BO GIAO DUC VA PAO TAO
TRUONG DAI HOC DAN LAP HAI PHONG

I1ISO 9001:2008

TIM HIEU KY THUAT TAO BONG CUNG SHADOW
VOLUME

PO AN TOT NGHIEP PAI HOC HE CHINH QUY

Nganh: Cong nghé Thong tin

Sinh vién thyc hién: Nguyén Tién Diing
Gi4o vién huéng dan: PGS.TS. Pb Ning Toan
M4 s sinh vién: 1351010036

HAI PHONG — 2013




Db an tét nghiép Truong DH Dan Lap Hai Phong

LO1 CAM ON

Em xin gii loi cam on t6i cac thay ¢ khoa Cong nghé thong
tin trwong Pai hoc Dan Ldp Hdi Phong, nhitng nguwroi dé dn can day
dé cho ching em nhiing kién thic bé ich va quy gié trong sudt 4
nam hoc qua, nhizng nguoi da trang bi cho ching em hanh trang
quy gid dé burdc vao doi.

Em xin giti 107 cdm on sdu sdc t6i thay Pé Nang Todn, nguoi
da tan tinh chi bao va huong dan chung em thuc hién 16t do dan tot
nghiép nay. Chung em xin gui loi cam on toi gia dinh va ban be,
hdu phwong viing chdc cho tién tuyén chiing em trong suot nhiing
nam hoc gian khé, va gan ddy da cho ching em nguén dong vién to
[6m vé tinh than va vit chdt dé ching em cé thé hoan thanh tét do

dn tot nghiép nay.
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LOI NOI PAU

Db hoa may tinh 1a mét linh vuc phét trién nhanh nhat trong tin hoc. N6
dugc ap dung rong réi trong nhiéu linh vuc khac nhau thudc vé khoa hoc, ki 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 bj hién thi trum dau
(head-amounted display) dugc diéu khién béi may tinh dau tién. N6 cho phép nguoi
nhin c6 thé thay duoc hinh anh dudi dang 1ap thé 3D. Tir d6 dén nay d6 hoa 3D tro
thanh mot trong nhitng linh vuc phat trién ruc r& nhat cua dé hoa may tinh.

N6 duoc tng dung rong réi trong hau hét tat ca cac linh vuc nhu Dién anh,
Hoat hinh, kién trGc va cac tng dung xay dung cac md hinh thuc tai do.....Va
khong thé khong nhac dén vai tro ti quan trong cua do hoa 3D trong Viéc tao ra cac
game sur dung d6 hoa hién nay nhu Doom, Halflife....C6 thé néi d6 hoa 3D di dang
va s& tao nén mot nén cdng nghiép game phat trién manh mg.

Muc dich chinh cua d6 hoa 3D 1 tao ra va mé ta cac doi tuong, cac mé hinh
trong thé giGi that bang may tinh sao cho cang giéng véi that cang tét. Viéc nghién
ctru cac phuong phap cac ky thuat khac nhau caa db hoa 3D ciing chi huéng dén
mot muc tiéu duy nhat d6 1 lam sao cho cac nhan vat, cac ddi tugng, cac md hinh
duogc tao ra trong may tinh giéng that nhat. Va mot trong cac phwong phép do6 chinh
la tao bong cho ddi tugng.

Xuat phat tir van dé nay do an cia em xay dwng gom 3 chwong:

CHUONG 1: KHAI QUAT VE PO HOQA BA CHIEU VA BAI TOAN
TAO BONG

Chuong nay ndi vé céc kién thirc co ban vé anh sang, vé hién thi 3D, vé
biéu dién diém va céac phép bién doi va khai quat cac k¥ thuét tao bong.

CHUONG 2: KY THUAT TAO BONG CUNG BANG PHUONG PHAP
SHADOW VOLUME

Chuong nay di vao chi tiét vé k¥ thuat tao bong cting Shadow Volume
va c4c dang ngudn sang.

CHUONG 3: CHUONG TRINH THUC NGHIEM
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CHUONG 1: KHAI QUAT VE PO HQA BA CHIEU VA
BAI TOAN TAO BONG

1.1. Khai quat vé do hoa 3 chiéu
1.1.1. Hién thi 3D(3D Viewing)

1.1.1.1. Tong quan

Céc dbi tugng trong thé gisi thuc phan lén 1a cac ddi twong 3 chiéu con thiét
bi hién thi chi 2 chiéu. Do vay, mudn c6 hinh anh 3 chiéu ta can phai gia lap.

Chién luoc co ban l1a chuyén doi timg buéc. Hinh anh s& dugc hinh thanh tir
tir, ngay cang chi tiét hon.

Céc dbi tuong trong md hinh 3D dugc xac dinh véi toa do thé gii. Cung Voi
C4cC toa do cuia d6i tuong, ngudi dung ciing phai xac dinh vi tri va huéng cua camera
a0 trong khong gian 3D va xac dinh ving nhin (14 mot ving khéng gian duoc hién
thi trén man hinh)

Viéc chuyén tir cac toa do thé gisi sang toa d6 man hinh duoc thuc hién theo
3 budc :

Budc dau tién thuc hién mot phép bién doi dé dua camera 40 tro vé vi tri va
huéng tiéu chuan. Khi d6 diém nhin (eyepoint) s& duoc dat ¢ goc toa do, hudng
nhin triing véi hudng &m cua truc Z. Truc X chi vé phia phai va truc Y chi Ién phia
trén trong man hinh. Hé toa do méi ndy sé& duoc goi 1a Hé toa d6 Mat (Eye
Coordinate System). Phép bién doi tir toa d6 thé gidi sang cac toa do mat 1a mot
phép bién ddi affine, duoc goi la phép bién ddi hién thi (Viewing Transformation).
Ca toa d6 thé gisi va toa d6 mat déu duoc biéu dién boi toa d6 ddng nhat
(Homogeneous Coordinates) vaoi w=1.

Budc thir 2. Toa d6 mit dwgc chuyén qua toa do cua thiét bi chuan hoa
(Nomalized Device Coordinates) dé cho ving khong gian ma ta muén nhin duoc
dit trong mot khdi 1ap phuong tiéu chuan:

—1<z<+],-1<y<+1,-1<z<+1

Céc diém & gan diém nhin (diém dat camera) hon s& c¢d thanh phan z nho
hon.

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 phan x
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va y cua toa d6 thiét bj chuan hda —1<x<1-1<y<1 sang toa do Pixel cia man
hinh. Thanh phan z (-1< z <1) duogc chuyén sang doan [0,1] va s& duoc sir dung
nhu 13 gia tri chiéu sau (Depth-Value) trong thuat toan Z-Buffer (b6 dém Z) duoc st
dung cho viéc xac dinh mat s& dugc hién thi.

