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LOI MO DAU
Ngay nay, cac san pham giai tri ma dic biét 13 Game da mang lai mét ngudn loi
nhuén to 16n cho nganh cong nghiép may tinh. Do nhu ciu cta thi truong ting
nhanh, cac Game ngay cang c6 chat lugng cang cao va thdi gian xay dung ngay
cang duogc rat ngan. Cac Game 3D trén thi trudng hién nay rat da dang vé ndi dung
va ching loai nhung cung c6 diém chung 1a xay dung trén cac Game Engine. Chat

lugng ciia Game s€ phu thudc vao chat lugng ciia Game Engine ma n6 st dung.

Game Engine chinh 1a phan c6t 15i d¢é xdy dung Game hién nay va 3D Engine
chinh 13 phan quan trong nhit cia Game Engine. Viéc str dung Game Engine dé xay
dung Game 12 mot xu thé tat yéu dé c6 nhimg Game chét lugng cao trong thoi gian
ngan. Tiéc thay, hién nay & nudc ta viéc xdy dung Game 3D ciing nhu Game
Engine van con 13 diéu méi mé. Chinh vi vy, ching em thyc hién dé tai “Nghién
ciru va xay dung thir nghiém 3D Engine” véi mong mudn gép vao nhiing vién
gach dau tién dé xay dung nén nganh coéng nghiép Game ctia nuéc nha trong twong

lai.

La nhitng nguoi di sau va dugc thira hudng nhiing thanh tyu ttr qué trinh phat
trién cong ngh¢ thé gidi, chung em da 4p dung nhitng ki thuat méi nhét hién nay
vao trong 3D Engine ciia minh. Chiing em da xay dung nén Nwfc Engine 12 mdt 3D
Engine v&i chire nang chinh 1a dung hinh va quan ly tap tin. Sau d6 ching em tim
hiéu va xay dung thém mot s6 hé théng khac nhu hé théng quan ly dién hoat, hé
théng vat 1y, hé thong hiéu Gng (particle va am thanh) dé két hop véi 3D Engine

Nwfc tao ra ing dung Game demo Dead Rising.

Noi dung cua luan van dugc chia lam 4 phan; trong d6, phan 1 13 chuong dau
tién gidi thiéu vé Game Engine va cho ta cai nhin tong quat vé cic Game Engine
dang duoc s dung trén thé gidi; phan 2 gdm 3 chwong 2, 3, va 4 gidi thiéu céc
thanh phan va coéng nghé chinh sir dung trong Nwfc Engine; phan 3 gdbm 5 chwong

tiép theo (tir chuwong 5 dén chuong 9) dé cap dén cac thanh phan bo sung vao Nwfc
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Engine va tmg dung Game demo Dead Rising; phan 4 13 chuong 10 tom tat két qua

dat duoc va dé ra hudng phat trién trong twong lai. Cy thé cac chuong nhu sau:
e Chuong 1 Tong quan: Tim hiéu vé Game Engine va 3D Engine.

e Chuong 2 Vertex Shader va Pixel Shader: Day la cong nghé méi nhat trong

viéc dung hinh 3D hién nay va la cong ngh¢ chinh xay dung nén Nwfc Engine.
e Chuong 3 Nwfc Engine: Chi tiét vé 3D Engine dugc xay dung.

e Chuwong 4 Cac thuit toan Vertex va Pixel Shader: Dé cip chi tiét dén cac

thuat toan chinh dung trong Vertex Shader va Pixel Shader cia Nwfc Engine.

e Chuong 5 H¢ thong dién hoat (Animation System): Tim hiéu va xdy dung hé

théng quén 1y cac dién hoat cho cic ddi tuong trong Game.

e Chuong 6 Hé thong vt Iy (Physics System): Tim hiéu va Gmg dung hé thong

vat Iy NovodeX vao Game.

e Chwong 7 Giéi thiéu Game demo Dead Rising: Gi6i thiéu vé Game demo

Dead Rising va cac thanh phan dé xdy dung nén Game nay.

e Chuwong 8 Hé thong hat (Particle System) va Al: Xay dung hé thong hat va
Al cho Game demo Dead Rising.

e Chuwong 9 Cai diit va hwéng din str dung: Cai dit, huéng dan sir dung va mot

s0 két qua nod1 bac cua Game demo Dead Rising.

e Chuong 10 Téng két: Cac két qua dat dugc va hudng phat trién.
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Churong 1. Téng quan

1.1. Game Engine va 3D Engine
Game Engine gdm mot tdp hop cac thanh phan khac nhau lam nén tang tao nén

mot Game (trd choi) trén may tinh. Cac thanh phan co ban bao gom:
4 Heé thong toan hoc (Math system).
+ Hé thong xur 1y tap tin dit liéu (File system).
& Hé thong hién thi dd hoa (Render system).
4 He¢ théng quan 1y dién hoat (Animation system).
4 Hé thong xur Iy nhap va xuét (Input and Output system).
4 Hé thong xur 1y cac tuong tac vat Iy (Physics system).
+ Hé thong xur 1y tri tué nhan tao (Artificial intelligence system).
4 Heé théng xtr Iy mang (Network system).
+ Hé théng tao hi€u ung khac nhu khoi ltra, am thanh, ...(Effect system).

Trong cac Game khac nhau thi vai tro cua cac thanh phan trén s& khac nhau.
Thong thuong xay dung Game ta chi can mot sb trong cac thanh phan trén ma thoi.
Viéc xay dung va quan 1y tit ca cac thanh phan trén ctia mot Game Engine doi hoi
mot luong 16n thoi gian ciing nhu cong strc va d6i khi doi hoi nhiéu ki thuat va kién
thtre ctia nhiéu linh vyc khac nhau.

3D Engine bao gdm mot tip cac hé thong trong Game Engine nham giai quyét
cac van dé chinh ctia d6 hoa 3D 1a dung hinh 3D. Do dé tai tip trung nghién ctru va
xay dung mot 3D Engine nén ching toi tap trung vao xay dung hé thong hién thi va
hé thong quan 1y tap tin. Ngoai ra, do ching t6i huéng dén s& xay dung 3D Engine
Nwfc ctia minh tré thanh Game Engine that su va hién tai can céc hé théng khac dé
xdy dung Game demo hoan chinh nén chiing t6i cling da tim hiéu va xay dung mot

s6 hé thong khac cua Game Engine (hién tai chua tich hop vao Nwfc Engine).

Do 3D Engine la mét thanh phan ddic trung ciia Game Engine nén chiing ta sé

tim hiéu vé 3D Engine thong qua viéc tim hiéu vé Game Engine.
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1.2. Méi quan hé giiva Game Engine va Game

Thé gi¢i a0

M3 ngudn Game
Ma Server

Engine ngudn /
lién

Céc trinh didu khién q;;l“ Céc thie thé
thigt bi d5 hoa e khac coa
ame

Hé diéu hanh

Hinh 1-1 Vai tro ctia Game Engine
Game Engine chinh 13 thanh phan cdt 16i lam nén méng xay dung nén Game. Su
khéc biét gittra Game Engine va ban than Game tuong tu nhu sy khéc biét gitta dong
co va chiéc xe. Chiing ta c6 thé dem dong co ra khoi xe, chinh stra va dung lai. Mot
Game Engine c6 thé dugc xem nhu 13 mét phan khong phu thudc vao Game, né
cling c6 thé dugc thay ddi doc 1ap véi Game ma khong 1am thay ddi ciu trac logic

cua Game.

1.3. Phan loai Game Engine

1.3.1. Isometric Engine

bay la Game Engine dung trong cac tro choi 2D. Cac Game Engine nay hién
nay c6 mot s phan 1a 2D nhung mot s6 phan 13 3D va c6 thé trong thoi gian sap
dén s& chuyén han sang 3D. Ly do chinh cua viéc chuyén ddi sang 3D 1a dé tan

dung cac tinh ning vé anh sang (light) va d6 bong (shadow) 1én céc ddi tugng 2D.

Cic Game Engine niy thuong duoc sit dung trong cac Game chién lugc
(strategy) va trong cac thé loai Game nhdp vai (RPG: Role Game Play Genre). Mot
s6 Game duoc xdy dyng trén Isometric Engine c6 thé ké dén nhu Baldur’s Gate 2,

Diablo 2 va Warlords Battle Cry 2.
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Isometric Engine khong phai 1a mot Game Engine t6t cho viéc xdy dung céc
Game chuyén vé do hoa 3D va cac tng dung thuc tai 40 (Virtual Reality) vi né

khong hoan toan 1a mot 3D Engine ma chi ¢ mot sb chirc nang 3D.

1.3.2. 3D FPS (First Person Shooter) Engine

Pay 1a Game Engine dung nhiéu nhét trong cac 3D Game hién nay. Vi su phat
trién vugc bat vé cong nghé Game trong vai thap nién gan day thi ngudi ding mong
mudn c6 nhitng Game bét mét nhit va loai Game Engine ndy da dap tmg duoc nhu
cau do.

Mot sb trong rat nhiéu Game dugc xiy dung trén cac 3D FPS Engine nhu:
Doom, Quake, Half Life, Counter Strike, Unreal, Duke Nuke’m, DeusEx, Halo,
Wolfenstein, Medal of Honor, Serious Sam, Spec Ops, Dessert Storm va Hitman.
3D FPS Engine di tao ra nhitng thay ddi 16n lao trong cac Engine xay dung thuc tai
Q0.

Cac Game Engine nay thong thuong con kém theo cac cong cu dé tao ra cac san
pham mang tinh nghé thuat va tuong tac cao. Cac ing dung tao ra cac mo hinh 3D
ndi tiéng nhu 3DSMax, Maya, va Softimage déu co thé két xudt (export) két qua
vao cac Game Engine nay. Cac dit trung co ban cua cac Game Engine nay 1a n6 hd
trg nhidu chirc nang nhu t6 bong diém (pixel shader), quan 1y dién hoat (animation),
mo phong vt 1y, méd phong chuyén dong cua cac hat nhod (nhu bui, lira, khoi), mo
phong chat 1ong, 4o quan, va cac hiéu img khac ma ta hiém khi duoc thay & cac 2D

Engine.

1.3.3. MMOG (Massive Multiplayer Online Game) Engine

Su khac biét chinh giita cac Game Engine da dé cap va MMOG Engine 1a Game
Engine nay dua trén viéc 1ap trinh trén mang va quan ly dit liéu thong qua mang.
Cac Game xdy dung trén MMOG Engine thuong chra mot co s¢ dir ligu 16n va
thue hién trén mot mang phén tan va xir Iy cho mot sd lugng 16n ngudi choi trong

cung lac. Ciing chinh vi vay ma su tdi wu trong viéc st dung bang thong mang hét
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suc quan trong va c6 thé nodi la yéu td song con cuia MMOG Engine. Viéc nén dir

liéu va chon loc dir liéu truyén trén mang tdt co thé tiét kiém dugc rat nhiéu chi phi.

Hau hét cic MMOG Engine hién nay déu tuong thich va duge tich hop véi mot
FPS Engine. Nho vdy ngoai cac yéu t lién quan dén mang thi loai Engine nay c6
cac chure nang dap g dugc cac ung dung thuc tai 4o va cac yéu tb nghé thuat dugc
dam bao va day 1a mot yéu té quan trong dé cac nguoi choi hing tha ngdi hang gid

dé choi cdc Game mang.

Mot s6 Game dugce xdy dung trén MMOG Engine c6 thé ké dén nhu: Ultima

Online, Ever Quest, Asheron’s Call va Anarchy Online.

1.4. Mot s6 Game Engine hién nay

Ngay nay trén thé gi6i c6 rat nhiéu Game Engine. Mdi Game Engine dugc tao ra
v6i nhitng muyc dich, dic tinh va 6 phiic tap khac nhau va do d6 s& rat kho khin
cho nguoi dung trong viée chon ra mot Game Engine cho chinh minh str dung. Hau
hét cac Game Engine ngay nay cung cip tét cac tinh ning co ban cia mot Game
Engine va tuy thudc vao nhu ciu ciing nhu kha ning ma ching ta chon ra mot Game
Engine pht hop cho Gng dung ctia minh. Mot s6 Game Engine tiéu biéu c6 thé ké
dén nhu: Unreal - $10,000, Quake2 - $10,000, Quake3 - $250,000, Torque - $100,
3D Game Studio — $80, Genesis - $10,000, Lithtech - $75,000, Crystal Space —
Free, Power Render - 5,500, OpenSceneGraph, XEngine, NeoEngine, OpenApp...
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Ta c6 thé c6 mot su so sanh so bd gitra cac Game Engine vé cac chic nang ma

ching cung cap cung voi gid tien dé c6 chiing qua bang toém tat sau:

Game Dark | Quake | Unreal | Halflife | Genesis | Nebula | Quake
Engine Basic 1 2
H¢ thong
BSP BSP BSP BSP BSP - BSP
Culling
Mipmap Co Co Co Co Co Co Co
Map moi . ) ) ,
. Cubic Co Co Co Co Co Co
trueong
Lightmaps Co Co Co Co Co - Co
To bong
R Co - Co - Co - -
dong
Noi suy
- - Co - - Co Co
mesh
Terrain Co - Co - - Co -
Hé thong
Co Co Co Co Co Co Co
Particle
Mirrors Co - Co - Co - Co
Cac mat
- - Co - Co - -
cong
D6 béng Co - - - - Co -
Dién hoat
khung Co - Co Co Co Co -
xXuwong
Nhiéu
.. . Co Co Co Co - Co Co
nguoi choi
Nhiéu cinh
- - Co - - - Co
Game
Engine vat
ly
Ngon ngir ) .
- Basic C Basic C C
kich ban
Gia ca $100 $10.000 $10.000 $10.000
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(tiép theo)
Game Game | Quake | Lich_ | Vulpine | Torque | Crystal | Power
Engine Studio 3 tech 2 Space | Render
Hé théng BSP BSP | Portal | Portal BSP BSP Co
Culling
Mipmap Co Co Co Co Co Co Co
Map moi .
. Co Co Co Co Co Co Co
truwong
Lightmaps Co Co Co Co Co Co Co
To6 béng
R Co - Co Co Co Co Co
dong
Noi suy . } . . , .
Co Co Co Co Co - Co
mesh
Terrain Co - Co Co Co
H¢ thong
Co Co Co Co Co - Co
Particle
Mirrors Co Co Co Co Co
Cac mat
- Co Co Co - Co Co
cong
D6 béng - Cod Cod Cod L Cod
Dién hoat
khung - - Co Co Co - Co
xuong
Nhiéu
. . Co Co Co Co Co - Co
nguoi choi
Nhiéu canh
Dev Co Co Co Co - Co
Game
Engine vat
] - - Co Co - -
ly
Ngon ngir
. } TLC C++ Java C++ C/pyth. | Python C++
kich ban
Gia ca $80 $250.000 | $75.000 $100 $500 $5.500

Bang 1-1 So sainh mdt s6 Game Engine
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1.5. Tom tat

Trong cong nghé Game tién tién ngay nay hau hét cic Game duoc xay dung dua
trén mot Game Engine. Viéc xdy dung nén cac Game Engine da tr¢ thanh mot xu
thé tat yéu va phat trién rit manh mé&. Mdi Game Engine déu chtra dung trong no
nhiéu thanh phan, tip cc thanh phan xur Iy hién thi 3D cia Game Engine chinh 13
3D Engine. Chat luong cia Game Engine phu thudc vao chat luong ctia 3D Engine,

c6 thé néi 3D Engine chinh 1a phan dic trung co ban nhat cia Game Engine.

Chuing ta c6 thé chia cic Game Engine ra thanh 3 loai 13 Isometric Engine, FPS
Engine va MMOG Engine. Tuy nhién viéc phan chia ciac Engine chi mang tinh
tuong d6i vi ngay nay cac Engine mang trong minh rat nhiéu chtrc ning pha tron tir

cac loai khac nham dap g viéc xay dung Game tot nhat.

Néu mudn xay dung Game, ta phai tim hiéu, so sanh cac Game Engine dé chon
mot Game Engine phu hop voi tmg dung va tai tién. Viéc tim hiéu cic Game
Engine con cho phép ta tao ra mdét Game Engine cho chinh minh d¢ tién sir dung

v6i chi phi dau tu thap hon.
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Chuwong 2 Vertex Shader va Pixel Shader

© Tong quan

® Qui trinh xir 1y @ hoa

@ Ki thuat va Iy thuyét vé Vertex Shader

@ Ki thuat va 1y thuyét vé Pixel Shader

@ Sir dung Vertex Shader va Pixel Shader

@ Gidi thiéu vé HLSL

@ Toém tit



Chuwong 2. Vertex Shader va Pixel Shader

2.1. Téng quan

Chua c6 khi ndo ma phan cing danh cho do hoa 3D phat trién nhu hién nay.
Phan cing hién nay phat trién dua theo tiéu chi nhanh hon, manh hon, dep hon.
Duéi su tro gitip cta cac card d6 hoa 3D tién tién, ranh gidi giita a0 va thyc ngay
cang tré nén vo cung mong manh. V&i sy ra doi cia cong nghé¢ Vertex Shader va
Pixel Shader trén phan ctng, cong nghiép lam Game di c6 bude tién nhay vot chua
tung cd, cho ra doi hang loat Game c6 chét luong dd hoa y nhu that. Vay dau la
diéu 1am nén thé manh cua cong nghé ndy, 1am cich nao ma ta c6 thé tng dung
duoc nd, cau hoi do s€ duge giai dap trong chuong nay. Khong di sau vao cac khia
canh khéc, ndi dung ctia chuong nay chii yéu dé cap toi khia canh k¥ thuét va Iy

thuyét ciia cong nghé nay.

Vi cong nghé Vertex Shader va Pixel Shader khong phai la cong nghé doc ldp
voi moi truong do co sy phu thuoc vao 3D API dvuoc su dung nén trong toan bo bdo
cdo ndy moi vin dé lién quan dén Shaders déu dwoc dé cdp trén méi truong 3D API

Direct3D cua Microsoft (phién ban 9.0c).

2.2. Qui trinh xtr ly d6 hoa (Graphic Pipeline)

Cong nghé Shaders gom 2 thanh phan co ban 1a Vertex Shader (con duge goi 1a
Vertex Program) va Pixel Shader (hay Fragment Program) 1a cong nghé dugc tich
hop san trén phan cimg cho phép nguoi 1ap trinh 3D hoan toan 1am chu qui trinh xir
Iy dit liéu va hinh anh trén phan ctng (Graphic Pipeline). Trong Direct3D, Vertex
Shader va Pixel Shader dugc goi chung 1a Programmable Pipeline dé c6 thé phan
biét véi Fixed function Pipeline. Can phai n6i thém Fixed function Pipeline 1a qui
trinh xtr 1y dit liéu va hinh anh 3D duoc cung cap san cua Direct3D, qui trinh nay
theo mot thuat todn dung hinh cb dinh ddi véi moi loai dit liéu 3D dau vao. Hinh vé

sau ddy minh hoa cho qui trinh xir 1y d6 hoa (Graphic Pipeline) cua Direct3D.

-10 -
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Prirmitive ]
Vertax data Praprocassing | | yartex | | Primitive | | Pixel Rendarad
in madel } procaessing procaessing procassing pixals
spaca

High order
primitive
data

Tessallation

+

Hinh 2-1 So' dd mé ta qui trinh xir 1y di liéu va hinh anh 3D trén Direct3D

So dd trén goi gon toan b qui trinh xtr Iy 3D trén phan cing cta Direct3D, toan
bo qui trinh ndy dwoc chia 1am nhiéu tang xir Iy hoan toan riéng biét. Nhu chung ta
thy trén so do toan bd qui xur Iy 3D bao gom:

+ Xir Iy dir liéu dinh (Vertex processing). Bién ddi vertex tir khong gian vt
thé (model space) sang khong gian chiéu (projection space).

4 Xir ly ddi twong co sé' (Primitive processing). Chuyén d6i dir liéu vertex
trong khong gian chiéu thanh céc dit lidu co so.

4 Qua trinh xir Iy diém anh (Pixel processing). Chuyén doi dir liéu co so
thanh cac diém anh trén man hinh (Rendered Pixels).

Trude khi di xa hon ta can nim bat 1 sé khai niém hay thuat ngir chuyén mon
dung trong phan nay:

+ Fixed Function Pipeline. Qui trinh xur Iy dd hoa ¢ dinh duoc dua ra boi
Direct3D. Qui trinh ndy sir dung nhiéu thudt toan 3D xt Iy ¢b dinh trén cac dit liéu
vao (céac thuat toan nay 1a khong thé thay doi).

4 Programmable Pipeline. Qui trinh x&r 1y d6 hoa c6 st dung Vertex Shader
hay Pixel Shader.

+ Graphic Pipeline. Qui trinh xir 1y dd hoa 3D néi chung (bao gém ludn ca
Fixed Function Pipeline va Programmable Pipeline).

+ Vertex. Dir liéu dinh 3D. Dir liéu trong 1 dinh gdm nhiéu thanh phan nhu toa

d6 vi tri (position), phap tuyén (normal), toa do texture (texture coordinate), mau

diffuse (diffuse color), mau phan chiéu (specular color)...

-11 -
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+ Pixel. Diém anh trén man hinh

& Primitive. Di twong d6 hoa co s¢ nhu tam giac, duong thang, hinh tron,

hinh vuong...

4« HLSL - High Level Shader Language. Ngbén ngit Shaders cip cao do
Microsoft phat trién tich hop trong phién ban Direct3D 9.0.

2.3. Vertex Shader

Vertex Shader 1a chuong trinh ¢6 vai tro xur 1y dir li€u vertex khi dugc thi hanh.
Vertex Shader trén Direct3D chil yéu viét bang hop ngit va HLSL (duoc phat trién
ké tir phién ban Direct3D 9.0). Vertex Shader 1a cong nghé phat trién theo céc thé
hé phan cimg do d6 né co rat nhiéu phién ban khac nhau, cac phién ban cao hon
khong thé chay trén céc thé hé phan cimg cii nhung nguoc lai thi duoc. Cac phién
ban Vertex Shader hién nay gdbm covs 1 1,vs 2 0,vs 2 x vavs 3 0.

Vertex Shader va Fixed Function s& loai trir 1an nhau trong khi thi hanh, do d6 ta
phai ndm duoc qui trinh xir 1y vertex cua Fixed Function trudc thi c¢6 thé tu viét cho

minh 1 Vertex Shader nhu ¥ mudn.

2.3.1. Xtr ly vertex bang Fixed Function Pipeline

Trude khi tim hiéu vé& Vertex Shader, ta hily xem qua qui trinh xtr 1y vertex ma

Direct3D cung cip sin thong qua Fixed Function Pipeline.

Primitive

wartax data in
madel space

Vertex Processing (detailad)

Lighting
anid —
materials

Warld | Mertex View Vartex

Praojaction
transform blanding transform fog

transform

Prirmitivi
vertex data in

projaction
Space

Hinh 2-2 Xir Iy vertex bing Fixed Function Pipeline

-12-
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Dit liéu dau vao caa qui trinh 13 dit liéu dinh 3D (vertex) trong khong gian vat
thé (model space), trong khong gian ndy moi vertex déu c6 toa do tinh tir gbc toa do

cua vat thé.

+ Bién doi thé giéi (World transform). Bién ddi vertex tir khong gian vat thé
(model space) sang khong gian thé gidi (world space), cac vertex s& c6 toa do twong

d6i voi nhau trong khong gian thé gisi

+ Vertex blending. Bién d6i toa d6 cua | vertex trén nhiéu ma tran bién doi
thé giéi khac nhau. Mirc 46 tham gia cia mdi ma trin duoc xac dinh thong qua gia

tri trong lugng (weight) tng vi moi ma tran.

+ Bién doi quan sat (View transform). Bién doi vertex tir khong gian thé gidi
vao khong gian quan sat. Vi tri cia camera nam ¢ goc toa do cua khong gian quan

sat, sau bién do1 nay vertex s€ co toa do 1a toa do twong do1 doi voi camera.

+ Tinh gia tri swong mu trén tirng vertex (Vertex fog). Tinh todn gia tri mau

sac cua vertex khi &p dung hi¢u trng swong mu.

4 Chiéu sang (Lighting and material). Tinh todn anh sang trén timg vertex

dua trén muc d6 phan xa anh sadng cua vertex.

+ Bién d6i chiéu (Projection transform). Bién doi vertex tir khong gian quan

sat sang khong gian chiéu. Pay la cong doan cuoi cung cta qui trinh bién doi.

Dtr li€u dau ra cia qui trinh nay s€ la dau vao qui trinh xur ly doi tuwong co sé

(Primitive processing).

Toan bd qui trinh xir 1y vertex trén cua Fixed Function c6 thé dugc thay thé bang
chuong trinh Vertex Shader, khi d6 Direct3D hoan toan chuyén giao quyén xir ly
vertex cho Vertex Shader, Vertex Shader sau khi két thuc sé& tra quyén diéu khién

cung vai dir liéu xir 1y dugc lai cho Fixed Function Pipeline dé xir 1y tiép.

