Chuong 2: V& cac ddi tweng hinh hoc co ban trong OpenGL
1. V& diém, dudng, da giac (Point, Line, Polygon)

1.1 OpenGL tao ra diém, dudng, da giac tir cac dinh (Vertex). Cac dinh dugc liét ké giira hai
ham

glBegin(tham s)
glEnd();
Danh sach cac tham sé dugc liét ké trong bang 2.1
GL_POINTS Cac diém
GL LINES Doan thing
GL POLYGON Pa giic 10i
GL TRIANGLES Tam giac
GL QUADS T giac
GL LINE STRIP Puong gap khuc khong khép kin
GL _LINE LOOP Puong gap khiic khép kin
GL TRIANGLE STRIP Mot dai cac tam giac lién két véi nhau
GL TRIANGLE FAN Céc tam giac lién két theo hinh quat
GL QUAD STRIP Mot dai cac tir giac lién két vdi nhau

Bang 2.1 Céc tham sb cua glBegin()
Hinh phia dudi minh hoa két qua hién thi khi ta thay d6i cac tham sb khac nhau
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Pé chi dinh mot diém ta dung 1€nh sau
glVertex {234} {sifd}[v](Toa d¢ diém);
Trong do:
- {234} chi dinh sé chiéu ciia khong gian
- {sifd} chi dinh kiéu di¥ liéu cta toa do, ¥ nghia duoc chi dinh trong bang 2.2

Ki hiéu Kiéu dir liéu Tén Kiéu ciia OpenGL
S 16-bit integer GLshort

i 32-bit integer GLint, GLsizei

f 32-bit floating-point | GLfloat, GLclampf

d 64-bit floating-point | GLdouble, GLclampd

Bang 2.2 Mot s6 kiéu dir liéu cia OpenGL

- [v] néu toa d6 diém dugc truyén tor 1 mang cho trudc

Vi du 2.1: Sau ddy 1a mot s6 vi du khi ta chi dinh 1 diém
glVertex2s (2, 3); //Toa dd thudc kiéu GLshort trong khéng gian 2 chiéu
glvertex3d (0.0, 0.0, 3.1415926535898); /Toa dé thuéc kiéu GLdouble
trong khéng gian 3 chiéu
glVertex4f (2.3, 1.0, -2.2, 2.0); //Toa dj dong nhat kiéu GLfloat
GLdouble dvect[3] = {5.0, 9.0, 1992.0};
glVertex3dv (dvect) ; //Toa do dwoc léy tir mang dvect
Vidu 2.2:

Lénh Két qua hién thi

glBegin (GL POLYGON) ;
glVertex2f (0.0,
glVertex2f (0.
glVertex2f (3.
glVertex2f (4.
glVertex2f (3.

glEnd () ;
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1.2 Hudng cua tam giac (Orientation)

Hudng ciia mot tam giac 1a hudng cac dinh cta nd, hudng co thé 1a cung chiéu kim
ddng ho (clockwise-CW) hodc nguoc chidu kim dong ho (counter-clockwise-CCW). Tap hop
cac tam gidc trén mot mat phang dugc goi 1a hudng dong nhit (consistently oriented) néu
hudng cta cac tam gidc 1a nhu nhau.

Hudng ciia tam giac dugc xac dinh dya vao tha ty cac diém duge chi dinh giita glBegin

va glEnd

olBegin(GL TRIANGLES);  glBegin(GL TRIANGLES); Hudng dong nhat
vl vl
vl v2;
v2; vl

glEnd(): alknd();

Hinh 2.2 Hudng cta tam giac

Chu y quan trong: Khi ta v& cac tam giac lién tiép trong OpenGL, chiing ta phai dam
bao chac chan rang hudng cta cac tam giac do la dong nhat.

