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HEJIb PABOTBbI: no3HakoMHUThCSI C OCHOBaMH MpuMeHeHHs TeKcTyp B OpenGL.
3AJJAYA: co3math TpeXMEpHYIO MOJenb 3amaHHoro oOwekta B 3DS  Max, wucnonb3ys

COOTBETCTBYIOIIME TEKCTYpPHI, 1 porpammy Ha OpenGL nins ynpasieHus umM.

1. PaGoTa c AByMepHBIMH TEKCTYPaMH

OpenGL noanepxuBaet paboTy ¢ OHOMEPHBIMH, JTBYMEPHBIMH, TPEXMEPHBIMH U KyOUYECKUMU
TEeKCTypaMu. TeKCTypbl MOTYT COJIEpKaTh LIBETHOE U300pakeHHe, alb(ha-KaHall, 3HAUCHHsI TITyOUHBI U3
z-Oydepa, 3aKOIUPOBAHHBIE KOOPIWHATHI HOPMAJM30BAHHBIX BEKTOPOB, a TaKXKe JIIOOYIO JAPYTYIO
nHpopmaruo. OnHO U3 HauboJiee YaCThIX MPUMEHEHUW TEKCTYp — HaHECEeHWE H300paKeHHW Ha
MOBEpXHOCTh 00BekTOB. Hampumep, Ha puc. 1 moka3aH mapuk ¢ HaHECEHHOW HAa €ro MOBEPXHOCTh
¢dororpadueii posbl. TekcTypsl MO3BOJSIOT, HE YCIOXKHASL T€OMETPUYECKYI0 MOJENb, CO31aBaTh
O00BEKTHI, OYCHB OJIM3KHE 10 BHEIIHEMY BHIY K CBOMM OpUTHHAIaM. B maHHO# mabopartopHoi pabote

paccMaTpuBalOTCs JByMEPHBIE TEKCTYPHI.

7 ApTomaTHuecitni pacueT TeKCTypHBIX KoopauHar [F1 - cnpaeka] E]EI

Ynpaenenne: F1, Escape

YnpaeneHue: F1, Escape

Puc. 1. lIap ¢ Tekerypoii

TexcTypHas cucTeMa KOOpPAUHAT
To, kaKk TekcTypa OyAeT pacroiaraTbCs Ha MOBEPXHOCTH OOBEKTA, OMPENENSIETCS TEKCTYPHBIMU

KOOpJauHaTaMH ero BepiuuH. Kaxkias BeplIrHa UMEET YeThIpe OAHOPOJHBIE TEKCTYpPHbIE KOOPAMHATHI
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(s,t,r,q). Jis nBymMepHO#l TEKCTypbhl MMEIOT 3HAa4YeHHE TOJIBKO IEpBbIE JBE HOPMAIM30BAHHBIE

s 1
KOOpAUHATEI | —,—
q 9

21’1’1

211

0,2 0,6

Puc. 2. IByMepHas TeKCTypHasi CHCTeMA KOOPAMHAT

B OpenGL 1o Bepcun 2.0 mpu orcyrcTBuu pacmupenuss GL ARB_texture non_power of two
MOKHO HCIIOJIB30BAaTh TOJBLKO TEKCTYPHI C pazmepamu 2" x 2" . JIOMOJHUTEIBHO MOXHO 337aTh PaMKy

TOJILIMHON B OJIMH TeKcend. Toraa pasMepsl TEKCTypbl OyIyT paBHbI (2’” + 2)><(2” +2). HesaBucumo

OT pa3MepoOB TEKCTYPhl HAMOOJbINIEE 3HAYCHUE KOOPAWHAT § U ¢ paBHO 1, HamMmeHsbIinee — O (puc. 2).
Ecnmu y xakoii-nm0o BepIIMHBI OJTHA WM 00€ KOOPAMHATHI BEIXOMST U3 ATOTO JHara3oHa, TO pe3yJibTaT
OyZeT 3aBUCETh OT TOT'O, BKJIIOUEH JIM HJIU BBIKIIOUEH PEXHUM MOBTOPEHUS TEKCTYphl. Eciau 3TOT pexxum
BKJIIOYEH, TO MCIOJIB3YETCs] TOJIBKO ApOoOHAs 4acTh TEKCTYpHBIX KoopauHaT. Ecnm BbIOpaH oquH U3
PEKUMOB OTPaHUYCHUS] TEKCTYPHBIX KOOPIMHAT, TO T€ YaCTH MOBEPXHOCTH, KOTOPHIE BBIXOIAT 3a
TPaHUIIBI TEKCTYPbI, OyIyT BCETAa 3aKPAIINBAThCS MM I[BETOM T'PAaHHYHBIX TOYCK WM [IBETOM PaMKH.
[Tonpobuee 06 3ToM cM. B paznene «OrpaHudeHue TeKCTYPHBIX KOOPAUHATY.