Budc thir 2 bao gom 3 budée con :

- Mot phép chiéu chuyén tir viing nhin sang 1 khéi 1ap phwong tiéu chuan Véi
toa d6 dong nhit: —1<x<1-1<y<1-1<z<1. Trong truong hop st dung phép
chiéu truc giao, viing nhin nay s& c6 dang mét dng song song 3D v&i cac mit song
song va6i cac mat cia hé toa d6 mat. Trong truong hop s dung phép chiéu doi
xang, vung nhin s& 1a mot hinh thap cut voi dau mat 1a géc toa do cua hé toa do
mat. Hé toa do dong nhat (4 thanh phan) thu duoc sau phép chiéu dugc goi 12 hé toa
do cat (Clipping Coordinate System). Phép chiéu s& la mot phép bién doi affine
trong truong hop phép chiéu la phép chiéu truc giao. Néu phép chiéu la phép chiéu
phdi canh s& khdng phai 1a mot phép bién doi affine (Vi w s& nhan mot gia tri khac
1)

Budc tiép theo, cac ving cua khdng gian hién thi ma khéng nam trong khoi
tiéu chuan d6 (Khéi nay con duoc goi 1a khéi nhin tiéu chuan) s& bj cét di. Cac da
giac, cac duong thiang duoc chira trong hoic 14 c6 mot phan ¢ trong s& duoc thay
d6i dé chi phan niam trong khéi nhin tiéu chuan méi duoc gitr lai. Phan con lai
khéng can quan tam nhiéu nira.

Sau khi cat got, cac toa 6 ddng nhét s& duoc chuyén sang toa do cuaa thiét bi
bang cach chia x,y,z cho w. Néu w nhan 1 gié tri dung qua phép chiéu, thi phép chia
nay s& cho cac dong phdi canh mong muédn trén man hinh. Vi Iy do d6., phép chia
nay con duoc goi 1a phép chia phdi canh (Perspective Division)
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Hinh 1.1: Tong quan vé hién thj 3D va céac phép chiéu.
1.1.1.2 Phép bién doi hién thi (Viewing Transformation)

Phép bién d6i hién thi s& dua mot camera ao dugc cho tly y vé mot camera
véi diém nhin tring véi goc toa do va hudng nhin doc theo chiéu am cua truc Z
(xem hinh 2.1) Truc Y sau phép bién d6i twong (ng s& chi Ién phia trén cua man
hinh. Truc X sé& chi vé phia phai.

Mot céch thuan tién dé xac dinh vi tri cia camera a0 la cho san vi tri cua
diém nhin E, Mét diém trong khung nhin R (diém tham chiéu) va mot huéng V s&
chi 1én phia trén trong man hinh.

Phép bién dbi hién thi s& gom 2 buéc:
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e Mot phép tinh tién s& dua diém nhin E v& géc toa do. Ma tran bién ddi

twong g s& 14 M, (~E). Két qué s& nhu sau:

‘?.

e Mot phép quay s& chuyén hudng nhin nguoc vé truc Z, quay vecto vV vé

mat phang YZ. Vector V s& chi dwoc quay V& triing véi truc Y néu V vudng goc véi
huéng nhin. Trudc hét ta s& xay dung tap cac véc to chuan tac phl hop trong toa do

thé gici,
-~ E-R e S
n=-—— Nguoc Vvdi huéng nhin - Z (0z)
E-R
- \7><ﬁ 2 A , 5 ~ . T v
u:’\7 —  Chi ve phia phai, vuéng goc véi n - X
XN
v=nxu  Chiléngiéng V, nhung vudng géc véi n va u - Y
Nhu vay ma tran cta phép quay s& 1a: M. (u,v,n)
Va do d6 ma tran ctua phép bién doi sé la:
Uy Uy u 0 100 -E, Uy Uy u, —i-E
L o v v v O [010 -E - K
M, (i,9,7) - My(-E)= | * ¥ > N
ne ny n: 0f |00 1 =E ng ny n, —i-E
0 0 01 000 1 00 0 1

Trong d6 uv va v duoctinhtr E, R vaV
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1.1.1.3 Phép chiéu truc giao (Orthographic Projection)

Trong truong hop phép chiéu truc giao, ving khdng gian hién thi 1a mot dng
song song trong hé toa dé6 méat. Cac mat cia dng song song ndy song song Vi cac
mit cua hé toa do mét. Kich thudc va vi tri cia vang khéng gian hién thi duoc xac
dinh béi toa do mat Xier, Xrights Ybottom: Ytops Zfront V& Zback - (Xiefts Yoottom) V& (Xrights Yiop)
xac dinh mot cira s6 trong mat phang chiéu (hoic 1a bat ky mit ndo song song Vi
mat XY) ma ving khong gian hién thi s& dwoc hién thi trén d6. Ctra s6 nay phai
duge dua vé dang hinh vudng [-1,+1]%. Zgont VA Zpaek dinh nghia 2 mat phing cit
trudc va cit sau. Toa do cua tit ca cac diém trong khong gian (hoic it nhat 1a nhitng
diém ta mudn nhin) phai théa man Zuak< Z < Zont . Khoang gid tri cua z phai dugc
dua vé céc gia tri chiéu sau (depth value) nam trong doan [-1,+1]. Cac diém gan mit
hon s& ¢6 gia tri chiéu sau nho hon.

it

z | EYE COORDINATES

Hinh 1.2 : Vang khdng gian hién th; ciia phép chiéu truc giao.

Phép chiéu truc giao thu dwoc bang cach thuc hién cac phép bién do6i sau
theo thu tu:

e Phép tinh tién M, (-M) s& dwa tdm cua ving khong gian hién thi vé& géc

toa do cua hé toa do mit.

jﬁr _ [ “Tright + Ziest Ytop + Yoottom Zfront + Zback
= ? 1
2 2 2
e Mot phép co gidn dé dua kich thudc cua vang hién thi vé 2 don vi mdi
chiéu.

Nguyén Tién Diing- CT1301 8
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e Mot phép ddi xang qua mit XY dé cac diém nam gan hon s& nhan gié tri z
nho hon.
Phép co gidn va phép dbi xang & trén cd thé thu duoc chi bang mot phép

bién d6i don: M (S) véi:

5’—( 2 2 —2 )
Tright — Tl Ytop — Ybotiom  front — Zback

Nhu vay ma tran caa phép chiéu truc giao sé la:

2 0 0 _ Fug |_|1+-"'rl.:ﬂ

Tright—F 1A Tright = Flefi

- 5 0 2 0 __ YeptPisttan
M) Mi(-M) = | 0 g e

o — Fhack Zronl —Fhack
0 0
Thanh phan z khong thay doi, bai vi phép chiéu truc giao 1a mot phép bién
d6i affine. Phép chiéu nay duoc sir dung trong céc wng dung can dén cac quan hé
hinh hoc (cac ti s6 khoang cach) nhu 13 trong CAD.

1.1.1.4 Phép chiéu phéi canh (Perspective Projection)

Phép chiéu phéi canh phl hop va gan hon véi quan sét caa con nguoi (bang
mot mat) trong thé gisi 3D. Tat ca cac diém trén mot duong thang di qua diém nhin
s& duoc anh xa 1én cling mot diém trong man hinh 2D. Piém anh nay duogc xac dinh
boi toa do thiét bi chuan hoa x va y. Néu 2 diém dugc anh xa vao cing mot diém
trén man hinh, ta can phai xac dinh diém nao s& dugc hién thi bang thuat toan Z-
buffer, nghia 1a so sanh chiéu sau cua ching. Vi Iy do nay ching ta can dinh nghia
mét thanh phan toa do khac cua thiét bi chuan héa 1a z sao cho n6 1a mot ham ting
don diéu cua khoang cach tir diém d6 dén mat phang mat XY. Khoang cach tir mot
diém trong khong gian dén mat phang XY khong bang voi khoang cach tir diém do
dén diém nhin (dugc dat ¢ goc toa do), nhung no s& duoc tinh toan don gian hon va

cling du dé xac dinh duoc cac mat s& duoc hién thi.

