() i H IF R BIAE RE A0 . MNBRACEE PR, Eik EATTRERT 4 X3 HRERY, REHTHELRE
ki, FrUAEAE—K, BEMERSL—51[0,0,0,1) RIET Aiktt.

getTranslation()J& — AN Bh ek 2., #BHLAR BIEAIRBUERER T B .

getPositionFromLocal ToParentMatrix()f! getPositionFromParentToLocalMatrix() &2 M A 4 #5 %2 ]  $8 HX
EHEYEZMAIEMNRR(ZTERKD), TEAATHRENRE, EXMER L, XIRIFER
setupLocalToParent()®! setupParentToLocal()5< T AL B fB 4 13 R 3R 1F. 2R, ErTLAXHERERFERZXA
AHEERE R —ARAES), TIAULET setupLocalToParent()R1 setupParentToLocal()*=4: I I .
LARK A e M G B P 4R U L, R E ¥ A EulerAngles B — i

Matrix4x3 257F Matrix4x3.cpp P3LH, IF:
AFAE 119 Matrixdx3.cpp

AIELESETITIEETISTIAEEL P diiidddddiiiidididddidiiiddddrinddidiididtitidiiidsdy
!/

// 3D Math Primer for Games and Graphics Development

!/

// Matrixd=3.cpp - Implementation of class Matrix4x3
I/

// For more details see section 11.5.

!

LIEEPTTTTE AT EE i airid i iirrritiiriiitiridd

#include <assert.h>

¢include <math.h>

#$include "Vector3.h"
#include "EulerAngles.h"
#include "Quaternion.h"
#include "RotationMatrix.h"™
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#include "Matrixd4x3_.h"
#include "MathUtil.h"

PHLEEELTTEEE TP Pi i iidrdiiirdddirriiriidiit it i riiiiditidir i iiidiiriidy
!/ '

/ ER:

/

/) BEREHERL 1L E

1

!/

// MATRIX ORGANIZATION

/7 EEMELHEHARATETERA, APAFARESZREASHEREIGR “HBRRER" SR, AHTR
AT RN EER

/7 OURH T RAEMAERYE, 60T RATRAEMMNIERE RGO ER SR, 8REH TR

/0 Bk, 7EX R — T REREERENARE

/1 BAVERTTER, FrLUERRERALT.

r/

r | mll ml2 ml3 |

/I [ xyz ] | m2lm22m23 | = [ x'y" z' )
’/ | m31 m32 m33 |

/7 | tx ty tz |

/B R R AR B, X R A ROLAT
//RATFTEAE R, AN EEARN R, 8291
/1A, BT ax3 ERERARRIK, BREREMEESE45, B 000 1 )

/W F s

/

Iy | mll ml2 ml13 O |

Iy [ xyz 11| m2l m22 m23 0 | = [ x" y' z' 1]
/i | m31 m32 m33 0 |

I/ | tx ty tz 1 |

/RS T R R AR (7.1 e W 7.1, 7)), EEHERTMEX
/!
JIPIZEIEEEELTLT AL LTI AP EIEEdTET LI PIL I i i i i idiiireiiy

JITEET I EE I ETTTELLEE T T T T E T IS FT T Ediiirdsiiriiidifiiiniriiss
!/

// Matrixd=3 2R

!

JELETIIEEdTI T d i i i dddiiddididiiidridfididdiididdiiidiiiiisriidiiiiiiiiiriiry

// Matrixd=3::identity

/1B AL R
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void Matrixd=3::identity{) |

mll = 1.0f; ml2 = 0.0f; ml3 = 0.0f;
m2l = 0.0f; m22 = 1,.0f; m23 = 0.0f;
m3il = 0.0f; m32 = 0,0f; m33 = 1.0f;

tx = 0.0f; ty = 0.0f; tz = 1.0f;

// Matrixdx3::zeroTranslation

/) HASTFBRSNBNTELNT

void Matrixd=3::zeroTranslation() {
tx = ty = tz = 0.0f;

J/ Matrixdx3::setTranslation

/7 FBWBIMRE SBCHRRER

void Matrixd=3::setTranslation{const Vector3 &d) {
tx = d.x; ty = d.yi tz = d.z;

// Matrixd4=3::setTranslation

/1 FRETRE, BEChRERN

void Matrixd4x=3;:setupTranslation (const Vector3 &d) {

/7 GAEERIR B AL

mll = 1.0f; ml2 = 0.0f; ml3 = 0.0f;
m21l = 0.0f; m22 = 1.0f; m23 = 0.0%;
m3il = 0.0f; m32 = 0.0f; m33 = 1.0f;
/I EBERE

tx = d.x; ty = d.y; tz = d.z;

// Matrix4x3::setupLocalToParent

/ /EAT R IB— LB A R GIERE, RS2 ) i A B 77 £ 7 52 %2 () o ikt
/1N ERY YRR EREDE - FORRERE, M EREENHEN.
/TEEND G RZHRBIMETEE, BEEERIHS M0

/ /7 rey Bl Bk by A e A PR
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volid Matrixd4=3::setupLocalToParent (const Vectorl &pos, const EulerAngles Lorient)

/1 B R R

RotationMatrix orientMatrix;
orientMatrix.setup(orient);

/1 KM 43 FERE
/7 VR MBEEEXEE, ROTUEETHER, T/ RotationMatrix InF$
/XS E R EOA R — e B

setupLocalToParent (pos, orientMatrix);
}

void Matrix4x3::setupLocalToParent (const Vector3 &pos, const RotationMatrix &orient)

/7 B PR BERE B 4y

// H4E RotationMatrix.cpp HHIEE, REfHEM “—8” RAR 1 — P i
/] RRZ—~REXR ‘

/! BATKRME BB~ CXRMAER, BLEEEE

mll = orient.mll; ml? = orient.m21l; ml3 orient.m31;

Il

m21 = orient.ml2; m?2 = orient.m22; m23 orient.m32;

m31 = orient.ml3; m3i2 = orient.m23; m33 orient.m33;

[/ BEREEBHS. PBE3=3 M2 “2/E7 , BRI R0 5L

tx = pos.X; ty = pos.y; tz = pos.z;

// Matrixd4x3::setupParentToLocal

/4 HIREIRAT S0 — BT A1 08 B 0 RE P, R 4 (6 ) (3 B i R S (] o A
/1 ETTEERH WA A i R R — A O TR B R

/) BERADTRE G EE R B0, SRR AEE

/7 4x3 MEEEAT LR — MR

/1 BTUARA MBS RERE T MR, HiE M=TR

J/ LT A bR f aRURE ¥ B 0

void Matrix4x3::setupParentToLocal {(const Vector3 &pos, const EulerAngles &orient)
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[/ EER — A R ¥ AR

RotationMatrix orientMatrix;
ocrientMatrix.setup(orient);

/7 BHE 4x3 HEPE

setupParentTolocal (pos, orientMatrix);

void Matrixde::setup?arentToLﬂcaltconstvEctarE&pns,constﬁotationﬂatrix&orient]

/SRR B 0 RE 4
/f AT HBERECR (FAHEE) . HIE RotationMatrix.cpp SERMGHF A B0 Ay

mll = orient.mll; ml2 = orient.ml2; ml3 orient.ml3;

It
It

mZ2l = grient.m21l; m22 crient.m22; m23 orient.m23;

m3l = orient.m3l; m32 orient.m32; m33 orient.m33;

/O EETFEEAS

A TR, MR EMRPE TR R H TR A i

/o ABENATIRER R <k RAM, FTUARN R T B4
/) EKHEGHTEE-pos MM T. BOERESEMR,

/1 BHEEATERER TR £ —HK

tx = —(pos.x*mll + pos.y*m2l + pos.z*m31);
ty
tz

Ik

-{pos.x*ml2 + pos.y*m22 + pos.z*m32);
-(pos.x*ml3 + pos.y*m23 + pos.z*m33);

// Matrixd4=3::setupRotate

/ ¢ R XEGEMA b Hh E ¥ (56 B
//BERR R — A 1 BRI ERS R
r

/f 1 => 5% x $ilER

/i 2 => B2y RhiEY:

ff 3 => 5%z WiEW:

//theta IR, LIERR, HEFEUWEX “EHm”
[/ FRHESEE

s

/) BEGREN . 2.2F

void Matrix4=3::setupRotate(int axis, flocat theta) {
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/) B RER AR sin M cos A

float s, ©;
sinCos (&3, &c, theta):

/7 EE R

switch (axis) |

case 1: // 98 x $hles;

mll = 1.0f; ml2 = 0.0f; ml3 = 0.0f;

It

m21l = 0.0f; m22 cl
m3il = 0.0f; m32 = -5;
break;

case 2: // 9% v HEEY:

mll = ¢; ml2z = 0.0f; ml3
m2l = 0.0f; m22 = 1.0f;

m3il = s; m32 = 0.0f; m33 =

break;

case 3: // %z WilE¥

m31 = 0.0f; m32 = 0.0£; m33 = 1.0f;

mll = c; mlz = 5;
m2l = -s; m22 = ¢}
break;

default:
/1 FERS

assert (false);

/1 PRESEF

tx = ty = tz = 0.0f;

// Matrix4=3::setupRotate

mZ23 = s;
mi3 = c;
m23 = 0.0£;
3
ml3 = 0.0f;
m23 = 0.0f;

e e S S S

. i
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/BT AR NERE . NS il it IR A

/ 1 T ¥ Al Ay AL 1) Bk

//theta REFAR, UMBEFRR, HETFENREY “FHH”
/I FBETEF

/i

// BEERERS.2.3 1

void Matrix4=3::setupRotate (const Vector3 &axis, float theta) {
/1 P RER R T i B
assert (fabs({axis*axis - 1.0f) < .01f);

/BT RE AR sin M cos i

float S, C;
sinCosz (58, &c, theta);

// WH 1-cos (theta) Hl—26 0 FH I -F &ik =X

float a=1.0f - ¢;

float ax = a * axis.x;
float ay = a * axis.y;
float a4z = a * axis.z;
/7 HB T E R .

HIE AR AL, B IT BN REN, BAEE ML HSRTS

mll = ax*axis.x + c;
ml2 = ax*axis.y + axis.z*s;

ml3 = ax*axis.z - axis.y*s;
m2l = ay*axis.x - axis.z*s;
m22 = ay*axis.y + c;

mZ3 = ay*axis.z + axis.x*s;
m3l = az*axis.x + axis.y*s;

m3iZ2 = az*axis.y = axis.ux*s;

m3il = az*axis.z + <

/) FBESRS

tx = ty = tz = 0.0f;
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// Matrix4=3::fromQuaternion
7 f WA Y 70 3 % e 3 B
JIEBHSER

!

S/ BEERER10.6.3 1

void Matrixdx3::fromJuaternion (const Quaternion &q)

/) WA EF A

float
float
float
float

b

Yy
zZ

2.0f *
2.0f *
2.0f *
2.0f =

/1 HEETERNBE.
/7 TRERANNS, BAREEHERAN TFRES BRIEXMEHSHTR

mll = 1,.0f -
ml2 = xx*qg.y
ml3 = Xx*g.z
mZl = ®HX*Q.y
m22 = 1.0f -
m23 = yy*g.z
m3l = xx*g.z
m32 = yy*g.z
m33 = 1.0f -
/1 PR EF

q.
q.
q.
q.

L
x:
¥
Z;

Yy*dq.y - z2*q.z;

+ wWww*qg.

- ww*q.

- ww*q,
HxX*g.x

+ vWw*q.

+ WwWw¥a,

- ww!q'

2y

ZZ*q.Z;

XX*Q.X =~ YY*q.Y¥;

tx = ty = tz = 0.0f;

// Matrixd4x3::setupScale

I

/1 R A A TR R

/7 RFREMET k. EREE vector3 (k, k, k) R

!

/I TBETEF

//

/f BRERERLS.3.1H

{
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void Matrixd=3::setupScale(const Vectord &s) |

[/ HEETERE, FEEE

mll = s.x; ml2z = 0.0f; ml2 = Q.0f;
m2l = 0.0f; m22 = s.y; m23 = (.0f;
m3il = 0.0f; m32 = 0.0f; m33 = s5.2;

[/ PR EE

tx = ty = tz = 0.0£;

// Matrixd4=3::setupScaleblonghxis
!/

// HE AR R R AR I

/7 e A B ] R

1/ FBRSEF

/Y

/f BEERFR .3 2N

void Matrizd4=3::setupScaleAlongAxis{const Vectord &axis, flecat k) {
/KBRS R R A e &
assert (fabs{axis*axis - 1.0f) < ,01f);

/W k-1 BIE R )7 RIEK

float a=5k-1.0£f;

float ax = a * axis.x;
float ay = a * axis.y;
float az = a * axis.z;

// FERETUEBE, XERIIE Sk, BN AT RES

mll = ax*axis.x + 1.0E;
m22 = ay*axis.y + 1.0f;
mi2 = az*axis.z + 1.0f;

mi2 = mZl
ml3 = m31
m23 = m32 = ay*axis.z;

ax*axis.y;

ax*axis.z;
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/! FPHETEF

tx = ty = tz = 0.0f;

B
// Matrixdx3::setupShear

1

/ /¥ V1A

/YRR ARG T, BHRBOR LT AU AT
1

f/ axis == 1 => y += s5%*x, 2z += t*x

i axis == 2 => x 4= g*y, z += t*y

I axis == 3 => XK += s*z, y += L*zZ
/PR EF

1/

/) BEERHL 8.6
void Matrix4=3::setupfhear (int axis, fleat s, fleoat t}) |
/1 B
switch (axis) |
case 1: // Hx¥IEy Wz
mll = 1.0f; ml2 8; ml3 = t;
mz2l = 0.0f; m22 1.0£; m23 = 0.0£f;

m31 = 0.0f; m32 = 0.0f; m33 = 1.0%f;
break;

case 2: // Myt xfz

mll = 1.0f; ml2 = 0.0f; ml3 = 0.0f;
m21 = s; m22 = 1.0f; m23 = t;

m3l = 0.0f; m32 = 0.0f; m33 = 1.0£f;
break;

case 3: // Hz¥U1ExHly

mll = 1.0f; mi2 = 0.0f; ml3 = 0.0f;
m2l = 0.0f; m22 = 1.0f; m23 = 0.0f;
m3l = s; m32 = t; m33 = 1.0£;
break;



218 3D #F kak: B 5N TFE

default:
/7 AEEES

assert(false);

}
/O FBEEF

tx = ty = tz = 0.0f;

// Matrixd=3::setupProject

//

J/RERE N, AR TRLERS, HEETRAMAAE n
//

// BEEERERS.4. 21

void Matrix4x3::setupProject (const Vector3 &n) |
/7 R AR O A R
assert (fabs(n*n - 1.0f) < .01f);
PERETERE, XEROACTERRAERE, BB A CEMHSF

mll = 1.0f - n.x*n.x%x;

m2Z2 = 1.0f - n.y*n.y;
mi3 = 1.0f - n.z*n.z;
ml2 = m2l = -pn.x*n.y;
ml3 = m3l = =n.x*n.z;
m23 = m32 = -n.y*n.z;
!/ FRMIEE

tx = ty = tz = 0.0f;

[/ mmm e —————————————— e e ———————————————
// Matrixdx3::setupReflect

'y

/s R R, R IR TSR
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I
!
I
!/
I
!
/i
r
/i
!

void

F& P e — 1 RI1EE

1 => ¥ x=k FHEIRH
2 => iy y=k Fll &5
3 => Hf z=k ¥4

FHRSEHEENE, Bh k=0 /- TPBRE -EaREN

EEERENe.5W

/7 HI P

switch (axis) |

case 1: // ¥ x=k ‘Filo&&

mll = =1.0f; ml2 =
mzl = 0.0f; m22 =
m31l = 0.0f; m32 =
tx = 2.0f * k;

ty = 0.0f;

tz = 0.0f;

break;

0.0f;

ml3 =

1.0f; m23 =
0.0f; m33 =

case 2: // H y=k FlIRH

mll = 1.0f; ml2 =
m2l = 0.0f; m22 =
m3l = 0.0f; m32 =
tx = 0.0f;

ty = 2.0f * k;

tz = 0.0f;

break;

0.0f;

-1.0f;

0.0f£;

case 3: // #fz=k PllR%

mll
m2l

1.0£; ml2 =
0.0f; m22 =

0.0f;
1.0f;

ml3 =
m23 =
m33 =

ml3 =
m23 =

Matrix4=3::setupReflect (int axis, float k)

0.0f£;
0.0f;
1.0f;

0D.0f;
0.0f;
1.0f;

0.0f;
0.0f;
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m3il = 0.0f; m32 = 0.0f; m33 = -1.0f;

tx

ty
tz

0,.0f;
0.0f;
2.0 * k;:

break;

default:

/1 AREES|

assert (false);

i et
// Matrix4x3::setupReflect

/7

/M REHEME, RAPEmEAEEAREETE, BESTRAMFEN

R4 500 &

/'

/) BEERERL 8.5

void Matrix4x3::setupReflect {const Vectorld &n) (
[/ REREFRRE AR &
assert(fabs({n*n - 1.0f) < .01f):
/1 WA TRIEX
float ax = =2.0f * n.x:
float ay = =-2.0f * n.y:

float ag = =-2.0f * n.z;

/PR LERE, XERMNE AmRNARE, BRI MURES

mll = 1.0f + ax*n.x;
m22 = 1.0f + ay*n.y;
m32 = 1.0f + az*n.z;
miZz = m2l1 = ax*n.y;:
ml3 = m3l = ax*n.z;
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m23 = m32 = ay*n.z;

/IFBETEF

// Vector * Matrixd=3

/Y

// BEEA, XAHEHERERGES LS RE -FEA
/Bt =ZHE, UFE CESTIEEIIM

I

S/ 71T

Vector3 operator* (const Vector3 &p, const Matrixd=3 &m) {
// IR R EGEN

return Vector3(
p.x*m.mll + p.y*m.m21 + p.z*m.m31 + m.tx,
p.x*m.ml2 + p.y*m.m2Z2 + p.z*m.m32 + m.ty,
p.x*m.ml3 + p.y*m.m23 + p.z*m.m33 + m.tz
)

Vector3 &operator*=(Vector3 &p, const Matrixd4=3 &m) |
p=p*m
return p;

// Matrix4=3 * Matrixd=3

//

fOEREER, XEEEHEEARSER LB O
/iR =E W, LTS cIESMEEIAM

{/

//#ERT.L.6H

Matrix4x3 operator* {const Matrixd4x3 &a, const Matrix4x3 &b) {

Matrixd=3 r;

/1 HEE ER 3«3 (TR $a
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r.mll = a.mll*b.mll + a.ml2*b.m21 + a.ml3*b.m31;
r.ml?2 = a.mll*b.ml2 + a.ml2*b.m22 + a.ml3*b.m32;
r.mi? = a.mll*b.ml3 + a.ml2*b.m23 + a.ml3*b.m33;

r.m2l = a.m21*b.mll + a.m22*b.m21 + a.m23*b.m31;
r.m22 = a.m2l*b.ml2 + a.m22*b.m22 + a.m23*b.m32;
r.m23 = a.m2l*b.ml3 + a.m22*b.m23 + a.m23*b.m33;

r.m3l = a,m31l*b.mll + a.m32*b.m21 + a.m33*b.m31;
r.m32 = a.m31*b.mlZ2 + a.m32*b.m22 + a.m33*b.m32;
r.m33 = a.m31*b.ml3 + a.m32*b.m23 + a.m33*b.m33;

/1 B ES

r.tx = a.tx*b.mll +

fu

Lty*b.m2l + a.tz*b.m31 + b.tx;
ty*b.m22 + a.tz*b.m32 + b.ty;
a.tx*b.ml3 + a.ty*b.m23 + a.tz*b.m33 + b.tz;

r.ty = a.tx*b.mlz +

fu

[

r.tez

/7 GREHE, AR AT R A G R
£/ RERAFFEE, AW AR 00 of HE NI 0 M 4 4R (el

return r;

Matrixd4=3 &operator*={(Matrix4=3 &a, const Matrix4=3 &b) |
a=a®™b;

return a;

// determinant

I

JESBLE L 33 o
'y

J/ TEGFEERL . 1.1

float determinant {const Matrix4=3 &m) |
return ,
m.mll * (m.m22*m.m33 - m.m23*m.m32)
+ m.ml2 * {(m.m23*m.m31 - m.m21*m.m33)
+ m.ml3 * (m.m21*m.m32 - m.m£2*m.m31) ;



//" inverse
!
/7 KBERY, FHSAPERBERLITHRANS

jii$%ﬂﬁﬁ&2iﬁ

Matrixd=3 inverse (const Matrixd=3 &m) {
/1 HEATHIR
float det = determinant (m);
[/ MBRFRE, RTINS, WEHBERE
assert (fabs (det}) > 0.000001f);
/1 WE LATRIR, BRAOREABER X
float oneQverDet = 1.0f / det;

£ VR 33 BRAMRYAN, FIPEBREERERR LATFIC

Matrixd=x3 r;

r.mll = (m.m22*m.m33 - m.m23*m.m32) * oneOverDet;
r.ml2 = (m.ml13*m.m32 - m.ml2*m.m33) * oneCverDet;
r.ml2 = (m.mlZ2*m.m23 - m.ml3*m.m22) * oneQverDet;
r.m2l = (m.m23*m.m31 - m.m21l*m.m33} * oneOverDet;
r.m22 = (m.mll*m.m33 - m.ml3*m.m31) * oneOverDet:
r.m23 = {(m.ml3i*m.m21 - m.mll*m.m23) * oneOverDet;
r.m3l = (m.m2l*m.m32 - m.m22*m.m31) * oneQverDet;
r.m32 = {(m.ml2*m.m31 - m.mll*m.m32) * oneOverDet;
r.m33 = (m.mll*m.m22 - m.ml2*m.m21} * coneQverDet;
/1 T EF R

r.tx = -{m.tx*r.mll + m.ty*r.m21 + m.tz*r.m31};

r.ty = -(m.tx*r.ml2 + m.ty*r.m22 + m.tz*r.m32);

I

r.tz

J/ REHE, 3R T R DL R e B

-(m.tx*r.ml3 + m.ty*r.m23 + m.tz*r.m33);

/7 GREMEARE B, %A R IhG) o MAEE X 00 M 7 55 R IEIHE

¥ 11 ¥ CHER 223
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return r;

// getTranslation
/1
// Bl BT SOR E 8 84

Vector3 getTranslation (const Matrix4x=3 &m) {
return Vector3d (m.tx, m.ty, m.tz);

e e e e e
// getPositionFromParentToLocalMatrix

// '

/1 WS~ R Gt 5Pk ) B E B cp R A A o B

/1 BB TR

Vector3 getPositionFromParentToLocalMatrix(const Matrix4=3 &m) |

// AEEBERLL 33 BANEE
// B REAN (T EEA MR TR 2R )

return Vector3 |
-(m.tx*m.mll + m.ty*m.ml2 + m.tz*m.ml13),
-(m.tx*m.m21 + m.ty*m.m22 + m.tz*m.m23),
={m.tx*m.m31 + m.ty*m.m32 + m.tz*m.m33) "

// getPositionFromLocalToParentMatrix
/! .
/1 MR~ (i — i) BRI R

Vectord getPositionFromLocalToParentMatrix (const Matrix4=3 &am) |

/1 B B R B

return Vector3{(m.tx, m.ty, m.tz);
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RO R R B AR LRI A AR, BREEZATRRBTRETESEANERERH.