TexcTypHbIE KOOPAMHATHI BEPILMHBI 3a1atoTcsl ogHol u3 koMaun glTexCoord2d(s, t : double),
glTexCoord2f(s, t : single), glTexCoord2dv(v : "double), glTexCoord2d(v : "single) u T.n., KOTOpas
JI0JDKHA OBITH BBI3BaHA 10 KoMaHnbl glVertex*(...). Hike mpuBelneH mpUMEp PUCOBAaHUS KBajpara C

TAaKUMH K€ TCKCTYPHBIMU KOOPAWHATAMH, KAK Y KBaJ[paTa Ha pHC. 2.



var
//OpOCTPaHCTBEHHEE KOOPOMHATE BEPULMH KBampaTa
quad ¢ : array[0..3, 0..2] of double = (

(_91 _91 O)I
( 9! _91 O)I
€9 9, 0),
(_91 9! O)

) ;

//TeKkCcTypHEE KOOPOMHATH BEPUMH KBagpaTa
quad_tc : array([0..3, 0..1] of double = (
(0.2, 0.3),
(0.6, 0.3),
(0.6, 0.8),
(0.2, 0.8)
) ;

//HapucyeM KBaIpaT
glBegin (GL_QUADS) ;
for i := 0 to 3 do begin
glTexCoord2dv (@quad_tc[i]);
glvertex3dv (QGquad c[i]);
end;
glEnd;

Ecin oOwext pucyercs komanmamui gl/DrawElements(...), glDrawArrays(..) W T.OL., TO
JIOTIOJTHUTEIPHO K MAaCCHUBY BEPIIWH M HOpMalieil HEOOXOAMMO pa3pelInTh WCIIOJb30BaHUE MacCHBa

TEKCTYPHBIX KOOPAUHAT U ONIPCACIINTDL YKa3aTCJIb Ha HCTO:

//paspemwrM MCIIOJIL30BAHME MACCHBA MNPOCTPAHCTBEHHHIX ¥ TEKCTYPHHX KOOPIMHAT
glEnableClientState (GL_VERTEX ARRAY);
glEnableClientState (GL TEXTURE COORD ARRAY) ;

//onpenenyM yKasaTeJM Ha MaCCUBH
glVertexPointer (3, GL DOUBLE, 0, @quad c);
glTexCoordPointer (2, GL DOUBLE, 0, @quad tc);

//HapucyeMm KBaIparT
glDrawArrays (GL_QUADS, 0, 4);




Co3nanne TEKCTYpPHBIX 00bEKTOB

B OpenGL wucnons3yercs KOHLEMIHS TEKCTYPHBIX 00BeKTOB. Kakmbrii Takoil OOBEKT HMMEET
Habop mapaMeTpoB (MOBTOPEHUE / OTPAHUYEHHE TEKCTYPhI, UCIIOIb3YEMbIil METOT (PUIbTPAIIMK U T.I1.)
U XpaHUT U300pakeHue TeKCTyphl. Ilepen BbIBOIOM M300pakeHUs] TEKCTYPHBIH OOBEKT JIOJIKEH OBITH
MOJIKJIFOYEH K TEKCTYpHOMY Moayio. Ecinu B cucteMe uMeeTcsl HECKOJIbKO TEKCTYPHBIX MOJYJIEH, TO
BO3MOKHO HAJIO)KEHHE OJHOBPEMEHHO HECKOJIBKUX TEKCTYp. TE€KCTYpHBIE MOIYJIA TaKKE€ UMEIT CBOM
HaOOp MmapamMeTpoB (COco0 HAIOKEHUS TEKCTYpPhI Ha MOBEPXHOCTD U TIP.).