1.3 Mot s6 1énh khac
Thiét 1ap mau nén cho cua sb hién thi
glClearColor(red, green ,blue ,anpha); (0<red, green, blue, anpha<l)
Thiét 1ap mau cho dbi tuong vé&
glColor3f(red, green, blue); (0<red, green, blue<l)
V¢ hinh chir nhat
glRect{sifd}(x/, y1, x2, y2);
Mot s6 thi tuc trong GLUT cho phép vé& hinh trong khong gian 3 chiéu(solid 14 hinh
dac, wire 1a hinh khung)
V& hinh 14p phuong
glutWireCube(GLdouble size);
glutSolidCube(GLdouble size);
V& hinh cau
glutWireSphere(GLdouble radius, GLdouble slices, GLdouble stacks);
glutSolidSphere(GLdouble radius, GLdouble slices, GLdouble istacks);
V& hinh dé hoa
glutWireTorus(GLdouble innerRadius, GLdouble outerRadius,
GLdouble nsides, GLdouble rings);
glutSolidTorus(GLdouble innerRadius, GLdouble outerRadius,
GLdouble nsides, GLdouble rings);
V& hinh 4m pha tra
glutWireTeapot(GLdouble size);
glutSolidTeapot(GLdouble size);



V& hinh nén
glutWireCone(GLdouble Radius, GLdouble height, GLint slices, GLint stacks);
glutSolidCone(GLdouble Radius, GLdouble height, GLint slices, GLint stacks);

2. Tép 16i va phép dac tam giac hop 1é (Convexity and Valid Triangulation)

2.1 Tap 16i
Mot tap S duogc goi 1 16i (convex) néu véi 2 diém bat ki P,Q thudc S thi doan thiang PQ
nam tron ven trong S

Tap 16i Khéng phai tap 16i
Hinh 2.3 Tap 16i va tap khong 16i

Cho mot tap hop cac diém T={P1, P2,...., Pn}, bao l(‘?;i (convex hull) cua T 1a tép 16i nho

nhat F chita T. Khi d6 bat ki diém X thudc F déu co thé biéu dién dudi dang nhu sau:
X=a1P1+02P2+....+anPn (0<ai, al+a2+ ....+an=1)

Truong hop dac biét:

- Mot doan thing AB ludn 1a mot tip 16i, mot diém P bat ky thudc AB dugc biéu dién
duy nhét du6i dang P=01A+02B (0i>0, al+o2=1)

- Mot tam gidc ABC 1ludn 1a mot tap 16i, mot diém P bat ky thuéc ABC duge biéu dién
duy nhit duéi dang P=al A+02B+03C (0i>0, al+a2+a3=1)

OpenGL t6 mau doan thing va tam giac bang cach ndi suy véc to mau (interpolating the
color vectors) tai mdi dinh cua doan théng va tam giac. Vi dy néu mau tai ba dinh A, B, C caa
tam giac lan luot 1a C1, C2, C3 khi d6 néu diém P thudc tam giac ABC va P=alA+a2B+a3C
thi mau tai diém P 1a a1C1+a2C2+03C3

2.2 Phép dac tam giac hop 1€

Mot phép dac tam giac hop 1€ cua mét hinh X 1a mot tap hop cac tam giac théa man hai
diéu kién sau:

- Hop cua cac tam gidc chinh la hinh X

- Hai tam giac bat ki théa man: Téach roi nhau hodc chung nhau duy nhit 1 dinh hoic
chung nhau duy nhat mét canh
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Hinh 2.4 Phép dac tam giac hop 1€ va khong hop 1€
Trong OpenGL khi 4p dung mot phép dac tam giac cho mot tap 16i thi yéu cdu bat budc
do6 phai la mot phep dac tam giac hop 1€. Tai sao phai c6 y€u cau nhu vay? Ta hay xét vi du
tai hinh 2.3(b), gia su E Ia trung diém canh AC va cac véc to bi¢u dién mau tai cac diém A, E



va C lan luot 1a (1,0,0), (0,1,0) va (0,0,1). Xét trong tam giac ABC, vi E la trung diém canh
AC do do mau tai E la trung binh cong mau tai A va C do 7d(’) mau tai E dugc tinh la
(0.5,0,0.5) diéu d6 co nghia 1a cung tai mot diém E c6 hai cach biéu dién mau khac nhau.