121.2 SHWART

EtRRASHE AR, BRATA—ATEM 2D Bl FHFH, XM FEAET (AR
x(t) =cos2nt
y(t) =sin 2nt

XE  BARESE, SRR AR R X, 2 0E 1 B, AG0), yO)ESER R E A
BIFEAR . 3540 S ) B — A o ZE S B AT B (B P 12,1 BT )

ey

Ei12.1 B8EERHE

RAETENHLE ¢ ARMNBENERREANZL, BREXRZHEHELT, B2HMTREBMBSIZE 0 21
ZM b 8hE—. H—MERLHZRTEEEN R, [ RETH “KE”.

WMERREAER 128 MRIERENATRN. STRRAGNPER—F i, 7R REEE]
RRAZ T ITHZE, NEBRBEZHISH, S@F 80 s M. WERBHPNER—AHE.

1213 “HE” BEXART

BAVEZAR R EGmAN “HE" i, REAEHFEFOARBRMREAT. ©II8HETALRTmE
., ALY ERNEHE TR RNEEZAER. W, AR EARRER —MRE. ARG
BRFF—IH. HEEARRET ANEEERKEL.
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1214 BHE

A LMETHE - MEEOENE: G, GaERIE ViR ZE A ®E RN DA,
R, A—/LAEG ARERFEFASNEHERTRER. A, RINSKR “ER" WEBE
KRAEH EHTETSEL S RTIRERN, KETTA T PUR —E 4 B AR, R e
A BATAHE .

12.2 EH&%MH4%k

At 2D HI 3D PN E LR L. XBEAERREER, FLIJLAFR, HERRRE T IEX:

o HEMMNHAILREM.

o LBEBEHAKMAWHNS, AMITHA.

o SEEELM —E”, A MRAH DT TEREM.

BN R S, FEE IR E S R . ACBAE CHA M 8B Mg X
{Ex; “HHER” Ky AR e

o SIRRIAAMKE.

WRAIED, SEARARNEE. X, —FNEREXT —AE, —AMARKER—A T EERE

%ﬁﬁﬁﬁ@hEﬂ%ﬁﬂﬁiTﬁﬁﬂ¢ﬁ&%m%Eﬁﬂﬁ&u%ﬁ&ﬁﬁnﬁﬂ%ﬁ%*ﬁﬁ%
HEBEMME, ZEENTEHNES. (LE 12.2)

+ >

Line: extents infinitely in two directions

[ * — ——

Line sagment: porion of a line that has finite length

s ——————————————————————}

Ray: directed ine segment. Has length and direction

B12.2 Hik. SEMSLNOIIEL
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1221 BEFRE
RS R BT RA UARA: EAp,, ML Sp,, . W 123 iR

Porg

E N S P FU S

H12.3 HESMESENH%

12.2.2 SIS ER

2D 13D PHEMEAS B ETR. 2D HENSHEERBEI R, nmaX 12.1 Frns:
x(t)=x, +tAx
y(t)=y, +1hy

N 121 2D ST ZHUE 1
3D SR 2D R EHEY B, REFNLES 3 MERB 0. 28 MaEEb 0 1.

RS RO S MR T MK, (AT KR AT SRR, AR 122
i 7

p(t)=p, +td
R 12.2 A o) il i FOoR 8 2 2 U A

SR S p0) =p, - XA, p, HETHAMNMERR, FNMEME d 5555 T EHRERTH.
MM S p(1)=p, +d . W 12.4 FiF:

=1

Po _
! =0 |

E12.4 SEEANSTE
FE— YU AR, ROTHEERAR 12280 -F3K, d YAGEE, 28N 0Th3, 1 B
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HERHKE.

12.2.3 $3%kH9 2D EERTFHE

A4 RA AR . X EIGERT 2D, 7 3D PARMNR A EE XHEFEL 12.5 7).
2D &, ATEMERAR 123 BARREEK:

ax+by=d

N12.3 2D HEEmERE X

'.:‘ii F B bR AEARA: ax+by+d=0. d HHFHEMNRBGL>XAE, HANK A 2K
1236 5E A€ 2%,

W FR R IE Y, B n=[a, b], MERICEHAN123ERAK 124 e
p-n=d
AR 12,4 HmBECER 2D HEMBEARE X

o g R LR B kI, n 4 R BXH RS BRERNE L. W n Y REEE, K
LHFER FIHELSBHE. XD T o M d HFEXN/LARE, ATHERTSNREC.

Rl MR, BHRER, HHSFTARENX, R2K 125
y=mx+b
2R 12,5 FEE ha

m REKN R, BT rise Ml un QLA @ EBD) rise B M mABE run .40, bRy
BEEORF TR — L b). b ZHTLARRN y iR, R A LA y AR T 0. 3 x=0 {RN LR
R, RO LAEBHE N EEA y W T y=b. WA 12.5 TR,

APEEMBE N 0, BAHLMPRALEHK, FRAMBART. RHAKNBRARTRA:
x=k

H— W?ﬁﬁﬁﬁ%ﬁ?ﬁ%ﬁﬁﬂﬁ%ﬁﬁaﬁm&ﬁﬁnmﬁﬁiuﬁ%mﬁﬁﬂﬁ%d FruE ) BA T
Bk E, EEMNRERT AEMME,. WE 12.6 B,

AR, RARAR 124 H—HEkER. n EEATHANRMME, 00T RABEENATS
BEE . XAEEAAEETHENAMTT 0 EEERN. HAREENEBRMRAKNFERNER n
REHSEEAHE W, WdhiE. %d¥8R, HEETR B,
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M12.5 ESMHEM  WE M12.6 BEAMBHNERSHEEEVELE

—ﬁE%EmEﬁtﬁﬁ%%ﬁﬁﬁ%ﬁfﬁ%%ﬁﬁﬁﬂﬁﬁmﬁﬁ,%ﬁ,ﬁﬁkmﬁﬁﬁﬂﬂ
L. HEm MR AERTHERRREE R n Fox. W 12.7 Fir.

Bl —HEXREHERFEAWNNS S q M r WEEESL, WA 128 fis, B E, XHREHARE
H—REN: BFMi S E EEAFNARES.

127 AEARRMEX LM —RXEXES 128 AEBENEREFIRENELS

12.2.4 EARFRTH XK

AR aGH 2P T, BrEXIEKLEHFENARR A EMNERN. XEREREFE RN
AE. T8, HENRTRHTEDGERT 2D.

ML g XAHE RIS RN
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pl]:purﬂ

HR MR, NS BEAFHREIF e X

pu:rg:pﬂ
pem‘=p0+d

mBLE-FHEINSEER, RERBAPHHHEOTEFROELARARR:
d |

¥

-d,
Por xdy - pwrdx

R T R
o

HA&MBAHLRIFRR:
m=-alb, b=d/b

FR, BEEAN b RBBRA— y=mx+bFM b FEHAN O MRBK ax+by=d F y NRH.
ME LR HERE “HRERRER" B
n=[a b)/Ja®+b | |

distance=d / \/a—z +b?

WA BB R ERERE AR R n SRR ).
n=n

distance=n-q

BJ5, NEAFHEREANRBRBREL

a=q,-r,
b=r.'l'-q1
d=q+r-[a b] -
+r
= —a,-r, r.-a]
_(q,+r,Xq,-r,)+(q,+r)r,-q,)
2
_ (9.9, —q.r, +rgq, -rr)+(qr —qq. +rr -rq,)

2
= rrqy - r_p'qj.
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123 ¥k # [E

B —Fh 3D 1%, AL_){/EJ:'[‘U > HE K Er]h!!]#.l/{‘j..ﬂ)L L\-.Iiﬂ"”yfﬁ MRS, -E']‘-H“ = ;{.”:’I:"JI-J‘- Lo 1F) B 28 FR
fFERMI3EE . BRE H R R AR A B R ¢ FIAR

wiE 12.9 Frs.

E12.9 BEkOERENRITK
RO e i L R E R BRIV ATE. “TARER” SR AR ENREE, Eoh R
b —ANERE A RAERH 6. b T —DsRe AL e R, B U b 57 BRI A0 %
AR .

hERAE TS EnRARRER: BIROMERASERENLANES. OB e, ¥R
i r ) ERM AR TEA N

lp—cl=r
N3 12.6 ) B i v A BR 1 B X s

ﬁﬁp&ﬁﬁﬁt%ﬁﬁ-h fn RFE L ER N SR A p b XA AT, s A E Sy ¢
At 12.6 it 2D MF B R F . AR 12.6 76 3D PREFF, MiaRIN-FAH @A 12.7:

(x=¢) +(y-¢,) +(z-¢) =r
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an 2.7 EHEEREE X

BAEAREARNERG IR ONELZSBARIMZA, ﬂﬁ*ﬁﬁﬂﬂ@ﬁﬁﬁf’ﬁﬁ%}ﬁﬁﬁ:{%
A—AE I NAK), RAK 1238

D=2r
C=2nr

=nD

~ax12.8  EAMEENEK

A 12.9 ZBEMEH:

PR

AxX12.9 HmM

ERER MBS R v a8 Adn A 12.10 B

S = 4qr’

V=:1—1'I;r3

AR 1210 BRAYRE BRI

IRFEMB S, ELER N EETEOAS. WEBRRR 2ER K, RERMRMT—RERERR.

12.4 (6L 5R4E

5 —FE 0 A ok 2 ARG JL AT B T RS TR AR . SEFA AR LR SR F R ERAERE T
. B R E A RES RS, MR CHLLHER T L. 5 AABB % R K2R axially aligned
bounding box (il %} F5E il 5 HE), OBB A% R oriented bounding box(5 a1 ikl fHE). #ATFHIEL
FIERLASOIR, THSTEH, RATHRHEA. |

—A~ 3D f] AABB ;%!tﬁ:ufr*fﬁi S EE, BT T MR FRIAFES e AL
Hik, K. ¥, e LlEEARE. 5 12005, BT -SERMN 3D YERE 11 AABB.
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12.10 3D ¥{EFE118Y AABB

1241 AABB BYFRIEFE

540 AABB R — ST S0 RIS | A AX Se(d i BT F B0 2% . AABB W ) £ 2 T A K
Xinin =X SXmax
Ymin SV Vmax
Zmin =2 Zmay

] AP TH A R

pmin = [xmin yﬂ“l‘l III'Eln"l'm]

Pro =[Xmex Voo Zonws)
HFlsic M
€= (Prip + Prrar )/ 2
“Refmi” s BMp,,, 80 p,, Mo, GFTHEBLFENK. B, &
=P P
] PR R A AR “Em i o, ERAPOIRR p,, 06 &
r=p. —¢
=s/2

YiHihsE L —4 AABB HEEpP ., P, ¢ s riX 5 AABRPREAG s B r AR, ©
1 AL A AT AR ). 2E— S50 F, SRR LGS TH . RIOBUHAp,. Mp
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ARAARKE, EAEFENAS. ERENMEFELEE e s, ro 4R, dp,, Mp,, THHR=/AF
FERE— A EMREES M.

RN Cr+RFS, FRFHEMEER AABB, XE - MERBOAHNE, NASHERRGE
4GRS 5L L 13.20 45).

class AABB3 |
public:
Vector3 min;
Vector3 max;
Vi

12.4.2 1% AABB

i+§-—¢ﬁﬁﬂ%ﬂﬂ AABB RAEHE RN SolE/MEMBAETAY “EAKXITK” BAEF tLER
THBNERARMEENOE. BE, BHERA, S RAUMEAZCREHIA ML,

BAIE AABB EHSIATHRANHBIRE . F— M ERBMT “HT” AABB:

void AARBB3::empty() | -
const float kBigNumber --1931#}
min.x = min.y = min.z = kBigNumber;
max.x = max.y = max.z = —-kBigNumber;

}

B REGEA S M7 B AABB h, HELEMNNEY R AABB LA HA M-

wvoid AAMBE3::add(const Vector3d &p) |

if (p.x < min.x) min.x = p.x%;
if (p.x > max.X) max.x = pP.x;
if (p.y < min.x) min.y = p.y:
if (p.y > max.x) max.y = p.y;
if (p.z < min.x) min.z = p.z;
if (p.z > max.x) max.z = p.z;

}
ME, N—A RGBT FHE, W LMER T maH:

fFEEE 121 AEEiTH L AABB
// EHIFI%

const int n;
Vector3 list[n]:

[/ HE, TR
AABB2 box;



236 3D $cF Ak B 58T A

box.empty () ;

/) ¥ ISR i RHE

for (int 1 =0 ; 1 < n ; ++1i) |
box.add(list[i]);

}

12.4.3 AABB 5ih#¥k

RZHOLT, AABB LIl JH 5K SE & T o 544

o ilW AN AABB, E&mFE EEE S UCHL, I ARLERR AT (R Py e K. A 5 BRI I
7S£ (% B 2% ER[4), [16]PH 8L R I HIE).

o AELIEHFEMIFEYIA, AABBIREET —F “HEER” AR, UK, MFREYE, G
REREGF(E ARG RBEREOD A ). ERBEAWS T, AABB FAEBIATREMUAH S T
NRABRER 47 —. KBIHBELRAROEBSHERARENERRESE, BT
L2 FF 30 SR ER A1 AABB Bt T, B 12.11 FiR A A FEE AABB 5l RERAIHLEL .

I ¥ : |
i e i

! !
{

| f
| |

B 12. 11 AEH&R AABB Fih 77K
BRI A SR EHERAA A HHE—FF. T AABB HF = AHE—K. ®. &.
B, B T LV Y X s [ LLE N A R AL o B 12,10 R ik, B T 4 LA 2 B iE5, AABB
L FER AN X PR, AR BRI (L AABB BEf/h—2%, L 12.11, FRATATLATEREE] AABB X4
BT R EUR. b PN AABB. Bl K AMERARN, REFEARRMmD; ENERS
e s F il BRI, BR R ads S BRon B Ay o) AU

12.4.4 ¥R AABB

YA L P A5 s, S AABB BT EBLLBE). MR RATAMW M EF—MHEREHY
ok L5 AABB, S#% 47 AABB R KRR (2R He . BT B A9 45 A — & A0 T R (i R 14 g
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gy, A R RO RMELEE T M), A, @l “Z#RER AABB” BT B bl 2t
W WE” 1H AABB 182, KA AABB HFH 8 ATk,

Wit “BHSH AABB” iF A fE SR M it i 8 AT, AR 8 E p,,, M p,. KEBH
Mp, Mp,, —XETRSSH x,, >x,.1- K TS AABB, 4564 8 AT A, HAX 8
TS5 — 4% AABB.

WA AN, XA AT RE A B il AHE LU FUA AEKIF L. fll, E 2D 1, 45° e &= KK
it HER R b, wE 12,12 Prok.

Original Object Rotated Object
and AABB and AABB

P

AABB nf/ \

rotated object AABB of
rotated AABB

E12.12 TikfSRY AABB

R EE 12.12 15 AABB(K 2 4E) I Bt AABB(A B K7 HE), ERELINEH 1) AABB K,
% AABB JLT R EORMPIfE. R, RS ki A =2 i iefe j5 ) AABB ¥t 58 AABB,
TR K AABB [ .

AT LLFI ] AABB (1945 $93k b § i) AABB [ S0 E, TAS 20 5E 28 He 8 TS, BAX . T
i+ 50 AABB.

LEIRATI M L E e F 3X3 FEMEAEH—4 3D AR EE2E T iR SEREGRE,. T2 L
ri BT
m, m, m
[x' y' z1=[x p z]|my, m, m,
m,, My, My,
xX'=mx+m,y+m,z
y'=m,x+my,y+m,z

T——
Z'=m,x+m,y+m;z

BRATHER Xy o Xy Yoo WOATHETSRARI X 0 T o Vo™ RAERMMEH R
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BIPENRTE x, OEE. BAEGR, BROBERI m x+m,y+m,z OBME. XPx p, z)RE 8
ABAFTRER A RN EMM KRR HX S SS T TREERN x SR FE—/RB: m,x.

AT BADURE, LARERRM x,, ER x, KRB PO x. BR, mEm, >0, Hx , AR
B MR m, <0, WHx , RBIEMFR. LEHENR, T x,, Mx PENEARTE X,
WAL A B RAE x, o FTLPEREN 9 AT DS~ MBS R, 013.20 Whig
FFif 8 13.4 # (1] AABB3::setToTransformedBox ()BT .

1256 F |

3D F, FEHEBKTANERHESNANES. FHTLETN, BEEE, BEREMN.

1251 FEAE—BRAENX

AL RRLT 1223 WpE XHKK kR e CFm. Pl ke U X b B A il 2 I 52 A
p=(x, y, )i, FERABHHEMESEDARX 1211 Fix: |

ax+by+cz=d

p-n=d
A 12,11 FHEHARE
FRF-MERXF, n=[a, b, c]. —EMiEin, REALECHOFEEFARTE J.

W& n AREFREGEER, FAECEETVFE. UBRITRRIEE. ®p M q WEFE L, HLEFE
ﬁﬁn ﬁ p!- qﬁ)\ﬂ: ]2]]! Eﬂlﬁ:

p-n=d
n-p=d
n-q=d

n-p=n-q
n-p-n-q=0
n:(p-q)=0

BIS— TR LA R OSUR R n BHTM q 3 p MR BB AR LATRE ). X0 T ERER
pr q AERRIM. FEi, n BETEELNERRE.

BAVEEBFEF “IER” M “RE”. —BRYEE, o5 F RIS ER(Front Side). Bl, M n
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fskm A, BAVERLKRZER,. WHE 12.13 Fios.

Normal

K Back

Side
M12.13 FENETHLE
5 0 DY RO KA ALK E— MY, BN 2L EHRIE.

1252 BENMEAENX
P g SUPTIN SR HPH E RSB =A N, BRREY, XEAAFE—LHA L. (WE
SANE-AHG L, REATSENTHASIAHR, SHURTEPHRIENEBALET. )

RIESFHEH EN=,Ap,, p, Bp, XitE n M d. KW E n, o fBRAHAHTRR? EFLER
e R: YA FEMETEN, p,, p, Ap, LURR TR L. (BFLERP, @NBEREXER
CLERHE T EFIH, X, FEERBHBERAR, SRBLERN.

B 12.14 RoR T #APE L= S SOF iz R R E5R.

Mi12.14 AEEEN=RitNZER

RATHMERS & M R, (B 1214 ). “e” RE “Hl(edge)” ME, HREXNMAREH
RIS = MEFTREN FiE. (XEEREHEGRNTRESRMITR=ATEN 126 WROTHRESIE
—B ). XHEARRERERRE 0, ETHARRLAE, WERS, RNSBREEW, UL
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ALBEAAX 12,12 REEHBRE.

& =p.— P
&E=p,— P
e, xe,

"l xel

ak12.12 AF=ATRAFHEEAR

ER, WXk, Me, He FiT. XH, XIEH 0, ARIEMM. ZNHEE LR S5V ER
FiARY G LG R A REME—HUE X — 1~ Fil.

AESIET n, BMTFHREKJ. TUHRENAS 0 iREKF.

1253 HFTF=41mf “&E” ¥@

A, BROFEN A=AV EASRNTEAR. XF R LR FRES AT, X
WRT, XETAKSALRE L. (FFRER, FARKETREBIL “El” WIR “K
. )

— PR ER AR SN EEN A AE A AV PR TR RREEN =4 AT, =ik
WT3tek. BEAXCIMBENRE, GEHmRE. 6F, SURTEREME, FEMAREENL, AT
R T e o FEGE MR T M R). NaE, UK ERTUIATRERN BILERT, X0 AER B E A
W, REROERZAENFEFEN. RNAESRENRMAGEFRY “BE” FENTE, &7
mErEHIB T HAEMA. BEEn A

p,=[x » z]
p3=[11 Ya 22}

pn—] =[‘;‘:u-—l yrr—1 z.n-—ll]
p, =[x, », 2zl

EiEEENE n (WA 12.13):

n, =(z,+2,)(y - )+ + ), —y) +
Hz 42XV = V) H(Z, 42Xy, = 1)

n, =(x +x,)z —2,)+(x, +x, (2, —Z )+
+(x,_, +x Xz, ,—z,)+(x, +x)Nz,-2)
=y, + . Nx =x) +(y, + 3, x, %) +--
(Yoo + Y )X %)+ (7, + Y Ux, = X))

2AR12.13  Ma A aPirE i tEEE R R
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S RAIBR ) n 62U AL R, XA B E R
RAFSHREAA 1213 EfEL. &p,., =p, UA:

n, =22+ 2,00, = %)

n
n = Z{xi + 'rm}(zr - zm)
i=1

n‘x = Z{yl + }',—..;)(-T; _'Ii.c-l}
i=1

MTFAEERT BN SRR BEERE.
fHFE 122 HELESRMETE

Vector3 computeBestFitNormal (const Vector3 vi], int n) |

}

/f MEF ;

Vector3 result = kZeroVector;

[/ MRS —ATATTR, B SRERFPE L AR

const Vector3 *p = &v[n-1l];

/7 AR TR R

for (int i = 0 ; 1 < n ; ++4i) |{
/A CHE T TREL
const Vector3 *c = &v([1i];
/7 b EREEARMN
result.x += (p->z + c-»z) * (p->y - c->¥};
result.y += (p-»x + c=->x) * (p->z - c->z);
result.z += (p->y + c->y) * {(p->X - C->X);
/T AT
P = Ci

}

// TENMEES RIFRE]

result.normalize();

return result;

B ik d R FA AX R d (1P

d

'l n
;;ﬂ’; ’ [l)

(8w
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1254 REFEAES

W FEA—NAEFE LA qo FEEFE—THp, ERqREERE. HHEE, Mp 3
q iR ERTFHE, BEX N aen. WA 1215 Fir.