2.3.2. May ao Vertex Shader
Dé biét dugc cach thiét ké 1 Vertex Shader trudc tién ta can phai nim duoc mé

hinh mdy 4o Vertex Shader (Vertex Shader Virtual Machine). May do Vertex

- 13-
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Shader 1a m6 hinh mang tinh chat 1y thuyét gitp ta d& tiép can va hinh dung cach
thirc ma Vertex Shader hoat dong. Gidng nhu 1 loai may méc coéng nghiép, Vertex
Shader nhan dir liéu dau vao (input), sau d6 tién hanh xu 1y dit liéu d6 bang 1 sb tac
vu, cudi cung 1 xudt ra cac thanh pham 1a cac dit liéu dau ra (output). Sau ddy 1 so

dd 1y thuyét:

Instructions

Prirnitivea
vartex data
in projaction
Space

Primitive
vartax data
in modal
space

Outpurt
Input Registers
Ragistars — oPoz, ol —
VA oFog, oPts,
oT#, o#

Constant Registers - c#
Boolean Registar - b
Integar Flow Control Register - i#
Loop Courtar Ragistar - al

Temporary Registers - r#
Address Ragister - al

Hinh 2-3 So d6 1y thuyét miy do Vertex Shader

Trong so d6 trén dit liu vertex dugc truyén tir trai sang phai. Cac thanh ghi
(registers) 12 noi chtra va quan 1y cac dit liéu dau vao va dau ra caa Shader. Cac tac
vu dugce thi hanh trong Shader duoc ciu tao tir 1 tip cac vi 1énh hop ngir (assembly-
language instructions), cac vi 1énh nay dugc thi hanh ngay trén don vi s6 hoc va
luan 1y (Arithmetic Logic Unit, ALU) ndm trén GPU (Graphic Processor Unit) ctia
card 3D. Dir liéu dau vao cua Vertex Shader duoc truyén vao thong qua thanh ghi
dau vao (input registers). Vertex Shader sau khi thi hanh s& xuat cac gia tri dau ra
thong qua cac thanh ghi dau ra (output registers). Dir liéu dau vao cua Shader 13
thong tin ctia 1 vertex duoc lay tir trong vertex buffer (do chuwong trinh cung cip),
cac dir li¢u nay cé thé bao gém toa do, phap tuyén, toa do texture, mau diffuse...
Dir liéu dau ra ciia Vertex Shader dugc tra thang lai cho qui trinh xir 1y (Graphic

Pipeline) dé chuyén qua cong doan xir Iy ddi twong co s& (Primitive processing).
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Chuwong 2. Vertex Shader va Pixel Shader

Céc thanh ghi dugc str dung trong Shader déu 1a cac thanh ghi 4 chiéu (c6 thé
luu duoc 4 sé thyc trong 1 thanh ghi). C6 4 kiéu thanh ghi, mdi kiéu c6 cach sir

dung rat khac nhau.
& Thanh ghi dit liéu vao (input registers) chtra dir liéu dau vao.
4 Thanh ghi hing (constant registers) chira cac hang s6 dung trong ALU.
4 Thanh ghi tam (temporary registers) chira cac dir liéu tam thoi.

+ Thanh ghi dir liéu ra (output registers) chira két qua tinh toan cia Vertex
Shader.

Véi cac thanh ghi dong vai trd luu trit, ALU dong vai tro thi hanh cac 1énh, phan
quan trong nhat ctia Shader chinh 1a cac vi 1énh (instrutions). Vi 1énh trong Vertex
Shader chu yéu 1a céac vi 1énh toan hoc thuc hién 1 tac vu cu thé nhu tinh tich v
hudng (dot product), tich hitu hudng (cross product), nhdn ma tran, tim minmax...
Danh séach céc loai thanh ghi ciing nhu cac vi 1énh ¢6 thé kham thao trong Direct3D

SDK.

2.3.3. CAu truc cua 1 chwong trinh Vertex Shader bang hop ngiv

Vertex Shader nguyén thuy dugc xdy dung bang hop ngit. Cac ngdn ngit cip cao
hon danh cho Vertex Shader chi xuat hién sau nay nhu HLSL (chi c6 trong
Direct3D 9.0 tr¢ 1én) hay GLSL (dugc phat trién trong phién ban OpenGL 2.0).
Phan nay s& dé cip t6i cau trac 1 chuong trinh Vertex Shader viét bang hop ngi,

cac ngdn nglr cap cao s€ dugc trinh bay ¢ cuodi chuong nay.

Mot chuong trinh Vertex Shader viét bang hop ngit cin ban dugc chia thanh cac

phan sau day:
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Chuwong 2. Vertex Shader va Pixel Shader

vs 11 Version Instruction

/f constants set by the application
S el - View+Projection matrix
Sfoedx -1 —Comments
Sfedy -0

Sfocdz -05

S/ constants asseambled into the shadar |
dafcB, 0,1, 2,3
daf o0, O.0F, O.25f, 0.5f, 0.75f — Constants

def c24,1,1,1,1

del_position w0

del_texcoord0 vi — Input Register Declarations

S/ output the texture coordinates
oy oTO, vl

» Transform position )
dpd ocPosax, v, c0 — Instructions
dpd oPosy, v, ¢l
dpd oPoz.z, v, o2
dpd oPosaw, Wi, c2

Hinh 2-4 CAu triic 1 chuong trinh Vertex Shader bing hop ngi

& Chi thi phién ban (Version Instruction). La thanh phan dau tién trong
chuong trinh, né cho biét phién ban Vertex Shader dugc bién dich thanh. Trong vi

du trén chuong trinh s& chay dugc trén phan ctimg hd trg vs 1 1 trd Ién.

+ Ghi chi (Comments). Puoc ding dé ghi cac ghi cha trong chuwong trinh nhur
¥ nghia cta dir liéu chtra trong thanh ghi... Ghi cha dugc bat dau bang (/) hay ( ;)
cho ghi cht 1 dong va (/* ... */)) cho ghi chti nhiéu dong.

& Cac hing thanh ghi (Constants). Cac hang dugc dinh nghia sau tir khoa
def. Cac hing thanh ghi c6 thé chira t6i 4 gia tri cho mdi thanh ghi. Nhu & vi du trén
thanh ghi ¢8 duoc gan gia trj 13 (0, 1, 2, 3). Céc hang thanh ghi con c¢6 thé duoc gan
gia tr1 bén trong chuong trinh chinh thong qua phuong thuc
IDirect3DDevice9.:SetVertexShaderConstantx.

4« Pinh nghia dir litu trong thanh ghi diu vao (Input Register
Declarations). Céac thanh ghi dir 1iéu vao nhu v0, v1... can phai dugc dinh nghia dir
liéu trude khi sur dung. Viéc dinh nghia nay sé giap Direct3D anh xa duoc céc dir
liéu thanh phan trong vertex trén bd nhd vao dung cac thanh ghi trong tmg. Trong
vi du trén, thanh ghi vO s€ chua toa do vi tri, va vl s€ chura toa dd texture cua

vertex.

- 16 -



Chuwong 2. Vertex Shader va Pixel Shader

4 Cac vi Iénh (Instructions). Phan cudi cing ctia 1 chuwong trinh Vertex
Shader 14 cac vi 1énh hop ngit. Moi chuong trinh Vertex Shader déu phai xuat gia tri
ra it nhat 12 vao thanh ghi vi tri oPos. Trong vi du trén chuong trinh xuét vao 2

thanh ghi 1a thanh ghi vi tri oPos va thanh ghi toa d¢ texture oTO.

2.4. Pixel Shader

Pixel Shader 1a chuong trinh tinh toan va xt 1y mau trén 1 hay nhiéu diém anh.
Pixel Shader s& dugc thuc thi 1 1an cho mdi diém anh dugc dung 1én man hinh tur
dir liéu vertex vi thé Pixel Shader khi chay s& ton nhiéu thoi gian hon Vertex Shader
(chi xtr 1y 1 1an cho mdi vertex). Pixel Shader c6 thé dugc viét bang hop ngir hay
HLSL. Cac phién ban hién nay cua Pixel Shader gom co ps 1 1, ps 1 2, ps_1 3,
ps 1 4,ps 2 0,ps 2 xvacudicunglaps 3 0.

Ciing giéng nhu Vertex Shader, Pixel Shader khi thi hanh s& loai trir véi Fixed

Function, do d6 tim hiéu qui trinh xir 1y pixel ctia Fixed Function 13 diéu can thiét.

2.4.1. Xt ly diém anh bang Fixed Function Pipeline
Sau khi dit liéu vertex dugc xir Iy (thanh toa do trong khong gian chiéu) s& duoc

chuyén qua dé xir 1y ddi tuong co so (Primitive Processing).

Vertex Data in

Projection
Space

Primitive Processing

Homogensous

Clipping ; b Viewport Triangls

Scaling Setup

Irtarpolated
Vartax Data

Hinh 2-5 Qui trinh xir Iy d6i twong co sé
& Clipping. Loai bo cac cac ddi twong hinh hoc khong nhin thdy duogc trong

khdi quan sat (viewing frustum) dé ting hiéu suat dung hinh.
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4 Chuin héa hé toa @) thuin nhat (Homogeneous Divide). Chia cac thanh

phan cua dir liéu cho phan tur cuoi.

+ Anh xa Viewport (Viewport Scaling). Anh xa dir liéu vao toa do trong

Viewport.

4 Xir Iy tam giac (Triangle Setup). Chudn bi cho viéc ndi suy tam gidc va

bién ddi céc thudce tinh vertex thanh thudc tinh diém anh.

Sau khi qui trinh xu 1y ddi tuong co s¢ hoan tat, dir liéu vertex da duogc nodi suy
thanh dir liéu diém anh san sang duoc chuyén sang qui trinh x{r 1y diém anh (diém
anh luc nay chua phai 1a gid tri mau ma chi mang cac thudc tinh do tinh toan dugc
tir viéc ndi suy tam gidc ma thdi). Piém anh sau d6 s& tinh toan két hop cac thudc
tinh mau sic va ldy mau texture tao thanh diém mau cudi cung. Qui trinh xur 1y diém

anh bao gdom 2 cong doan chinh.

Pixal Processing (Part 1)

Intarpolated :
vertex data +| Blend colors Lit S!"d |t3§1;rgd
(pixal attributas) L = : —|-» e
ample

textura

Pixel Processing (Part 2

Alpha Dapth Stancil [ |PerPixel Alpha . Final pixel
tost [ tost [ test | Fog ™| plang [ Dither Fr{Gamma—=| " calar

Hinh 2-6 Qui trinh xir Iy diém 4anh qua 2 giai doan

Giai doan 1 bién d6i dit liéu noi suy trong vertex (bao gdm mau diffuse, mau
specular va toa dg texture) thanh cac thudc tinh mau cua diém anh. Gom ¢6 cac
budc sau day:

4 LAy miu texture (Sample texture). LAy mau 1 hay nhiéu texture

+ Hoa mau (Blend colors). Két hop cic mau trong thudc tinh cua diém anh
chu yéu 1a mau co ban (diffuse), mau phan chiéu (specular) voi cac mau ldy mau tir

texture.
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Giai doan 2 s€ chuyén di€ém mau & cudi giai doan 1 thanh diém mau cuoi cung

duoc dung 1én trén man hinh. Qua trinh ndy bao gém cac cong doan sau day:

+ So sanh alpha (Alpha test). Tién hanh so sanh gia tri alpha dé xem mau sic
ctia diém anh co6 tham gia vao gia tri mau cudi cung hay khong.

+ So sanh cip nhit vang dém dd sau (Depth test). Cap nhat vung dém do
sau (Depth buffer) bang d6 sau cta diém anh néu diém anh duoc vé.

4 So sach stencil (Stencil test). Tién hanh kiém tra stencil néu diém anh doi

4 Tinh toan swong mu (Per-pixel fog). Két hop gia tri swong mu voi mau cia
diém anh.

+ Hoa mau dua trén d9 alpha (Alpha blend). Tién hanh két hop mau cua
diém anh dang v& véi mau cta diém anh tvong Gng trén man hinh.

+ Dither. Thuc hién chuin hda mau.

+ Hi¢u chinh Gamma. Thuc hién hiéu chinh gamma trén diém 4nh cudi cung.

Trong qui trinh x{r 1y diém anh & trén, chi c6 giai doan 1 1 c6 thé thay thé xir 1y
bang Pixel Shader. Pixel Shader sau khi két thuc sé& tra gia tri mau tinh duoc cho
Fixed Function Pipeline. Ta hdy xem qua chi tiét xr 1y trong giai doan 1 ciia Fixed

Function Pipeline. M6 hinh 1y thuyét cta Fixed Function Pipeline nhu sau:

Pixel Processing Part 1 (detailed)
Fixzd Function

Bland diffuse and
I:';Etrgflz?;?a specular color Multitexture Blender
B T Staga O

Testure Samplar Stage 1

i
i
o o} ' }D
Taxture ‘wil i A Stﬂg‘e?
1

*

coordinates *Sampler 1

[ |
* Samplar 2
LSt - i Texture

.
T .. Stage —
ey | e
Tauture | Samplor7 | >

Cata 1

Textura
Data

T’E'D"a”{'g 2 [Tasture

Cata

R T TR 3 T TR R TRy [ttt ]

The texture sampler is made up of texture data and samplers.

Hinh 2-7 Mé hinh xir Iy diém anh cia Fixed Function trong giai doan 1
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+ Dir liéu texture (Texture Data). La dit lidu cua texture ldy tir tap tin hay

khung hinh (Render Target).

+ Sampler. Dung d¢ 1dy miu texture. C6 nghia 1a dung toa do texture dé tim
gia tri mau twong Ung tai toa do d6. Cac bo loc texture (texture filtering) c6 thé 1am
anh huong dén chit luong miu nhan dwoc (trir ché do loc theo diém (point

filtering)). Fixed Function Pipeline cé tit ca 8 samplers.

Co ché két hop da texture (Multitexture Blender) bao gdm 8 ting két hop
(Blending Stage). Cac tang két hop duoc sap chong 1én nhau sao cho dau ra cia dau
ra clia tang 0 tr& thanh dau vao cho tang 1, ddu ra cua ting 1 trd thanh dau vao cho

tang 2 va ctr thé. Mdi tAng nhu vAy goi 13 ting texture (texture stage).

Ca giai doan 1 nay ta c6 thé st dung Pixel Shader dé xir Iy thay cho Fixed
Function. Mo hinh 1y thuyét cua Pixel Shader thay thé twong ng voi Fixed

Function nhu sau.

Pixel Processing Part 1 (detailed)
Programmable Pixel Shader

Interpolated Pixel Shader Virtual Machine _ | Pl
vartex data colons)

Texture
colar

Textura
coordinates

Texture Samplar
—=| Samplar O
T4 Sampler 1
-I_S:almplar 2

*| Samplar 15 I—
-

Texture |
clat=

Taxtura
da

Textura
data

Textura
data

Hinh 2-8 Mé hinh xir Iy diém 4nh ciia Pixel Shader trong giai doan 1

Theo mé hinh trén Pixel Shader ciing dung cac samplers dé lay miu texture,

nhung gio day co ché két hop da texture (Multitexture Blender) di dugc thuc hién
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ngay trong ban than cua Pixel Shader, bang cach nay cac tac vu két hop (blending)
hoan toan c6 thé dugc 1ap trinh lai. Mot khi da st dung Pixel Shader, ta khong con
phai hiéu chinh céc trang thai cua cic ting texture (Texture Stage States) dé dicu

khién co ché két hop da texture nita vi moi thir dd dugc 1am trong Pixel Shader.

Pay chinh 1a sitc manh ctia Pixel Shader: nguoi lap trinh khong con phai tén
nhiéu cong strc dé thiét 1ap cac trang thai cho cic tang texture nita, ho gid ddy hoan
toan c6 thé tu 1ap trinh ra cac thuat toan maoi dé sur dung, tham chi hoan toan c6 thé
trung chuyén cac ludng dir liéu tir vertex shader vao pixel shader (néu dung két hop
ca 2 shader). Tuy nhién van con nhiing han ché do ngudi 1ap trinh van chua can
thiép dugc vao giai doan 2 ctia qui trinh xur 1y pixel, giai doan nay van con bi sy
kiém soat cua Fixed function Pipeline. Phan sau ta s& xem qua kién trac cia may o

Pixel Shader

2.4.2. May ao Pixel Shader
Pixel Shader dung céc toan tir toan hoc dé xur 1y dit liéu bén trong ting diém anh

de tinh ra gid tri mau sac cuoi cung cua diém anh.

Pixal Shader Virtual Machina

Instructions :
Ternporary Ragisters - r#
Output Registers: ;
s 1 w0 Pisel
p o _.
pz_2 (O oC#, oDepth

| Constant Registers - c#

Input Registers:
vartex data ps_3 O
vFaca, vPosition

Flow Control
Registars ps_2 x
Boolaan
Registar - b
Integer Flow Cortrol
Register - i#
Loop Counter
Ragister - al

S S S e e ey el

=R e S i P e S g Fo e R e S e S

Texture Samplar

Hinh 2-9 M hinh 1y thuyét ciia may o Pixel Shader

221 -



Chuwong 2. Vertex Shader va Pixel Shader

Dir liéu trong mo hinh duoc di chuyén tir trai sang phai. Pixel Shader sir dung
cac thanh ghi (registers) dé luu trit, quan 1y cac dit liéu dau vao (input), dau ra
(output), dong thoi thao tac trén chiing nhd vao cac vi 1énh dugc thuc thi bai don vi
s6 hoc va ludn 1y (ALU). Pixel Shader khi thi hanh s& bién déi cac thudc tinh bén
trong cua diém anh (bao gém vi tri, phap tuyén, toa do texture, mau diffuse...)
thanh gia tri mau sic clia diém d6. Cac thanh ghi dit liéu vao clia Pixel Shader s&
nhan dir liéu vao la céc gid tr1 ndi suy cua vertex. Chirc nang cua cac texture
sampler 13 dung toa do texture tir cac thanh ghi dau vao dé 1dy miu texture va tra vé

gia tri mau lay duogc.

Tuong ty nhu Vertex Shader, Pixel Shader s& ghi cac gia tri két qua vao cic
thanh ghi dau ra (thuong 13 gia tri mau sic cua diém anh). Thanh ghi d4u ra sau khi

nhén dit liéu s& tra dix liéu vé cho Graphic Pipeline dé xur 1y tiép giai doan 2.

Sau day la danh sach céac loai thanh ghi dugc dung trong Pixel Shader va chiic

nang cua ching.

4 Thanh ghi dit liéu vao (input registers) chira dit liéu dau vao (nhan dugc tir
qua trinh xir 1y d6i twong co s& (Primitive processing)).

& Thanh ghi hing (constant registers) chira cic hing s6 dung trong ALU.

+ Thanh ghi tam (temporary registers) chtra cac dit liéu tam thoi.

4 Thanh ghi dir liéu ra (output registers) chira két qua tinh toan cua Pixel

Shader.

4 Thanh ghi diéu khién (Flow control registers) diéu khién thir ty cac vi 1énh
duoc thuc thi.

4 Texture sampler ding toa do texture dé 1y miu texture sau do tra vé lai cho

Shader.

Céc vi 1énh trong Pixel Shader chinh 1a thanh phan chinh cta Pixel Shader. Cac
vi 1énh dam nhan viéc thuc thi mét sb tic vu toan hoc trén dir liéu vi du nhu tinh
tich vé hudng (dot product), nhan ma tran, tinh vector don vi... Danh sach cac loai

thanh ghi cling nhu cac vi 1énh ¢ thé kham thao trong Direct3D SDK.
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2.4.3. CAu truc cua 1 chwong trinh Pixel Shader bang hop ngiv
Mot chuong trinh Pixel Shader duoc cAu tao tir nhiéu dong vi I¢nh va ghi chu.
Céc vi 1énh trong Pixel Shader duogc bd tri nhu sau:

Versions: Varsion:
pz1i1.ps1 2. ps 1 3, pe 1 4

Varsions:
ps_2 0,ps_ 2 ¥, ps 2 sw

ps 3 0-ps 3 sw

Version Instruction

Varsion Ingtruction

Varsion Instruction

I

!

]

Setup Instructions
{input daclarations)

Satup Instructions
{input declarations)

Satup Instructions
{input and output
declarations)

Arithmatic, Taxura,
Modifiers

Phasa 1 Instructions

Arithrmetic, Textura,

Arithmatic, Textura,

Flow Control,
Madifiars

Miodifiars

]

| Phase Instruction |

Phaza 2 Instructions

Arithretic, Textura,
Modifiars

Hinh 2-10 Céu triic chwong trinh Pixel Shader bing hop ngir

CAu triic chuong trinh Pixel Shader chia 1am 3 phan chinh:

& Chi thi phién ban (Version Instruction). Cho biét phién ban Pixel Shader
duoc bién dich thanh

4 Cic chi thi dinh nghia (Setup Instructions). Dinh nghia c4c ludng dir liéu
trong cac thanh ghi, cac phién ban sau doi hoi phai dinh nghia ca dit liéu dau vao va
dau ra.

4 Cac vi 1énh thi hanh. Phan cubi cing cta chuong trinh 14 cac vi 1énh thi
hanh.

Viduy 1 chuong trinh Pixel Shader

ps 11 // chi thi phién ban

def c0, 0,0,0,0 // céc chi thi dinh nghia

def c¢1, 1,1,1,1

def ¢c2, 1.0,0.5,0,0

def c¢3, 0,-0.5,-0.25,0

tex tO0 // 14y midu texture tai tdng 0 véi toa dd texture thu 0

mov r0, tO // xudt két qua mau sdc vao thanh ghi r0
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2.5. Sr dung Vertex Shader va Pixel Shader trong chwong trinh

O cac phan trudce ching ta chi méi tim hiéu cach thirc hoat dong va cau trac cua
1 chuong trinh Vertex Shader va Pixel Shader. Nhung Vertex Shader va Pixel
Shader khong phai 14 1 chuong trinh doc 1ap dé c6 thé chay 1 cach riéng 18 nhu cac
chuong trinh Window khac. Vertex Shader va Pixel Shader chi la cac doan ma may
chay trén GPU duoc Direct3D diéu khién trong chuong trinh chinh. Trong phan nay
chung ta s& xem qua 1 vi du cu thé dé c6 thé img dung Vertex Shader vao trong

chuong trinh.

Muobn dung Vertex Shader trudc tién ta can tao mot du an moéi ¢6 st dung

Direct3D. Sau d6 tién hanh cac budc sau day:
Cong doan khai tao bao gém:

+ Khoi tao moi truong 3D va khoi tao cac trang thai dung hinh mac dinh

(Render State), tao méi giao dién [Direct3DDevice9.

& Thiét ké va lap trinh Vertex Shader, bién dich Vertex Shader thanh ma mady.

// Design a vertex shader
const char* strAsmVertexShader =

"vs 1 1 // version instruction\n"

"dcl position vO // define position data in register v0\n"
"m4x4 oPos, v0, cO // transform vertices by view/proj matrix\n"
",.\n"

wn o,
’

// Assemble shader
LPD3DXBUFFER pShader = NULL;
D3DXAssembleShader (
strAsmVertexShader,
(UINT) strlen (strAsmVertexShader),

NULL, // A NULL terminated array of D3DXMACROs
NULL, // #include handler

D3DXSHADER DEBUG,

&pShader,

NULL // error messages
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& Tao méi giao dién IDirect3DVertexShader9 bang phuong thirc
IDirect3DDevice9::CreateVertexShader.

LPDIRECT3DVERTEXSHADERY m pAsm VS;
// Create the vertex shader
g _pd3dDevice->CreateVertexShader (
(DWORD*) pShader—->GetBufferPointer (), &m pAsm VS );

& Tao méi giao dién IDirect3DVertexDeclaration9 bang phuong thirc
IDirect3DDevice9::CreateVertexDeclaration.

D3DVERTEXELEMENTS decl[] =

{

{ 0, 0, D3DDECLTYPE FLOAT3, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE POSITION, O },D3DDECL_END ()

}:
// Create the vertex declaration

g _pd3dDevice->CreateVertexDeclaration( decl, &m pVertexDeclaration );

+ Tao moéi giao dién [Direct3D VertexBuffer9 bang phuong thirc
IDirect3DDevice9.:CreateVertexBuffer va do dir liéu vertex vao trong buffer, dir
liéu nay sau do s€ dugc vé ra man hinh bang Vertex Shader.

// A structure for our custom vertex type
struct CUSTOMVERTEX
{

FLOAT x, vy, z; // The transformed position for the vertex
}i
// Initialize three vertices for rendering a triangle
CUSTOMVERTEX vertices|[] =
{

{-1, -1, 0}, // lower left

{0, 1, 0}, // top

{1, -1, 0}, // lower right
bi
LPDIRECT3DVERTEXBUFFERY9 m pVB = 0;
// Create the vertex buffer. Here we are allocating enough memory
// (from the default pool) to hold three custom vertices
g_pd3dDevice->CreateVertexBuffer (

3*sizeof (CUSTOMVERTEX), 0, 0, D3DPOOL DEFAULT, &m pVB, NULL );
// Now we fill the vertex buffer. To do this, we need to Lock () the
// vertex buffer to gain access to the vertices
VOID* pVertices;
m pVB->Lock( 0, sizeof(vertices), (VOID**)é&pVertices, 0 );
memcpy ( pVertices, vertices, sizeof (vertices) );
m_pVB->Unlock () ;
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Sau cong doan khéi tao ta dd c¢6 du cac giao dién sir dung can thiét. Trong ham

render ta can tién hanh cac budc sau:

4-‘ Thiét 1ap cac hang can thiét dung trong Vertex Shader vao trong céc thanh
ghi hang (constant registers) bang cac phuong thurc:

IDirect3DDevice9::SetVertexShaderConstantF,
IDirect3DDevice9::SetVertexShaderConstantl,
IDirect3DDevice9::SetVertexShaderConstantB

// Calculate World * View * Projection matrix

D3DXMATRIX compMat;

D3DXMatrixMultiply (&compMat, &m matWorld, &m matView);
D3DXMatrixMultiply (&compMat, &compMat, &m matProj);

// Transpose the matrix

D3DXMatrixTranspose ( &compMat, &compMat );

// Set constant

g _pd3dDevice->SetVertexShaderConstantF( 0, (float*)&compMat, 4 );

& Sir dung IDirect3DVertexDeclaration9 (da tao trudc d6) bang phuong thirc
IDirect3DDevice9::SetVertexDeclaration

‘g_pd3dDevice—>SetVertexDeclaration( m pVertexDeclaration);

& Su dung IDirect3DVertexShader9 (di tao truéc d6) bang phuong thirc
IDirect3DDevice9::SetVertexShader

|g_pd3dDevice—>SetVertexShader(m_pAsm_VS);

+ V& dir liéu vertex trong IDirect3DVertexBuffer9 ra man hinh

g _pd3dDevice->SetStreamSource (0, m pVB, 0, sizeof (CUSTOMVERTEX)) ;
g _pd3dDevice->DrawPrimitive (D3DPT TRIANGLELIST, 0, 1);

+ Iré quyén diéu khién vé cho Fixed Function dé thuc hién v& cac ddi tuong
khac bang phuong thuc IDirect3DDevice9::SetVertexShader.

|g_pd3dDevice—>SetVertexShader(NULL);

Két qua ctia chuong trinh

Hinh 2-11 Két qua thwc thi chwong trinh vi du vé sir dung Vertex shader
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Y nghia cling nhu tham sb ciia cic phuong thirc minh hoa & trén ¢6 thé xem
trong Direct3D SDK. Vi du trén day chi minh hoa 1 chwong trinh Vertex Shader rat
don gian, nhung thuc t& chuong trinh Vertex Shader phirc tap hon rat nhiéu, lic d6
viéc 1ap trinh bang hop ngir tré nén cuc ky kho khin nhung moi viée da duogc giai

quyét tir khi HLSL (High-Level Shader Language) ra doi.