Nhu vay, phép chiéu truc giao s& dua mot diém (vai toa do dong nhat) trong
hé toa do mat (x,y,z,1) vé mot diém (toa do ddéng nhit) trong hé toa do cat
(X,y,z,W). Sau d6 cac toa d6 cua thiét bi chuan héa (affine) (x,y ,z ) s& thu duoc
bing céch chia x,y,z chow (Phép chia phdi canh):

{m":' ynv Z‘”) = {tf._iv ,ff_ z_l:)

w'? w
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Vi phép chiéu phéi canh, viing khdng gian hién thi 1a mot hinh thap cut véi
dau mat 1a gc toa do.

Wiz)

Hiz)

z | EYE COORDINATES

Hinh 1.3: Vang khéng gian hién th; cia phép chiéu phéi canh can xing
(Symmetrical Perspective Projection)

1.1.1.5 Phép bién d6i cong nhin (Viewport Transformation)

Phép bién do6i cong nhin chi gdm mét phép tinh tién va mot phép thay doi ti
& dé:

e Toa do thiét bj chuan héa (x, y) voi —1<X<1-1<y<1 duge chuyén qua
toa do pixel.

left < zy < left+ width
bottom < y,, < bottom + height

e Thanh phan z véi —1<2 <1 duoc co lai trong doan 0< 2z, <1,

Gia tri z, nay s& duoc str dung dé loai bo nhitng bé mat bi an. Nhimg diém
c6 gia tri z, nho s& nam trudc nhitng diém c6 gia tri z, 16n hon.

Xay dung ma tran bién ddi 1a céng viéc don gian. Tuy nhién s& hiéu qua hon
néu ta thuc hién phép bién d6i mot cach truc tiép:

Nguyén Tién Diing- CT1301 10
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1
n = left+width T
; y+1
y, = bottom+hezght-T
z+1
Zw — 2

1.1.2 B) dém va cac phép kiém tra

Mot muyc dich quan trong cua hau hét cac chuong trinh d6 hoa 12 vé dugc cac
buc tranh ra man hinh. Man hinh 1a2 mot mang hinh vudng cua céac pixel. Moi pixel
d6 c6 thé hién thi duoc 1 mau nhat dinh. Sau cac qué trinh quét (bao gém Texturing
va fog...), dir liéu chua tré thanh pixel, n6 van chi 1a cac “manh” (Fragments). Moi
manh nay chia dir liéu chung cho mdi pixel bén trong né nhu 13 mau sic 1a gié tri
chiéu sdu. C4c manh nay sau d6 s& qua mot loat cac phép kiém tra va céc thao tac
khac trude khi duge vé ra man hinh.

Néu manh dé qua dugc cac phép kiém tra (test pass) thi nd sé tré thanh cac
pixel. Bé vé& cac pixel nay, ta can phai biét dugc mau sic cua ching la gi, va théng
tin vé mau sac cua mdi pixel dugc luu trong bd dém mau (Color Buffer).

Noi luu trit dit liéu cho ting pixel xuat hién trén man hinh dugc goi 1a bg
déem (Buffer). Cac bo dém khac nhau sé chua mét loai dir liéu khac nhau cho pixel
va bo nha cho mai pixel ¢o thé s& khac nhau giita cac bo dém. Nhung trong mot bo
dém thi 2 pixel bat ky s& duoc cap cing mot lwong bo nhé gidng nhau. Mot bo dém
ma luu trit mot bit thdng tin cho méi pixel duoc goi 1a mot bitplane. C6 cac bo dém
pho bién nhu Color Buffer, Depth Buffer, Stencil Buffer, Accumulation Buffer.

1.1.2.1. B6 dém chiéu sau (Z-Buffer)

a. Khai niém: La bo dém luu trix gia tri chiéu sau cho ting Pixel. N6 duoc
ding trong viéc loai bo cac bé mat an. Gia st 2 diém sau cac phép chiéu duoc anh
Xa Va0 cling mot pixel trén man hinh. Nhu vay diém nao c6 gi tri chiéu sau (z) nho
hon s& dugc viét d¢ 1én diém cd gia tri chiéu sau 16n hon. Chinh vi vay nén ta goi bo
dém nay la Z-buffer.

b. Depth test: Vi mdi pixel trén man hinh, bo dém chiéu sau luu khoang
cach vudng goc tir diém nhin dén pixel d6. Nén néu gia tri chiéu sau cua mot diém
dugc &nh xa vao pixel d6 nhé hon gia tri dugc luu trong bé dém chiéu sau thi diém
nay duoc coi 12 qua Depth test (depth test pass) va gia tri chiéu sau cua n6 duoc
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thay thé cho gia trj luu trong bd dém. Néu gié tri chiéu sau cua diém d6 16n hon gia
tri luu trong Depth Buffer thi diém dé “truot” phép kiém tra chiéu sau. (Depth test
Fail)

1.1.2.2. B0 dém khuon (Stencil Buffer)

a. Khai niém: B6 dém khuén dung dé gigi han mot ving nhét dinh nao d6
trong khung canh. Hay noi cach khac né danh diu mot ving nao dé trén man hinh.
B6 dém nay duoc sir dung dé tao ra bong hodc dé tao ra anh phan xa cua mot vat thé
qua guong...

b. Stencil Test: Phép kiém tra Stencil chi duoc thuc hién khi c6 bo dém
khuén. (Néu khéng c6 bo dém khudn thi phép kiém tra Stencil dugc coi 1a ludn
pass). Phép kiém tra Stencil s& so sanh gia tri luu trong Stencil Buffer tai mot Pixel
vGi mot gia tri tham chiéu theo mot ham so sanh cho trudc nao d6. OpenGL cung
cdp cac ham nhu 1a GL NEVER, GL ALWAYS, GL LESS, GL LEQUAL,
GL_EQUAL, GL_GEQUAL, GL_GREATER hay la GL_NOTEQUAL. Gia sir
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 mot ham 1
glStencilOp(GLenum fail, GLenum zfail, GLenum zpass);

Ham nay xac dinh di 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 la
GL KEEP, GL ZERO, GL REPLACE, GL INCR, GL DECR ...Ching tuong
g V&i gitr nguyén gia tri hién tai, thay thé n6 véi 0, thay thé n6 boi mot gia tri
tham chiéu, tang va giam gid tri luu trong stencil buffer. Ham fail s& duoc st dung
néu nhu “manh” d6 fail stencil test. Néu n6 pass thi ham zfail s& dugc dung néu
Depth test fail va tuong tu, zpass duoc ding néu nhu Depth test pass hodc néu
khong c6 phép kiém tra d6 sdu nao duoc thuc hién. Mic dinh ca 3 tham sb nay la
GL_KEEP.