BEi12.15 NS FEmErEH

Bk n bR, W p B q MERRE q B VFHOERRE « T. (MR q TP &RE,

XAPEE . VD ARTRE, AHMIE p M ERETEE o iEBRITEEIE q FRE L, HH—&%
R LR p, AT 1214 Bk,

p+an=q
(ptan)-n=q-n
p-n+(an)-n=q-n
d+a=q-n
a=q-n—-d

AR 1214 HHEEERABTPEHAFFSESR

126 = A ¥

CARTERENERETEERLERNMCE. H20D WAKKE, MESAG, BEA=HEL
Bl . QX —AMEN = ARRESARE—S 14 EHEIHEIX— 8. E¥IERRESAS
T AT, SELSMTRERN =M.

r—

12.6.1 EZEXMR

ZAERELTIHEH=ATHAKE XK. ZELOBTFREREEN, AEFRIRRP, HA=MH
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& “IEm” &, UM TRAHXES, BX=ATWRAY,, v,

' Vi

ZRARAT—AFES, ENMFEOFREDR o IBEAMES HERBNHAPEFEE. XT
FHAMEZER, BREEMNSEN=A"APHFFRGE, #2N 12529,

iERMNGEHE 1216 PRI =ATEANA. BN E. Gk,

A

e,

Mi12.16 HFI=fAK

Wi he KE. H&e . [ v BNNXR, v, BHNTHRETUR EIIRXRWT:

€ =V;—V, ‘fl ‘—"“l.'.'| I
€, =V —V,; iz ="Ez ”
€, =V, =V, I!3. =="E‘3 I

X E0iE S HIER MR L A (AN 12,15 & 12.16):

sinf, sind, _sin#,

] l, I,

aX12.15 EEAK
I} =1 +1; —2l,],cos6,
L =10"+1] - 211 cosé,
I} =1} +1; -2I1,cosb,

21216  LEALA

SABNEAKERRE-AEENME, SHOWERRER, BEARKAEmErET (AKX 12.17):
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p=1, +1L+1

aX12.17  =MAEAEK

12.6.2 M

AVirAEM A= MR k. BSRm AR ma. WERE 1217 $ i
A EMB TR =M.

12.17  F4TMiLF P =R

M2 LR AT, P AT PR TR S RE(SF 5.01.2 WHLKME). Boh =MEnts
TIXA AR ¥, Bl A e K =R A 22025 12.18):

A=bh/2

N, 12.18 —fEmB AT NA R —E

MR A S, o] LV e A B, R RO AR, W) s B RAEE (R
FEER ), Ak 12.19 .

S_!,+!2+£J _P
2 2
A= Js(s—IXs-L)s-1)

o 12.19 HHE A

e AR AEM, BRETE 3D PRI E.

HIE, A KARE EERGE, BTNl AU SRR (5, BT R
ik, (HERENR T, RO GXAH AR B V. )R FH T TR BT
Sme.

SEE 2D AR PIX A B SEABARE, XM =M Sibbh s, WS EdiZid, R el x ST
MR RE S A 12.18 FiR). “AfFSmE” i WP LRAERAR, WL
1 S 3 A A R 2B, TSR B SEEAVE S AE I e AR, MRS R
. —ABEAMEEY 0. Fid T 9B A w75 h
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-

E12.18 @F “E"” f9@ER
={J’3+}’:)(~x1_xz}
-
(yl +y3]{-r| _xa.}
2
{}"z"'yn}(x:'_IJ
@

Ale,)

A(e,) =

A{ez} ==

B — B4 (ER B = AT RE T x $h T, EHif A KR IER -

ik = A BB HOAT 7 B AR, AR T SR AS M. Wk b, i I R RE A BRI SR 2 1L
WAmER, BUREA B AR XAy R S 2 AR R

R, BT R B, SR TG A A R LTS HR S i, MK =P
0TI IR AL E D) IR o ety 1§ A R SR R TE AT
A= A(e)+ Ae,) + A(e;)

B (v + ¥, 0% -x,)+, + y, (%, =X, )+, + y KX, -x)
2
_ {ylx'l. — VX, + VX ""}?1.).'1)'4'(}".1?1 = Y& T VX _J"ng}'*‘{}'zxz — Vx5 N5 —_}’1.13.)
2

= =¥, X, + X% — VX + V% — ok T 0x;

2
. y(x, —x,) + 3, (%, —x)+y,(x, - x)

2

ek b, EfE B, REABRE: PR =R ASRE= L. R, BRATATEERE R
Jii P =, WEA y kR y, . At 12.20 Bim. (RS th e B A RETE . )

— _}’I(II -x])+y2('tj "IJ""JF;(I. “:-\_::l
2
= =y X% —%)+(» _y.'!){xl =LY, - )% =x)
+

A
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_ =) = x)+ (3 =y )X — x)
2

2R 12.20 2D PR SRR =fEEM

3D, afLlEE Rk = AErmBl. EBs.11.2%, Raia, b XREKDZETFLLa, b

HFILKPHTIAENER. BA=ARERETFREEHFTNGRN %, FURINE T —HEEY
. BHW=AEHHEMLRR, e Me,, MW=ARTHH:

g lexell

2

12.6.3 E/L4FRE)E

BRBINAHEID FERA=MK, B=AKWKREAR Vi, ©X4ERE—4 2D ¥k, 7 3D #{F
BHRN=MERE LBRE L ATRNE. RFEA M LEZN S =ARRIAXKABIT=
MIEFTER 3D PR . BEOARR S M) ERIXFE R AL PRZ A, |

Eﬁfﬂéﬁf#ﬁizﬁﬂﬂﬁﬂ:#1ﬁﬁﬁ&ﬁ?ﬁjﬂﬂﬁﬁﬂﬂﬂuﬂ@ﬁﬁﬁ’i\ﬁfﬁﬁﬂsif&ﬁéﬁ,Rﬁb&#ﬁ{b. by,
b)) 2 FRdE 3D PR B A

(bﬂ'bz &bs]' -~ IE’i”"ﬂ +b2\i'2 +b}v3

A 12.21 MELAPRR I 3D AR
HELRERREE 1

b+b,+b=1

by, b, Mb, FHERFANTAN ZAN “TRR” 8 B B 1219 BART —& A REIR B4 4.

(=25, 0, .75) E
i

i g e e i s

12.19 WO TRH
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EENAEEUFLA:

o BF—, A=A MaANELALRBELWER:
(LO,0) = v,
01,00 v,
0,0,) &= v,

o F_. EETAMMMNALMAEAKNMNNECSIESRERN 0. i, WTHES v, XL
LHIA, b =0,

e E=. ARERZARANA, ZFELMNAAABRAECAFER. —ARANRNE

DMFRETEE 0 B 1 2 ATk, SARIINEAELHE-MEIA. ELLRARNER=M
XA ERISR “ k" BAFE. Mm@ 12.20 Fias.

T

N X ) B - T
H s o W e ks i
iI \ 1’_\ ,J"'.r 5 e, ) i
o8
™y {1111"‘1 I -
- - -

A 12. 20 llbiﬁﬁfﬁﬁﬂ*-ﬁﬁ

TOAEE B A AR T8 /R RS X RE N EOLZ A AR 2D K, BERER T =M.
YEHARBAET 1, FUELAEFEAREFRSAEE, 8 RETAN. AS—FEE, Eo
A FR A AR A SR A R — A A, RN TG EHE =

T AL AR A B BB 3D bR, REBENAAR 1221 St B H AP
EERTTLAT . 534 2D 5 3D P EE — AR E LA PRI B — 28, L RAVE B B R 2D P HEIX —
s, LE 1221, CHEHTSATAY, v,, v, Hfip. RIEHHTEA “F=AR" T, T,, T,,

AR TR Y. MESRMBE.
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s s e, S —

_______ . S

B 12.21 KEER p O %HR
WA, RAMNMERE=TANA p BIEFRBER, MEFHREETFREOLIRD . b b, . R\
XM U = F XN = R0 (x, y ATHR)
p, =bx +bx, +bx,

P, =by, +by, +by,
b+b+b =1

b = P, - ¥,)(x, = %)+ (y, = y; }(x,~p,)

(3 = ¥ = x)+(y, — y, (x5~ x)
={P}._}'|){13_x|)+(}’3_}’1}(x|_P;} ‘

(= ), —x)+ (¥, =y 0(x, —x,)

b =P = )X = %) +(y = 3, X% -p,)

(¥, = ¥ XX, = x,)+(y, = ¥, )0(x; = x))

b,

R 12,22 K 2D ANELALER

FHME AR 12.22, BRHSREX D9 B4R, FESST=AFERAP/HERELR 12.20).
EH, NEANEOEED, HATET “T=fAK" T mBEMHLE. BEEE:

b, = A(T))/ A(T)
b, = A(T))/ A(T')
b, = A(T,)/ A(T)

AR 1223 EECAIRENERL

ER, BME p E=AS, XIMBBEEERIEN, XERNWMRT A SR 7 @mFH, HHERE
ARBAB—MAE. WREAEH=AMWARE, LN “FE=AR” NERIE, B0 ELRR



_ #12% JATEA 249

H5E o

W 3D PR AR EOAFRILTE 2D PERN. PREBRUATER-NTRAT, EAE=AXRM
BRI AR, B SBERAEA T2 p TRAE=AEAENTFET, BNELLFEEFENL. |
MAERMRSE p E=MEHERFE L.

— RIS RIEL I x, v, z TR, 8 3D RS 2D b, XMBE=RBREI =%
AFEPHE - LHOFEEMHAR. Big b, ZREMREER, EXRZnHnRERmREs.

BN Z AN LPRIR? FRESEMARX A, EAmRZAREETREANFE, BRABHEK.
MRS AR THRETHE, SBFFABREEE. —MRRTERERREVE, EREEER
BK. X CLB T E AR R R R, RAOERFCORERENERAMALER. #ll, ZERRA-1 0,

0]. RAVEMAT AN p 0 x S, E=MHHREI y: FHEH. FTEMRRBRR T ERFTH D PERAH
L AREE

A KL 123 HEID PEEEHT IR

bool computeBarycentricCoords3dl
const Vector3 vi[3], // =HETA
const Vectord &p, // BERELSRE S
float b[3] // RFEELAPR
)
/B, WHEANSAmE, RRE
Vectord dl = v[1l] - v[0];
vector3d d2 = v(2] - v[1];
/r BXREEMER, FEWRT, X B, BXhkEREARLITHE
// REEEWN, REBEHRAERERTEWMLL.
Vectord n = crossProduct(dl, 42};
// HEER R SRR RH, EFERETE
fleoat ul, u2, uld, ud;
float v1, v2, v3, vi;
if ((fabsi{n.x) >= fabs(n.y)) && (fabs(n.x) >= fabs(n.z))) {
/1 WF x, @\ yz FEHEE

ul = v[0].yv - v[2].vy;
uz = v[1ll.y - v[2].y:
ul = p.y - v[0].y;
ud = p.y - v(2].y;
vl = v[0].z2 - vI[2].2;
v2 = v[l].2 - v[2]).z;
vi = p.z - v[0].2;
vd = p.z - v[2]).z2;

} else if (fabs(n.y) »= fabsi(n.z)) {
ff WF vy, Fxz PR
ul = v[0l.z - vi2].2;
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uz = v[ll.z - v[2l.z;
ul = p.z ~ v[0].z;
u4 = p.z - vi2l.z:
vl = v[0).x - v([2].%x;
v2 = v[1]l.x - v[2].x;
vi = p.x ~ v[0].x;
vi = p.x - v[2].x;
} else {
ul = v[0].x - v({2].x:
uz = v[l]l.x - v[2].x;
ul = p.x - v[0].x;
ud = p.x - v[2).x%x;
vl = v[0].y - v[2].y:
ve = v[1ll.y - v[2]).y;
vl = p.y - v([(0].y;
vd = p.y - viz2l.y;

}
/AR, HAKET SR
float denom = vl * u2 - v2 * ul;
if (denom == 0.0f) (
/1 B =AE—mB A FR=AE

return false;

}
/1 AR

float cneQverDenom = 1.0f / denom;
B[0O]

Il

(wvd*uz2 - v2*ud)} * oneOverDenom;

bll] = (vl*u3 - wv3i*ul) * oneQverDenom;
bl2] = 1.0f - bl[0] - b(l];
/7 OK

return true;

}

B—iHE 3D ELOMRMAFERTE 1262 Wit A& X R 3D =—ARBRNHZE. 4
H=MEMFEA LR Re Me,, ZAKBER A e, xe,|/2. —EATEIMZARBNERN=N“T=AR"
R, RMEETHEOABIRT .

B — AR AR R K AR TR A B8R RIBE X, R DBRIER. ZHIFES
ERTF=MEAN R, BAENZOH—PREEGLE. |

EEEFRIE RN ERK. STAU “REHR" MWUFFHE, REERORAATRESEGE,
RINB\E—MEMABRITE. FEHR, A —FEWERNTRREMIIX— R AR

We A=ZREMNNUABRMGXTE, c MRDETARERNFAE. BRE-PMRAEAE n, 0 Fc
RPATH, BAENBEET=ARAENFE. 38, ENNHTRTERMBREY. B 5102 %, MR
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B AREFEMR/BBERUENRMAK cos . B4 n REL MR, R n M c HRHRERMEK,
A '

¢-n = clflinjcosé
=lell (1))
=1]c]

XA TR 2, REHT 3D P=MM “HHS” BH. BTN, REANAN—THES
: bRE “F=AR” THERSEANSAEERNOL. 08 1222 Fiz, Rl THARRNAR.

M12.22 #ZE3D *ﬁliab&ﬁ
FMEFRELN, SATASE A rid,, SMhy, &R p, FIHXw R TR

€, =V,—V,

€, =V,—V,

d:l =p—-V;

AT/E—NMRMEAR, WTIHE:

El KEI

e xe, |

AERA = AENEREE DREAT=ARMERI AN
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A(T)=((e, xe,)-n)/2
A(T))=((e, xd,)-m)/2
A(T,) =((e, xd,)-m)/2
A(T)) = ((e; xd;)-m)/2

fAELOM8ER b, 8 A(T)/ AT H, AR 12.24 FiR:

(Er de)*n

b= AT/ AT)= (e,xe,)'n

b, = AT,)/ A(T) = &28) 8
(al KEI}-]]

b, = A(T,)/ A(T) = &9 2

(e, xe,)-m

243%12.24 73D PHEELCAE

FEEAFHY TSP EE n, Jﬂ: LR EHALEME . BE, 48 K5n-n.

EF RO 2D BN T E S A RECEEN. BR, TRENL KN
MR R T ESOMAN LS, B, SESRLERORERE RSP S TR,

12.6.4 5% S5

AR =AEP =AERERILARE XM A

] E L
. s
™ Hhaly

KHEVE ARG RBREFHR B FEEWNI2L. TG &, KRN T ARERNE S
&i ﬁﬁ%ﬂji*ﬂ‘&ﬁg

KCR=MENBETE R, ER=ABZFPREDR(PEIE NGB L P ARER). B 12.23
RART — I =MEHEL.
BEOREATRARILFAEIE:
vV, +V,+¥V

_ 2 3
cﬂmr - 3

EL“"—'E*%%]:

[1!;1)
37373
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vz

¥ v

E12.23 =mEnNED
O RIERL .

R RIS = AR SN RSN A, ZHUKERAOCRERNER=AEADIBAB.C. AORMAT
SERIAE A, Wk 12.24 Fis.

E12.24 =@EAL
SER i P

e PR AN
P

Chn

p=l+L+1 REfEHAK. BEit, AORELLERA:

(f_.f_zfi]
pppP

A BB ) 2 2 0T el = A TR i AR LA KR8



254 3D #cF A BE 5L

P DN R R T 4R 5 = 4k ELEAH U [ £ ]

Sl S = 40 FP B T AL B A 2, TR S MM BB L . SO R i T BT R S
B 12.25 BRT —A =ML . |

@ 12.25 =fRayshi

T B AL, SEE SCELF il 2 6t

d ==e,-¢,

d,=-¢,-e

d,=—-,-e,

c,=d,d, ' | -
c, =dyd,

c,=dd,

e e

A TiXHEE AR, AT LA SO AR R

[r::+c, ¢, +¢ cl+cz]
¥ »

2c 2c 2c

s Ay

(e te))v e+ }"; o+ GV,
Cire ~ 2¢

ShiE A2 R -
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- _d +d,)d, +d,)d, +d,)/c

Cire

2

SRS AR T IR = A S B A i)

127 % & W

RAENZLR T IR RKEXL, EAERFASEERMEENAR. —BKE, BUERHTNAH
A i . FELLT L P B A ROARR T k.

1271 EBRZAOREEXRZ LK

MR ZARACT “H” HpZARAAREET “F” (8 12.26). &5 LA LUl £ A B H
P T kiR (e F A bR R, 8% LU Z 4 E 3 I B U &+ 77 @B ). MR Eia e

L ES A BAE SN AT E N

—

A A Y

- s

Simple polygons Complex polygons

Bi12.26 EREIEESEREZTE

LA —R “REEE” i, R EEERTNEECRBRSAE, WE 1227 Fix. RAARBK
B, RAERAD “8@” FTRNY. ERPLEFERESH, BAXEPEH2 RN T iLEEREW
#. HRANFEBRSZLHAAMWFH, XHA-Ea0 07 R R R .



256 3D #F KM AW HHERFL
Close-up of seam
edges (Edges arc

NN actually coincident)
v

g o

. Complex polygons | Simple polygons

it e Rt e

M 12.27 ERZHEEE LB DRNFEHR

12.7.2 BHEZ %L

KEBMBZAEAAANE. MBHERAMEZT, BaXANZHEUMEAHRZZLE. —ARHRH
HARAZ Lk E 12.28 Frk.

M12.28 BHEXSTR
BATRZ HEHR S5 A L2 AT ACE.

12.7.3 OZaRSMZiaR

EEHZZLRERE -SRI ALTARRMMEIATE. & “N" LT — R E U2 —FERE
HER S, RAFERZ S ARTIELEX. MASHELILE, FHRARMESCRFMN. Al T 2
BIELHEKG, BRI P e R, TR 5 —Fk e e AT RE M.
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o HML, MPARARAEMEM ML K, TMEBARELE -IHALT “MEEL”
—M .

o MEZUKT, FEBMANELABCAELAR Y. BEMPBARS, BERRE—MTN,
CAIERE B ZARI.

o IMFARAMLBIHN, EEATAMERAEARN. NMEBUK, —LREAEHE, —
w R ] Ao, TRV A B ) R A B A (P RO LR N HE B AAC AT R ).

ﬁﬁﬁﬁﬂﬂ,ﬂ%?ﬁ%%ﬁﬂ%mﬂﬁmmiiﬁﬁﬁﬂ$ﬁuﬁw,—%%m%ﬁﬁ¢ﬁﬁm
WAES, X —&AUMARMATAESTHER. BUAXEEARLE “N” MG? LRy, WHBT
i) 4k i s X

o N HfERS AR MARBMNIXA B A LEREER, B4R RRRE R W
R—ANEXBAHBITERRFAABIEE” ).
o WMBMAMEIRNEHNERNN, BACRREMOCIRS “HEENL” HRN).

e, iERAIZEE— R AR, Al EAFKERS-BML . MEPiak. mE12.29 FioR, &L
MM ZiaE—A M, i FEAMSEEE T MA.

|

|
Convex polygons Concave polygons

e AR R T

B12.29 ABiakSEMELK

AEMEZ BB BN, XA TXRHEANTHRE, HSFWR B THSHIR19].
© A B 5 1 AR RS SRR RRAE < RIS T ) IR A R RSB EREN]. MK B
B EAI P4 AL, BXERZ AR LA FEFREER.

e B A Rl — A BB R E RN ? — R R RN E L TUAMN AR . B8 MTHRKNE
W, EHAARk@-2)180°, F AL LHEY X4,

o B—F, WO NTIEiMAf. MHE, 6<180°(BRRBAMLNMN). EHAITHAL, #
#0(180-0 ), MTF—AHAMMABAHTE, LWIRMANAZIH 360°, f:
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> (180°- 6, )=360°

i=l

n180° - iﬂ,. =360°
i)

-6, =360"-n180°

36, =n180°-306°
i=l

36, ~(n-2)180°

o HFB_FMABE RIATZHE, FE A NMTHANNZUREERIMEL 240 =AK. AR
JLEISniRTT &, =ABAANY 180°. MAS=AEBAAN N @R-2)180°, ATLLER, x4
MERSFTEZIAEMAARN.

AERME, MBAEMOZUE—F, ARRNERMA-2)180°. EFAMRE—SHB—ALAELEASR
MBIAER? M—POEBIAE, ARAEXTIME. GMAAR “IM7, —HARSMABPITFET 360°. )

ATk, BEANTALEDRAARASRSMER,. &BRERE(n-2)180°, MEBHBBNNTFE. EF

HTR A RBAR? ZEME, HZHE P TR—R, 5. 102 Tl ARt R RRIRA.
A7y VEIR (B it A B R DA B R R Y

TFHERPMAMSEA T EFHARAENRE ARSI ZAE.

fAFHE 124 IDFPRARFIHN AN

// HEELERTRNELR, BRELERETmME
s
/WA
f/ n THAMH
/1 vl EE T A B R TEE
bool isConvex(int n, const Vector3d vl([]) {
/1 AR AF
float angleSum = 0.0f;
/) BBBWAEAR. BHEEHM
for (int i = 0 ; 1 < n ; ++i} |
/7 B R, DAEMGE-TREBRE TR, SRERREHRE
Vector3 el;
if (L == 0) |
el = vl[n-1] - v1[i];
} else {
el = v1[i-1) - v1l[i):
}
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Vector3 e2;
if (i == n-1}) {
e2 = v1[0] - wl[i];
} else |
e2 = v1[i+l] - v1([i];
}
/1 BRI R
el.normalize ();
eZ.normalize();
float dot = el * e2;
[ HEERAEE, B R REMES, 8RR MR E
float theta = safelcos(dot);
/1 A
angleSum += theta;
}
// HHEARAR
float convexAngleSum = (float) (n - 2) * kPi;
[/ REFLH OGN, A SER¥ERE
if (angleSum < convexAngleSum - (float)n * 0.0001f) {
/1 MEATE
return false;
}
/1 OEiLE, FERE
return true;

}

AR R TR B L EREEM SR MR- MHRAERD, RELEZLE. THEE
LR TR R RN — 3, A5 ) A — B SR M A5

KR AR BITRA AR BHER, B 512, EFAERS, mRERNKE
R MRS €, BRI SORR SR AE.