3 Tong quan qua trinh biéu dién dnh trong d6 hoa may tinh

Muc dich ciia d6 hoa may tinh d6 1a tao ra hinh anh 2 chiéu (2D) trén man hinh may
tinh ctia cac vat thé trong khong gian 3 chiéu (3D). Qua trinh chuyén ddi toa do tir khong gian
3D thanh cac diém anh (pixel) xuat hién trén man hinh duoc mé ta nhu sau:

- Buée 1: Ap dung cac phep bién d6i duoc biéu dién béi cac phép nhan ma tran (matrix
multiplication) bao gém phép bién d6i mo hinh (modeling), phép bién ddi diém nhin
(viewing) va phép chiéu (projection). Nhin chung ta két hop mot s6 phép bién doi khi d6 ddi
tuong can vé trong khong gian 3D duoc cit theo mot khong gian thyc duoc goi 1a viewing
volume. Viewing volume xac dinh cach thirc ma vét thé duoc chiéu 1én man hinh 13 phép
chiéu phdi canh (perspective projection) hay phép chiéu truc giao (orthographic projection) va
phan nao cta dbi twong dugc hién thi.

- Bwdc 2: Viewing volume dugc chiéu 1én mot mat phfmg chiéu hinh chir nhat duoc goi
la khung nhin (rectangular window)

- Buée 3: Anh xa hinh anh trong khung nhin thanh cic diém anh trén mot cira s6 cia
man hinh may tinh ma ta goi d6 1a cdng nhin (viewport).

Toan bd cac budc trén twong ty nhu khi ta st dung may anh (camera) dé chup mot birc
anh trong thuc té. Hinh 2.4 minh hoa sy so sanh do

With a Camera With a Computer

wiewring

positioning the viewing volume
in the waorld

modeling

positioning the models
in thé waorld

projection

determining shape of viewing volume

photograph viewport

Hinh 2.5 So sanh giita camera va may tinh



4 Phép bién d6i diém nhin va bién d6i mé hinh (Viewing and Modeling
Transformations)

OpenGL str dung ma trin va phép nhin ma tran dé biéu din cac phép bién ddi (ta s& dé
cap dén van dé nay sau) do d6 mét chii y quan trong 1a trude khi 4p dung cac phép bién ddi ta
phai xo6a va thiét 14p ma tran hién thoi (current matrix) vé ma tran don vi (identity matrix)
bang 1énh glLoadIdentity().

4.1 Phép bién dbi diém nhin

Phép bién dbi diém nhin tuong ty nhu ta chon vi tri va hudng ctia camera trong thuc té
vi véy ta s& quy udc tai vi tri diém nhin (viewpoint) c6 dit mot camera cho dé hinh dung.
OpenGL str dung 1énh gluLookAt() dé dinh vi vi tri va huéng cua diém nhin, ci phap 1énh
nhu sau

gluLookAt(GLdouble eyex, GLdouble eyey, GLdouble eyez,
GLdouble centerx, GLdouble centery, GLdouble centerz,
GLdouble upx, GLdouble upy, GLdouble upz)

Trong d6: (eyex, eyey, eyez) 1a vi tri clia diém nhin, (centerx, centery, centerz) chi dinh
mot diém nao d6 thudc dudng ngam va (upx, upy, upz) xac dinh hudng dinh ciia camera (ban
chat chinh 14 huéng tir day 1én dinh cta viewing volume).

Vidu lénh gluLookAt (0.0, 0.0, 5.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0) s&
dinh vi camera tai vi tri (0.0, 0.0, 5.0), duong ngém la hudng 1a huéng am cia truc oz (nhin
vé gdc toa do) va huéng cua dinh 1a hudng duong cua truc oy

Maic dinh vi tri cila camera tai géc toa d9, duong ngém la hudéng am cuia truc oz va
huong cua dinh 1a huéng duong cua truc oy
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Hinh 2.6 Vi tri mic dinh cua diém nhin 14 tai géc toa do

4.2 Phép bién d6i m6 hinh

Ban chat phép bién d6i mé hinh 1a xac dinh vi tri va hudng cua mo hinh (d6i twong can
vé& trong khong gian). Vi du ching ta c6 thé ap dung cac phép tinh tién (translation), phép
quay (rotation), phép ti 1¢ (scale) hodc két hop cac phép bién d6i d6 v6i nhau. Mot sé 1énh lién
quan dén bién d6i mo6 hinh ctia OpenGL

Phep tinh tién: glTranslate {fd}(TYPE x, TYPE y, TYPE z);

Y nghia: Tinh tién mo hinh theo véc to tinh tién (x, y, z)

Phep quay: glRotate {fd}(TYPE angle, TYPE x, TYPE y, TYPE 2);

Y nghia: Quay md hinh mét gbc angle nguoc chiéu kim dong hd xung quanh tia ndi tir
gbc toa do dén diém (x, y, z)

Phép ti 1¢: glScale{fd}(TYPE x, TYPE y, TYPE z);



Y nghia: Bién d6i ti 16 mo hinh vi hé sb ti 1é tuong ung voi ba truc ox, oy, oz lan luot
lax, y z

Chu y: Vé6i x=-1, y=1, z=1 thi phép ti 1¢ tr& thanh phép ddi ximg qua mit phang oyz,
tuong tu voi mit phang oxy va oxz.