2.6. Gi&i thiéu HLSL

Trude khi DirectX 9 ra doi viée viét cac Shader 1a mot cong viéc that sy nang
nhoc. Nguoi 1ap trinh phai ty quan 1y moi tha tir thanh ghi cho dén cac vi lénh, ho
phai tu t6i wu hoa cac cong viéc (Vertex Shader va Pixel Shader c¢6 gi6i han 1 sd
luong vi 1énh tdi da trong 1 chuong trinh), d6 1a chua ké dén chuong trinh hop ngi
rat kho doc va kiém 18i. Sy ra doi cac ngdn ngir cap cao chinh 1a budc tién 16n cia
cong nghé nay gitp nguoi lap trinh d& dang hon trong viée viét cac Shaders.

HLSL c6 cdu trac gan gidng ngdn ngir C nhung c6 nhiéu khac biét do dic thu
clia cac chuong trinh Shaders. Uu thé ciia chuong trinh viét bang HLSL so v&i hop
ngir 14 rat 16n vi nhiing 1y do sau:

+ Chuong trinh dé doc va debug hon.

& Lap trinh dé dang hon do ¢6 cau tric gan gidng ngdn ngit C.

%+ Trinh bién dich HLSL s& tu dong tdi wu céac 1énh, déng thoi tu quan ly céc
thanh ghi duoc st dung gitip giai phong kha nhiéu cong strc cia nguoi phat trién.

Céc cu phap vé ngdn ngit nay 13 kha nhiéu va c6 thé xem trong Direct3D SDK.

Bay gio ta hdy xem qua 1 chuong trinh Vertex Shader don gian viét bang HLSL.

float4x4 WorldViewProj;
float4 VertexShader Tutorial (float4 inPos : POSITION) : POSITION
{

return mul (inPos, WorldViewProj) ;

Trong chuong trinh ndy ta thdy c6 1 khai bdo bién va 1 ham. Bién
WorldViewProj ¢ kiéu 1 1 ma tran sb thuc 4x4. O day ta khong thiy c6 su khoi
tao bién do bién nay s& duoc cung cip gia tri tir chuong trinh chinh, d6 1a ma tran
tong hop World * View * Projection. Ma tran ndy s& dugc dung dé bién doi vertex
gidng nhu trong Fixed Function Pipeline ma phan trudc di dé cap. Ham

VertexShader Tutorial ¢6 1 gia tri tra vé va 1 tham s6 déu c6 kiéu 1a float4 va déu
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duoc gan ngit nghia (semantic) 13 POSITION. Poan mé ngudn & trén hoan toan
gidng ngon ngit C ngoai trir kiéu dir 1iéu va cac ngit nghia (semantic). Cac kiéu dir
liéu méi duge hd tro chu yéu la vector va ma tran. Ngit nghia (semantic) 1a thanh
phan méi trong HLSL, ngit nghia cta cac bién trong HLSL gitp dinh nghia loai dit
lidu s& dugc ty dong truyén vao trong cac bién nay khi Shader duoc thuc thi. Trong
vi dy trén dir liéu toa do vi tri (POSITION) cua vertex s€ dugc tu dong truyén vao
bién inPos dé chuong trinh xtr 1y, sau d6 két qua tra vé s& dugc d6 lai thanh ghi
chtra toa d6 twong Ung trong tap cac thanh ghi dau ra.

Shaders viét bang HLSL duoc st dung gidng nhu cac Shader viét biang hop ngir
ngoai trir viéc thay vi ding ham D3DXAssembleShader dé bién dich nhu chuong
trinh hop ngit, Shaders viét bang HLSL s& dugc bién dich bang ham
D3DXCompileShader.

2.7. Toém tat

Céac noi dung trong chuong nay chu yéu gidi thiéu mot cach so luge vé cong
nghé d6 hoa Vertex Shader va Pixel Shader dé ngudi doc c6 cai nhin 1 cach tong
quat nhat vé cong nghé nay. Cac chuong sau s& dé cap t6i mot sb thuat toan Shaders

cling nhu vi¢e tich hop cong ngh¢ nay trong 3D Engine.
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Chwong 3 Nwfc Engine

© Tong quan

@ Cac tinh nang cua Nwfc Engine

© Mo hinh xay dung Nwfc Engine

® Chu truc cua Nwfc Engine

@ Heé thdng chét liéu (material)

@ Toém tit
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3.1. Téng quan
3.1.1. Ly do xay dwng

Hién hay yéu t6 séng con d6i véi cong viéc phét trién phan mém do chinh 1a thoi
gian. Thoi gian cang cao thi cang ton nhiéu chi phi dé phat trién, nguy co thét bai
hay hity bo 14 rat 16n, nguogc lai phét trién trong thoi gian ngén sé mang lai loi nhuan
cho nguoi phat trién va duoc khach hang tin nhiém. Ciing gidng nhu cac phan mém
khac, Game ciing 12 1 phan mém nhung c6 d6 phirc tap rat 16n doi hoi thoi gian phat
trién 1au dai, néu phat lai tir dau thi s tén thoi gian va chi phi, d6 1a chua ké dén véi
tdc @6 phat trién phan cting nhu vii bdo hién nay néu Game phat trién qua 1au sé tro
nén lac hau va c6 thé din toi that bai. Do d6 hau hét cac nha phat trién Game déu cb
giang dung lai t6i da nhiing gi c6 thé dung duoc, néu ho khong cé cai dé diung, ho s&
mua lai cia cdc nha phat trién khac chinh vi vdy cac Game Engine di 1én ngoi.
Game Engine di chimg t6 duoc sttc manh cua nd trong cong viéc phat trién Game,
rit ngan thoi gian phat trién Game, tiét kiém chi phi dong thoi ludn hd tro cac thé
hé phan cing mdi nhat. Hau hét cac Game 16n khi ra doi déu gan minh v6i mot

Game Engine nao d6 vi du nhu Game Haftlife2, Doom3...

Mot Game Engine t6t khong chi ¢6 thé mé rong va phat trién thém ma con phai
theo kip voi su tién bo cua cong nghé néu khong mubn san phém cua minh tré nén
lac hau. Cong nghé phan cing phat trién ngay nay da lam nén cho sy bung né ciia
cong nghé Shaders (Vertex Shader va Pixel Shader) trén phan cimg. Néu diém qua
cac Engine méi nhat ta déu thdy ching déu hd tro cong nghé Shaders, do dé cong
nghé nay ciing 1a dich hudng tdi ciia cac nha phat trién Engine hién nay.

Nhim phat trién thtr nghiém mot Engine doc 1ap co thé dung lai cho nhiéu ung
dung mic khac hd tro cac thé hé phan cting mdi nhat ciing nhu tich hop cong nghé
dd hoa Shaders, Nwfc Engine da dugc phat trién dé dap ung nhu cau do. ..

3.1.2. Gi&i thiéu
Nwic Engine dugc phat trién nhu mot thu vién doc 1ap co thé dung cho phat

trién Game hay cac ung dung 3D (nhu 3D Editor, Level Editor, 3D Viewer...).
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Dich huéng téi ciia Engine nay 1a phat trién thanh 1 Game Engine, tuy nhién vi thoi
gian c¢6 han nén trong luan vian nay Nwfc Engine chi dugc xay dung so tinh ting

vira di nén gan giéng mot 3D Engine hon 13 1 Game Engine.

3.2. Cac tinh nang cua Nwfc Engine

Engine cung cip cac tinh niang cho viéc phét trién dé dang tmg dung 3D nhu
Game hay cac chuong trinh hién thi 3D khac. St dung cong ngh¢ dung hinh dd hoa
tién tién nhat hién nay trén nén thu vién 3D API DirectX9.0c, muc dich cia Engine
1a khai thac hét sttc manh ctia b vi xir Iy GPU (Graphic Processor Unit) cho viéc
dung hinh va hién thi d6 hoa 3D. Ngoai ra Engine dam nhan chirc ning quan Iy va

truy xudt hiéu qua tai nguyén phan cig nhat 13 bd nhé Ram va card dd hoa 3D.
> Cac tinh niang chinh vé 3D

+ HO tro tich hop san cong nghé Shaders (Vertex Shader va Pixel Shader). Cho
phép viét lai cac thuat toan dd hoa méi nhat méi dé dung trong tng dung hay c6 thé

st dung céc thuat toan da dugc Engine cai dit san.

+ HO tro doc tap tin .X (cua DirectX). T4p tin .X 1a mot trong nhiing format tap
tin cin ban duoc hd tro boi Engine.

+ Quan Iy ty dong toan bd cac tai nguyén trén phan cing (Ram hay card man
hinh) cting nhu trén bd nhd phu gitip cho chuong trinh gidam b6t ganh ndng cho bo
nhd.

+ H¢ théng tap tin Parameter linh hoat duoc st dung cho nhiéu muc dich trong
cling nhu ngoai Engine. N6 cho phép nguoi dung tu dinh dang dir liéu riéng, chuc
nang gan gidéng nhu XML,

+ Phan quan trong nhit cua Engine chinh 1a hé théng dyung hinh linh hoat diwa
trén co s sir dung cac chat lidu (material).

» Cac tinh nang phu trg

+ Thu vién toan hoc.

4 Thu vién ho tro xir Iy dinh dang tap tin Parameter.
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& Thu vién quan 1y va truy xuét tap tin.
& Thu vién debug va quan 1y 15 (thu vién mi ngudn mo).

4 Heé thong giao dién lap trinh d& sir dung va than thién.

3.3. M6 hinh xay dwng Nwfc Engine

Nwifc Engine duoc trién khai duéi dang module (mdi module duoc bao boc
trong 1 DLL), gdm nhiéu module lién két lai vdi nhau. Tong quat toan bd hé thong
Engine gdm 1 module chinh va nhiéu module vé tinh. Toan bd Engine dugc thiét ké

theo mo hinh plug-in nén hoan toan c6 thé dugc phat trién mé rong va nang cap.

nwic. dll

t

renderer D9 dll

Hinh 3-1 M6 hinh module ciia Engine

» Module chinh (nwfc.dll). Pam nhén trach nhiém chinh cua toan bo Engine.

Cac trach nhiém chinh:

+ Day 1a module chinh va cling 12 module duy nhat giao tiép véi tng dung dau
cudi. Ung dung dau cudi truy xuit cic ham trong module thong qua giao dién ham
(interface) ma module nay cung cip ra ngoai.

4 Cung cp cac khai bao giao dién ham (interface) thong nhét cho cac module
v¢ tinh, cac module v¢ tinh s€ can cir vao cac giao di€én nay ma trién khai cai dat

cho phu hop.

4 Dam bao su két dinh cua cac module vé tinh v&i module chinh hay gilra cac
module vé tinh v6i nhau (gém két dinh dir liéu va két dinh ham).

Trong Nwfc hé théng truy xudt tdp tin la duy nhat, do dé hé thong nay sé duwoc
chia xé cho toan bé cdc module vé tinh dé sir dung. Do la mot trong cdc vi du vé vai
tro dam bdo tinh két dinh ciia module chinh.

» Cac module v¢ tinh. GOm nhi¢u module ddm nhén cac chirc nang khac nhau

c6 thé hoan toan doc 1ap voi nhau hay phu thudc 1dn nhau. Cac module nay cé
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nhiém vu phai hién thuc hoa cac giao dién (interface) do module chinh cung cap. Vi
du module ddam nhan chic nang dung hinh 3D béng Direct3D, module dam nhan
chtrc ning truy xuat tap tin. Cac module ndy hoan toan trong suét (transparent) voi
ung dung dau cudi, vi ching chi dugc st dung ndi by bdi module chinh ma thoi.

G161 thi¢u so luge vé cac module str dung trong Engine.

+ Module renderer: 1a tip cac module phu thudc vao thu vién dd hoa dung hinh
3D. Hién nay trén thé giéi chi c6 2 thu vién do hoa 3D phd bién duoc nhidu ngudi
st dung 1a OpenGL va Direct3D (1 phéan trong tap hop thu vién multimedia DirectX
ctia Microsoft), du trong Engine chi dugc cai dit sin module renderer cho thu vién
Direct3D ma théi (cu thé 13 phién ban 9.0c) nhung ta hoan toan c6 thé thém module
dung hinh cho OpenGL bing cach phat trién thém module m&i ma hoan toan khong
phai thong bao gi cho module chinh hay compile lai code. Nhiém vu ctia module

nay phai hién thuc hoa cac giao dién vé do hoa 3D ciia module chinh.

4 Module quan 1y va truy xuat tap tin (file system): Pam nhan vai tro thao tac,
tim kiém trén tap tin ciing nhu doc hay ghi tap tin, phu thudc vao thu vién tap tin
nhu Standard FilelO, I0Stream, hay WIN32 File System. Moi module khac muén
truy xuat tap tin déu thong qua module nay. Module nay duoc tich hop trong
module chinh ma khong phai 1a module roi. Ta cé thé tach rdi module nay khi ta
mudn st dung céc thu vién truy Xuét tap tin khac nhau (thu vién tap tin dugc su
dung trong Engine 1a Standard FilelO).

+ Cac module khac nhu module vt 1y, module ngdn ngit kich ban (Scripting)
... s& duoc phat trién khi mé rong Engine sau nay.

3.4. Céau trac cia Nwfc Engine

Engine 12 mot tip cac thanh phan, mdi thanh phan thé hién 1 chtc ning riéng

biét. Mot s6 chitc ning chi str dung cuc bo nhung hau hét cac chirc nang duoc két

xudt (export) cho tng dung dau cudi dudi dang giao dién (interface).
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TextureManager

MNwfclUtil Texture

Parameter Material

RenderSystem |« nwfc.dll » File system

Math / \~i MeshBuilder

h J
Shader RenderAPI Mesh

T =
s b
1

ShaderDx9 RenderAPIDXS MeshDXx9

T / RdrDX9_Linker

HWShaderManager '\
rendererDX9.dll /
HardwareShaderDX9 4#-'“""/ \“;“'-—-—-.. StateManager

ShaderManager MeshManager

Hinh 3-2 M hinh cic thanh phén ciia Nwfc Engine
3.4.1. Cac thanh phan trong Nwfc module
4 Mesh. Thanh phian dam nhén chtic ning luwu trit dit liéu 3 chidu ma cha yéu
1a dinh (vertex) va chi s6 (index).

4+ MeshBuilder. C6 vai tro hd tro 1ap trinh vién, gitip ho c6 thé sta d6i hay

thao tac trén dit liéu 3D dugc chira trong Mesh mdt cach nhanh va thuén tién nhat.

4 Texture. La thanh phan xir Iy cic anh bé mat texture. Cac texture 13 cac tai
nguyén chia xé (shared resource) va duoc quan 1y ndi bo trong Engine boi sb dém

tham chiéu (reference count).
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+ TextureManager. Hé thong cac texture dugc quan 1y ndi b trong Engine
boi TextureManager, thanh phan nay s& dam bao céc texture c6 cung tén va dudng
dan s& tham chiéu dén cung 1 dbi twong trong bo nhé gitp tiét kiém rat nhiéu bo
nhé d6i véi cac ung dung 16n. Cac hé théng manager va co ché chia xé tai nguyén

bang s6 dém tham chiéu dugc str dung rat phd bién trong Engine.

+ Material. Pay 13 trai tim d6 hoa cuia toan bd Engine. Thanh phan nay dam
nhan moi chirc ning vé chat lidu hién thi trén bé mat 3D nhu do bong, van bé mat,
do phan chiéu, d6 khtc xa... Noi chung moi vat thé déu co chat liéu cua no, g5 thi
c6 chét liéu gd, sat thi c6 chét liéu kim loai. Moi tinh chat vé chat liéu nhu thé s&
duoc quan 1y boi thanh phan nay. Ciing giéng nhu texture, material ciing 13 sir dung

reference count dé quan ly chia x¢ tai nguyén.

+ RenderSystem. Dy khong phai 13 1 thanh phan ma 14 1 hé thong. Hé thong
nay sé& dam nhéan quan 1y toan bd chic ning d6 hoa cua toan bo Engine. Moi hanh
dong ma tmg dung dau cudi mudn trién khai vé mat d6 hoa déu phai théng qua hé

thong nay. Hé théng nay con dam nhan ludn chirc nang quan 1y cho cic material.

+ RenderAPI. Day la thanh phan déng vai trd giao tiép v6i phan cing va véi
cac thu vién d6 hoa cp thap giup thuc hién céc chirc ning trén phan cing. Thanh
phan nay s& duoc hién thyc hoéa trén cac 3D API cu thé (nhu Direct3D hay
OpenGL).

+ Shader. GitGp quan 1y va tich hop cac thong tin can thiét khi dung hinh nhu
cac trang thai cua phan cing, Vertex Shader, Pixel Shader... Shader dugc su dung

trong material va hoan toan co6 thé dugc chia xé gitra cac material khac nhau.

+ FileSystem. Hé thong quan 1y truy xuat va tim kiém tap tin. Moi thanh phan
khac mudn thao tac trén tap tin déu phai thong qua thanh phan nay. Ta phai st dung
1 hé théng tap tin duy nhét cho moi thanh phﬁn vi sy phu thudc vao cac thu vién tap

tin duge st dung nhu (StandardFilelO hay Win32FilelO). Ngoai ra sy quan ly tap
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trung con giup ta trién khai cac hinh thirc luu trir khac nhau (nhu luu trit trong tap

tin zip chang han).

+ Parameter files. Day 1a thanh phan hd tro dinh dang tip tin Parameter cua
Engine. Pinh dang tap tin Parameter sé dugc trinh bay & phan sau. Tap tin
Parameter duoc sir dung rat pho bién trong ciing nhu ngoai Engine. N6 giup dinh

nghia cau truc tap tin material... va dugc dung rat nhiéu cho Game demo.

& Math. Thu vién toan dung cho 3D, hd tro vector 2..4 chiéu, quaternion, ma

tran 4x4, color, mat phéng.

+ NwfcUtil. HO tro ing dung dau cudi c6 thé truy xuat cic thanh phan trong

Engine.

3.4.2. Cac thanh phan trong RendererDX9 module
Céc thanh phan trong module nay chii yéu 1a cac thanh phan hién thuc hoa cac
giao dién ciia Nwfc module trén nén cua 3D API Direct3D 9.0c. DPay 1a module

hoan toan phu thudc Direct3D. Céc thanh phan:
+ MeshDXO9. Hién thyc hoa thanh phan Mesh.
+ ShaderDX9. Hién thuc hoa Shader.
+ RenderAPI_DX9. Hién thyc hdéa RenderAPL.

Ngoai ra module nay con nhiéu thanh phan mang tinh chét noi bo, chi dugc st

dung trong module nay ma thoi.

+ StateManager. Quan Iy trang thai phan cing mot cach hiéu qua gitp ting
téc d6 khung hinh, giam sd lan thay d6i trang thai qua cac 1an goi 1énh v& xudng

murc thap nhat ddng thoi phuc hdi lai cac trang thai di thay doi cho cac 1an vé sau.

4 HardwareShaderDX9. Diy 13 thanh phan chinh trién khai tryc tiép cong
nghé Vertex Shader va Pixel Shader trén phan cing, do Shader 13 cong nghé phu
thudc 3D API, nén thanh phan phai dugc cai dit trong module nay.

- 36 -



Chuwong 3. Nwfc Engine

+ HWShaderManager. Quan 1y cac HardwareShaderDX9, thanh phan nay
dam bao cac HardwareShaderDX9 c6 cung tén tip tin s& tham chiéu dén cung mot

dbi tuong.
4+ MeshManager. Quan 1y cac MeshDXO.
+ ShaderManager. Quan Iy cac Shader.

+ RdrDX9 Linker. Pay 13 thanh phan giup trao d6i thong tin giita module
nwfc.dll va module renderer DX9.dll. Module chinh thong qua thanh phan nay s&
truyén cac thong tin can thiét ciia minh vao module renderer DX9 dé module nay
c6 thé st dung nhu hé thong tap tin (file system), cac tham s cdu hinh (graphic

config)...

Trong céc thanh phan cua Engine 2 thanh phan 13 hé thdng chat liéu (material)
va hé thdng tap tin parameter 12 2 thanh phan c6 tinh wu viét nhét s& dugc trinh bay

r0 hon ¢ phan sau.

3.5. Hé thong chat liéu (material)
3.5.1. Gi&i thiéu

Cac vat thé trong thé gidi thuc déu dugc cdu thanh boi rat nhiéu cac chét liéu
khéc nhau. C6 chéat liéu thi tron lang phan chiéu anh sang nhu bé mat kim loai, cling
c6 chat liéu thi trong sudt mo duc nhu cac vat lam bang plastic. Hé théng chét lidu
(material) cia Nwfc Engine ciing dam nhan vai tro gan giébng nhu chit liéu trong
thé gidi thyc. Material s& quan 1y tat ca cac thudc tinh lam nén bé mat ciia vat thé

gitip cho vat thé dugc hién thi sao cho cang gidng vai thé gidi thuc cang tdt.

Néu khong c6 chat liéu thi d6i twong 3D khi duoc vé ra sé trong nhu thé nao ?

-37 -



Chuwong 3. Nwfc Engine

Hinh 3-3 Am tra duwoc vé & ché dd khung va & ché do binh thwong

Hinh 3-4 Am tra dwoc vé véi cac chit li¢u khac nhau

RO rang khi mét ddi tuong 3D dugc vE vdi cac chét liéu khéac nhau thi s& cho ra

dugc hinh anh rat khac nhau.

3.5.2. Cau truc cua hé thong chat liéu (material)
— M Textures

Material ™ Hardware States
i Vertex Shader,
B =hader Eender Paszes —:H' Piel Shuder
i Fized Function
L

(Direct2In

Giao tifp véi phin cng va phy thudc 3D APT

[
|

Hinh 3-5 CAu tric ciia material
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CAu trac cua 1 chat liéu gdbm nhiéu ting, tAng cang cao thi muc do triru tuong
hoa cang cao va cang it giao tiép voi phan ctng, nguoc lai tAng cang thap thi giao

tiép voi phan ctimg va do phu thudc vao 3D API cang 16n.

& Material. Chinh ban than cua chét liéu, tAng nay c6 mirc do triru tugng cao
do it giao tiép véi phan cimg. Material dam nhan vai tro xir 1y cac thong s6 thudce
tinh dong thoi chuyén giao cic thong sd nay cho cac tang thap hon st dung. Cac

thong s nay c6 thé duoc material quan 1y trén tap tin hay trén bd nho.

+ Textures. La cic anh texture ctia bé mat, cac anh nay c6 thé gdm nhiéu loai

khac nhau va dugc st dung cho cac muc dich khac nhau.

4 Shader. La thanh phan quan 1y chtic niang dyng hinh ciia material, moi chirc
ning v& ctia material déu phai thong qua thanh phan nay. Mot Shader bao gdm mét

hay nhiéu lan dyng hinh (goi 14 render pass).

4 Render passes. La 1 1an v& hinh anh vao frame buffer. Mdi render pass gom
cac trang thai phan cung, vertex shader va pixel shader hay fixed function (khi

khong str dung vertex shader hay pixel shader) dugc sir dung trong 1an vé dé.

3.5.3. Material

Material trong Engine c6 thé tao bﬁng code hay doc tur tap tin. Pinh dang tap tin
cua material l1a dinh dang tap tin Parameter cia Engine. Thong tin material dugc luu
trong tap tin bao gdm céc texture va shader, material hd tro t6i da 4 texture tuong

ing 4 ting texture [0..4] (texture stage) cta Direct3D.

Cu phap cua 1 material nhu sau:

textures

{ texturel texturefile [ texture flag(s)]
ée%tﬁre4 texturefile [ texture flag(s)]

;hader shaderfile
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+ texture[id]. Texture twong tng véi thtr tir trong id = [ 0.4 ]. Chi s6 id trong
cac texture phai lién tuc va khong duoc khuyét.

+ texturefile. Tén tap tin texture. Tén texture file phai bao gom ca duong dan
tinh tir thu muc chura tap tin thuc thi dén thu muc chura texture do.

4+ texture flag(s). 0 hay nhiéu texture flag cho biét cac thong tin vé texture. Chi
tiét cac co nay s& duoc trinh bay chi tiét & phan sau. Néu texture flags nhiéu hon 1
thi cac flag phai cach nhau khoang tra‘mg va toan b duogc dat trong ngoac [].

+ shaderfile. tén tap tin shader can st dung bao gdm ca duong dan tinh tir thu

muc thye thi dén thu muc chira tap tin do. Vi du:

textures
{
texture0 "textures/chairl.tga"
texturel "textures/chairl local.tga" -normalmap
texture?2 "textures/chairl s.tga" [ -specularmap -pointsample ]
}
shader "shaders/bump"

Trong trudng hop s6 luong material st dung 13 rt 16n thi viéc sir dung 1 tap tin /
1 material s& tr& nén vo ciing kho khin vi s6 luong tap tin c6 thé 1én t6i hang tram
tap tin. D& giai quyét van dé d6 Engine d3 cung cap kha ning tich hop nhiéu
material vao trong 1 t3p tin 16n goi la material collection hay materal library

(matlib). M6t matlib c6 ciu tao nhu sau:

[material name]

{

textures

{

}
shader
}

[material name]

{

Matlib 1a tap hop rt nhiéu material, mdi material trong matlib duoc dinh danh
bang tén, con ndi dung cia timg material thi hoan toan giéng nhu 1 material don

thong thuong.
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Chirc nang chinh cua mateial collection (matlib) la don gian hoa chirc nang
quan Iy 1 s6 luong 16n material bang cdch tich hop rat nhiéu material vao chung 1
tap tin (s6 heong dwoc tich hop la khéng gi6i han), dong thoi matlib con gitip phdn

loai cac material thanh cdc tdp hop gitip cho viéc tim kiém qudn Iy tro nén dé dang.

3.5.4. Textures

Texture chinh la cac dir li¢u tap tin anh dugc luu trong bo nhd, duge str dung dé
ap vao bé mit cua vat thé trong khi render. Texture trong 3D rat da dang vé chung
loai ciing nhu dinh dang. Nwfc Engine hd tro load cic dinh dang anh sau day lam

texture { .BMP, .DDS, .DIB, .HDR, .JPG, .PFM, .PNG, .PPM, .TGA }.

3.5.4.1. Phan loai texture dung trong Engine

Texture trong Nwfc ¢6 thé duge dung v6i cac muc dich sau day.

4+ Texture thwong. Dung nhu tap tin anh thong thudng, texture dugc str dung

nhiéu nhét trong Engine.