Har “fmg” ®? RNAEURNERS, EHaERREN. WREHFRUEAR, RLHM
—HH AR 1253 WARETIHARERARNBERAAERIRESE.

75 2D th, FTLAMS LB b B 4TELE 3D TR =0 0P L, JE AR N0, 0, -1

—BERTEAR, REZARNENA. HESHFE MR RTREZTRNERE, ERAZU

EREnBATANZARAR, RUCNOFRRETHER. WRERRAR), BLAZITARE—
MU

MR B 2ERE201F M B T RMB A NIERNE S .
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12.7.4 =/ RIERE >R

ERZURHESM A=A, Fk, Fiad=MEnRESENHBL AR E. 2. BT, B
EREMMBZARA=MMFHEIE—HRRNTE, HUERTABNEE. ERXEEEEH, &
FEFFIRE ISR B PRIZEREHAM[19]. EMNMIERF RV T IX LT R0 E.

ZIEME, MEZARN=AMMME—HESINE. HENS LH=ASREARREER A A0k
fESE— AR, WHTAE “B” HREAK. B8N H n NTRANBLE, BEARFITSY, v,
e IRAE S WHGERW (v, v, v} B a2 M=/, LE 1230,

1230 OZAXNBHE=ASR

BE=AnEanilb—S2KE, BAN=MR, ZELEER T S5RM. R EREMER
B4, BEMFRRELERE M SER— 0 E.

—FED “HRB” B RRUTIE R SERF TR M AR D BIAR R AR XE, WA
RAERPTWAMEI AT TEOANA. Bk, BETEMFAA. AT RSO, EEMEER
VO3 P8 A R N B A B RN R, FHIX 3T A 4R 1E B AT 2 HBAS . X981 fE B — 8B4 MR )3
AXMIEERMTRHRRE= A,

EAFESEER OB = A, BRESERS, S TE. 8L RNARN, BESMEDS
EHTOIAMEE D). |
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12.8 %k >

(1)  #HEH 2D B 4c+Ty=42 WA RN y &,
Q) EE-A=HE, KTSEEEHETIR6G 10, -2), G, -1 17), (9, 8, 0), X:
a. BEZ=AEMFRETE.
b. (3, 4, SEVHEMATHIEREE.
c. ZAFTHIMER.
d. +HE(-3.3, 124, 33.2)HHL4ER.
e. HHH=ABHEL, AL, b



13.1 21135 F RBEEAR, 4084 L3866 RES,

13.6 9 it i — ik 540 AL RIAR £ 69 FTH, EAM RAR 3D o % A B e ELa,
13.7 92| 13.18 F it — & 5 4948 T A3
13.19 F it A H A @4eh Hwdn T M m),
13.20 ¥4t AABB3 %44 % S48,

ERTHMIE S, RAINHEHAERZEEANET FIEHE. AERNH TR Z B E 5,

13.1 2D RBRRE% LIRS

FIE D HHELL, LeIFfAHEp n=d 15 p 4%,

Rbn REfIAE. BROGAGRE, MIBA q RILELL I qEBREENSq . R q#EK

FIL EMER. ERNE-—£2iT q HV45F L 0852 M, , W 13.1 iR, % ny M dy S50 EE
JTRERE B 4 1. Bb LA M EAT, FEVENTE A R % ny=n. XE % q 7 M L, FiLl dwXq-n.

ML, MBIL WHHSEEN: d-d =d-q-n. ETEHEBRET q 5 q' ZiRMES G
AGRATRIEHTT AR g M0, 205K BT U 5T, ATHE Q' AREEH q 0 n O R0E
— B (A 13.1):

q'=q+(d—-q-n)n

23 13,1 82D BN E R L EE s
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|
| < 4
N e
1 @N 4
| h du
.
/ © |
: |

13.1 SR 0RAEL EARIAR

13.2 ¥ G ENFIES

%876 2D B 3D P SHMHL R p(H)=p,, +1d

Ko d R AE, 280/ mMBk, [BROEE. —8EAq BRIEERBAER ER
qBEMEq -

KR —AME A BB R R, AT 5,103 FhRESEH T . B v hp,, Bl q

B, RNFEBH vEd EOEE, Sv TFiTTamEs. w132 Fir.
e s

A

1 Pery

B 13.2 SRFELOBaS
ARy dNEREREELEp()=q M {H.
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t=d-v
=d-(q—Pp,,)
q'=p()
=p,, +1d
=P, +(d-(q-p,,)Md

N#H13.2 W 2ESE FRRIEA

Khr b, Fp() RBTHERLET R MELLE q B#IEMNA. WRt<0E 1, Wp@) A% R KEHE
N, XFHET, R EH q Bl R AR <0)8E £ @k 1),

R LME SR e N0 B 1 AL, dADRELI R, BAETH EFLHERLL 4 B

I=d-(q—pm)
ld]]

133 THEMTIESR

£RTE p, Kt CHRENBRR: HEp n=dHANES.

Hfn HPfRE. 8E—mq RIMNEERINq, ERqEp LARE. ¢ HEp FE qBE
5.

7 12.5.4 Fh B4 F T A BETE LBEE. N T i o' HEE o 09770 LB —BEEE(L
7 13.3):

qQ'=q+(d-q-m)n

AR13.3 I EPE MBS

R, AR TIHEE 2D PRAES FRIEANAR 13.1 MR,

13.4 [EleiFk LRI HITS

H [ 2D P A q ALK o k20 r E(FEAHEBER T 3D PRIERE). RITE LK< q',
EREEE q BRENS.
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#d AN q 3 e . i EMEMZ T q . Bb AN qfREq' M, Wi 13.3 Bor.

d=fi=-q

E13.3 FHELMHRIES
Al LA A, bl =|a] - - Bk
JMW*d
d |l
it me q b, IRsERREl E(AK 134):
q'=q+b

= +%d
AR 18.4  REIEER LG A
i |af<r. M4 q BN, (EIXFRE R FRATZE AWM ? f2ikq' =q, &% q B HIE L2
EARER FHEERROME. R e AREHE L, XHEEES A8 % q=c HEA}?

13.5 AABB LHImILR

¥ B J2 dRAE 5 p, Mlp,, iE X AABB. AT R 1 g A AEIR A 553t iH ST HIAE B FEEqEiEM s q .
B e R — s A s q “ M B, W R 13.1.
A2 13.1 it H AABB L#gRiL &

if (% < minX) {
X = minX;

} else if (x > maxX) A
X = maxX;

}

if (y < minY) |{
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Yy = minY;

} else if (y > max¥) {
y = maxy;

}

if (z < minZ) {
z = mind;

} else if (z > maxZ) |
z = maxi;

}

EE, WRqARREELDFEAR, ARIE1TH 4 RAE B FRE .

13.6  HHIZ TR

TERETRALYND, RIS E—RIABER M T &, X580 B OZ2EURAJLATETES
M2, FEREER TEER BRI X AR AA B T 6 3 AR G000 B bt ik 15045 300 FH R B AR
KEAATE, SREEYEEERIFERIAABEHIT.

BATHECHE PR A B R M HAZ R 8

o WBEMABWMABELETREMEL. ER-MHH/REMRA—EREE, HAGRAFTH
(W BHRB(FAHAZEN). WMEBAECHZ, MWAUKRELMHER. H—BORE, XF
A B R REE— R

o HEMREMMEFANZHEIL, RUENBEFTML, RHZRNE LR, EHEER LS
MR ki, B, XBMRERGSERANE - M REH/ERE, EXEEI-F
R ) A REE ). M TFXERMNEBDRHRK, SHEL IRt
rB—4t 0 ZE | HRFERNRER. SO ETBTUSEEHCORESNE. R, A
BAETHMEREEBNEXLERR. WRZE, —PETEWAE “BIL” N, RN
HAETHMTHAEN “E5"  RESGEPZX -n, REERMIBRRASN—H
MuBaR, eHATHENETEAHENBIHRER. Hit, FASURERYE 18
BT EEET.

AR, A8HKEANTFEZEENM R FREERNR, FRANEREREF—TEam A,

13.7 12D AR EZAMEZ TN

2D, ERMARLE XHREFELREHATEFEFNE LN, BB TBRARERRE.
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BNAEBEN A EFEFASNBRA BB ROBEE SR x, y 245). WA HERZH N
ax+by=d,
a,x+by=d,
WL HREBAR 135

¥ = bzd1 - bldl
ab, —a,b,
a|dz - azdl
a|b1 - ﬂlbl

AR 13.5 WE 2D PR HEREZ R
FI AL A, T3 FREduE 13.4 Ffia):

o ﬂﬁ—+ﬂ,ﬁ#ﬁm?,ﬂﬁnj¢wﬁﬂx#:ﬁ.
o T, EWBHKEETH, KEALHEE, T HNE.
o THEM EHERLHRES, HENT.

Lines intersect ane soltion

\ ——
Paraliel lings: no solution
— e > »

Coincidant lines: infinite number of solutions

134 20 hEBETHSHITR

13.8 7£ 3D th /il &S R94E 3 TR

X (8 3D hE £ LS B A E KA
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r(1)=p, +1d,
I':{Iz) =P +I:d2

WAVGEEMA NI S . BNEASE . « BEURTERE. Fit, TONFH5EMLE TR, (b
P, miftd,, d, BRI E. WRXHEREE Vi, ARG —TRER -, BEE
=Fra] et

o FAMEETT M.
P AR AT, WA
o FMEMEKES, AEREAA.

(€ 3D h, A PR AEE: WEMLALE TS, WE 135 fros.

E13.5 FEIDPFEEMAABEESTE
T i s e R AL SR e, o

r(t)=nt)

p,+1d, =p, +1d,

td, =p,+0d, -p,

(f|dl)x'd: =(p; 'H‘zdz _pI]Xd:

t,(d, xd,) =(,d,)xd, +(p, -p,) xd,
t(d, xd,)=t(d,xd,)+(p,—p,)xd,
t(d, xd,)=1,0+(p, —p)xd,

t(d, xd,)=(p,—p,)xd,

(d, xd,)- (d, xd,) = ((p, —p,) xd,)-(d, xd,)
e ((p, —p,)xd,)-(d, xd,)

' lId, xd, |

7 L PR B0 A oK o o,

, - (P.-p)xd) (d xd,)
’ lld, xd, |
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WMRMEFELITHES, d, d,FCGRAF, U LEARTSANGHAF. NRFAXHEA
ZE—ANEEA, B4 p, () Mp,(e,) RAHIEEEH A ETRE p, () 0 p,(r,) A6 RE 3 BY AT E P % 41 22

FAERI I . AR, 7E SRR DR VR AUSORORERE ) B, RS R AR AT AR D B, X R 6 R R B — e L

F AR B R RE ¢, , ¢, OB, 0 R R A RO RO IR — AN R EESR), ZEVHECH 1,
¢, JE R R HESE 24 03 R

13.9 SHEIMTEavFEZ RN

763D PR S FEHT T —H. HEASEENA:
p(t)=p,+ud
SETH LA A Ok E X, B FOFmE LR R p SR

p-n=d

R 0 A d FBRED R MR, X ERRELEM X REI&FR(NE 13.6).

.__.._. i e == -

pu

/ \\ =/

B 13.6 7 30 PHEFFmiEE

BEM AN, ENRENERNOKERLRE(AN 13.6):

(p,+rd)y-n=d
p, n+td-n=d

td-n=d-p,'n

d~p,-n
d-n

=

2#%13.6  SEOUA M SR HARAZ
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WRPRAFEELAFET, 48d-ahT, WEMNZERERA. RN 5 PE 0 EERRN
fot. ERXMHRT, (CUSLEDT 0 APHEAE R EHEN AR, Hitd nc0), ME BHTHR
HEHE, HAHEPEAHE. -

13.10 AABB #03- BY 48 32 T &

%8 3D FHBRHE A p,, M p,. XK AABB FULFRHEN L8 A Fill: p-n=d, Hb n BELm

&. Fiil's AABB U THRIMASRRd. X THE% AABB ik, 81 1244 V. i EFEKER
RER—E,

— R R RSN ER, MR FET R 0 8, B R ABS 4 RRBAREN
R REREATEN—d, SMEESNS L. WERAAHBAT 4, B85 P iF i
Piigei—0; WMRFH QRN T 40 28U FHESTE Tl i i AT e —m.

Lhr b, ATBERQR A 8 M TTLUFM 12.4.4 ¥h35# AABB EL0E 5, S, mEn >0,
REBPNIRR x=x,, » RABRKFIRREx=x, . WRkn, <0, MEHOLHRMLE L. 0, n,

RIS R . BANHEB/NBRKABNE, WREDSEBEXT dSBXABAN T4 REENAH
X B, WAAAETFEMOFEYL, RILRES FEHER.

BT RH#TEHER R BRIOBERFEEH LN (BHZ 13.6 7, D—ME3PELSE5REEBENMN
AR O = LM B )il SAHER (B8 e S (m) B 0 RUCHE 1 58 3. FIETT —FF, STRE SBUSCKHE
MR, HE (=0 BE—UAZERR, wRUAEMTFERVREME, Bo—EREFHBEHTR
REEMFE, STREAN - TRMHNBEATAZ —. mRRX S “ 1" MEEME, BAa
EREAABERDNTUE. —SRIHAeEMEFma Ra, SaTLlFAA 13.9 WSk 54
paciiine S 2 q0) 8

AABB3 3Bl T AABB 5 FHEMTRES. shAHATHEAR.

13.11  =AFHE 6 948 3 T

f£3DH, =AFEAMAEZET A, WA 13.7 Fiow.
B = Fma R TR
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p-n =4,
p-n==d2
p-n,=d,

M 13.7 DHFH=EATEEMBLEF—R

R T A e TR G BRI B e R, (EMRDX PRI R A L BN . LEMERMART M
SAHER=EARDBEE AN x, y, 2 BERREHRA, XA RARAIMAR 13.7 FirHaR,
¥ LI B R BERI11]:
_ d(m,xn,)+d,(n,xn)+d;,(n xn,)
(m, xm,)-n,

AR 13.7 EAFEHEETF R

BAEE 0 EE AT, BARAEARTE, BASHE—, EXMMHER T, AR 137 B8
AE.

13.12 SH&&FnE/BkaOFE 32 14

AR 2D PEHEAAKARERE, KRR RERA T 3D PR A AR R,
TR T LA & SRR O PR R AT R, AT 3D REESAL % 2D . (MRHLREES
HEROMER E, R TFEAREME M. EXIEFRAE, XL TRIOGEAEEAAHE
FIERAL T RAAT . )

RAVEH M E N R B WS ERRSIT A AN AL, RE 13.8. AELC cF¥ERr REX
BR, BEREENH: p(t)=p,+d

XE, dyefiEE, A0 BLE, I ARERKE. FIERER L fME:
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B 13.8 SiLkFnpkidE3E

t=a-f.

a ISR, & e M p, fE1 ¢ (A5 &

e=c—p,

WAEH e BOLH d(2 W 5.103 19). XAFARIKER o, ERHRAN:
a=e-d

AT % RIS £ B0k, IRIRARE R, TRV A E)
fr+b’=r’

TR K = fh b e K1 b

a’+b’=¢

b'=¢-a’

e JE MR Rl B Lo 2 (A RO RE 1, k2 fel i e H‘]E:IE» : Eﬂt e
e =e-e

RAFF eI 2 f:

fi+b=r

fP+(e-a’)=r’

fi=r'-€+a’

f=Nr'-é+a

B kA (23 13.8):
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t=a-f

2aX13.8  SHEOEAMH LMK

X B e AL

R r—e' +a’ A, WAFEMBAASHI.

SRR ST REZERI A, BEET e’ <7 . BB, RIEARMREKBEN, 2FARNTA.

13.13  EAE/BREHE 32 T4

P B 1) A A M EL R R SR (AW e T RS, Bt B, B 139 PRNSER). FIE
hEkLre, , o FERr, rE XHPEANERE 13.9 FiR). B d AROEKER. #A8, Jd<n+n i

CAAAE. Bl i d® <(n+r) , ATLLBRETETH d EARTFIRIZE.

B 13.9 BPekiE%
WP AN IS 2 R BRI AT AR A M R SRR . BRI R R d, A d, . RS AE E RE
XN, e T T B R B rp R E s sl W 13.10 s,

M ASTRG R e XA . BER BN ERE “Hbf T, H-AERE “Es” 1.
XM TR - BEaRtd. ERTECBRERL d /9%d, -d . W8 13.11 Fis.

Wi R RO ¢, BB r EX . BHEREER M =00, HROAc, . t AENOZELT I,
s d EAL, MIBUSTEEM 0 B, 1 BRBSHAPER . BTLLEE ¢ NZIEEhERMERL K e, +1d o FTEK
2 AE N EREE AR R BRI ) 1. ORI E R WA 13.12 For.
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f

B 13.10 AERAIEK

e

@ 13.12 BRkFERYSHASHE N
AT, BAEHHEMc, B0 c, Ml mE e, HFBFRNNA r

e=c! _cﬁ

o it

W cos W HE(Z LI A), 1
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r’=t+| el -2t| e| cosé

R AR LT AERRGE L 5.10.2 W), HMWTR.
r’=t+| e|’ -2t| e| cosé

r’=t'+e-e—2t(e-d)

0=¢-2e-d)t+e-e—r’

P — IR IR A
0=1-2(e-d)t +e-e-r’
i 2(e-d) £ /(-2(e-d))’ —4(e-e—r)
2
. 2e-d)+ \J4(e-d)’ —4(e-e—r’)
2
t=(e-d)t (e-d) —e-e+r’

K B MR ? 8/ PR R BN BRIT R A ) ¢ {8, BOR MOMRCIEAR) R 7 1 BRI A e
BT ¢ {H. BARRAIN §T— THREENE.

t=(e-d)—y/(e-d)’ —e-e+r’

KRS EEAE RS

el <7, WIEREE =0 BIHEAR.

mE <0 & 1, BALEFHLMIREIBRAFHARAS R EEM.
mRRESAKERAY, BARPRAZHI.

13.14 TkF1 AABB B9 3t

T BATERH AABB W AHIA RS, &5 13.5 1P /-4 55K E| AABB o BEERAOT B TR
gL RO MR, AR LA LR CERR b, R RER KT RERNET, @Rt
HRIEH). MEBEEE/NTEB, BARM AABB L.

76U B B EEHF, Arvo itiE TIXMEAR, TR ARMRM “ 57 5L FAEMARZ A
MBIt T —LeBRA “ 2" SERIL FHERNA R BT .

BARRARR LB A S . EHERMREE R LT, FHAKLHTBKHSEIR16].
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13.15  BKFOFE A4 P4 T

ERRIE T (e SR AR A 5 —2b. AT DU A 12,14 RIFER L EmMEEE. R/ FIRE
BAEANAEI. Lhs LIRS — R E BN, XRRMIEHZ S WRESEFHER, TSN

o PSR = MR L. fFERAATTE I R 132,

AFFE 132 PMRATF G —L

£ HTEERAUVE D, 0K Y A — ik
Iy
[ FFIREE:
/1
/o< 0 BRERFEEEHN
/> 0 RAHKSEESELR
/70 FoIREAEET [
int classifySpherePlane { :
const Vector3 &planeMormal, // £401F M4k
float planeD, // p * planeNormal = planeD
const Vector3 &sphereCenter, // ERL
float sphereRadius // EK¥4%
b
/T BERC B (i Y 8
float d = planeNormal * sphereCenter - planeD;
/o FEAEAHTR?
if {d >= sphereRadius) |
return +1;
!
/O EEETR?
if (d <= -sphereRadius) |
return -1;
1
// BRBUESF il
return 0;

}

AR EMRME 2. WP EARIER, BREFRARANE.
Ffe 7 — ek, AR p-n=d, n AN, Rb1¥2 r HYHEROLLE e 2 3L,

BRI R, mfimE d R0 AW, [AROBRER. r A0 ZELB] ], BIESHE ord HEROHE
shihie. kA 13.13 Fras.

AEEFE LG ERERL, AR EMEREABREEER, IWABX - SERARARARE. F
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- RiHSEAE A, i 1314 Fros.

13.13 Bk Fm#Eah @ 13. 14 ERFNFEEEMA S

PLZESRAN ) T ER EAAHAE L. A al EURIA 13. o 4 vhfr 48 B fi B A R 15 T AR AE PR U A Ty ik
Mimia X 13.6 P p, . MHIAK13.9:

_d-pﬂﬁn
d-n

[

_d—(c—m)-n
- d-n
_d-cn+r

a d-n

A7 13.9 BRI 1 ) 3 AR

13.16 §14F1= AR AR AR

7 B T2 A LA o SR 5 = T R R AS TR 0 S AR T o PR BRZ B A 52 e ik Rl AEAZ TE
Kol i g, TRAT A = A PR AR R (R F D R IE R MR, PR S R = o 0 g M A P

FAMEHEx B t?*&%ﬁ*}[:]ﬁ%ﬂﬁ*]ﬁﬂ;ﬁ B R g A % = AENFmME L. 13.9
A O 202 i 0 A 25 L5 o7 i R 7 o Rl AT AR LA, skeplre REE=MED.
iXgE 12,63 Wb ndd 1.

P TAE IR A ST g, O TS
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o {ERYHR T fE B MR B] R HZE), XIRE 3R AT 45 R (early out)” .
JRATREMMEEIR “ BB MWEEE. whkik. ARARE: B, WRIAHE “HHR
EHMNEGR, mBEH T “RWER” OFR, BARTRXEZENMAREERSET.
B, ERTHRIFEESHCERUAHAALEROHFELSEENRA. WRELSWRE)
ARKHEER, %iF8MER AR IFAAERTFHBREEE AT, EHERZEH,
B AERAT R AR B RS TR S BURRTA ). BTl FEHATHIE, MR TEREE
FMaR, ZGRTRCSHE T NX, 2 bCelruidiiikT.

o HE5S =AEIEMMARAE. iXJLFar BLAT & — a8 W fE .