Jlist co31anus TEKCTypbl HEOOXOMMO MIPEXk/IE BCEro NOIYYUTh CBOOOHBINA HACHTU(DHUKATOP MPU
oMot Komaunbl glGenTextures(n : integer; textures :@: “array of integer). IlepBblii ee mapamerp
yKa3bIBaeT TpedyeMoe KOJIMYECTBO MACHTU(DUKATOPOB, BTOPOM — MACCHUB, B KOTOPBIN OHH JOJIKHBI
ObITh TMOMEILEHbl. JTa KOMaHAa TOJbKO BO3BpaIlaeT HIECHTU(UKATOPHI, TOMETUB MX KaK 3aHSTHIC.
Coznanne TEKCTypHOTO OOBEKTa MPOMCXOIUT MPU TEepBOM BbI3OBe glBindTexture(target, texture :
integer). Ilocnemyrommue BbI30BHI C TEM e HISHTH()PHUKATOPOM 3aHOBO CBSI3BIBAIOT TEKCTYPHBIH 00BEKT
C TEKCTYpHBIM MOAyJIeM. JIJIsi IByMEpHBIX TEKCTYp NEPBBIM MapaMeTp 3TOW KOMAaHbl BCETAa JOJKEH
ObIThb paBeH KoHcTaHTe GL TEXTURE 2D. Kak BTOpoil mapameTp mnepenaercs HIACHTU(DHUKATOD,
MOJIyYCHHBIM OT TpeAplaymel koMauawl. s ynaneHus TEKCTYpPHBIX OOBEKTOB IMpeaHa3HaueHa
komaHna glDeleteTextures(n : integer, textures : "array of integer). llepBbiii mapamerp
YCTaHABJIMBAETCS PABHBIM YHCIY YJalseMblX OOBEKTOB, Uepe3 BTOPOW Iepeaaercs yKas3aTelb Ha

MacCUB UX UICHTH(PHUKATOPOB.

var
texId : integer = 0;

//nonyunuM CBOOOIHBEIM UIEHTUOUKATOP
glGenTextures (1, @texId);

//cosmanuMm OBYMEPHY TEeKCTYypY
glBindTexture (GL_TEXTURE_ZD, texId) ;

//ymanumM TeKCTypy
glDeleteTextures (1, @texId);

MuHuManeHBI HAOOp MapaMeTpoB, KOTOPBIA HYXKHO OMNPEASIUTh IEpe]] HCIOIb30BaHHEM

TEKCTYpbl — 3TO TNPUMEHAEMBIH MeToJ (UIbTpallMU, OrpaHUYEHUE / MOBTOPEHUE TEKCTYPHBIX
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KOOp/MHAT M CITI0COO KOMOMHUPOBAHHUS IIBETA TEKCTYPhI C HCXOAHBIM IIBETOM MOBEPXHOCTH ((DYHKIIHIO

TEKCTYPHUPOBAHUS).

Bo10op MeTona puabTpaAIUU TEKCTYPbI

Crnoco0 ¢unbTpannu 3amaeTcsi Kak CBOWCTBO TEKCTYPHOTO OOBEKTa MPHU TOMOIIM KOMaHJIbI
glTexParameteri(target, pname, param : integer). I103TOMy €ro Hy»XHO OIpPEACNATh I KaKIOH
TEeKCTypbl otTnenbHO. [lepBblii mapaMeTp 3TOH KOMaHIbl YKa3blBaeT BUJ TEKCTYPHOTO OOBEKTa,
CBSI3aHHOTO B JAaHHBII MOMEHT C TEKCTYPHBIM MOJIYJIEM, W JJsl JABYMEPHBIX TEKCTYp MOJKEH OBIThH
paBen GL TEXTURE 2D. Kak Bropoil mepenaercs nubo xoncranra GL TEXTURE MIN FILTER,
m6o — GL TEXTURE MAG FILTER. TlepBas u3 HHUX YyKa3bIBaeT, YTO OMPEICIACTCS BHU]T
(bunbTpanuu, TPUMEHSEMbIH TP YMEHBIICHUN TEKCTYphI, TO €CTh, KOTJIa OHAa OKa3bIBaeTCs OOJIbIIIE,
yeM u3o0paxkaeMbl 00beKT. Bropast yka3piBaeT Ha BUA (UIBTPALIUH, TPUMEHIEMBbIH, COOTBETCTBEHHO,
MU yBEIMYEHUU TeKCTyphl. [locneanuii mapameTp MOXXeT nmpuHUMATh 00 3HaueHne GL NEAREST,
6o GL LINEAR. B mepBoM ciydae i OKpPAacKd KaXXJoro (pparMeHTa MOBEPXHOCTH W3 TEKCTYPhI
OyZneT BpIOMpAThCs OMIKAWIINKM K ero HeHTpPy Tekcen. Bo BTOpOM — B3BEIICHHOE CPeIHEe YEThIpex
OmKalIIuX TekcenoB. BTopoil pexxuMm paboTaeT HECKOJIbKO MEAJICHHEE, HO JaeT Oojiee IJIaaKoe

n300paxeHue.

//onpemenuM BUI OMILTPALMM TEKCTYPH [IPYM €€ yMEHBbIEHUM UM yBeJINUYSHUM
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST);
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST);

OrpannyeHnne TEKCTYPHBIX KOOPAUHAT

Croco0 orpaHu4eHHUss TEKCTYPHBIX KOOPAWHAT S§ M [ TaKKe OINpeAeNseTcss KOMaHIOM
glTexParameteri.  3necb  BTOpOM  mapaMmeTrp  JIOJDKEH  OBITh ~ COOTBETCTBEHHO  PaBEH
GL TEXTURE WRAP § wma GL TEXTURE WRAP T. Tpernii mnapameTp MOXKET MPUHHUMATh
sHaueHusi GL REPEAT, GL CLAMP, GL CLAMP TO EDGE, GL MIRRORED REPEAT wn
GL CLAMP TO BORDER.