1.2 Bai toan tao bong
1.2.1 Béng va cac dang ngudn sang
1.2.1.1 Khai ni¢ém bong

“Béng (Shadow) la mét viing téi nam giiza mgt viing dwoc chiéu sang, xuat

N
A »

hién khi mét vdt thé duroc chiéu sang toan bé hogc mét phan
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Béng 1a mot trong nhitng yéu té quan trong nhét cua tri gidc con ngudi vé
viéc nhan biét cac vat thé trong thé gisi 3 chiéu. Bong gilp cho ta nhan biét duoc vi
tri twong ddi ctia vat d6 bong (occluder) véi mat nhan bong (receiver), nhan biét
duoc kich thuéc va dang hinh hoc cua ca vat d6 bong va mit nhan béng.

Hinh 1.4: Bong cung cap thong tin vé vi tri tiong déi cua vat thé. Véi anh ¢
bén trai ta khong thé biét diroc vi tri cia con réi. Nhung véi lan heot 3 dnh ¢ bén
phdi ta thdy vi khoang céch cia chiing so véi mar dat xa dan.

==

Hinh 1.5: Bong cung cdp thong tin vé dang hinh hoc ciia mat tiép nhédn. Hinh
bén tréi ta khong thé biét diroc dang hinh hoc ciia mdt tiép nhdn, con mdt bén phdi
thi dé dang thdy duwoc.

Nguyén Tién Diing- CT1301 13



Db an tét nghiép Truong DH Dan Lap Hai Phong

S, ey

Hinh 1.6: Bong cung cap thdng tin vé dang hinh hoc cia con réi. Hinh bén
trai con réi cam do choi, ¢ gitra nd cam cai vong, va bén phdi n6 cam cai am tra.
1.2.1.2 Phan loai bong

Hau hét c4c thuat toan va cac phuong phéap tao bong déu co thé dugc chia
lam 2 loai chinh 1a bong ctiing (Hard shadow) va bong mém (Soft shadow), phu
thuoc vao loai bong ma no tao ra.

Ving bong dugc hién thi duoc chia lam 2 phan phan biét: Phan chinh ma
nam hoan toan trong bong dwoc goi 1a ving thuan bong, viing bao bén ngoai né va
c6 mot phan nam trong bong dugc goi 1a viing nira bong. Cac thuat toan tao bong
ctng 1a nhi phan vi moi thir déu chi ¢ 2 trang thai 13 bong(1) va duoc chiéu sang
(0) — Ching chi hién thi duy nhat phan bong cua bong. Cac thuat toan tao bong
mém hién thi viing nira bong bén ngoai bao trim ving thuin bong trung tm va phai
xur ly tinh toan phan mo duc cho ving nira bong.(Két qua tir sy phan bé cuong do
anh séng bat quy tac trong ving nira bong)
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Hinh 1.7: Hinh bén trdi la mét vi du vé bong citng, hinh bén phdi la vi du vé

bong mém.
1.2.1.3 Cac dang ngudn sing

Anh sang trong d6 hoa 3D dong vai trd kha quan trong. Va dic biét n6 la
thanh phan khong thé thiéu dé tao ra bong. C6 ngudn sang chi chiéu theo mot
huéng nhat dinh (giéng anh sang mat troi), ¢6 nguon sang chiéu ra toan khung
canh....Trong mot khung canh ¢6 thé c6 nhiéu ngudn sang. CAc ngudn sang nay co
thé duogc tat bat tirng cai giéng nhu ta tit dén bang cong tic vay. Theo md hinh &nh
sang caa OpenGl thi 4nh sang gom c6 4 thanh phan chinh: Emissive Light, Ambient
Light, Diffuse Light, Specular Light. Cac thanh phan nay c6 thé duoc tinh toan doc
lap vé6i nhau, va cudi cung duoc két hop lai véi nhau.

Ambient Light 1a &nh sang bi phan rd boi méi truong va khéng thé xac dinh
huéng caa ching. Néu trong mot khung canh ta khong xac dinh ngudn sang thi két
qua dua ra ciing gidng nhu khi chiing ta sir dung Ambient Light.
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Hinh 1.8: Chiéc am dwoc chiéu bang Ambient Light.

Diffuse Light (4nh sang khuéch tan) la anh sang chiéu theo mét huéng nhat,
tuy nhién khi né gap mot bé mit n6 s& bi phan ra bang nhau vé moi hudng, Vi thé
no sang bang nhau cho du c6 dat mat nhin & dau chang nira. Moi nguon sang dén tir
mot diém hay tir mot huéng nhat dinh déu c6 thanh phan Diffuse Light.

Hinh 1.9: Am cheé dwoc chiéu bang Diffuse Light

Specular Light la &nh sang phan xa. Khi gap mot bé mat nd s& phan xa lai
dung theo quy luat phan xa. N6 ¢6 thé duoc nhin thay trén nhiing bé mit cong.

Anh sang xung quanh 14 muc sang trung binh, ton tai trong mot ving khdng
gian. Mot khéng gian Iy tuong la khéng gian ma tai dé6 moi vat déu dugc cung
cap mot lugng anh sang 1én bé mat 1a nhu nhau, tir moi phia & moi noi. Théng
thuong anh sang xung quanh dugc xac dinh véi mot mac cu thé goi 1a muac sang
xung quanh caa ving khong gian ma vat thé d6 cu ngu, sau d6 ta cong véi cudng
d6 sang c6 duoc tir cac nguon sang khac dé co duoc cuong do sang cudi cuing lén
mot diém hay mot mit cua vat thé

Ngudn sang dinh huéng giéng nhu nhitng gi ma mit troi cung cap cho ching
ta. N6 bao gdm mat tap cac tia sang song song, bat ké cuong do cua ching c6 giéng
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nhau hay khong. C6 hai loai két qua cua &nh sang dinh hudng khi ching chiéu dén
bé mit 1a: khuyéch tan va phan chiéu. Néu bé mat phan xa toan bo (giéng nhu mit
guong) thi cac tia phan xa s€ c6 hudng nguoc vdoi hudng cua goc téi (Hinh 8.1).
Trong trudng hop nguoc lai, néu bé mat 12 khong phan xa toan phan (c6 do
nham, xU xi) thi mot phan cac tia sang sé& bj toa di cac hudéng khéc hay bi hap thy,
phan con lai thi phan xa lai, va lugng anh sang phan xa lai nay ty 1& véi goc tsi. O
day chdng ta s& quan tdm dén hién tuong phan xa khéng toan phan vi day la hién
tuong pho bién (vi chi c6 nhitng ddi twong duoc cdu tao tir nhitng mat nhu mat
guong M&i xay ra hién tuong phan xa toan phan), va dong thai tim céch tinh cuong
d6 cua anh sang phan xa trén bé mat.

1.2.2 Mt s6 cach tiép can trong tao bong
1.2.2.1. Tao bong cung

Cac tinh toan bong thuc chat 1a viéc xac dinh xem mét diém trong khung
nhin ¢6 nam trong viing bong khéng. Mot cach co ban n6 1a mot phép kiém tra tinh
hién thi cua mot diém. CAc thuat toan tao bong cting phé bién la:

- Ki thuit tao bong gia (Fakes Shadow) : cac thuat toan tao bong gia
bao gom cac truong hop dic biét tao bong khong diing dan bang cac phwong phap
toan hoc. Nhirng ki thuat nay chi dugc sir dung trong truong hop dac biét(vi du nhu
bong chi vé cho nhitng d6i twong dic biét, hay 1a bong chi duoc v& 18n mot mat
phang ). Tuy nhién phuwong phap nay ciing tao ra bong lam cho ta c6 cam giac kha
that.

