LOI CAM ON

Trudc hét em xin chan thanh thidy Lé Thuy 1a gido vién huéng din em
trong qua tinh thyc tap. Thiy da gitp em rat nhidu va di cung cip cho em
nhiéu tai liéu quan trong phuc vu cho qua trinh tim hiéu vé dé tai “Tim hiéu
vé Lap trinh d6 hoa trén Symbian”.

Thir hai, Em xin chan thanh cam on cac thay c6 trong bd mon cong
nghé thong tin da chi bao bdo em trong qua trinh hoc va rén luyén trong 4
nam hoc vira qua. Pong thoi em cam on cac ban sinh vién 16p CT901 di gin
b6 v61 em trong qua trinh rén luyén tai truong.

Cubi cing em xin chan thanh cam on ban giam hiéu truong Pai Hoc
Dan Lap Hai Phong da tao diéu kién cho em c6 kién thirc, thu vién cia trudng
1a noi ma sinh vién trong truong c6 thé thu thap tai lidu tro gitip cho bai giang
trén 16p. Pong thoi cac thay co trong trudng giang day cho sinh vién kinh
nghiém cudc sdng. Véi kién thie va kinh nghiém d6 s& gitp em cho cong
viéc va cudc séng sau nay.

Em xin chan thanh cdm on!

Hai Phong, thang 7 nam 2009.

Sinh vién

Phan Manh Cuong




MUC LUC

VI @A ..o 4
CHUONG 1: Tong quan vé hé¢ diéu hanh Symbian va dién thoai thong
MIND SEIIES 60 uuiueieieiiiniiaiiaiiereesnrsatsnssesessssnssnssssssssmsmosssssssssssss 5
1.1 Gi6i thiéu hé diéu hanh SYMDBIAN.....tviiiiiiie i 5
1.2 Céac md hinh thiét bi str dung hé diéu hanh Symbian .........c..cccccceeverrveennees 6
1.3 Céc tién trinh va tiéu tién trinh trong Symbian..........ccoccevvveverererrnerrenns 7
1.3.1  THn triNN.cocveiecvececieeceece e 7
1.3.2 THUHNN. .ovveecveiecieece e 7
1.3.3  Tién trinh va tiéu trinh DhAN.........oeevviveecieieceeceee e, 7
1.3.4  Quan li va diéu phoi tién trinh .......cc.coovvevevereeeeeeeeeeses e 8
CHUONG 2: Ki thuat 14ap trinh C++ trén Symbian ...............cccccoeeveeeviennenn, 9
2.1 CACKIBU Al THEU CO AN .vveieeeeeeeeeeeeeeeeteeeeee ettt ee et ee et ee e, 9
2.2 QUAN T IO.cucuevirieceeeeies et ee ettt es et a et en e en st en s 10
2.2.1 Co ché bit 161 co ban ma Symbian hd trg gom: ........ccceveevverieevrennse. 10
2.2.2 Ham Cleanup StacK ..........cccceviiiiieiieiic e 12
2.2.3 Ham dung 2 pha ..o e 14
CHUONG 3: OPENGL ES......oo ettt 18
3.1  Gi6i thiéu v& OPEnGL ES ......cooevieeiceeeeieeeeeeee e, 18
3.2 Nhap dit liéu tir phim (Keyboard Input) ........ccccooveeiiiiiiiniiieeeen 18
3.3 Dung (RENAEIING) ..ccocvvveieieiiieiiienee et 19
3.4 Phép chiéu truc giao (Orthographic Projection).........cccovvevrvrrenevenene. 20
3.5  Mau sac va danh bong (Color and Shading)........c.cccoveevvevernrrrerernenens, 22
3.6 Phép bién doi (Transformations) ...........ccceeeeeerereserrsesrssessesssssssessnenn, 24
3.7 Chitu SAU (DEPth) ...eeevveeieeeeeiieeeieeeseeeeeess st sse sttt 27
3.8 Hinh phoi canh (PErSPECLIVE )...ocveiveeeeeeeieeeeeeeeeeetsssesees s 29
3.9  Hinh khoi (SO SNAPES) .....vevieieiiceeeeee e 33
3.10 B0 loc mat sau (Backface Culling) .......cccocovviiiiiiiiiniiiiiieic e 35




3.11  Anh SANG (LIGNLING) c..voveiveieececece e 36

3.12  Dinh hudng anh sang (Directional Lighting).........cccccovviiiiiiiiiiiiiinnnn, 39
3.13  Dan chit liéu (TexXture Mapping)........cccoceeeeeeereeeereseeseessesssesesnseenen. 41
3.14  Ham chét liéu (Texture FUNCHIONS) ........ccevevreeeereeeeeeeeeeseeeees e eee e, 50
3.15  Pha tron (BIENAING) ....c.coiieiieiiece e 53
3.16  Minh bach ddi tuong (TranSPArenCy) ........cccvveereeeeereseseeeseeresssseressenenn, 58
3.17  Hi€u ung suong mu (FOQ)......coovmrimieiieiie e 60
CHUONG 4: Ap dung OpenGL ES dé tao irng dung dd hoa 3D................. 64
4.1  Phat biéu bai tOAN TNE AUNG......cveveeeeeeeeeeeeeeeeeeeee et 64
4.2 Mot s6 van dé chinh va hudng giai quyét.......c..ccoeeeervreverereereerersneneas, 64

4.2.1 Tao céc file d6i trong 0 N0A ......cccvveereeeeeeeeeeeeeee e, 64

4.2.2 Tao ban dd va gidi han BAN d0........coceveveeeeeeeeeeeeeeee e, 65

4.2.3 Xay dung dbi tuong, bat nut va di chuyén dbi tuong. ...........o......... 66
4.3 MOt $6 hinh Anh trong GAMES .............veeereeieeeeeeeeseeeseeesesees s eeseee e 70
4.4  Céch tao file sis dé cai dit 16n thiét bi di dONG .......cvvveeeveereeireeeens 72
KCEE TUAIL ....covoeee ettt sttt eneneen e 73
Tai li€u tham Khao ... 74




Hién nay nganh cong nghiép phin mém dang rit phat trién va nganh
cong nghiép phan mém trén dién thoai di dong ciing khong nam ngoai xu thé
d6. Tuy con nhiéu han ché trong phan cing cta dién thoai di dong nhung né
da thé hién duoc strc manh cua minh trong rat nhiéu céc linh vuc khac nhau
nhu giai tri, cic tién ich, thanh toan dién tr v.v... Nganh cong nghé phan
mém di dong van con kha non tré & Viét Nam vi vy viéc nghién ciru va phat

trién cac ing dung trén di dong la rat can thiét.

Em nhan thiy nhu ciu ciia con nguoi trong linh vuc giai tri trén di dong
ngay cang cao. Chinh vi vy em thuc hién dé tai nay nham hiéu rd vé cac ki
thuat 1ap trinh trén thiét bi dong, dic biét 1a cac ki thuat xay dung d6 hoa 3D

trén di dong dé co thé tao nén mot game 3D hoan chinh




CHUONG 1: Tong quan vé hé diéu hanh Symbian va dién thoai thong

minh Series 60

1.1 Gi6i thiéu hé diéu hanh Symbian

Symbian 1a mdt cong ty phan mém chuyén phat trién va cung cap mot hé
diéu hanh tién tién, mo, chudn muc dung cho thiét bi di dong — hé diéu hanh
Symbian. Cong ty dugc thanh 1ap vao thang 6 nam 1998 dat tru sé tai Anh.
Muc tiéu ciia cong ty Symbian 13 phét trién hé diéu hanh Symbian thanh hé
diéu hanh chuan duogc st dung rai cho cac hé théng ki thuat sb di dong trén
toan thé gi6i. Puoc sy hau thuan ciaa cac nha san xuét dién thoai di dong hang
dau thé gidi, cong ty Symbian khong ngimg phat trién:
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Ban dau cong ty Psion xay dung EPOC platform dung dé diéu khién cac
thiét bi nho, dat duoc mot s két qua nhét dinh sau do, cac cong ty dién thoai
di déng hang dau (Nokia, Siemens...) mua lai Psion, thanh 1ip cong ty
Symbian va tiép tuc phat trién EPOC véi tén goi hé diéu hanh Symbian. Ngay
nay, hé diéu hanh Symbian 1a hé diéu hanh duoc st dung rai trén céc thiét bi
di dong. Nhu cam két cung cung cip mot chuan mé va hd tro thiét bi nguoi
dung di dong ma Symbian trd thanh su lya chon hang dau trong nganh cong
nghiép vé thiét bi di dong hién nay. hé diéu hanh Symbian 1a mét chudn mo
nén bat ctr nha san xuat ndao cung c6 thé dugc cap ban quyén sir dung trén

thiét bi ctia minh.
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Céc nha san xut c6 gidy phép st dung hé diéu hanh Symbian

1.2 Cac md hinh thiét bj sir dung hé diéu hanh Symbian

Hé diéu hanh Symbian dugc thiét ké cho hai loai thiét bi di dong chién lugc
la Communicator va Smartphone. Communicator la cdc may PDA v&i1 kha
nang lién lac vo tuyén cua thiét bi di dong. Trong khi Smartphone 13 dién
thoai di dong v&i cac tinh nang PDA b6 sung. V&i hai loai thiét bi nay,
Symbian cong bd mot sé mo hinh thiét ké tham khao cho cic nha san xuét.
Hién nay, tat ca cac thiét bi di dong thong minh trén thi trudng déu co thé xéac
dinh dung mot trong ba mo hinh sau:
M6 hinh Crystal: M6 hinh Crystal dinh nghia mét loai Communicator bé tai
v6i hinh dang ctia mot may laptop. Crystal sir dung man hinh méau theo chuan
5 VGA va mot ban phim QWERTY, c6 thé hd tro man hinh cam tng dé nhap
li¢u véi but stylus.
M6 hinh Quartz: M0 hinh Quartz dinh nghia mét loai Communicator véi
hinh dang cua mot may Pocket PC. Quartz st dung man hinh mau theo chu?n
v, VGA, 1a mot thiét bi di dong dung but stylus nhap li€u qua tuong tac véi
mot man hinh cdm tng
M6 hinh Pearl: M6 hinh Pearl dinh nghia mét loai Smartphone véi hinh
dang kich thudc ctia mot dién thoai di dong thong thuong. Pearl hd trg man
hinh méau véi nhiéu kich thude, tiéu chuan khac nhau, st dung ban phim sb

cua dién thoai d€ nhap li¢u.




1.3 Céc tién trinh va tiéu tién trinh trong Symbian
1.3.1 Tién trinh

Gidng nhu cac hé diéu hanh khéc, tién trinh (process) 1a don vi co so can
bao vé trong symbian. Mdi tién trinh c6 mot khoang khong gian dija chi riéng.
Dia chi 4o ctia chuong trinh khi thuc thi sé dc anh xa thanh céc dia chi vat li
trén ROM (v6i cac chuong trinh thyc hién truc tiép trén ROM) va trén RAM
(chtra cac ma chuong trinh, dit liéu dong va cac thanh phan khac can cho hoat
dong ctia chuong trinh) tao khong gian bo nhé cho tién trinh. Cong viéc anh
xa nay dugc thyc hién bdi don vi quan li bd nhé (Memory Management Unit
— MMU). Do dia chi ma chuong trinh trén ROM luén ¢b dinh nén cic chuong
trinh trén ROM ¢6 thé dung chung (2 Gng dung st dung 1 DLL luu trén
ROM). Con trén RAM, mdi tién trinh c6 mdt ving nhd riéng, khong duoc

truy xuat 1an nhau.
1.3.2 Tiéu trinh.

Tiéu trinh (Thread) 1a don vi co s¢ thuc thi chuong trinh trén symbian.
Mot tién trinh s& bao gdm nhiéu tiéu trinh va céc tiéu trinh ndy sir dung cing
mot ving nhé duoc cung cap cho tién trinh d6. Thong thuong trén symbian,

mot tién trinh c6 nhiéu tiéu trinh.

1.3.3 Tién trinh va tiéu trinh nhan

Trong nhan, chi c6 duy nhat mét tién trinh hoat dong: tién trinh nhan. N6
hoat dong & ché do dic quyén. cO 2 hoat dong phuc vu cho nhan: tiéu trinh
phuc vu nhan (Kernel sever) va tiéu trinh rdng (null). Tiéu trinh phuc vu nhan
1a tiéu trinh c6 muc d6 vu tién cao nhét trong hé thong. Bat ctr khi ndo c¢6 yéu
cau st dung cac dich vy h¢ théng trong nhan la tiéu trinh nay lai hoat dong
ngay lap tirc. Nuoc lai, tién trinh null 1a tiéu trinh c6 do uwu tién thép nhat
trong hé théng. Tuy vay no lai dong vai trd rat quan trong trong hé thong. khi
dién thoai symbian khoi dong, hé diéu hanh bét dau hoat dong thi tiéu trinh

null 13 tiéu trinh chay dau tién v6i nhiém vu 1a nap file sever. Khi hé théng




dang hoat dong, tiéu trinh null s& khong bao gio dugc goi vi ¢6 do uu tién
thap nhat. Nhung khi hé théng khong con phuc vu cho mot tng dung nao nita.
tiéu trinh null s& duoc thye hién. Nhiém vy ctia no luc nay la goi phﬁn quan i
ning luong dé dua hé thdng vao trang thai “ngt” dé giam thiéu hao hut ning
lugng
1.3.4 Quan li va diéu phdi tién trinh

Viéc diéu phdi va quan 1y tién trinh, tiéu trinh do nhan dam trach. Bo diéu
phdi tién trinh hoat dong theo co ché d6 wu tién véi nguyén 1y khong doc
quyén suer dung thuat toan diéu phdi Round Rubin: trong mét chu ki, tiéu
trinh ¢6 dd wu tién cao nhat sé& duoc chay trudc tién, cac tiéu trinh khac &
trang thai tam hoan (suspend). Nhan hé thong kiém tra do wu tién cia cac ticu
trinh tai ddu chu ky va s& phuc hoi hoat dong (resume) cho tiéu trinh nay néu
tiéu trinh ndy c6 d6 vu tién 16n hon tiéu trinh dang hoat dong.
Thong thuong dé xay dung co ché quan 1y su kién cho cac tién trinh, cac hé
diéu hanh st dung co ché da tiéu trinh (multi thread): vi du moét tac vu duogc
tinh todn lau phuc tap duoc xur li bo1 mot tiéu trinh trong khi mdt tiéu trinh
khac tiép tuc duoc cho xir 1y cac sy kién nhip cta ngudi dung. Co ché nay
symbian c¢6 hd tro nhung hiém khi duoc dung do bd xur 1i khong manh mé
nhu trén may vi tinh va st dung nhiéu tiéu trinh ciing khong pht hop véi mé
hinh st dung sever trén symbian. Do d6 symbian di sir dung mot co ché tdi
ru hon cho hoat dong cta ing dung va cac sever: d6 1a moi van dé quan 1y su
kién va x1 1y tac vu dong thoi déu duoc thyc hién nhd mot ddi tuong dic biét
trong symbian, active object. M&i mdt tiéu trinh trén hé diéu hanh symbian c6
mot bd diéu phdi active scheduler dam trach viéc quan 1y sy kién thong qua

viéc quan ly diéu phoi mot hoac nhiéu active object.




