D6 an tot nghiép . i i trangl
LOI NOI DAU

Do hoa may tinh 1a mdt lanh vuc phat trién nhanh nhAt trong tin hoc. N6
dugc ap dung rong rai trong nhiéu lanh vuc khac nhau thudc vé khoa hoc, k¥ nghé,
y khoa, kién tric va giai tri.

Nam 1966, Sutherland & Hoc vién Cong nghé Massachusetts 1a nguoi dau
tién dat nén bong cho d6 hoa 3D bang viéc phat minh ra thiét bi hién thi tram dau
(head-amounted display) dugc diéu khién boi mdy tinh dau tién. N6 cho phép
ngudi nhin c6 thé thiy duoc hinh anh dudi dang 1ap thé 3D. Tir 46 dén nay d6 hoa

3D trd thanh mot trong nhimng linh vyc phat trién ryc rd nhat ctia dd hoa may tinh.

N6 dugc tmg dung rong rii trong hau hét tit ca cac linh vic nhu Dién anh,
Hoat hinh, kién trac va céc ung dung xay dung cic md hinh thuc tai 4o.....Va
khong thé khong nhic dén vai tro toi quan trong cua dd hoa 3D trong vi€c tao ra
cac game s dung dd hoa hién nay nhu Doom, Halflife.... Viéc st dung dd hoa 3D
trong game 1am cho nguoi choi thich thu va c6 cam giac nhu dang sdng trong mot
thé gidi thuc. C6 thé noi dd hoa 3D di dang va s& tao nén mdt nén cong nghiép

game phat trién manh mé.

Muc dich chinh ctia d6 hoa 3D la tao ra va mé ta cac doi tuong, cdc mo hinh
trong thé gidi that bing mAy tinh sao cho cang giéng vé&i that cang tét. Viéc
nghién ctru cic phuong phap cac k¥ thuat khac nhau cta dd hoa 3D ciing chi
huong dén mot muc tiéu duy nhét d6 1a 1am sao cho cdc nhan vat, cac ddi tuong,
cac mo hinh dugc tao ra trong may tinh gidng that nhat. Va mét trong cac phuong

phap d6 chinh 14 tao bong cho dbi tugng.
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Hinh 1: Béng tao kich: mét man hinh-shot tur
id cia phan mém sang tao Doom 3. MOt vi du
béng cach s dung stenciled béng khdi tin.

Xuat phat tir van dé nay do an ciia em xdy dung gom 3 chwong:

CHUONG 1:CAC KIEN THUC CO BAN PO HOQA 3D VA TAO
BONG
Chuong nay néi vé cac kién thirc co ban vé anh sang, vé hién thi 3D va vé cac b
dém, va khai quat cac k¥ thuat tao bong.

CHUONG 2:CAC KY THUAT TAO BONG CUNG PHO BIEN
Chuong nay di vao chi tiét 2 k¥ thuat dé tao bong cimg 1a Bong khéi va Ban do
bong.

CHUONG 3:CHUONG TRINH THUC NGHIEM
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CHUONG 1:CAC KIEN THUC CO BAN CUA PO HOA 3D VA TAO BONG
CAC KIEN THUC CO BAN CUA PO HQA 3D
1.1. ANH SANG (LIGHTING)

Anh sang trong d6 hoa 3D déng vai tro kha quan trong. Va dic biét né 1a
thanh phan khéng thé thiéu dé tao ra bong. C6 ngudn sang chi chiéu theo mot
huéng nhat dinh (giéng anh sang mit troi), c6 ngudn sang chiéu ra toan khung
canh....Trong mdt khung canh c6 thé c6 nhiéu ngudn sang. Cac ngudn sang nay co
thé duoc tit bat timg cai gidng nhu ta tit dén bang cong tic vay. Theo md hinh &nh
sang ciia OpenGl thi 4nh siang gém c6 4 thanh phan chinh: Emissive Light,
Ambient Light, Diffuse Light, Specular Light. Cac thanh phan nay c6 thé duoc
tinh toan doc lap voi nhau, va cudi cung duoc két hop lai véi nhau.

Ambient Light la &nh sang bi phan ra boi méi trudng va khong thé xac dinh
hudng cia chung. Néu trong mot khung canh ta khong xac dinh ngudn sang thi két

qua dua ra ciing giéng nhu khi ching ta str dung Ambient Light.

Hinh 4: Chiéc dm dwoc chiéu bang Ambient Light.

Diffuse Light (anh sang khuéch tan) 13 4nh sang chiéu theo mot hudng nhit,
tuy nhién khi n6 gip mot bé mit né s& bi phan r bang nhau vé moi hudng, Vi thé
no6 sang bang nhau cho du c6 dit mit nhin ¢ dau ching nita. Moi ngudn sang dén

tir mot diém hay tir mot huéng nhét dinh déu c6 thanh phan Diffuse Light.
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Hinh 5: Am ché dwge chiéu bang Diffuse Light

Specular Light 1a 4nh sang phan xa. Khi gap mot bé mait nd s& phan xa lai

dung theo quy luat phan xa. N6 c6 thé dugc nhin thay trén nhimg bé mit cong.

Hinh 6. Am ché dwoc chiéu bang Specular Light

1.2. HIEN THI 3D (3D VIEWING)

1.2.1. Biéu dién diém va cac phép bién déi
Su chuyén doi tir toa do thé gid1 sang toa dd cua thiét bi 1a mot chudi cua

cac phép bién d6i affine va cac phép chiéu. trong khong gian Decarts 3 chiéu.

Cé4c phép bién doi affine va cac phép chiéu trong khong gian Decarts 3
chiéu ¢6 thé duoc biéu dién tdt nhat bai cac ma tran 4x4 tuong ing vdi cac toa do
ddng nhit (Homogeneous coordinates) (x,y,z,w). Diém 3D voi toa d6 dong nhat

(X,y,z,w) s& c6 toa do affine 1a (x/w,y/w,z/w).

Mbi quan h¢ gitra toa do affine va toa do dff)ng nhét khong phai l1a quan h¢ 1-

1. Céach don gian nhét dé chuyén tur toa dg affine (x,y,z) cia mdt diém sang toa do
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dong nhat la dat w=1: (x,y,z,1). Chung ta thira nhan rang tat ca cac toa do thé gioi

duogc biéu dién bang cach nay.
Ta s& biéu dién cic phép bién ddi affine (nhu 1a co gidn (scaling
transformations), phép quay (rotations), va phép tinh tién (translations)) bang céac

ma trin ma s& khong 1am thay doi thanh phan w (w=1).

e Tinh tién béi véc to T = (M. T,,T,):

1 00 T, T 41,
= |0 10 T, = |y y+ T,
M(T)=1p 01 M(T)- |, 2+ T,
0 00 1 1 1
e Phép co gian theo cac nhan t§ S = (S,.S,.S,)
S;E_ {] {] {] I S;;'.’.'l?
_|10 5 00 yl| _ | Sv-v
M) =9 ¢ s 0 M) | [=15 2
0 0 0 1 1 1

e Phép quay quanh gbc toa do ma theo d6 tap cac véc to chuan tic la

{G,\?,ﬁ }, truc giao timg d6i mot, s& duoc chuyén vé {Y,\?, Z}.