B pexume GL REPEAT wcnions3yeTcs TOJIBKO OpOoOHAs 4acTh TEKCTYPHBIX KoopauHat. Ecimu

f — Tekymee 3HaueHWE KOOPIMHATHI, TO OyJIET WCIOJIb30BAaHO 3HAYCHHE [ —L f J (bynxmms L J

MIPOU3BOAUT OKPYIJICHUC B CTOPOHY —00, HE3aBUCHUMO OT 3HAKa apryMeHTa).
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B pexume GL CLAMP 3Ha4eHus KOOPJAUHAT NPUBOIATCA K JUANIA30HY [0, 1] .
B pexume GL CLAMP TO EDGE 3HadeHHsT KOOpPAMHAT TMPHUBOAATCA K JUANA30HY

1 1
[ﬁ’ l—ﬁ} , Tie N — pa3mep n300pakeHHs TEKCTYpPhI B HAPABICHUH OCH S HIIH .

B pexxume GL MIRRORED REPEAT Ttexyliee 3HA4eHHE KOOPJAHMHATHI [ TIPeoOpasyroTcs C

MIOMOIIIBIO CIEAYIOMEeH QyHKINH

_ =11 | /|- wemnoe
1—(f—LfJ), | f |- neuemnoe’

PesynbraT oO6padatsiBaeTcs kak B pesxxume GL CLAMP TO EDGE.

mirror(f')

B pexume GL CLAMP TO BORDER nyis OKpackM TOYEK IOBEPXHOCTH C KOOpJAUHATAMH BHE

Jiamna3oHa [0,1] MPUMEHSIIOTCSL TEKCEJbl, NPUHAJJIeKAIIME paMKe TEKCTypol. Ecim pamka B

I/1306pa)KCHI/II/I TCKCTYPbI OTCYTCTBYCT, TO 6epeTc;1 TTOCTOSTHHBIM OBCT, 3aI[aHHBII>i KaK IOBET PAMKH.

1
3HaueHus: KOOPAUHAT IPU 3TOM IPUBOIATCS K AUANA30HY [_ﬁ’ 1+ﬁ} .

//Bernuit uBeT OJid PaMKy TeKCTYPH
var border color : arrayl[0..3] of single = (1.0, 1.0, 1.0, 1.0);

//onpenenyM pexrM OTPAHUUEHMS TEeKCTYPHBIX KOOPOMHAT S U t
glTexParameteri (GL_TEXTURE 2D, GL TEXTURE WRAP S, GL CLAMP TO BORDER) ;
glTexParameteri (GL_TEXTURE 2D, GL TEXTURE WRAP T, GL CLAMP TO BORDER) ;

//omnpenenyM LBET PaMKM TEKCTYPH
glTexParameterfv (GL TEXTURE 2D, GL TEXTURE BORDER COLOR, @border color);

Pexum  GL CLAMP TO EDGE  poctyneH, HauuHas ¢ Bepcun 1.2 OpenGL,
GL CLAMP TO BORDER — c Bepcuu 1.3, GL. MIRRORED REPEAT — c Bepcuu 1.4.

DYHKINT TEKCTYPHPOBAHUSA
To, kak TekcTypa OyneT HaKJIaabBaThCS Ha TMOBEPXHOCTh OOBEKTA, 3aBHCHT OT €€ (opmara

(GL_RGB, GL RGBA, GL ALPHA w np.) n BbIOpaHHOHN (pyHKIIMM KOMOMHMPOBAHUS LIBETA TEKCTYPHI
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¢ useroMm nosepxHoctd (GL_REPLACE, GL MODULATE, GL_DECAL n np.). LisBer C; u anbda-
KaHall Ag, TOJNy4YeHHBIH B pe3ysbTare (UIbTPALIUU TEKCTYpPbI, U pa3HbIX (POpPMATOB TEKCTYpBI

ONPCACIIEICTCA MMO-PAa3HOMY. B Ta6J'II/ILIe HWKC TPUBCACHO COOTBCTCTBHUC MCKIAY HCXOJHBIMHA

KoMIoHeHTaMH R,,G,, B,, A, TeKCTypbl B pa3IM4YHbIX (JOPMATAX U BBIIICYKa3aHHBIMHU 3HAYCHUSIMHU.