+ Normal map. Day 13 loai texture dic biét, thay vi chtra thong tin vé mau sic
nhu texture thuong, normal texture chira cac thong tin vé khong gian phap tuyén
(tangent space) ctia vat thé trong timg diém anh. Normap map chi phap huy tac
dung khi duogc dung kém véi Vertex Shader va Pixel Shader, néu khong thi no s&

dong vai tro nhu mdt texture thuong.

+ Specular map. Day ciing 1a 1 loai texture dac biét, texture nay chi chira
thong tin dang grayscale. Texture khi 4p vao mit vat thé s& cho biét thong tin vé
mirc d6 phan chiéu cta 4nh sang 1én bé mit vat thé (specular lighting). Ciing gidng
nhu normal map, specular map phai dugc dung kém véi Vertex Shader va Pixel

Shader.

Normal map va specular map thirong dwoc ding dé thue hién thudt todn chiéu
sdng trén timg diém danh (per pixel lighting), per pixel lighting chi méi dwoc sir

dung nhiéu trong nhitng nam gan dady, truoc do nguoi ta van sw dung chiéu sang
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trén tirng dinh (per vertex lighting) chii yéu la do thiéu sw hé tro tir phan ciing va

céng doan tao ra cdc texture ndy thwong ton kha nhiéu thoi gian.

+ Environment Cube Map. Texture nay rat khac véi cac loai trén do chira t6i
6 anh riéng biét trong 1 texture. Cubemap chta 6 anh mdé ma khung canh moi
truong 6 mat xung quanh vat thé d6 1a cac mat Face 0, 1,2,3,4, 5 tuong trng voi {

+X, -X, +Y, -Y, +Z, -Z } cua khdi hop.

*Y Face 2

+Z a
| | 1_:",

Face 1 Face 4 Face 0 Face 5

i ; l|II'J|I W |:II|JI. W .fuu
el y - X +7 i -z
-k = o

v

Hinh 3-6 Cac mit ctia Environment Cube Map

Cubemap dung cha yéu thé hién sy phan chiéu cia méi trudng xung quanh 1én

vat thé ddi v6i cac bé mit phan chiéu 4nh sang nhu kim loai, thiy tinh. ..

+ Render Target Texture. Texture ndy khong ldy dir liéu tir tap tin anh ma dix
liéu anh c6 dugc 1a do render cac vat thé vao texture. Pay 1a loai texture xtr 1y phirc
tap nhat trong cac loai texture nhung ung dung dé tao hiéu Gmg ciing nhiéu nhat.
Texture nay dugc dung dé tao cac hiéu ung cuc ky dac biét nhu mat nude, khic xa
anh sang, motion blur..... va thuong dugc dung chung vdi Vertex Shader va Pixel

Shader.
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Texture thirédmn

.

mpecular map

Enwironment Cube MMap

Hinh 3-7 Cac loai texture khic nhau
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3.5.4.2. Texture flags

Nhu phan truée di dé cip, texture trong material file c6 di kém véi cac co chi

thi. Cac cO nay s€ gitp Engine nhan dang loai texture dé su dung cho phu hop,

ngoai ra cac co nay con chi thi cho Engine biét 1 s6 thude tinh cua texture.

Tén co Y nghia

-pointsample Ché d6 filter texture 13 1y mau gan nhat (nearest point
sample)

-nocompress Khong dung texture nén

-clampu Nhan ban pixel cudi khi toa do texture u vuot qué khoang [
0.0..1.0]

-clampv Nhén ban pixel cudi khi toa do texture v vuot qua khoang [
0.0..1.0]

-nomipmap Khong dung filter mipmap

-minmip Dung filter mipmap nhung gi¢i han murc thap nhat 1a (4x4).

-onebitalpha Cho biét texture nay c6 1 bit alpha

-eightbitalpha Cho biét texture nay c6 8 bit alpha

-normalmap Texture nay dugc dung nhu loai normal map

-specularmap Texture ndy dugc dung nhu loai specular map

-envcubemap Texture nay phai duoc load 6 mit dé dung nhu Environment
Cube Map

-alphaspecularmap | Texture nay c6 thanh phan alpha 13 specular map

Bing 3-1 Céc cb ciia texture
3.5.5. Shader

Shader 13 thanh phan quan 1y cac 1an dyng hinh ctia material ciing nhu cac thudc

tinh ctia cac lan dyng hinh. Hinh 3-8 thé hién ciu tric cua 1 Shader.

Mot shader bao gdm nhiéu 1an dung hinh (render) goi 1a render pass. Mdi render

pass 1a mot tip cac trang thai phan cing, Vertex Shader, Pixel Shader, tuy nhién ca
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3 thanh phan nay khong phai luc nao cling ¢6 mat, ta chi sir dung né khi can ma

thoi. Sau day 1a hinh d4nh minh hoa céac render pass phdi hop véi nhau.

--w  Hardware States

r
I
i
I
I
|

Eender Pass 1 ——--# WYertex Shader

¥

I
I
|
I
I
L

- Fizel Shader

Shader

--# Hardware States

b J

Eender Pasz n —i——-h Vertex Shader

- FPizel Shader

Hinh 3-8 Céu triic ciia 1 Shader trong Engine

Fender Pass 0 Fender Pass 1

Anh cudicong

Hinh 3-9 Dyng hinh nhiéu lin dé cho ra anh cudi ciing
Boi vi 1 Shader can rat nhiéu thong tin vé trang thai phan ctng ciing nhu Vertex
Shader va Pixel Shader nén ta can 1 format file linh dong thé c6 thé luu trir cac
thong tin trén, format file Shader st dung trong Engine la Effect file (cua
Direct3D).
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3.5.5.1. Gi&i thiéu tap tin Effect
Tap tin Effect (hay FX) la dinh dang tap tin dic biét cua Direct3D. Effect file

ctia Direct3D c6 thé duoc dung véi 3 muc dich sau day:

+ Dung dé viét Vertex Shader va Pixel Shader bang HLSL (High Level Shader
Language).

+ Dung luu trir cac technique, 13 hé thong tich hop cac render pass lai v6i nhau.

+ Dung tich hop Vertex Shader, Pixel Shader véi cac technique.

3.5.5.2. Dinh dang tap tin Effect

Mot Effect file ¢6 cdu tric bao gdm nhiéu tham sd (parameters), cac technique,
va cac ham duoc viét bang ngon ngit HLSL. Vi Effect file rat 16n va trong Engine
Effect chi stz dung v6i muyc dich nhu 13 cac technique nén trong phan nay chi dé cap

té1 Effect file duoi dang céac technique ma thoi.

Effect file (chi dung technique) gdm nhiéu technique. Mdi technique dugc ding
cho mot 1an v&, n6 cung cp 1 kiéu hay cach thirc dung hinh. Mét technique duoc

cau tao tir nhiéu render pass.

» Cu phap cua 1 technique

technique [ id ] [< annotation(s) >]

{ pass(es) }

& id. Tén cua technique (c6 thé co hay khong).

4 annotation (s). Gom 0 hay nhiéu nhan cua technique, nhin trong technique

duoc dung dé luu trir cac thong tin riéng cia ngudi dung.

4 pass (es). Gom 0 hay nhiéu pass. Mdi pass chtra dung nhiéu trang thai va gia

tri cua chung.
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» Cu phap cua 1 pass:

pass [ id ] [< annotation (s) >]

{ state assignment(s) }

+ id. La tén cua pass (co thé c6 hay khong)

4 annotation (s). GOm 0 hay nhiéu nhin cta pass, nhin trong pass dugc ding
dé luu trir cac thong tin riéng clia nguoi ding.

+ assignment (s). Gom nhiéu trang thai dugc gan gia tri (hay cac biéu thirc)
(danh sach céc trang thai hop 1é c6 thé xem trong DirectX SDK).

Vi du: 1 Effect file vé dung cho thuat toan shadow volume

technique RenderShadowVolume

{

pass PO <
string vsh = "vertex shadowvol 11";
string psh = null;

>

CullMode = Ccw;

// Disable writing to the frame buffer
AlphaBlendEnable = true;

SrcBlend = Zero;

DestBlend = One;

// Disable writing to depth buffer
ZWriteEnable = false;

ZFunc = Less;

// Setup stencil states
StencilEnable = true;

StencilRef = 1;

StencilMask = OxFFFFFFFF;
StencilWriteMask = OxFFFFFFFF;
StencilFunc = Always;

StencilZFail = Decr;

StencilPass = Keep;

}

pass Pl <
string vsh = "vertex shadowvol 11";
string psh = null;

CullMode = Cw;
StencilZFail = Incr;
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Trong Effect file trén chi c6 1 technique tén la RenderShadowVolume, trong
technique nay st dung 2 pass render 12 PO, va P1. Trong PO va P1 14 nhiéu céc trang
thai dugc gan gia tri, cac trang thai ndy sau d6 s& duoc Direct3D chuyén giao cho
phan ctng dé thiét 1ap. O dau mdi pass duoc gan nhin 13 cac bién kiéu string (nhin
nay s& duoc xir Iy ndi bo boi hé théng shader ciia Engine).

Luwu y la cdc trang thdi trong pass Pl sé dwoc ké thira lai cdc trang thdi trong

pass PO true 2 trang thai la CullMode va StencilZFail.

3.5.6. Str dung Vertex Shader va Pixel Shader trong Engine

Trong Effect file vi du ¢ trén thy trong mdi Pass déu c6 gan nhin dic biét

pass PO <
string vsh = "vertex shadowvol 11";
string psh = null;
>

Nhéan nay chinh 1a tén cua Vertex Shader va Pixel Shader dugc st dung trong
pass do. Vertex Shader dugc str dung trong khi dung hinh render pass PO 1a tap tin

“vertex_shadowvol 11.vsh”, va khong str dung Pixel Shader.

Vertex Shader va Pixel Shader trong Engine dugc viét bang ngén ngir cip cao
HLSL dugc bién dich trudce thanh tip tin ma 1€nh trong luc xay dung (build-time)

va st dung trong Effect file dudi dang tén tap tin nhu trong vi du trén.

Chuong trinh bién dich dugc str dung la fxc.exe, ¢6 trong bo DirectX SDK 9.0c.

Tham sb dong 1énh cta chuong trinh c6 thé xem trong SDK.

Mac du Effect hoan toan cho phép ta bién dich Vertex Shader va Pixel Shader
trong luc thi hanh (run time) thong qua 2 trang thai la VertexShader va PixelShader
(ddt trong méi pass) nhung cdch bién dich triwée va sk dung dudi dang tap tin cé
nhiéu wu diém:

& Tua cé thé quan Iy cdc tdp tin ndy va nap vao bé nhé chi khi can thiét.

* Thoi gian nap sé nhanh hon do da dwoc bién dich trudc.
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3.5.6.1. Vertex Shader trong Engine

> Cac hing mic dinh co ban (constant register)

Nhu ta di biét dir liéu ddu vao cia Vertex Shader gom dir lidu vertex va cac gia
tri hiang (const) dugc cung cip tir chwong trinh théng qua cc constant register. Tty
vao muc dich cua thut toAn ma Vertex Shader can céc hﬁng khéac nhau. Dé 1am nhe
b6t sy quan 1y, Engine cung cap cho Vertex Shader mot sé lwong hing c6 dinh
thong qua mot sd cac constant register dd duoc dinh nghia sin. Cac Vertex Shader
khi dugc viét méi hoan toan co thé sir dung cac hang ndy trong thuat toan ctia minh

va co ché cua Engine s€ dam bao cho cac hang c6 dinh nay ludn c6 gia tri phu hop.

Tén bién hing Kiéu Register Y nghia
cEyePos float4 c2 Diém dit ctia mat hay camera
cModelViewProj floatd4x4 | c4..c7 Ma tran World (0) * View * Projection
cViewProj float4x4 | c8..cll Ma tran View * Projection
cModelView floatdx4 | cl2..cl15 | Ma tran World (0) * View
cViewModel float4x4 | c17..¢c20 | Ma trdn World (0) * View nghich dédo
cAmbientCube[6] | floatd c21 ..¢c26 | Anh sang ambient theo 6 mit
cLightInfo[2] lightinfo | c27..¢36 | Thong tin vé 2 ngudn anh sang [1]
cModel[12] float4x3 | c42 ..c77 | 12 ma tran World (0) -> World (12) (Dung

cho Indexed Skinning). Dung cho phat
trién Engine sau nay, hi¢én nay Engine van
chua ho trg hardware skinning.

cView float4x4 c78 ..¢c81 | Matran View
cProjection float4x4 | ¢82..c85 | Ma tran Projection
cInvModel float4x4 | ¢86 ..c89 | Ma trdn World (0) nghich ddo

Bang 3-2 Cac hing mic dinh co ban
Chu thich:

[1] : Thong tin vé ngudn sang dugc b tri thanh ciu tric.

struct LightInfo

{
float4 color;
floatd dir;
float4 pos;
float4 spotParams;
floatd4 atten;

i

LightInfo cLightInfo([2];
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Trong do:

& color. Mau cta ngudn sang.

& dir. Hudng chiéu t6i ciia ngudn sang (chi dung cho nguodn sang song song
(directional light)).

& pos. Vi tri dit ngudn sang (chi ding cho ngudn sang diém (point light) va
ngudn sang hinh chép (spot light)).

4 spotParams. Thong tin vé ngudn sang hinh chop (spot light).

+ atten. Do suy giam cuong dd anh sang theo khoang cach.

Phéan loai Vertex Shader trong Engine

Vertex Shader trong Engine dugc phan lam 2 loai tuy vao dac tinh st dung

& Vertex Shader khong phu thudc (hay khong dung) ngudn sang.

+ Vertex Shader phu thudc vao ngudn sang

> Vertex Shader khong phu thudc ngudn sing

Vertex Shader thudc loai nay thuong kha don gian do khong phai tinh toan d6
sang tir cac ngudn sang. SO luong cac vi 1énh (intructions) thudng rat it do dé hau
hét chi cin dung Vertex Shader phién ban vs 1 1 13 du. Cac Vertex Shader duogc
cai dit sdn boi Engine trong sd nay gom c6 (chi tiét cac thudt todn va ma nguodn sé
duogc trinh bay ¢ chuong sau).

4 vertex_screenspace_11.vsh. Dung dé v& cac ddi twong truc tiép 1én man
hinh theo toa d6 diém trén man hinh. Thudng dung cho viéc vé& cac ddi tuong giao
dién GUI, ngoai ra Shader niy con dugc dung trong thuat toan do bong Shadow
Volume.

& vertex_shadowvol 11.vsh. Chi dung cho thuit toan d6 béng Shadow
Volume ma thaoi.

+ vertex_skybox 11.vsh. Dung dé v& cac khung canh bau troi bang cac khoi
vudng.

Chi s6 11 dang sau tén cta cac Vertex Shader chinh 14 phién ban Vertex Shader
do6 dang st dung. Trong d6 11 1a phién ban vs_1 1, 20 1a phién ban vs 2 0, 30 1a
phién ban vs 3 0.
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> Vertex Shader phu thudc ngudn siang
Céc Vertex Shader trong sb nay gdm co:

4 vertex_bump_11.vsh. La shader chinh dung dé cac ddi twong c6 hd tro dnh

sang va bump bé mit bang normal map.

Vertex Shader phu thudc ngudn sang c6 dd phirc tap hon han do phai tinh toan
d6 4nh sang tir cdc ngudn sang. Engine hd trg t6i da 2 ngudn sang cung voi anh
sang moi trudng 6 mat (ambient light cube) va cung cip thong tin cic anh sang nay
thong qua cac bién hing cAmbientCube[6] va cLightInfo[2], mdi ngudn sang co thé

1a 1 trong 3 loai sau day, ngudn sang cang vé sau thi tinh toan cang phirc tap.

4 Nguon sang song song (Directional Light)
+ Ngudn sang diém (Point Light)
4 Ngudn sang hinh chop (Spot Light)

Vertex Shader phu thudc ngudn sang khi duoc viét méi phai dam bao sir dung
hét cac thong tin vé& ngudn sang ma Engine cung cap dé viéc dung hinh dugc chinh

xac.
> Su phikc tap ciia Vertex Shader phu thudc ngudn sang

Néu khong tinh anh sang mdi truong thi mdi nguén sang c6 4 trang thai (khong
dung, song song, diém va hinh chdp) nén t6 hop trang thai ctia 2 ngudn sang c6 thé
xay ra trong Engine 13 2 * 4 = 8 (trang thai), mudn kiém tra 8 trang thai nay Vertex
Shader phai su dung I€nh r€ nhanh if. Ta hady xem qua 1 Vertex Shader don gian chi

tinh todn mau sac vertex theo cac ngudn sang sau day:

VS OUTPUT main( const VS INPUT i )
{

// Calculate lighting for light 1

o.color = 0;

if( cLightInfo[0].type == LIGHTTYPE DIRECTIONAL )
o.color += ( “do directional lighting” );

else if ( cLightInfo[0].type == LIGHTTYPE POINT )
o.color += ( “do point lighting” );
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else if ( cLightInfo[0O].type == LIGHTTYPE SPOT )
o.color += ( “do spot lighting” );

// Calculate lighting for light 2

if( cLightInfo[l].type == LIGHTTYPE DIRECTIONAL )
o.color += ( “do directional lighting” );

else if ( cLightInfo[l].type == LIGHTTYPE POINT )
o.color += ( “do point lighting” );

else if ( cLightInfo[l].type == LIGHTTYPE SPOT )
o.color += ( “do spot lighting” );

return o;

Két qua 1a chuong trinh nay qua ning né va chi bién dich duoc trén phién ban

Vertex Shader 3.0 ma thoi (do s6 vi 1énh phét sinh do cac 1énh r& nhanh 1a rit 16n

vuot qué gidi han sb vi 1énh t6i da ciia cic phién ban Vertex Shader thip hon, nhu

phién ban 1.1 chi ho tro tdi da 128 vi 1énh con 2.0 chi hd trg 256 vi 1énh trong 1

chuong trinh Vertex Shader) diéu d6 c6 nghia 1a Shader nay chi chay dugc trén cac

card man hinh si€u cao cap ma thoi.

> Cach giai quyét ciia Engine:

Engine chia t6 hop cac trang thai ctia ngudn sang thanh 11 t6 hop ngudn sang

(goi 1a light combo) trng vé1 8 trang thai & trén + 3 trang thai méi do c6 su tham gia

ctia anh sang moi trudng. Mdi t hop duoc gan bang 1 chi sé nhan dang (tir 1..11).

Chi s light combo Ngudn sing 0 Ngudn sang 1 MGéi trwong

1 NONE NONE NONE

2 NONE NONE AMBIENT
3 SPOT NONE AMBIENT
4 POINT NONE AMBIENT
5 DIRECTIONAL NONE AMBIENT
6 SPOT SPOT AMBIENT
7 SPOT POINT AMBIENT
8 SPOT DIRECTIONAL AMBIENT
9 POINT POINT AMBIENT
10 POINT DIRECTIONAL AMBIENT
11 DIRECTIONAL DIRECTIONAL AMBIENT

Bing 3-3 Cac tb hop ngudn sing
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Tai 1 thoi diém dung hinh (render) chi ¢6 1 va chi 1 light combo ton tai ma thoi
va thong tin vé& cac ngudn sang cua light combo nay 1a hoan toan cb dinh. Do d6 khi
thiét ké Vertex Shader thay vi lam 1 Shader 16n nhu & trén ta s& phan ra lam 11 cac
Shader nho (mdi Shader dugc dinh dang bang chi sé tng vé6i light combo ma nd sir
dung, chi ) nay duoc gan thém vao tén tap tin dé Engine c6 thé nhan dang dugc

Vetex Shader d6 dugc dung cho light combo nao).

Vi du: tap tin “vertex bump 11 S.vsh” trong d6 “vertex bump 117 1a tén
Shader + phién ban ctia Shader va “ 57 1a chi s cua light combo duoc st dung

(ng v6i t6 hop ngudn sang DIRECTIONAL, NONE, AMBIENT).

Vi cac giai quyét trén chuong trinh Vertex Shader khong phai con sir dung cac
1énh 1& nhanh (if) nita, lam cho s6 vi 1énh giam xudng dang ké khién cho phién ban
Vertex Shader duoc bién dich thanh ciing giam theo, diéu ndy sé& gitp chuwong trinh

c6 thé chay trén nhiéu thé hé phan cing hon.

Dbi v6i loai Vertex Shader phy thudc ngudn sang thi cach sir dung trong Effect
file cling c6 1 sb thay ddi nho dé Engine c6 thé nhan biét dugc loai Vertex Shader

nay.

pass p0 <
string vsh = "vertex bump 112";
string psh = "pixel bump 20";

>

Déu “?” phia sau "vertex_bump 117 s& giip Engine nhan dién day la Vertex
Shader co6 st dung nguén sang, Engine s€ tu dong tim kiém va nap tat ca cac Vertex
Shader ¢6 tén “vertex_bump 11 x” (x = 1..11) vao bd nhé dé cé thé sir dung sau

nay.
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3.5.6.2. Pixel Shader
Hau hét Pixel Shader trong Engine di lién v&i 1 Vertex Shader twong tng do

Pixel Shader cin dit liéu input 1 cac output tir Vertex Shader. Pixel Shader trong
Engine khong sir dung cac thanh ghi hing mic dinh nhu Vertex Shader. Danh sach

cac Pixel Shader dugc cai dat trong Engine.

4 pixel bump_20.psh. La shader chinh ding dé cac ddi twong c6 hd trg 4nh
sang va bump bé mit bang normal map (dung chung véi vertex_bump 11.vsh).

4+ pixel glowscreen_11.psh. Dung dé vé cac vat thé phat sang nhu bong dén,

man hinh may tinh...

3.6. Tom tat
Trong chuong ndy ching t6i trinh bay vé mot sd thanh phan chinh trong Nwfc
Engine. Chi tiét cac thuat toan cua Vertex Shader va Pixel Shader duoc cai dat trong

Nwfe Engine s€ dugc trinh bay ¢ chuong sau.
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Chuwong 4 Cac thuat toan Vertex va Pixel Shader

@ Loi noi dau

® Db bong thoi gian thue Shadow Volume

© Khung canh bau troi (sky box)

@ Chiéu sang theo diém anh (per-pixel lichting) st dung

normal map va specular map

@ Toém tit
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4.1. L&inéi dau
Phan ndy s& trinh bay ndi dung chi tiét cta thuit toan Vertex Shader va Pixel
Shader dung trong Game demo. Céc két qua thu nghiém déu duge chup lai tr Game

demo hay tir Engine.

4.2. D6 bong thei gian thwe Shadow Volume

Trong linh vyc d6 hoa 3D néi chung ciing nhu Game 3D néi riéng hién nay, cac
mo hinh d6 bong thoi gian thuc dang duoc st dung rat rong rii, ngoai viée giup
ngudi quan sat hinh dung dugc vi tri twong ddi cua vat thé trong khong gian 3

chicu, do bong con gép phan lam cho boi canh trd nén gan giii voi thuc t€ hon.

Nhan thirc dugc tam quan trong cua viéc d6 bong thoi gian thyc, hang loat cac
thuat toan vé d6 bong da dang duoc phat trién. Hang loat cac thuat toan ra doi ma di
doi voi no la chat luong va tbe do, trong d6 c6 2 thuat toan dugc su dung nhiéu
trong viéc dung hinh 3D thoi gian thuc 1a Shadow Volume va Shadow Map. Béo
c4o trong phan ndy s& dé cp tdi co so 1y thuyét va ap dung cta thuat toan Shadow

Volume trong Nwfc Engine.

4.2.1. Co s& ly thuyét
> Vung béng t6i (Shadow Volume)

Ving bong tdi (shadow volume) ciia mot vat thé 1a 1 khdi khu vuc trong khong
gian bi bao phtl bai bong t6i ciia vat d6 do mot ngudn sang phat ra. Khi dyng hinh,
tat ca cac vat thé khac ndm trong ving bong t6i déu khong duoc chiéu sang boi

nguodn sang tao ra vung toi do.

M&i shadow volume cuia vét thé dugc cu tao boi 3 phan, phan trude (front cap),
phan sau (back cap), va phan canh (side). Phan truéc va phan sau cia shadow
volume dugc tao béi chinh vat thé chin sang: phén trude duge ciu tao boi tat ca cac
mit huéng vé phia 4nh sang, con phan sau thi ngugc lai bao gdm cic mat hudng
nguoc lai voi hudng anh sang nhung duoc di chuyén ra xa khoi ngudn sang theo

phuong anh sang dé cau thanh ving béng t6i, khoang di chuyén nay phai du 16n dé
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ving bong t6i co thé bao phi toan bd cac vat thé khac trong bdi canh. Phan canh
ciia shadow volume duoc tao ra bang cach kéo dai (extrude) cic canh bao
(silhouette edges) theo phwong chiéu ctia anh sang dé tao thanh 1 viing kin. Sau day

13 hinh mé ta cac phan cua 1 ving bong tbi.

% %

shadow volume

Hinh 4-1 M ta cic phin ciia shadow volume

» Canh bao (silhouette edge)

Diéu kién tién quyét cta thuat toan d6 bong 1a ta phai tinh duogc hinh khi cia
shadow volume ma noi dung chinh la ta phai tim dugc cac canh bao. Mgt canh (bét
ky) dugc cau tao boi hai diém va co tir 1 dén 2 mit ké lién véi né, canh d6 duoc goi
14 canh bao khi no chi c¢6 1 mat ké hay c6 2 mat ké nhung mét mat hudng vé phia
anh sang trong khi mat con lai thi khong.

A A

edge edge

edge

Hinh 4-2 Canh bao la canh c6 mdt mit ké hwéng anh sang con mit con lai thi khong
Thuc t€ viéc tim canh bao da dugc phat trién thanh 2 thuat toan hoan toan riéng

biét.
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+ Thuit toan 1: Kiém tra tit ca cac tam gidc cia vét thé dé tim cac canh c6 tinh

chét ctia canh bao. Thuét toan 1 tim canh bao nhu sau:

Buwérc 1: Lip cho tt ca cac tam giac cua vat thé.
Buéc 2: Néu tam giac hudng vé phia ngudn sang ( tich vo hudng ctia vector huéng anh
sadng va vector phap tuyén cia tam giac d6 >= 0):

Bude 2-a: Cheén 3 canh (1a 3 cap vertices) cua tam giac do vao edge stack.

Buéc 2-b: Kiém tra trong stack xem 3 canh vira chén d6 da xuét hién roi hay chua
(tinh Iuon thtr ty ddo cua canh, vi du AB = BA).