4.3 Két hop cac phép bién doi

Trong khi biéu dién do hoa thuong ta phai két hop nhiéu phép bién doi, khi d6 thir tw p
dung céac phép bién dbi 1a rat quan trong. Ta hiy xét vi du trong hinh v& 2.6 khi ap dung lién
tiép hai phép bién ddi la phép quay va phép tinh tién v6i mot vat thé duoc vé tai gde toa do.
Hinh v& bén trai minh hoa két qua khi ta a4p dung phép quay trudc con ¢ hinh v& bén phai ta
ap dung phép tinh tién trudc. D& dang nhan xét rang két qua thu duoc 1a khac nhau:

Hinh 2.7 Quay trudc hoac tinh tién trude

OpenGL biéu dién cac phép bién doi bang ma tran vudng 4x4, c6 mot ma tran goi 1a ma
tran hién thoi (current matrix) luu trang thai hién thoi cta cac phép bién ddi. Trude khi ap
dung cac phép bién d6i diém nhin va mé hinh ta phai thiét 1ap ché d6 ma tran (matrix mode)
bang cau lénh glMatrixMode(GL_MODELVIEW) (MODELVIEW= MODEL+ VIEWING)
va thiét 1ap ma tran hién thoi vé ma tran don vi I béng cau lénh glLoadldentity(). Mdi 1an mot
phép bién d6i c6 hiéu luc OpenGL s& nhan ma tran hién thoi voi ma tran twong tng cta phép
bién d6i @0, két qua dugc gan cho ma tran hién thoi. Gia sir cac phép bién ddi duge viét theo
thir ty 13 t1, t2, ..., tn va cac ma trén bién doi twong Gng 1a T1, T2,..., Tn, ma tran hién thoi
duoc bién ddi tir I sang [*T1=T1, sang T1*T2, sang TI1*T2*T3,......, va cudi cung la
T1*T2*...*Tn =T.

Khi ddi tugng dugc v€ cac dinh cua n6 dugce tinh nhu sau:

voTHv=(TT*T2*.. *Tn)*v=(T1*(T2*(....*(Tn-1*(Tn*v))....))

Piéu d6 nghia 1a phép bién d6i Tn tac dong dén doi tuogng trude, tiép d6 1a Tn-1,.... cudi
cung 1a T1. Nhu vay la tha ty thuc hién cac phép bién doi ngugc voi tho ty cac cau Iénh
(backwards).

Quay lai vi du ¢ hinh v€ 2.6, hinh bén trai twong duong v6i doan ma chuong trinh

glTranslate*();

glRotate*();

Draw_Object();

Hinh bén phai twong duong vdi doan ma churong trinh

glRotate*();

glTranslate*();

Draw_Object();



4.4 Cach chuyén doi tir phép bién ddi diém nhin sang phép bién d6i mé hinh

Ta da biét cach sir dung cdu 1énh gluLookAt() dé thay ddi vi tri va huéng cia camera,
day 1a cau Iénh thugc OpenGL Utility Library (GLU). Ta cling da biét cac cau lénh cua
OpenGL thyc hién phép bién d6i mo hinh d6 la glTranslate*(), glRotate*() va glScale™().
Thuyc chét phép bién dbi diém nhin c6 thé duoc thay thé bai mot vai cau 1énh ciia phép bién
d6i m6 hinh. Quay lai vi du gluLookAt(0.0, 0.0, 5.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0) sau lénh nay
camera dugc tinh tién tir vi tri mic dinh 1a gbc toa do ve didm (0.0, 0.0, 5.0), diéu do twong
duong véi viéc gitt nguyén camera tai géc toa d0 va tinh tién vat thé 5 don vi vé hudng nguoc
lai doc theo truc oz glTranslatef(0.0, 0.0, -5.0). Xét trudng hop tong quat:

gluLookAt(eyex, eyey, eyez, centerx, centery, centerz, upx, upy, upz)

Dé thay thé 1énh trén bang cac phép bién d6i mé hinh ta ap dung cac phép bién d6i muc
dich 1a dua camera vé vi tri mic dinh (tai géc toa d9, hudng nhin vé huéng am cua truc oz va
huéng dinh 1a huéng duong cua truc oy).