Uy Uy Uy 0

L vy Uy v, 0
MA@ 5D = [ S
0D 0 0 1

1.2.2. Téng quan

Cac dbi tuong trong mo hinh 3D dugc xac dinh voi toa do thé gioi. Cung voi
cic toa do cua ddi tuong, nguoi dung cling phai xac dinh vi tri va hudng cia
camera 4o trong khong gian 3D va x4c dinh vung nhin (la m¢t ving khong gian

duogc hién thi trén man hinh)
Viéc chuyén tir cac toa do thé gidi sang toa d6 man hinh dugc thyc hién theo
3 budce (hinh 2.1):
e Buéc dau tién thuc hién mot phép bién doi dé dua camera 40 tré vé vi tri va

huéng tiéu chuan. Khi d6 diém nhin (eyepoint) s& duoc diat & gbe toa do,
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hudng nhin trung vé1 huéng am cuia truc Z. Truc X chi vé phia phai va truc

Y chi 1én phia trén trong man hinh. H¢ toa do mdi nay s€ duoc goi 1a HE toa
d6 Mit (Eye Coordinate System). Phép bién d6i tir toa do thé gi6i sang cac
toa d0 mat 13 mot phép bién doi affine, duoc goi 1a phép bién dbi hién thi
(Viewing Transformation). Ca toa do thé gio1 va toa do mit déu duoc biéu

din boi toa do dong nhit (Homogeneous Coordinates) voi w=1.

e Budc thtt 2. Toa d6 mét duoc chuyén qua toa do cua thiét bi chuan hoa
(Nomalized Device Coordinates) dé cho ving khong gian ma ta muén nhin
dugc dat trong mat khdi 1ap phuong tiéu chuan:

“1<z<+41,-1<y<+1,-1<z<+1

Céc diém ¢ gan diém nhin (di€ém dat camera) hon s€ c6 thanh phan z nhé

hon.
Budc nay s€ gom 3 budc con.

e Budc cudi cung, phép bién doi cong nhin (Viewport Transformation) la su
két hop cua 1 phép co gidn tuyén tinh va 1 phép tinh tién. S& chuyén thanh
phﬁn X va y cua toa do thiét bi chuan héa —-1<x<1-1< y <1 sang toa do
Pixel ciia man hinh. Thanh phan z (-1<z<1) duoc chuyén sang doan
[0,1] va s& dugc sir dung nhu 13 gia tri chiéu sau (Depth-Value) trong thuét
toan Z-Buffer (bd dém Z) duoc sur dung cho viéc xac dinh mat s€ duoc hién
thi.

Budc thir 2 bao gdm 3 bude con.

o Mot phép chiéu chuyén tir viing nhin sang 1 khéi lap phuong tiéu
chuan vé&i toa do déng nhat: —1<x<1-1< y<1-1<z<1. Trong
truong hop st dung phép chiéu truc giao, ving nhin nay s& co dang
mot dng song song 3D véi cac mit song song véi cac mit cua hé toa
d6 mat. Trong truong hop sir dung phép chiéu ddi xtrng, viing nhin
s€ 1a mot hinh thap cut voéi dau mut 1a géc toa do cua hé toa do mat.
Hé toa do dong nhat (4 thanh phan) thu dugc sau phép chiéu duoc
goi 12 hé toa do cat (Clipping Coordinate System). Phép chiéu sé& 1a
mdt phép bién doi affine trong trudng hop phép chiéu 1 phép chiéu
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truc giao. Néu phép chiéu la phép chi€u phdi canh s€ khong phai la

mot phép bién dbi affine (Vi w s& nhan mot gia tri khac 1)

o Budc tiép theo, cac vung cia khong gian hién thi ma khong nim
trong khdi tiéu chuan d6 (Khéi nay con duge goi 1a khdi nhin tiéu
chuén) s& bi cit di. Cac da giac, cac duong thing dugc chira trong
hodc 1a ¢6 mot phan & trong s& dugc thay dbi dé chi phan nim trong
khéi nhin tiéu chuin méi duoc giit lai. Phan con lai khéng can quan
tAm nhiéu nira.

o Sau khi cat got, cac toa do déng nhét s& dugc chuyén sang toa do cua
thiét bj bang cach chia X,y,z cho w. Néu w nhén 1 gia tri ding qua
phép chiéu, thi phép chia nay sé& cho cac dong phdi canh mong mudn
trén man hinh. Vi 1y do d6., phép chia nay con dugc goi 1a phép chia

phéi canh (Perspective Division)
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Hinh7: Téng quan vé hién thi 3D va cdc phép chiéu.

1.2.3. Phép bién dbi hién thj (Viewing Transformation)
Phép bién do6i hién thi s& dua mot camera ao duoc cho tily y vé mot camera
v6i diém nhin tring voi gbe toa d6 va hudng nhin doc theo chiéu am cia truc Z
(xem hinh 2.1) Truc Y sau phép bién dbi twong tng sé& chi 1én phia trén cia man

hinh. Truc X s& chi vé phia phai.
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Mot cach thuan tién dé xac dinh vi tri cia camera 4o la cho san vi tri cia
di€ém nhin E, Mgt diém trong khung nhin R (diém tham chi€u) va mét hudng V sé

chi Ién phia trén trong man hinh.

Phép bién d6i hién thi s& gdm 2 budec:
e Mot phép tinh tién s& dua diém nhin E vé gbc toa do. Ma tran bién doi

tuong ung s€ 1a M, (—E). Két qua s& nhu sau:

l?.

reference-point)

e Mot phép quay sé chuyén hudng nhin nguge vé truc Z, quay vecto V ové

mit phdng YZ. Vector V s& chi duoc quay vé trang v6i truc Y néu V vudng géc
v6i hudng nhin. Trudc hét ta s& xay dung tip cac véc to chuin tic phu hop trong

toa do thé gioi.
E-R S -
—  Nguoc véi huéng nhin - 2 (0z)

ﬁ:_>—
F-H

—

Chi vé phia phai, vudng goc véi n > X
Y

Chi l1én gidng V , nhung vudng goc véi n va u —

Nhu vay ma tran cua phép quay s€ la: M, (u,v,n)

Va do d6 ma tran cua phép bién doi sé la:
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Trong do6 u,v va v dugc tinh tr E, R va V.

1.2.4. Phép chiéu truc giao (Orthographic Projection)

Trong trudng hop phép chiéu truc giao, ving khéng gian hién thi 1a mot éng
song song trong hé toa dd mat. Cac mit cua dng song song nay song song véi cac
mit cta hé toa do mat. Kich thudc va vi tri cta vung khong gian hién thi duoc xac
dinh béi toa 4o mit Xjer, Xrights Yoottoms Yiops Zfront V& Zback « (Xiefts Ybottom) V& (Xrights Yiop)
xéac dinh mot cira s0 trong miat phang chiéu (hoic 1a bat ky mat nao song song véi
miat XY) ma ving khong gian hién thi s& duoc hién thi trén d6. Ctra s6 nay phai
duoc dua vé dang hinh vudng [-1,+1]2. Zront VA Zpack dinh nghia 2 mat phang cat
trudc va cit sau. Toa do cua tat ca cac diém trong khong gian (hodc it nhét 1a
nhiing diém ta mudn nhin) phai thoa man zp,k< Z < Zgone - Khodng gia tri ctia z
phai dugc dua vé cac gia tri chiéu sau (depth value) nam trong doan [-1,+1]. Cac

diém gan mat hon s€ c6 gia tri chiéu sau nhd hon.

tront

it

z | EYE COORDINATES

Hinh 8 : Viing khéng gian hién thi cia phép chiéu truc giao.