®opMaT TEKCTYphbI Cs Ay
GL_ALPHA (0,0,0) 4
GL_RGB (R.G,.B,) 1
GL_RGBA (R,.G,,B,) 4

Texkcryps! B popmare GL_ALPHA copepat TOJNbKO anb(a-KaHal A, 3aJ1ar0luil Ipo3payHOCTb.
HX MOXHO HMCHOJB30BaTh NPU PUCOBAHUU CETKH, KAIIO3€H M JIPYrMX IPEIMETOB C MHOKECTBOM
otBepcTHil (cM. pasnen «lcnonp3oBanue anbda-kaHana TeKCTypbl»). Tekctypsl B popmare GL _RGB
XpaHAT TPU LBETOBBIX KOMIOHeHTa R ,G,,B,. 3HaueHue A, aus Bcex Tekcenos paBHO 1. TekcTypsl B
¢dopmare GL RGBA copepxaT Bce uyeTbIpe KOMIIOHEHTAa, M IMPO3pauyHOCTh MOXKET 3a/aBaThCsl IS
Ka)KJIOTO TE€KCeJa MHINBUyaJIbHO.

B rtabmume HWke TMOKa3aHO, KakK Ui TPEeX pPa3InYHbIX (QYHKIUH TEKCTypHUPOBAaHUS

GL REPLACE, GL MODULATE u GL_DECAL npoucxoauT CMENIMBAaHUE IIBETA TEKCTYPHbI C LIBETOM

TTOBEPXHOCTU (qepe3 Cf u Af 0003HaYEHBI COOTBETCTBEHHO OBCT U aan)a—KaHan MOBEPXHOCTH, UCPEC3

C, u A, — nonyyaemble 3HaUCHUS L[BETA U allb(a-KaHaa).

DYHKUMSA TEKCTYPUPOBAHUS
®opMAT TEKCTYPHI
GL_REPLACE GL_MODULATE GL_DECAL
C,=C, C,=C,
GL_ALPHA He ONpeaeJeH0
- Av = As Av = Af .AS P
C =C, C,=C,-C, C =C,
GL _RGB
= A=A, A=A, A=A
C,=C, C,=C,-C, C,=C,-(1-4,)+C, - 4,
GL_RGBA ’
A=A A=A, -4 A =4,
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@OyHKIMSA TEKCTYpUPOBAHHUSA 3aJaeTCsi KakK CBOWCTBO TEKCTYPHOTO MOIYJSl KOMaHIIOM
glTexEnvi(target, pname, param : integer). Kak nepBwiii mapaMeTp J0JKHA OBITh yKa3aHa KOHCTaHTa
GL TEXTURE ENV, xak Bropoi — GL TEXTURE ENV MODE, xax tpetuii — GL REPLACE,
GL MODULATE viu GL_DECAL.

//UBeT TEeKCTYypH 3aMeHSeT LBEeT [MOBEePXHOCTU
glTexEnvi (GL TEXTURE ENV, GL TEXTURE ENV MODE, GL REPLACE) ;

3arpy3ka n300pakeHusi TEKCTYPbI

N300paxeHne B TEKCTYpHBIH OOBEKT MOXKHO 3arpyaTb W3 MaMITH MPWIOKEHUS WU
KOnupoBaTh U3 Oydepa kaapa. s 3arpy3ku JByMEpHOM TEKCTYPbl U3 MaMATH UCHIOTIB3YEeTCs (PYHKITHUS
glTexImage2D(target, level, internalFormat, width, height, border, format, type : integer; data :
pointer). [lapametp target nomxken ObiTh paBeH GL TEXTURE 2D. Ilapametp level 3amaetr ypoBeHb
neranu3anuu. Ecnm He ucnonb3yercss MIP-dbunbrparus, To o momkeH ObiTh paBeH 0 (6a30BbIil
ypoBeHs). [lapamerp internalFormat onpenensier Gopmar TEKCTYpbl U MOXET MPUHUMATh 3HAYCHUS
GL _ALPHA, GL RGB, GL RGBA u 1.1. [Tapametps! width u height onpeaenstoT WUPUHY U BBICOTY
TEKCTYPBl M JOJDKHBI 33]aBaThCs B COOTBETCTBHM CO CKa3aHHBIM B pasnene «TekcrypHas cucrema
koopauHat». [lapamerp border nomxeH ObITH paBeH 1, €ClU TEKCTYpHOE HM300pa)KEHUE COIEPIKHUT
pamky, u 0 B mpotuBHOM ciydae. [lapameTp format ykaspiBaeT, B KakoMm ¢opMaTe MpeCTaBICHbI
JaHHBIE 3arpy’kaeMoro wu3oOpakeHus. 31ech JODKHBI mepemaBarbesi kKoHCTaHThl  GL ALPHA,
GL_BGR, GL_BGRA wu 1.1. [lapamertp #ype 3amaer THUII KOMIOHEHTOB 3arpy’kKaeMoro M300pa>keHHs.
Oo6brynoe 3Hauenue — GL UNSIGNED BYTE. Uepe3 mapamerp data mepenaercs ykazaTellb Ha
TaHHBIe M300paxkeHns. Hrke moka3aH mpuMep CO3MaHHs M 3arpy3Kd M300paKeHHUs, COCTOSIIETO U3