- Bong khéi (Shadow Volume) : Bong khéi 1a ki thuat tao bong can
dén cau tric hinh hoc cua vat dé bong. Vat d¢6 bong phai dugc tao bai céc khoi da
giac. Theo d6 ta s& tim cac dinh va canh vién, 1a nhiing canh dong vai tro tao nén
bong khéi. Mot tia sang khi chiéu toi vat thé sé tiép xUc vai vat thé tai diém hoic
canh vién d6 va di cat mat phang nhan bong. Nhitng canh vién, dinh vién sé& tao ra
c4c mit bén da giac cua bong khéi. Tir d6 dua vao cac phép kiém tra ta s& kiém tra
dugc mot diém trong khung canh cé thugc bong khdi hay khong.

- Dung ban dé bong (Shadow Mapping) : Pay 1a thuat toan sir dung
dén bo dém chiéu sau (Depth Buffer) . Y tuéng chu yéu Ia sir dung ban dd chiéu sau
(hay con goi 12 ban dd bong) dé luu trir c&c gia trj chiéu sau khi tao anh tir vi tri caa
anh sang roi sau do st dung cac gia tri nay dé xac dinh pixel nao duogc chiéu sang
hay nam trong bong.
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- Lan theo tia sang (Ray Tracing) : voi mdi tia sang di ra tir mat ta
vao khong gian 1a mot duong thing sé cit vao cira s6 (man hinh) va cham vao vat
thé trong khong gian (gan nhit tir mét). Tai diém cham vao vat thé d6 thi tiy mdi
diém cham & vat thé dé co tinh chat nhu thé ndo ma ta chia ra céc tia sang khac
nhau.

1.2.2.2. Tao béng mém

Céac ky thuat tao bong mém sé& cho bong sinh ra trong that hon rat nhiéu so
vGi bong duge sinh ra bdi cac thudt toan tao bong ctirng. Tinh that cia n6 dugc biéu
hién boi ca ving nira bong va ving thuan bong. Hinh dang ctia bong sinh ra bai cac
thuat toan tao bong mém sé& phu thudc vao hinh dang, kich thudc cua vat thé tao

bong , ngudn sang va ca vi tri tuong doi gitta nguon sang va vat the.
Céc k¥ thuat tao bong mém pho bién c6 the ké dén la:

- Thuit toan b dém khung (Frame Buffer Algorithms): Puoc dé
xuét boi Brotman va Badler dya trén viée sinh ra cac da giac thuan bong trong sudt
qué trinh tién xir ly. B dém chiéu sau 2D ma duoc su dung dé xac dinh mat dugc
hién thi s& dugc m& rong dé luu bo dém nam gilt cac thong tin dé xac dinh xem mot

pixel bt ky 1a ndm trong viing nira bong hay ving thuin bong.

- D6i quang tia 2 chiéu va phan bd (Distributed and Bidirectional
Ray Tracing) ‘RAt nhiéu mo rong cua thuat toan Ray-Tracing dugc st dung dé tao
béng mém. D&i quang tia phan bd cung cdp mot ky thuat tao béng lang, mo va
chuyén dong mo trong khi Ddi quang tia 2 chiéu cung cdp mot phuong phap tao

bong mém rat nhanh.

- Anh sang nang cao (Radiosity):Radiosity 1a mot ky thuét tao bong
mém bang cach tinh toan tit ca cac phan xa, khuéch tan anh sang giita cac mit khac
nhau cta tat ca cac vat thé trong khung canh. N6 hau nhu chi duoc st dung cho céac

mat da gidc boi vi chi phi tinh toan ciia phuong phap nay rat 16n.
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CHUONG 2: KY THUAT TAO BONG CUNG BANG PHUONG
PHAP SHADOW VOLUME

2.1 Gioi thiéu
Thuat toan tao bong bang k§ thuét sir dung bong khdi duoc dé xuat dau tién

b&i Frank Crow vao nam 1977. Theo d6 ong ta v& mot khdi ma bi che lap anh sang

boi vat tao bong. Moi vat thé nam trong khdi d6 dugce coi 1a nam trong bong.

“Bong khdi 1a mot viing khong gian duoc kéo dai tir vat thé theo hudng cia
anh sang. Bat ky diém nao nam trong d6 déu 1a thudc viing bong ciia vat thé véi anh
sang”

Shading object

_ (Occluder, Shadow caster) Surface outside
/ h 25 of shadow volume
A

(lir)

—

Shadow volume

Position of eve

Surface inside
of shadow volume
(in shadow)

Partially lit
object (Receiver)

Hinh 2.1: Béng khéi

Thuat toan bong khdi 1a thuat toan tao béng dua trén cac thong tin vé hinh
dang cua vat thé can tao bong (Geometry Based Shadow Algorithm), vi thé n6 doi
hoi phai c6 cac thong tin vé tinh két néi cia cac ludi da giac cua tat ca cac vat thé
c6 trong khung hinh (scene) dé c6 thé tinh toan mot cach hiéu qua va chinh xéc.

Cac thdng tin vé vat thé co thé dugc lay tir mot mo hinh WireFrame, trong d6
nd thé hién hinh dang cua déi tugng 3D bang 2 danh séach:

Danh sach cac dinh: Luu toa d6 cac dinh.

Danh sach cac canh: Luu cac cap diém dau va cudi cia tirng canh.
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Trong d6 cac dinh va céc canh duoc danh s thtr ty cho thich hop.

Danh sach cic dinh >
Vector x y z /N P4
1 0 0 0
2 0 1 0
3 P9 2

3 0 1 1 P35 ) P2
4 0 0.5 1.5

P10
5 0 0 | P8
6 | 0 0
7 I i 0 2l .

P2

8 | | |

P6
9 | 0.5 1.5 / P7
10 | 0 | X

Hinh 2.2: Biéu dién cua mér can nha.

Ngoai ra con cd thé lay tir file .obj duoc tao ra khi ta sir dung cac cong cu
xay dung mo hinh 3D nhu Google Sketchup, 3DSmax....

Thuat toan bong khdi con 1a thuat toan trén ting pixel (Per Pixel Algorithm)
Vi ta s& thuc hién mot phép kiém tra “trong bong” (in shadow) cho mdi diém duoc
vé ra man hinh. N6 bao gdm 2 phan riéng biét. Phan dau tién ching ta phai thuc
hién cac tinh toan lién quan dén viéc tao ra cai ma nguoi ta goi 1a bong khdi.