FHEARIS I TIXERAR RO T —£& “i@” 07 a8, HFEIRERT S MABIRN,
EHB R,

/RS S MMM R ®, SiE¥A Didier Badouel,Graphics Gess I,pp 390-393

float rayTriangleIntersect|

const Vector3 &rayOrg, // $&iEs

const Vector3 arayDelta, // WEKEH IR

const Vector3 &p0, // =MEWA

const Vector3 &pl, // .

const Vector3 &ap2, // .

float minT // HurALEEM S, A 1.0 G

oA

/7 A AR A AR EEX A A

const float kNoIntersection = le30f;

/fF TE SR EF i )

Vector3d el = pl - p0;

Vectord e2 = p2 - pl;

/RN E (AT EENL)

Vector3d n = crossProduct(el, e2);

/O EME e, RATE=ME CIER” MRE

float dot = n * rayDelta;

/7 REHETAT T = A SUREE = A IE R AR

/7 R R AR - AN, XEMBSTAEFERFRER, NAN AR Y R B
// NAN M, Ydot >= 0.0f BMERIAR)

if (!(dot < 0.0£f)) {

return kNoIntersection;

1

/0 WROFIGER dE, £HAERT N FEIE

/i

// Ax + By + Cz =d

flocat d = n * p0;

£/ VHEREE S R0 B 8O

float £t =5 d - n * rayOrg;

/) Bk EEZHHMITM? Is ray origin on the backside of the polygon? Again,
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// we phrase the check so that NANs will bail
if ('({t <= 0.0f)) {
return kNoIntersection;
1
/) REE SR (BRI RBLE @) ?
v
// B} dot < 0:
'y
// tfdot > minT
/i
/5
I/
// t < dot*minT
// R
// (And then we invert it for NAN checking...)
if ('{t >»= dot*minT)) {
return kNoIntersection;
}
// W, $HERMTFEMAL. HHERRZ S
t /= dot;
assert(t >= 0,0f);
assert{t <= minT):;
// WWH 3DAER
Vectord p = rayOrg + rayDelta*t;
// RBEBEEMM, EFRET@m
float ul, ul, uZ;
float v0, vl, vZ;
if (fabsin.x) > fabsin.y)) |
if (fabs(n.x) > fabsi(n.z)) {
u0 = p.y - pO.y;
ul = pl.y - pO.y;
u2 = p2.y - ph.y:
vl = p.z - p0.z;
vl = pl.z - p0.z;
v2 = p2.z - pl.z;
} else {
ud = p.x - pl.x;
ul = pl.x - pl0.x;
u2 = p2.x - pl.x;
vl = p.y - p0.y}
vl = pl.y - pO.y;
v2 = p2.y - pO.y;
}
} else |

if (fabs(n.y) > fabs(n.z)) |
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ul p.x - p0.x;
ul = pl.x - p0.x;
uz p2.x - pl.x;
vl = p.z - p0.z;

vli =pl.z - p0.2;

v2 = p2.z - pO.z;
} else {

ull = p.x - pl.x;

ul = pl.x - p0.x;

u2 = p2.x - pl.x%;
v p.y - p0.y;

vl pl.y - p0.vy;
vz = p2.y - pl.y;

}
}
/1 SR, RERARE
float temp = ul * v2 - vl * uZ;
if (!(temp '= 0.0£)) {
return kNolIntersection;
}
temp = 1.0f / temp;
/) WHEOSE. 8 EERTURRT
float alpha = (u0 * w2 - v0 * u2) * temp;
if {!(alpha >= 0.0£)) {
return kNoIntersection;
)
float beta = (ul * v0 - vl * ul) * temp;
if (! {beta >= 0.0£)) {
return kNolIntersection;
}
float gamma = 1.0f - alpha - beta;
if (! (gamma >= 0.0f)) |
return kNolntersection;
}
/7 RE B8 K
return t;

}

EH MR “ B - FR SRS BB R MITEH R SR, mRREAEERE
XFERMETAST HEEMIE, B0 LUK SE 040 Y SR .

B EENE, BFRALRIFIRERMTIITEE. Tomax Moller 3 it —FPREE A G K5 ¥,
ERZBHE T EESER—, aTLUEEEBE P ES www.engda.com T ##l &2 LA AR TR -
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13.17 51%:Fn AABB BYME T M

F# AABB MU SRR E TR, FOAMAR N T 57 R o LUE %X 2 ' 2 rslid. (i,
BAVERWH RS 240 = ARV AR, WL RS =AM A AABB BRI .
B Al LR e, AR ERRX T hERITE = Ak, )

EMR B BB B RH24) 0, fEF Woo I —Fh¥E: SEANEIG FEABA TSI, Fal
25 58 & X AN P T AR . MR SER TP, BASREERLFETML, FUAFEML.

AABB3 H rayIntersect()5k & Fl Woo MIH A BTN .

13.18 7/ AABB B8 32 M4

HBFAE L AABB MARZEHERME AN . AHEES -f LaBe R cNmEAEENT. mi
EFH % LA ES, BAXHEAN AABB BIA248725. AABB3cpp F1ff] intersectAABBs(){ & X T £
RAE LA

AABB A f9Zh AR M ARME 2 - BB — N iR s, Ms & U#RIE AABB FI—Adim A
m__ 5 XIiZ5h AABB. i&5) AABB flizahthE & d 43, « M0 &LE 1.

H b5 1 8E Bhid S HE R 209 ok b MR i 3 (BN A BRI R A 4E2E). Bt R
MEFEHHUAEAMNLFECTEE LANESHE 4. HACHNAEEAE 2D 33D 9, ‘AIVEE
2D HRRRE. (FRE 3D MRIEEEH Y. LRMMFTE LR, MR DEE 3D PRE=)MLH
—E R, BIEEN4Aen -ERERREER.

MIEEMR RO ETH—EET . RNFEMERANER L TEER CE LESHRmEXE, B
SRR s b, W 13.15 Fios.

6 45 T ARV MO NS B KZ 5 AABB. M 13.15 TP =0 B, 2319 AABB T2 T## 1L AABB
B4, 4 =1 WHESH AABB e T8 AABB #iill. ¢, ¥4 AABB MBS R, ¢, BW
A~ AABB it B &t 2. X FEETHSRISE, Bm () Fm (1) {0RIES) AABB fER 21 ¢ f) /MR
P NI:E '

m_ (t)y=m_ (0)+1d

m_ (t)=m_(0)+td
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E 1

Mowing Stationary
AABE MAAEB
R R E o
Flerar -_—
.
Fleave R ]
= TSRS -_—
T |

B 13.15 38 AABB HIBH AR MBI BRI B — 4k

m,.. (O)F m . (0)/2i=5) AABB [ 4G (L E , d RECLES ) Bt d 7EIXA4E LYo B R s, FLS
K It AABB(52R, ENIA R AMKH, KX AABB £#ILA. ¢ &M m 0% TFs,,
B‘Tj'ﬂ'!] t ‘[ﬁ.:

mm{tmu:r) I Smin

m_(0)+t_ d=s_

rﬁ'ﬂﬂ‘d = Sonin — Miax (0)

S —m_ (0)
g 8
d
FIFErf LAk e, -

mmin (fluw:} % Sm
mmin {D) - rlﬂl\‘td = STI'I‘.I
t . d=s_—m._(0)

e Fe (0)

":lw.' I d

XEA =B

o WRSEEANO0, MAWATHHIA MR ZHAZ, SKAMAE. QIS 2415 A X R i o
i A i .

o WBiEzh AABB HEAG T#1k AABB M4 Aa®ah, MBar,  WRF, . o iR
LB MR, <t . -

o . Fie, MAEAFTRESE M0 1XAKE. b TRA ¢ KA, "TELAYIES)
AABB EHEEFITT d MW ERPGERS), B >180e, . <0 B, fEFTHE I E A EA]
2 A .

MAERMNCLREEKINM U FIEES NN RTEE T, Kafthe,, M, o EXBUTE AL 7
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HEATES 4 FHIZE, T FTA 4E b (0 IR i) X ] (A2 SR & 15 A~ S HE AR AT B 1R) B . P 13.16 JRIR T E 2D
o £ 5 A I (o) [ () (AR SR B 1315 R, 13116 vh A i e (e g P 13,15 P S R x ).

et T

Overlap on x-axis

&l

Boxes intersect

-

* o+t

et it |

Overlap on y-axis

B 13.16 MHTZXERZE

RN %E, IAFIAARHEACE A SAAS: R TG RZE[0,1)2 50, IBATERTIHR KM BN
CATAHIAE . SoBi b, XA 44 B4 B RA VB E S, PATRA AT B G E AT 24 2
R 2, TS 7 AR AT A A SR, TRATT AR B AR A X R R e ) X [ R 75 O %2

intersectMovingAABB() #1 L ik B se RSB

FEMG R, EbRN R, WA FHER D R 55 TR AR M. SR, RS
Sree, BT LA BUEE S — A A R, T LGRS ek, ARJE PR RRGE ¥ VSR SEOC )
Kl .

SRR i TT UK BT A A SEME . www.cngda.com BT 36 TR R I E B8 .

Lt

13.19 HAbFH3Ea94E N

PR %R, e A e It LA T LT

=S = AR AR R .

AABB 5 OBB(# Ja i1 54 ) i) 48 A2 £ U .

=i 5 AABB [IHIZZHERL .

B <A B JCHARASTER . WA, PSR

{f www.cngda.com AT AR B 36 T ax ek W ik AR OCHERE

13.20 AABB3 Z

§i LA AR B T AABB3 2, ALK ML 3D PRI FAE LA AHE(AABB). X — 154 H %R0 5
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58 SURSEI, .
IXAHZE AABB3.h F7EEA, RIBWTF.
25 4% 13.3 AABB3.h

PETETEERTTT T8 d T T i T I i i i i i diiiriddddiiddiiridiir it ditiriddititddiiiiiiilired
I
// 3D Math Primer for Graphics and Game Development

r

// BABB3.h - Declarations for class AABBR3
/i

// For more details, see AABB3.cpp

/1

LILLTILTIS I IS LL LTI TI TS LTI TR T PSP I I LTI Ed it i iiiirtidy
#ifndef _ AABB3_H_INCLUDED__

¢define _ AABB3 H_INCLUDED _

#ifndef __ VECTOR3_H_INCLUDED___

#include "Vector3.h"

fendif

class Matrix4 3;

/ /B 3D M A MR g SHHESR
class AABB3 |
public:
/] BFLEEE
/7 b A, AER
Vector3 min;
Vector3 max;
/1 EHRFHEH
Vectord size() const { return max - min; }
float xSize() { return max.x - min.x; }
float ySize() { return max.y - min.y; }
float zSize() { return max.z - min.z; } v
Vector3 center() const | return {(min + max) * .5f; }
/7 WEHL 8 ATH I —4. B% . cpp XHFRNES
Vector3 corner(int i) const;
/R AR
/) R ERA TR
volid empty();
/7 L FHE PR
void add{const Vector3 &p):
// WL RPN ARBB
void add(const AABB3 &box) ;s
[ BB TCATHE, THHHTR ARBB

void setToTransformedBox{const AABBE3 &box, const Matrixd;E &m) ;
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/1 AE ARG

/7 P true, WRERLRHE L F

bool isEmpty{) const;

// BB true, MBFEHIUFERLITER

bool contains (const Vector3 &p) const;

/7 BB FHE EH R S

Vector3 closestPointTe(const Vector3 &p) const;

// A true, MR |

bool intersectsSphere (const Vector3 &center, float radius) const;
/1 MSEHEMBZHEMNR, DRAHZMWEREKT 1 '

float rayIntersect(const Vector3 &rayOrg, const Vector3 &rayDelta,
Vector3 *returnNormal = 0) const;

/7 30 T i R T i 9 —
int classifyPlane (const Vector3 &n, float d) const;
// T Bh A AE 8
float intersectPlane (const Vector3 &n, float planeD,
const Vector3 &dir) const;
bi
// Ey#FA aaBB MY, MRHALIEE true, EFTLLEEIFHATH ST H] AABB
bool intersectAABBs {const AABB3 s&boxl, const AABB3 tbox2,
BABB3 *boxIntersect = 0});
// BEHESY AABB FfE (L AABB MMH S B, MBEPHLEREREKT 1
float intersectMovingAABB (
const AREB3 &stationaryBox,
const AABB3 &movingBox,
const Vector3 &d
)7
FILITEELEE LTI E It Eddd it ddddtddddrtdddiisddiitidditrtiiintiidriiiiy
f(endif // #ifndef __ AABB3_H INCLUDED__

LI 7E AABB3.cpp . fARSINTF.
#F#H %134 AABB3.cpp

JIPEEITELEPTITEEL I d i i i d i ddiididddii it ddiiiid i iiiiddiriiidiliidiny
1

// 3D Math Primer for Graphics and Game Development

!

// RABB3.cpp - Implementation for class AABB3
/f

J// For more details, see Chapter 12

Iy

JIAIIIIEd Tt dd it d i tididd i it it i ddiditd izttt dddiiiidddsitddiriridiiry
#include <assert.h>

#include <stdlib.h>
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#include "AABB3.h"

#include "Matrix4 3.h"

#¢include "CommonStuff.h"

FELLEEELT LTI LRI ET T I i iz i iidrditddditdditiiiiiditiieizili
I/

// AABB3 JSH B bR 3

/'

PELETEIEITTTEETTIEL T IR T T T T T T TR PP TR T I TR iddiiiiiiisid

// AABB3::corner

//R[E] 8 MTHAPH—4, TSRS MR

1

I/ 6 7
FH e e
! /1 /1
! /o /o
! /o I
/ / | |
! / | |
I / | / i
/i / I |
// / | !
// / | I
o 2f | 3/ |
I / |
ff

/7 I I | +Y
/7

/4

fr

/o

/o

. /
A

/7

/7

[l

[

/o

[/ == e
/70 1
/1

/f BofIiEFE min.x vs. max.x

/B 1 EFE min.y vs. max.y

// B2fiEHEmin.z vs. max.z

S
T
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Vector3 AABB3::corner{int 1)

/1 ARRIEE®

assert (i »= 0);

assert {1 <= T);

// iREl e

return Vector3|

(i & 1)
(1 & 2)
(i & 4)

)i

// AABB3::empty
/R AR /R M LS L R
void ARABB3::empty ()

const float kBigNumber = leZ7f;

min.x = min.y = min.z = kBigNumber;

T max.x
? omax.y

? max.z

{

: min
+ min.

: min.

max.x = max.y = max.z

J// BARBB3::add
/T EERGFER T A

void AABR3::add(const Vector3 &p)

« X,

const |

-kBigNumber;

{

[/ RER RS RERLFEULRTXTR

if
if
if
if
if
if

(p-
(P
(p.
(p.
(p.
(p.

MMk kg M X
VoA W A VA

min.
max.
min
max.
min.

max

// BABB3::add
/ /5 e S HE P R N ARBB

void ARBB3::add(const AABB3 &box)
ok R

LX)

A E 308

if
if
if
if
if
if

(box

(box.

{box

{box
(box

LMLl

.min.
{box.
.min.
.min.

min.

min.

Mo kD W X X
VoA W A WA

X)

X)

LX)

x)

®x)

WX}

min

max.
min.
max.
min.

max.

min
max
min.
max

min.

.max.

X

MM W M X

LX)

x)

. %)

x)

®)

Il
e

min,
max.
min.
maX .
min.

max.

// RARBR3::setToTransformedBox

A
.

-¥i

CEECEL A

{

box

box.

box.

box

box.
box.

Lmin.
min.
mirn.
.min.
min.

min.
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/1 R T R T HET Y ARBE.
/4 WE. XHEBR-AZEADAE ARBR —H KM AABR, B K%M ARBE
I
//Wo12.4.4%
void AABB3::setToTransformedBox (const AABB3 &box, const Matrix4 3 &m) {
/WA, WEE(H
if (box.isEmpty(}) |
empty ()}
return;
}
/1 B S TEEG
min = max = getTranslation(m);
/7 WK TR o A ooE, HHER AnBB
if (m.mll > 0.0f) {
min.x += m.mll * box.min.x; max.x 4= m.mll * box.max.x;
} else {

min.®% += m.mll * bhox.max.x; max.x += m.mll * box.min.x;
}
if (m.ml2 > 0.0f) |

min.y += m.ml2 * box.min.x; max.y += m.ml2 * box.max.x;
I else {

min.y += m.ml2 * box.max.x; max.y += m.ml2 * box.min.x;
}
if {m.ml3 > 0.0f) {

min.z 4= m.ml3 * box.min.x; max.z += m.ml3 * box.max.x;
} else {

min.z += m.ml3 * box.max.x; max.z += m.ml3 * box.min.x;
I
if (m.m21 > 0.0f) {

min.x += m.m21 * box.min.y; max.x += m.m2l * box.max.y;
} else {

min.x += m.m21 * box.max.y; max.x += m.m21 * box.min.y;
}
if (m.m22 > 0.0f) {

min.y += m.m22 * box.min.y; max.y += m.m22 * box.max.y;
} else { _

min.y += m.m22 * box.max.y; max.y += m.m2Z * box.min.y;
}
if (m.m23 > 0.0f) {

min.z += m.m23 * box.min.y; max.z += m.m23 * box.max.y;
} else |

min.z += m.m23 * box.max.y; max.z += m.m23 * box.min.y;
1
if (m.m31 > 0.0f) |

min.®x += m.m31 * box.min.z; max.x += m.m3l * box.max.z;



F13F TR 289

} else {

min.x += m.m31 * box.max.z; max.x +=
)
if {m.m32 > 0.0f) {

min.y += m.m32 * box.min.z; max.y +=
} else {

min.y += m.m32 * box.max.z; max.y +=
}
if (m.m33 > 0.0f) {

min.z += m.m33 * box.min.2z; max.z +=
} else {

min.z += m.m33 * box.max.z; max.z +=

// AMBE3::isEmpty
/I mRAEWEEF] true
bool AABB3::isEmpty() const {

// REREHEFE W ERLRT

return (min.x > max.x) || (min.y > max.y)

// BAABB3::contains
J/IMBREEEASADER true

.m31

.m32

.m32

.m33

.m33

bool AABB3::contains{const Vector3 &p) const {

[/ BRI EESTFEERHES

return
{p.x > min.x) && (p.x <= max.x) &&
{p.y »= min.y) && (p.y <= max.y) &&
(p.z »>= min.z) && (p.Z <= max.z);

// BAABB3::closestPointTo
//iEIP] AARE BB A

* box.min.

* box.max

* box.min.

* box.max.

* box.min.

£;

«E7

z;

Zy

(min.z > max.z):

Vector3 AABB3::closestPointTo(const Vector? &p) const |

/1 -4 L p < RTRIAHE
Vector3d r;
if (p.x < min.x) |
I.X = min.x;
} else if (p.x > max.x) {

r.X = max.x;
} else {
r.x = p.x;
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if (p.y < min.y) |
r.y = min.y;

} else if (p.y > max.y) |
r.y = max.y;s

} else |
r.y = p.y:

}

if (p.z < min.z) |
r.z = min.z;

} else if (p.z > max.z) {
r.z = max.z;

} else {

r.z = p.z;
}
// Bl

return r;

// BAABB3::intersectsSphere
J/FEREAENGER] true, #H Arve M

bool AMRBB3::intersectsSphere{const Vector3 &center, fleat radius) const {
/¢ IRFVFETEIL FHE ERERC BT R A
Vectord closestPoint = closestPointTo (center);

/! RBERLSAMROMERESDNTEE

return distanceSquared{center, closestPoint) < radius*radius;

// AABB3::raylntersect
[/ RBHGHRNAT . WRALKEER 0 Bl 1 ZAMSEE, FUEEKXT 1 HE

{/HEHET woo ) “IREHE SIER D FEMZHERM" Fik, W craphics Gems I, $ 395 W
f/

/7 Wo12.9.11
float ARBB3::rayIntersect |
const Vector3 srayOrg, // STERERS
const Vector3 &rayDelta, // SHERHEFA 5

Vector3 *returnNermal // oJikf), HEES
} const |

/7 SRR AR A MR (Rl A~ K

const float kNolIntersection = 1le30f;

// REAEEROFEANTESR, Mo S84 wEE S

bocl inside = true;

float =xt, =n;

if (rayOrg.x < min.x) {
Xt = min.x - rayOrg.x;
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if (%t > rayDelta.x) return kNolntersection;
¥t /= rayDelta.x;
inside = false;
xn = -1,0f;
} else if (rayOrg.x > max.x) |
%t = max.x - rayOrg.x;
if (xt < rayDelta.x) return kNelntersection;
xt /= rayDelta.x;
ingide = false;

xn = 1.0f;
} else |
xt = -1.0f;

1
float vyt, yn:
if (rayOrg.y < min.y) |{
yt = min.y - rayoOrg.y;
if (yt » rayDelta.y) return kNoIntersection;
yt /= rayDelta.y:
inside = false;
yn = =1,0f;
} else if (rayOrg.y > max.y) |
Yyt = max.y - rayorg.y;
if (yt < rayDelta.y) return kNolntersection;
yt /= rayDelta.y;
inside = false;

yn = 1.0f;
} else {
yt = =1.0£f;

}
fleoat zt, zn;
if (rayOrg.z < min.z) {
zt = min.z - rayOrg.z;
if {zt > rayDelta.z) return kWNolIntersection;
zt /= rayDelta.z;
ingside = false;
zn = =1.0f;
} else if {rayOrg.z > max.z) |{
zt = max.z - rayorg.z;
if (zt < rayDelta.z) return kNolntersection;
zt /= rayDelta.z;
ingide = false;
zn = 1.0f;
} else {
zt = =-1.0f;
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/I REEERUREAN?
if (inside) {
if (returnNormal != NULL) {
*returnNormal = -rayDelta;
returnNormal->normalize () ;
}
return 0.0f;
}
/1 PR I E—— R AR R
int which = 0;
float t = xt;
if (yt > t) |
which = 1;
t = yt;
}
it (zt = t} |
which = 2;
t = zt;
}
switch (which) |
case 0: // Rl yz ‘FEMHAE
{
float y = rayOrg.y + rayDelta.y*t;
if (y < min.y || ¥y > max.y) return kNoIntersection;
float z = rayOrg.z + rayDelta.z*t;
if {(z €< min.z || 2z » max.g) return kNoIntersection;

if {(returnNormal '= NULL) |{

L}

returnNormal->x Xxn;
returnNormal->y = 0.0£f;
returnNormal->2z = 0,0f;
t
} break;
case 1: // Ml xz FHIMAL
{
float ® = rayOrg.x + rayDelta.x*t;
if (¥ < min.x || x » max.x) return kNoIntersection;
float z = rayOrg.z + rayDelta.z*t;
if {(z < min.z || z » max.z) return kNoIntersection;

if (returnNeormal != NULL) |

returnMormal->x = 0.0f;
returnNormal->y = yn;
returnNormal->z = 0.0f;
}
} break;

case 2: // M xy ‘FoogHss
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float x = raylOrg.=x rayDelta.x*t;

float y = rayOrg.y

+

if (x € min.®% || % > max.x) return kNolntersection;
+ rayDelta.y*t;
>

if (y < min.y || ¥ max.y) return kNolIntersection;
if {(returnNormal != WULL) {

returnNormal->x = 0.0f;

returnNormal->y = 0.0f;
returnNormal->z = zn;
}
} break;
}
/7 BREE A 8E
return t; .