Phép chiéu tryc giao thu dugce bang cach thuc hién cac phép bién ddi sau
theo thur tu:

by Doy ey
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e Phép tinh tién M, (—M) s& dua tdm cia ving khong gian hién thi vé goc

toa do cua hé toa do mat.

H — (mﬂﬁht + Ten Yhop + Ybottom  Zfront + zl::ack)
2 ’ 2 ’ 2

e Mot phép co gidn dé dua kich thudc cta ving hién thi vé 2 don vi mdi
chiéu.

e Mot phép ddi xtmg qua mat XY dé cac diém nim gan hon s& nhén gia tri
z nhé hon.

Phép co gidn va phép ddi ximg & trén c6 thé thu duoc chi bang mot phép

bién déi don: M, (S) v6i:

S‘—( 2 2 —2 )
Tright — Lleft Ytop — Yhotiom  Zeront — Zback

Nhu vy ma tran ctia phép chiéu truc giao sé la:

2 0 0 __ Fuigl |_11+-"'eI=f'L
Fright=Fleft Tright— Tkt
. o 0 2 0 __ Yropt Yisttam
MA(S) M=) = | 1 e D e
Zront = Fhack Zrom — Fhack
0 0 0

Thanh phan z khong thay d6i, boi vi phép chiéu truc giao 1a mot phép bién
dbi affine. Phép chiéu nay duoc sir dung trong cac tng dung can dén cac quan hé
hinh hoc (céc ti s6 khoang cach) nhu 13 trong CAD.

1.2.5. Phép chiéu phéi canh (Perspective Projection)

Phép chiéu phdi canh phu hop va gin hon véi quan st cia con ngudi (bang
mot mat) trong thé gidi 3D. Tét ca cac diém trén mot dudng thang di qua diém
nhin s€ dugc anh xa 1én cung mot diém trong man hinh 2D. DPiém anh nay duoc
xac dinh boi toa d6 thiét bi chuin hoa x va y. Néu 2 diém duogc 4nh xa vao cung
mot diém trén man hinh, ta can phai xac dinh diém nao s& duoc hién thi béng thuat
toan Z-buffer, nghia 1a so sanh chiéu sdu cia chung. Vi Iy do nay chung ta can
dinh nghia mdt thanh phﬁn toa do khéac cta thiét bi chuan hoa 1a z sao cho n6 1a
mot ham ting don diéu cua khoang cach tir diém d6 dén mit phang mét XY.
Khoang cach tir mot diém trong khong gian dén mit phang XY khong bang vai
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khoang cach tir diém do6 dén diém nhin (duoc dat & goc toa do), nhung nod s€ duogc

tinh toan don gian hon va cling du dé xac dinh duoc cac mat s& dugc hién th.

Nhu vy, phép chiéu truc giao s& dua mot diém (v6i toa dd dong nhit)
trong h¢ toa do mit (x,y,z,1) vé mot diém (toa do déng nhét) trong hé toa do cat
(X,y,Z,W). Sau d6 cac toa do cua thiét bi chuan hoa (affine) (x ,y ,z ) s& thu duoc
bang cach chia x,y,z chow (Phép chia phdi canh):

@ y", 2") = (%, 5, %)

Vé6i phép chiéu phdi canh, ving khong gian hién thi 1a mot hinh thap cut

voi dau mut 1a goc toa do.

Wiz)

depend of z)

Hiz)

Ll 8

z | EYE COORDINATES

Hinh 9: Viing khéng gian hién thi ciia phép chiéu phéi canh can xiing
(Symmetrical Perspective Projection)

1.2.6. Phép bién dbi céng nhin (Viewport Transformation)
Phép bién d6i cong nhin chi gdbm mot phép tinh tién va mot phép thay doi ti
1é dé:
e Toa d6 thiét bj chuén hoa (x, y) véi —~1<X<1L-1<y<1 duoc chuyén qua

toa do pixel.

left <z, < left + width
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bottom < y,, < bottom + height
e Thanh phan z v6i —1< 7 <1 dugc co lai trong doan 0< 2, <1,
Gia tri z, nay s& dugc st dung dé loai bé nhitng bé mat bi an. Nhimng diém
c6 gia tri z, nho s& nam trude nhitng diém c6 gia trj z, 16n hon.

Xay dyng ma tran bién doi la cong viéc don gian. Tuy nhién s€ hi€u qua hon

néu ta thyc hién phép bién d6i mot cach truc tiép:

; z+1
x, = left+wzdth-T
; y+1
v, = bottom+hezght-T
z+1
ZW — 2

1.3. BO PEM VA CAC PHEP KIEM TRA

Mot muc dich quan trong cua hau hét cac chuong trinh dd hoa 1a vé& dugc
cac burc tranh ra man hinh. Man hinh 1d mét mang hinh vudng cta cac pixel. Mdi
pixel d6 c6 thé hién thi dugc 1 mau nhat dinh. Sau cic qua trinh quét (bao gom
Texturing va fog...), dit liéu chua tr& thanh pixel, nd van chi 1a cac “manh”
(Fragments). Mdi manh nay chira dit liéu chung cho mdi pixel bén trong n6 nhu 1a
mau sic 1a gia tri chiéu sdu. Cac manh nay sau d6 s& qua mot loat cac phép kiém

tra va cac thao tac khac trude khi dugce vé ra man hinh.

Néu manh d6 qua duoc cac phép kiém tra (test pass) thi né sé tré thanh céac
pixel. Bé v& cac pixel ndy, ta can phai biét duoc mau sic cua ching 1a gi, va thong

tin vé mau sac ctia mdi pixel dugc luu trong bd dém mau (Color Buffer).

Noi luu trit dir liéu cho timg pixel xut hién trén man hinh dugc goi 1a b¢
dém (Buffer). Cac by dém khéc nhau sé chua mdt loai dir li€u khac nhau cho pixel
va bd nhd cho mdi pixel co thé s& khac nhau giita cac bo dém. Nhung trong mot
bo dém thi 2 pixel bat ky s€ dugc cép cung mot lugng bd nhd giéng nhau. Mot bd
dém ma luu trit mot bit thong tin cho mdi pixel duoc goi 1a mot bitplane. Co céc
bd dém phd bién nhu Color Buffer, Depth Buffer, Stencil Buffer, Accumulation
Buffer.
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1.3.1. B6 dém chieu sau (Z-Buffer)

1.3.1.1. Khai niém: La bo dém luu trit gia tri chiéu sau cho timg Pixel. N6
dugc dung trong viéc loai bo cac bé mit an. Gia sir 2 diém sau cac phép chiéu
dugc anh xa vao cung mdt pixel trén man hinh. Nhu vay diém nao co6 gia tri chiéu
sau (z) nho hon s& duoc viét de 1én diém cé gid tri chidu sdu 16n hon. Chinh vi viy

nén ta goi bd dém nay la Z-buffer.