CHUONG 2: Ki thuit lap trinh C++ trén Symbian

2.1 Cac kiéu dir liéu co ban

Mai truong 1ap trinh trén Symbian cung cp cac kiéu dir liéu co ban tuwong
duong véi cac kiéu xay dung sin ctia C++. Do 1a cac 10p dir lidu co ban ma
khi str dung khong can cip phat hay huy 1 cach tudng minh; cac 16p nay bat
dau bang ki tu T. Luu ¥, khi 14p trinh trén Symbian khong nén dung cac kiéu
dir liéu xdy dyng sin cua C++ ma hidy dung cac (16p) kiéu co ban ma
Symbian cung cdp. Ly do don gian vi thiét bi thuc (chay hé diéu hanh
Symbian) c6 thé khong lam viéc t6t voi cac kiéu dir liéu xdy dung sin cia

C++.

kiéu s0 nguyén:

, Kiéu dir ,
Kiéu dir Kiéu dit li¢u C++ tuong
.| lidu Mo ta
ligu c6 dau , | duong
khong dau
_ signed char & SO nguyén 8 bit c6 dau
TInt8 TUInt8 _ ,
unsigned char va khong dau
_ short int & unsigned SO nguyén 16 bit co
TInt16 TUint16 _ , ,
short int dau va khong dau

long int & unsigned long | S6 nguyén 32 bit c6
TInt32 TInt32 _ , ,
Int dau va khong dau

TInt64 S6 nguyén 64 bit

_ _ _ S6 nguyén it nhat 32 bit
Tint Tint int & unsigned int . .
c6 dau va khong dau




Kiéu so6 thuc:

Kiéu dir liéu Kiéu dir liéu C++ tuong Mo ta

duong
TReal32 float S thuc 32 bit
TReal64 double S6 thuc 64 bit
TReal Tuong duong véi TReal64

Luu y: Hau hét cac HPH Symbian hién nay khong hd tro phan cing xur 1y

s0 cham dong. Vi vay cac phép toan trén so thuc s€ cham hon rat nhi€u lan so

vo1 s6 nguyén. Vi vay ban nén han ché t6i da viéc sir dung so thuc.

Cac kiéu co ban khac:

Kiéu dir liéu

Kiéu dir liéu C++

tuong duong

Mo ta

32-bit unsigned

Kiéu ky tu ctia Symbian, dai 32 bit,

TChar _ ] .

Integer cung cap nhi€éu ham xu 1y trén ky tu
TText8 char Kiéu ky tu 1 byte
TText16 wchar_t Kiéu ky tu Unicode (2 bytes)
Ttext wchar t Kiéu ky tu Unicode (2 bytes)

_ Kiéu logic, nhan 2 gia tri ETrue/
Thool int

EFalse

TAny void

2.2 Quan li 15

2.2.1 Co ché bit 16i co ban ma Symbian hd tro gom:

- Ham User::Leave() c6 tac dung ngimg ham dang thyc hién va tra vé

ma 101.

- Macro TRAP va bién thé ctia né6 TRAPD, cho phép doan ma chuong

trinh hoat dong duéi dang bay 16i




Co ché nay hoat dong nhu thao tic bay 156i kha quen thudc try/catch va
thrown

Tat ca cic ham co thé phat sinh 15 tai nguyén trong tmg dung (nhu cip
phat ving nhé cho mot déi twong nhung da hét bo nhé, truyén dir liéu trong
khi dich vu chwa sin sang...) goi 1a “Leave function”, va c¢6 ky tu L cubi tén
ham (ham L). Luu ¥ mdt ham c6 thé ngimg (leave) 1 cach truc tiép do doan
ma phét sinh 15i (leave directly) hodc do 1 ham nay goi 1 ham L khac va ham
L duoc goi ndy c6 thé gay ra 15i (leave indirectly).

Ta c6 thé str dung tién ich User::Leave() dé ngimg ngay ham dang thyc
hién va tra vé ma 15i tuong ing (mot dang biét 1é (exception) trong Symbian).
Vi dy dudi day cho thidy ham s& ngliing va tra vé ma 10 thiéu bo nhd néu viée

cap phat thong qua toan tir new khéng thanh cong:

void doExamplel ()
{
CExample* myExample = new CExample;
if (!myExample) User::Leave (KErrNoMemory) ;
// leave used in place of return to indicate an error
// 1f leave, below code isn’t executed
// do something
myExample->iInt = 5;
testConsole.Printf(_LIT("Value of iInt is %d.\n"), myExample-
>iInt);
// delete
delete myExample;
}

Tat ca nhitng ham leave, gdm ca nhiing ham goi ham leave khac déu hoat
dong dudi co ché biy 16i. Néu ham User::Leave() dugc goi thi dong diéu
khién chuong trinh duoc tra vé cho macro TRAP gén nhat. Mot bién duoc
dung dé nhan gia tri 13i tra vé cua User::Leave() va néu khong c6 15i gi xdy ra
thi bién nay s& co gia tri KErrNone. (Luu ¥ bién tra vé caa macro TRAP

khong phai 13 gia tri ham tra vé).
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Xét vi du cu thé sau:

TInt E32Main ()
{
TInt r; // The leave variable
// Perform example function. If it leaves,
// the leave code 1is put in r
TRAP (r, doExampleL()) ;
if (r) // Test the leave variable
testConsole.Printf (_LIT("Failed: leave code=%d"), r);
}

Macro TRAP c6 1 bién thé khac cho phép rat gon code chuong trinh d6 1a
TRAPD, khi sir dung TRAPD ta khong can khai bao bién 16i mot cach tuong
minh:

TRAPD(leaveCode,value=GetSomethingL()); // get a value

Ngoai ra Symbian con cung cip 1 dang toan tir new mdi, st dung co ché
leave trong 1 dong Iénh, d6 la: new (ELeave)... Khi st dung new (ELeave)...
nghia 1a néu viéc cp phat ving nhd cho 1 d6i twong khong thanh cong thi

ham thyc thi toan tir new nay s€ ngung ngay 1ap ttc:

void doExamplel ()
{

// attempt to allocate, leave if could not
CExample* myExample = new (ELeave) CExample;
// new (ELeave) replaces new followed by check

// do something
myExample->iInt = 5;
// delete

delete myExample;

}

Trong vi dy trén, néu viéc cAp phat myExample khong thanh cong ham
doExampleL() s& ngimg ngay va tra vé gia tri 16i cho macro TRAP hay
TRAPD goi ham nay (néu co).

2.2.2 Ham Cleanup stack

Khi mot ham leave, dong diéu khién duoc chuyén cho macro TRAP va
dong 1énh dudi TRAP dugc thyc thi. Diéu nay nghia 1 nhitng ddi twong duoc
tao ra hodc truyén vao truéc khi ham ngimg s& trd nén “md coi’, viéc hiy

chung khéng duogc thuc hién va tai nguyén (b nhd) ma chung chiém giir s&
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khong duoc giai phong. Hé diéu hanh Symbian cung cip mot co ché quan 1y
nhimg ddi trong ndy goi 1a Cleanup stack. Nhu d3 trinh bay ¢ phan qui udc
dit tén, chi co cac 16p bat dau bang ky tu C 13 can va bat budc phai hity khi sir
dung xong.

Nhu vay nguy co dbi tuong md cbi xudt phat tr 16p C, xét vi du cu thé sau:

void doExamplel ()

{

// An T-type object: can be declared on the stack
TBuf<10> buf;

// A C-type object: must be allocated on the heap
// RAllocate and leave if can not

CExample* myExample = new (ELeave) CExample;

// do something that cannot leave: no protection needed
myExample->iInt = 5;

// PROBLEM: do something that can leave !!!
myExample->DoSomethingL () ;

// delete

delete myExample;

}

Néu lac nay ham myExample->DoSomethingL(); bi 16i va ngimg lai thi
dong 1énh delete myExample s& khong duoc thuc thi, nghia 13 ving nhé cip
cho n6 khong duoc giai phong. Ta giai quyét van dé nay bang ki thuat
Cleanup stack ma Symbian hd tro nhu sau: dung ham
CleanupStack::PushL() dé dua con tro d6i tuong vao Cleanup stack trudc khi
goi bat ki ham leave nao; sau d6 néu nhimg ham leave da hoan thanh ma
khong co 151 xdy ra, ta goi ham CleanupStack::Pop() dé 1ay con tro ddi
tugng ra khéi Cleanup stack.

Vi du minh hoa:

void doExamplel ()

{

// allocate with checking

CExample* myExample = new (ELeave) CExample;

// do something that cannot leave

myExample->iInt = 5; // cannot leave: no protection needed
// do something that can leave: use cleanup stack
CleanupStack: :PushL (myExample); // pointer on cleanup stack

myExample->DoSomethingL(); // something that might leave
CleanupStack::Pop(); // it didn't leave: pop the pointer
// delete

delete myExample;
}

13



Luu y: ham CleanupStack::PushL() c6 thé leave, tuy nhién néu ham nay
leave thi d6i tuong dua vao stack boi ham nay cung s& bi huy.

Can luu ¥ ham CleanupStack::Pop() tu n6 khong co y nghia gi, n6 chi day
1 dbi twong ra khoi Cleanupstack va ta c6 thé huy hodc sir dung ddi tuong
nhan dugc tir stack ndy sau khi ham bj nging (leave) dam bao khong co ddi
tugng “mo coi”.

Trong nhiéu truong hop ta co thé go1 ham
CleanupStack::PopAndDestroy() dé hily d6i twong sau khi hoan thanh ham

leave:

void doExamplel ()
{

// pop from cleanup stack, and destroy, in one operation
CleanupStack: :PopAndDestroy(); //don’t need call delete
}

Pé rat gon mi ngudn chuong trinh, viéc cap phat va dua dbi tuong vao
Cleanp stack thuong duoc thuc hién trong 1 ham két thiic bang ky tu C. Vi du
ham TAny* User::AllocLC() gom viéc goi ham User::Alloc() dé cap phat
vung nhé sau do leave néu cép phat khong thanh cong, nguogc lai ty dong
dua ddi tugng vao Cleanup stack. Néu goi ham  C dé cap phat ddi tuong
van phai 1ay ddi tuong ra khoi Cleanup stack sau khi str dung xong.

2.2.3 Ham dung 2 pha

Trong khi khoi tao céac ddi tuong phuc tap (déi tuong 16p C chira mdt hoac
nhiéu dbi tugng 16p C khac can duoc khdi tao) c6 thé dan téi tinh trang leave
ma viéc quan 1y bang Cleanup stack mot cach tudng minh gip kho khan do ta
khong biét doi twong nao da duoc khéi tao va déi tugng niao chua. Lic nay
Symbian tiép tuc cung cap co ché quan 1y 18i khi khoi tao d6i twong goi la
ham dung 2 pha (2 phase constructor) hoat dong véi co ché nhu sau:

- Cap phat ving nhd cho dbi tuong (va leave néu khong dit bo nho)

- Khéi tao cac thanh phan an toan (khong thé leave)
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- Pua con tro d6i twong vao Cleanup stack
- Dung ham dung thtr 2 (2nd phase constructor) dé khoi tao cac thanh
phan co thé leave.
Luuy:
Toan bd qua trinh trén dugc thuc hién thong qua 2 ham tinh: NewL(),
and NewLC()(ty dua d6i twong dugc cip phat vao Cleanup stack)
Ham dung tha 2 c6 tén 1a ConstructL().
Vi du ta c6 16p CSimple 13 mot 16p don gian khong chira cac ddi tuong
khac:

class CSimple : public CBase

{

public:
CSimple (TInt); //ham d?ng
void Display () ;

private:
TInt ival;

}i

Lp CCompound chira ddi tugng CSimple nhu 13 bién thanh vién

class CCompound : public CBase
{
public:
void Display () ;
~CCompound () ;
static CCompound* NewL (TInt aVal);
static CCompound* NewLC(TInt aVal);
protected:
CCompound (TInt aval) ;
void ConstructL() ;
private:
TInt iVval;
CSimple* iChild;

}i
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Minh hoa nguy co tir viéc khai tao ddi twong CCompound theo cach thong
thuong:

CCompound: : CCompound (TInt aVal)
{
ival=aval;
iChild = new (ELeave) CSimple (aval);
}

Luc nay, khi khai tao 1 di twong CCompound , néu vi Iy do nao d6 ma
viéc cap phat d6i twong iChild (CSimple) khong thanh cong. Ham khoi tao
CCompound(TInt aVal) bi ngtmg (leave). Lac nay ddi twong CCompound
d3 dugc cip phat, tuy nhién khong thé truy cap dén ving nhd nay vi ham
dung khéng thanh cong. Nhu viy dd c6 mot doi twong mé coi dugce tao ra
trong viing nhé ma ta khong thé quan 1y duoc.

Pé khic phuc CCompound sir dung ham dung 2 pha, c6 thé tao ra mot ddi
tuong CCompound mdt cach an toan thong qua hai ham tinh NewL() va

NewLC() nhu sau:

// NewLC with two stage construction
CCompound* CCompound: :NewLC (TInt aVal)
{
// get new, leave if can't
CCompound* self=new (ELeave) CCompound (aVal) ;
// push onto cleanup stack in case self->ConstructL leaves

// complete construction with second phase constructor
self->ConstructL () ;
return self;
}
void CCompound: :ConstructL ()
{
// function may leave, as creating a new CSimple object
// may leave.
iChild = new (ELeave) CSimple (iVal);
}
CCompound* CCompound: :NewL (TInt aVval)
{
CCompound* self=NewLC (aVal) ;
CleanupStack: :Pop () ;
return self;

}




Ta st dung ham NewL(), NewLC() dé khoi tao ddi tuong CCompound an

toan nhu sau:

void doExamplel ()

{

// allocate and push to cleanup stack - leave if failed

CCompound* myExample = CExample: :NewLC (5) ;
// do something that might leave
myExample->DoSomethingL () ;

// pop from cleanup stack and destroy

CleanupStack: :PopAndDestroy () ;

}

Luc nay néu ham doExampleL() khong thanh cong do khong cap phat
duoc d6i tuong CSimple ( biét duoc bang bay 16i TRAPD(errcode,
doExampleL()) vé6i errcode != KErrNone), ta chi can goi
CleanupStack::PopAndDestroy() dé “lam sach” ving nhé.