JKCJITBIX 1 YCPHBIX KJICTOK. Ha puc. 3 IIOKa3aHO, KaK OHO BBITJIAOUT.

const
iw = 128; //umpwvHa TEeKCTYpH (OOJrkHA OBITH paBHa 27°n)
ih = 128; //BRICOTA TEeKCTYpPH (HmOJkHA OBITH paBHa 27m)
var

//nsobpaxeHne TEKCTYPE
b : array [0 .. iw - 1, 0 .. ih - 1, 1 .. 3] of byte;
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//paccuuTaeM LBeTa TOUEK TEeKCTYPEH

for i := 0 to iw-1 do
for j := 0 to ih-1 do
if (((1 div 16) + (j div 16)) and 1) = 0 then begin
[lrjr ] = 0; //B
b[i,j,2] :=0; //G
bli,3,3] := 0; //R
end else begin
bfi,j,1] := 0; //B
b[i,3,2] := 200; //G
bli,3j,3] := 255; //R
end;

//3arpy3uM ms3obpaxeHre B TEKCTYPHHIN OOBEKT

glTexImage2D (
GL_TEXTURE 2D, //OByMepHass TekCcTypa
0, //ypOBEeHbL HOeTann3alun
GL_RGB, //BHYTPEHHNI GOPMAT TEKCTYPH
iw, ih, //1MprHa U BBICOTA TEKCTYPH
0, //1vprHa paMKu
GL_BGR, //dopMaT TOUKM 3aTPyXaeMoTo M300paxXeHMs

GL_UNSIGNED BYTE, //TwWI LBETOBEIX KOMIIOHEHTOB 3aIPyXaeMOTI'O
//usobpaxeHnsa (1 Ganr Ges 3HaKA)
@b) ; //yKasaTesib Ha OaHHBE U300paxkeHmUs

’_]! HanoweHwe TEKCTYPbI g@g

Puc. 3. ChopMupoBanHasi TeKCTypa

(moBTOpsieTcs 4 pa3a M0 BEPTHKAJM M 110 TOPU3OHTAJIN)
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Jlnst 3arpy3Ku TEKCTYphI U3 (aiiiaa MOKHO UCIIOJIB30BATh CIETYIONTYI0 (DYHKIHIO:

//3arpyxaeT TeKCTypy ¥ BO3BpallaeT e€e UIeHTUPUKaTOop

//B crnyuae ommOKM BO3BpallaeTcd 3HaueHue (-1)
//fn - umsa odarna c musobpaxeHueMm

function LoadTexture(fn : WideString) : integer;
var

pixels : PBytes;
tex id : integer;
w, h : LongWord;

begin

Result := -1;
pixels := nil;

//3arpy3uM msobpaxeHre TEeKCTYpPH B bopmaTe 32 OmMTa HA TOUKY
LoadTexImage (fn, PixelFormat32bppARGB, pixels, w, h);

if pixels = nil then exit;

//nonyunuM CBOOOIHBEIN MIOSHTUIMKATOP IJIS TEKCTYPHOTO OOBEeKTa
glGenTextures (1, @tex id);

//cos3manuM TEeKCTYPHEM OOBEKT
glBindTexture (GL TEXTURE 2D, tex id);

//onpenenuM napaMeTps GUIILTPALUM TEKCTYPH
glTexParameteri (GL TEXTURE 2D, GIL TEXTURE MIN FILTER, GL LINEAR);
glTexParameteri (GL TEXTURE 2D, GIL TEXTURE MAG FILTER, GL LINEAR);

//paspemwyiM MOBTOPEHME TEKCTYPEH
glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GIL_ REPEAT) ;
glTexParameteri (GL_TEXTURE 2D, GL TEXTURE WRAP T, GL REPEAT);

//onpenenuM QYHKUMIO TEKCTYyPUPOBaHUS
glTexEnvi (GL TEXTURE 2D, GL TEXTURE ENV MODE, GL MODULATE) ;

//3arpusM M300paxeHre B TEKCTYPHHM OOBEKT
glTexImage2D (GL TEXTURE 2D, 0, GL RGBA, w, h, 0, GL BGRA,
GL UNSIGNED BYTE, pixels);

//ocBoBonmM MaMAThb
FreeMem (pixels) ;

//BepHEeM MIOEHTMQMKATOP TEKCTYPHOI'O OOBEKTa
Result := tex id;

end;

Hcnonb3oBanHas Belie npouenypa LoadTexImage wnaxomgutcs B aiine utils.pas.