Buéde 2-¢: Néu canh do d3 ton tai trudce trong stack, g& bo ca hai canh khoi stack.
Buée 3: Cubi cung, cac canh con lai trong stack la cac canh bao.

Uu diém:
+ Don gian do st dung CPU dé thuc hién.
+ Shadow volume tao ra c6 sé mat toi thiéu, render nhanh.
Khuyét diém:
% Tbc do cham do phai tinh toan nhiéu.
+ Skinning (dung cho dién hoat khung xwong) phai thuc hién truéc trén CPU.

4+ Thuat toan 2: Tao ra mdt vat thé mai (shadow volume mesh) tur vat thé chin
sang nhung c6 thém cac mit duoc bd sung & cac canh, rdi dung Vertex Shader dé

tao hinh khoi cta shadow volume.
Uu diém:
4 Tbc d6 nhanh do thuc hién ngay trén GPU (Vertex Shader), giai phong CPU.
4 C6 thé thyc hién skinning trén phan cimg.
Khuyét diém:
+ Phurc tap do thuat toan tao vat thé méi, viéc tinh toan cham.
+ Phai st dung thém Vertex Shader.

4+ Shadow Volume c6 sO0 mit tao ra 16n hon rat nhiéu so véi vat thé goc, render

s€ cham hon.
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St dung thuét toan 2 cho ra tbc 6 nhanh hon han thuat toan 1 du khi render c6
cham hon do ¢6 nhiéu mat hon. Vi uu diém vé téc do nén thuat toan 2 cling la thuat

toan ma Engine chon dé sir dung nén sé duoc trinh bay k¥ & phan sau.
» Cach tao Shadow Volume Mesh

Nhu ta di biét ndi dung chu yéu cia thudt toan 2 1a phai tinh dugc shadow

volume mesh va dung Vertex Shader dé tao hinh khéi shadow volume tir mesh nay.

Hinh v€ sau day minh hoa céach tao ra shadow volume mesh.

Hinh 4-3 Dung shadow volume mesh bz"mg cac thém vao cac mat phu

Thuat toan tao shadow volume mesh:

Buéc 1: Lip cho tit ca cac mat trong vat thé
Buéc 2: Tinh vector phap tuyén cho mdi mat.
Buée 3: Lip cho 3 canh ctia mdi mit.
Bude 3-a: Thém canh d6 vao 1 list kiém tra.
Budrc 3-b: Néu canh d6 da xuat hién & trong list ( ta da tim thdy canh duoc dung chung
cho 2 mat):
+ Néu phép tuyén cua cac mat ké canh d6 khong song song v6i nhau, thém 1 tir
giac (degenerate quad) vao list ket qua.
+ Nguoc lai, chi thém canh d6 vao list Kkét qua.
Budre 3-¢: G& bo canh dang xir 1y va cac canh twong tu ra khoi list kiém tra.
Budée 4: Tao mang dir ligu gié chira dir li€u cua shadow volume mesh, mdi vertex cua
shadow volume mesh chi gom vi tri va phap tuyén ma thoi.
Buéc 5: Néu con canh nao trong list kiém tra thi vat thé dang xtr Iy khong phai 1a khdi dic
vi trong khoi dic tat ca cac canh déu c6 2 mat ké voi no.

Trong chuong trinh Game demo viéc tao shadow volume mesh da dugc tu dong
hoa bing chwong trinh MeshTools dugc phat trién kém theo Game (cach sir dung
chuong trinh ndy xem thém & phan phu luc). MeshTools nhan dau vao 1a vat thé gbc

sau do tao shadow volume mesh va luu vao .X file d€ load vao Game sau nay.
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Hinh 4-4 Chuong trinh MeshTools tao shadow volume mesh mgt cach tw dong

> Dung hinh béng téi (render shadow)

Sau khi tinh dwoc hinh khdi shadow volume ta phai v& hinh khéi nay dé tao
thanh cac ving bong t6i trong bdi canh. Y tudng chu dao cua thuit toan nay gidng
nhu cach tim 1 diém trong hinh khéi. Ta ké 1 doan thiang tir mat t6i diém can xét,
néu doan thang d6 chi di vao hinh khéi shadow volume ma khong ¢6 di ra (tic 1a

cat shadow volume 1 s6 1€ 1an) thi di€ém can xét nam trong vung toi.

Dé dém s6 1an cat cho mdi diém anh dugc xét nguoi sir ving dém stencil buffer
dé luu sb lan cat qua cac shadow volume. Stencil buffer 1a ving dém bd nhé bo
sung (thuong dugc chia xé chung véi vung dém do sau (depth buffer)), vai tro chu

yéu cua vung dém nay nay la lam mat na (mask) cho céac pixel dugc ve.

Qua qua trinh phat trién c6 2 thuat toan duoc su dung cho bai toan dung hinh
bong tbi 14 z-pass va z-fail. Mdi thuét toan c6 uu khuyét diém riéng nhung trong
khuon kho bai bao céo ndy chu yéu sé& trinh bay vé thuit toan z-fail. Chi tiét cta

thuat todn nay nhu sau:

+ V& cac mit sau (back face) ctia shadow volume. Néu d6 sau cta diém anh so sanh
that bai (thuong la gia tri 16n hon gia tri trong depth buffer), gia tri cua stencil buffer tai
diém do6 sé tang 1én 1.

+ V& cac mit trudce (front face) ctia shadow volume. Néu d6 sau ctia diém anh so sanh
that bai, gia tri cua stencil buffer giam di 1.
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Sau khi v& shadow volume bang thuat todn trén tat ca cac diém trong bdi canh bi
phil boi bong t6i c6 gid tri trong stencil buffer khac 0 trong khi cac diém khac thi
bang 0. Sau day 13 hinh v& minh hoa cho thuit toan dung bong tdi (z-fail)

<7,

1

Hinh 4-5 Thuét toan shadow volume véi ky thuat z-fail

Trong hinh v€ trén vt mau cam biéu dién cho vat thé nhén bong téi, vat mau
xanh 1a vat thé chin sang. Céac khu vuc A, B, C, D, E 1a 5 khu vuc s€ dugc dung
hinh ma c6 sy anh hudng ctia shadow volume. Céc gia tri & cac vung la gia tri trong
stencil buffer thay ddi khi mat true (front face) hay mat sau (back face) cua
shadow volume duoc v€ vao frame hinh. Tai khu vuc A va E, mat trudc va sau khi
v& déu khién gia trj trong stencil buffer khong d6i do trong 2 khu vuc ndy vét nhan
bong toi (mau cam) va vat chan sang (mau xanh) gdn mat hon nén 1am cho viéc
kiém tra d sdu that bai khién gia tri trong stencil buffer trung hoa vé 0. Trong khu
vuc B va D, mat trude s€ vuot qua sy kiém tra do siu trong khi mat sau thi thét bai,
vi thé gia tri stencil tai cdc ving ndy s& mang gia tri 1 (do chi c6 mit sau lam stencil
buffer thay ddi ma thoi). O khu vuc C, ca mit trude va sau déu vuot qua sy kiém tra
d6 sau, nén khong 1am cho gia trj trong stencil thay d6i. Khi két thuc qua trinh v&
shadow volume thi stencil & khu vyc B, D khéac 0, cho thiy B va D nam trong viing

bong to1 cua vat chan sang.
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Cubi cung ta chi can phu téi ving B, D bang cach v& mét ti giic 16n bao phu
toan bd bdi canh 1a két thiic thuat toan.

4.2.2. Vertex Shader cho Shadow Volume
O cac phan trén ta d3 ndm duoc co so 1y thuyét caa thuat toan nay. Phan nay s&

trinh bay Vertex Shader dugc dung dé vé shadow volume.

static const int g _lightindex = 0;

static const float g_extrudeDistance = 200.0F;

static const float g_depthEsilon = le-5f;

static const float3 g_shadowColor = { 1.0f, 1.0Ff, 0.0F };

struct VS _INPUT {
float4 position
float3 normal

POSITION;

NORMAL ;

33

struct VS OUTPUT {
float4 position
float4 color

POSITION;
COLORO;

}:
VS_OUTPUT main( VS_INPUT i )
{
VS_OUTPUT o;
// Calculate vertex world position
float3 worldPos = mul( i.position, cModel[0O] );
// Calculate vertex world normal
float3 worldNormal = mul( i.normal, cModel[0] );
// Calculate light-to-vertex vector in world space
float3 lightVector = normalize( worldPos —
cLightInfo[g_lightlndex].pos);
// Extrude if the vertex not facing the light
if( dot(worldNormal,-lightVector)<0.0 )
worldPos += lightVector * g _extrudeDistance;
// Calculate projection space position
float4 projPos = mul( float4(worldPos, 1), cViewProj );
// Offset an amount to avoid z-fighting
projPos.z += g _depthEsilon * projPos.w;
o.position = projPos;
// Final color
o.color = float4( g_shadowColor, 0.1Ff );
return o;

Khi thuc hién Vertex Shader tit ca cic vertex khong hudng vé ngudn sang s& bi

day ra xa theo hudng 4nh sanh, hinh thanh ving bong téi (shadow volume).
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4.2.3. M6t sé6 két qua dat dwoc

Viéc stir dung hiéu tng nay trong Game demo dat hiéu qua rat cao do gan voi
thuc té. Néu khong c6 d6 bong, cac vat thé cé vé lo limg trong khong gian, nhung
néu c6 do6 bong chat luong hinh anh d3 ting 1én 16 rét. Cac canh sau diy duoc chup

tr Game demo.

Hinh 4-7 Bbi canh c6 d6 béng thoi gian thuc
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Hinh 4-8 Shadow volume dwgc vé bao trim cac viing toi

4.3. Khung canh bau tr&i (skybox)

Trong cac Game hién nay cac hau canh 1a diéu khong thé thiéu vi ching mang
lai chat lwong rat do hoa ruc rd, tao tinh thuc cho bdi canh. Cai lam nén cho cac hau
canh lai chinh 13 khung canh bau trdi, néu khong c6 ching ta s& khé phéan biét duoc,

dau la ngay, dau la dém...

Nhim gop phan 1am cho hdu canh gan hon véi thuc té, Nwfc Engine c6 hd tro

thém Vertex Shader dé thuc hién vé cac khung canh bau troi.

4.3.1. Co s& ly thuyét

> Cach biéu dién bau troi bang hinh khoi va texture.

Vi bau troi 13 khung canh dong nén cac hinh khéi dong duogc sir dung kha nhiéu
dé thé hién bau troi. Cac hinh khéi thuong duoc sir dung 13 hinh khéi vudéng (box),
hinh cau hay ban cau (sphere). Cac texture dugc sir dé tao khung canh bau troi
thuong 13 cac texture biéu hién 6 mit cta khong gian xung quanh (dung cho box)

hay cac texture lién nhau & cac canh (dung cho sphere).
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Hinh 4-10 Texture 6 mit dung cho sky box

> Cac dic tinh ciia biu troi trong thuc té
Khung canh bau trdi trong thuc té c¢6 cac dic tinh ddy ma ta can quan tdm khi
mudn thiét ké Vertex Shader.
4+ Rit xa so v6i tAm nhin, khi ta nhin tip trung vao 1 huéng thi du ta c6 di
chuyén dén dau di nita thi theo huéng nhin (vdi didu kién khoang cach khong qua
16n) thi hinh anh ma ta nhan duoc tir bau trdi 1a khong doi.
4 Tuy nhién hinh anh tir bu trdi ma ta nhan dugc s& thay doi khi ta nhin & cac
hudng khéac nhau.
T cac dic tinh trén cua bau troi ta xac dinh duge cach thirc biéu dién bau troi
trong 3D nhu sau:
4 S dung mét hinh khéi dé lam vat chtra va sir dung 1 texture c¢6 hinh khung

canh bau troi.
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+ Vi ta khong thé nao di xuyén qua bau troi, nén ta phai ludn cap nhat vi tri cia
hinh khéi bau troi = vi trf hién thoi ctia camera (hay vi tri cia mét) (théa man tinh

chat 1).

& Chi cip nhat vi tri ma khong thay ddi goc xoay ctia hinh khéi bau troi nham
khién cho hinh khdi bau troi khong thay ddi theo hudng xoay ciia camera (thda man

tinh chat 2).

Sau day la hinh v€ minh hoa cho ¥ tuéng.

\_/

catnera tai
witr 1, goc| |
nhinl | |
T
Z ‘\\ catmera tai
™~ tri 2, géc
skybox .
nhin 2
skybox
¥ H

Hinh 4-11 Toa d§ ciia skybox dugc cip nhit theo toa dd camera

4.3.2. Vertex Shader cho skybox
Vertex Shader cho skybox kha don gian nhu sau:

struct VS INPUT ({
float4 position : POSITION;
float2 texcoord : TEXCOORDO;
bi

struct VS OUTPUT {

float4 position : POSITION;
floatd4 color 3 COLORO;
float2 texcoord g TEXCOORDO ;

}i

VS OUTPUT main( VS INPUT i )
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VS OUTPUT o;

// Skybox local transform

float3 worldPos = mul( float4( i.position.xyz, 0 ), cModel[0] );
// Vertex world position = eye position

worldPos += cEyePos;

// Transform vertex to projection space

float4 projPos = mul ( floatd4 ( worldPos, 1 ), cViewProj );
// Sky is far away, so depth value = 1.0f

projPos.z = 0.9999f * projPos.w;

o.position = projPos;

// Final color

o.color = 1.0f;

o.texcoord = i.texcoord;

return o;

Trudc tién ta phai bién doi sky box bang ma tran thé gidi, viéc nay c6 vé nhu 1a
khong can thiét vi ta s& st dung vi tri ctia mat (hay camera) 1am vi tri cho skybox.
Nhung thyc té cong viéc nay cho phép ta trién khai 1 sé thudc tinh ban dau cho

skybox nhu d6 cao ddi voi thm mét, do phong dai. ..

Sau khi cong thém toa do ctia mat vao, ta phai bién doi vertex vao khong gian

chiéu bang cach nhan véi ma tran View * Projection.

Vi skybox & rat xa nén ta cho do sau = 1.0f (dé cac diém anh cta skybox khong
thé vuot qua gia tri do sau cua cac diém anh khac khi kiém tra do sau (depth test))
cong doan nay phai nhan vai projPos.w vi dé chuan bi cho giai doan chuan héa hé

toa dO thuan nhat sau khi két thuc Vertex Shader.

4.3.3. M6t s6 két qua dat dwoc
Khung canh bau troi duoc vé& ra dam bao ding cac dic tinh cta bau troi trong
thuc té, cho du ta c6 di chuyén camera thé nao di nira, ta ciing khong thé “di xuyén”

qua bau troi duoc. Céc canh sau ddy duoc chup tir Game demo.
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Hinh 4-12 Khung cianh bau troi chinh dién

Hinh 4-13 Mgt géc nhin khac ciia bau troi
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4.4. Chiéu sang theo diém anh (per-pixel lighting) str dung normal
map va specular map

Hién nay hiéu tmg chiéu sang trén timg diém anh duoc st dung kha phd bién
trong cac Game nham ting cudng chit lugng dd hoa cho Game. Thay vi chiéu sang
theo timg dinh vertex, per-pixel lighting cho chat lugng dd hoa cao hon han do ¢6
thé ap dung nhiéu thut todn méi trong do hoa 3 chiéu nhu bump bé mit bing

normal map, phan chiéu bé mit bang specular map. ..

Ung dung khi tu thyc hién chiéu sang trén diém anh bing Shaders phai giai

quyét cac tit ca cac van dé vé chiéu sang nhu diffuse lighting, specular lighting. ..

Diffuse lighting trong Engine chi yéu sir dung bump bing normal map va
specular lighting chi yéu sir dung specular map, 2 thudt toan chiéu sang nay s&

duoc trinh bay k¥ ¢ phan nay.

4.4.1. Co s& ly thuyét

O phan nay s& dé cap chi tiét vao qui trinh chiéu sang trén diém anh duoc
Engine hd trg. Qui trinh chiéu sang trén diém anh chu yéu phan ra 1am 2 cong doan
riéng biét: thuc hién tinh toan mau chinh (diffuse color) va tinh toan mau phan

chiéu (specular color).

> Tinh toan mau diffuse (c6 bump bé miit bang normal map)

Trude khi di chi tiét vao thuat toan ta cAn xem qua 1 sb khai niém moi dung
trong phan nay

4 Khong gian tiép tuyén cta vat thé (tangent space).

Toa d0 texture tai moi dinh (vertex) hinh thanh mot hé truc toa do 3 chiéu véi
tryc U (tiép tuyén), truc W (phap tuyén) va truc V (binormal = U x W). Hé truc toa
d6 nay goi 1a khong gian tiép tuyén hay khong gian texture ctia vat thé tai cac dinh

(vertex).
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Hinh 4-14 Khéng gian tiép tuyén

4 Normal map la gi?

Normal map la mdt texture nhung c6 dac tinh kha dac biét, thay vi chira thong
tin vé diém mau nhu texture théng thudong, normal map lai chira thong tin vé khong
gian tiép tuyén (tangent space) hay khong gian texture (texture space) cua vt thé,
hay noi cach khac néu cac diém anh cia texture biéu dién mau sic cua vt thé tai 1
diém thi normal map s& biéu dién khong gian tiép tuyén cta vt thé tai diém do.

Mdi diém anh cta normal map c6 dinh dang 1a RGBA trong d6 3 thanh phan
RGB c6 gid tri [0..1] dugc anh xa tr 3 truc U, V, W ¢06 gid tri trong khoang [-1, 1].
Normal map cé thé tao ra bang 2 cach, dung height map (texture dang graycale
chtra thong tin d§ sau vé bé mit cua vat thé trong d6 mau sang hon biéu thi do cao
16n hon). Cach thir 2 phirc tap hon do phai tao thém 1 vat thé khac c6 do chi tiét cao
hon, sau d6 ta so sanh sy khac nhau giita 2 vat thé dé tao ra normal map (qua trinh

nay co thé dugc thuc hién bang tool Melody ctia NVidia).

Mormal map

Height map
Hinh 4-15 Tao normal map tir height map
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Hinh 4-16 Tao normal map tir vt thé cé dd chi tiét cao hon bing Melody (NVidia)

4 Bump bé mit sir dung normal map

Bump bé mit chu yéu dugc thuc hién trén Pixel Shader cho tung diém anh.
Thuat toan nay st dung gia tri normal trong normal map dé xac dinh mirc do cua
anh sang tac dong vao diém anh d6 bang cach nhan tich v hudng gia tri normal
trén voi vector huéng anh sang trong khong gian tiép tuyén. Sau d6 gid tri nay duoc
nhan véi mau sic ciia vertex va mau lay mau tir texture dé tinh ra mau diffuse (mau

cua vertex dugc tinh trong Vertex Shader)

light factor = dot product (normal, light vector )
diffuse color = light factor * vertex color * texture color;

Trong d6

4 normal. Vector phap tuyén (normal vector) tai diém d6, normal vector ¢

duoc do lay mau tir normal map.

4 light vector. Vector hudng anh sang trong khong gian tiép tuyén (tangent
space), vector ndy duoc tinh trong Vertex Shader va duoc truyén vao Pixel Shader

dé str dung.

# vertex color. Mau cua vertex sau khi thuc hién chiéu sang trén vertex (per-

vertex lighting) trong Vertex Shader.

# texture color. Mau cua texture chinh, ¢6 dugc do 1y mau texture.
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Hinh 4-17 Chiéu sang theo tirng vertex trong Vertex Shader

# Hinh 1. Dt liéu vertex trong bd nhé (duoc vé dudi dang wireframe)

4 Hinh 2. Chiéu sang trén timg dinh (per-vertex lighting) bang Vertex Shader

Hinh 4-18 Chiéu sang trén tirng diém anh trong Pixel Shader

4 Hinh 1. Chiéu sang trén timg pixel (str dung tich vo huéng giita normal va

vector hudng anh sang).
4 Hinh 2. Sau khi két hop véi 14y mau tir texture chinh.
» Tinh toan mau specular (sit dung specular map)
4 Specular map la gi ?

Specular map 1a texture dang grayscale, specular map c6 tac dung cho biét ving
nao ciia vat thé phan chiéu nhiéu anh sang ving nao phan chiéu it 4nh sang (turong

g voi mau trong specular map tir sang t6i toi).
4 Tinh d6 phan chiéu cta anh sanh

D6 phan chiéu (phan xa) ciia anh sang trén vat thé thi phu thudc vi tri ciia mat

(hay camera). Khi mit nim ngay trén dudng phan xa cta 4nh sang thi mét s& nhin
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thdy mot ving anh sang chéi do toan bd ning luong cta anh sang duogc truyén thang

vao mat.

Hinh 4-19 Sy phan xa cua tia sang trén bé mit
Muon tinh mau specular ciia di€ém anh ta phai xac dinh dugc muc d6 anh sang

phan chiéu tai diém dé6. Cong thire tinh vector phan chiéu (phan xa) nhu sau:

IR =2(L dot N)N - L

Trong do6:
+ L. Light vector
+ R. Reflection vector

+ N. Normal

Mitc d6 phan chiéu cua anh sang phu thudc rat nhidu vao chét liéu bé mit cua
vat thé, cac bé mat nhin bong c6 do phan chiéu 16n trong khi cac bé mat gd ghé lai
c6 d0 phan chiéu thap. Dé tranh céng viéc phai phan rd vat thé ra thanh nhiéu thanh
phan dé dung hinh véi cac muc phan chiéu khic nhau nguoi ta dung specular map
nhu mot lookup table dé xac dinh mirc 6 phan chiéu cua anh sanh trén timg diém

anh.

reflection vector = 2 * dotproduct (normal, light vector) * normal - light vector
specular factor = dotproduct (reflection vector, view vector)
specular color = (specular factor ” specular constant) * specular lookup

Trong dé
+ normal. Vector phip tuyén (normal vector) tai diém do, normal vector c6

duoc do 14y mAu tir normal map.
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4 light vector. Vector huéng anh sang trong khong gian tiép tuyén (tangent
space), vector ndy dugc tinh trong Vertex Shader va dugc truyén vao Pixel Shader
dé str dung.

< view vector. Vector tinh tir mat dén diém nhin (toa do trong khong gian tiép
tuyén), vector ndy dugc tinh trong Vertex Shader va truyén vao Pixel Shader dé sir
dung.

< specular constant. Hing phan chiéu, gia tri cang 16n thi ving phan chiéu

cang nho.
#+ specular lookup. Cho biét mirc

d6 phan chiéu cua diém do, gia tri nay
c¢6 dugc do ldy mau tir specular map.

Sau khi thém d¢ phan chiéu anh sang
vao xe trong nhu la dugc cau tao tir kim
loai, do d6 su phan chiéu gop phan ting

dang ké chat luong do hoa. . )
g ng : Hinh 4-20 Tinh d¢ phan chiéu trén tirng diém anh

Tém tit thuit toan bang hinh vé
nermal map

base texture specular map

Hinh 4-21 Tém tit qui trinh per-pixel lighting bing hinh vé
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4.4.2. Vertex Shader va Pixel Shader cho per-pixel lighting
Thuat toan chiéu sang trén diém anh (per-pixel lighting) cin ca Vertex Shader va

Pixel Shader di lién v4i nhau dé thuc hién.
> Vertex Shader

Vertex Shader dung & day 1a Vertex Shader phu thudc ngudn sang nén can duoc

bién dich thanh 11 Vertex Shader tuvong tng voi 11 light combo.

struct VS INPUT {

float4 position POSITION;
float3 normal NORMAL;
float2 texcoord0 TEXCOORDO;
float3 tangent TANGENT;
float3 binormal BINORMAL;

bi

struct VS OUTPUT ({
float4 position POSITION;
float4 color COLORO;
float4d ambient COLOR1;
float2 baseTexCoord TEXCOORDO;
float3 light vector TEXCOORD1;
float3 view vector TEXCOORD2;

bi

VS OUTPUT main( const VS INPUT i )

VS _OUTPUT o ( Vs_OUTPUT )O0;

// Calculate world vertex's elements and
float3 worldPos
float3 worldNormal

o.ambient

lighting

o.color

// Calculate project space position
float4d ( worldPos,

1, )

o.position mul ( cViewProj
// Calculate the light vector in object space,

// and then transform it into texture space.
float3 temp light vector;

if ( g _LocallLightType0 == LIGHTTYPE DIRECTIONAL )

temp light vector = mul( -cLightInfo[0].dir, cInvModel );
else
temp light vector = mul( cLightInfo[0].pos, cInvModel )-i.position;
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o.light vector.x dot ( temp light vector, i.tangent );

o.light vector.y dot ( temp light vector, i.binormal );

o.light vector.z dot ( temp light vector, i.normal );

// Calculate the view vector in object space,

// and then transform it into texture space.

float3 temp view vector = mul (cEyePos, cInvModel) - i.position;
o.view vector.x = dot( temp view vector, i.tangent );

o.view vector.y = dot( temp view vector, i.binormal );

o.view vector.z = dot( temp view vector, i.normal );

// Pass texture coord 0 to output

o.baseTexCoord = 1i.texcoordl;

return o;

Pixel Shader

struct PS INPUT ({

float4 color ] COLORO;
float4 ambient : COLOR1;
float2 baseTexCoord : TEXCOORDO;
float3 light vector : TEXCOORD1;
float3 view vector 3 TEXCOORD2;

}i
struct PS OUTPUT {
float4 color : COLORO;
}i
PS OUTPUT main( PS INPUT i )
{
PS OUTPUT o;
// Sampler normal value from normal map

float3 bump = tex2D( bumpSampler, i.baseTexCoord );

float3 localNormal = normalize( (bump * 2.0f) - 1.0f );

// Normalize light vector and view vector

float3 normalize light vector = normalize( i.light vector );
float3 normalize view vector = normalize( i.view vector );
// Calculate light factor by dot normal with light vector
float4 n dot 1 = dot( localNormal, normalize light vector );

// Calculate the specular reflection vector from light and normal
float3 haft angle=dot (normalize light vector,localNormal)*localNormal;
float3 reflection vector = haft angle* 2.0f - normalize light vector;
// Calculate the specular factor and specular color
float specularFactor =

pow ( dot (normalize view vector, reflection vector), 2.0f );
// Sampler specular lookup table value from specular map
float3 specular = tex2D(specularSampler,i.baseTexCoord) * 2.0f;
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// Sampler base texture

float4 base = tex2D( baseSampler, i.baseTexCoord );
base.rgb *= 1.2;

// Calculate final color

o.color.rgb=(( specularFactor * specular) + base) *
saturate(n dot 1) * i.color;

o.color.rgb += saturate( dot (localNormal, bump ambient) ) *
base * i.ambient * saturate(l1.0 - n dot 1);

// Set the alpha component by base map for alpha supporting
o.color.a = base.a;
return o; // Return the resulting output struct

}

4.4.3. Mot so6 két qua dat dwoc

Céc anh sau day dugc chup tir Engine ¢ thoi gian thyc.