Ngoai ra, ddi véi cac 16p T, R Cleanup stack cung hd tro thao tac push va

pop théng qua cac ham overload:

static void PushL (TAny* aPtr);

static void PushL (TCleanupItem anItem);
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CHUONG 3: OPENGLES

3.1 Giéi thiéu vé OpenGL ES

OpenGL ES 1a mot san pham mién phi bao gdm cac ham API cho phép tao
cac tng dung 2D, 3D trén cac ting dung nhung — bao gém cac thiét bi cam
tay. N6 dugc dinh nghia nhu 1a mot tdp con cua openGL, tao ra tinh linh hoat,
manh mé& trén giao dién cip thip giita cac phin mém va dd hoa. OpenGL ES
1.1 nhan manh vé téc do phan ctng cua cac ham API, trong khi OpenGL ES
1.0 chi tap trung vao cac phan mém cho phép trién khai. OpenGL ES 1.1 hoan
toan tuong thich véi ban OpenGL ES 1.0 va né c6 thé dé dang thém cac API
gitra hai phién ban

Cac dic diém cua OpenGL ES dugc phat trién boi nhom Khronos
3.2 Nhip dir liéu tir phim (Keyboard Input)

PAu tién ban phai xay dung mdt chirc nang dé xu i moi dir liéu duge dua
vao tlr ban phim,chtic ning nay phai chdp nhan mot s6 cac tham sé nhat dinh

- Tham s6 th{ nhat la biéen UGWindow

- Tham s6 th hai phai 1a mot bién nguyén (interger), dai dién cho phim

da dugc bAm
- Tham sd tht ba va th&r tu cling 13 hai bién nguyén (interger), xac dinh

gia tri X, y ctia con tro thiét bi khi dugc an.

void keyboard (UGWindow uwin, int key, int x, int vy)

{
// kiém tra ntt da duoc bém
switch (key)
{

case 'g' : exit(0); break;

// Cac phim c6 sin dugc liét ké & bang dudi
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UG KEY F1-UG KEY F2 F1 through F12 keys.
UG KEY LEFT Left arrow

UG KEY RIGHT Right arrow

UG KEY TP Up arrow

UG KEY DOWN Down arrow

UG KEY PAGE TP Page Up key

UG KEY PAGE DOWN Page Down key

UG KEY HOME Home key

UG KEY END End key

UG KEY INSERT Insert key

// thoat khéi chuong trinh néu 4n phim miii tén di 1lén
case UG _KEY UP : exit(0); break;
}

3.3 Duwng (Rendering)

Céc budc khdi tao va thiét 1ap OpenGL ES, khi v& trén man hinh OpenGL
ES str dung ki thuat cia mot bd dém kép. Khi vé ching ta v€ trén bo nhd dém.
Sau khi ¢6 dugc tat ca cac thong tin cta viée v&, nd sé& trao doi gitta cac bo
nhd dém va bit dau vé trén bd nhé dém khac. Piéu nay dé ngin chin anh
hudng cua viée chdp man hinh bai hing sd x6a man hinh va vé hinh khac trén
mot b0 nhé dém.

Trong ham Init(), chung ta st dung moét 101 goi glClearColor, n6 dugc st
dung dé xac dinh mau sic cho man hinh hién thi, n6 bao gdm 4 tham s, cac
tham s6 nay dai di¢n cho h¢ mau RGBA va c6 gia tri trong khodng tuir 0 dén 1.
Ba tham sé dau 1a mau d6 xanh 14 cay va xanh da troi, con tham sé tha 4 1a d6
sang toi cua window

Poan code dit mau nén den cho man hinh hién thi

Noi dung cia ham main.cpp

void init ()
{
glClearColor (0.0£f, 0.0f, 0.0f, 0.0f);

}
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void display (UGWindow uwin)
{

// Bay gid hay thay dbi céc gid tri cua mau xem thu!Ham glClear ()
méi thuc su xod window, né céd nhiing hdng sb xac dinh

glClear (GL_COLOR BUFFER BIT) ;

// Cé6 trudng hop cé nhitng ham chua dugc chay dén khi két thic
chuong trinh, d& tranh trudng hop ndy ham glFlush()dugc goi, né sé& thuc
hién tit cd cac ham chua dugc chay va két thic chuong trinh.

glFlush () ;

//luu théng tin sau khi vé& trén khung, chung trao ddi gitta cac bd
nhé dém va bat diu vé trén dé. Chtc ndng ugSwapBuffers dugc st dung dé
thuc hién diéu nay

ugSwapBuffers (uwin) ;

3.4 Phép chiéu true giao (Orthographic Projection)
C6 hai cach dé hién thi d6i twong d6 1a str dung phép ElEE TR
chiéu phéi canh va phép chiéu truc giao
Phép chiéu tryc giao, view volume duogc dinh nghia
1a mot hinh hop chit nhat, vat thé nam trong view
volume dugc chiéu tryc giao 1én khung nhin do do
trong phép chiéu truc giao khoang cach tir camare dén

vat thé khong anh hudong dén do 16n cia anh.

Trong phan nay chung ta s& tim hiéu lam thé nao dé
hién thi mot hinh 1én man hinh, hinh dugc tao ra bﬁng cach xac dinh cac dinh,
day 1a nhimg diém trong khong gian 3 chiéu vi vay can chi & cac diém trén
hinh.

Danh sach cac tham so

Primitive Flag Description
GL_POINTS Cac diém
GL_LINES Poan thang
GL_LINE_STRIP Puong gap khiic khéng khép kin
GL_LINE_LOOP Puong gap khiic khép kin
GL_TRIANGLES Tam giac
GL _TRIANGLE_STRIP Mot dai tam giac dugce lién két v6i nhau
GL_TRIANGLE_FAN Céc tam giac lién két theo hinh quat
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Khi v& diém, chic ning glPointSize c6 thé thay doi kich c& cua diém dugc
vé&, kich ¢6 mac dinh 14 1.

Khi v& dudng ban c6 thé str dung glLineWidth dé xac dinh d6 rong cia
duong, kich c& mac dinh 1a 1.

Noi dung cia ham main.cpp

Budc dau tién 1a xac dinh toa d6 cua hinh vudng dat trén man hinh, thiét lap 3
gia tri (float) X, y, z cho mdi dinh

GLfloat square[] = {
0.25, 0.25, 0.0
0.75,0.25, 0.0
0.25, 0.75, 0.0,
0.75, 0.75, 0.0

h

J

-

Khoi tao chuong trinh
yoid init()
! glClearCelor(0.0f, 0.0f, 0.0f, 0.0f);
Thiét 1ap ché d6 ma tran bang cau lénh glMatrixMode(GL_PROJECTION)
trude khi dinh nghia phép chiéu
gIMatrixMode( ¥
Thiét 1ap ma tran hién thoi vé ma tran don vi bang 1énh glLoadldentity()
glLoadIdentity();
O phan dau cua huéng dan, chung ta sir dung phép chiéu tryc giao. Chirc nang
glOrthof dugc chi dinh dé xac dinh nhin theo phép chiéu truc giao, no bao
gdm glOrthof(GLfloat left, GLfloat right, GLfloat bottom, GLfloat
top,GLfloat near, GLfloat far)
glorthof(0.0f, 1.0f, 0.0f, 1.0f, -1.0f, 1.0f);
Pén gio ta da thiét 1ap xong phép chiéu truc giao, tiép dén ta s& v& hinh bang
cach sir dung chuc ning glVertexPointer, chitc ning niy c6 4 tham sb:
- GLintsize: Xac dinh s6 lwong toa dd cho mdi dinh
- GLenum type: Xéc dinh kiéu dir liéu ctia mdi dinh trong méang vi du
nhu GL_BYTE, GL_SHORT, GL_FLOAT v.v...
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- GLsizei stride: Xac dinh khoang cach byte giira cac dinh lién tiép, Néu
- stride bang 0 cac dinh dugc hiéu 1a da dugc dong goi chat ché trong
mang , gid tri ban dau bang 0
- const GLvoid *pointer: Xac dinh vi tri bo nhd cta gia tri du tién trong
mang, nod tré téi mang.
gl¥ertexPointer(3, , 0, square);
Chtc ning glEnableClientState s& dua ra mot trong nhitng tham sb chi dinh
mang do phai dugc kich hoat

glEnableClientState( )i
¥

Bay gio chiing ta c6 thé thiét 1ap ché d6 hién thi, hiy nh¢ rang ban dang sir
dung thu vién Vincent, man hinh hién thi chirc niang can phai chap nhan mot
tham s6 UGWindow
void display()
¢ glClear( 1
Chtc ning glDrawArray véi cac tham sd
- GLenum mode: xac dinh gia tri ban dau dé vé
- GLint first: X4c dinh chi s6 ban dau cia mang
- GLsizei count: chi rd s6 dinh dé xir Iy
glDrawarraysi | ,0,4);

glFlush(};
glutSwapBuffers();

3.5 Mau sic va danh bong (Color and Shading)

,-!yluu -Color snd G 2 £ 1003

TAt ca mau sic trong OpenGL duoc dai dién boi 4 gia
tri, 3 gia tri mau do, xanh 1a cdy va xanh lam, cubi cing la
gia tri alpha, diéu nay chi thé hién rd rang 1 mau. Piéu
nay s& dugc ndi rd hon trong phan nay.

Ta sé st dung mot mang mau.
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Noi dung ctia ham main.cpp

Ta s€ khdi tao mdt mang tam giac.

GLfloat triangle[] =
0.25f, 0.25f, 0
0.75f, 0.25f, 0

]

1
0
0
0.25f, 0.75f, 0.0

f,

f,

f
ks

Tiép theo ta s& tao ra mot mang mau. Chung t6i cung cap cho mdi dinh mot

mau sac khac nhau, mau do, xanh 14 cay va xanh lam

GLfloat colors[] = 1
1.0f, 0.0f, 0.0f, 1.0f,
0.0f, 1.0f, 0.0f, 1.0f,
0.0of, 0.0f, 1.0f, 1.0f

I
Mot bién boolean shaded duoc tao dé theo ddi xem c6 duoc danh bong hay
khong, chung toi str dung bién nay dé chuyén doi gitta viéc t6 bong hay khong
t6 bong hinh
boaol shaded = false;
Thiét 1ap phép chiéu truc giao

void init()

glClearColori{0.0f, 0.0f, 0.0f, 0.0f);

gIMatrixMode( ' 1
glLoadIdentity();
glOorthofi{0.0f, 1.0f, 0.0f, 1.0f, -1.0f, 1.0f);

glV¥ertexPointer(3, 1, 0, triangle);
Ta sir dung ham glColorPointer dé thiét 1ap cho mang mau, ham nay lam
viéc giébng nhu chirc nang glVertexPointer, ching c6 4 tham sb va tham so
dau tién dé xac dinh c6 4 float (mot gia tri mau) cho mdi dinh .

glColorPointer(4, , 0, colars);
Chung ta phai kich hoat cac dinh va mang mau

glEnableClientState( b
glEnableClientState( 1

Bay gid ta thém mau va shading (t6 bong) vao hinh. Cé 2 loai shading. Diéu
nay duoc xac dinh bang cach sir dung chtrc nang glShadeModel, chiic ning
nay sé dua ra mot trong hai tham s6 GL_FLAT va GL_SMOOTH d¢ xé4c dinh
loai shading va GL__ SMOOTH duoc thiét 1ap theo mac dinh.
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glShadeModel( Ik
I

Thiét 1ap ché d6 man hinh hién thi (nhu phan truéc) chi khac trong 10i goi
chuc ning glDrawArrays ta sir dung cd GL_TRIANGLES dé vé& 3 dinh cua

tam giac.

3.6 Phép bién déi (Transformations)

ﬂlm Transioen § 22 ofé 1005 €3

Phan nay sé gi6i thiéu vé cach chuyén doi hinh theo
cac cach khac nhau
1. Phép ti 1¢ - glScalef
2. Phép dich - glTranslatef
3. Phép quay - glRotatef

Noi dung cia ham main.cpp

Khoi tao 2 bién dung dé quay theo truc x va y

float xrot = 0.0f;
float yrot = 0.0f;

Ta s€ khoi tao mot tam giac.

GLfloat triangle(] = {
-0.25f, -0.25f, 0.0f,
0.25f, -0.25f, 0.0f,
-0.25f, 0.25f, 0.0f

1

Khoi tao mot mang mau
GLfloat square[] = {
-0.25f, -0.25f,
0.25f, -0.25f,
-0.25f, 0.25f,
0.25f, 0.25f
¥
Chtrc niang Init chi dé goi ham glClearColor
wiold initl)

glClearColor{d.0f, 0.0f, 0.0f, 0.0f);
T

Thiét 1ap ché do hién thi
woid display()

glClear( K




Ta s€ ve mdt tam gidc ¢ phia bén trai man hinh va mot hinh vudong & phia bén
phai, tam giac s€ dugc td6 bong min va hinh vudng s€ duoc t6 bong.
Céc thiét lap trén tam giac cling nhu bai trudc

f Triangle
glShadeModel( 1

gl¥ertexPointer(3, , 0, triangle);
glColorPointer(4, , 0, colors);

glEnableClientState( K
glEnablecClientStates i

Ta sé& thay d6i doan code nhu sau. Nh¢ rang trong ham reshape ching ta dit
d6i twong hién thi nhu ma tran hién thoi. Ma tran duoc stir dung cho cac phép
bién d6i. Co 3 phép chuyén d6i st dung boi cac ham glTranslatef, glScalef
va glRotatef. CAc gia tri f & cudi mdi ham thé hién bién dau vao mang gia tri
float.

Sau khi v& tam gidc chung ta khong mudn cac hinh sau d6 bi anh hudng boi
viéc chuyén do6i. Chirc nang glPushMatrix va glPopMatrix dugc sir dung dé
sao chép thém moQt ma tran hi¢n thoi dua Ién dinh ngan xép va loai bé ma tran
hién thoi ra khoi ngan xép.

Vi du: ta mudn v& 1 chiéc 6 t6 co 4 banh, qua trinh v& dugc mé ta nhu sau: vé
than xe, ghi nhé ban & dau, tinh tién vé banh xe phai phia trudc, v€ banh xe,
quay lai vi tri ban da ¢ (dua than xe vé vi tri trudc khi tinh tién) ghi nhé ban
d3 o dau, tinh tién banh xe trai phia trudc. ...

glPushMatriz();

Ham glTranslatef v4i 3 tham s6 cho truc x, y, z dé dich chuyén d6i tuong
(dich sang trai 0.25 don vi va 1én 0.5 don vi)

glTranslatef(0.25f, 0.5f, 0.0f);
Ham glScalef véi 3 tham sb xac dinh ti 1& cua ddi tugng theo 3 truc x, y, z
(giam kich thuéc cta tam gidc xudng mot nira)

glscalefin.5f, 0.5f, 0.5f);
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Ham glRotatef voi 4 tham sb 14 goc quay va 3 tham sb dai dién cho 3 truc x,
y, z dé quay d6i twong (quay ddi twong theo 1 goc xrot theo truc x)
glRotatefi:rot, 1.0f, 0.0f, 0.0f);
V¢é tam giac
glDraviArrays! .0, 3
Phuc hdi ma tran vé thoi diém ban dau
glPopMatriz();
Tiép theo ching toi s& khong sir dung mang mau cho hinh nén s& khoa chirc
nang nay lai
glDisableClientState! 1
Tiép theo ta s& v& mot hinh vudng duoc to bong

M Sguare
glShadeModel K

ChU y rang khi chung t6i khai tao con tro dinh, chung t6i st dung 2 tham s6
dau tién dai dién cho mdi dinh.

gl¥ertexPointer(2, , 0, sguare);
Thay vi st dung mang mau ta ¢ thé sir dung chiic ning glColor4f hoic
glColor4x

glColoraf(D.25f, 0.25f, 0.75f, 1.0f);
Viéc chuyén d6i hinh vudng ciing twong tu nhu hinh tam giac phia trén

glPushMatrix();
glTranslatef(0.75f, 0.5f ,0.0f);
glScalef(0.5f, 0.5f, 0.5f);
glRotatef{yrot, 0.0f, 1.0f, 0.0f);
glDrawArraysi A 1=, 0, 4);

glPopMatrix();

glFlush();

glutSwapBuffers();

¥

Pé cho phép tao ra hinh anh dong ching t6i st dung chirc ning idle, chirc
nang nay duogc goi la vong 1ap chinh trong khi khong c6 thong diép nao dang

duoc xu ly.
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Chung t6i mudn ting goc quay ctia ddi twong trén truc X va truc y ciing nhu
vé lai man hinh sau khi thay d6i. diéu nay dugc thyc hién khi goi ham

glutPostRedisplay hoac ugPostRedisplay

woid idlel)

1
srot += 2.0f;
yrot += 3.0f;

glutPostRedisplay();
¥

Budc cudi cung 1a ta s& thong bao cho thu vién GLUT|ES / UG 1a chtic ning
idle dugc st dung. Piéu nay dugc hoan thanh véi 11 goi ham glutldleFunc /
ugldleFunc

glutldleFunciidle);

3.7 Chiéu sau (Depth)

,{jlu-nmr.h T o o 1202

Trong phan ndy chung ta s& thao luan 1am thé nao dé

thém chiéu sau vao chuong trinh cua ban cho phép céc z

“AA

(truc) c6 thé phdi hop hoat dong mdt cach chinh xac
Piéu nay duoc hoan thanh khi sir dung 10i goi dén
depth buffer. depth buffer ¢6 chira mot gia tri cho mdi

diém anh trén man hinh, gia tri ndy trong khoang tir 0 dén

1. Piéu nay dai dién cho khoang cach tir d6i tuong dén ngudi xem, moi su
dong bo c6 su lién két sau vé gia tri. Khi hai gid tri chiéu sau dugc so sanh thi
gia tri thap hon s€ dugc hién thi trén man hinh.