// BABB3::classifyPlane

// # ik AABB 5 P A YER M

// BEHH:

/7 <0 B REESE TR

/7 >0 HGG RS TR R

// 0 B FREERE AL

int AABB3::classifyPlane(const Vector3 &n, float d) const |
/¢ Ry, HERMEADHE, WEE
float minD, maxD;
if (n.x > 0.0f) |

minD = n.x*min.X; maxD

It
=

LEEMAM . X}
} else |

minD = n.Xx*max.x; maxD = n.x*min.x;
}
if (n.y > 0.0D) {

minD += n.y*min.y; maxD += n.y*max.y;
} else |

minD += n.y*max.y; maxD += n.y*min.y;
I
if (n.z > 0.0f) f{

minD 4= n.z*min.z; maxD += n.z*max.z;
} else |

minD += n.z*max.z; maxD += n.z*min.z;
!
// seATEFHE A AT ?
if (minD >= d) {

return +1;
}
/e e IR T i ?
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if {(maxD <= d) |{
return -1:

}

I i)

return 0;

// AABB3::intersectPlane

// #h#& AnBB 5T HIAHAE £ HI

/7 n AT R R (RS R R

// planeD RF¥E4#Ep.n = d T"HIDE
// dir & AABB BEIRIH A

/7 BT AR
/4 BIEIAE S 28—t AnBR BEhHIPERE, 0 RAHAE R B — 4 K H
¥4
/4 FLEREH S i OE i A A
//
fleoat AABB3::intersectPlane(
const Vector3 &n,
float planeD,
const Vector3 &dir
)} const {
/1 R BEARE R IE WL m &
assert (fabs(n*n - 1.0) < .01);
assert (fabs(dir*dir - 1.0) < .01);
/7 WA EPEA
const float kNolntersection = le30f;
/O WEEA, BRBRARE R IE B s
float dot = n * dir;
if (dot >= 0.0f) {
return kNolIntersection;
}
/7 BEERR, HERAFBEA D, ninp B “REREN” WA DM
float minD, maxD;
if {n.x > 0.0£f) |

minD = n.®x*min.x%x; maxD

n.x*max.x;
} else |

minD = n.x*max.x; maxD n.x*min.x;
}
if (n.y > 0.0f) {
minD += n.y*min.y; maxD += n.y*max.y;
I else |

minD += n.y*max.y; maxD += n.y*min.y;
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if (n.z > 0.0f) {
minD += n.z*min.z; maxD 4= n.z*max.z;
} else |
minD += n.z*max.z; maxD += n.z*min.z;
}
/f RMEFCESMETEMS &
if (maxD <= planeD) {
return kNolIntersection;
}
[/ FRRTTR AR £ T B
float t = (planeD - minD) / dot;
/f BEFLET?
if (t < 0.0£f) |
return 0.0f;
}
/7 REVE. WREER> 1, WARREMBIAFE, XHEERAELITRE
return t;
}
JILEETETEET LTI L d i ditddditddsiiiididididiitidtditridytiidiriiridiinirdiy
!
/AR AE R I R BT
//
JITEIATIII LTI did it iidddtidridif it ddditdidddiriddiiiridrididditirisly

// KB4 AABB REMZ, WBRMRMER true. AT LLERIHZEHS) AABB.
/i
bool intersectAABEBs |
const AABB3 &boxl,
const AABE3 &box2,
RABE3 *boxIntersect
) |
/7 HEEGEES

if (boxl.min.=x box?2.max.x) return false;

if {(boxl.max. box2.min.x) return false;
if (boxl.min.

if (boxl.max.

box2.max.y) return false;
box2.min.y) return false;

[ I L S
WA WA W

if (boxl.min. box2 .max.z) return false;

if (boxl.max.z < box2.min.z) return false;

/1 HER, WHERDAH ANBE, WEEEMIE
if (boxIntersect != HNULL)} {

boxIntersect->min.x = max(boxl.min.x, boxZ2.min.x);

boxIntersect->max.x = min(boxl.max.x, box2.max.x);
boxIntersect->min.y = max{boxl.min.y, box2.min.y);
boxIntersect->max.y = min(boxl.max.y, boxZ.max.y);
boxIntersect—->min.z = max (boxl.min.z, boxZ2.min.z);
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boxIntersect->max.z = min(boxl.max.z, box2.max.z);
}

/1 ENIRAE

return true;

// intersectMovingAARRE
/ /&3 naeB AR, WHRERME> 1 WERMZRE
r/
float intersectMovingAABB (
const AABB3 &stationaryBox,
const AABB3 &movingBox,
const Vectord &d
) |
/IR RAHAE R XA KM
const fleoat kNolntersection = 1le30f;
/1 AR E ], LLEE W B RN e A B
fleoat tEnter = 0.0f;
float tleave = 1.0f;
OAVERR M S ER R, PR R T 4 R A A B A fE AR AT
/I RE - EREAFNEFR (A2
/- PR S LR ER
'
/] R x
if {(d.x == 0.0f) |
/7 x M LEERESAHE?
if |
(stationaryBox.min.x >= movingBox.max.x) |!
(staticnaryBox.max.x <= movingBox.mir.x)
)
/] A
return kNolIntersection;
1
[/ BFKEEEXE, SHLEAEH
} else ({
/1 RB—K
float oneOverD = 1.0f / d.x;
/1 S f A R S e e Y B (6]
flpat xEnter = (stationaryBox.min.x - movingBox.max.x) * oneOverD;
float xLeave
/7 BB

if (®#Enter > xLeave) {

{stationaryBox.max.x - movingBox.min.x) * oneOverD;

swap (xEnter, XLeave);

}
/1 X6



2 13F JUfTHER 297

if (xEnter > tEnter) tEnter = xEnter;
if (xLeave < tleave) tLeave = xLeave;
/I RESBEERK?
if (tEnter > tLeawve) |

return kNolIntersection;

|
/7 T y B
if (d.y == 0.0f) {
ff y S EERE DT AT
if |
(stationaryBox.min.y >= movingBox.max.y) ||
{stationarvBox.max.y <= movingBox.min.y)
I
/AL
return kNolntersection;
} :
/f TCHEFRRIRT K], B BN ER
} else |
/1 BB |
float oneOverD = 1.0f / d.y;
/S A ) e S ok ) B ()
float yEnter = (stationaryBox.min.y - movingBox.max.y) * oneQverD;
float ylLeave = (stationaryBox.max.y - movingBox.min.y) * oneOverD;
/7 AR
if {yEnter > yLeave) |{
swap (yEnter, ylLeave);
}

/) EHXE
if (yEnter > tEnter) tEnter = yEnter;
if (yLeave < tLeave) tleave = ylLeave;

/I RERRTERK?
if (tEnter > tLeave) {

return kNMolntersection;

}
// KreE 2 B
if {(d.z == 0.0£) (
/1 z MBS T
if |
(stationaryBox.min.z >= movingBox.max.z) ||
(stationaryBox.max.z <= movingBox.min.z)
)
/1 ANeHRAL

return kNolIntersection;
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1

Jf RITRK e[|, BELENEH
} else |

/i HB—

float onelverD = 1.0f / d.z:

71 VST U A 6 B e A B )

float zEnter = (staticnaryBox.min.z - movingBox.max.z) * oneOverD;
float zleave = (stationaryBox.max.z - movingBox.min.z) * oneOverD;
/! Ry TEMIY

if (zEnter > zleave) |
swap (zEnter, zLeave);
}
// EHIXE
if (zEnter > tEnter) tEnter = zEnter;
if (zLeave < tLeave) tLeave = zLeave;
[ REFHERRX?
if (tEnter > tLeave) |{
return kNolIntersection;
}
t
/08T, AMRERE, REEEKNESEE

return tEnter;

13.21 % >

' IR UTEIMFPRLEOOEA LI GEGHT, RAATNALEGT,

(1) FEE 2D FTHERKEZMEA p-[0.3511,0.9363]1=6 , K H A(10,20)7E H L& b i A A5

EefzmiEs, mRl SE30)EES EBRIE AR el Z i,
(2) FIB7E 3D H B BB A MIH L p(r) =[3.4,5]+0.2673,0.8018,0.5345] , ¢ 3 0 ZE4LF| 50. it

HWHA(8,7320)F £(13,52,26)7E 8148 FRBE A 18, HiFEHEM A0S ERYER.
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U=
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(5) %Ewp,,=(2,4.6) fp,, =(8,14,26) & AABB, £ i 5(23,-9,12)#£ AABB LT &1

(6) B p-[-0.7863,0.6178] =8 FIHL p-[0.2688,0.9632]=2 HIZ A,
(1) HIETEID P HIMESEILAMMNL, WT:
r(2)=02,8,3}+4[0.3429,-0.9077,0.2420]
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r(2,)=[1,6,13] +£,{~0.7079,-0.6926,0.1385]

WRHYEANSEREREER M A, W, b Ay, RERNARE FRERE.
(8) %8fr 3D P EMEKMHE, CLLF A, I r(r)=10.4417,0.5822,0.6826] €X. 5HF
1 p-[0.6125,0.4261,0.6658] =115 L ¥l . it EHEMMA OFHEIXANZRREFEN

1T b A2 BT -
9) X%Eip,. =(7,-4,16) M p_ =(18,4,26) 5 L1 AABB K p-[-0.4472,0,~0.8944] =13 5& X

EE . KIWOFE S AABB REHL, MEMERFHEAL, X4 AABB 7V HM EmR—
) i R iz T — )2
(10) HH UL T =4 FEHI A
p-[-0.5973,0.6652,-0.4480] =2
p-[0.7613,0.2900,-0.5800] =3

p-[0.3128,0.8096,0.4968] = 5
(11) 3 8 r(f) =[-10.1275,-9.6922,-9.7103] + £0.5179,0.6330,0.5754] & X ) 4 £ 55 b oL 4 IR

A, 8% 10 fEREA .
(12) X EERA 7, BROTE@2, 9, 90)MEK S, MEEh 5, RO, 80, 41)HIEK S;. = =0
B A ERFFRRIEERD, S, MRS R 4 [27,38,-37], S, ATE A A 8 0 [24,-38,10]. 0§73 5 4 2K

BeAHAE. MR B, WHHSEIE KB ¢ .
(13) % BEROA(T8, 43, 43), F400 3 fIERM A p-[0.5358,-0.7778,-0.3284] = 500 sE S 1 .

=0 B, BRFFLLIEE, EAEMEN[9,2,1]). HREFEEFTHL. WHHEMNS —KE
MR fH. FAEEAR,2IPREFUR E.

(14) % B 5F 77 MBI H B =4 S(78, 59, 29), (21, 172, 6517, 6, O)FTEXMI=HMAFE.
HEHAT RS AN FERE R, AU TR R R L H5iXAEEMAE S, I
g AL aﬁﬁﬁﬁ@u&% EE* ﬁﬁfzﬂ{%’ﬁmmﬂ#mﬁﬁ" M. HERHR

mF
r(1) =£0.6956 06068,0 3848]

(1) =10.3839,0.3839,0.8398}
r(1) = 0.7208,0.1941,0.6654}

(15) i3 58 13 E#ﬂ‘]ﬁ&@ MBBf #Hﬁiﬂﬂi AABB E’&*H?L mEMAZ, HHEHENE—
mﬁﬂmﬁﬁg“ﬂlﬁﬁﬂmﬁﬁ: o s
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i, WANTE T RREASAIE, BiLRN TR, ARTREZHE. SAERRE. RRERNTHE,
£ T FAE it e — A~ 2 I TE R = A IR 4 9Bt = T AL AR B A T MG . 23U TR = f PR AE
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B 141 =fRamEasdlF

AR S S AR, 4R, FES UM SRR AN, (3% 1274 WHZAR =
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141 R = M ¥

ZHMBRA—I=AENE, FUBRAENFRAERER=ZMAEHH:
BEEL 141 —AHEH=_APEE

struct Triangle |
Vector3d pl[3];

}i

struct TriangleMesh |
int triCount;
Triangle *trilList;

bi

TR R, XRRRAECLEE. AT, RiF “FR” RS RS =ATRKABE R E
X ) B Fe R P AR T R B SEBRRCH R BB = A R, S ARSI = AL, TR, =
R =ERER:

o TiA. BAZAREHE=AMA. STHAMAE TR =/AREHLE.
. EEHEAITANG. BI=ARE=%1.
o M. HA=MEMN—AE. RIATOTLUATARLFIRELTE.

BENHEREFOAR, A2RERREERTE, FERPITHE —FIREFMESL: R =AM

14.1.1 R3|=mME

ERI| =AM, RINTEYF TRATIR: HEARES=ARE.
HATARE AN IDAE, HAREHNSCERG LR, REERER, JEREFHIMEE.

FA=ZAETATIROEAES HR. B, TURF IR EEE, FARMNLASER

) “TEE” R CRE”. NFTEEN, RIS FRIIHBLE. D5 EREBRFEZ—HT. W
Bt S ik B, RIEE (SRR F-

FFFHE 142 01 T —BrR A RL AR,

BEEE 142 FIN=ARE
/it vertex A FRATAENER

struct Vertex |
// THgif) 3D 4bR
Vector3 p:
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// EROTULR S R o g AR, RE MR, ERES
}
// ¥ Triangle Hl THREF=MBHNER
struct Triangle {

/i TREFIE

int vertex([3];

// R RmEn R, HRERSE
}
/! ¥ TriangleMesh (R{FHET| =AM
struct TriangleMesh |

YRR =F -

int vertexCount;

Vertex *vertexList;

/1 =R

int triangleCount;

Triangle *trianglelist;

bi
LRk, —AMNMEEST-RITE, HTFENMEPTE. ZfRFIE. £ 145 TP, BINI&H/

B —MXFR RIS H B ROM BRI S8, NERZ AR, EREEX-NELRE, AX
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FEEFH, R ZARANRIHTEGEERERN, fin. GEBREEHEFM, ERIERTLUET
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BABOEM S, marmrE 141 s
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RUGEA R, %05 % BR8]

14.1.3 §3EREIFHRTIE

ANEHEFFHAEAELFRI =AM, ER=AHEN, -BEE=E QAR RE. X, HEW
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W JFHATAERET. CRAXERE N, FRERAEFHRELRRE. SHWRB THEHR
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HHBE, THREREREFOTABMEEFHS=ARLT 1.

1415 =7

SpBR-ASARIIE RPEASARBEH— S ARE L. B 142 BRT A=A
BB TERRTRAF)H U (9 = AR R N =B B,

o WAL, 2, IMWEE-IT=MIE:
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TR MFF, MAEYE EEFRBEIER.

2 4

1 5
3 7
Verlex order; 1,2, 3,4, 5,6,7. 8

142 —I=/H

TR =1 TR R ML
1 .

2 x

3 1, 2, 3 N B
4 2, 3, 4 L
5 3, 4, 5 G Bt &t
6 4, 5, 6 i
7 5, 6, 7 W &
8 6. 7. 8 i B

E14.3 =ATPFN=ALNFEMS . #E B ik

BN T, =AHoTH nt2 A TRAFE n A E. n B, 8M=ARFHRE-IHA. BB
7, TARBERR. EERY, BREMBEE =AW EEREN:; MUk, =L E=ARIEE T
RIEREZRKESELF. AD—FHEd, SIM=AEELERE—IHH. HENSEFIHT, &
TR BN AR RO TAKEH A UT. 48, HASEFERSI0ELERRNEFTEN
#)o ARSI EEIME B AT ARV R, BB X TR, BRET AR DN R
FKAEFrE ¥ 6 LR

BB -FER=ATHNEE L HEZATRr=AREEN TS 25, + AZABHE, s
A=W E. BMr=ATNE T AR, RSN =AM TR, BARNSEER
MERERE RO, U =AW N E NS TRED, B=MHRKEREF. STRIPE ikt T —#
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FEM R ATREFAE.

Hugues Hoppe f&t 2 Q48 Y18 al LU S 8F 0 8OR . R BT ARXS Penf, PR R TIERI R 5
fefisE . Mk B 18 % SCAR[13]9, Hoppe £5 i T RILRT 251,

RGP 2 ER K, BEHRERSIFARIR. RITTHELEERER TR, FLHE
Ewef “EMC e, BT EMEEREAER M. (15.7.1 i LOD. )Hoppe 8i€ ik T A A i
SRR RO I, e SIS A R 1 R R A 1 S

145 C++=fHMigZHE

A H— DG =M CH LB, MFEF RN — MR RS A =M R3] BLSE RO
HIhEe, WXL,

Bt S, LA E R T S AR, MR P EAME N =M, alE RATE AR M A
OO — RV R E AL FE A R A (LR TE PS 2 4L ). KT ATF G, BATS A BEIE BT,
8 F Ui s B AR, BT, HRREROD B0 B SR AU F R E A B LR R L SR O AF -

AR TR TR E MRS, BRI = /AT, AR =AM, BT,
%o Bk, WAPEAKEM-METERTH AR B8R =MRRR.
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/i

// 3D Math Primer for Graphics and Game Development
4

// EditTriMesh.h -~ Declarations for class EditTriMesh
!/

// For more details, see EditTriMesh.cpp
'y
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PIEEITETEE LTI E T i id it i iiisid it ididiirdditiriizitiiditiriilil
#ifndef _ EDITTRIMESH_H_INCLUDED _
#define _ EDITTRIMESH_H_INCLUDED _
#ifndef _ VECTOR3_H_INCLUDED _
#include "Vector3.h"
#endif
class HatrixﬁrS;
LELLLLLEETTTTELITEERTTEIT P07 00 T80T TP PR F i b1t ddidit?ddiriiiiiitedilis
I/
// EditTriMesh ¥
/AR X ENERERT =AM,
//E R AR R M A B B R R, REMERY M, BRI R4
/ / SR ECFR R bR R T v )
s
PAPEEEEETTETEEdditiridtridridreddiidiidiiriddddiirritiirididrtiitidiittiitiiey
class EditTriMesh |
public:
/7 JREBRRY
/1 Vertex BHTHREMAGER
class Vertex |
public:
Vertex () { setDefaults(); )}
void setDefaults();
// 3D MR
Vector3 p;
/1 TREBRETE MRS B4
fIEBIEESREA AR, "HIEH uv BiERFE=MED .
AR THERE, SEGETHARNSELH
/AT RARRAE, @ BEREAE ov HTHA
float u, wv;
// TEERIERAR, FFTRAR
Vector3 normal;
// TRZR, R
int mark;
i
/1 Erri HTFREF-MAEHER
class Tri {
public:
Tri() { setDefaults(); }
void setDefaults();
// ETRE
struct Vert |
int index; // TANIERMES]
float u,v; // S(ERA
}i
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Vert v[31;
// RiEE R

Vector3 normal;
/1 BT PRI EES)?
int part;

/1 MR EET

int material;

// TRER, 7k

int mark;

// B RE R B = AT — R — T — K

bool isDegenerate() const;

/7 BEITHAES] (0ee2) BE-1, R R

int findVertex(int vertexIndex) const;

bi
I/ REM TG R
/7 X B RRE—NME R8RS SER Y
/! MEEETHIFEEEAMER
class Material {
public:
Material() { setDefaults(}; }
void setDefaults():
char diffuseTextureName[256];
// TRZER
int mark;
}:
// EHIE K I
class OptimationParameters |{
public:
OptimationParameters() { setDefaults(); }
void setDefaults():
J/ HEFENTARBESNHRE
float coincidentVertexTolerance;
/I ERRANEE
SRS AEAR = ALY, HXS=fAREaRAEEK
/I MAKE N EA EMTE AR IR
J /BB MR AN cos {1, HHTEHEZAABEEY
float cosOfEdgeAngleTolerance;
void setEdgeAngleTolerancelnDegrees(float degrees);
bi
/1 AR R
EditTriMeshi{) ;
EditTriMesh (const EditTriMesh &x);
~EditTriMesh () ;
/1 =HRAfETH T MR S

EditTriMesh &operator=(const EditTriMesh &src);
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/7 AR AR

int vertexCount() const { return wvCount; )}
int triCount ()} const [ return tCount; }

int materialCount () const { return mCount; }
Vertex &vertex(int vertexIndex);

const Vertex &vertex(int vertexIndex) const;
Tri &tri(int trilndex);

const Tri &tri(int trilndex) const:

Material &material (int materiallIndex);

const Material amaterial (int materiallndex) const;

/7 R R R

[ EEMRENT

void empty();

/R ERIFR I

/f WRFIZMC, FmeEs A S ENYIE
[ WRFIREE, AoHITARMEEE
void setVertexCount (int vc);

vold setTriCounti{int tc);

‘void setMaterialCount (int mec);

S/ BRI AR/ T/ M, BREIFH AT ERMRS
int addTri();

int addTri{const Tri &t);

int addVertex();

int addVertex(const Vertex &v);

int dupVertex(int srcVertexIndex);
int addMaterial (const Material &m);
/7 B T mark B R

void markAllVertices (int mark);
void markAllTris (int mark);

void markAllMaterials (int mark);

/7 R

vold deleteVertex(int vertexIndex);
void deleteTri(int trilndex);

vold deleteMaterial (int materiallIndex):
void deleteUnusedMaterials(});

volid deleteMarkedTris (int mark);
void deleteDegenerateTris();

/1 B AT

/PRI T TR RS R

ST ETRA AT =AE

/7 ] B R R

void detachAllFaces();
/BRI A

void transformVertices {(const Matrixd 3 &m);

/] OArE
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—

7/ WWEHE= AR RDER
void computeOneTriNormal (int trilndex);
void computeOneTriNormal (Tri &t);

void computeTriNormals();
/0 WHETSERE, AR -AEERR
void computeVertexNormals();
YA %A
/) REBEREREFE AR, GE8EE cache FIERE
/7 A BIR K T
void optimizeVertexOrder (bool removeUnusedVertices);
/! REMEA=ZAEHESE, STREEREFER
void sortTrisByMaterial();
/1 RET R
void weldVertices (const OptimationParameters &opt);
/7 BAERTIA ov FIERE, R E AT REe 5 & T
void copyUvsIntoVertices():
[ BETHE R, REEYE SRR, EEORE, T AR ERREKR
void optimizeForRendering();
/1 A/ FH 3D R
bool importS3d(const char *filename, char *returnErrMsqg);
bool exportS3diconst char *filename, char *returnErrMsg);
/ /A
vold wvalidityCheck():;
bool validityCheck(char *returnErrMsg);
private:
// PBFIE
int wvAlloc;
int vCount;
Vertex *vList;
int tAlloc;
int tCount;
Tri *tList;
int mCount;
Material *mList;
/] EIRAT
void construct();
b
JITREITTEEI T E i T i i eddidididdiiddditiddiidiiitidirdiririiririiiili
#endif // #ifndef _ EDITTRIMESH H INCLUDED _

HI0ACH 54T A o o B RV AN T UL ) . B &2 0 15 0T 2% 3L opp SCAF(RT BLA www.cngda.com T £0).
{EH AR5 JL R 2 LAY .