Hinh 4-22 Cac cong doan sit dung Fixed Function

Xe khi dugc dung hinh béng Fixed Function, do texture khong duogc chiéu sang
trude nén xe dung duogc rat toi, hau nhu ta khong thé thay duoc chi tiét cta xe. Giai

thich cac giai doan dung hinh (tir tréi qua phai, tir trén xubng dudi).
#+ Cac dinh (vertices) trong bd nhG ¢6 dang wire frame nhu trén hinh.

4 Xe sau khi dd dugc chiéu sang trén timg dinh (per-vertex lighting).
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4+ Xe sau khi xir 1y pixel va ap texture (bang Fixed Function Pipeline).

Hinh 4-23 Cac cong doan sir dung Shaders per-pixel lighting

Xe khi dugc dung hinh bang Vertex Shader va Pixel Shader bang cach chiéu
sang trén diém anh (per-pixel lighting) chat lugng hinh anh cao hon han. Texture
dugc chiéu sang trén timg diém anh nén ta c6 thé thdy duoc d6 hau hét cac chi tiét

ctia xe. Giai thich céc giai doan dung hinh (tir trai qua phai, tir trén xudng dudi).

4 Cic dinh (vertices) trong bd nhé c6 dang wire frame nhu trén hinh.
4 Xe sau khi da dugc chiéu sang trén ting dinh (per-vertex lighting) theo

nguon sang.
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+ Xe sau khi xtr Iy pixel, thuc hién chiéu sang trén timg diém anh ding normal
map.

+ Xe sau khi ap texture bé mat. Ta théy xe van con thiéu mét sd do phan chiéu
anh sang.

4 Xe sau khi thyc hién anh sang phan chiéu dung specular map.

+ Xe sau khi thyc hién két hop voi anh sdng moi truong 6 mit (ambient light

cube).

Hinh 4-24 Két qua sau cung sau khi bé sung mét s6 hiéu ing

4.5. Tom tat
Trong chuong 4 ching toi di trinh bay chi tiét cac thuat toan Vertex Shader va

Pixel Shader dung dé dung hinh 3D trong Nwfc Engine. Céac thut toan ndy dam

béo chat lugng dung hinh cia Nwfc Engine nhu that va thoi gian thuc hién nhanh.

Hai chuong tiép theo (5 va 6) sé& trinh bay vé viéc tim hiéu va xiy dung 2 hé
thdng dién hoat va vat ly. Pay 1a 2 hé théng xay dung dé két hop v6i Nwfc Engine

du dé tao ra img dung Game hoan chinh.
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Chwong 5 Hé thong dién hoat (Animation System)

@ Giéi thiéu hé théng dién hoat

© Cac van dé can giai quyeét

@ Hién thuc hé thone dién hoat

@ Tom tat
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5.1. Gi&i thiéu hé théng dién hoat

Heé thong dién hoat 13 hé thong gitip quan 1y va thyc hién tat ca cac dién hoat cho
cac ddi twong trong Game. Mot hé thong dién hoat tot phai dam bao cho phép quan
1y chinh xé4c, d& dang dén cac dién hoat cta timg ddi twong, va dam bao xur 1y duoc
cac tinh hubng dién hoat c6 trong Game nhu két hop dién hoat, nhay, xoay... Hé
thdng phai cho phép cac hé thdng khac truy cap dit liéu dé dang vi hé théng nay lién
quan chit ch& dén cac hé thong khac. Hé thong dién hoat con phai cé chat luong
cao, xtr Iy nhanh va khong chiém nhiéu bo nhé sir dung.

Duya trén nhimg dic diém va yéu cau cua mot hé thong dién hoat ching t6i da
xay dung mot hé thong dién hoat cung cip céc tinh ning sau:

+ Doc va xir Iy dir liéu khung xwong va dién hoat cho cac nhan vat tw mot tap
tin dit liéu c6 dinh dang md>5.

4 Quan Iy cu trac khung xuong hi€u qua cho cidc nhan vat ddm bao duogc tinh
mo rong. Cau tric khung xuong dugc t6 chirc theo mot cay véi mdi nit trong ciy
lwu céc thong tin bién doi cho cac khép xuong ciia khung xuong.

4 Quan ly thong tin dién hoat cho timg dbi twong.

& Thuc hién két hop nhiéu dién hoat lai vao trén cing mot dbi tuong va két
hop céc dién hoat trong cac phan khac nhau cua doi tugng.

£ Thuyc hién xay dung nén cac duong diéu khién nham co thé diéu khién nhan

vat di theo nhirng 10 trinh dinh trude.

5.2. Cac van dé can giai quyét
Trude khi di vao cai dat hé thong ching ta cung xem xét cac van dé can giai
quyét va cach giai quyét ching. Viéc cai dit cac 16p cu thé s& dua trén viéc phan

tich va cac hudng giai quyét nay.
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5.2.1. Tap tin lwu dir liéu dién hoat

Phan dau tién va quan trong cua mot hé théng dién hoat 1a xay dung hoic chon
mot dinh dang tép tin luu trir dir lidu dién hoat cho cac doi tuong. Sau khi tim hiéu
va chon loc, ching t6i chon dinh dang mdS dé Iuu trix dit liéu dién hoat cho hé

thong ciia minh.

5.21.1. Tap tin md5

> Tong quan vé tap tin dinh dang md5:

MdS 14 mot dinh dang tép tin dugc dung dé luu thong tin dién hoat cho cac nhan
vat trong Game DOOM3. Pay la mot dinh dang méi1 duge xay dung va dang co
phién ban thir 10. Céc thong tin luu trong tip tin md5 & dang vin ban va dugc t6
chue 18 rang, dé hiéu véi nguoi sir dung. Vi dinh dang tap tin nay, thong thuong
cac tap tin lién quan dén mot nhan vat duoc dé trong cung thu muc. Trong thu muc
nay c6 mot tap tin <tén nhin vat>.md5mesh luu thong tin vé cau trac khung
xuong va cac mesh con mdi tap tin <tén dién hoat>.md5anim luu thong tin vé mot
dién hoat. Vi du ta c6 nhan vat monster thi ta ¢4 thu muc monster c6 mot ) tap tin

nhu monster.mdSmesh, idle.md5anim, walk.md5anim, ...
Cu thé thong tin trong duoc luu trong cac tap tin md5 nhu sau:
» Tap tin .md5Smesh:

Tap tin nay luu théng tin vé cac khép (joint) va cac mesh. T4p tin s& chira danh
sach cac khép hinh thanh nén ciu tric khung xwong. Mdi khép co cac thong tin vé

nhan, khép cha ctia no, vi tri, huéng quay.
Vidy: "origin" -1 (000) (-0.7071067095 0 0 ) day 1a khop co
+ Nhin 1a “origin”.
4 Khop cha ma né lién két dén 1 -1 (c6 nghia n6 khong co cha).

+ Vitri X, Y, Z lan lwgc 12 0, 0, 0.
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+ Hudng sir dung 3 gia tri thuc 13 cac thanh phan x, y, z cia mot quaternion.
Mot quaternion c6 4 thanh phan x, v, z, w, do quaternion c6 d6 dai don vi nén ta c6

thé tinh w nhu sau:

float tmp = 1.0f - ( (x*x) + (y*y) + (z*z));
if (tmp >= 0)

w = - (float) sgrt( tmp );
else

w = 0;

Ngoai thong tin vé khung xwong thi tép tin con luu thong tin vé cac mesh. Mdi

mesh bao gom cac dinh, cac tam giac, va cac trong so (weight).

+ Vi du: vert 0 ( 0.0306090005 0.6130819917 ) 0 2) chira cic thong tin vé
mesh nhu sau: thong tin vé toa dd texture gém 2 sb thuc u = 0.0306090005 va v =
0.6130819917 va gidi han cua trong ) (str dung chi myc vao gia tri trong danh sach

cac trong s6 va mot s6 dém).

& Cac tam giac (vi du: tri 0 2 1 0) duoc hinh thanh bang cach chi ra 3 dinh
trong danh sach dinh.

£ Cac trong sb (vi du: weight 0 5 0.7900747061 ( 1.9485528469
7.4760251045 23.7117900848 ) ) chi ra khép lién quan cung véi trong s6 cua no.
Chu ¥ rang tong sb ciia tit ca cac trong sb cho mot dinh bang 1. Bé tim ra vi tri clia
mot dinh trong 3D ta tinh trong sO trung binh cua vi tri lién quan cua cac dinh bao
lay no.

» Tap tin .mdSanim:

Moi tap tin .md5anim xic dinh mot chuyén dong cho mot déi twong nhu di,
chay, nhay, chét, ... V& co ban, ta c6 thé st dung lai dién hoat cho cac mé hinh khac
v6i khung xuong du tuong xtng.

Tap tin .mdSanim xéac dinh ra mot cAu tric cay ké thira cua céc khép, hdp bao
quanh nhén vét chi ra ranh giéi dé kiém tra va cham, mot khung hinh co s¢ (base

frame) va cac khung hinh dién hoat chinh (animation frame). Cau trac ké thira cta

cac khép gidng véi cdu tric khung xwong duge xac dinh trong tip tin .md5mesh
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cua dbi tuong. Mbi khép duge xac dinh béng mot co nhi phan cho biét bién s cua
khép c6 thay doi trong dién hoat hay khong. C6 6 bién sb lién quan dén su chuyén
dich (translation) X/Y/Z, va su dinh hudng (orientation) X/Y/Z. Nhu vy cd s€ co

gi4 tri s& nam trong khoang tir 0 dén 63 (= 2°— 1).

Trong tip tin con c6 cac gia tri vé cac hop bao xung quanh gitp ta co thé kiém
tra nhanh sy va cham giita d6i twong nay véi cac vat thé va ddi tuong khac. Nho
viéc st dung cac hop bao boc ma ta co thé nhan biét duoc ngay cac mod hinh khong

xay ra va cham. Va tat nhién cac gia tri nay khong lién quan dén vi¢c hién thi.

Khung hinh co ban (base frame) dugc dung 1am khung bit dau cho dién hoat.
Moi khung hinh dién hoat duoc xac dinh bang viéc thay thé gia tri cua cac bién cia
cac khép lién quan dya theo khung hinh co s¢. Néu gia tri ctia cac khdp khong thay
ddi thi s& léy gia tri tr khung hinh co s¢. Chinh vi vy ma khung co sé& chinh 1a mot

diém mdc cho quan trong trong dién hoat.

Théng tin vé dién hoat duoc luu trix trong danh sach cac gia tri thuc trong moi
khung chuyén dong. D6 1a cac gia tri phai dugc thay thé dya vao khung co s& cho

phu hop véi gié tri céc co.

5.21.2. X ly dir liéu tap tin md5
» Muc dich

Sau khi da tim hiéu cdu trac cua tap tin md5 ta can phai doc va xir Iy dugc dix
liéu trong tap tin dé co thé sir dung trong churong trinh.

> Cach giai quyét

Trudc hét ta phai xdy dung nén cac cdu trac dit liéu luu trir dir liéu di tong quat
dé khi can ta c6 thé thay doi duoc dinh dang tip tin luu trit ma khong anh huéng
dén logic chwong trinh. Céc dir liéu 3D dic trung can phai nap tir tdp tin md5 phai
t6 chirc thanh céc dit lidu cau trac:

& Cac dir liéu vé khop: chi so, tén, chi s6 khép cha, tén khdp cha, vector chi vi

tri ban dau, quaternion xac dinh goc quay ban dau.
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+ Dit liéu vé céc dinh: u, v (toa dg texture), chi sb trong s6 va sd trong sb két
ndi véi dinh.

& Dit lidu vé cac mat: gdm chi s6 cua 3 dinh hinh thanh nén mot mit.

& Dit liéu vé trong sb: chi s6 ciia khép va trong s twong tng.

4 Dir liéu mesh: tén, danh sach dinh, danh sach mit, danh séch cac trong $0.

4 Dir liéu cho cac khung hinh: bao gdm vector va quaternion cho mdi khung
hinh.

4 Dit liéu dién hoat: khép hién tai, khép cha, danh sach khung hinh dién hoat,
khung hinh co sé, thudc tinh md5 cua khdp (nhim xéac dinh su thay d6i dit liéu cac

cac khung hinh so v61 khung hinh co s6).

Viéc luu lai thong tin nap tir tip tin mot cach tinh té, hiéu qua con gitp cho ta
tiét kiém bo nhé rat 16n. Gia sir nhu ta ¢6 2 con quai vat giéng hét nhau cung xuat
hién trong man Game thi 2 con quai vt ndy phai cung truy xuat dén mot dix liéu da
nap. C6 nghia 1a néu dir liéu cho con quai vat di nap tir trudc thi ta khong can nap
nita ma chi truy xuat dén dir liéu dung chung da nap ma thoi. Néu ta khong chu y
dén van dén nay thi s& gdy lang phi rit 16n vé b nhd va thoi gian nap dir lidu. Dé
giai quyét thi ta chi thuc hi¢n nap dir liéu mdt lan (vao lan dau tién yéu cau dit
lidu), khi can dung ta dung cac con tré chi dén dit lidu va xu 1y. Ta khong duoc
thay ddi cac dir liéu gdc nap tir tap tin dé dam bao khéng anh huong dén cac ddi

tugng dang su dung chung dir li¢u.

Viéc doc dit liéu s& dugc doc theo trinh tu bé tri dir lidu trong tap tin md5 voi su
hd tro cia mot cong cu cho phép ta phan tich tap tin dé tim thong tin chinh xac va

nhanh.

5.2.2. Van dé vé khung xwong
5.2.2.1. Gi&i thiéu vé khung xwong

Céac ddi trong ma hé théng dién hoat diéu khién thong thuong co cu tric 1a mot

khung xuong. Khung xuong 1a mot ciu tric cdy trong d6 mdi nut twong Gng véi
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mot khép xuwong. Mdi nat trong khung xwong s& c6 mot niit cha (trir ntit dau tién) va

c6 thé ¢ nhi€u nut con. Hinh duédi 1a mgt vi du vé khung xuong:

Hinh 5-1 Vi du céu triic khung xwong

Khi ddi trong chuyén dong thi cac xwong ctia né chuyén dong. Trong ciu tric
khung xuong thi chuyén dong chu yéu 1a chuyén dong quay vi du nhu ta dua tay 1én
that chét 13 ta quay xwong canh tay quanh khuy tay mot goc. Trong cau tric khung
xuong ¢6 mot tinh chat bién d6i quan trong 13 sy chuyén dong ciia mot khop s&
dugc ké thira chuyén dong tir khdp cha ctia nd. Nhu vy khi cin cap nhat lai khung
xuong thi ta phai cip nhat tir nut gbe trd di. Néu ta thuc hién bién ddi trén nat gdc
thi bién d6i d6 anh huong toan khung xuong, vi du nhu ta dich chuyén nat gbc di vi

tri khac thi toan bo khung xuong sé€ bi dich theo.
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5.2.2.2. T6 chirc div liéu

Vén dé dau tién 1a ta phai t6 chirc dit liéu cho khung xwong 1am sao dé ta c6 thé
tach roi cac phan cua co thé vi du nhu phan than, phan dau ra thanh céc phan doc
1ap nhau? Viéc phan tach gitp ta c6 thé didu khién ting thanh phan riéng biét va
dic biét ta c6 thé thay d6i hinh dang cho nhan vat. Ching ta c6 thé gin cac dau khac
nhau vao trong cung mot than hinh dé tao ra cAc nhan vat khac nhau. Va lam sao ta
c6 thé gin thém cac phan khac vao trong cau tric khung xwong? Vi du nhu khi nhan
vat cam mot khau stng thi 1am sao ta c6 thé gin khiu siing nay vao tay nhan vat va
chuyén dong cua khau sung khép véi chuyén dong cua tay.

Dé giai quyét duoc van dé nay ta s& cho cic nut trong ciu tric cdy cua khung
xuong ké thira tir mét cau triic dit lidu ddc biét chi chira cac dit lidu bién doi. Viéc t6
chtc dir liéu ndy twong tu nhu khai niém Scene Graph dugc dung rat nhiéu trong
viéc quan Iy Game. Mot nit bién doi (transform node) sé& luu céc thong tin sau:

+ Tén.

+ Nut cha cta no.

& Vi tri va goc quay ban dau.

& Vi tri va goc quay trong mdi quan hé voi nit cha.

+ Vi tri, gbc quay va ma tran bién doi so voi thé gidi (vi tri va goc quay that sy
trong canh 3D).

Viéc bién doi cua cac khép xuong chinh 1a sy bién doi ctia cac nat bién doi. Bay
gi0 ta co thé tao ra cac cau trac khung xuong riéng cho phan than, phan dau. Sau do6
ta s€ gan dau vao than bang cach ta thyc hién vién gén nut déu tién cua dau la nut
con cua dot xuong c6 cua phan than.

Tuong tu nhu vay, néu ta mudn cho nhan vat cam mdt cdy sung thi ta cling tao
ra mot cau truc khung xuong cho cay sung. Sau do ta thuc thuc viéc thiét lap nut
cha cua cay sung la mdt khép xuong & tay, bay gio bién doi cua cdy sung sé phu

thudc vao bién d6i cuia khdp xuwong tay.
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RS rang viée to chire dir liéu nhu vay gitp ta giai quyét duoc nhidu van dé va
gitip ta quan 1y cac d6i trong d& dang va thdng nhat. Mot cach téng quat, ta co thé
tao mot cay ké thira két ndi tt ca cac dobi tuong co cau trac khung xuong. Viéc tim
kiém, cap nhat va hién thi s& déu thuc hién trén cdy chung ndy. Pay ciing chinh 13 y

tudng va cach thure thuc hién ctia mot Scene Graph.

Van dé tiép theo 13 1am sao ta c6 thé thuc hién viéc cap nhat va truy XUAt cac
khdp trong khung xuong nhanh chéng va phu hop véi viée to chtra dir liéu trén tap

tin md5?

Dua vao dic diém tap tin md5 luu cac khép trong mot khung xwong theo mot
trinh tu ting dan cta cac khdp xuong ta c¢6 thé co cach to chirc dit liéu twong tng.
Néu ta to chtrc cac khép trong khung xwong 13 cac ciu trac trong do c¢b cac con tro
chi dén cac nat con thi day 1a cach t6 chirc sat voi khai niém cua cau trac xuong.
Tuy nhién viéc t6 chirc nhu vy thi cr mdi lan cip nhat hodc tim kiém mot khép
xuong theo tén hodc theo chi sb dinh danh ta cAn phai duyét cdy theo dé quy. Do
thao tac tim kiém va duyét nhu vay dung véi tin sudt rat 16n s& 1am cho chi phi ting
nhanh. Dé khéc phuc vin dé ndy, ta don gian sé& to chuc cac khdp cua khung xwong
thanh mot mang. Khi d6 viéc tim kiém mot khop xuong theo chi sé ta s& thuc hién
truy xuét thang dén phan tir c6 thi sb twong ng trong mang. Nhu vay, v6i mot cai

tién nho ta da giam di dugc rat nhiu chi phi trong viéc tim kiém.

5.2.2.3. Cap nhat va di chuyén khung xwong
M&i mét nhan vat 1a mot cdu trac khung xwong. Trong cdu tric khung xuong
nay ta c6 mot nat 1a nut goe (nut nay khong co nat cha). Moi thao tac xt 1y trén

khung xwong phai duoc bat dau tir nit gbe nay.

Viéc cap nhat lai khung xwong phai duoc thyc hién thudng xuyén dé phu hop
v6i dién hoat. Viéc cap nhat don gian ta sé thuc hién viéc cap nhat lai vi tri va goc
quay hay 12 ma tran bién ddi cho timg khép trong khung xwong bat dau tir niit gdc.
Bién d6i ciia mot nut s& bang bién ddi ctia nut cha nhan véi bién doi cua nd véi nat

cha.
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Bén canh viéc bién ddi trong ciu trac khung xuong thi ta can toan bo khung
xuong bién d6i nhu di chuyén vi tri, thay doi gbc quay so voi lai thé gi6i trong
Game. D¢ thyc hién viéc d6 ta phai c6 cac bién dé luu vi tri va goc quay hién thoi
cua nut géc. Ta s€ thuc hién viéc cdp nhat toan by khung xuong véi tir nit géc Vo1

vi tri va gdc quay 1a vi tri va géc quay hién thoi dang luu.

5.2.3. Puwdng dan dinh hwéng cho dién hoat
5.2.3.1. Gi&i thiéu vé dwong dinh hwéng

Bén canh viéc xay dung dién hoat cho ban than khung xuong, trong nhiéu tinh
huéng ta can ap dat nhan vat di chuyén theo mot 16 trinh nao d6. Dé co thé thuc
hién dugc ta s€ qui dinh ra mot 10 trinh trong d6 gém nhiéu con duong két ndi voi

nhau. Vi¢c sit dung duong dinh hudng cho nhan vat 1a tuy chon.

5.2.3.2. Cap nhat bién déi trén cac dworng co’ ban
Nhu d4 n6i, mot 16 trinh cho nhén vat di theo s& bao gdm trong d6 nhiéu duong
co ban. Trong hé thdng dién hoat ctia minh, chung t6i da xay dung cac 2 loai dudng

co ban 1a dudng thang va dudng cong Bezier.

Pé nhan vat di chuyén theo dudng thi ta sé tinh vi tri va vector phap tuyén cho
nhan vét vao timg thoi diém dua theo thoi gian da tréi qua ké tir khi nhan vat di
chuyén. Sau khi da biét vi tri va goc quay hién tai ctia nhan vat ta sé thiét lap vao

gia tri vi tri va gbéc quay cia nit goc cua cau truc cay cua khung xuong.

> D0oi véi dwong thing:

v T | T T

g=0.0 0.25 0.5 0.775 1.0

¥

Hinh 5-2 Vi du dwong di thing

Dua vao quang dudng di duoc ciia d6i tuong tir diém dau tién ta tinh duoc

s = khoang cach / d6 dai quang dudng
vi tri hién tai = vi tri ddu + s*(vi tri cubi - vi tri dau)

Con hudéng 1la 1a hudéng cha dudng thing (vector cubdi - vector dau)
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> Doi véi dudong cong Bezier:

Mot duong cong Bezier dugc xac dinh bang 4 diém: diém dau, di€ém cuoi va 2

di€ém diéu khién. Vi du ta c6 duong cong Bezier sau:

s D*,ff Difm ditu khifn —~—0 o B3

Puréng Bezier
1 P4
Hinh 5-3 Vi du dwong di Bezier
O day chung toi khong di sau vao dudng cong Bezier vé mit toan hoc ma chi dé
cap dén cac coéng thic dung trong lap trinh. Phuong trinh toan cua dudng cong

Bezier nhu sau:

C(s) = P1*(1-8)3 + P2%3%s* (1-5)2 + P3*3%s2*(l-s) + P4*s3 voi s la hé sb
ti 1lé:

s = khodng cach dé&n diém ddu tién / khodng cach cd dudng cong.

Khodng cdch ca dudng cong dugc xdc dinh gadn dang nhu sau:

Goi lengthl = Khoadng cach tu diém P1 dén P2.

length?2 = Khoang cach tu diém P2 dén P3.

length3 = Khoang cach tu diém P3 dén P4.

length4 = Khodng cach tu diém P1 dén P4.
Khoang cach quang duong = (lengthl + length2 + length3)*0.5 + length4*0.5

Gia sur ta da co 4 vector cho biét vi tri cua cac diém la P1, P2, P3, P4 1a vecl,
vec2, vec3, vec 4 va ta can tinh vector hién tai cia mdt di€m cach diém dau mot

khoang nao do, ta thuc hién nhu sau:

Ta tinh s dwa trén cdng thic & trén.
Goi vecOut 1la vector vi tri cua diém hién tai ta cé:

vecOut = vecl* (1l-s)3 + vec2*s*(1l-s)2 + vec3*s2*(l-s) + vecd*s3.

Va tiép tuyén duoc tinh bang cach 1y dao ham ciia phuong trinh duong cong.
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5.2.4. Van dé vé quan ly dién hoat

5.2.4.1. Cac van dé co ban trong dién hoat

> Cac loai dién hoat:

C6 hai loai dién hoat chinh cta cac dbi tuong la dién hoat khung xuong va dién
hoat noi suy. Dién hoat khung xuong tic 1 cac su chuyén dong dua trén cAu trac
khung xuong va thuc hién dién hoat dwa vao cac khung hinh 1am khoa. Dién hoat
ndi suy 1a viéc thuc hién dién hoat bang phép néi suy giita chuyén dong ngay trudc
va ngay sau né. Trong cac Game ngay nay hau hét dé luu cdc mé hinh bang ciu tric

khung xuong va két hop ca hai loai dién hoat dé tao ra mot chuyén dong dep mét.
> Véan dé thoi gian trong dién hoat:

Cac Game thuc hién trong mot h¢ théng thot gian thuc. Thoi gian la yéu to quan
trong can cha y khi xay dung Game. Nhu ta biét trong mot chuwong trinh Game thuc
chét ta co mot vong 1ap vo tan, tai moi vong 1dp ta thyc hién qua trinh hién thi tuong
g voi thoi gian d6. Trong hé thong dién hoat thi két qua cubi cing 13 phai c6 mot
chuyén dong mugt ma va khong bi gidt do dé phai ddm bao duogc ) khung hinh

trong mot gidy cao hay 1a thoi gian gitta cac vong lap chinh phai ngan.