Budére 1: Tinh tién camera vé gbc toa do bang cach ap dung 1énh

glTranslatef(-eyex,-eyey,-eyez)

Budéc 2: Ap dung céac phép quay dé dua hudng nhin ctia camera vé hudng am cta 0z va
dua huéng dinh ctia camera vé huéng duong cua oy
Vi du 2.3: Lénh gluLookAt(5.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, -1.0); dugc thay thé tuong
duong boi cac cau 1énh sau

glRotatef (45, 0.0, 0.0, 1.0);//Quay mot goc 45 do quanh truc oz dwa huong
dinh camera vé huéng dwong truc oy

glRotatef (-90, 0.0, 1.0, 0.0);/Quay mot goc -90 dé quanh truc oy duwa
hiwéng nhin camera vé hudng am truc oz

glTranslatef (-5.0, 0.0, 0.0);//Puwacamera vé géc toa do

Chu y: Thu ty thuc hién cac 1énh theo thir tu nguoc lai thir tu ctia cac cau 1énh. Qua
trinh dugc minh hoa trén hinh 2.7, miii tén mau xanh chi hudéng nhin ctia camera va miii tén
mau do nét dut chi hudng dinh clia camera

y
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Hinh 2.8 Chuyén bién d6i diém nhin sang bién d6i mé hinh



5 Phép chiéu phodi cinh va phép chiéu truc giao (Perspective and Orthographic
Projection)

Muc dich cua phep chiéu 14 dinh nghia viewing volume. Truéc khi dinh nghia phép
chiéu ta phai thiét 14p ché do ma tran bang cau 1énh glMatrixMode(GL_PROJECTION). Cac
lénh dinh nghia phép chiéu khong 1am anh hudng dén vi tri ctia camera duoc thiét 1ap boi 1énh
gluLookAt().

5.1 Pinh nghia phép chiéu phdi canh
Cach 1: St dung 1&€nh cua OpenGL
glFrustum(GLdouble /eft, GLdouble right, GLdouble bottom, GLdouble fop,
GLdouble near, GLdouble far);

Viewing volume dugc dinh nghia la mot hinh chop cut, dinh cua hinh chop tai gbc toa
do. bay lon cua viewing volume nam trén mat phang z=-far va day nho cua viewing volume
(ta con goi 1a khung nhin) ndm trén mat phang z=-near 12 mit phang ma vt thé s& duoc chiéu
1én d6. Céc gia tri near va far 1a cac s6 duong.

bettom

near

i
Y

Hinh 2.9 Viewing volume dugc dinh nghia boi glFrustum()

Cach 2: St dung Iénh cta OpenGL Utility Library

gluPerspective(GLdouble fovy, GLdouble aspect, GLdouble near, GLdouble far);

Tac dung cua 1énh giong nhu 1énh glFrustum nhung cac tham sd mang mot y nghia
khac. Tham so fovy xac dinh goc tai dinh cua hinh chép doc theo mat phang yz, tham s6
aspect chinh 1a ti s6 gilta bé rong va chiéu cao day nho cta hinh non cut, hai tham sé near vai
far giong nhu 1é€nh glFrustum.

i

-

Hinh 2.10 Viewing volume dugc dinh nghia boi gluPerspective()



5.2 Pinh nghia phép chiéu truc giao

Vi phép chiéu truc giao, viewing volume duoc dinh nghia 1a mot hinh hop chit nhat.
Vit thé nam trong viewing volume dugc chiéu truc giao 1én khung nhin do d6 trong phép
chiéu truc giao khoang cach tir camera dén vat thé khong anh hudng dén do 16n cia anh. Phép
chiéu truc giao thuong dugc dung nhiéu trong cic tmg dung CAD/CAM vi du cic chuong
trinh g dung tao ra cac ban v& ki thuét trong linh vuc thiét ké