MIPUBOAUTCS €€ KOJI.

Huxe
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//3arpyxaer msobpaxeHme us3 daina file name. IpeoBpasyer ero B dopmat
//format u BO3BpamaeT ykKasaTesJb Ha ero OaHHEHE uepes napameTp image data.
//Uepes napameTpsl width m height BO3BpamanTca WMPKYHA M BEHCOTA M30OpaXeHUI
//TNlonmepxuBainTca dopmaTel BMP, GIF, JPEG, PNG, TIFF.
procedure LoadTexImage (file name : WideString; format : TPixelFormat;
var image data : PBytes; var width : UINT;
var height : UINT);
var
tex : TGPBitmap;
bmd : TBitmapData;
gdiplusStartupInput : TGdiplusStartupInput;
gdiplusToken : UINT;
status : TStatus;
r : TGPRect;

gdi loaded : boolean;
i : integer;
begin

gdi loaded := false;

tex := nil;

bmd.Scan0 := nil;

gdiplusToken := 0;

gdiplusStartupInput.GdiplusVersion := 1;
gdiplusStartupInput.suppressBackgroundThread := false;
gdiplusStartupInput.SuppressExternalCodecs := false;
gdiplusStartupInput.DebugEventCallback := nil;

try
/ /vHuranmsanua GDI+
status := GdiplusStartup(gdiplusToken, @gdiplusStartupInput, nil);
if status <> Ok then raise Exception.Create('');
gdi loaded := true;

//3arpysuM mM300paxeHne TEeKCTYPH

tex := TGPBitmap.Create(file name);

if (tex.GetWidth() = 0) or (tex.GetHeight() = 0) then
raise Exception.Create('');

//nonyunM yKasaTeJylb Ha OaHHHEe M300paxeHud

r.X := 0; r.Y := 0; r.Width := tex.GetWidth () ;
r.Height := tex.GetHeight();
status := tex.LockBits(r, ImagelLockModeRead, format, bmd);

if status <> Ok then raise Exception.Create('');

//umMprHa M BBICOTa M300paxXeHMUd
width := r.Width; height := r.Height;

//BHIOENUM MaMATh OJIS KONUM M300paXeHMS
GetMem (image data, abs(bmd.Stride) * r.Height);

//ecnv u30bpaxeHmMe XPaHUTCH B nopanke "cBepxy-BHuU3",
//TO ero HYXHO MOMEHSTH Ha OOpPAaTHEIA
if bmd.Stride > 0 then
for i:= 0 to r.Height - 1 do
move (PBytes (bmd.Scan0) [bmd.Stride * (r.Height - 1 - 1i)],




end;
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image datal[i * bmd.Stride], bmd.Stride)
else
move (PBytes (bmd.Scan0) [0], image datal0],
abs (bmd.Stride) * r.Height);

//ocBobomuM yKaszsaTeslb Ha IaHHHE M300paxeHMrd
tex.UnlockBits (bmd); bmd.Scan0 := nil;

//ynanum ms3o0paxkeHue TEeKCTYPE
tex.Free; tex := nil;

//3aeepuenne paborm ¢ GDI+

GdiplusShutdown (gdiplusToken); gdi loaded := false;
except
if image data <> nil then begin
FreeMem(image data); image data := nil;
end;

end;

if bmd.Scan0 <> nil then tex.UnlockBits (bmd) ;
if tex <> nil then tex.Free;
if gdi loaded then GdiplusShutdown (gdiplusToken) ;

Hcnonb3oBanue anb(a-KaHaaa TEKCTYpP

Anbda-kaHan TEKCTYpbl OOBIYHO MCIOJB3YETCS Il TOro, 4TOOBI, HE CO37aBas CJIOKHOU

FeOMeTqueCKOﬁ MOACIH, 1/1306pa>1<aTL MMpEaAMCTBI C HCPOBHBIMU KpasiMH UJIN ,I[BIpSIBOﬁ NMOBCPXHOCTHIO.

Ha puc. 4 mokazana TekcTypa ¢ u3o0pakeHHeM IUCTa. TOYKHM, MPHUHAUICKANINE JIHCTY, UMEIOT

3HaueHue A = 1 ¥ MOJHOCTBIO HEMPO3PAUHbIL. Y OKPYXarOMMX JUCT ToueK A = 0 U OHU HE PUCYIOTCS.