AN ) B R R AR T . SARTE R R SR BRI, Wk, Xeed
YL AF4E T EditTriMesh & F2 A4, A0 Vertex XEBFULE? FARRNHPHESF&HF
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AR R ER. B2, @idiasE, 1 vertex(), tri(), material)F7 %, AT LR B ) % 8.0
SIH, MEHE . #ln, EEEmeHE T,

int 1;
EditTriMesh mesh;
int newMateriallIndex;

mesh.tri{i) .material = newMaterialIndex;

1 10) R B H A const FIAE const BEFE, LU VT ) L2 P AR AT BE 452X const AT H).

IX LR, B Lo AN ) B b T B 5 | A SR - 388 S r R 1E UK 0 BR Btk X de s 6T RS H
BEERBPRAFEN. FEHE, WHHNEHK, EM2H realloc HATGMABTEN. HEX
EditTriMesh::dupVertex()% HiE ¥ .

EditTriMesh.cpp SC#F ', RATREAE XL @S, BMEZEA A IR “ 50l ” B3IEHHEENK
HFHBEE BV 5. (VR e HORREURER. MEES KR —THHXTRE, BAIVER—
AfEEr, XAUEAES 5, B S f 5 A U ) ek 3

A—PEABERAM A RSN =R DO EM G A Ee A v RA)NES. —BH “EX” NS
WHEE=AED, BAMASPROBBE LirnT e kB. EEFMMREEEFERERE %, EH
Wi, SHEIAEMEN, FETFYTSRERT =ABMENE, AT . G
PR AT AT 2R, WASRA. TR RN ARG AR . U PR T TR A
PR SR 4 4 A VR L B R APT FRE B ABAR R E TR . B = AT SR AR EE VI BT, AT LA
WM copyUvsintoVertices(). {EN=MEILER - A HEELIRARR, SEBIMHITH A, X
i &B7E optimizeForRendering() 4 4t 22

importS3DO)H! exportS3ID() ik & A 7F.S3D & MWk X fF. SID & “Simple 3D”, B —FhfH
BMLALH, AT Terminal Reality AR N #. 1 {E gamemath.com -3 F)iXF A AR e CHS, W
BiLrf L3R E) S3D 5 H At 4k 4, in 3D Studio Max, LightWave, Maya ()8 0, 5 RA17E Terminal Reality
R TR F.

OptimizationParameters fi 81 KA FEH AR EPTRREARLMSE.
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ATRHE — BRIV =S B b IR BF PR 2R, AT AT PR R A 36 4
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15.1 BEREERR
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RIS O TR— WA AR M BRI KR, XA AN E RIS FOLN, B A
. -

AR, VERGXEH S LU T B R MR, SURTE A REEM. SR, RIS
AT HERERRALTO HFAT BREL P PAT — 2455 . toim, HRBIRFEME SR APL FRATT AT A8 BT 5k 22 e i o iy
AT, RIEAH— SR BEGET R RBIER), HEQITHE F, heThE, EFHRREHET
YeRE 219 B AR .

B —AENEAERTHEME L, BT RBIFEE CPU 5 i Yo (a4 AL . Eﬁﬂhﬁﬁlﬁ%&'
% DORFBCORMIFTRCR M MAE R R B R E .

X Eidfiide, WA TEEEESSIERMMRR, TR -

o EIHE. FRORMRZ AT, MEBULBER BN R B . W, EaE e
PUOLT, o AR, B FR AT I S th R A —— B, TR At —— A . AT
FE 152 Wit XA . B SR E RS B E, Eriﬁ’fwr& ﬁamm‘i -3 —
7 15.5 HWitig.

o T LMEEE. BEF T HERAL, B GUR B R h Ry A T GG . T 0 A X S B
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PRHESE, BARNAEERENEEZERTPERAFABLRENRG. RNSERTAE
it — e EE AR, AL RS T

o WEVASZMELRE: —HRAXPEBETL, RETRELELEIMXNONE. &
AMANEREFTUTEREARKN, EERZYEGTEH I GZH, HAERE LEEW,
BENMEB MBS EME, 156 TitigikEE.

o JLAHERGIRA. BE, LR API B20)L 4, BERZHBERFRHEAN=A
W, REMIN=MAE, REW 14 WhiTRHESIZAEMKRS =M. EEER, A
e A LOD, SEHERAERILAE. 157 WEFA TR ERRE.

o MWLM, —HEYE API BT SARERE, diiRS3 R b FEARH1EE ) B T R A B B
BT At BT . 15.8 WiTiwiX EdiE.

o WHHKRGEE. RE, BUWMERAN=AREER(CETAR" ) =AREURI
Mt il £, FRERY—XARSB=EE T AN EAR. HEREEY, £ 159
Witie.

o BRI 43D ERWTAPSHEWTANBLE, ERBIRMHEON 2D FREL
AR, X Fixeeip e mit, £ 1534 Wit

o tHML: MIERWEMEZHRHRIAFBELEE, KRBT ML B, ST RN
=M HBRRENSE, FARTRNGESCHBREHSENEESRN: KR
FISr ek g A HR), IXAMBEE A B TE 1510 Wi, |

o BEE®M. BE, GEHEMBEWER, HHZAROEE, WIBRKE FE” . EKEL

- FRFEEERE, XMATREEE apha BE 5 -804, 15107, RATTREEE.

FEMﬁﬁﬂﬁmTﬁﬁﬁﬁokTﬁﬂ&EMHm,kﬁﬂﬁﬁﬁ%T,ﬁM,mTE%¥ﬁﬁ
APl A A, LBRFESHIFEARMEN.

2EFE 151 BEETENHKS

/1 B WERES RN

setupTheCameral);

// ik z-buffer

clearZBuffer(};

/BRI

setGlobalLightingAndFog() ;

/B3N] R iss %

pctentiallyviéibleﬂbjectList = highLevelVisibilityDetermination (scene);

/i EREEN

for (all objects 1in potentiallyVisibleObjectList) {
¢/ AER AR T iERAT % 5] vsD Kl

if (!'object.isBoundingVolumeVisible(}) continue;

// HRER SR AR AL AL
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triMesh = object.getGeometry ()
/7 BRBIRTE R
for (each triangle in the geometry) {
[ /BTN R BIRBY A6, AT T AR R
clipSpaceTriangle = transformAndLighting(triangle};
/AR R
if (clipSpaceTriangle.isBackFacing()) continue;
7/ RERI =M
clippedTriangle = clipToViewVolume (clipSpaceTriangle);
if (clippedTriangle.isEmpty()}) continue;
/f ZARREZHEREEM, AL
clippedTriangle.projectToScreenSpace()
for (each pixel in the triangle) |
/7 TEABEG, z -8 rPEURISUR BGT A8 6
// AT zbuffering M alpha Ky

if (!'zbufferTest()) continue;
if {!aiphaTest{}} continue;
/1 REEE

color = shadePixel();

/! EARBWESFN z-B

writePixel (color, interpolatedZ);

15.2 SEMRESH

HRGHRZH, AXLARTEENAMHE D, PS8 0E NN BT URE R ALE .
Jilal, HRIB) A BT R G RS B B (R LR BARE X ). B3R T, Ml EOBOVR AR, #oEit
RHHE L.

15.21 EEWMEEO

BRI A — e BiEMHBERBENER. b, — MRS AR, SFEA SIS REREN 8
S S O BRI &P RS EERIMA S, WA 15.1 FrR.

fif 167 B i & L M 8 F (winPosx, winPosy)&s i, B3 winResx, winResy f& L& T 4 L4100 T 01 K/,
ke 3, EAEOKNTARE TAMALE, @A BERBRRLFERIE —BRA. ANEEEEOM
LERYE K PAREXDHRA, Tt iritie.

RrRT e, BAERANA —E R LER, BIFHERERGRATE 1 TGA X2, 5L AVI
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i, hiFRREEH—AE E— Eh EEPRN A TERTS, Eit, & “wge" B
¥R ERMNEERERNBRAL.

——— i e canma —_— PP, o e i o . A R o s e 1

15.1 {HEREEO

15.2.2 BEYHELL
AR ERPREEREMK, RAITLAMEREFRMLL. TREBEETRALME, —88 1(“H
B” ®E), ARk, Fmes Bt H AR (AR 5.1):

pixPhys, _ devPhys, devRes,
pixPhys, devPhys, devRes,

AR 151 IHHREREYL

pixPhys TRREWER . —HkBt, HRBMAFLXR, WHARERK. devPhys RERRENY
EESRE, RIageRsE}t. ®R, picas #, BHOFLHAA EEEMN. thin, FEARDERE,
R+ &S HRAHRRNLE: 4 3—RAERKTHL 33%. B — A WL 2 G S W e A F DVD B
16 : 9. ¥ devResx 55 devResy J& x. y FTHIFIRFELL, 0 640X 480 $8 devRes, =640, devRes,=430.

WETHR, WEY I BARRERRE L. WHEEROERE, 413 rEMALtE, MiFEHEL
WRAFRE: 320240, 640X 480, 800X 600, 102X768, 1600% 1200 LR 4 . 3, FHBERHTEN.

R ARBE MR RE, RRAEN, FORAAERBENDERLE. HE, FUR
FEMGRES S EE, W 1524, TAENEEELBRFORIEXR, 15347,
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15.2.3 sk

MG R AR, F EZGBMTmNS T, WA 152 Fix.

B 15.2 3D {iHE

PRHER h 6 MR, WRAHER) 4 MUEFRY . K. F. AL eI R O AP .
B E A B EHEYLLE, WRIEE, M RBRETRIEM TR, R, R T e, AR
PR Rr bR TASRT WL, ST A 80T et .

15.2.4 #MIH54EM

B BRI A B L E M, W EIERA ‘T X B EtE. BB g
wiF O MBE, WL, SRRIEBCCEGE . SRER, WAREA: huk, YRR, KL
7. FHEFEMIRIL.

PR PLHERT B0 . SEBF W ERA A SR NACERS ME G . XE R 2D ik

Heh—4. B 153 MW EABRTIHE, HE R T A M. ALbRRh Y bR IC Y 2 B ASUNL A3 1)
W 1532 %,

G IR TR L B N FALE 90° Mg h BoR KM, B EUKHERORTBOR, D HEZ RS /).
i, 2.0 M4RR R ATER A LU 90° YRR KFff. 4H8H JLETRRRE I 15.4 Fios.

R FSEA = AAIR, BAEHE S 4R IBUM LIS F) 2 18] B 3% 8 22 5

1
tan( fov/2)

fov = 2arctan(l/ zoom)

Zoom =

AR 15.2  HMgERIE M
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fov 1
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-7 ! =T

B 15 3 kFENHA
Wi AR R A E, MR FEENA I E.

fE3D %, JWEBMNGBE — DA, — I EER. TURMEESHE BmR-EFRFAMS, H
BEGENBEILE. CFHRERFAZARI LEL. A THERIMLH, FEEAHHEOHRST
wof 2

B 15.4 HE LR /LITRRRE

zoom, _ winPhys,

zoom, winPhys,

2R, BEERIVFAMIES HE O E D, HIEREOBRAULL:

zoom, winPhys,

zoom_ winPhys,

_ winRes, pixPhys,
winRes, pixPhys,

¥y

_ winRes, devPhys, devRes,
winRes, devPhys, devRes,

ISl T/AS L 2

o zoom RAHMEHNLA zoom {H

e winPhys /W OWHER <}

e  winRes ¥ W D LU b BALR) Kb
e pixPhys REBENOYER T
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e  devPhys %okl B MO ER R ~F, IRATTHE RS A Gl L Ao, {H %108 b i
o  devRes F o HH B & AR 3 2k 0 i1

fi B e b E R, VPRSI AV OUR AN (3R zoom () EBHRNL, RS ADHE S
A B, aTRHREAK VIS, HEhitEEEWNSA, RZHAR: RBEENs a8 cn—r, 4
it SR

15.3 % ¥r Z= |g

FJL iS85 3D YLEAR R AR R 0. REMR, 5 RIS R F SOk b i 268 1 4 A
I] o AT T4 P AR o 2% () 7 150 30 ) L AT 37+ B0 00 M 4 2 A 48

15.3.1 RES{HH =

DT T i b WD V3% R RO 1A AT ) AR5 1)) SR R (L 3.2.2 )0 BEeh o LA 45 L0306 7L 400 S
Kbk . 1= i) SCRRASERY 4 ) a8 4% )

AL AR bR B 25 (6] cp # $ BHE 7 4 0] cp (O 3.2.1 99). SO FRRRAERCRO AR 0 . A, e IS S P it
FERIEE 15.8 Wb WHY), (RILSAERIfH A bR M ERTIE, B OR L 4 55 e 1 [l — <2 I B 7T,

15.3.2 REVZ 8

WIS, TR SRR | S —
3.2.3), BEASUULBRAHORI A0 . BEIRHLA AL B 7 1 | T —
P 3D SRR RS, —MEAT RS ALIN BT ) EL I\ S/

FHROEFm: 5 —8id b, FRIEARZAE: 64—
AT BT RS B SR AT A BB A R E VLR
A —AHT WA A, A e ¥k .

TR T, WEAERBUHAR+z, i+x H+y H
A H LTy mGERLBE AN DL F). IXRAEREMM, Wk 155
B A FAARR MR E = BHQPLAR . 5 i 5555 R ATH
EHEFHRIRR.

E15.5 #|&H =g
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15.3.3 RHEZT|H

MEREHL A 1], TH A O R e BT 43 ), AL BR 4R K 2218 (the canonicalview volume space).
1735 o} L 1 B PR A BT B

Haidb, TSGR “af” #)3D mit. 8, efNRF=A860E, @ SRR w 3R
w Bk 1. RVEMHETXAIOR, e RGEREA wb. CEBREATT.

A AR, hmERLL w kI
ML x, vy oz EETTY w i, HTFHE

T4 SRS . BEMOE D HORABEABEHE & W BIHLRERELU w. 94477,
BN R BNERU w, XEE—TFELA.

[614Z 9.4.1 15, 4D Frikie G g BRLL w ifo %R F 3D &

xfw

= y;"wl
{z/w
WATHRE M — A AR BT EESE w i, UERERARE. X946 %, CitialmflRgsE
BT 2 8 FLEE 5 50k d MO PRIOE I z=d BF ). ST T M N AETE R e B . R
d, B VBN EBD: £ N LEMEENS, ZRELAREEEBOC. SR, BRI
WIS PR A S, Af4? ERAREIY, MAHEERTERT, R M B AR, BT LIAg s
Jo. {EIEEEHLY, MORHRE, AR, BE RR" RRRE FEEWEARBMHEEKRT . Ei

SR B8, BT A, R, HENERES, RGeS BNk, d
FHREE. FiLl, RATTOMERERE A d @ AT, RO EHIR d=1.
b R BB R — I LB, B ER w . RS A R T
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1 0 0 0O
01 0 0

[x y z 1] 0 0 lz[% y z z|=>[x/z ylz 1]
00 0 0

ECLMBEUTHE M KE w BE. X8, SRFRIPT RERC 2 e el bk T, 88,
(i ] LA z AN K we (B 4D B4Rl LIRS E Xy EPLER, BfF—% “wR" A, Winst
AR AT HGHUE R %A RE R A 2 ROERAZE R )M x. p MIER B il 7
HuAE FIRELY . BORR, {ERFFOCAER 4x4 JEFFERENREGERXEARE). Kibinfl, LH AP
RS, KA REEEH.

BB ST HAEMKRE .y 2 08, FREAMRWEA BN EEL. F8TARRAR
AW A BHE S

bottom y<-w
top y>w
left X<=w
right | X>w
near z2<- w
far Z>w

AR 153 EETEIE] A P

Fez, PLHER R L T RASE R

w<=x<=w

we<=y<=w

we<=z<=w

(TR Aile R IR AN T Ul C A0 0T 4, BT AE 15.9 itk

BITH BRI REN vy 74805, Al L, &, 4. F 4 8Pk T IEmA g, X4
ABAET 1524 Aitigd. X P, w®AsYIm,. - AridmiB g, FEITsymzmw=-1, =8y
P ziw=1.

W zoom,, zoom, ¥ FAAKY . EEGEBAE, B o, fRAE. W OAFYIMEER. Tl R
R LR T
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zoom, 0 0 0
0 zoom, 0 0
0 o L*rn
f=n
0 o 2
i n-f |

A% 15.4  OpenGL KUKt DIP 5 FF

il “openGL AR ™, B HEIE #: 80 1 B BV z (EE[-w, +w]Z MGHA R BB EM I 0 5).
At API(H DirectX) i ®s z FIX fAl[0, w]. MEFZ, WRHELTR, BamERmst:

near z<(
far >w
T 7F FLHE LU P 1 2 D585 A2

<=z<=w

B B E R EE R A (A 3K 15.5):

[ zoom, 0 0 0]
0 zoom, 0 0
0 0 f 1
f=n
0 o o
| n—f

AR 15.5  DirectX KUK DIP %EFF

15.34 REZIE

— BB T LAY, BT R A, TR BT BUER AR R DA
s AR, SUREL, WS T AR AR R AR & AR R H

AR, JREAEE 2D (. FREMIT-—IX 3D ) 2D HuH LA B IEBA) 2D B5R. T 5 AR X
— it BBl w, FEAEE x, y LLBRETEIE 15.6 PN E O:

xclipwinres

xscreen = —* + wimCenterx
2ewclip

clipwinRes
yscreen = i ——= + winCenter
2ewelip
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2~ 15.6 5 - P ) 3| 5E B 25 1)

H
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| |(00)

i

| | (winpos,. winpos, )

i

!

i devRes,
i (winCentery winCemier,y |0
f

‘!t

| winRes,

devRes,

E15.6 BREBZEPRMHED
ER y TR 55, BRI Dy [ L, iRy .

Zscreen Fl Wscreen WE? FHAEHE 2D ), EfIHEE L. B AFER A EFRTH], & 2 BHIE
MEOES, efildesfiH.

154 XBEEFWL

HTE 154 KHEF /PP IRRINERIXH SR E R0 B8, JLFRATRER. BIETERAM
HMBARAAEL, —— R & NP S - 8A KBk EERR. XEFETRAEH API—
OpenGL Fl DirectX (1) “ARE” FHBR, ARERIIEH L H S0 RM, HAESIR LR, .

Pt Y6 OB R o) B o B - R —— B A HE AR, AR IR AR . Pkt R 1 )
MG RTRE T, XL, WEASEREREF. BTRERSEERERERY, XBERiTiE.

1541 BEHYE

HAYMEREH RGB AARHEAR, XH R ZR4, G ®RE, BRE. IHERTE 5ELR
SiF. WM RGB A 0 £ 1 [AE, HFHEAHRILDE SRR 5 H 2D 6.

it EGES, AEREII RS, RINMAESH ISP LEREREENRS, e, 5/
BrFSHFE, HibT2#F EFXAF, IULSSEE.
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B 15.8 KXR
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REVFEH RN, WITHE. BT, KIEF.
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15.4.6 YRFFIRIFE.

15.4.3 IRMEXRBAE—H#LE

15.4 Wi N BT RE X TR, A FHHEAMRENER. RETEAIRMENAK 15T
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MEENE.
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15410 flatE® 5 Gourand EE&

s LR I AR, RN LLER OB O TR, X Wi AFRAE Phong A7 AR
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JRAATAT H S 1 R BR %, Gourand A5 €0 0151 B A B8 {4 i 1 I 5k o Ao FR S0P PELBOR SN (O 6 L
()2 diffuse ZCEM; ALK LU FERY, BRI Z0 e NE? XA ) B IRA I 7E 15.8.2 WithigE.
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o WFATUIMEAR, Wird BRI SREFEIREEE . A HA AR ME
BLAE M) B R RAF N T R BT
o T LUK B LR 2R 47 8 B BOR R

P 15.20 @R T XURAF AT DL

& 15.20 WEHEF

AT R T R —— WA -buffer, RIS 101 KBS, 1102 1
{9 IR B r&&#ﬂ&&ﬁaﬁ$#$ﬂmﬁw eI A AR e Y 4 BB BLINIRE B . 3
Poeh, AT 0 2L B0 AR 2 AR, SRR 2-buffer ZHRMTHIK.

SRR AE— O TS ik 2 AR, 2O MME = MER, tH R @SRRI . fEiE R AT,
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4 XA B (B R FE A7 P % AR FE I R R e . SR 0 A LA (e B SRS, TR R
o AN, RESIGESPIMESF, JFRBN, EEOEERREET.