2.2 Tim danh sach canh vién.

MJi vat thé dbi voi mdi ngudn sang s& cd mot bong khdi. Bé don gian ta s&
chi xét véi mot ngudn sang duy nhat. Y tuéng dé tao ra bong khdi 1a ta s& xay dung
mét ludi cac da giac bao quanh ving bong khdi ma vat thé tao ra do duoc chiéu
sang. Dé lam duoc didu do, ta phai tim ra danh sach c4c canh vién cua vt thé,
ching 1a nhitng canh chii yéu dé tao ra bong khéi, khi anh sang chiéu dén nhiing
canh d6, n6 s& khéng dirng lai ma di tiép. C6 thé hiéu d6 1a nhiing canh tiép xdc cua
vat thé véi tia sang.
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Hinh 2.3: Canh vién (Silhouette Edge) duoc té do.

|

Hinh 2.4: Khi nhin ter vi tri ciia nguon sang ta sé khong thay bong va rat dé
dé xac dinh canh va dinh vién,

Pé tim dwoc cac canh vién nay, trudc tién ta can xac dinh mat ndo cua vat
thé s& duoc chiéu bai anh sang va mat nao thi khong. Viéc nay kha don gian khi ta
d3 biét toa d6 cua nguodn sang, vecto phap tuyén ctia mat va phuong trinh cua mat
phang. Ta chi viéc thay toa d6 ngudn sang vao phuong trinh mat phang, roi tinh két
qua, néu két qua >0 thi khi d6 phap tuyén va nguon sang nam cing mét phia voi
mat phang d6, va do d6 nd duoc chiéu sang. Thu tuc xac dinh mat dugc chiéu séang

sé nhu sau:

Goi P[i](x,y,z) = a*x + b*y + c¢*z + d la phuong trinh cta mat thu i
cua vat thé.

L = (Ly, Ly, L) la vi tri ctia ngudn sang.
n: S6 mat cua vat thé

Procedure VisiblePlaneTest( )
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Begin
Side: interger;
Fori=0tondo
Begin
Side =a*L + b*L,+ c*L, + d;
if (Side>0) then P[i].visible = True
else P[i].visible = False;
End
End

MJi canh s& c6 2 mat chira nd, mdi canh vién s& phai c6 mot da giac ké duogc
chiéu t6i bai anh sang va maot thi bi che. Béi vi néu ca 2 da giac d6 déu duoc chiéu
sang hoic 1a ca 2 déu bi che thi canh d6 s& khong phai & canh vién. Khi d6 ta c6
thuat toan tim danh sach céc canh vién dudi dang ma gia nhu sau:

Goi P[i] 1a da giac th i cua vat thé.
n: 1a sé da giac.
Procedure Danhsachcanhvien()
Begin
fori=0tondo I/ Kiém tra tt ca cac da giéc.

if (P[i].visible = true}  // Néu mat chtra da giac d6 dugc chiéu
sang

Begin

for {tat ca canh cua da giac} do

if {canh d6 di c6 & trong danh sach canh vién}
- Loai bo n6 ra khoi danh sach.

else
- Thém canh d6 vao danh sach.

End;

End;
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Code tim danh sé&ch 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);

¥
¥

//calculate 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+
L by
by

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

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

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);

¥

2.3 Xac dinh cac tir giac bao quanh béng khoi

Khi chung ta di c6 danh sach cac canh vién rdi, ching ta s& tao ra bong khoi
bang cach xay dung cac tr giac tir mi canh vién d6 dua vao vi tri ciia nguon sang.
2 dinh dau cua tir giac 1a 2 dinh ctia canh vién. 2 dinh tiép theo s& nam trén 2 duong
thang ndi giira nguon sang va 2 dinh dau. 2 dinh nay theo ly thuyét s& duoc chiéu ra
vO cuc nhung nhu thé s& khong can thiét vi thé ta s& chi cho chiing cac gia tri toa do
16n la dugc.

vl va v2 1a 2 dinh cia mot canh vién bat ky trong danh séch.
L 14 vi tri ciia ngudn sang.

v3 va v4 s& 1a 2 diém can tim toa d6 dé tao ra tir giéc.

Const He_so_chieu 100 //Hé sb chiéu nay phai 1a mot sé 1on.
v3.x = (v1.x - L.X) * He_so_chieu;

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

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

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

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

Hinh 2.5: Bong khéi dwoc tao ra nho canh vién.

Tir cac diém nay ta s& vé duoc cac tir giac bao ngoai bong khéi. Véan dé con
lai can phai giai quyét véi bong khi 1a phai “day nap” (Capping) 2 dau cua khdi lai
dé no tre thanh maot khéi kin. Lac d6 ta c6 thé thuc hién cac phép kiém tra mot cach
chinh xac nhat. Bé “nip” phia trude thi don gian 1 ta ding luén cac mit trudc cia
vat thé ddi véi vi tri cua anh sang. Nap mat sau thi ta chi can chiéu tirng mit sau cua
vat thé véi anh sang d6 ra vo cuc. Phan nay khong can thiét 1am bai vi ta da chiéu
né ra gan nhu 1a vo cuc. Nén nhitng diém d6 khong can xét dén nhiéu.

Hinh 2.6: Hinh bén trdi véi béng khéi chwa dwoc “ddy ndp”, va hinh bén phdi la

dwoc “day nap”
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Code dé xac dinh céc tir giac bao quanh bong khéi
isFacingLight=new bool[numTriangles];
if(YisFacingLight)
{

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

return false;
¥
//Create space for connectivity data
neighbourlndices=new GLint[numTriangles*3];
if('neighbourlindices)
{

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

return false;
b
//Create space for "is silhouette edge" booleans
isSilhouetteEdge=new bool[numTriangles*3];
if(tisSilhouetteEdge)
{

errorLog.OutputError("Unable to allocate memory for %d
booleans”, numTriangles*3);

return false;
b
//Calculate the neighbours
SetConnectivity();

return true;
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2.4 Tao bong khéi bang thuit toan Z-Pass.

Pé x4c dinh xem doan d6 cat bao nhiéu mat trudc, bao nhiéu mit sau ta s&
ding mot bo dém cho méi diém can kiém tra, ma s& ting 1én 1 don vi khi né di
Xuyén qua mot mat trudc va giam di mot don vi néu né di xuyén qua mot mat sau
cua bong khdi. Khi d6 néu bd dém cho gié tri bang 0 thi diém d6 khong nam trong
phan béng, Con néu né 16n hon 0 thi c¢6 nghia 1a diém ndy nam trong viing bong va
s¢ khong dugc duoc Ve ra.

Va Stencil Buffer s& thuc hién diéu d6. Stencil Buffer s& cung cap cho mdi
pixel trén man hinh mot “bd dém” va ching ta co thé ting va giam no khi pixel d6
dugc ghi vao trong Frame Buffer. Sau d6 ching ta hoan toan c6 thé kiém tra bo dém
d6 dé xac dinh xem diém d6 s& dugc ghi ra man hinh hay khéng.

Khi ta di tao dugc ludi cac da gidc bao ngoai bong khdi. Ching ta phai thuc
su v& bong cua vat thé ra, hay néi chinh xéac 12 vé ra vat thé cling vai bong caa né.
Pé 1am duoc viée d6 ta phai xac dinh dugc mot pixel cd nam trong viing bong khi
d6 hay khong. Thuat toan xac dinh mot pixel ¢6 nam trong ving bong khéi d6 hay
khong kha don gian. Tu tuong cua nd 13, ndi diém can kiém tra véi diém dat camera
(mat nhin). Néu sé mat trudc va sé mat sau caa bong khdi ma né cit bang nhau thi
diém d6 khoéng nim trong ving bong khéi. Néu né cat sé mit trude cua bong khéi
nhiéu hon s mat sau ma nd cat thi c6 nghia la diém d6 nam trong ving bong khdi.

Thuat toan s& dugc mé ta bang ma gia nhu sau:
Procedure IN_SHADOW TEST//  Z-pass
For {tat ca cac vat thé can d6 bong} do

- Xay dung danh sach cac canh vién.