Cach 1: Str dung Iénh ctia OpenGL

glOrtho(GLdouble left, GLdouble right, GLdouble bottom, GLdouble fop,

GLdouble near, GLdouble far);

Dbi twong nam trong viewing volume dwoc chiéu truc giao 1én day cia hinh hop chir
nhat nim trén mit phing z=-near, phuong cia phép chiéu song song véi truc oz. Anh thu
dugc khong bi co lai va khong co chiéu su.
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Hinh 2.11 Viewing volume dugc dinh nghia béi glOrtho()

Cach 2: St dung Iénh cta OpenGL Utility Library

gluOrtho2D(GLdouble /eft, GLdouble right, GLdouble bottom, GLdouble top);

Lénh c6 ¥ nghia gidng nhu 1énh glOrtho() ngoai trir khoang gia z mic dinh cia vat thé
nam trong viewing volume mac dinh la [-1,1].

6 Phép bién doi cong nhin (Viewport Transformation)

Cong nhin 1a mot mjén hinh chit nhat nam phia trong mét cira s6 (window) dang mo
trén man hinh cho phép hién thi hinh anh. Hinh anh cta vat thé sau khi duoc chiéu 1én khung
nhin s€ dugc anh xa 1én céng nhin. Ta c6 thé dinh nghia nhiéu céng nhin dé hién thi nhiéu
khung canh khac nhau trén ctra s6. Dinh nghia cong nhin ta dung cau 1énh sau:

glViewport(GLint x, GLint y, GLsizei width, GLsizei height);

Trong d6 (x,y) xac dinh toa d6 gbc trai phia duorl cua cong nhin, toa do nay la toa d6
trong ctra s6 dang m¢. Goc trai phia dudi cia cura sO ¢6 toa do 1a (0,0). Hai tham s6 width va
height 14 chiéu rong va chiéu cao ctia khung nhin. O ché d6 mic dinh gia tri tham s6 cua
khung nhin 1a (0, 0, winWidth, winHeight) trong d6 winWidth va winHeight 1a kich thudc cua
clra s6 noi hién thi khung nhin.
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Man hinh may tinh

Ciwra sO

Cong
nhin

Y

y
Hinh 2.12 Man hinh may tinh, ctra s6 va cong nhin

Pé dinh nghia cta s6 trén man hinh ta dung hai cau 1énh sau cia GLUT: '

glutInitWindowPosition (int x, int y); //Chi dinh vi tri goc trdi trén cia cira s6 trong hé
toa dj xoy cua man hinh (Hinh 2.11)

glutInitWindowSize (int Width, int Height); //Chi dinh kich thuéc cia cira s6 (pixels),
hai kich thuoc thuong duoc chon bcing nhau dé hinh khong bi méo

Ti 1é hai kich thudc ciia cong nhin nén chon bang véi ti 1¢ hai kich thuéc cua khung
nhin. Néu hai ti 1¢ nay khong bang nhau thi hinh anh hién thi trén man hinh s& bi méo
(distorted). Hinh 2.11 minh hoa diéu nay

Hinh khong bi méo Hinh bi méo
Hinh 2.13 Anh dugc 4nh xa tir khung nhin 1én c¢bng nhin
7. Piéu khién cic ngin xép ma trian ( Matrix Stacks)

OpenGL biéu dién cac phép bién d6i diém nhin va mé hinh bang ngin xép ma tran
Modelview (Modelview matrix stack). Ngan xép nay c6 toi da 1a 32 phan tir 1a cic ma tran
vudng 4x4 twong (mg cac phép bién doi tac dong 1én ddi twong v& va ma tran hién thoi luon 1a
ma tran nam trén dinh cua stack. M&i mot phép bién dbi diém nhin hodc bién d6i mé hinh tao
ra mot ma trdn mai, ma trédn nay dugc nhan véi ma tran hién thoi va két qué trd thanh ma tran
hién thoi méi (ngdn xép thém 1 phan tir méi trén dinh).