1.3.1.2. Depth test: V6i mdi pixel trén man hinh, b dém chiéu sau luu
khoang cach vudng goc tir diém nhin dén pixel d6. Nén néu gia tri chiéu sau cua
mot diém duge anh xa vao pixel d6 nho hon gié tri dugc luu trong by dém chiéu
sau thi diém nay dugc coi 1a qua Depth test (depth test pass) va gia tri chiéu sau
cua n6 dugc thay thé cho gia tri luu trong bo dém. Néu gia tri chiéu sdu cta diém
d6 16n hon gia tri luu trong Depth Buffer thi diém d6 “trugt” phép kiém tra chiéu
sau. (Depth test Fail)

1.3.2. B6 dém khudn (Stencil Buffer)

1.3.2.1. Khai niém: Bo dém khuon dung dé gi61 han mot vung nhét dinh
nao d6 trong khung canh. Hay néi cach khac noé danh ddu mot ving nao do6 trén
man hinh. B§ dém nay dugc sir dung dé tao ra bong hoac dé tao ra anh phan xa

clia mot vat thé qua guong. ..

1.3.2.2. Stencil Test: Phép kiém tra Stencil chi dugc thuc hién khi c6 bd
dém khuon. (Néu khong c6 bo dém khudn thi phép kiém tra Stencil dugc coi la
ludn pass). Phép kiém tra Stencil s& so sanh gia tri luu trong Stencil Buffer tai mot
Pixel voi mot gid tri tham chiéu theo mot ham so sanh cho trudc nao d6. OpenGL
cung cap cac ham nhu 1d GL_ NEVER, GL_ALWAYS, GL_LESS, GL_LEQUAL,
GL_EQUAL, GL _GEQUAL, GL GREATER hay la GL NOTEQUAL. Gia st
ham so sanh 1a GL_LESS, mot “manh” (Fragments) dugc coi 1a qua phép kiém tra

(pass) néu nhu gia tri tham chiéu nho hon gia tri luu trong Stencil Buffer.
Ngoai ra OpenGL con hd trg mdt ham 1a
glStencilOp(GLenum fail, GLenum zfail, GLenum zpass);

Ham nay xac dinh dir liéu trong stencil Buffer s& thay d6i thé nao néu nhu
mot “manh” pass hay fail phép kiém tra stencil. 3 ham fail, zfail va zpass c6 thé 1a
GL_KEEP, GL ZERO, GL _REPLACE, GL INCR, GL_DECR ...Ching tuong

ung voi gilt nguyén gia tri hién tai, thay thé no vai 0, thay thé nd boi mot gia tri
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tham chi€u, tdng va giam gia tri luu trong stencil buffer. Ham fail s€ dugc stir dung

néu nhu “manh” d6 fail stencil test. Néu né pass thi ham zfail s& duoc dung néu
Depth test fail va tuwong tu, zpass duoc dung néu nhu Depth test pass hodc néu
khong c6 phép kiém tra d6 siu nao duoc thuc hién. Mic dinh ca 3 tham s6 nay la
GL_KEEP.

1.4 TAO BONG
1.4.1 Khai niém béng:

“Béng (Shadow) la mét viing toi nam giita mot viimg dwoe chiéu sang, xudt
hién khi mét vt thé dwoc chiéu sang toan bo hodc m,o”tphc”in v

Bong 13 mot trong nhitng yéu t& quan trong nhat cua tri giic con nguoi vé
viéc nhan biét cac vat thé trong thé gidi 3 chiéu. Bong gitp cho ta nhan biét dugc
vi tri trong d6i cta vat d6 bong (occluder) v6i mat nhan bong (receiver), nhan biét

dugc kich thude va dang hinh hoc cua ca vat do bong va mdt nhan bong.

Hinh 1: Béng cung cdp thong tin vé vi tri twong doi ciia vit thé. Véi anh & bén trdi
ta khong thé biét dwoc vi tri ciia con roi. Nhung véi lan luot 3 anh & bén phdi ta

thay vi khoang cach cua chung so voi mat dat xa dan.
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Hinh 2: Béng cung cdp théng tin vé dang hinh hoc ciia mdt tiép nhdn. Hinh
bén trdi ta khéng thé biét dwoe dang hinh hoc ciia mdt tiép nhdn, con mdt bén phai
thi dé dang thdy duoc.

S, S, S

Hinh 3: Bong cung cap thong tin vé dang hinh hoc cua con roi. Hinh bén
trdi con roi cam do choi, ¢ giita né cam cdi vong, va bén phai né cam cdi am tra.
1.4.2 Phén loai bong:

Hau hét cac thuat toan va cac phuong phap tao bong déu co thé dugc chia
1am 2 loai chinh 13 béng cimg (Hard shadow) va bong mém (Soft shadow), phu

thudc vao loai bong ma né tao ra.

Vung bong duogc hién thi dugc chia lam 2 phén phan biét: Phan chinh ma
nam hoan toan trong bong duoc goi 1a vung thuin bong, ving bao bén ngoai n6 va
c6 mot phan nam trong bong duoc goi 1a ving nira bong. Cac thuit toan tao bong
ctng 1 nhi phan vi moi thir déu chi ¢ 2 trang thai 13 bong(1) va duoc chiéu sang
(0) — Chiing chi hién thi duy nhit phan bong ctia bong. Céc thuit toan tao bong
mém hién thi ving nira bong bén ngoai bao tram ving thuan bong trung tm va
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phai xu ly tinh todn phan md duc cho vung ntra bong.(Két qua tir sy phan bd

cudng do anh sang bt quy tic trong vung nira bong)

Hinh11: Hinh bén trdi la mot vi du vé bong citng, hinh bén phdi la vi du vé béng

meéem.
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CHUONG 2:CAC KY THUAT TAO BONG CUNG PHO BIEN
2.1 CAC KY THUAT TAO BONG CUPNG
Céc tinh toan tao bong thuc chét 1a viéc xac dinh xem mot diém trong khung
nhin ¢6 nim trong ving bong khong. Mot cach co ban né 1a mot phép kiém tra

tinh hién thi cua mot diém. Cac thuat toan tao bong cling phé bién 1a:

2.1.1 Tao bdéng gia (Fakes Shadow)

Céac thuat toan tao béng gia bao gom cac truong hop dic biét tao bong
khong diing ddn bang cac phuong phap toan hoc. Nhimg k¥ thuat nay chi duoc sir
dung trong nhimg truong hop dic biét (Vi du nhu bong chi duoc vé cho nhing ddi
tuong dac biét, hodc bong chi duge vé& 1én mot mat phang. Tuy nhién cac phuong

phép nay cling tao ra bong lam cho ta c6 cam giac kha that.

2.1.2 Béng khéi (Shadow Volume)

Bong khéi 1a mét k¥ thuat tao bong can dén céu trac hinh hoc cua vat dd
bong. Vat d6 bong phai duogc tao boi cac khdi da gidc. Theo d6 ta s& tim nhiing
dinh va canh vién, 12 nhimg canh déng vai tro tao nén bong khéi. Mot tia sang
chiéu toi vat thé sé tiép xtic v6i vat thé tai diém hodc canh vién d6 va di cat mit
phang nhan bong. Nhirng canh vién, va dinh vién nay sé tao ra cic mit bén da giac
ctia bong khéi. Tir d6 dua vao cac phép kiém tra ta s& kiém tra duoc mot diém
trong khung canh c¢6 thudc bong khdi hay khong. Viée xac dinh cac canh vién va

kiém tra ta s€ nghién cru & phan dudi.