NoOi1 dung ciaa ham main.cpp

void initl)
1

Budc dau tién ta phai bat chitc nang depth buffer diéu nay dugc thuc hién
thong qua co GL_DEPTH_TEST trong ham glEnable

glEnable I
Nhu phan dau ciia hudng dan chung toi di noi dén viée ha thap hon gia tri cia

chiéu sau, sy phdi hop chit ché hon cho nguoi xem. Piéu nay cé thé thay doi
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bang cach str dung chirc niang glDepthFunc chic ning nay chi dinh gia tri

trong depth buffer dé so sanh. Cac gia tri nay duoc thong bao qua bang sau:

Co Mo ta

GL_NEVER Khéng bao gio di qua

Di qua néu gia tri chiéu sau dwa vao nho hon gia tri
GL_LESS

duoc luu triv

Di qua néu gia tri chiéu sau dwa vao bang gid tri dugc
GL_EQUAL

luu triv

Di qua néu gié tri chiéu siu dua vao nho hon hoic bang
GL_LEQUAL o

gia tr1 dugc luu trir

Pi qua néu gia tri chiéu sau dua vao 10n gié tri dugc luu
GL_GREATER

troe

Di qua néu gi4 tri chiéu sau dua vao khong bang gia tri
GL_NOTEQUAL
duoc luu triv

Pi qua néu gia tri chiéu sau dua vao 16n hon hoic bang
GL_GEQUAL o
gia tri dugc luu trir

GL_ALWAYS | Ludn di qua

Gia tri ¢c& mic dinh 1a GL_LESS chiing t6i mudn thir di qua khi cc gia tri
bang nhau. Diéu ndy s& sy ra khi cac ddi twong co cing cic gia tri z, man
hinh s& hién thi tuy thudc vao thur ty ma ddi tuong dé duoc in ra.

glDepthFunci 1

glClearColor{0.0f, 0.0f, 0,0f, 0.0f);
Sy thir chiéu sdu dé so sanh cic gia tri ban phai khoi tao tit ca cac gid tri
trong bo dém. Piéu nay coé thé dat duoc béng cach s dung chuc nang
glClearDepthf, chtic ning nay s& dua ra mot trong nhimg tham sb chi ra gia
tri vé chiéu sau trong bo dém dung dé khai tao cung.

glClearDepthf(1.0f};




Hién thi mot s6 hinh tam giac trén man hinh 1am viéc véi depth buffer

gl¥ertexPointer(3, , 0, triangle);
glColorPointer(4, , 0, colars);
glEnablecClientState( iy
glEnableClientState( P

¥

void display()

{
giClear( | i
glLoadIdentity();
glDrawarraysi J ,0,3);

V& tam giac thi 2 hoi & trén tam giac dau tién
glPushMatriz();
glTranslatef{-0.2f, 0.0f, -1.0f);

glDraveArrays| 0,30
Tam giac thir 3 quay 45 d6 theo tryc z ciia tam giac thur 2
glRotatef(45.0f, 0.0f, 0.0f, 1.0f);
glDrawArrays| , 0,3
;IPupMatrix(j;
Cudi cung 13 tam giac dat cung véi truc z cta tam giac dau tién, day 1a hinh
tam gidc nhé ndm & phia bén phai.

glPushMatrix();

1
glTranslatef(0.5f, 0.0f, 0.0f);
glscalef(0.5f, 0.5f, 0.5f);

glDraviArrays! .0, 3
I
glPopMatrix();

gIFlushi};
glutSwapBuffers();

3.8 Hinh phdi canh (Perspective )

Trong thé gidi thuc, néu ban cé nhiéu déi tuong c6 FlE R
cung mot kich c& dugc dat ¢ nhitng khoang cach khac
nhau, ban s& nhan thiy rang cac ddi twong & xa hon thi

s€ trong nho hon.




Trong phan hudéng dan trudc ban co thé nhan thiy rang cic tam giac phia
sau thuc su c6 cung kich thudc véi tam gidc dau tién khi nhin.

Trong phan huéng dan nay s& giai thich cach lam cho cac ddi tuong ¢ xa
hon thi s& tréng nho hon, chung ta ciing sé& thao luan hinh dang thé nao 1a dat
tiéu chuan bang cach st dung thu vién UG.

Noi dung ctia ham main.cpp

Dau tién chung to1 s€ tao 2 bién d€ gitr cho chi€u rdng va chi€u cao cua ctra

s0, ban s€ thay n6 dugc str dung thé nao sau nay.

Mot bién dé giir dé xac dinh xtr dung phép chiéu truc giao hay phép chiéu
phdi canh diéu nay cho phép thay doi giita 2 phép chiéu dé ta thay duoc su
khac biét gitra chung

boal perspective = true;

Euid display()

glClear( | )
glLoadIdentity();

Néu nhu ban muén di chuyén vi tri ctia camera (gdc nhin) ban sé& phai sira doi
ma tran chiéu. Piéu nay 1a kha phirc tap, c6 cach don gian hon 1a ta sir dung
chirc nang gluLookAtf cua thu vién GLUIES. Tuong tu chiic nang trong UG
la gluLookAtf

Churc nang nay s€ dua ra 9 tham s6 diéu nay bao gém 3 toa d0 hoac vectors,
dau tién ban phai xac dinh noi dat camera, thr 2 1a xac dinh diém ma ban
mudn camera dugc tré dén cudi cung 1a chi rd viéc chuan héa trén vector.
Thuong sit dung (0, 1, 0) cho vector nay

Poan code dudi day thé hién noi dit camera cach 2 don vi tir gbc va nhin vé

phia gbc.
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Tiép theo 1a doan code dé v& 3 hinh vudng, mdi hinh s& duoc xuét hién & phia
sau va dich sang bén trai cua hinh phia trudc, thay vi tao ra 1 mang vertex cho
hinh vuong chiing t6i st dung chirc nang ugSolidCubef cua thu vién UG,
chtrc ning nay vé ra mot hinh 1ap phuong & toa do (0, 0, 0). Mot sb cac chic
nang khac tuong tu:

ugSolidBox(GLfloat Width, GLfloat Depth, GLfloat Height);
ugSolidConef(GLfloat base, GLfloat height, GLint slices, GLint stacks);
ugSolidCubef(GLfloat size);

ugSolidDisk(GLfloat inner_radius, GLfloat outer_radius, GLshort rings,
GLshort slices);

ugSolidSpheref(GLfloat radius, GLint slices, GLint stacks);
ugSolidTorusf(GLfloat ir, GLfloat or, GLint sides, GLint rings);
ugSolidTube(GLfloat radius, GLfloat height, GLshort stacks, GLshort

slices);

glColordf{0.0f, 1.0f, 0.0f, 1.0f);
glTranslatef(-0.25f, 0.0f, -1.0f);
ugSolidCubef(0.5f);

glColordf{0.0f, 0.0f, 1.0f, 1.0f);
glTranslatef{-0.25f, 0.0f, -1.0f);
ugSolidCubef(0.5f);

glFlush(};
glutswapBuffers();

¥
Chtic ning reshape ban dau cua chung toi van giit nguyén
void reshapelint width, int height)
¢ w = width;
h = height;

if (1height)
height = 1;

gIMatrixMode| K
glLoadIdentity();

gl¥iewportid, 0, width, height);
Giong sir dung glOrthof dé tao ra hinh chiéu truc giao. gIFrustumf duoc sir
dung dé tao ra hinh chiéu phdi canh, cac tham sb ciing gidng nhu ham

glOrthof nhu trai, phai, dudi, trén, gan, xa.
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N6 s€ tao ra mot géc nhin nhé hon doé1 véi anh ¢ vi tri thap hon

Far,

® curee
Nhu cac ban da thay, chic niang nay khong truc quan. Mot chic ning khac,
gluPerspectivef di dugc tao ra dé xu li diéu nay. Ciing giéng nhu chiic ning
gluLookAtf, thu vién UG twong tng 1a chirc nang ugluPerspectivef va no cé
cac tham so sau:
GL float fovy: diéu nay chi ra pham vi cta goc nhin. Mot goc 90 d6 nghia 1a
ban c6 thé nhin thdy dugc moi thir & bén trai va bén phai cta ban, nhung day
khong phai 1a cach thirc ma con nguoi nhin thiy vat, toi st dung goc 45 do dé
chinh xac hon.
GL float aspect: diéu nay chi ra ti 16 ban mong mudn, né thuong duoc chi
dinh nhu 1a chiéu rong chia cho chiéu cao cua cira sd.
GLfloat n & GLfloat f: diéu nay xac dinh khoang cach gan hay xa cta (This
specifies the near and far clipping planes as normal.)
Poan code dudi day thiét 1ap goc nhin theo chiéu phdi canh hay chiéu truc
giao tily thudc vao gia tri clia bién perspective.

if (perspeckive)

gluPerspectivef{45.0f, 1.0f * width / height, 1.0f, 100.0f);
else

glorthofi-1.0f, 1.0f, -1.0f, 1.0f, -1.0f, 20.0f);

glMatrizMode( K
glLoadIdentity();

32



Bay gid ban c6 thé Iya chon nhin theo chiéu phdi canh hay chiéu tryc giao

Phép chiéu truc giao Phép chiéu phi canh

.ﬂ|l2-PEHper.tM P oo izas D _fg‘ljr Perspectiy § & 45 12212 £

3.9 Hinh kheoi (Solid Shapes) PR y—

Bay gid chiing ta di c6 kha ning xir 1i chiéu sdu, va c6
thé hién thi ddi twong theo hinh chiéu phdi canh, ching ta
c6 thé tao ra mot doi tuong 3D

Noi dung cia ham main.cpp

Dué6i day chiing toi tao mot mang cac dinh dé tao ra hinh

hop, nhan thay rang ching toi khong tao ra hinh hop bang
cach str dung cac giai tam giac lién tuc, chung toi tao ra né bang cach tao ra

cac bé mat riéng biét.
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GLfloat box[] = {
[ FRONT
-0.5f, -0.5f, 0.5f,
0.5f, -0.5f, 0.5f,
-0.5f, 0.5f, 0.5f,
0.5f, 0.5f, 0.5f,
J/ BACK
-0.5f, -0.5f, -0.5f,
-0.5f, 0.5f, -0.5f,
0.5f, -0.5f, -0.5f,
0.5f, 0.5f, -0.5f,
J/ LEFT
-0.5f, -0.5f, 0.5f,
-0.5f, 0.5f, 0.5f,
-0.5f, -0.5f, -0.5f,
-0.5f, 0.5f, -0.5f,
[f RIGHT
0.5f, -0.5f, -0.5f,
0.5f, 0.5f, -0.5f,
0.5f, -0.5f, 0.5f,
0.5f, 0.5f, 0.5f,
[ TOP
-0.5f, 0.5f, 0.5f,
0.5f, 0.5f, 0.5f,
-0.5f, 0.5f, -0.5f,
0.5f, 0.5f, -0.5f,
[ BOTTOM
-0.5f, -0.5f, 0.5f,
-0.5f, -0.5f, -0.5f,
0.5f, -0.5f, 0.5f,
0.5f, -0.5f, -0.5f,

i

Budc tiép theo 1a thiét 1ap man hinh va xoay nhu binh thuong

void display()

glClear( ¥
glLoadIdentity();
gluLookAtf(

0.0f, 0.0f, 3.0f,

0.0f, 0.0f, 0.0f,

0.0f, 1.0f, 0.0f):

glRotatef{xrot, 1.0f, 0.0f, 0.0f);
glRotatef{yrot, 0.0f, 1.0f, 0.0f);

Chung t6i muon v€ 2 mat doi dién c6 mau giong nhau vi vay nén ta v€ 2 mat

cung mot lac.

34



glColor4f(1.0f, 0.0f, 0.0f, 1.0f);

glDrawArrays( ,0,4);
glDrawArrays( 2P, 4, 4);
glColor4f(0.0f, 1.0f, 0.0f, 1.0f);
glDrawArrays( . 8,4);
glDrawArrays( DAY
glColor4af(0.0f, 0.0f, 1.0f, 1.0f);
glDrawArrays( . 16, 4);
glDrawArrays( , 20, 4);
glFlush();

glutSwapBuffers();

3.10 B9 loc mit sau (Backface Culling)
Trong phan huéng dan thtr 3.8 ta nhan thay cac hinh  ps—

F et g 1zma £

sau khi quay mat sau cta ching ciing dugc dua ra, khi
tao ra ddi tugng 3D nhu hinh hop trong hudng dan
trude, chung to61 khong cAn mit sau cia cac mat duoc
hién thi

Mot ki thuat dugc goi 1a Backface Culling dugc st

dung dé€ ngan chan cac mat trong cua hinh dugc dua ra. _is

Diéu nay c6 thé tiét ki€ém dugc thoi gian dé€ v€ va bo nhd.

Noi dung ciia ham main.cpp

Budc dau tién ma chung ta can phai thyc hién dé kich hoat ché do backface
culling bang cach thém cac doan ma dudi day vao ham init dé kich hoat chirc
nang backface culling chung toi phai sir dung c& GL_CULL FACE diéu nay
s& lam cho tat ca cac mat sau cua hinh khong bi dua ra.

Ban c6 thé hoi 1a 1am thé nao dé c6 thé xac dinh dugc mat sau cta hinh? Khi
ban v& cac hinh, ban chi dinh cac dinh trong mang theo hudng chiéu kim
ddéng hod vi vy néu ban dé ¥ trong ma tran ma chiing t6i dua ra, tit ca cac
hinh d dugc chi dinh dwa ra dinh theo hudng cung chiéu kim déng hd

glEnable( I
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3.11 Anh sang (Lighting)

Budc dau tién ta can thuc hién 13 kich hoat backface EiEEelEICRTIETN)

culling nhu trong huéng dan trudce, phin ndy s& hudng
dan 1am thé nao dé thém anh sang vao canh cua ban. Diéu
nay lam tang tinh chan thuc va cach nhin cia ban.