Dé biéu dién cac phép chiéu, OpenGL sir dung mot ngin xép khac dugc goi 1a ngin xép
ma tran phép chiéu (Projection matrix stack) gom tdi da 2 phan tir ma tran vuéng 4x4. Ma tran
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hién thoi mé ta phép chiéu dang dugc ap dung cho d6i tuong v&, hay noi cach khac ma tran
nay mo ta viewing volume.

projection
matrix stack
(2 dxdmatrices)

maodelview

" matrix stack
. (32 44 matrices)

Hinh 2.14 Ngin xép ma tran modelview va ma tran phép chiéu

Ta c6 thé diéu khién ma tran hién thoi b?mg cac cau lénh sau:

glLoadIdentity(); //Thiét ldp ma trdn hién thoi vé ma trdn don vi

glLoadMatrix {fd}(const TYPE *m); // T} hiét ldp gia tri cho ma trdn hién thoi tir 16 gid
tri dwoc tré boi m (m la ma tran mot chiéu hodc hai chiéu)

glMultMatrix {fd}(const TYPE *m); //Nhdn ma tran co 16 gia tri dwoc tré boi m voi
ma trén hién thoi, két qud la ma tran hién thoi moi

glPushMatrix(); //Sao chép thém mét ma trdn hién thoi va dwa lén dinh ciia ngan xép

glPopMatrix(); //Loai bé ma trdn hién thoi khéi ngéin xép

Hinh 2.15 Sao chép va loai bé ma tran hién thoi

Lénh glPushMatrix(); duoc hiéu 1a "Ghi nhd ban da ¢ dau" (remember where you are)
va glPopMatrix(); duoc hiéu 1a "Quay lai vi tri ban da " (go back to where you were). Day
1a hai cAu 1énh rat hitu ich cua OpenGL. Vi du ta mudn v& mot xe 6td c6 bon banh, qua trinh
v& ¢6 thé dugc md ta nhu sau: V& than xe. Ghi nhé ban di & dau, tinh tién vé vi tri banh xe
phai phia trudc. V& banh xe, quay lai vi tri ban dd ¢ (dua than xe vé vi tri trude khi tinh tién).
Ghi nhé ban di & dau, tinh tién vé vi tri banh xe trai phia trudc....

Viéc t6 chirc cac ma tran theo ngin xép 1 rat phu hop khi ta can x4y dung cac md hinh
c6 su phan cép (hierarchical models) trong d6 mot dbi twong phirc tap duoc xdy dyng tir
nhiing doi tugng don gian hon. Bac bi€t khi d6 1a mot hinh dnh dong, su thay doi trang thai
cua mét bd phén kéo theo su thay ddi cua nhiéu bd phan khac.
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Gia sir ta c6 doan chuong trinh nhu sau mé ta chuyén dong mot canh tay ciia mot robot:

glTranslatef (); //Lénh Tl
glRotatef () ; //Lénh T2

glPushMatrix () ;
glTranslatef (); //Lénh T3
glRotatef (); //Lénh T4

gluCylinder () ; //Vé canh tay phia duoi
glPopMatrix () ;

glscalef (); //Lénh TS
gluCylinder () ; //Vé cdanh tay phia trén

DPoan chuong trinh trén co thé c6 thé duge dién ta boi so dd sau
T1— T2- T5— Cénh tay phia trén
T3, T4— Canh tay phia dudi

Muén biét anh huong cia cac cau Iénh voi hai hinh lang tru ta duyét so dd trén theo thir
tu nguoc lai.

Day la nhitng gi tac dong lén canh tay phia trén:

T5: Kéo dan ddi tuong

T2: Quay dbi twong quanh mét tryc xuyén qua tim ctia no

T1: Tinh tién d6i tuong

Pay 1a nhitng gi tac dong Ién canh tay phia dudi:

T4: Quay dbi twong quanh mét truc xuyén qua trong tim cia nd

T3: Tinh tién di tuong

T2: Quay ddi twong mot lan nita, lan nay truc quay khéng qua tim ctia no

T1: Tinh tién d6i twong mot 1an nira

Nhan xét:

- Phép quay T2 tuong duong véi dong tac quay tai khdp vai va phép quay T4 tuong
duong véi dong tac quay tai khuyu tay

- T3 va T4 ndm giita hai 1énh glPushMatrix() va glPopMatrix() chi tac dong 1én canh tay
phia dudi

- Lénh T1 va T2 tac dong 1én canh tay phia trén va duong nhién ciing co tac dong dén
canh tay phia dudi vi khi canh tay phia trén chuyén dong thi canh tay phia duéi ciing chuyén
dong theo.

13