2.1.3 Dung ban dé béng (Shadow Mapping)

Day 1a thuat toan dung dén bd dém chiéu sau (Depth Buffer). Y tudng chu
yéu 1a str dung ban d6 chiéu sau (hay con goi 1a ban d6 bong) dé luu trit cac gia tri
chiéu sau khi tao anh tir vi tri ctia anh sang rdi sau do sir dung cac gia tri nay dé

xéac dinh pixel ndo dugc chiéu sang hay 1a nam trong bong.
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o

Béng ciing dwoc tao ra boi ban dé bong

2.1.4 Lan theo tia sang (Ray Tracing)

Thuét todn nay st dung k¥ thuat Ray Tracing:

Vé6i mdi tia sang di ra tir mat ta vao mot khong gian 1a mot duong thang s&
cit vao ctra sO (man hinh) va cham vao vat thé trong khong gian (gan nhit tir mat).
Tai diém cham vao vat thé d6 thi tuy & moi diém cham cua vat thé do c6 tinh chit
nhu thé ndo ma ta chia ra cac tia sang tiép theo.

Néu diém cham d6 c6 tinh khuc xa, phan xa thi ta lai lan theo tia sang do
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theo tirng tia phan xa, khuc xa...

Néu tai diém cham d6 vat thé c6 tinh Xuyén thu, phan xa tuc la 1 phﬁn cua
tia sang di qua vat thé d6, mot phan tia sang d6 duoc phan xa ta lai xét ting
tia....tiép tuc mdi tia lai cham vao vat thé khac lai chia ra tung tia khuc xa phan xa
riéng & mdi diém cham :)

Sau khi cit moi vt thé c6 thé trong khong gian ta tinh mau tai tia tir mét cét
& cira sd va dat & d6 1 gia tri mau. Tuong tng quét tat ca cac tia tir mit dén man

hinh...

Bong tao bai k¥ thuat nay trong rat that. Nhung chi phi dé thuc hién né qua
dat vi phai thuc hién qua nhiéu phép tinh. Chinh vi vay k¥ thuat nay it dugc sir
dung trong cac ing dung thoi gian thue.

2.2 CAC KY THUAT TAO BONG MEM
Cac ky thuat tao bong mém s& cho bong sinh ra trong that hon rat nhiéu so
voi bong dugce sinh ra bdi cac thuat toan tao bong cung. Tinh that ctia né dugc
biéu hién boi ca ving ntra bong va ving thuan bong. Hinh dang ciia bong sinh ra
boi cac thuat toan tao bong mém s& phu thudc vao hinh dang, kich thudc ctua vat

thé tao bong , nguon sang va ca vi tri trong doi gitra ngudn sang va vat thé.

Cac k¥ thuat tao bong mém phd bién c6 thé ké dén la:

2.2.1 Thuat toan bé dém khung (Frame Buffer Algorithms)

Pugc dé xuat bi Brotman va Badler dua trén viéc sinh ra cac da giac thuan
bong trong sudt qua trinh tién xir Iy. Bo dém chiéu siu 2D ma dugc st dung dé
xac dinh mat dugc hién thi s& dugc mo rong dé luu bd dém nim gilt cac thong tin
dé xac dinh xem mdt pixel bt ky 12 nim trong ving ntra béng hay ving thuin

bong.

2.2.2 D&i quang tia 2 chiéu va phan bé (Distributed and
Bidirectional Ray Tracing)

RAt nhiéu mo rong cua thuit toan Ray-Tracing duoc st dung dé tao bong
mém. D3i quang tia phan bd cung cdp mot ky thuat tao bong lang, mo va chuyén
dong mo trong khi D&i quang tia 2 chiéu cung cap mot phuong phap tao bong

mém rat nhanh.
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2.2.3 Anh sang nang cao (Radiosity)
Radiosity 14 mot ky thuat tao bong mém bang cach tinh toan tit ca cac phan
xa, khuéch tan anh sang gifta cac mat khac nhau cua tat ca cac vat thé trong khung
canh. N6 hau nhu chi duge str dung cho cac mit da giac bai vi chi phi tinh toan

ctia phuong phap nay rét 16n.

2.3 BONG KHOI (SHADOW VOLUME)

2.3.1 Giéi thiéu
Thuat toan tao bong bang ky thuat str dung bong khdi dugc dé xuat dau tién
boi Frank Crow vao nam 1977. Theo dé ong ta vé mot khdi ma bi che lap anh
sang bai vat tao bong. Moi vat thé nim trong khéi d6 dugc coi 12 nam trong bong.
“Bong khéi 1a mot ving khéng gian duge kéo dai tir vat thé theo hudng cia
anh sang. Bat ky diém nao nim trong d6 déu la thudc ving bong cia vat thé véi
anh sang”

Shading object

_ (Occluder, Shadow caster) Surface outside
S 8 N of shadow volume
=@ ( (1it)
/ 1\ \
\ ]
' _
Light source Shadow volume
@

Position of eve

Surface inside
of shadow volume
(in shadow)

Partially lit
object (Receiver)

Hinh 12: Béng khoi

Thuét toan béng khdi 1a thuat toan tao bong dua trén cac thong tin vé hinh

dang cta vat thé can tao bong (Geometry Based Shadow Algorithm), vi thé né doi
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hoi phai cé cac thong tin vé tinh két noi cua cac ludi da gidc cia tat ca cac vat thé
c6 trong khung hinh (scene) dé c6 thé tinh toan mot cach hiéu qua va chinh xac.

Céc thong tin vé vat thé c6 thé dugc ldy tir mot md hinh WireFrame, trong

d6 no thé hién hinh dang cua d6i twong 3D bing 2 danh sach:
e Danh sach cac dinh: Luu toa dd cac dinh.
e Danh sich céac canh: Luu cac cdp diém dau va cudi cua tung canh.

Trong do cac dinh va cac canh dugc danh sb tht tu cho thich hop.

Danh séch céic dinh 5
Vector X y z /1 P4
| 0 0 0
2 0 1 0
3 pPo 1

3 0 1 1 £s P3
4 0 0.5 1.5

P1Q
5 0 0 | pPs
6 | 0 0 =

Pl \\
7 1 1 0
P2

8 1 | |

P6
9 | 0.5 1.5 P7
10 | 0 | 5-¢

Hinh 13: Biéu dién ciia mét can nha.

Ngoai ra con c6 thé 1ay tir file .obj dugc tao ra khi ta st dung cac cong cu

xay dung mo hinh 3D nhu Google Sketchup, 3DSmax....

Thudt toan bong khdi con 1a thudt toan trén timg pixel (Per Pixel
Algorithm) Vi ta s& thuc hién mot phép kiém tra “trong bong” (in shadow) cho
mdi diém dugc vé ra man hinh. N6 bao gom 2 phan riéng biét. Phan dau tién
chung ta phai thuc hi¢n cac tinh toan lién quan dén viéc tao ra cai ma nguoi ta goi
1a bong khoi.

2.3.2 Tim danh sach canh vién.
MB&i vat thé dbi voi mdi ngudn sang s& co mot bong khdi. Dé don gian ta s&

chi xét véi mot ngudn sang duy nhit. Y tudng dé tao ra bong khdi 1a ta s& xay
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dung moét ludi cac da giac bao quanh vung bong khéi ma vat thé tao ra do duoc

chiéu sang. Dé 1am duoc diéu do6, ta phai tim ra danh sach cac canh vién cua vat
thé, chung 13 nhitng canh chu yéu dé tao ra bong khoi, khi anh sang chiéu dén
nhitng canh d6, n6 s& khong dimg lai ma di tiép. C6 thé hiéu dé 1a nhing canh tiép

xUc cua vat thé voi tia sang.