C6 mot sd loai anh sang co thé dugc thém vao hinh

cua ban:

Ambient Light: Anh sang bao xung quanh, n6 khong
dén tir bat ki mot hudng nao cu thé, khi anh sang bao xung quanh mot bé mat
anh sang s& duoc phan xa theo nhiéu hudng.

Diffuse Light: Anh sang khuéch tan, ndé dén tir mot hudng, anh sang
khuéch tan twong tu nhu anh sdng bao quanh né ciing duoc phan xa theo
nhiéu hudng.

Specular Light: Anh sang phan chiéu, ciing giéng nhu anh sang khuéch
tan nhung n6 dugc phan xa theo mot huong, nhu 1a ban céd thé théy anh sang
noi bat trén bé mit trude.

Emissive Light: Anh sang toa, anh sang nay dén tir mot d6i tuong cu thé,
cac ddi tuong cso thé giam luong anh sang nhung né khong thé phan chiéu ra
bat ki bé mat ngoai nao.

Khong chi c6 thé thip sang cac thudc tinh ma ban chi dinh, ban c6 thé chi
dinh cac bé miat phan ung nhu thé ndo véi anh sang

Phap tuyén la mot vector vudéng goc voi mot bé mit. nd duge s dung
trong viéc tinh toan anh sang ban can phai xac dinh mot phap tuyén cho moi
da giac dugc v& néu ban mudn nd bi anh huong boi ngudn sang.

NOi dung cia ham main.cpp

Dué1 day to1 s€ tao ra 2 mang mau cho anh sang bao quanh va &nh sang
khuéch tan. DPay s€ 1a mau sac cua anh sang nguon.

float lightAmbient[]

= { 0.2f, 0.3f, 0.6f, 1.0f };
float lightDiffuse[] = { 0.

2f, 0.3f, 0.5f, 1.0f };
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Tiép theo ta s€ tao ra 1 mang chét liéu, mot anh sang bao quanh va mét anh
sang khuéch tan cho ngudn

V& ban chét diéu ndy 1am ting gid tri cta anh sang boi cac gia tri cia chat liéu
né 1am cho mau séc phan chiéu 1én cac bé mat bi mat. Cac mang & bé mit

dudi mat dén 40% anh sang , moi gia tri tugng trung cho mau ma nd phan xa.

float mat&mbient]] = { 0.6f, 0.6f, 0.6f, 1.0f };
float matDiffuse[] = { 0.6f, 0.6f, 0.6f, 1.0f };
vioid init()

1

Budc dau tién phai bat co0 GL_LIGHTING trong ham glEnable diéu nay cho
phép str dung anh sang trong OpenGL
glEnable{ 1
OpenGL cho phép ban c6 tdi da 8 ngudn sang tir bat ki diém nao dé kich hoat
dugc cac ngudn sang ndy ban phai bat cd GL_LIGHTX trong ham glEnable,
X 1a gia tri tir 0 dén 7.
glEnable( I;
Xac dinh cac thong sd chat liéu cho cac mo hinh chiéu sang, théng qua céc
chtrc nang glMaterialfv va glMaterialf cung voi 3 tham sb.
- Tham s thtr nhat 1a c& GL_ FRONT AND BACK
- Tham s6 tht hai dung dé xac dinh loai nguon sang ma ban mudn sir
dung nhu GL_AMBIENT, GL _DIFFUSE, GL_SPECULAR,
GL_EMISSION va GL_AMBIENT_AND_DIFFUSE
- Tham sb cubi cung la mot mang hodc mdt gia tri

glMaterialfv( , , matdmhbient);
giMaterialfv( . , mathiffusel;

Giéng nhu viéc thiét lap chét liéu, anh sang cling dugc thiét 1ap nhu vay, diéu
nay dugc thyc hién bang cach sir dung chiic nang glLightfv va glLightf

glLightfw( . , lightambient);
glLightfw( . , lightDiffuse);

Phan con lai cia ham Init van dugc gitt nguyén
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glEnable( 1
glDepthFunc{ bk

glClearColor{Q.0f, 0.0f, 0.0f, 0.0f);
glClearDepthfi(1.0f);

gl¥ertexPointer(3, , 0, box;
glEnableClientState( b

glEnable| K
glShadeModel{ K
T

Phan dau ctua ham display van duoc giit nguyén
woid display()
{

glClear( I
glLoadIdentity();

gluLookAtf

glRotatef(zrot, 1.0f, 0.0f, 0.0f);
glRotatef{yrot, 0.0f, 1.0f, 0.0f);

O phan trén chung ta da néi vé phap tuyén, cac phap tuyén ndy can vudng goc
v6i bé mit, bai vay bé mit phia trude c6 mot vector phap tuyén (0,0,1), phia
sau la (0,0,-1). B¢ dai 2 vector nay 1a 1

Céc phap tuyén dugc xac dinh bang ham gINormal3f va no duoc goi trudce
khi v& hinh, ham nay c6 3 tham s float.

f{ FRONT AND BACK
glColoraf(1.0f, 0.0f, 0.0f, 1.0f);
glNormal3f(0.0f, 0.0f, 1.0f);

glDrawArrays| .0, 4
gidNormal3f(0.0f, 0.0f, -1.0f);
glDrawArrays( RC I

Dicu nay ciling duogc thuc hién cho phia trén, phia dudi va cac mat
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FLEFT &MD EIGHT
glColorafi0.0f, 1.0f, 0.0f, 1.0f);
giNormal3f(-1.0f, 0.0f, 0.0f);

glDrawArrays( , 8, 4);
glNormal3f(1.0f, 0.0f, 0.0f);
glDraw Arrays( 12, 49

ff TOP AND BOTTOM
glColorafi0.0f, 0.0f, 1.0f, 1.0f);
glNormal3f(0.0f, 1.0f, 0.0f);

glDrawiArrays( . 16, 4);
ginNormal3f(0.0f, -1.0f, 0.0f);

glDraw Arrays| . 20, 47;
glFlush{};

glutSwapBuffers();

¥
Viéc bat va tit viéc goi dén color tracking théng qua co
GL_COLOR_MATERIAL trong ham glEnable, Color tracking no sé tu
dong dit thudc tinh chat liéu theo 10i goi dén glColoraf , viéc lam nay s& lam
cho cac mit phan xa anh sang véi mau sic khac nhau

Normal Lighting Color Tracking

£ |15-tighting  § & A 1z1a 3 ﬂ]ls “Ughting  § & d£4:15

3.12 Pinh hwéng anh sang (Directional Lighting) | PE—yr—
Trong phan trudc ta da thém anh sdng vao canh,
nhung anh sang khong dén tir mot huéng cy thé
Trong phan nay ta s& giai quyét viéc dinh hudng
nguén sang, diéu nay s€ cho phép ta sy dung loi ich cua

khuéch tan va phan chiéu anh sang.

Noi dung cia ham main.cpp

Mot l1an nira ta lai tao cac mang anh sang cho cac dac tinh anh sang, chiing ta

thém mang specular.
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float light&ambient[] = 4 0.2f, 0.0f, 0.0f, 1.0f };
float lightDiffuse[] = { 0.5f, 0.0f, 0.0f, 1.0f };
float lightSpecular[] = £ 1.0f, 1.0f, 1.0f, 1.0f };

Mot mang specular cho chat liéu ciing 1a can thiét

float matambient[] = 1 1.0f, 1.0f, 1.0f, 1.0f };
float mathiffuse[] = { 1.0f, EIf 1.0f, 1.0f };
float matSpecular[] = { 1.0f, 1.0f, 1.0f, 1.0f };

Vi day la dinh huong nguén sang nén ching ta can phai biét vi tri cta anh
sang va huéng cua nd. Poan code dudi diy sé tao ra 2 mang dé dat anh sang
trong khong gian phia bén phai ciia qua bong, n6 s& hudng vé phia goc nén
can 1 vector chi phuong huéng (-2, -2, -3).

float lightPosition[] = { 2.0f, 2.0f, 3.0f, 0.0f };
float lightDirection[] = { -2.0f, -2.0f, -3.0f };

Nguon sang s& dugc bat cing véi nhitng anh sang dau tién
wioid initl)

glEnable( b
glEnable( 1

Tat ca cac thudc tinh cho chat liéu bao gom ca gia tri specular

giMaterialfvi . , matambient);
giMaterialfv( , , matDiffusel;
giMaterialfv( , , matSpecular);

Mot thiét 1ap khac bang cach sir dung chirc nang glMaterialf voi dic tinh
GL_SHININESS. Gi4 tri shininess trong khoang tir 0 dén 128. Piéu nay chi
tap chung 1am thé nao dé specular s& duoc to sang.

glMaterialf| : , 20.0f};

Budc tiép theo 1a thiét 1ap thudc tinh anh sang

glLightfv( s . light&mbient);
glLightfw( s , lightDiffuse);
glLightfv( s , lightSpecular);

Thiét 1ap vi tri va dinh hudng anh sang thong qua c& GL_POSITION va
GL_SPOT_DIRECTION trong ham glLightfv

glLightfw{ , , lightPosition);
glLightfvw( , , lightDirection);

Mot co khac GL_SPOT CUTOFF dugc st dung dé xac dinh kich c¢& cua

nguon sang
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glLightf{ s . 1.2f)

Tiép theo ta s& s dung c& GL_SPOT EXPONENT dung dé xac dinh cach
thire tap trung ctia ngudn sang nhu co GL_SHININESS véi gia tri tir 0 dén
128

glLightf! ; , 20.0f);
Phan con lai ciia ham Init van duoc gilt nguyén, hi¢n c6 3 co duogc sir dung
trong ham glLightf la GL_CONSTANT_ATTENUATION(1),
GL_LINEAR_ATTENUATION(0) va GL_QUADRATIC_ATTENUATION
v6i cac gia tri hién thi mic dinh trong dau (). Cudng do anh sang bi suy yéu
khi ban di chuyén méang ra xa khoi ngudn sang.

glEnable ¥
glDepthFuncy 5

glClearColor{0.0f, 0.0f, 0.0f, 0.0f);
glClearDepthfil.0f});

glEnablef n
glshadeModel I
1

Man hinh hién thi sir dung chtc niang glutSolidSphere / ugSolidSpheref dé
tao ra mot hinh cau, hinh cau nay dugc tao ra voi 24 stacks va 24 slices, day
1a thanh phan ngang va doc ctia hinh cau.

Ban c6 thé tu hoi noi ma chung t6i xac dinh phap tuyén, chic ning shape cua
thu vién UG / GLUTIES sé& tu dong tao ra mot mang vector phap tuyén va su
dung, moi phap tuyén s& duoc tinh toan trong thu vién nay.

3.13 Dan chat li¢u (Texture Mapping)

,-fﬂ'lr.-- Testure M § &F o 1214 €3

Sau khi thém anh sang chic han ban van chua hai
1ong véi nhitng gi hién thi cta dbi twong.
Phan hudng dan nay s& huéng dan ban lam thé nao

dé thém chat lidu vao d6i tuong va nd duoc goi la ‘2 Z

texture mapping.

Budc dau tién cua texture mapping 1a nap céc file

chat liéu tir bén ngoai. Cac file nay c6 thé c6 cac dudi nhu bmp, jpg, gif, png
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v.v...Trong phan huéng dan nay ta chi lam viéc véi file bmp bai vi nd dé nap
vao nhit. OpenGL ciing luu y rang can phai 1am viéc voi nhimg anh c6 kich
thudce 1a lliy thira cua 2 nhu 64x64, 128x128, 256x128 v.v...

A

Noi dung cia ham main.cpp

Tat ca céac chat li¢u déu c6 mot dinh dang cu thé. Pi€u nay duoc thé hién nhu
la mét unsigned integer, chung ta s€ tao ra mgt mang dé chira du mdt chat licu

GLuint texture[1];

Sau khi tai chat liéu vao chung ta phai chi rd chat liéu s& xuat hién nhu thé
nao trén doi tuong. Piéu nay dugc thuc hién bang 1oi goi ham texture
coordinates

Texture coordinates c6 toa do trong khoang tir 0 dén 1, toa do (0. 0) 13 phia
dudi bén trai caa chét liéu va (0, 1) 12 phia trén bén phai.

Poan code dudi diy tao ra 1 mang duoc st dung dé luu trit texture
coordinates

GLfloat texCoords[] = £
A FRONT
0.0f, 0.0f,
1.0f, 0.0f,

0f, 1.0f,
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Nhitng chtrc ning dudi day dung dé tai 1 file bitmap, trude khi ban nap mot
bitmap ban can phai hiéu cau triic ciia nd. Pau tién 1a tiéu dé cua bitmap, né
chtra cac thudc tinh nhu kiéu tép tin va noi ma bitmap duoc dat. Day 1a nhiing
thong tin can thiét dé nap vao mdt BITMAPFILEHEADER. Sau tiéu dé ban
s€ tim théy duge mot sd cac thong tin nhu chiéu rong, chiéu cao, va cac bits
trén mdi diém anh coa anh. Cac thong tin ndy s& duoc nap vao
BITMAPFILEHEADER. Cudi cung 12 dit liéu anh hién thoi sau 2 tiéu dé
Ham dudi ddy sé can 2 tham s6. Tham sd dau tién dé chi rd tén cau anh
bitmap can nap vao, n6 sé& duoc tim trong thu muc hién thoi. tham sé tht hai
la mot con tro tré to1 BITMAPINFOHEADER

unsigned char *loadBMP{char *filename, BITMAPINFOHEADER *brmplInfol
1

Chung t61 s€ tao ra mot sb bién. dau tién 1a mot con tro tré dén cau tric FILE
dé ma tép tin nay

FILE *file;
Nhu di néi ¢ trén chung ta phai nap cic tiéu dé cia tép tin, mot
BITMAPFILEHEADER duogc st dung.

BITMAPFILEHEADER bropFile;
Dit liéu anh c6 thé duoc dai dién boi mot sé cua unsigned char's. chung ta sé
tao ra 1 mang dé chira dir liéu nay.

unsigned char *brmplrage = MULL;
Anh bitmap luu trit dir liéu diém anh theo dinh dang BGR. Chiing t6i khong
mubn diéu nay khi ching toi lam viéc theo gia tri RGB. Bién tmpRGB duéi
day sé& giup chiing toi giai quyét van dé nay.

unsigned char tmpRGE;
Mot rii ro vé viée xac dinh vi tri lam viéc hién thoi. bién path s& chira dudng
dan ctia thu muyc hién thoi, va bién fullPath s& chira duong

TCHAR path[256];
char fullPath[256];
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Bude dau tién trong viéc xac dinh thu muc hién thoi 1a 161 goi dén ham
GetModuleFileName, ham nay c6 3 tham sd. Tham sé dau tién 1a xac dinh
modun ban dang xem, néu duge phép thi Null, ban s€ str dung modun hién tai.
Tham sb thir hai xac dinh duodng dan duoc luu trir va tham s6 thir ba xac dinh
sb luong ki tu tdi da dé nap vao

GetModuleFileName(NULL, path, 256);
Budc dau tién dé tim cac vi tri cudi cing cta ki ty '\'. Diéu nay duoc thuc hién
baoi 101 goi ham wesrchr

TCHAR *pos = wesrchr(path, "4
Thay vi loai bo cac thanh phan con lai ctia chudi chiing ta chi can dat ki ty
Null sau vi tri duge tim thay.