Puc. 4. Tekcrypa ¢ nIpo3pavyHbIM M0JIEM
BOKPYT H300paskeHus JINCTA
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HanoxuB 3Ty TekCTypy Ha NMOBEPXHOCTb U 3alpeTHB BBIBOA TOueK ¢ A = 0, Mbl MOIYyYUM

n300paxkeHue, MOKa3aHHOE Ha pHC. 5.

Puc. 5. Hano:xxenne TeKCTypsbl ¢ IPO3PAYHBIMH Y4aCTKAMH

3anpet BbIBOJIa TOUEK ¢ A = () BBITIOJIHSIETCS ABYMSI CJICTYIONTUMU KOMaH/IaMHU:

//BKJOUMM asbba-TecT IJig PUCOBAHMSA JIMCThEB
glEnable (GL ALPHA TEST);
glAlphaFunc (GL GREATER, 0.0);

[lepBass W3 HUX BKIIOYAET NMPOBEPKY 3HAYCHUH KOMIIOHEHTHI A BBIBOJAWMBIX TOYEK, BTOpas
YKa3bIBaE€T, YTO OYyT BBIBOAUTHCS TOJBKO T€ TOUKH, y KOTOpbIX A > 0. IIponienype gldlphaFunc(func
: integer; ref : single) B kauecTBe nepBoro napamerpa nepenaercs ¢pynkius cpaBuenus (GL LESS,
GL EQUAL, GL NOTEQUAL wu mp.), B KadecTBE BTOPOrO — 3HAYCHUE, C KOTOPHIM OyIeT

CpaBHUBATHCS A.
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2. 3apanue
Cozngate ¢ momomipto 3DMax Moaens B COOTBETCTBUH C BBIOPAHHBIM BapHUaHTOM 3aJaHMUS.
Monens noKHA BKITIOYATh B ¢€0s1 OJTUH MIIM HECKOJIBKO 0OBEKTOB C HAJIOKEHHOM TEKCTYPOH.

COSI[&TI) OIMMCAHUC MOJCIIN B CTPYKTYpaX AaHHBIX HAa OAHOM U3 A3bIKOB IIPOrpaMMHUPOBAHUS.

Co3gatp nporpamMmy AJisl yIpaBjieHUs: JaHHOW MOJIEJIbIO.

Bapuanmut mooenei

PaGoraroniuii HaCTOIBHBIM BEHTUISATOP, MEVIEHHO ITOBOPAUYMBAIOIIUNCS BOKPYT BEPTUKAIbHOU

OCH.

KaT;nueec;I o JOCKC Tyaa U O6paTHO KOJIECO. I[OCKa AOJIDKHA Ka4daTbCsl, HC JaBas KOJIECY

CKATUThHCS.
N300pakeHre KOMITBIOTEpA Ha BPAIIAIOIIEMCSI CTOJIC.
XOMOAWIBHUK C OTKPBIBAIOIIEHCS U 3aKPbIBAIOIICHCS ABEPLICH.
«Pyka» poboTa ¢ 1ByMs CycTaBaMHu.

CT01 C BBIJIBUTAIOIIUMHUCS SITUKAMH.

N30ymika ¢ TpyOoii M OTKPBIBAIOMICHCS TBEPHIO U OKOIITKAMH.
OTKpPBIBAIOIIMIICS U 3aKPBIBAIOIIUNCS CYHAYK.

JIBIDKYIIMIICS 1O MJIOCKOCTH TPAKTOP.

. MoJ10TOK, OBIOIIMIA 110 TBO3IIO.

. bamnst 3aMka ¢ MobEMHBIM MOCTOM HAJ[0 PBOM.

. PaboTaromas BonsgHas MeJIbHUIIA.

. Paboraromuit pa3BoHOM MOCT HaJl KAHAIOM.

. l'apaepo6 ¢ OTKPBIBAIOMIMMICS TBEPIIAMH U BBIABUTAIOIIUMUCS SIITUKAMH.
. Aemwxyumiics BTP ¢ Bpamatomieiicst 6anrHei.

. 'a30Bas muTa ¢ OTKPHIBAIOLICHUCS ABEPLICH.

. YIIpaBIsieMbIN KOJIECHBIN MTOTPY34UK.

. JABrKymuiicss camocBai ¢ MOJHUMAIOIIUMCS U OITYCKAIOIIUMCS KYy30BOM.
. PaboTaromuii sxckaBarop.

. [logaUMAarOmuUKcsS 1 OMyCKAIOIMICS TU(T ¢ OTKPHIBAIOIIEHCS TBEPHIO.

. Paboraromuii komozer ¢ BEApoM.

. JleTsamui naparuiaH ¢ IpoIeIEPOM.



23. Jlersiuit AMpUKAOIIb C POTIEILIEPOM.
24. JIBmxy1iascs 1o Kpyriou Tpacce MalivHa.

25. Paboraromias pagapHas yCTaHOBKA.
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