Hinh 14: Canh vién (Silhouette Edge) dwoc t6 do.

|

Hinh 15: Khi nhin tie vi tri ciia nguén sdng ta sé khong thdy bong VA rat dé dé xdc

dinh canh va dinh vién.

Pé tim dugc cac canh vién nay, trudc tién ta can x4c dinh mat nao cua vat
thé s& duogc chiéu boi anh sang va mit nao thi khong. Viéc nay khd don gian khi ta
da biét toa do cia nguodn sang, vecto phap tuyén ctia mat va phuong trinh clia mat
phang. Ta chi viéc thay toa d6 ngudn sang vao phwong trinh mit phang, roi tinh
két qua, néu két qua >0 thi khi d6 phép tuyén va ngudn sang nam cting mot phia
vO1 mat phéng dé, va do d6 no duge chiéu sang. Thu tuc xac dinh mat duoc chiéu
sang s€ nhu sau:
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Goi P[i](x,y,z) = a*x + b*y + c*z + d 14 phuong trinh cua mat thur 1 cua vat

thé.
L = (L« Ly, L;) 1a vi tri cia ngudn sang.
n: S6 mit cua vat thé
Procedure VisiblePlaneTest( )
Begin
Side: interger;
Fori=0tondo
Begin
Side =a*L, + b*L,+ c*L, + d;
it (Side>0) then P[i].visible = True
else P[i].visible = False;
End
End

M&di canh s& c6 2 mit chira nd, mdi canh vién s& phai c6 mdt da giac ké duoc
chiu t&1 bdi anh sang va mot thi bi che. Boi vi n€u ca 2 da giac do déu dugc chiéu
sdng hodc la ca 2 déu bi che thi canh d6 s€ khong phai la canh vién. Khi d6 ta cé

thuat toan tim danh sach cic canh vién duéi dang ma gia nhu sau:
Goi P[i] 1a da gic thtr i cua vat thé.
n: 1a sb da giac.
Procedure Danhsachcanhvien()
Begin
fori=0tondo // Kiém tra tt ca cac da giac.
if (P[i].visible = true}  // Néu mit chira da giac d6 dugc chiéu sang
Begin
for {tt ca canh cta da giac} do

if {canh d6 di c6 & trong danh sach canh vién}
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- Loai bo no6 ra khoi danh sach.

else
- Thém canh d6 vao danh sach.
End,
End,
2.3.3 Xac dinh cac tr giac bao quanh bong khéi

Khi chung ta dd c¢6 danh sach cac canh vién rdi, ching ta s& tao ra bong
khéi bang cach xay dung cac tir gic tir mdi canh vién d6 dya vao vi tri ciia ngudn
sang. 2 dinh dau cua tir giac 1a 2 dinh cia canh vién. 2 dinh tiép theo s& nam trén 2
duong thang ndi giita nguon sang va 2 dinh dau. 2 dinh nay theo 1y thuyét s& duoc
chiéu ra vo cyc nhung nhu thé s& khong can thiét vi thé ta s& chi cho chung céc gia
tri toa do 16n la duoc.

vl va v2 1a 2 dinh ciia mot canh vién bat ky trong danh sach.

L 1a vi tri ctia ngudn sang.

v3 va v4 s& 12 2 diém can tim toa d dé tao ra ti giac.

Const He so_chieu 100 //Hé s6 chiéu nay phai 1a mot s6 16n.

v3.x = (v1.x - L.x) * He_so_chieu;

v3.y = (vl.y - L.y) * He_so_chieu;

v3.z=(v1.z - L.z) * He_so_chieu;

v4.x = (v2.x - L.x) * He_so_chieu;

vdy = (v2.y - L.y) * He_so_chieu;

v4.z = (v2.z - L.z) * He_so_chieu;
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Hinh 16: Bong khéi dioc tao ra nho canh vién.

Tir cac diém nay ta s& v& duoc cac tir giac bao ngoai bong khdi. Van dé con
lai can phai giai quyét voi bong khdi 1a phai “ddy nap” (Capping) 2 dau cia khdi
lai dé no tré thanh mot khéi kin. Lic d6 ta c6 thé thyc hién cac phép kiém tra mot
cach chinh xac nhat. D& “nip” phia trudc thi don gian 1a ta dung ludn cic mat
trudc cta vat thé doi véi vi tri cta anh sang. Nip mit sau thi ta chi can chiéu ting

mat sau cua vat thé voi anh sdng do6 ra vo cuc. Phan nay khong can thiét 1am bdi vi

ta da chiéu n6 ra gan nhu 1a vo cuc. Nén nhirng diém d6 khong can xét dén nhicu.

Hinh 17: Hinh bén trdi véi bong khéi chwa dwoe “ddy ndp”, va hinh bén phdi la

dwoc “ddy nap”
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2.3.4 Tao béng bang thuat toan Z-Pass.

Khi ta di tao dugc ludi cac da gidc bao ngoai bong khdi. Chung ta phai thuc
su v& bong cuia vat thé ra, hay néi chinh xac 1a v& ra vat thé cing véi bong ciia né.
Dé lam duoc viée d6 ta phai xac dinh duoc mot pixel c6 nim trong ving bong
khéi d6 hay khong. Thuit toan xac dinh mot pixel c6 nim trong ving bong khdi
d6 hay khong kha don gian. Tu tudng cua nd 13, ndi diém can kiém tra v6i diém
dit camera (mét nhin). Néu sb mit trude va sd mit sau ciia bong khdi ma no cit
bang nhau thi diém dé khong ndm trong ving béng khéi. Néu no cit sb mit trude
ctia bong khéi nhiéu hon sé mit sau ma né cét thi c6 nghia 1a diém d6 ndm trong
vung béng khoi.

Dé xac dinh xem doan d6 cit bao nhiéu mit trudc, bao nhiéu mat sau ta s&
dung mot bd dém cho mdi diém can kiém tra, ma sé tang 1én 1 don vi khi no6 di
xuyén qua mdt mat trudc va giam di mot don vi néu né di xuyén qua mot mat sau
ctia bong khéi. Khi d6 néu bo dém cho gia tri bang 0 thi diém d6 khong nam trong
phan bong, Con néu né 16n hon 0 thi ¢6 nghia 13 diém nay nam trong ving bong

va s€ khong duoc dugc veE ra.

Va Stencil Buffer s& thuc hién diéu dé. Stencil Buffer s& cung cip cho mdi
pixel trén man hinh mot “bd dém” va chiing ta c6 thé ting va giam no khi pixel d6
dugc ghi vao trong Frame Buffer. Sau d6 chung ta hoan toan c6 thé kiém tra bo

dém do6 dé xac dinh xem diém d6 s& dugc ghi ra man hinh hay khong.
Thuit toan s& dugc mo ta bang ma gia nhu sau:
Procedure IN_SHADOW TEST//  Z-pass
For {tat ca cac vat thé can d6 bong} do
- Xy dyng danh sach cac canh vién.