*lpos + 1) = "0
Bay gio chung ta phai chuyén doi duong din nay dén multibyte character.
Diéu nay dat duoc bang cach st dung chtrc ning westombs.

westombs(fullPath, path, 256);
Budc cudi cung trong viéc xac dinh vi tri cia bitmap la két ndi duong dan
cling voi tén file thong qua chirc nang strcat

strcat(fullPath, filename);
Bay gid ta d c6 vi tri ctia bitmap va ¢ thé md né theo ché d6 nhi phan

file = fopen(fullPath,"rb");
Néu tép tin khong dugc tim thiy ching ta s& hién thi mot thong béo 15i

if {Ifile]
1

MessageBox(MULL, L"Can't Find Bitrnap", L"Errar”, 1
return MULL;
b

Céac BITMAPFILEHEADER dugc doc vao trong cAu tric

fread(&brmpFile,sizeof(BITMAPFILEHEADER),1 file);

MG&i anh bitmap c¢6 mot ID 1a 0x4D42, gia tri ndy dugc luu trit trong cac bién
bfType ctia BITMAPFILEHEADER. Néu ID khong duogc tim thdy thi s&

ngung viéc tai anh.
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if (brmpFile . bfType 1= 0xd4D42)
MessageBox(MNULL, L"Incorrect texture type", L"Error”, iR

fclose(file);
return MULL;

T
Budc tiép theo 1a dé nap vao cu trac BITMAPINFOHEADER

fread{bmplnfo,sizeof{BITMAPINFOHEADERY, L file);

BITMAPFILEHEADER chira mét thudc tinh bfOffBits, né dung dé xac dinh
s6 bits thuc té trén anh. Vi vy ching t6i di chuyén con tré tir dau tép tin
(SEEK_SET) dén phan bat dau cua dit liéu anh.

fseekifile,bmpFile bfoffBits, 3;
B0O nh¢d duoc cép phat cho dit liéu anh. Kich c& ctia anh duoc Iuu trit ¢ trong
cau trac BITMAPINFOHEADER

brpImage = new unsigned char[brmpInfo-=hiSizelmage];

if (lbrmpImage)

{
MessageBox{MULL, L"Cut of Mermory", L"Error”, I
delete[] brnpIrmage;

fcloseifile);
return MULL;

1
Sau khi bd nhé duoc phan bd, ching ta can phai nap dit liéu anh tir tép tin
ting bit cung thoi diém.

fread(bmpImage,l,brmplnfo-=hisizelmage filel;

it {Ibrmplmage)

¢ MessageBox(MULL, L"Errar reading bitmmap", L"Error”, bl

fclosefile);
return MULL;

¥
Nhé ring ching ta néi anh bitmap lwu trit cac diém anh theo dinh dang BGR.
Vi vay chung ta phai chuyén d6i lai sang dinh dang RGB.

for funsigned int i = 0; | < bmpInfo-=hiSizelmage; i+=3)

trnpRGE = brnpImage[i];
brnpImageli] = brmpImageli+2];
bropImaageli+2] = tmpRGE;

I

Budc cuoi cung la dong t€p tin va sur dung con trd dé tro dén dir liéu anh
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fcloseifile);

return brmpIrmage;

1
Bay gid chung ta da c6 1 churc nang tai cac anh bipmaps. Thay vi dét cac 1énh
nap anh bitmap va dan chit liéu trong ham Init. Ta s& dit né trong ham
load Textures.

boal loadTexturas()

1
Nhu da néi & phia trén chung ta phai tao ra mét BITMAPINFOHEADER dé

Iwru trix gitr liéu anh. Chung ta cling ¢6 thé tao ra mot con tro dé tro dén dit lidu
hinh anh.

BITMAPINFOHEADER info;
unsigned char *bitrmap = MULL;

Budc ké tiép 1a nap anh bipmap dé sir dung cho céac chirc ning & phia trén

bitmap = loadBMP{"zeus.bmp", &info);

it {1hitrmap)
return false;

Nhu di néi & phia trén, moi chat lidu trong OpenGL dugc goi thong qua tén
cia chat liéu. Pé tao ra cac dinh danh, ching ta can st dung chirc nang
glGenTextures, chiic ning nay c6 hai tham s6, tham s6 dau tién dé xac dinh
¢ bao nhiéu chat liéu ma ban mudn tao ra. Tham s6 tht hai 1a mot con tro trd
t6i mang unsigned integers. Diéu nay sé& gitp ban tao ra cac tén cho chat liéu.
glGenTextures(1, texture);
Bay gio thi tén cua chét liéu d3 dugc tao ra, ban phai lya chon chét liéu ma
ban mudn thiét lap trong hién tai. Diéu nay thuc hién duoc béng cach st dung
ham glBindTexture. Him nay cé hai tham s6, tham sé diu tién la
GL TEXTURE 2D va tham s6 thir hai chép nhén chat liéu ma ban muén lya
chon.
glBindTexture! , texture[07);
Sau khi lua chon chat liéu, chung ta phai thiét 1ap cac thude tinh cho no.

Chung ta can phai xac dinh chét liéu 1a cac két cAu 2D va cac thudc tinh nd
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c6. Piéu nay duogc thuc hién qua ham glTexImage2D ham ndy c6 mot sd cac

tham soO:

GLenum target: diéu nay xac dinh dich coa chat liéu Ia
GL_TEXTURE_ 2D, OpenGL ES khong hd trg chét liéu 1D hodc 3D.
GLint level: dung dé xac dinh mirc d6 chi tiét, 0 1a cap d6 hinh anh co
ban, n6 chi dugc str dung cho mipmaps noi ¢6 cac chét liéu khac nhau
tiy thudc vao khoang cach ciia chat liéu dén nguoi xem.

GLint internalFormat: diéu nay xac dinh mau sic cho cac thanh phan
bén trong chat lidu. N6 co thé 1a GL_ALPHA, GL_RGB, GL_RGBA,
GL_LUMINANCE hoac GL_LUMINANCE_ALPHA nhung ching ta
thuong chi st dung 2 co6 GL_RGB hodac GL_ RGBA. Co GL_RGBA chi
dugc str dung khi ban stt dung mgt anh chtra gia tr1 anpha nhu tép tin
tga.

GLsizei width & GLsizei height: dung dé xac dinh chiéu rong va chiéu
cao cta anh. Diéu nay co thé ldy tir ciu truc BITMAPINFOHEADER.

GLint border: diéu nay chi ra do rong ctia duong bién. N6 ¢ gia trj 12 0.

GLenum format: diéu nay duoc dua ra cung gia tri nhu 13 tham sb
internalFormat.

GLenum type: diéu nay dung dé xac dinh kiéu dir liéu dang duoc luu
trir anh vi du nhu GL_UNSIGNED_BYTE va
GL_UNSIGNED_SHORT.

const GLvoid *pixels: diéu niy chi ra noi ma anh dugc luu trit.

Néu ban chi muon st dung mdt phan cua hinh anh, chic nang

glTexSublmage2D c6 thé duge st dung. Cac tham sd ctia nd giéng nhau

ngoai trir tham s internalFormat, c6 hai tham s khac 1a GLint xoffset va

GLint yoffset, diéu nay dé chi ra khoang cach x, y cho anh.

glTexImage2Di , 0, , info.biwidth,
info.biHeight, 0, . .
bitrnap);
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Dé thiét 14p cac thudc tinh khac cho chat liéu, chirc ning glTexParameterf
dugc st dung. Piéu nay s& dugc thao luan trong phan sau, bdy gid tat ca
nhing gi ban can biét 1d n6 can 3 tham sb. Tham sb dau tién 1a
GL _TEXTURE 2D.Tham sé tha hai GL_ TEXTURE MIN FILTER hoic
GL_TEXTURE_MAG_FILTER, tham s6 tht ba xac dinh cai ma ban muébn
thiét 1ap cho thudc tinh - GL_LINEAR.

glTexParameterf( .

:|'
El a
glTexParameterf .

: N
Céc chit liéu da duoc thiét lap, ching ta phai giai phong bo nhd cdp phat cho
bitmap.

delete[] bitmap;

return true;

3
Trong ham Init ching toi s& thém 151 goi ham dén load Textures.

bool init)

it (NoadTextures())
1

MessageBox(MULL, L"Errar loading textures", L"Errar”, 1
return false;

I
Pé bat chirc niang texture mapping, chung ta can phai st dung co
GL_TEXTURE_2D trong ham glEnable

glEnablef 1

glEnable( Il
glEnablef 1

Nhu ching ta lam trén vertices. Chung ta can phai xac dinh vi tri cua texture
coordinates diéu nay duoc thuc hién theo cung mdt cach nhu vai cac vertices
ngoai trir bay gio chung ta st dung chirc ning glTexCoordPointer. Cht y rang
gia tri 2 dugc st dung cho tham s6 dau tién boi vi mdi texture coordinate chi
co 2 gia tri.

gl¥ertexPointer(3, , 0, box);
glTexCoordPointer(z, , 0, texCoords);

48



Budc cudi cung 1a cho phép bat mang texture coordinate théng qua cd
GL_TEXTURE_COORD_ARRAY trong ham glEnableClientState

glEnablecClientState( b}
glEnablecClientState I

1
Mot ham menu dung dé bat va tit anh sang. Khi tit anh sang mau sic ban sir
dung khi tao ra cac mat s€ duoc két hop vao trong chét liéu, ban c6 thé nhin
théy ¢ hinh dudi. Khi anh sang dugc bat anh sang phan xa sé phan xa mot )
luong anh sang bang nhau cho tit ca cac mau do do6 chat liéu s& duoc xuat
hién nhu binh thuong.

Lighting Enabled Lighting Disabled

Hln- Testure M § &% o5 12014 B 17 - TestureMe § & 46534

“1

void display()
1

glClear] i}
glLoadIdentity(};

gluLookAtf]

glRotatef(xrat, 1.0f, 0.0f, 0.0f);
glRotatef(yrot, 0.0f, 1.0f, 0.0f);

ugSsolidspheref(l1.0f, 24, 24,

glFlush{};
glutSwapBuffers();
L

Sau khi chay chuong trinh ban s& thdy mot qua bong mau dé cung voi anh
sang phan chiéu ¢ phia trén bén phai cta qua bong, biy gid ban co thé tu

thém cac dinh hudng nguon sang vao chuong trinh cua ban.
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3.14 Ham chat liéu (Texture Functions)

Trong phan trudc chung ta di biét cach 1am thé ndo EllECE R

dé nap mot anh bitmap va hién thi n6 nhu 1 chét liéu cua
d6i tuong. Ban di duoc gidi thiéu ngan gon vé ham
glTexParameterf.

Phan nay s& thao luan tiép vé chiric ning ndy voi

nhiéu khia canh khac nhau.

Texture Filters: b loc chat lidu cho phép chét lidu
dugc hién thi cung véi cac chat luong khac nhau

Repeating and Clamping: chat lidu c6 thé duoc lap di lip lai trén dbi
tuong.

Mipmaps: Mipmaps 14 tao ra thém chat liéu ciia ciing mot hinh anh. Néu
ban ¢c6 mot buc anh ¢& 64x64. Hinh anh thém duogc tao ra (32x32, 16x16, ...,
1x1). Chét liéu chinh x4c s& duoc hién thi tuy thuoc vao khoang cach cua
mang d6i twong. rd rang cac mang dbi twong ¢ xa hon thi sir dung 16p chat
liéu nho hon. Piéu nay co thé tiét kiém duoc thoi gian xu 1.

Noi dung ctia ham main.cpp

Chung ta sé& tao ra 4 chat lidu khac nhau trong huéng dan nay. Chiing t6i ciing
mudn theo ddi chét liéu bang cach st dung bién filter.

GLuint texture[4];

short filter = 0;
Toa do chat lidu chiing ta van giit nguyén ngoai trir cac bé mat bén. Luu thong
tin ma chung t6i cho rang co gia trj tir 0 d&én 1. Chung ta c6 thé st dung gia tri
16n hon 1. Nhung diéu nay s& gy ra lap lai chat liéu hay dung khi dat duoc 1.

di€u nay s€ dugc giai thich rd hon ¢ phan dudi.
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Glfloat texCoards[] = £
A FRONT
0.0f, 0.0f,
1.0f, 0.0f,
0.0f, 1.0f,
1.0f, 1.0f,
A BACK
1.0f, 0.0f,
1.0f, 1.0f,
0.0f, 0.0f,
0.0f, 1.0f,
#f LEFT
2.0f, 0.0f,
2.0f, 2.0f,
0.0f, 0.0f,
0.0f, 2.0f,
A RIGHT
z.0f, 0.0f,
2.0f, 2.0f,
0.0f, 0.0f,
0.0f, 2.0f,
A TOP
0.0f, 0.0f,
1.0f, 0.0f,
0.0f, 1.0f,
1.0f, 1.0f,
A BOTTOM
1.0f, 0.0f,
1.0f, 1.0f,
0.0f, 0.0f,
0.0f, 1.0f
i

Chung ta xay dung ham loadTextures va nap file .bmp nhu phan truée.

bool loadTextures()

1
BITMAPINFOHEADER info;
unsigned char *bitrmap = MULL;

bitrmap = loadBMP("zeus.brnp”, &info);

if (1hitmap)
return false;

Chung ta can phai tao ra 4 tén chét liéu

glGenTextures(d, texture);
Chung ta lya chon chét liéu dau tién va thiét 1ap cac thudc tinh nhu & hudng
dan trudec. Sy khac biét & day 1a chung ta dung c&@ GL_ NEAREST trong thudc
tinh cua bo loc thay cho GL LINEAR. B0 loc nay nhanh hon nhung nhin
khéng duoc tbt 1am.

A Texture 1

glBindTexture! , texture[0]);
glTexParameterf |
:ll
Ll Ll
glTexParameterf( |
: bK
glTexImageZDi , 0, , info.biwidth,
info.biHeight, 0, h '
bitrmap);
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Trong chét liéu thir hai ching t6i st dung GL_LINEAR d¢é tao ra chat liéu
nhin t6t hon. Pay 1a nhing gi da duoc sir dung trong huéng dan trude.

A Texture 2
glBindTexture! , texture[1]);

glTexParameterf( .

: bk
glTexParameterf( .

) 1
glTexImage2D( , 0, , info.biidth,
info.biHeight, 0, p ;

bitrmap};

Chét liéu tht ba ciing giéng nhu chét liéu thtr hai ngoai trir hai thudc tinh mai
dugc thiét lap. Pay 1a thuéc tinh GL TEXTURE WRAP S va
GL TEXTURE WRAP T. DPiéu nay chi ra chat liéu lam thé nao dé bao boc
theo cac huong ngang va doc tuong ung.

A Texture 3
glBindTexture! , texture[2]0;

glTexParameterf .

:ll
Ll Ll
glTexParameterf( .

: bK
glTexParameterf( .

: 5
glTexParameterf( .

b5
glTexImage2Di , 0, , info.biwidth,
info.biHeight, O, . .
bitmap);

Tht tu 13 st dung cac ki thuit cao cia mipmaps. Mipmaps yéu cau bo nhé
nhiéu hon nhung no c6 thé 1am cho chuong trinh cua ban chay nhanh hon rat
nhiéu. Pé tu dong tao ra mipmaps ban co thé thiét 1ap thudc tinh
L GENERATE MIPMAP t6i GL TRUE bang 1oi goi ham glParameterf.
GL TEXTURE MAG FILTER cta ban van nhu cii nhung thudc tinh
GL_TEXTURE_MIN FILTER phai thay d6i.