- Tinh toan céc ttr giac bao quanh bong khéi dya trén cac canh
vién va tir vi tri ciia ngudn sang.

End for
For {T4t ca cac mit truéc cia bong khdi nhin tir vi tri cua diém nhin} do
if Depth test passes then
- Tang gia tri Stencil Buffer.
End if
End for
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For {T4t ca cAc mit sau cua bong khi nhin tir vi tri caa diém nhin} do
if Depth test passes then
- Giam gia tri Stencil Buffer.
End if
End for

1/
,
/os
]\

Light source ._--—"

-\‘

Shading object
(Occluder, Shadow caster)

@=== pu—
Sk
Posﬁ of eye V v 2*

Hinh 2.7: Budc mét, Vé cdc mdt trudc cua bong khéi.

0%

Light source .’" , 1 \
Shading object

_\ k (Occluder, Shadow caster)

s

+3

@‘E::
4

Position of eye

‘3

Hinh 2.8: Budc 2, Vé cac mdt sau cua bong khéi.
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Shading object
(Occluder, Shadow caster)

©-==

4

Position of eye

Hinh 2.9: Két qua. Gid tri Stencil Buffer tai cdc vimng.

[TV e R 2R T R — 2R Do

Hinh 2.10: Trdi: Khong cé bong, Giita: Bong khéi dwoc tao ra, Phdi: Két

qua cuoi.

Cac buoc thyc hién nhu sau:

Xda hét trong Z-buffer va Stencil-Buffer, Chac chan rang Ché do ghi vao Z-
buffer va ché d6 Stencil test dugc bat.

- Tao anh cua toan bo khung canh (bao gom vat thé va cac mat hing
bong) véi Ambient Light dé cho Z-buffer duoc cap nhat.

- Tat ché do ghi vao Z-buffer.

- V& ra cac mat truée cua bong khéi, Néu ching thuc su dugc Vé ra.
(C6 nghia 1a Depth Pass) thi tang gia tri Stencil Buffer.
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- V& cac mat sau cua bong khdi, Néu chang thuc sy duoc vé ra.(Co
nghia 1a Depth Pass) thi giam gia tri Stencil Buffer.

- Bat ché d6 Stencil test (chi nhitng diém c6 gia tri Stencil = 0 méi
duoc v& ra man hinh), Xo6a Z-buffer, bat ché d6 ghi vao Z-buffer, bat ngudn sang.

- V& ra toan bo khung canh nhitng diém c6 gia tri trong stencil Buffer 1a 0.
2.5 Tao béng bing thuit toan Z-Fail

Thuat toan Z-Pass & trén ¢ mot nhuoc diém rat 16n 1a chwa xu 1y duoc
truong hop khi diém nhin (viewpoint) nim ¢ trong viing béng khéi. C6 3 giai phap
dé xtr Iy trudng hop nay:

Trir gia tri cia Stencil Buffer 1 don vi cho phan bong khéi ma diém nhin
nam trong (trong trudng hop ¢ nhiéu vat the). Tuy nhién néu 1am nhu thé nay thi
chi phi tinh toan sé& rat dat.

Tao mot mat phang nam trudc va rat gan diém nhin cho mdi phan bong khoi
ma diém nhin nam trong d6. Cach nay ciing vay, kha phtc tap va chi phi tinh toan

cling dat.

Céch thtr 3 1a sur dung thuat todn Z-Fail do. Thay vi tinh toan gia tri Stencil
bang viéc ting cac mat trudc cua bong khdi va giam gia tri cua cac mat sau khi Z-
Buffer Pass, toan bo qué trinh s& dugc thay doi dé dém tir v cuc thay vi dém tur
diém nhin. Vi thé thuat toan nay con goi 1a 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

- Xay dung danh sach cac canh vién.

- Tinh toan céac ttr giac bao quanh bong khéi dya trén cac canh
vién va tir vi tri ciia ngudn sang.

End for

For {T4t ca cAc mit trudc cua bong khéi nhin tir vi tri cua diém nhin} do
if Depth test fails then
- Giam gia tri Stencil Buffer.

End if
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End for
For {T4t ca cAc mit sau caa bong khéi nhin tir vi tri cua diém nhin}
if Depth test fails then
- Tang gia tri Stencil Buffer.
End if
End for
2.5.1. TAt ca cac mit trude ciia béng tir vi tri diém nhin
Void SHADOW_MODEL.::SetConnectivity()
{
//set the neighbour indices to be -1
for(unsigned int i=0; i<numTriangles*3; ++i)
neighbourlndices[i]=-1;
//loop through triangles
for(unsigned int i=0; i<numTriangles-1; ++i)
{
//loop through edges on the first triangle
for(int edgel=0; edgel<3; ++edgel)
{
/lcontinue if this edge already has a neighbour set
if(neighbourindices[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 j
for(int edgeJ=0; edgelJ<3; ++edgeJ)
{
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//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];
/1if these are the same (possibly reversed order), these faces are neighbours
if( (edgell==edgell && edgel2==edgel2)
||(edgell==edgel2 && edgel2==edgell))
{ neighbourlndices[i*3+edgel]=j;
neighbourlndices[j*3+edgeJ]=i;
by
2.5.2 Tat ca cac mit sau ciia béng tir vi tri diém nhin

VoidSHADOW_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)

iIsFacingLight[i]=true;
else

isFacingLight[i]=false;

/lloop through edges
for(unsigned int i=0; i<numTriangles*3; ++i)
{

/1if this face is not facing the light, not a silhouette edge
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if(tisFacingLight[i/3])
{
isSilhouetteEdge[i]=0;
continue;
¥
/lthis face is facing the light
/1if the neighbouring face is not facing the light, or there is no neighbouring face,
/lthen this is a silhouette edge
if(neighbourindices[i]==-1 || lisFacingLight[neighbourindices[i]])
{ isSilhouetteEdge[i]=1;

continue;

isSilhouetteEdge[i]=0;

}
2.5.3. V& bong day nip 2 dau cia khoi

VVoid SHADOW_MODEL::DrawlInfiniteShadowVolume(VECTOR3D
lightPosition, bool drawCaps)

{

glBegin(GL_QUADS);
{
for(unsigned int i=0; i<numTriangles; ++i)
{

//if this face does not face the light, continue
if(tisFacingLight[i])
continue;

//Loop through edges on this face
for(int j=0; j<3; ++))
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{

//Draw the shadow volume "edge" if this is a silhouette edge

if(isSilhouetteEdge[i*3+j])

{

VECTORS3D vertex1=vertices[indices[i*3+]]].position;

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

glVertex3fv(vertex2);

glVertex3fv(vertexl);

glVertex4f(vertex1.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; ++))
{
VECTORS3D vertex=vertices[indices[i*3+j]].position;
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if(isFacingLight][i])

glVertex3fv(vertex);

else

glVertex4f( vertex.x-lightPosition.x,
vertex.y-lightPosition.y,

vertex.z-lightPosition.z, 0.0f);

k
¥
glEnd();

¥
2.6 So sanh giira 2 thuat toan

Thuit toan Z-Pass Thuit toan Z-fail
Uu diém Khéng can thiét phai Giai  quyét  duoc
“day nap” (Cap) truong hop diém nhin nim
trong bong khéi.