- Tinh toadn céc tir giac bao quanh bong khoi dya trén céc canh vién

va tir vi tri ciia ngudn sang.
End for
For {Tét ca cic mit trudc ctia bong khdi nhin tir vi tri cia diém nhin} do
if Depth test passes then

- Tang gia tri Stencil Buffer.
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End if

End for
For {Tét ca cic mit sau ctia bong khdi nhin tir vi tri ctia diém nhin} do
if Depth test passes then
- Giam gia tri Stencil Buffer.
End if
End for

/
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Light source __-—-—"' 1 Coa
Shading object
k (Occluder, Shadow caster)
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Hinh 18: Budc mot, Vé cdc mdt trude cua bong khéi.
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Hinh 19: Budc 2, Vé cdc mdt sau cua bong khéi.
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Hinh 20: Két qua. Gid tri Stencil Buffer tai cdc ving.
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[0

Hinh 21: Trdi: Khéngced bong, Giita: Bong khoi dwoc tao ra, Phdi: Két qud cudi.
Cac budc thuc hién nhu sau:

o X6a hét trong Z-buffer va Stencil-Buffer, Chic chan rang Ché d6 ghi
Vao Z-buffer va ché do Stencil test dugc bat.

. Tao anh ciia toan bo khung canh (bao gém vat thé va cac mat himg
bong) véi Ambient Light dé cho Z-buffer duoc cip nhat.

o Tit ché do ghi vao Z-buffer.

° V¢€ ra cac mat trudc cua bong khdi, Néu ching thyc su dugc vé ra.
(Co6 nghia 1a Depth Pass) thi tang gia tri Stencil Buffer.

° V& cac mat sau cua bong khdi, Néu ching thuc sy dugc veé ra.(Co
nghia 1a Depth Pass) thi giam gia tri Stencil Buffer.

. Bat ché do Stencil test (chi nhitng diém c6 gia tri Stencil = 0 méi
dugc v€ ra man hinh), X6a Z-buffer, bat ché @6 ghi vao Z-buffer, bat nguén sang.

. V& ra toan bo khung canh nhiing diém c6 gia tri trong stencil Buffer
14 0.

2.3.5 Tao béng bang thuat toan Z-Fail
Thuét toan Z-Pass & trén c¢6 méot nhuoc diém rat 16n 1a chua xu Iy duoc
truong hop khi diém nhin (viewpoint) nim & trong ving bong khdi. C6 3 giai phép
dé xir Iy truong hop nay:
e Trir gia tri cua Stencil Buffer 1 don vi cho phan béng khéi ma diém nhin
nam trong (trong trudng hop c¢6 nhiéu vat thé). Tuy nhién néu lam nhu thé
nay thi chi phi tinh toan sé& rat dat.
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e Tao mdt mat phang nam trudc va rat gan di€ém nhin cho modi phan bong
khéi ma diém nhin nam trong d6. Cach nay ciing vy, kha phirc tap va chi

phi tinh toan ciing dit.

e (Céach thtr 3 1a st dung thuat toan Z-Fail do. Thay vi tinh toan gia tri Stencil
bang viéc ting cac mit trudc cua bong khdi va giam gia tri cia cac mat sau
khi Z-Buffer Pass, toan bd qua trinh s& duoc thay doi dé dém tir vo cuc thay

vi dém tir diém nhin. Vi thé thuat toan nay con goi la Z-Fails.

Thuat toan Z-fail dugc thé hién bang doan ma gia sau:

Procedure IN_SHADOW _TEST //  Z-fail
For {tat ca cac vat thé can d6 bong} do
- Xy dyng danh sach céc canh vién.

- Tinh toan céc tir giac bao quanh bong khoi dya trén céc canh vién

va tir vi tri cia ngudn sang.

End for

For {Tét ca cac mit trudc ctia bong khdi nhin tir vi tri cta diém nhin} do
if Depth test fails then
- Giam gia tri Stencil Buffer.
End if

End for

For {Tét ca cic mit sau ciia bong khéi nhin tir vi tri ciia diém nhin}
iIf Depth test fails then

- Tang gia tri Stencil Buffer.

End if

End for
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Thuéat toan Z-Pass

Thuit toan Z-fail

Uu diém

Khong can thiét phai “day
ndp” (Cap)

Tao it mat hon (do khong

can tao capping)
Nhanh hon Z-fail.

Dé thuc hién hon

Giai quyét duoc trudong
hop diém nhin nam trong
bong khéi.

Nhuwoc

diém

Khong giai quyét dugc
van dé khi diém nhin &

trong bong khbi.

Khong c6 tu bong (Self-
shadow)

Cham hon Z-pass.
Poi hoi bong khdi phai
dugc Capping.

Phai tao ra nhiéu mat hon

do phai Capping.
Kho thuce hién hon.

Khong c6 tu bong (Self-
Shadow)
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CHUONG 3:CHUONG TRINH THU'C NGHIEM
chwong trinh (’ng dung ky thuat tao bong cirng minh hoa cho két
qua dé tai st dung ngén ngir 1ap trinh visual c.net va chay trén méi truéong
window.Dau vao ctia chwong trinh Ia 4 tori quay quanh 1 diém sang.

Shadow volumes

'PS: 311.29
"zFail" algorithm with capped, infinite shadow volumes

'PS: 333.12

"zFail" algorithm with capped, infinite shadow volumes

Mo ta:

Dw an nay sé hién thj bdn Tori xoay quanh mét diém anh sang nguén. Mébi casts
Shadows trén khac Tori va trén twdng. Hiéu qua la da dat dwoc trong ba qua:

1. Vétoan bd canh lit ca ambient va mot lvong nhod diffuse anh sang.
Dieu nay cling vwot qua dat gia tri chiéu sau cho nhin thay canh.
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2. V& khdi tin vao bong tbi stencil buffer.
Theo mac dinh, béng t6i khéi tin, st dung "zFail" ky thuat, v&i mét infinite
clip bay xa, nhw dwoc mé ta trong "manh mé Stenciled Shadow volumes"

giay. .
3. VEé canh lit v&i day dua diffuse va specular, trong khu virc unshadowed
(noi stencil == 0).

Yéu cau:
Poi véi hai bén-stencil Shadows:

EXT_stencil_two_side
EXT_stencil_wrap

D6i v&i khéi lwgng chwong trinh vertex phun ra:
ARB_vertex_program
Tai liéu tham khao:
1 [1] Bai giang Xir Iy dnh, DS Nang Toan, Vién cong nghé thong tin Qudc Gia

2.Nehe tutorials bai hoc 28 - stencil béng khéi tin. Nehe.gamedev.net

3.Ikrima Elhassan, “Shadow Algorithms” , 20-02-2007.

4.Andrew V.Nealen, “Shadow Volume and Shadow Mapping, Recent
Development

5.in Real-time Shadow Rendering”, University of British Columbia, 2000.
6.Pham Anh Phuong, Nguyén Hitu Tai, “Gido trinh Ly thuyét Do hoa”, 15-
09-2006

7.& Thwc té manh mé Stenciled Shadow volumes cho phan cing-
Accelerated Ra, ciia Cass Everitt va Mark J Kilgard. Developer.nvidia.com



http://72.14.203.132/translate_c?hl=vi&sl=en&u=http://nehe.gamedev.net/&prev=/search%3Fq%3Dpaulsprojects.net%26hl%3Dvi&rurl=translate.google.com.vn&usg=ALkJrhgROd5yoan6jqTcQSZL-m7rEkWqhQ
http://72.14.203.132/translate_c?hl=vi&sl=en&u=http://developer.nvidia.com/&prev=/search%3Fq%3Dpaulsprojects.net%26hl%3Dvi&rurl=translate.google.com.vn&usg=ALkJrhiQcPobFtoGabI80S4hLcZHOpRVEw
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PHU LUC

PHAN CODE CHINH CUA CHUONG TRINH

3.3.1 Tim danh sach canh vién
for(int ring=1; ring<torusPrecision+1; ring++)

{

for(int i=0; i<torusPrecision+1; i++)