Bo loc nay phai duoc thiét 1ap GL_X_MIPMAP_Y noi ma X va Y ¢o thé
LINEAR hoic NEAREST. Piéu nay ding dé xac dinh chat luong cta chat
liéu duoc hién thi. RS rang NEAREST nhin khong t6t b'fmg LINEAR.
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A Texture 4
glBindTexture! , texture[3]0;

glTexParameterf .
glTexParameterf .
glTexParameterf .

glTexImage2Di , 0, , info.biwidth,
info.biHeight, 0, ' '
bitrnap};

delete[] bitrmap;
glBindTexture! , texture[filter]);

return true;

3.15 Pha trén (Blending)
Hudng dan nay s¢ gioi thi¢u vé cach pha tron mau. FEETEEIIN)
Viéc pha tron mau sdc rat hiru ich cho cac hiéu ung vi du
nhu: thuy tinh, nuée, man hinh v.v..
Mot phan thiét yéu ciia viéc tron mau 1a gia tri alpha
ma chiing ta chi dinh cho tit ci mau sac. Alpha co gia tri

bﬁng 0 thé hién mdt bé mat hoan toan trong subt va gia tri

bang 1 thé hién mot bé mat mo duc.

Khi 1am viéc véi su tron mau ching ta phai luoén nhd dén 2 mau khac
nhau. Thr nhét 13 gia tri ciia mau nguon (gié tri hién tai thém vao) va ban ghi
clia gia tri mau (gi tri ton tai trong bo dém). Mau sic s& dugc lam tuy thudce
vao gia tri alpha.

Noi dung cia ham main.cpp

Tong phan nay ta s€ thi€t 1ap goc nhin theo chiéu truc giao vi cac tham so:
glovthof(0.0f, 3.0f, 0.0f, 5.0f, -1.0f, 1.0f);
Chung ta s& dat mot s6 luong hinh chit nhat chong 1én nhau trén man hinh,

cac dinh cho hinh chir nhat dugc dua ra @ mang dudi day.
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GlLfloat rectanale[] = {
-1.0f, -0.25f,
1.0f, -0.25F,
-1.0f, 0.25f,
1.0f, 0.25f

i

Chung ta s€ hién thi céac két hop khac nhau cua trén mau. Nhirng bién dudi
day s€ td chirc nhirng loai mau tron dang dugc thuc hién.

int currBlend = 4;
Chtc nang Init cta ching ta s& lua chon mdt mau dé x6a man hinh. Chung ta
s& khong sir dung bat ki chiéu sau nao trong chirc ning nay.

void init()

glClearColor(0.25f, 0.25f, 0.25f, 1.0f);

bé kich hoat chirc nang pha mau ching ta phai st dung c6 GL_BLEND cua
chuc nang glEnable.

glEnable( n

Mot chirc niang quan trong glBlendFunc duogc str dung dé chi dinh mau sic
nhu thé nao trong viéc tron mau. Chirc niang nay c6 2 gia tri. Xac dinh mau
sac nhu thé nao c6 thé duoc tinh. Ca 2 tham sb ¢ thé chap nhan dugc cac gia
tri sau:

- GL_ZERO

- GL_ONE

- GL_SRC_COLOR

- GL_ONE_MINUS_SRC_COLOR

- GL_DST_COLOR

- GL_ONE_MINUS DST_COLOR

- GL_SRC_ALPHA

- GL_ONE_MINUS_SRC_ALPHA

- GL_DST_ALPHA, GL_ONE_MINUS DST_ALPHA
Tham s6 dau tién cling c6 thé chidp nhdn gia tri cla
GL_SRC_ALPHA_SATURATE

glBlendFunc( , T
¥
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Cac mang dudi day sir dung dé chuyén doi1 gitra cac vi du cia viéce tron mau

Glenum blendsrel] = {

)
El

)

i

GLenum blendDst]] = {

)

El

4

T
Churc nang display 1a noi 4 hinh chir nhat tao thanh 1 hinh vuong

void display()
1

glCleari ¥
glLoadIdentity();

gl¥ertexPointer(z, , 0, rectanale};
glEnablecClientState I

glPushMatrix(};
glTranslatef(1.5f, z.0f, 0.0f);
glColor4fi1.0f, 0.0f, 0.0f, 0.5f);
glDrawArrays; , 0, 4;
glPopMatrixi);

glPushMatrix();
glTranslatef(0.7f, 1.5f, 0.0f);
glRotatef{20.0f, 0.0f ,0.0f, 1.0f);
glColor4fi0.0f, 1.0f, 0.0f, 0.5f);
glDrawArrays: , 0,4
glPopMatrix();

glPushMatrix();
glTranslatef{1.7f, 1.5f, 0.0f);
glRotatefi90.0f, 0.0f ,0.0f, 1.0f);
glColor4fio.of, 0.0f, 1.0f, 0.25f);
glDrawArrays; , 0, 40;
glPopMatrixi);

glPushMatrix(};
glTranslatef(1.5f, 1.0f, 0.0f);
glColor4fi1.0f, 1.0f, 0.0f, 0.75f);
glDrawArrays; , 0, 4;
glPopMatrixi);

glFlush{};
glutSwapBuffersi);

b
Chung ta s& tao thém churc nang menu dé xt 1i Iyra chon Blending Function va

thay do6i viéc tron mau.




case 2 !
++currBlend %= 5;
glBlendFunciblendSrccurrBlend], blendDst[currBlend]);
glutPostRedisplay(};
breal:;

Sau khi chay chuong trinh ban c6 thé thay ddi ché do tron mau bang cach
nhan phim “b”.
Mic dinh cua chirc ning tron mau 13 (GL_ONE, GL_ZERO) diéu nay lam

cho mau sic khong bi pha tron.

(GL_ONE, GL_ZERO)

£F|1a-tlending  § & 46618

Chtrc nang tron mau tiép theo 1a (GL_ONE, GL_ONE). DPiéu nay vé co ban
c6 diém ngudn va diém dich ctia mau sic va ching dugc tron vao voi nhau.
Mot hon hop cliia mau xanh 14 ciy va mau d6 tao ra mau vang nhu chung ta
nhin thdy & goc trén bén trai. Thanh mau vang c6 mau xanh 14 cay gid trj 13 1.
Thanh mau xanh 14 cdy c6 su pha tron ciia mau vang nén van giir nguyén mau
vang. Khi mau vang duoc pha tron véi mau xanh luc. Gid trj mau sic tro

thanh 1 két qua hién thi mau trang.
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(GL_ONE, GL_ONE)

Tiép theo 1a chirc ning (GL_ONE, GL_ ONE MINUS DST ALPHA). Két
hop nhiing gia tri alpha, nhu ban da nhin thy diéu nay tao ra 1 chdt minh
bach nhung mau vang pha trén véi mau xanh 14 cdy van gilt nguyén mau

vang, mau vang pha tron véi mau xanh 1a cay s€ ra mau trang nhu trudce.

(GL_ONE, GL_ONE_MINUS_DST_ALPHA)

“‘g 19-Blending  § & 4€6:19 €

Chtc nang tron ké tiép 1a (GL_ SRC_ALPHA, GL_ONE), tao ra mot hinh t6t
hon, minh bach hon. T4t ca cac hinh chir nhat gio di xuat hién minh bach,
hinh chir nhat mau vang gido bi m¢ hon n6 c6 gia tri alpha 1a 0.75. Hinh chir

nhat mau xanh ciing nhu vy né c6 gié tri alpha bang 0.25.
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(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)

Mic du viée tron mau di 1am viéc tbt, co thé ban vAn mudn céc hinh & phia
duéi hién 13 hon diéu nay dat dugc bang (GL_SRC_ALPHA,
GL_ONE_MINUS_SRC_ALPHA) cua chirc nang tron mau.

(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)

£ 19 -vlending  § & 451205 €D

3.16 Minh bach ddi twong (Transparency)

E;l}'l'l Transpare _i o e 121s a

Trong phan huéng dan truée ching t6i di noi vé
cach lam viéc véi su pha mau. Ching t6i nhan thay
viéc lam nay rat hitu ich cho viéc 1am minh bach ddi
tugng, trong phan hudéng dan ndy s& huéng din ban

lam minh bach mot d6i tuong 3D.

Huéng dan nay dugc stra d6i tir huéng dan 3.13 - Texture Mapping
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Noi1 dung cia ham main.cpp

Budc dau tién 1a bat chic nang tron mau trong ham Init

glEnable( I

Chtrc nang pha tron ma chung t6i st dung la (GL_SRC_ALPHA, GL_ONE)

glBlendFunc( . I

Chting t61 muon tat ca cac da giac duoc v€ ra bdi vay ching t61 vo hiéu hoda

chtrc ning depth testing. Co chiéu sdu s& 1am cho cac da gidc & phia sau

khong duoc hién thi.

glDisable( I

Trong ham menu.

case 3

if (glIsEnabled 1)

{
glDisable( )
glEnable( IE

¥

else

{
glEnable( 1
glDisable( )i

¥

breal;

Chung ta c6 thé tao ra mot sd hiéu ung tot. Ta co lai ma kich hoat hay vo hiéu

hoa anh sang nhu trong hudng dan 15. Su khac biét khi anh sang bi vo hi¢u

hoa s& dugc hién thi & dudi day.
Lighting Enabled Lighting Disabled

ﬁlzﬂ Transpare § &8 o5 1215 3

ﬁzo-lvenwen T o € 6:36 0
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3.17 Hiéu &rng swong mu (FoQ)

Hudng dan nay s€ ban vé hi¢u ing suong mu, di€u nay Bilz-reo @ & €103 @

c6 thé rat hitu ich cho mot sé cac ung dung. Hiy tudng
tuong ban dang tao ra mdt tro choi ma ¢ d6 ban co thé di
chuyén tir qudc gia nay dén qudc gia khac, hién nhién ban
khong thé hién thi day du moi thir & 2 noi diéu nay s& giy
ra sy lang phi, ban ciing khong mudn canh vat bat ngo
xuat hién. Hiéu tmg swong mu duoc st dung dé tao cho =
ban cam giac c6 mot 16p suong mu lam gidam kha nang nhin cua ban.

Fog ciing 1am cho canh vt trd 1én hién thuc hon bang cac dit Fog trong
nhirng khu vuc ¢6 suong mu nhu la canh & mot thung liing.

Huéng dan nay dugc xay dung theo hudng dan 15 - Texture Mapping

Noi dung cia ham main.cpp

Fog c6 thé c6 mau sac cu thé, béi vay chung t61 tao ra mot mang dé luu trir
mau sac nay. & day chung to1 st dung 16p swong mu mau xam.
float fogColor[] = { 0.5f, 0.5f, 0.5f, 1.0f };

C6 3 ché do suong mu:

Co Mo ta

GL_EXP Pay la dang don gian nhat cua Fog, d6i tuong khong thuc sy
xuat hién dé di chuyén vao hodc ra khoi Fog. Diéu nay don

gidn chi 1a viéc tao ra mot 16p suong mu.

GL_EXP2 Pay la dang cao hon cua Fog. Poi tuong c6 thé xuat hién ngay
khi di chuyén vao hoic ra khoi Fog. Ban c6 thé thiy 16p
swong mu khong xuat hién hoan toan trong thuc té nhu 1a cac
dudng cu thé khi nhin vao mot diém noi ma ddi tuong di

chuyén ra khoi Fog

GL_LINEAR | Pay la cach hién thi Fog mot cac thuc té nhat, d6i tuong co
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thé vao va ra khoi Fog mdt cach dung cach nhat, dem lai hiéu

g suong mi mot cach t6t nhat.

Mic du GL_LINEAR la ché d6 swong mu thyc té nhat, diéu nay khong co
nghia 13 ban phai ludn ludn sir dung nd, rd rang cic hiéu Gng suong mu tot
hon s€ lam chuong trinh ctia ban chay cham hon vay nén ché d6 ban chon s&
phu thudc hoan toan trén irng dung cta ban.
Chung t6i s& tao mot mang dé chira ché do swong mu. Cho phép ching dé
dang thay d6i. Ching t6i ciing tao ra mot sé nguyén dé xac dinh xem ché do
suong mu nao dang duogc st dung.

float fogTypes[] = { , , i

int fagType = 0;
Hai chirc nang ma ban s€ st dung nhiéu nhét khi 1am viéc véi Fo g la chirc
nang glFogf va glFogfv. Chirc nang fixed nhu glFogx va glFogxv 1a cac chirc
ning c6 san cua OpenGL ES
Chtc ning glFogf chap nhan 2 tham s6. Tham s dau tién 1a co dung dé xac
dinh cac thudc tinh ctia swong mu dugc thay ddi. Tham sd thir hai 1a gia tri
float diung dé gan cac thudc tinh nay.
Béng dudi day s€ mi€u ta cac thudc tinh cuia Fog va cac gia tri float ma no st

dung:

Co Gia tr1 float Miéu ta

GL_FOG_MODE GL_EXP, GL_EXP2 | Xac dinh ché d suong mu
hodc GL _LINEAR nhu da giai thich & trén

GL_FOG_DENSITY | > 0.0f (mic dinh 1.0f) | Diéu nay chi ra 16p suong
mu nhu thé ndo goi 1a day
dac. Gia tri cang cao thi 16p

suong mu cang day dac

GL_FOG_START | Any float (mic dinh | Xac dinh khoang cach gan
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0.0f) nhat ciia swong mu

GL_FOG_END Any float (mdc dinh | Xac dinh khoang cach xa

1.0f) nhat ctia swong mu

Bay gio chiing ta hiéu lam thé nao dé thay ddi thudc tinh ctia Fog. Chiing ta s&
thiét 1ap ché do swong mu ban dau téi GL_EXP.

baal init}
1

glFogf , )i
Chuc nang glFogfv dugc st dung cho mot thudc tinh. Pay 1a thudc tinh
GL_FOG_COLOR n6 ding dé miéu ta mau sic cua swong mi. Tham sb thir
hai chap nhan mot mang float, ching t6i st dung mang mau fogColor cho
chirc nang nay.

glFogfu( , fogCalor);
Tiép theo chung ta sé& thiét 1ap mat 6 swong mu. Thir thay doi gid tri cua nd
dé thay duoc 16p suong thay d6i thé nao.

glFogf , 0.35f);
Mot chiic nang khac khong danh riéng cho Fog 1a ham glHint chic nang nay
cho phép ban xéac dinh nhiing thir quan trong nhu hinh/téc do cta ban c6 hiéu
luc. Tham s6 dau tién c6 thé 13 mot sb gia tri nhu GL_FOG_HINT,
GL_LINE_SMOOTH_HINT, GL_PERSPECTIVE_CORRECTION_HINT
va GL _POINT SMOOTH HINT. Ching t6i chi st dung co
GL_FOG_HINT.
Tham s6 thir 2 c6 thé duge la GL DONT CARE, GL_FASTEST hoic
GL_NICEST néu chung ta muén 16p swong mu cta ching ta 1a tot nhat co
thé, ching ta phai str dung c& GL_NICEST. Con néu chung ta qua tim nhiéu
hon dén téc do thi ta so dung cd GL FASTEST. Gia tri mic dinh 1a
GL _DONT CARE. biéu nay lam ning cao hiéu qua ctia swong mu khi c6 du

thoi gian dé lam viéc nay.
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Chung t6i str dung c& GL_DONT_CARE cho ham glHint du6i day. Diéu nay
khong can thiét vi né 1a gia tri mac dinh, ching t6i hién thi n6 & day dé cho
ban biét rang c6 thé ting hiéu qua ctia swong mu.