Mot diéu quan trong trong yéu t6 thoi gian 1a ta phai 1am sao cho hé thdng dién
hoat ctia ta hoat dong gidng nhau trén nhig may tinh c¢6 toc d6 xir Iy khac nhau. Vi
du trén mot may téc d6 2GHz va trén mot may tdc dd S00MHz thi trén may 2GHz
chuyén dong s& min hon trén may S00MHz nhung phai dam bao dugc chuyén dong
gidng nhau vi chung thuc hién trong thoi gian nhu nhau. Dé giai quyét ta s& thuc
hién bang cach tinh khung hinh hién tai bang noi suy giita cac khung hinh trudc va

sau no.
> Céc khung hinh trong chuyén dong:

Mot chuyén dong ctia mé hinh 1a mot diy cac bién ddi cia mo hinh dé theo thoi
gian. Ta khong thé luu toan bd cac bién doi boi vi 1am nhu vy sé& rat lang phi bo

nhd ma thay vao do ta luu su bién doi ciia md hinh tai mgt s6 moc nao d6. Vi du
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nhu ta luu sy bién doi cua dbi twong cr sau vai mili gidy chang han. Cac khung
hinh chinh nay c6 thé luu cach nhau nhitng khoang thoi gian khac nhau hoic déu
nhau déu dugc. Duéi day la mot vi du vé chuyén dong cua vat thé theo key frame

vo1 khodng cach gilia cac key frame 1a 40 mili gidy.

40 mili gidy Rios Faite'3 40 mili gidy

40 mili gidy

Eey frame 1 vad
Eey frame 2

Hinh 5-4 Vi du dién hoat qua cic khung hinh khéa
Nhu vay dé thuc hién dién hoat thi khi chuong trinh yéu cau cap nhat thi dua
vao thoi gian troi qua truyén vao ta s& tinh dugc frame nao can hién thi va s& hién
thi key frame d6 1én. Nhung rd rang chi dua vao cac key frame dé hién thi thi hinh
anh s& khong muot ma do su bién doi giita cac khung hinh 13 kha 16n. Pé khic phuc

viéc ndy ta can két hop thém bién d6i noi suy vao.
> Két hop bién ddi ndi suy giira cic khung hinh:

Pé thuc hién duge chuyén dong noi suy gitra cac key frame ta phai xac dinh
dugc thoi gian da trai qua trong chuyén dong. Ctr mdi lan chuong trinh yéu cau ta
cap nhat va truyén vao ddi s6 1a thoi gian di troi qua thi ta tinh toan duoc thoi diém
trong chuyén dong vi ta co thoi gian tong cong cua chuyén dong va tinh duoc thoi
gian tir khi chuyén dong. Tiép do ta s& xac dinh dugc key frame ngay trude va ngay
sau no. Gia su ta c6 dugc tl 1a thot gian thuc hién key frame n va t2 1a thoi gian cua

key frame n+1. Ta tinh dugc hang sb ti 18:
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s = (t-t1)/(t2-t1) v&i t 1a thoi gian hién thoi. Nho hé s6 nay ta dé dang noi suy ra

bién d6i hién tai dwa vao key frame n van +1:

Khung hinh Iuc t = khung hinh Iuc t1 + s* (khung hinh lac t2 — khung hinh luc t1)
Su bién ddi nhu vay ¢6 2 uu diém:
4 Chuyén dong s&é muot ma, dep va thuc hon.

4 Chuyén dong sé dién ra giéng nhau trén nhiing may c6 toc do CPU khéc

nhau.

5.2.4.2. T6 chirc quan ly dién hoat
Nhu ta d3 biét, mot nhan vat c6 mot khung xuong va kém theo la mdt sb cac
dién hoat riéng biét nhu dimg, di, nhay, tin cong, ... Ching ta cin hé thong dién

hoat cho phép quan ly duoc tat ca cac dién hoat cho mdt nhan vat.

Dé thyc hién duoc yéu cau do ta phai to chirc quan 1y tir thip dén cao, tir chi tiét
dén tong quat. Cu thé ta xay dung 16p quan Iy mot dién hoat cho mot khdp xuong,
dua vao 16p nay ta xay dung 16p quan Iy mot dién hoat cho toan bd khung xuong,
va cubi cing dya vao 16p vira xay dung ta xay dung tiép 16p quan 1y tat ca cac dién
hoat cho mot khung xwong. Tai 10p tong quat nhat (quan 1y toan bo dién hoat) ta co
thé thuc hién cac két hop céac dién hoat lai véi nhau. Qua trinh tich hop minh hoa

theo so dd 16p sau:

Quan_ly_tat ca_dien_hoat_cho_khung_xuong -— Quan_ly_dien_hoat_che_khop_xuong

. 1

Quan_ly_dien_hoat_cho_khung_xuong

Hinh 5-5 So' @ quan hé cac 16p quan Iy dién hoat
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> Quin ly dién hoat cho mdt khép xuwong:

Trong 16p quan 1y dién hoat cho mot khép xuong ta can c6 cac théng tin nhu

sau.:

& Con tro chi dén khop xuong trong khung xuwong ma ta can quan ly. Tét ca

nhitng thong tin vé khép xuong s& dugc ta truy cdp dua vao con tro nay.

4 Phai luu cac thong tin dién hoat cia mot khop xuwong. Thong tin nay 1a mot
cdu trac luu thong tin dién hoat dugc nap tir tap tin vé& chinh khdp xuong, vé khép

xuong cha, vé danh sach cac khung hinh cua dién hoat.

Trong 16p quan 1y ndy ta can phai cung cip cac phuong thirc cho phép truy xuét
dén vector vi tri va quaternion quay cua cac khung hinh trong chudi cac khung hinh
bién ddi. Chung ta ¢on co thé thuc hién cap nhat lai trang thai cho khép xuong khi

biét khdp xuong dang & vao thoii diém nao ciia dién hoat.
> Quan ly dién hoat cho toan by khung xwong:

Viéc quan 1y cho toan bo khung xuwong can c6 mot danh sach cac 16p quan ly
cho mot khép xwong. Trong 10p quan 1y nay ta cin quan 1y cic thong tin lién quan
dén dién hoat chung cho khung xuwong nhu: khoang thoi gian tréi qua tir khi dién
hoat tir khung hinh thtr nhat, dién hoat ¢ lap di lap lai khong, khoang cach di
chuyén cta khung xwong ké tir 1an cap nhat trude va tong khoang cach di chuyén

ciia khung xuwong trong toan bo dién hoat.

Khi can cap nhat dién hoat cho toan bo khung xuong ta s€ thuc hién cap nhat
dién hoat cho ting khop xwong ¢ trong khung xuong. Trong 16p ndy ta can phai
cung cp cac phuong thire cho phép hiéu chinh thay d6i dién hoat nhu vé thoi gian
dién hoat, khoang cach trong dién hoat.

> Quan ly tét ca dién hoat cho khung xwong:

Mot khung xuong c6 nhiéu dién hoat, ta cin danh sich cac dbi tuong véi moi

ddi tugng quan ly cho mot dién hoat. Thong thuong tai mot thoi diém ta c6 mot
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dién hoat duoc kich hoat. Tai 16p nay ta c6 thé thuc hién cac chirc ning nang cao

nhu két hop cac dién hoat vao mot khung xwong.

5.2.5. Két hop cac dién hoat

5.2.5.1. Két hop cac dién hoat khac nhau vao khung xwong

» Gioi thi¢u:

Pay 1a kha ning cho phép ta két hop nhiéu chuyén dong riéng biét lai thanh 1
chuyén dong két hop.

» Ly do xay dung:

Dbi v6i mot md hinh vi du nhu mot nhan vat trong Game do nhiéu yéu t rang
budc nhu thoi gian thuc hién va khong gian luu trit nén ta chi xdy dyng cho nhéan
vat d6 mot sb cac dién hoat co ban ma thoi. Vi du nhu ta c6 mot quai vat thi ta chi
6 thé tao cho chung céc dién hoat co ban nhu ding, di, chay, tan cong, chét, lach
qua trai, lach qua phai. Nhung trong Game d6i khi ta c6 nhu cdu nhan vt thuc hién
cac dién hoat phrc tap 1a sy két hop ctua nhiéu din hoat riéng r€ vi du nhu nhan vat
vira di vira ban siing dugc két hop tir hai dién hoat riéng biét 1a di va ban sting. Tir
nhu ciu nhu vdy Game Engine phéi c6 chirc ning cho phép ngudi 1ap trinh thuc
hién viéc két hop céc bién d6i nay. Véi chue nang két hop cac dién hoat thi tir mot
tap cac dién hoat nhé ta co thé tao ta mot td hop nhiéu dién hoat khac nhau.

» Cach thirc thyc hién:

Mot chuyén dong cua khung xwong don thuan chi 1a cac ma tran bién doi cho
cac khép ciia khung xuwong. Su bién dbi gdm c6 su dich chuyén, sy quay va bién d6i
ti 16. Mot xuong thi chuyén déng quay xung quanh mot khop, chi co khép gbc 1a
chuyén dong twong ddi so véi thé gidi ma thoi.

Dé tao duoc su két hop chuyén dong thi ta s€ tao se su két hop gilra cac ma tran
khoa ctia nhiéu chuyén dong. Chu ¥ rang ma tran két hop 1a khong thé giao hoan

dugc c6 nghia 1a thu ty két hop 1a quan trong. Néu mudn nhén 2 sy bién ddi c6 su

-05 -



Chirong 5. Hé thong dién hoat (Animation System)

quay va chuyén dich thi ban phai két thuc bang mot bién d6i cudi theo thir ti: quay,

chuyén dich, quay va cubi cung 1a chuyén dich.

Dé thyc hién dung thi ching ta phai cong cac sy bién d6i thay vi nhan. Vi du
nhu ¢6 2 bién ddi 1 quay va chuyén dich can phai két hop vao mét chuyén dong thi
viée cong cac bién doi 13 hop 1y.

Tom lai, khi thue hién két hop cac chuyén dong ta can biét cac thong tin vé ti 16
két hop cia cac chuyén dong vao chuyén dong chung. Khi yéu cau cap nhat lai dién
hoat ta s€ tinh toan ra cac ma tran ndi suy cho tirng dién hoat tai thoi diém dé. Sau
khi d3 c6 cac ma tran ndi suy cua ting dién hoat ta s& thuc hién cong tat c4 ma trn

ndi suy ndy lai voi ti 16 dong gop vao chuyén dong da dugc biét.

5.2.5.2. Két hop cac dién hoat trong cac phan cia khung xwong

» Giéi thi¢u:

Doi khi trong mot hé théng khung xwong khong chi c6 mdt chuyén dong duy
nhat ma c6 nhiéu chuyén dong trong d6. Vi du nhu phan khung xwong ctia mot than
thé, co thé phﬁn dudi (bung dén chan) thuc hién dién hoat chay, phén than trén (tir
bung 1én cd) lai thyc hién dién hoat ban sung. Nhu vay giira 2 phan than trén va
than dudi thuc hién 2 dién hoat khéc nhau. Phan dién hoat phan than duéi phai c6
tac dong nhat dinh 1én phan than trén va nguoc lai. Néu nhu chung ta khong thuc
hién két hop hay diéu hoa dién hoat tai bung (noi giao nhau giita 2 dién hoat) thi
nhan vat s& chuyén dong rat khong tu nhién. Két hop dién hoat trong cac phan
khung xuong chinh 13 két hop cac dién hoat khac nhau trong mot khung xwong dé

tao ra hi¢u ung tu nhién.
» Ly do xay dung:

Viéc xdy dung chtrc nang phdi hop dién hoat giita cac thanh phan trong cing
khung xuwong sé& giai cho phép ta thyc hién nhiéu dién hoat cho cac phan trong clng

khung xwong ma van dam bao tinh ti nhién.
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Viéc xdy dung nay con gilp ta tiéc kiém rat nhiéu dién hoat vi ta ¢6 thé thuc
hién két hop cac dién hoat ngay trong khung xwong. Vi du nhu trong phan than
nhan vat ta c6 thé tao ra chuyén dong ban két hop véi di, chay, nhay can 4 dién
hoat. Néu ta khong thyc hi¢n két hop ta can xdy dung thém céc dién hoat di bén,
chay ban, nhay ban. R rang viéc phdi hop cac chuyén dong gitp ta giam nhe cong

viéc di rat nhiéu va ting hiéu qua thyc hién 1én rt cao.
» Cach thirc thue hién:
Pé tién minh hoa cach thuc hién ta xét vi du cu thé sau:

Ta c¢6 mot khung xuwong 13 than nguoi véi khép dau tién (chi sé 1 0) 1a khép 1b,
2 dién hoat 14 di va ban stng. Ta can thuc hién két hop 2 chuyén dong nay vao 2
phan khac nhau trong céu trac khung xuong. Phan tir hong trd xudng ta thuc hién

dién hoat di, con phﬁn tir hong tré 1én ta thuc hién dién hoat ban. Hinh khung xuong

|
chu}.ren +
liung bin kénh 1
ﬁa

1\
/ J%

nhu sau:

. 0 Hing .
u:hu}ren l = *
kénh 2
Fong &1
ng /21;.\
[ ] f | +

Hinh 5-6 Minh hoa két hgp chuyén dong cic phian trong khung xwong
Trude hét ta s& chia phan khung xwong than nay ra lam 2 kénh. Kénh thir nhét tix

khép 2a tré di dén hét. Kénh thir 2 tir khép 1b dén khdp 1a. O day mot kénh 1a mot
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khai niém ta dua ra dé quan 1y viéc két hop cac dién hoat. Mot kénh s& gém 4 thong

Sé Sau:
+ Khop bat dau cua kénh.

4 Khép két thiic cua kénh. Chi s cua khép két thiic phai 16n hon hay bang chi
s6 cua khép bét dau.

& Chi s6 fade-in: chi ra s6 khop xwong bén trong kénh chiu anh huong béi dién
hoat. Vi du néu kénh thtr nhit c¢6 chi s6 fade-in = 2 thi c6 nghia rang 2 khdp 2a va
khép 3a s& bi anh hudng khi ta thuc hién két hop dién hoat. Cu thé 2 khép 2a va
khép tiép theo 2a bi tac déng ctia chuyén dong ban sung. Ti 1& anh huéng cua dién
hoat ban sing 1én khép sé tang dan theo chi s6. Cong thiic dé tinh ti 1¢ anh hudng

nhu sau:

fadeInWeight = 1 / (fadeIn + 1)

Ti 1& cho khép cé6 chi sb i = fadeInWeight* (i-chi s& khoép dau cua kénh+ 1)

4 Chi s fade-out: chi s6 nay chi ra s khop xwong bén ngoai kénh ké tir kénh
cudi chiu anh hudng boi dién hoat. Vi du nhu ta thiét 1ap chi s fade-out cua kénh
thtr 2 1a 2 thi 2 khép xuong 2a va 3a sé bi tac dong. Ti 1¢ tac dong cua dién hoat (cu
thé 1a di) s& giam dan theo chiéu tang cia chi s6. Cong thic d¢é tinh ti 1¢ anh hudng

nhu sau:

fadeOutWeight = 1 / (fadeOut + 1)
Ti 1& cho khép cé6 chi sb i = 1-(fadeOutWeight* (i-chi s khép cubdi))

Pé chuyén dong duoc chinh x4c ta phai dam bao tong ti 16 tic dong 1én khop
xuong phai b?mg 1. Vi du v6i khép xuong 2a bi tdc dong cua kénh mot ti 1€ 1a
1/(fade-in+1) = 1/3 thi ti 1é cua kénh 2 tic dong 1én khép 2a phai 13 2/3. Dé co thé
dat duoc su can bﬁng nhu vay thi chi s6 fade-in cua kénh mot phai béng chi sd fade-

out cua kénh 2 va nguoc lai.
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5.3. Hé thong dién hoat trong thuwec thi
5.3.1. So d6 I&p cha hé théng dién hoat

i

CModel CAnimationController CAnimationSet CAnimation
1 1 - 1
! 1
q
r p 1 Céc 1&p quan ly dién hoat
ChMd5DataManager CHierarchy CTransformNode
. 1
CMd5Data

1 Caclép quanly dudng dén

1L CAnimRouteController CAnimRoute /
o0 3 mas . AR

Cac lép xtr ly CAnimStraightPath CAnimCurvedPath

de ligu

hinh 5-7 So do 16p cia hé thong dién hoat
5.3.2. Chirc nang cac thanh phan trong so do

Mot d6i tuong thude 16p Model s& can thong tin lién quan dén dién hoat va
duong dan. Cac chtrc nang hé thong duoc chia ra 3 nhom:
5.3.2.1. Hé théng xtr ly dir liéu

Day chinh 13 thanh phan xir 1y dir liéu vé dién hoat dugc luu trén tip tin dinh
dang mdS. Cu thé cac 16p nhu sau:

4+ Lop CMd5Data: Cung cap cac ham doc dir lidu tir cac tap tin vao trong cac
cau trac dit liéu dinh sin.

+ Lop CMd5DataManager: Thuc hién quan 1y viéc doc dir liu tir tap tin md5.
Néu co yéu cau truy xuét dén dir liéu va dir liéu chua duogc doc thi ta s& thuc hién
doc dir li¢u 1én, con nguoc lai ta chi can tro dén va xu dung dir li¢u trong doi tuong
CMd5Data da co.

Moi dit liéu vé dién hoat can thiét thi cac ddi twong khac phai truy xuét thong

qua hé thong xir 1y nay.
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5.3.2.2. Cac l&p quan ly dwéng dan

Day 1a cac 16p thuc hién quan 1y dudng dinh hudng di chuyén cho nhan vat. Cu
thé 6 cac 16p sau:

+ L&p CAnimPath: 1a 16p quan 1y théng tin cho mot duong trong 16 trinh. Céc
thong tin nd quan ly bao gém diém dﬁu, diém cuéi, va do dai cua 10 trinh.

4 Lop CAnimStraightPath: dugc ké thira tir 16p CAnimPath dé cai dat cu thé
cach tinh toa d6 va vector phap tuyén cho nhan vat trén dudng thang khi biét nhan
vat cach diém xuét phat mot khoang cach nao do.

+ Lop CAnimCurvedPath: duoc ké thira tir 16p CAnimPath dé cai dat cu thé
cach tinh toa do va vector phap tuyén cho nhan vt trén duong cong Bezier khi biét
nhan vat cach diém xuét phat mot khoang cach nao do.

+ L&p CAnimRoute: 16p nay quan 1y thong tin cho mot 10 trinh. M4t 16 trinh 1a
su két hop nhiéu duong lai voi nhau. Lép ndy s& tinh toan vi tri va vector phép
tuyén cho ddi trong khi biét khoang cach tir ddi twong dén diém xuét phat trén 16
trinh.

4 Lép CAnimRouteController: Quan 1y thong tin tit ca 16 trinh cho nhan vat.

Trong mét thoi diém chi c6 nhiéu nhat mot 1 trinh dugc str dung.

5.3.2.3. Cac l&p quan ly dién hoat
Cac 16p nay 1a cai dat cu thé cta cac 16p quan 1y dién hoat da trinh bay trong

phan trude.

4 Lép CTransformNode: Lép nay dinh nghia mot d6i tuong luu cac thong tin
bién d6i. Cac thong tin cua 16p quan 1y bao gém vi tri va gbc quay cua mot ddi
tugng trong mdi twong quan voi di tugng cha va véi thé gioi.

4 L6p CHierarchy: Quan 1y cu tric khung xuong ctia nhan vat. Mdi mot khép
trong khung xuwong 1a mot ddi tuong thudc 16p dugc ké thua tir 16p

CTransformNode.
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+ Lp CAnimation: Quan 1y thong tin va thuc hién dién hoat cho mét khép cua
ciu trac khung xuong. Lp ndy s& chiu trach nhiém cép nhat lai vi tri va goc quay
cho khép xwong trong dién hoat.

+ Lop CAnimationSet: Quan ly thong tin va thuc hién dién hoat cho tat ca cac
khép trong khung xwong. That sy 16p ndy s& bao gdm tip cic d6i tugng thude 16p
CAnimation. L&p nay phai quan ly duoc thong tin chung cho mét dién hoat.

+ Lop CAnimationController: Day 1a 16p bao boc quan 1y tit ca thong tin dién
hoat cho mét ddi tuong. Trong 16p nay ta thuc hién khéi tao dir li€u, chon dién hoat,
phan thanh cac kénh dién hoat, thuc hién va hiéu chinh thong tin dién hoat, va phéi

hop cac dién hoat khac nhau trén cing mot d6i tuong.

5.4. Tém tat

Hé thdng dién hoat 13 mot thanh phan hét stirc quan trong trong viéc xdy dung
Game. Duya trén dic diém va yéu cau ctia mot hé théng dién hoat va viéc tham khao
nhiéu Game Engine nhu Half-live, Cal3D va NeoEngine, ching t6i d phan tich,
thiét ké va xay dung 1én mot hé thong dam bao duge téc do, tinh trong sang dé st
dung, kha ning mé rong cao, va cung cip ra cac chirc ning nang cao cho phép giai

quyét dugc nhitng tinh hubng dién hoat trong Game.
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Chwong 6 Hé thong vat ly (Physics System)

@ Gidi thiéu hé théng vat 1y

@ Cac véu tb can xu IV trong hé thdng vat Iy

© Engine vat 1y NovodeX

@ Sir dung NovodeX

@ Tom tit
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6.1. Gi&i thiéu hé théng vat ly

Hién nay doi hoi ctia nguoi choi vé chat lugng Game rat cao. Bén canh Game
phai c6 hinh anh dep, ndi dung hay con yéu cau phai chan thuc, gan véi thuc té bén
ngoai. Bé cho Game mé phong duoc cac tinh hudng xdy ra trong thuc té thi phai

xay dung mot hé thdng quan 1y céc twong tac vat 1y.

C6 thé noi réng tuong lai cia Game chinh 14 vat ly. Game s& tr¢ nén rat that khi
xtr 1y tot dugc nhitng hiéu tng theo quy luat vat Iy nhu va cham, nd, chuyén dong
clia cac vat trong canh Game, nhan vat di chuyén va tuong tac véi cac yéu td trong

moi truong, va cac hiéu ung dac bi¢t nhu mo6 phong quan o, toc bay trong gio.

Tom lai, hé thong vat Iy giup chung ta co thé xir Iy cach cac dbi twong di
chuyén, cach chung Gmg xur trong moi trudng véi timg tinh hudng cu thé, va cach
chung twong tic voi nhau. Nho hé thdng vat Iy ma Game cua ching ta s& sinh dong,

tu nhién.

6.2. Cac yéu to can xtr ly trong hé théng vat ly

» Cac thudc tinh cia vat liéu

Céc thudc tinh cua vat liéu chinh 1a cac dac trung vét ly vé vat chat nhu trong
lugng, ma sat, dan hoi. Chung ta co thé tao ra cac mit ph'flng tron khién cho nhan
vat c6 kho di chuyén duoc, cac vat duoc lam béng chat liéu gd véi cac chd ndi ¢
thé gay dugc khi c¢6 luc va cham 16n, céc bé mat dan hdi nhu cao su, cac bé mit
béng kim loai c6 thé udn cong dugc khi tac dong luc, va co thé tao duoc céac tang da
c6 thé v& vun khi bi tic dong luc manh.

> Cac d6i twong bao boc dong va phat hién va cham

Céc dbi trong bao boc gitp chung ta bao cac ddi twrong trong Game dé thuc hién
cac hiéu tng vat 1y 1én dbi tugng d6 va phat sinh ra cac su kién tuong tmg khi cac
va cham xay ra gitp chung ta c6 thé dwa ra cac cach thic xir 1y trong ting. Dé thuc
hién dugc sy mo6 phong vat Iy nhu vay ching ta phai dya vao cac dinh luat vat ly )

dién trong d6 quan nhét 13 cac dinh luat Newton. Cac dinh lut vat 1y ndy giup
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ching ta co thé tao duoc cac va cham tu nhién va nhiéu hiéu ung dep mét vi du nhu
su rung khi mot dong tién roi xudng san nha, chiéc xe truot theo quén tinh khi
phanh, ... Hau hét cac Engine vat Iy xdy dung nén cac hinh bao boc dong nhu 1a

nhimng yéu t6 cdt 161 va xay dung cac yéu tb khac thong qua chung.
» Cac khép va su co gian

Céc khop va céac dac tinh co gian dung dé moé hinh hoa cho céc co cau phuc tap
nhu cac may moc, xe cg, su di chuyén cia cac nhan vat, cura, don bay, va cung cap

kha ning cho cac nhin vat cam va thao tac cac d6i twong trong Game.
> Cac chit 16ng va vo dinh hinh

Bén canh viéc md phong cac hiéu tmg nhu gon séng trén mat ho thi ching ta
con co thé ting thém hiéu g chét 1ong trong nhiéu canh vat nhu dau, cac cot nude
ban 1én, ltra, cac vii khi ban ra cac chat vo dinh hinh. Cac chét 16ng nay co thé tuong
tac voi cac vat dong trong canh nhu bao quanh ching chang han.

> Ao quin va hiéu ing khac

Hé thdng vt 1y c6 thé giup mo phong chinh xéc, trung thuc vé 40 quin nhu 4o
choang cho nhan vét. Hay hé thdng c6 thé cung cap cho ta chiic ning mé phong vé
Ira, khoi, swong mu. Tuy nhién day chi 1a mgt khia canh phu c6 thé bo qua trong h¢
thng vat 1y, ta c6 thé xay dung hé thdng Particle riéng dé thuc hién cho cac hiéu

ung nay.

6.3. Engine vat ly NovodeX
Hién nay c6 rat nhiéu Engine vat Iy duoc tao ra dé két hop vao cac 3D Engine
dé tao ra cac Game. Mot s6 Engine vat ly tdt c6 thé ké dén 1a Navok duoc dung

trong Game Haff Life va NovodeX.

NovodeX 1a Engine vat ly cua hang AGEIA. Hi¢n nay (thang 6 nam 2005)
NovodeX dang co6 phién ban 2.2 va chua dugc hoan thién. NovodeX 1a mdt Engine
vat 1y rat manh va cung cAp mién phi cho cac hoat dong phi thuong mai. Engine vt

Iy nay con c6 keém nhiéu vi dy va tai liéu hudéng dan cling chinh vi vdy chiung toi
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chon dé nghién ctru va tng dung két hop véi Nwfc 3D Engine dé xay dung Game

ung dung.

Engine vat Iy NovedeX cung cép cho ching ta mot gidi phat rat manh va hiéu
qua dé két hop mot hé thdng xir Iy vat 1y thoi gian thue vao trong hé théng Game
ctia chung ta. NovodeX dugc thiét ké dé d& dang két hop véi cac thanh phan khac
trong mdt Game Engine. NovodeX c6 thé 1am viéc t6t trén nhiéu API khac nhau
nhu Direct3D, OpenLG, NDL Gamebryo, Quake va OGRE. NovedeX con thé thé
dugc bao boc bdi Unreal 3 cua Engine Epic Game va Reality Engine cua Artificial
Studio. Nhitng két qua dau ra cua NovodeX con c6 thé cung cdp cho Discreet 3D
Studio Max, Softlmage XSI va cac cong cu khac cho phép cac nha phat trién co thé

xem cong viéc cia minh thyc hi¢n trong nhirng méi trudong tuong tu.