{

vertices[ring*(torusPrecision+1)+i].position=vertices][i].position.GetRotated
Y (ring*360.0f/torusPrecision);

vertices[ring*(torusPrecision+1)+i].normal=vertices[i].normal.GetRotatedY (
ring*360.0f/torusPrecision);

}
}
/Icalculate the indices

for(int ring=0; ring<torusPrecision; ring++)

{

for(int i=0; i<torusPrecision; i++)

{
indices[((ring*torusPrecision+i)*2)*3+0]=ring*(torusPrecision+1)+i;
indices[((ring*torusPrecision+i)*2)*3+1]=(ring+1)*(torusPrecision+1)+i;
indices[((ring*torusPrecision+i)*2)*3+2]=ring*(torusPrecision+1)+i+1;
indices[((ring*torusPrecision+i)*2+1)*3+0]=ring*(torusPrecision+1)+i+1,;
indices|[((ring*torusPrecision+i)*2+1)*3+1]=(ring+1)*(torusPrecision+1)+i;
indices[((ring*torusPrecision+i)*2+1)*3+2]=(ring+1)*(torusPrecision+1)+i+1

}

/[Calculate the plane equation for each face
planeEquations=new PLANE[numTriangles];
if('planeEquations)

errorLog.OutputError("Unable to allocate memory for %d planes”,
numTriangles);
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return false;

}

for(unsigned int j=0; j<numTriangles; ++j)
{

planeEquations|j].SetFromPoints(vertices[indices[j*3+0]].position,
vertices[indices[j*3+1]].position,

vertices[indices[j*3+2]].position);

}
3.3.2 Xac dinh cac t& giac bao quanh bong khéi

isFacingLight=new bool[numTriangles];
if(lisFacingLight)

{
errorLog.OutputError("Unable to allocate memory for %d
booleans”, numTriangles);
return false;
}

/[Create space for connectivity data
neighbourindices=new GLintinumTriangles*3];
if('neighbourindices)

{
errorLog.OutputError("Unable to allocate memory for %d neighbour
indices", numTriangles*3);
return false;
}

/[Create space for "is silhouette edge" booleans
isSilhouetteEdge=new bool[numTriangles*3];
if(lisSilhouetteEdge)

{
errorLog.OutputError("Unable to allocate memory for %d

booleans”, numTriangles*3);
return false;
}

/[Calculate the neighbours
SetConnectivity();

return true;

3.3.3 Tat ca cac mat trwdc ctia bong tir vi tri diém nhin
void SHADOW_MODEL::SetConnectivity()
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//set the neighbour indices to be -1
for(unsigned int i=0; iknumTriangles*3; ++i)
neighbourindices][i]=-1;

/lloop through triangles
for(unsigned int i=0; i<knumTriangles-1; ++i)

/lloop through edges on the first triangle
for(int edgel=0; edgel<3; ++edgel)
{
/[continue if this edge already has a neighbour set
if(neighbourlindices[i*3+edgel]!=-1)
continue;

/lloop through triangles with greater indices than this one
for(unsigned int j=i+1; j<numTriangles; ++j)

/lloop through edges on triangle |

for(int edgeJ=0; edgeJ<3; ++edgeJ)

{
//get the vertex indices on each edge
int edgell=indices|[i*3+edgel];
int edgel2=indices[i*3+(edgel+1)%3];
int edgeJ1=indices[j*3+edgeJ];
int edgeJ2=indices[j*3+(edgeJ+1)%3];

/lit these are the same (possibly reversed
order), these faces are neighbours
if( (edgell==edgeJl &&
edgel2==edgeJ2)
| (edgell==edgeJ2 &&
edgel2==edgeJl))

neighbourlndices[i*3+edgel]=j;
] neighbourlndices[j*3+gdgeJ]:i;
3.3.4 Tat ca cac mat sau cua bong tw vi tri diem nhin

void SHADOW _MODEL.::CalculateSilhouetteEdges(VECTOR3D lightPosition)
{

/[Calculate which faces face the light
for(unsigned int i=0; i<numTriangles; ++i)

{

if(planeEquations[i]. ClassifyPoint(lightPosition)==POINT_IN_FRONT_OF _
PLANE)
isFacingLight[i]=true;
else
iIsFacingLight[i]=false;
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}

/lloop through edges

for(unsigned int i=0; iknumTriangles*3; ++i)

{
/lif this face is not facing the light, not a silhouette edge
if(lisFacingLight[i/3])

isSilhouetteEdge[i]=0;
continue;

}

/Ithis face is facing the light
/it the neighbouring face is not facing the light, or there is no
neighbouring face,
/lthen this is a silhouette edge
if(neighbourlndices[i]==-1 || lisFacingLight[neighbourIndicesJi]])
{
isSilhouetteEdge[i]=1;
continue;

}

isSilhouetteEdge[i]=0;
}

}

3.3.5 V& boéng:day nap 2 dau cua khoi
void SHADOW_MODEL.::DrawlInfiniteShadowVolume(VECTOR3D lightPosition,
bool drawCaps)

{
glBegin(GL_QUADS);
{
for(unsigned int i=0; i<numTriangles; ++i)
{
/lif this face does not face the light, continue
if(lisFacingLight[i])
continue;

/ILoop through edges on this face
for(int j=0; j<3; ++))
{
/[Draw the shadow volume "edge" if this is a silhouette
edge
if(isSilhouetteEdge[i*3+j])

{
VECTOR3D
vertex1=vertices[indices[i*3+j]].position;
VECTORS3D
vertex2=vertices[indices[i*3+(j+1)%3]].position;
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glVertex3fv(vertex2);

glVertex3fv(vertexl);

glVertex4f(  vertexl.x-lightPosition.x,
vertex1.y-lightPosition.y,
vertex1.z-lightPosition.z,

0.0f);
glVertex4f(  vertex2.x-lightPosition.x,
vertex2.y-lightPosition.y,
vertex2.z-lightPosition.z,
0.0f);
}
}
}
}
glEnd();
/[Draw caps if required
if(drawCaps)
glBegin(GL_TRIANGLES);
{
for(unsigned int i=0; i<numTriangles; ++i)
{
for(int j=0; j<3; ++j)
VECTOR3D
vertex=vertices[indices[i*3+]]].position;
if(isFacingLight[i])
glVertex3fv(vertex);
else
glVertex4f(  vertex.x-lightPosition.x,
vertex.y-
lightPosition.y,
vertex.z-
lightPosition.z, 0.0f);
}
}
}
glEnd();
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KET LUAN

Ngay nay vé&i trién vwot bac clia cong nghé théng tin dac biét 1a dd hoa
3D da cho ra doi nhitng san phdm cong nghé cé chat lwong,nhirtng hinh anh
sbng dong trong thé gidi 4o0.Va ky thuat tao bong cirng trong dd hoa 3D 1a mot
dién hinh ma dai dién la kj thuat tao bong khéi.Ky thuat nady nham tao nén khéi
lwong béng khdi bang thuat toan z-fail,z-pass gidp cho hinh anh cta vat thé tr&
Ién that hon,dwoc (hng dung réng rai trong game,phim hoat hinh,....

Nhan biét tAm quan trong cta viéc (rng dung béng cirng trong dd hoa
3D,dd an clia em da xay dwng thuat toan tao béng khéi bang thuat toan z-fail.