6 TP U AT B 2 7T, O/ R z-buffer FEH BERBEERKBI AT, XAMEH 1.0), ZHFR—
eAg FA G A, — AT z-buffer BEREWELF .
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fy i e A FH U

WIBE R AR RT ERAIE, (LU T LAZE “texel” (—A texel REFEE TR
EVEREEITE, KW TET AR A RGN R A, RiFE s it SRR L, Al ik
WEEFHEMNAT, THEETRMEKRD. B 1521 BRT - ASEMERNER 3D AR,
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S, Tl BR8N T A A ERS — SUEBR AR, Ak AL L 2D HRR AR B
FEA1N ws ve CABF IR bR x, y BV . SUNMUGHE AR AL R PR 5[0, 12 MM W
B 1522, W THE 1521 BRI,

M50 B % Rayne (93BT, M HEZELTN—F, WBTBIEMHLE. SARFIFBRHER ST BB
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@ 15.22 —1 9 EAHIF

FEOEA—EE <& el L&, EASAS=AREGER S, SEBARTS I UEE
B B AR AR . e, EESATFME TN RRIEFE: Rayne f 8, WHIKITE oI LA W,
AR, IR AEE g mhgt, Borrma A bRTEAETE T R, SUHE AR AL X A T AR R A Y

HEXEMEREH T ERAEL EAMARRR, XBUTEF RO TR ER “FRE” RCE)
FHAETAMWRIRA.

MATAT A, BWAEE — PSRN u, v B85, HXFH A, QB “SIE" =Mk E. EER M
g AME 2, o CUSEIM T w. v ABBRCELL T Gouraud Fh), RJS EEHUH M) SUFR (A .

15.7 JLAMARRYERR SR

— H i e e a] (R 3 D2 nT W), Bl el AR IR A B B TR AL B AR . %P BUE L R AR
o A2 IR(LOD)LF

o Wi A A LK

o [[EE API #2735 B

15.7.1 LOD i%&#F 55

FRIRAT A LUK R BB 00 = M B SR A YA LR AR EE R BUR, (BAERRE, BN =M
A RER AR . TRV AUAE AT S A S F AR A Ll 4 R R . LOD fF R BRIk,
B A S B B ik A RBP4 T8, SR A BRI ROR -

WA B = R R =AM R RAERFRMAR! YRR THERE . RE
FRLAE A 1 185 4B A AL 1Y) A0 (B e 20 % 6 K /N3 FH 45 & ) LOD . i 81 2 ik 75" ez Sl SR X A0 — 221, 3%
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FHEQE R “BEBIBR. 4R, RINHEERIRHE L OSSR EIRERE—HN=AMNE
FaH EXHE.

—Fh BB “Bkah” B FIERSIAELE LOD. XFHASZKD, TRKH LOD BN =AEHEILEEE
S BRNTUSEEEE=AEHOME. #H#REEARRE—FOXEN “REHR” BERN 1445
). BEREEFEASSES LOD LA RSREE. mEHNE LOD, MigRImal A, EEw e
SEEHLE: RATATEWAI R ve e AW Pt . BTLL, (BVFRI{ESERR T PR R MR s B AR Rk, &
i LOD £ 7R P L H#R.

AR LA e mE TEER, TR oS, ZXHABFEE. 2 FeE R 2R
T, HPeT A aane0E. A LOD WAAKKEREES, FMIRCEL THEPGEH. dJRKER B
B 2% SCAR[S] .

15.7.2 6] API X JL{a{K

A LA BB RB R A, -2 0 REXEEREY APL. AW TR APL ¥ 0 LA R 5E
R

AR, B API FEFLHEAN=ANKHA, MRNM=AK, RII=ANE, =AHFN=H5
%, (141 FRAITHSEX &= AR, )XRBRHEBR, BEOBLOHENA, ZARALRNAAEN
EEAR. NP —HEE, AP HFATEHEL=ABENGEE. dTWEHe TORR=Ak, &
W IE R TR A RIS FE AL,

APLRIBHRFOAREZ AR MBER R . CYHRATE AP ", RIFEIEETRR. Sk
# A& |1 8K 50 R 2 A ST AR - )

LBt T . T s — A/ h 3 26

o {UW: HAVAMME. UL D MEXREFHEESEEMN 2D FREALKF. MRXKA 3D [
B, DEEHER, NETRMEFEREREMNLE. D rEWsahERANBMEEARE
skinning, THAMREET “BHL” S,

o HFRMEML. HTHE WMA—-BEWEEEMH. AEhXBEEETE=ARLL A
B, RAITLAEEXLMH, ik AP HHAESAEHME. WRE APIHH XK, #@FE
T AERR. (EZXBEIER 158 . yLwnfT, Bk “RGB” I alpha T4,
MBEHBEREHE, 2FEH—/ 327 ARGB{f, B4R 8 i; REINFGNHRMEH—
AhmE. EAEAZNL, TERESANBAERE. TLLFEHEEINME, RATH
APL it8. (BEELEILTH N 1549 1. )

o WIEMS AR FHOBEMREN, BATGALMAERLERN L. BERAFREF, H
EEgEEG 2D &8, Fidhu, v). LWEALESER, BMOEHTFE LR F
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F, BT CABTBUUAE AR A AR M RETBH —EER). RE, AU “HrBM” g ngm
bR, FEEMERT, WAL fEE U E AL,

WHIATE, LERRLKME, Al OIS TERPHIEEMR. WENE, REXWAHEE M

B, #LLE, FETFESEMN, W DirectX HFURMAKANES, FEEEE0RR, UBRAEN
WP R (T AR A (E B

FTIXEZE, ERAG B ILA CHE58, dx EHER B BEER.
Bor WEIR 3D AR, RIDE R RSB AR, T8 AP AT M 007 A SO WG R 5 0 X
PR |

1/ KER BB

struct RenderVertex {

Vector3 p; VAR 173
Vector3 n; / ERR
float u,v; [/ SRR AR

Pr

H—MEANEX, BEAXER 2D ¥4 HUD(head up display)f], &4 5 SR FITE LI Y6 .
AREER “2D” @), ETIREREFRABREEB.

/f EBE. BRI
struct RenderVertexTL |

Vector3 p: /7 RN ERHIEERE
float w; // 1)z

unsigned argb; . 378 )

unsigned spec; // B B

float u,v; /7 S PR S AR kR
b :

Bfa— A RER 3D s, EAHEEE API FLEG MR, €8 WIE CHEHE. Xl
sw TR WEE X6 ZOtE U “RAAYE” naEsE. 8L, #ieS.

/1 REH, FERBTA

struct RenderVertexL {

Vector3 p; /1 SRR
unsigned argb; . 173
unsigned spec; // B A

float u,v; /i SR A
bi
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15.8 ZLHRFNNE]

PR MR F API 25, ETFRMRERREREN M. (BHA T&L K. }E?E’&iﬁﬂﬂiﬁﬁ?&ﬁgﬁ
QA KBUARAOUH, EA L, FEMAKHNOHEET UAERN BT, BRYALNORER:

o Wk RTLAREEREIKINER
o (EEIRREEREMEIE N
o HETAMLEIHTARERE
o MEBAFTHELEBE R

[ ]

{EFshED, A skinning EATHHAHE
Wk, BEAFRMERE LT CARTHOMERT, FEREASRIT.

LATET APL 2T T&L MBS 2 RGN . B8 8 I, DirectX XFMAHA, HELREEBITE
Bk b /N EBARRD . X R A TR A, B2 LAMIRAM BAERNEEZ RN, HEEEZ M
BB R . SRR 1572 —TUSAE, mi, SRETRSER, SRR L.
Al f 04 AL TR S A R R (BR ML (A1 BY 57 []), Gouraud &, LA, FWRER. &N, W
AR RESHEE TR AEE, R RAENREnSEme iR, FUFERXRE): &E, TAFER
F—SSEH A F NS, WERTAMLE, ZRE, BELE, SNRAERSGERMN LT, (EF
{& B, Direct3D ShaderX: Vertex and Pixel Shader Tips and Tricks from Wordware Publishing. )

15.8.1 THRIB|F BT
WA 2 AR S R LR R L. e L, AL —RFIZER, WHFHF:

o R AE T it FF 52 (R)
o  PIFEIR MR R 27 ] 5 e B4R BUBL A (]
o HRHBHLZ A1 M B BT A

FEBUT I F

vdip = vM(Mﬂ'iDd &l = = world }(M world — > camera }[M Camer —::-cﬂp)

R R A BT — B TR, B DRI, SREIREM=SRE, TR L, ERERR
AR, T AR B = M ek . R RO R, AT LU BT AR R R A

B ANERE . RAERE A TRL BN TR A ), WA L ARSIl R, LA
APLitEERTH IR
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15.8.2 | [¥=0, 4

7154 Fh, RANTR T RECEOER. BERIZMOFE, BRI SLNIZEH Phong HE,
SRR BTG R E A . LhF b, RITHTAAEM Gouraud H, St BIAKINE
T R AT b % AR

LETMARFOLEN, EEEEAAR 1504, Bhm,, FR-ATAEMERYE, EXEHEE
ESGXAME. B THEARK 15.14 EESHE, LARITERUSEm,, . B, TUEEm,, FTm,, .
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AR15.16 BEEECEIE, FIHEAT AR E
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v BEARX 1516 NHEREBHT R, v, BER@IE:
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Voo = ij.(nmx(n-hj,ﬁ)"*"sjw)
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AR 1517 BARE RS SHERHE
EREMRET A, RENEN=HBEA. TR NEIRE, ARAAWT:

Cy =V O, +v,_ Om,

AR 15.18 FRABEARITHEROFEL
wmErATR, m, SFAFE, BhaTUARERRE L.
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R A FERA AR 28 AT H B R R? BT LAZEHE RS B AT . SRR, TRURARAR. g RBEHRIHAS
6, DL, BT AMEEE TR, 5y, TS RREERE RIS, B8 8 6 & EETH
S, EEERARDST AR —ERREEN. BoRUREERGIERNTE. WREAELHR
FEEBEE T&L B, API 24 M X MEH.

15.9 HEHIFRSHY

= TR TR A B BRI S, BRANK = ARMAE A EERR. . XEITRNSUT A
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B ARRHESENR, XHNEEZRYHEGNN=AE. EREHA=AMNET, RIVKEE
FE = ABETE, RESABELEE “RE". ERXE=MEHFLE—E BTN, RRAGIER
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3 A FELARL L DG AR 2 770 = M TR BT TR MOATT . W 1523 BTk, KT 0 BR 00 AR A R 252
AEN R AKBTE, THE, CRERBTHRENGE, R5E=AKSREINMANGLE.

BT 3D PHATH M BIER, T B = ok [ B — A WEREE B = AR RETREAR LEMA 85—
—RAVSEATE — T ). R EEEA R R R ABHARGERKT 0, ME=ARITMA.

| R SR LR S = AT A R - A REFREAT RN, BEROR 2 @HNE
= f T BT BI, IR, W 1524 FURBRT — A KMEOBIF, PRI

SRR E R T R R4, RHE BT R T A R M= AR WS
i T i R A B L A E AR ML, RAZAMEBEABRIET. A5REEAL, il H R bR
22 6] P = £ T TO A R BUFE (B £ SR B 61)EAT W BRR

EHBeE, MIEHAER, =ABTENF NS, TR, 68 7 3 B A 06 B 4 T AL LR = A T
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B 15.23 30 BHEEBIE
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| Clockwisavertex  +  Counter-clockwise

: order - nol culled vertex order - culied

B 15.24 BIRTNSAFEREMFERN= R

15.9.2 #HH

BE EXTRRHL, =MBR TRt K SEMHEINTA T R, EREDFREE A, — & BTk
EIESEREN, X TERERT. TR — BB, &R UERRHEL.

M F BRI EIER Sutherland-Hodgman $i%:. 'R BUEHRD BN /NEID TR IR 1 E .
¥¥xkE, BHEEXK.

X 2 G RIS, HE D B AT, RO B AT Y . AR M U AR A FEA,
BTl B A TR OL. SRmOL 420, 1 802 MR A, W 15.25.

M 15.26 B TAHENMBWEZAEMFEE. B8, B¥MHMAMARL. B 1526 P, AEH¥E
HEDHEY. AL, B —PUPEFE&d, BLERF4E—PHa—RE—£UHENTHAE
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B 15. 25 F1 iheY 4 wiER

Start in, end out ;
Outpuat: start, clip It

Start out, end out. i
Output: nothing i

Start oul, end in.
Oulput: clip
ey
) |
Start in, end in.
|| smeme | ]

EH-MBROEE, WREENTAKSTFEA, WEARATRGERE - MHHEIHILEERE
h. MHTABHEITREL=A. )

— R TG ASTE 3D T ST AOERSY, AR LULT A 2D Bk, T e
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1510 % #

C RBILUE, MEBAK 156, MaBTAIUBRIMBNERALIRT . 48, XBARET SN %
7 BRI 2.1 ). MTRANERKNBERBEEN. FrLlnfAMMNXR? FR—AFERERN HEN.
MRHEZHER, =AEZAHARG. DRRNHRES, ERN=MRBESEREX. NS —HHK,
DWARIEE R = A RARN PN, S@FAER XK. £k, BREEGRIEX V.

BR, BNAroE@EfnfldeRX@ ¥Rl TR=AK, BELEALETHRY —RBNEER, t4
st 4. Me ER=0,

o ¥t REEFOAHAIBFUIHEHCNIE. M BFXLEHEBEZL 2% 128 W, ®E
HEHHMHEAAESR RGB, &F alpha Ak “HEW” , HTRESLT).

o Mik: HAREF -RE=FWRAHTE. RYIIXBRERFOSIRE. (ROl T 280
VMM ALE. FERRA - B EZRBEES L 15.5 ). alpha ®iRLL alpha % %
B LERIRFE. AT X alpha Bk, EEERLORER “To0EH” HER. (RNDA
FHEXKBREBARERF. )

o TS MPGEET T HRAR LA alpha Ik, WEHFMEFNRERSF. KEEFHFE
HAIBEBP . MEBFEA—Y, DRAFTEREG, WHFNREASERIBNME. &N,
HATHIHBERKMERS, #KiE apha HREENSENTAR. BEASRNEREE, b
AT AL — B, Wwin. &, R,
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S =i, REFERENE, RHEANBELWKN=AE.

VSD W EEZAFRBERET, W BE, A%, WE, BRyknEn, G2AAERNRE, R
2 LR, AR TRENS AN &R VSD R, @FE VSD B 155 HAHMREEL
WhES, = f 64 VSD AT H IR e, SEARETE 159 WA, KR E IO AL M AT AR
mﬁﬁﬂEﬁxﬂa#ﬁaﬂ&zw.%mﬁMﬁﬁﬁaﬁﬁﬁﬁﬁzmymgxxﬂm,ﬁgﬁﬁ+g
A A : e daratsicd (L. '

o = FUGAEVLHEG SN OEE A AR AT RLCEN “BEBE 7). PLHEVRSL N ES S BRI, BUHEA N 953
MR E . WA S fE MRS W BT R BUR AR, AT R R 1

- Wk G g SiE

o REATAE A B BRGNS I A A PR (S )
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EEENX B BRRMNG B ORER A LR & ENERA F—Br B o R T 82600 . W5 —
i, BAINSRANTHDEITG, HERARIREATRSHZBRAT LAY, ﬁﬂﬁﬂ%ﬁ*%ﬂﬂ
TEA. REAOPRESEMNE - LRER PR VSD HR. ¥

'i!:

16.1 GEKGEN

BH RN LA G RAAE— D ERI = AR, TREE S DE TR, R~ EE
B R T LU Sh A MO R B . BT F AL . BEERXRE (R A A ﬁﬁﬁ%ﬁ;$ﬁﬁmﬁﬁ
BFALEY . BRXRERT LN S AT REA ML E, MAREN=AMLIE. T 04885 T NP5 A A
GlifR

S ARAERE 9 — N K AFARZE T 8T LUH4T 2 F S B 449 VSD W EAE YR (124 T)BBR K
(123 HEBEMNNOBEREAMBARFHRE. AT, EEAEXFUATUR-A=AFK, 4R, £
HBABENMEEREAT, TURELBERNREDENRT —RBRREEEXT . ARE— /2
MR eREERE - RGEEREMENEEE, BUBANE. SERBERAITR, BN TXEED
h, ERET -AFAENEE. SARRETEIRENCE, FEhRERRREN. SRESKHE
RAENFT, AFFNRFMTENREOCHFARIERS.

R SBREERDF, KEXBEEE - ERNISBETITR, WABN=AELBRTL, 7H

BENMHET . X TRNHR, EALEARNNONERTE=ABRN. X « *ﬁTVﬂlﬁﬁmﬁ
BN 5 .

AR = M AR AN AT AP A : BN N TN AT aEE. mEs R,
WRMOFE=ARLLREN. DRELREEEN, B2FA=AROEEN. SHE P HEE
B HEAERBEL, TS LR,

¥

FoamidRnARNEEERNTRYE. FENRSEEARATL, WZARAR, 185360 8H Rk
. EEFREAERET R, HERLEABHZARRE - TEILY. FIULARSENNSREEA
SEEAR REAGET L. B ALY E—E T R4,

16.1.1 ETFIEHBA

RTERNRECER RO HANEMLESN, EABRRAGLEEN\ATARA
ARBYEBEATIA. WRHAHWAHE—PEZMER “SMB" (i, BNSEmRN N L),

NMEESEEREAT LK, ATHF. W 161 Fin, ETANAQESTUME, BAEREELRY
1] p i | |
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16.1 S E &I THLHER AR

G EH, BRAEAOEEEESEWEESL, RSN ATRI AN, RO R AR, H
REEMREARGERE. RIERNE A (XGRS REN TR ).

A R 2 75 4 T 1 0 0B O B ) 7 v R PR RE BB % 15.3.3 710). ¥ )\ ATHL R B B
A fal, WIEAADTHES IR, (B 08802 R R R 3 A R 6 R A —— X R R A
() 4 B T T | )i D A VBB L Y THT 41 366 ) — A X5 X AR REAT 4, EABEENS R, NA
LA S g — R R A R, R A ZE B VIS, WIARSALE 1. 162 B8 7 TS

{Eip Plane. i ) s ‘1‘! 0 b oo ad s oD RhEs
Left x < —w 0 001
Right x> w | 0x02
Bottom y <-w 2 0x04
Top y>w 3 0x08
Near zZ<-w 4 0x10
Far z>w 5 0x20

B 16.2 [ERRGIRIAE HBRICRUEMRMER

VERE, I B4 A AR OpenGL KUk OB DYAEBF, RO 4 DY [ Az 4 BY T ) 2 fli -w Ell we T AEM O
5 w. D3D RASHIIMBYERERARR . [FIAT, S0 A5 R R RSk R RAER A, WA T %o 6 1

BAXR.
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WFHHRXANRG. BE, ALEE, HERESERERN, FaRIEETE, RITE 162
FULMBIANARR . R SEFA SN, WEANA . FHEARBNR—NRE, HARE— DML m
.

BAFE 161 I R A a kA

int computeQutCode (float x, float y, fleat z, float w) |
/1 MWEFE, BREAENES
int code = 0Q;
/o ROREBGSANE, FFRARN R L
if (x < -w) code j= 0x01; // left
if (x > w) code |= 0x02; // right
if (y < -w) code |= 0x04; // bottom

if (y > w) code |= 0x08; // too
if (z < -w) code |= 0x10; // near
if {(z > w) code |= 0x20; // far
/7 &

return code;
I
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/[ BEHAPONEEOH FEATE
class Object {
public:
[/ BATHERIBERRYE, WREEEMEXRENEH minT
void raytrace(Vector3 rayOrg, Vector3 rayDelta, float &minT):;
A 'L D8 = i I St P O -
Object *next;

}i
/7 TRREMRIL AU SR S

class Node |
public:

[ FAT RS, TRFENA T, EREM FIUAMEEH 24 NULL
Mode *nw, *ne, *sw, *se;
/O hTEMTERSR, REYAN 20 BEER, BRTLIERTTH
float =Min, xMax;
float zMin, zMax;
float xCenter({) const { return (xMin + xMax) * 0.5f; }
float zCenter() const { return (zMin + zMax) * 0.5f; 1}
/1 BRI esE
Object *firstObject;
bi
/] WE—DERRHRERY A
Node *root;
/7 BRAVROLEGER . minT MEREE A LHNBMRIEER A
vold Mode::raytrace (Vector3 rayOrg, Vector3d rayDelta, float &minT) |
[/ FlEREETRAREREAY, FEXERET CLIRIINBILAE X
if (!'rayIntersectsBoundingBox (rayOrg, rayDelta, minT)) {
/) BEERNRE TN A
return;
]
/1 BFEEY RPHRAENR
for (Object *objPtr = firstObject ; objPtr != NULL ; objPtr = objPtr->next) |
// BENR, MREITNEE X BB M EH minT

objPtr->rayTrace (rayOrg, rayDelta);
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[/ REAREEAHT? PR, SGHENF
if (nw == NULL) {
return;
}
/1 FIW AT G
if (rayQOrg.x < xCenter()} {
if (rayOrg.z < zCenter()) f{

[/ WVERF T R 86

sw->rayTrace (rayOrg,
se->rayTrace (rayOrqg,
nw=>rayTrace (rayoOrgqg,
ne->rayTrace (ray0rg,

} else |

7/ WEIEFA AT

nw->rayTrace (rayOrg,
ne->rayTrace (raylryg,
sw->rayTrace (rayOrg,
se->rayTrace (rayOrg,

raybDelta,
raybDelta,
rayDelta,
rayDelta,

rayDelta,
rayDelta,
rayDelta,
rayDelta,

minT) ;
minT) ;
minT) ;

minT) ;

minT} ;
minT) ;
minT) ;
minT) ;

} else
if

{

(rayOrg.z < zCenter()) {

/1 WERHEFH RIT

se->rayTrace (ray0rg,
sw=->rayTrace (raydryg,
ne->rayTrace (raydrqg,
nw->rayTrace(rayOrg,

} else |

}

/1 MERIETF AT RIT R

ne-rrayTrace (ray0rg,
nw->rayTrace (rayQOrg,
se->rayTrace (ray0Org,
sw->rayTrace (ray0rg,

rayDelta,
rayDelta,
rayDelta,
rayDelta,

rayDelta,
rayDelta,
rayDelta,
rayDelta,

minT) ;
minT) ;
minT}:
minT) ;

minT) ;
minT) ;
minT) ;

minT) ;

/7 HRRERIBERN RS . BEBEE L, BAHENER 1.0

float rayTraceWorld(Vector3 rayOrg, Vector3 rayDelta) {

float minT

= 1.0;

root->rayTrace{rayCrg, rayDelta, minT);

return min

T;
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