Tao it mat hon (do
khéng can tao capping)

Nhanh hon Z-fail.

Dé thuc hién hon

Nhuge diém Khong giai quyét duoc Cham hon Z-pass.
bong khoi. dwoe Capping.

Khong c¢6 tu bong
(Self-shadow)

Phai tao ra nhi€u mat

hon do phai Capping.
Kho thuce hién hon.

Khong c¢6 tu bong
(Self-Shadow)
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CHUONG III: CHUONG TRINH THUC NGHIEM
3.1 Bai toan

Chuong trinh tng dung k¥ thuat tao bong ctiing minh hoa cho két qua
dé tai st dung ngdn ngit 1ap trinh visual c.net va chay trén méi trudng
window.Dau vao ciia chuong trinh 13 4 tori quay quanh 1 diém séang.

3.2 Phéan tich, lya chon cong cu
3.2.1 Gi6i thiéu ngon ngir 1ap trinh

Phan quan trong cua VS .NET la c4c cong nghé méi véi trung tam 1a .NET
Framework - tap cac tinh nang Windows dugc xay dung trén nén tang moi truong
thyc thi ngon ngir chung (CLR — Common Language Runtime), trén do 1a cac 16p
thu vién dung dé xay dung tng dung Windows, tng dung web va dich vy web
XML. Tat ca ngdn ngit NET déu duoc dich sang dang ngdn ngir trung gian caa
Microsoft (MSIL — Microsoft Intermediate Language) trudc roi mai dugc dich sang
dang mé thuc thi boi mot trinh dich JIT (Just — in Time) trén nén .NET.

CLR va MSIL cho phép tat ca cac ngdn ngit .NET lam viéc véi nhau. Vi du
ban c6 thé ding mot 16p C# ké thira tir mot doi tugng COM C++/ATL, 16p nay lai
cd thé bat I8i tir mot chuong trinh Vbasic. Nhd ¢6 su hd tro tir cap hé thong cho
phép tich hop da ngon ngir, ban c6 thé chay timg budc dé bay 16i qua ca 3 ngdn ngir
trong cling mot moi truong phat trién tng dung VS.NET.

Trinh dich JIT cung cap thém kha ning bao mat, tinh an toan Itc thyc thi va
kha niang chay trén nhiéu nén tang (Microsoft cho biét s& ding mét tap con chuan
hoa cua .NET Framework - duoc goi 1a nén tang ngdn ngir chung” - dé xay dung
mot thé hién trén FreeBSD). Néu trinh JIT cho ma ngdn ngit trung gian 1am ban lién
tuong dén Java thi cling dirng hoang mang, Microsoft d3 ling ling ding ngdn ngir
trung gian trong Vbasic va hau hét cac phan mém ¢ng dung cia minh (ké ca
Office)tir nhidu nam qua.

C# mot ngdn ngir phat trién tir C++ cd nhiéu nét gidng Java, duoc dua vao
VS.NET la Visual C#NET. Tuong tu, ngdn ngit Visual C++ quen thuc dugc dong
g6i vao VS.NET la Visual C++.NET bao géom phan C++ truyén théng duing cho &ng
dung doc 1ap voi phan mé rong dé dung véi nén .NET. Vé phan VB.NET, day la
mot cai tién va khong tuong thich hoan toan véi cac phién ban Vbasic. Tuy nhién
duong nhu nhitng tinh ning méi da bu dap kha nhiéu cho sy khong twong thich.
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3.2.2 Lua chon cong cu

M6 ta: Dy &n nay s& hién thi bon Tori xoay quanh mét diém anh sang ngudn.
Mdi casts Shadows trén khac Tori va trén tuong. Hiéu qua 1a da dat dugc trong ba
qua:

1. V¢ toan bo canh lit cua ambient va mét lugng nho diffuse anh sang.
Diéu nay ciing vuot qua dat gié tri chiéu sau cho nhin thiy canh.

2. V& khéi tin vao  bong  tdi  stencil  buffer.
Theo mic dinh, bong téi khdi tin, sir dung "zFail" ky thuat, véi mét infinite clip
bay xa, nhu duoc md ta trong "manh mé& Stenciled Shadow volumes" giay.

3. V& canh lit véi day du diffuse va specular, trong khu vuc unshadowed

(noi stencil == 0).
Yéu cau:
Poi vai hai bén-stencil Shadows:

EXT _stencil_two_side: khéi lwong bong téi ¢6 thé dugc rut ra chi mot lan
cho ting d6i twong, chir khong phai hai lan. Phan cing sé tang / giam céac bo dém

stencil trén co s& d6 chi dao cac da giac dang phai dbi mat.

EXT_stencil_wrap
Poi véi khoi lwgng chwong trinh vertex phun ra:

ARB_vertex_program: Mot chwong trinh don gian tinh toan dinh diém giita
dinh binh thudng va vector anh sang, va néu diéu nay la tiéu cuc, dinh duoc du di
dén vo cung. Do thiéu cac vi tri bat bién giira cac chuong trinh dinh va cac dudng
6ng dan tiéu chuan, chuong trinh nay dé 1am duong truyén anh sang.
3.3 Két qua chwong trinh
- Click vao biéu tugng hinh anh dé chuyén huéng quan sat bong.

- Khi céc tori chay quanh diém séng, bong cia n6 s& song song dugc chiéu 1én 4
btrc twong xung quanh,

- Hinh anh bong rd, cho ta cam giac that
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'PS: 311.29
"zFail" algorithm with capped, infinite shadow volumes

'PS: 333.12
"zFail" algorithm with capped, infinite shadow volumes
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KET LUAN

Ngay nay Véi trién vuot bac cua céng nghé thong tin dic biét 1a d6 hoa 3D
d3 cho ra doi nhirng san pham céng nghé cé chat lwong,nhiing hinh anh séng dong
trong thé gisi 40.Va ky thuat tao bong cimg trong dd hoa 3D 1a mét dién hinh ma
dai dién 12 k¥ thuat tao bong khdi.K§ thuat ndy nham tao nén khéi lugng bong khéi
bang thuat toan z-fail,z-pass gitip cho hinh anh cua vat thé tro 18n that hon,dugc @ng
dung rong réi trong game,phim hoat hinh,....

Nhan biét tim quan trong cua viéc tng dung bong cing trong d6 hoa 3D, dd
an cua em di xay dung thuat toan tao bong khéi bang thuat toan z-fail. Sau mot qua
trinh nghién ciru 1am d6 4n vai sy chi dan nhiét tinh cua thay gido hudng dan em da
hoc duoc céch tim hiéu, phan tich va nghién ctru mot van dé& khoa hoc mai. Trong
thoi gian 1am do &n tét nghiép, mac du ban than da rat nd luc, ¢é gang, dau tu nhiéu
thoi gian, cong stre cho viéc tim hiéu nghién ciru dé tai va di nhan duoc sy chi bao,
dinh huéng tan tinh cua thay gido huéng dan cing cac anh, chi di trude nhung do
han ché vé mat thoi gian va kho khan trong viéc tim kiém tai liéu, han ché vé mat
kién thirc ctia ban than, nén chua c6 duoc két qua thuc sy hoan hao.Kinh mong céc

thay co gido ciing nhu cac ban chi bao va giup da.
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