glHint{ . ¥
Khoang cach gan va xa cta lép swong mu

glFogfi , 1.0f);
glFogf{ , 5.0f);

Nhu tat ca cac phan khac ctia OpenGL ES chung ta phai kich hoat chirc ning
suong mu thong qua cd GL_ FOG cua ham glEnable.

glEnablei 1

b
Bay gio ta co thé kich hoat va khoi chay Fog trong ham init, ching ta co thé
hién thi chung trén Display. Thay vi st dung chirc ning ugluLookAtf ching
ta co thé dich chuyén ma tran modelview.

vwoid display()
1

glTranslatef(0.0f, 0.0f, -5.0f);

¥
Phan cudi cung 13 thay d6i chirc ning menu, khi ché d6 Fog duogc lya chon,
ching ta mudn thay doi ché d6 suong mu, diéu nay duogc thuc hién bé‘mg cac
str dung mang fogTypes da duoc xac dinh ¢ phan dau cia hudéng dan.

case 3 !
++fogType %= 3;
glFogfi , fogTypes[fagType]);
breal:;
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CHUONG 4: Ap dung OpenGL ES dé tao itng dung do hoa
3D

4.1 Phat biéu bai toan ing dung
Qua tim hiéu vé ly thuyét mot sb kY thuat dd hoa 3D cua OpenGL ES, Van
dung céc kién thtrc d3 thu thap duoc dé sur dung céc ki thuat dd hoa 3D trong
bd thu vién ma nguén mé, lam nén tang budc dau cho viéc thiét ké mot tro
choi 3D trén di dong.
Chuong trinh tao ra mdt tro choi 3D don gian noi ban cé thé diéu khién mot
chiéc 6 t6 xung quanh mot khoang dat rong.
4.2 Mot s6 van deé chinh va hudng giai quyét
4.2.1 Tao cac file dbi tugng d6 hoa

- van dé:

Nhu d3 trinh bay & phan OpenGL ES cac ddi tuong dd hoa duoc
tao ra tr cac mang chira cac dinh cia doi tugng. S€ 1a rat kho khan khi tu tao
ra cac mang nay vi mot doi tugng co6 rat nhiéu cac dinh khac nhau.

- Huéng giai quyét:

Ta s& st dung 1 phan mém trung gian dé tao ra cac do6i tuong nay
nhu 3DS MAX, MAYA v.v... Va stir dung bd cong cu COLLADA dé chuyén
cac d6i tuong nay thanh cac file d6i twong .h. Cac file d6i tugng .h nay bao
gbm cac gia tri nhu: s6 dinh, s6 bé mat va cac toa do dinh cho déi tuong.

https://collada.org

r?ollada erllables Ieidn?fg 3D : l\/q]i 2 3ds max
authoring tools to work effective
togethgr to create OpenGL ES ¥

applications and assets
SOFTIMAGE|XSI

CZ _JLLADA

Assets and shaders can be
communicated between tools and
packaged for OpenGL ES delivery

Acceleration API for 3D content and
shaders using OpenGL ES 2.0 !7 @ELI ES

Tightly Integrated 3D Authoring
and Deployment Stack

64


https://collada.org/

4.2.2 Tao ban dd va giéi han ban do
- vAn dé:

Chic han viéc tao ra mot ban dd ddi véi ban 1a khong méy kho
khan, nhung van dé & day 1a 1am thé nao dé gii han ban do d6 lai. Vi du nhu
khi ban diéu khién xe trén duong, téc do s& nhanh hon khi ban di trén béi co,
hay xe s€ bi dung lai khi ban dam vao cac ddbi tuong khac nhu 1a nha cua,
hang rao v.v...

- Hudng giai quyét:

Ta s€ tao ra mdt ma tran twong ung vdi ban dd, va dya vao ma tran
nay ta s& xac dinh cac ddi twong (nhu nha ctra, nén dudng, bii co v.v...) s&
dugc dit ¢ dau trén ban do va viéc gioi han ban d6 hay xir li va cham ciing
dugc thuc hién dua trén ma tran nay.

Poan ma minh hoa: trong 3Dobject.h

const TUint8 KMap[l6][32]={
"XXXXXXXXXKXIXXKKXXK",
"XXXXXXXXXKXIXXKKXXK",
"xx00000000000xxx",
"xx0xxxx0xxxx0xxx",
"xx0x0000000x0xxx",
"xx0x0a0alal0x0xxx",
"xx0x0000000x0xxx",
"xx000a0a0a000xxx",
"xx0x0000000x0xxx",
"xx0x0a0al0al0x0xxx",
"xx0x0000000x0xxx",
"xx0xxxx0xxxx0xxx",
"xx00000000000xxx",
"XRXXXXXXXRXKXXRXXXXX",
"XRXXXXXXXRXKXXRXXXXX",
"TXXXXXXKKXXXKXXXKIXXK",

}i

Duya vao ma tran trén ta s€ st dung cac gia ti nhu sau:
- cac gia tri x: dai dién cho bai co.
- cac gia tri 0: dai di¢n cho duong.

- cac gid tri a: dai dién cho nha.
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4.2.3 Xay dung dbi tuong, bat nut va di chuyén ddi tuong.
- Vin dé:

O day chung ta s€ ban vé cach xay dung cac d6i tuong, bét cac
phim va lam cho chiéc xe cua ta di chuyén sao cho tu nhién nhat. Nhu viéc
banh xe chuyén dong (khi di chuyén), quay banh xe va xe hoi bi nghiéng sang

trai hodc phai khi vao cua, tbc do cia xe s& dugc ting dan v.v..
- Huong giai quyét:
Khéi tao cac ddi tuong 3D tir dit liéu dé cho

// nha
i3dHouse = CreateObject ( KHouseVertexData, KHouseFaceData,
KNumHouseVertices, KNumHouseFaces, TPoint( 0,0 ), 1 );

// dudng
i3dRoad = CreateObject ( KRoadVertexData, KRoadFaceData,
KNumRoadVertices, KNumRoadFaces, TPoint( 0,0 ), 1 );

// bai co
1i3dGrass = CreateObject ( KGrassVertexData, KGrassFaceData,
KNumGrassVertices, KNumGrassFaces, TPoint( 0,0 ), 1 );

// banh xe
i3dFrontWheel = CreateWheel ( KFrontWheelRadius, 50, 6 );
i3dRearWheel = CreateWheel ( KRearWheelRadius, 150, 6 );

// xe
i3dCar = CreateObject ( KCarVertexData, KCarFaceData,
KNumCarVertices, KNumCarFaces, TPoint( 0,128 ), 10 );
i3dText = CPolygonObject::NewL( i3DBase, 1, 1 );

Thiét 1ap chat liéu cho moi ddi tuong

i3dHouse->SetTexture ( 1GlTexture2 );
i13dRoad->SetTexture ( iGlTexture ) ;
13dGrass—->SetTexture ( 1GlTexture2 );
13dFrontWheel->SetTexture ( iGlTexture ) ;
i3dRearWheel->SetTexture( iGlTexture );
i3dCar->SetTexture( iGlTexture );
13dText->SetTexture ( iGlTextureFont );
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Xay dung va dat ddi tuong dua theo ma tran Kmap ¢ trén

for( y=0; y<KMapHeight; y++ )
{
TUint8* p = (TUint8*)KMap|[ vy 1
for( x=0; x<KMapWidth; x++ )
{
switch( *p++ )
{
case '0':
{
n = iRender->AddObject ( i3dRoad );
iRender->SetObjectPosition( n,
TVertex( x * KTileSize, 200,
KTileSize ) );
break;

case 'a':
{
n = iRender->AddObject ( i3dHouse );
iRender->SetObjectPosition( n,
TVertex( x * KTileSize, 200,
KTileSize ) );
break;
}

case 'x

{

n = iRender->AddObject ( i3dGrass );

iRender->SetObjectPosition( n,
TVertex( x * KTileSize, 200,
KTileSize ) );
break;
}

Yy

Yy

Y

*

*

*
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Di chuyén di twong thong qua cic phim bang ham CGame::Move

void CGame: :Move ( TUint8* aKey )

{

// kiém rea phim va cdp nhdp su thay déi

TInt carLastSpeed = iCarSpeed;

//

// chuyén déng cua xe theo huéng chi dinh bdi tdc &6 cua
xe

//

iCarPositionAdd TVertex ( iCarSpeed, 0,0 );

iCarPositionAdd = i3DBase->RotateY( iCarPositionAdd,
iCarAngle & (KSinTableSize-1) );

iCarPosition += iCarPositionAdd;

// c6 rdt nhiéu cac va cham xudt hién tu tilemap

TBool collision = EFalse;

TInt tileX = ( iCarPosition.iX + KTileSize/2 ) /
KTileSize;
TInt tileY = ( iCarPosition.iZ + KTileSize/2 ) /
KTileSize;
// dau tién kiém tra vi tri trén ban db:
if( ( tileX < 1 ) || ( tileX >= KMapWidth-1 ) ||
( tileY < 1 ) || ( tileY >= KMapHeight-1 ) )

{

collision = ETrue;

}

// kiém tra su va cham v&i cac toda nha

TInt tile = KMap[ tileY ][ tileX ];

if( tile == 'a' ) // néu tile la mdt toa nha
{
collision = ETrue;

}

if( collision )
{
// di chuyé&n nguoc lai
iCarPosition -= iCarPositionAdd;
// va dung
iCarSpeed = 0;
}
//
// di chuyén vi tri cua xe véi tdc dd cua nd
// vi tri ctha xe dugc s dung dé lam quay cic banh xe
//
iCarPos += iCarSpeed;
//
// Diéu chinh tbc d6 cua xe théng qua cac phim
// Nh&n phim '1' d& tdng tbc
// Nh&n phim '4' d& giam tbc dé6 (lui lai)
//
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if ( aKey|[ EStdKeyUpArrow ] || aKey[ '1' 1 || aKey]|
EStdKeyDevice8 ] )
{
iThrottle = 1;
}

else if( aKey|[ EStdKeyDownArrow ] || aKey[ '4' ] || aKey|
EStdKeyDevice9 ] )
{
iThrottle = -1;
}
else
{
iThrottle = 0;
}
//
// R& xe cung vdi banh 1l4i
//
iCarAngleSpeed = ( —-iSteerAngle * iCarSpeed ) /

KCarTurnDivider;
iCarAngle += iCarAngleSpeed;
// Piéu chinh banh 14i théng qua cic phim
// Nh&n phim '5' dé& ré& sang trai
// Nh&n phim '6' dé& ré& sang phai

D

if ( aKey|[ EStdRKeyLeftArrow ] || aKey[ '5' ] || aKey]
EStdKeyDevice6 ] )
{
iSteerAngle -= KSteeringSpeed;
}
else if( aKey|[ EStdKeyRightArrow ] || aKey[ '6' ] || aKeyl
EStdKeyDevice7 ] )
{
iSteerAngle += KSteeringSpeed;
}

else
{
if( iSteerAngle > 0 ) iSteerAngle -= KSteeringSpeed;
if( iSteerAngle < 0 ) iSteerAngle += KSteeringSpeed;
}

//

// Piéu chinh tb6c dd bdi throttle

//

iCarSpeed += iThrottle;
if( iCarSpeed > 0 )
iCarSpeed -= iCarSpeed * iCarSpeed / KFriction;
if ( igarSpeed < 0)
iCarSpeed += iCarSpeed * iCarSpeed / KFriction;
}
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if( iThrottle == 0 )
{
if( iCarSpeed > 0 ) iCarSpeed -= 1;
if( iCarSpeed < 0 ) iCarSpeed += 1;
}

//

// Diéu chinh banh 14i

//

if( iSteerAngle > KSteerLimit ) iSteerAngle = KSteerLimit;
if( iSteerAngle < -KSteerLimit ) iSteerAngle = -KSteerLimit;
//

// Piéu chinh d& nghiéng cua xe khi thay ddi tbc do

//

iCarTilt += ( iCarSpeed - carlastSpeed ) * KCarTiltForce;

if( iCarTilt > 0 )
{
iCarTilt -= ( iCarTilt * iCarTilt /
KCarTiltSpringFactor );
if( iCarTilt < 0 ) iCarTilt = 0;
}
if( iCarTilt < 0 )
{
iCarTilt += ( iCarTilt * iCarTilt /
KCarTiltSpringFactor );
if( iCarTilt > 0 ) iCarTilt = 0O;
}

4.3 Mot s6 hinh anh trong Games
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Chuong trinh chay trén sdk: S60 2nd Edition (S60_2nd_ FP3) duogc st
dung cho cac dong may Nokia 6600, Nokia 6630, Nokia 6680, Nokia N70,
Nokia N90, Nokia 9300 Communicator, and Nokia 9500 Communicator

V.vV...
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4.4 Cach tao file sis dé cai dit 1én thiét bi di dong

Chon Project -> Properties -> carbide.c++ -> build configurations

¢ Properties for Example3D 5 @@
|type Filter text | Build Configurations (4=F v
Resource
Builders Active Configuration
[#- CJC++ General Configuration: ;Emulator Debug (WINSCW) [S60_2nd_FP3] v ‘ [Manage... ]

=) Carbide.c++
Build Configurations

SIS Builder | Environment | Arguments | Paths and Symbols | ROM Builder |

CodeScanner
Macro Settings

Project Settings Enabled  Unsigned SIS file Signed SIS file -
Project References | m

Refactoring History
Run/Debug Settings

Chon add -> browse.. -> Chon file PKG ->0k

¢ SIS Properties f'>__<|

315 File Creation Options

PKi3 File: V| [Bru:uwse... ]

Cukput File Mame: | |
|

Cantent Search Location: | [Bruwse. " ]
Signing Opkions
(%) Dor't: sign sis File
(1 5elf sign sis File
() Sign sis File with certificate/key pair
| | Erowse, .,
| | Erowse., .,

&3 Please select a PEG File

nt
]
.

() ik Cancel
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Két luan

Pung trude su phat trién ciia cac thiét bi di dong va nhitng doi hoi cua
con ngudi trong linh vuc giai tri trén céc thiét bi di dong ngdy cang cao. Vi
dé tai “Ngién ctru 1ap trinh C++ trén Symbian” khoa luan nay da trinh bay
dugc tong quan vé 1ap trinh trén symbian va céac ki thuat vé 1ap trinh d6 hoa
dua trén bo thu vién OpenGL ES. Qua d6 xdy dung mdt mo hinh 3D trén
Symbian dé 1am nén tang cho viéc thiét ké cac games 3D trén di dong.

Trong tuwong lai em s& nghién ciru thém veé cac ki thuat do hoa khac trén
thiét bi di dong va trén nhiéu dong may khac nhau. Ngoai ra em s& tiép tuc
phat trién mo hinh trén thanh mot game 3D hoan chinh, gop phan vao nganh
cong nghi¢p game di dong cia nudc nha.

Tuy nhién do han ché vé diéu kién va thoi gian, khoa luan s& khong thé
tranh khoi nhitng thiéu so6t. Kinh mong duogc su dong gop ¥ kién cua thay co
va céc ban dé em c6 thé hoan thién hon dé tai nghién cru cia minh trong dot
lam khoa luan tbt nghiép nay.

Tran trong cam on!
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