Dé @& dang két hop véi nhirg cong nghé kém theo, ban than NovodeX cung cp
mot loat cac cong cu dé tao ra cac hiéu ung va moi truong dong dua trén vat ly.

Nhitng céng cu d6 bao gdom:

4 Rocket viewer dé cai dit va mé phong cho cac canh vt 1y.
+ Debug render cho phép chiing ta phén tich va chinh lai Game.

+ B0 xtr Iy dit liéu cho phép ta nap di liéu vao nhanh choéng.

NovodeX duoc thiét ké hoat dong tbi wu trén trén chip AGEIA PhysX.
NovodeX 1a API duy nht cho phép cac nha phat trién Game ding phan ctng dé gia
tdng cac hi¢u ung vat Iy trong Game dya trén AGEIS PhysX chip, day 1a don vi xtr
ly vat Iy (PPU — Physics Processing Unit) dau tién trén thé gidi. NovodeX con la
API da tiéu trinh dau tién va duy nhat hién nay cho phép cic nha phat trién Game st
dung dé tang thém kha ning xr Iy trong Game ctia minh.

NovodeX cung cip hé thong hoan hao cac ddi twong bao boc dong va hé théng
phat hién, xir Iy va cham t6t. NovodeX c6 thé thuc thi trén nhiéu mdi trudng khéc
nhau nhu Microsoft Window XP, Mac OS X, PhysX PPU. Mot diém manh ntra cua
NovodeX 13 né cung cap san cho chung ta cac 16p dung dé diéu khién di chuyén céac

nhan vat.
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» Cac chirc ning cia NovodeX trong lic thue thi chwong trinh gﬁm:

+ Hé théng kiém soat dung d6 cho mat phéng, hop, khéi cau, dinh cac vat thé,

mesh cua moi truong, cac diém 10m cua doi tugng.

& Cho phép tao ra cac nhom va cham. Tirc 1 ching ta ¢6 thé nhém 1 sb ddi
tuong thanh mot nhém dé tién cho viéc kiém tra va xu Iy va cham gitra cac dbi

tuong nay.

4 Cung cip cac loai khop nhu Fixed (c6 dinh), Revolute(boc & bén ngoai theo
mot truc), Sperical (cﬁu), Prismatic (lang try), va Six Degree of Freedom (6 bac tu
do) (tham khao thém & phan phu luc) cing v6i cac phép chiéu, do dan hdi, qui dinh

gid1 han cho cac khép quay.

+ Cac vt liéu cho cac bé mit véi cac hé sd ma sat dong, ma sat tinh va d¢ dan
hoi.

4 Cung cap nhitng hinh trigger cho phép chung ta c6 thé xu 1y cac su kién khi

c6 mdt vat bat dau va cham, di vao hay ra khéi mot vat thé nao do.

& Cung cap tia chiéu tir mot vét thé vao méi truong xung quanh. Nho tia chiéu
nay chiing ta c6 thé xac dinh duoc khoang cach ciing nhu tinh chat cta ddi twong co
cat voi tia chiéu va co thé co nhimng ng xir tuong Gmg. DAy ciing 14 cach chiing ta
c6 thé xay dung nhitng tmg xtr théng minh don gian cho cac d6i tuong, vi du khi

con quai vat dén gan nhan vat mgt khoang nao do thi ta cho con quai vat tan cong.

4 Cung cép cac 16p do ngudi dung dinh nghia véi cac ham xtr Iy cac su kién tra
vé. Day 1a nhimg ham rit quan trong cho phép chung ta ¢ thé xir 1y khi c6 va cham
xay ra. Vi du khi nhan vat di chuyén trong méi trudng va va cham mot hop thi s& co
su kién va cham tra veé, trong ham x1r Iy va cham ta cé thé thiét 1ap luc tac dong vao

c4i hop chang han.

+ Cung cép mot bd diéu khién nhan vat dua trén mot chiée hop tam. Khi di

chuyén nhan vat, chiéc hop tam nay thuc hién di chuyén trude dé xéac dinh xem
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nhan vat s& phai di chuyén tiép theo nhu thé nao dé c6 thé ap dung 1én nhan vat cho
chinh xéc.

4 Thuyc hién dong bo hod hé thong vat Iy véi mot bo xir 1y da tiéu trinh.

& Cho phép hién thi ché 6 Debug cho hé théng toa d6, cac dbi twong c6 trong
canh, cac diém va cham, cac vector phap tuyén, ...

> Cac cong cu phat trién kém theo gom c6:

+ Xuit ra dinh dang tap tin PML c6 thé st dung trong céc phan mém 3DS
Max, Softlmage, va Maya.

& Cung cip sdn mi ngudn cho viéc dua cac ddi tuong trong dinh dang tap tin
PML vao trong canh cua NovodeX.

+ NovodeX Rocket, mot ing dung riéng biét cho phép ta nap va moé phong mot
canh voi dinh dang PML.

+ NovodeX FX, mot moi truong két hop dé mo phong cac hiéu Gmg nang cao

trong cac hé théng quan 1y Game hién co.

6.4. Sr dung NovodeX

6.4.1. Két hop NovodeX vao Game

NovodeX la mot phﬁn hoan toan ddc 1ap, chirc nang chinh 1a chi quan ly vé vat
Iy va n6 dugc xay dung trén mot thu vién toan hoc riéng. Do do dé c6 thé st dung
dugc cac tinh nang ctia NovodeX thi can phai bao boc no6 lai dé co thé sir dung két
hop véi cac thanh phan khac nhu hé thong hién thi, hé thong dién hoat. Viéc bao
boc hé théng vat 1y con gitp chung ta c6 thé sir dung né mdt cach théng nhat véi

céc phan khac thong qua ciing mot thu vién toan.

Tu tudng chinh dé st dung hé thong vat Iy NovodeX 1a ta dung cac vat thé va
mesh do NovedeX cung cap dé bao boc hay chira cac vat thé va nhan vat ciia Game.
Viéc quan 1y vét 1y ta dé cho hé thong NovodeX thyc hién. Sau khi hé thong
NovodeX thuc hién xong ta ldy vi tri va goc quay méi ctia cac vat thé bao boc cua
NovodeX d@é cap nhat lai vi tri va goc quay tuong tmg cho cc vat thé va nhan vat

trong Game. Vi du nhu ta c6 mot khéi hop trong man Game, ta s& dung mot ddi
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tuong hop cung kich cua NovodeX dé bao boc no lai. Viéc xir 1y va cham hay viéc
mo phong chuyén dong cho khéi hop 13 do hé théng NovodeX quan 1y thong qua
khéi hop bao dbi tugng. Sau khi hé théng NovodeX xir 1y rdi thi ta lay su bién doi

ctia khdi hop bao boc dé cap nhat lai trang thai cho khéi hop trong Game.

Hinh 6-1 Vi du bao boc déi twong Game bang di twong ciia NovodeX

Trong vi du & hinh v& trén, ta c6 hai d6i twong mot 13 mot khdi hinh chir nhat,
mot 13 mot khéi capsule (hinh tru voi hai dau 13 hai ban cau). Ta s& dung hai hinh
hop va capsule twong timg bao boc lai véi cung kich thude va khép véi vat thé cia
Game. B?mg cach thuc hién nhu vay ta tan dung duoc tat ca cac tinh nang vat 1y do
NovodeX cung cap va tat nhién ta khong hién thi cac hinh bao boc trong Game ma
chi dung chung nhu vat trung gian dé xtr Iy vat 1y.

Pé thyc hién viéc bao boc cac thanh phén trong Game bang cac dbi twong vat 1y
thi budc dau tién va quan trong nhat 1a ta phai khoi tao cac déi tuong bao boc. Dé
lam duoc viéc khéi tao do thi sau khi da xay dung man, ta da xac dinh duoc vi tri,
kich thudc, goc xoay cua cac doi tuong trong man Game thi ta tao ra cac vat thé bao
boc turong ung dya trén cac thude tinh do.

NovodeX cung cap cho ta rat nhiéu chirc ning dé ta c6 thé hoan toan xay dung
mot Game chi dia vao né ma thoéi. Tuy nhién trong Game ta chi can str dung mot sd
tinh nang chinh dé xur 1y vat 1y. Cac chirc ning vé vat 1y chinh can dung 1a quan Iy
vat 1y cho cic ddi tuong, quan 1y cac va cham giira cac vat thé trong Game, diéu

khién nhan vat di chuyén trong man Game, xac dinh diém va cham dua vao tia
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chiéu trong viéc xir 1y ban dan, két ndi cac dbi tuong thong qua cac khdp dé tao nén
nhu vat thé c¢6 co cAu phiic tap nhu xe, hé thong truyén luc, ... Nhu vay ta c6 thé
chia hé thong vat 1y ra thanh ba thanh phan chinh sau:

4« Thanh phin quén 1y chung: ddy 13 thanh phan gitip thuc hién viéc khai tao,
huy hé théng cling nhu thuc hién thiét 1ap céc thong s6 dac trung cho h¢ théng vat
Iy nhu gia tde trong truong, cac loai vat licu bé mat, xu 1y cac su ki¢n tra vé khi ¢
va cham xay ra, thuc hién vi¢c gia lap vat ly, va hién thi ché do debug dé kiém tra.
Trong Game chi t6n tai mot d6i tuong hé thong vat Iy nay ma théi hay dbi tuong vat
Iy 1a d6i twong toan cuc.

4 Quan ly cac ddi twong: Thanh phan nay thyc hién quéan 1y cho cac ddi tuong
tinh, dong trong man Game. Thanh phan nay giup ta cho khdi tao cac hinh bao boc
cac dbi tuong, thuc hién gia 1ap vat 1y, tra vé lai vi tri va goc xoay dé ta thiét 1ap lai
thudc tinh cho cac dbi tuong trong Game.

4 Quin Iy nhan vat: Thanh phan nay gitp ta quan 1y su di chuyén hay xt 1y

cac tinh huong xay ra cho nhan vat nhu va cham, tién dén gan mot doi twong khac.

6.4.2. Cai dat NovodeX trong trng dung

Tuong mg voi ba thanh phan trén, trong hé thong vat 1y c6 cac 16p sau:

i

NxUserContactReport

Cac I&p bao boc NovodeX

[P

CPhysicsSystem MyContactReport
Céc |&p bén ngoai ! !
CMapObject . CObjectPhysicController NxUserControllerHitRepart
1 1
CActor . CCharacterPhysicContraller ControllerHitReport
1 1 1 1

" - L

Hinh 6-2 Cic 16p chinh trong h¢ thong vat Iy
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6.4.3. Cac thanh phan trong so dé
+ Lop MyContactReport:

L6p MyContactReport duoc ké thira tir 16p NxUserContactReport day 13 16p cta
NovodeX cung cip dé ngudi dung c6 thé bat va xtr 1y cac su kién khi c6 va cham
giita cac actor trong hé thong vat 1y. Trong 16p MyContactReport ta s& cai dé ham

40 onContactNotify dé xir Iy va cham cho cac ddi tugng (trir cac nhan vat).
+ Lop ControllerHitReport:

L6p ControllerHitReport dugc ké thira tir 16p NxUserControllerHitReport day 1a
mot 10p cling do NovodeX cung cap dé xtr 1y cac su kién va cham khi nhan vt cta
chung ta va cham phdi mgt vat can trong moi truong. Chung ta s€ xtr Iy cho tuong

nhan vat riéng biét nhu thiét lap luc tac dong 1én vat bi va cham, xtr Iy Al don gian.
+ LG&p CPhysicsSystem:

Pay 1a 16p quan 1y toan bo hé théng vat 1y. Trong Game s& c6 duy nhat mot d6i
tugng thudc 16p CPhysicsSystem cho phép ta khoi tao hé thong, hury hé théng, khai

tao cac thudc tinh chung cho cac doi tuong vat ly, xt ly va cham.

Céc loai va cham ma ddi hé théng vat Iy xay dung c6 thé xtt Iy

enum ECOLLISION TYPE

{
COLLISION NONE,
COLLISION BOX,
COLLISION SPHERE,
COLLISION CAPSULE,
COLLISION CONVEX,
COLLISION MESH,

Ta s€ xur Iy va cham cho cac hop, hinh cau, hinh capsule (hinh tru c6 2 dau 1a 2
ban cau), cac mit 16i duoc dung cho cac mesh tinh va dong co sb lugng tam gidc
cau thanh < 256, va cho cac mesh tinh 16n. Hé thong vat 1y ciing dong thoi quan 1y

3 nhém va cham:
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enum EGAME GROUP

{
GROUP_NON COLLIDABLE,
GROUP_COLLIDABLE NON PUSHABLE,
GROUP_ COLLIDABLE PUSHABLE,

Véi GROUP _NON COLLIDABLE 1a nhom cac actor hoan toan khong thuc
hién va cham vé6i cac ddi tugng khac hodc khéng can xir Iy va cham cho chiing.
GROUP COLLIDABLE NON PUSHABLE la né c6 va cham nhung ta khong thé
di chuyén chung duoc, va loai cudi cung 18 GROUP_COLLIDABLE PUSHABLE

cho phép ta xir Iy va cham va tac dong luc dé di chuyén ching.

Mot chlrc nang quan trong cua l6p CPhysicsSystem la cho phép ta tao ra cac vat
liu twong tng voi cac bé mit cua cac vat co trong Game. Hé thong con cho phép

tao lap tdt cac hinh bao boc dua trén thudc tinh cua cac dbi tuong trong Game.
+ L&p CObjectPhysicController:

Nhu trong so do ta thdy mdi mot ddi twong thude 16p CMapObiject s& chira mot
dbi twong thude 16p CObjectPhysicController. D6i twong nay s& quan 1y vat 1y cho
dbi twong trong Game. Sau khi da khoi tao dbi tuong trong Game ta s& thong qua
dbi tuong nay dé tao nén mét ddi twong bao boc tuong Gmg dé xir 1y vat 1y. Sau khi
hé thong vat 1y xir Iy xong ta ciing dwa vao dbi twong nay dé thiét 1ap bién d6i cho
dbi tuong trong Game.

Nhu vay, 16p CObjectPhysicController phai ¢6 c6 kha ning khai tao tit ca cac
dbi tuong bao boc tinh va dong cho ca man Game (trir nhan vat) va truy cip vao cac
thudc tinh vé vi tri, goc quay, trong luong cho céc ddi tuong vat 1y. Ta co thé xem
16p nay 13 mot giao tiép bao boc dé xur 1y vat 1y cho cac ddi tuong trong Game.

4+ Ld&p CCharacterPhysicController:
Lép CCharacterPhysicController cling c6 chic ndng tuong tu nhu 16p

CObjectPhysicController nhung duoc ap dung cho mot dbi trong dic biét cho phép

nguoi lap trinh co thé diéu khién truc tiép d6 1a nhan vat. Moi d[i tuong thude 10p
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CActor ciing s& chira duy nhat mot ddi twong thudc 16p CCharacterPhysicController
dé diéu khién nhan vat. Quan 1y nhan vat 1a mot tinh nang ndi bac cua NovodeX
duoc cung cap tir phién ban 2.2. Trudéc NovodeX chi c6 Navok 1a Engine vat 1y
cung cap kha ning quan 1y nhan vat. Nho viée xay dung 1ép
CCharacterPhysicController ta s€ sit dung dugc chirc nang nay don gian hon va
hi¢u qua hon.

Véi su tro giap cua hé thé)ng vat ly chiing ta s€ tao dugc nhung nhan véat di
chuyén va tuong tac tot voi moi truong. Cac tinh ning quan trong diéu khién nhan

vat ma NovodeX cung cap gom:

4 Cung cip chirc ning cho phép kiém tra va di chuyén nhan vat theo yéu cau
trong man Game ma van cho phép nhan vat twong tac vdi méi trudng xung quanh.

+ Cho phép thuc hién cac chirc ning tri tué nhin tao (AI) don gian cho nhin
vat.

+ Di chuyén nhén vat truot trén nén, doc theo cac birc tuong hodc vat can, va
dic biét cho phép nhan vt leo 1én nhirng bac thang véi cao clia cac bac thang co thé
thiét lap trudc.

4 Thong bao va cho phép xu 1y tuong tac ctia d6i twong véi moi truong nhu
luc tac dong 1én d6i trong nhu thé nao khi c6 va cham xay ra théng qua ham xir Iy
su kién khi c¢6 va cham.

& Két hop 10p tia chiéu dé nhan vat c6 thé nham ban dan.

Pé xir dung chirc ning quan 1y nhan vat trude hét ta phai khoi tao cac khdi diéu
khién ctia NovodeX bao quanh cac nhan vat ngay sau khi xac dinh vi tri va kich
thudc ban ddu ctia nhan vat. Hinh sau minh hoa cic bao boc nhan vét béng khdi

hinh hdp:
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Hinh 6-3 Diéu khién nhén vat véi NovodeX

Nhu hinh v&, ta s& dung mot hinh hop dé bao quanh ddi twong. Khi can thuc
hién di chuyén nhan vat ta s& thyc hién di chuyén hinh hop bao quanh bang ham
move do NovodeX cung cdp. Thuc chit khi ta goi ham move dé di chuyén hinh hop
diéu khién thi NovodeX s& thuc hién kiém tra xem nhan vat c6 thé di chuyén dén
diém mong mudn khong bang cach sir dung mot hinh hop thir va di chuyén hinh
hop thir nay dén vi tri can dén. Sau qué trinh kiém tra nhu vay, NovodeX s€ xac
dinh dugc vi tri cling nhu van tde di chuyén tiép theo ctua khoi hop va s€ thuc hién

di chuyén that su.

Sau khi diéu khién hinh hop diéu khién di chuyén ta s& 1y vé vi tri va goc quay

moi dé thiét 1ap cho déi tuong.
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6.5. Tom tat

Engine vat Iy ngay cang 13 mot thanh phan quan trong trong xay dung Game.
Vat 1y da tao ra b0 mat méi cho Game, lam cho Game thém séng dong va chan
thie. V&i vai trd quan trong cta vét 1y nhu vay, chung t6i da tim hiéu va st dung
Engine vat Iy NovodeX trong Game ctia minh. Nho ¢ hé thdng vat Iy ma qua trinh
xdy dung Game giam bét nhiéu cong sire va tang tinh hidu qua bdi vi cac viée kiém
tra va cham dd dugc NovodeX xay dung va tdi uu trén phan cing.

Ngoai viéc quan 1y vat 1y cho cac @i twong tinh va dong trong Game, hé thong
vat 1y xay dung dua trén NovodeX 2.2 cho phép diéu khién nhan vét rat thuan tién
va dua vao d6 xay dung duoc cac Al don gian cho nhan vat. Véi viéc két hop véi
tia chiéu do NovodeX cung cip, chung ta diéu khién t6t nhan vat trong mdi tuong

tac voi cac doi tugng khac trong mdi truong va co thé nham va ban dan chinh xac.
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Chuwong 7 Giéi thieu Game demo Dead Rising

@ Gidi thiéu Game demo Dead Rising

@ Noi dung cdt truyén

@ Cic thanh phan chinh can sit dung

@ Hé thdng cac tip tin dinh nehia

© Tom tat
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7.1. Giéi thiéu Game demo Dead Rising
Game demo Dead Rising 13 tmg dung Game dugc phép trién v6i muc dich minh
hoa cho céc tinh ning cua Nwfc Engine ngoai ra Game ndy con tich mot sb tinh

nang méi gitip ting cuong chat luong dd hoa va Gameplay.

7.2. Néi dung cét truyén

...Nam 2175, khoa hoc ky thudt trén trdi dat vé cung phdt trién ddc biét la nganh
khoa hoc vii tru. Trdi dat hién tai dd bi con nguoi tan phd nang né va mirc dé 6
nhiém vé ciing khing khiép. Nhin biét rang trdi ddt sé bi hiy diét trong thoi gian
t6i, con ngwoi da tién hanh nghién cieu mot dw dn vé cing khong 16: dwa toan bé
lodi nguoi lén sao Hoa. Dy dn nay mau chéng da dwoc hdi dong Lién minh cdc
hanh tinh (tién thdn la to chire Lién Hiép Quoc) chdp nhéin. Cdc ké hoach nhanh
chong duoc trién khai, dau tién con nguoi cho xday dung mot can cu tien tram tai
sao Hoa d@é nghién ciru tinh hinh méi truong va khéng khi tai day, muc tiéu chinh
ciia cdn cir ndy la phdi nghién citu cdc cau tric dia tang ciia sao Héa dé tim ra
song béng, loai vit chdt duy nhdt c¢é thé san xudt ra nude trén sao Hoa. Trong qud
trinh khai théc va tim kiém trén cdc cdu tric dia tang hang triéu ndm tudi ciia sao
Hoa con nguoi phat hién mot $6 cdu tric kién triic vo cung ky la, cac nha khoa hoc
dd xdc dinh ddy la vét tich ciia nén vin minh vé cung ¢é xwa, ton tai truede khi loai
ngueoi xudt hién hang triéu nam. Cang nghién ciru con ngwoi da khdm phd ra nén
van minh dy c6 nén khoa hoc ky thudt phdt trién gap nhiéu lan trdi dat bay gio va
dd cé thoi ky ddn sé vé ciing dong dic. Nhung cdc nha nghién civu ciing phdt hién
ra mét diém vé cung ki la: chi trong mot thoi gian ngd'n, toan bé cuw dén ciia nén
vian minh dy hoan toan bién mdt ma khéng dé lai vét tich gi, ngay cd mét bo xwong
héa thach ciing khéng. Biéu gi dd xdy ra véi ho? dé van la diéu bi an khéng c6 loi
gidi ddp chi biét rang vao lic dé ho dd phdt minh dwgc cdch mé canh cong vao thé
gidi song song. Piéu nay da dat ra mét loat cdu héi, liéu cé phai ho da di chuyén

toan bg dan cw ciia minh vdo thé gidi song song dy nhw trdi dat dang lam bdy gio
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hay khéng, cic nha khoa hoc van mdi loay hoay tim 1oi giai ddp, cho téi mot
ngay...

Trung tam chi huy tai trai dat lién tuc nhdan dwoc cdc tin hiéu khong ro rang twr
tram nghién civu trén sao Hoa, it ldu sau thi nguoi ta khéng thé nhan dwoc bat ky
théng tin phdn hoi gi tai sao Hoéa nita, thong diép cudi cing ma trung tam trdi ddt
nhdn duoc 1 10i kéu ciru khan ccfp cua mot nguoi nao do “no..o...h.el.p.m.e”. Pé
xdc minh diéu gi da xay ra cho can cir sao Hoa, doi dac nhiém Bravo Team da dwoc
thanh ldp. Cac thanh vién cua doi dac nhiem dwoc tuyén chon vo cung gd't gao tu
lyc lwong linh marine (lyu lwong tinh nhué nhat ciia trdi dcft). Nhiém vu cua Bravo
Team la tiép cdn trung tam diéu khién chinh trén cin cit sao Hoa, thiét ldp théng tin
lién lac lai véi trdi dat va tim hiéu diéu gi da xay ra tgi do. Puoc hé tro béi tau
chuyén ché quén sie Dropship, Bravo Team dd nhanh chéng tiép cdn tram nghién
ceu trén sao Hoa. Cai ma ho nhdn ra dau tién la chi la khéng khi yén lang dén ghé
ngueoti, hau nhw khong thdy mét chit gi chieng 6 la sy song da tieng hién dién & noi
day. Pén duoc trung tam diéu khién chinh, Bravo Team can trong di vao, ban chi la
thanh vién trong luc lwong hé tro (Backup Team) nén duoc giao nhiém vu canh gitr
cong chinh ciia trung tam diéu khién. Biét bao nhiéu vil khi téi tan hang ning da di
cung voi lyc lwong tham nhap (Assault Team) chi dé lai cho ban mot khau machine
gun cii ky voi mot vai bang dan. Nhiem vu cua ban la phai luon duy tri lién lac voi
Assault Team dé kiém sodt tinh hinh. Piéu gi dén da phdi dén, ban nghe thdy tiéng
sung no, tiéng do vé, tiéng la hét, rén ri trong bé dam... phit choc moi thir déu im
bat, im nhu lic ban dau ban dén ddy vdy. Ban khéng thich chuyén nay, “diéu gi da
xay ra ?” trong dau ban civ uén quanh quan cdu héi dy. Quyét tam tim cho ra sw
thdt ban quyét dinh tién vao bén trong can cir. V&i khdu machine gun ndm chdt trén

tay ban dwa tay dn mit mé cong chinh...

Con dc méng da bat dau... va cé thé né sé khéng bao gio két thiic...
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7.3. Cac thanh phan chinh can sr dung

Nhiém vu chinh cua Game demo Dead Rising l1a dung dé minh hoa cac chirc
ning ctia Nwfc Engine. Nhung néu chi st dung Nwfc Engine thi ta chi ¢6 thé dung
hinh 3D chtr khong thé tao thanh ung dung Game hoan chinh duge. Chinh vi 1& d6

ta s& sir dung thém céac hé théng khac bo sung.

+ Hé théng dién hoat: St dung h¢ théng dién hoat da duoc gid1 thi€u va xay

dung & chuong 5.

& Hé thong vat 1y: Sir dung hé thong vat 1y da duoc gidi thidu va xdy dyng &
chuong 6.

+ Hé théng hat (Particle System), tri tu¢ nhan tao (Al): S&€ dugc trinh bay &

chuong sau.

4 Ngoai ra ta can thém cac hé thong phu nhu hé théng quan 1y tap tin, hé thong

quan ly am thanh.

Trong cdc hé thong trén, hé thong dién hoat va hé théng vit Iy dwoc xdy dung
mang tinh déc ldp va tong qudt cao nén dwoc dimg & nhiéu vmg dung khéc nhau.
Chinh vi vdy chiing t6i dd trinh bay nhw mét phan riéng khéng lién quan dén vmg

dung cu thé.

7.4. Hé théng cac tap tin dinh nghia

Céc tap tin dinh nghia (defination files) 12 hé thong tip tin duoc phat trién tir
dinh dang tap tin Parameter ctia Engine. Hé thong tap tin nay c6 vai tro rat 1on trong
Game vi hé théng nay gitip luu trit tt ca cac thudc tinh va thong sb cua tit ca cac
d6i tuong trong Game, tir nguoi choi (player), cac con quéi vat (monsters) cho dén
hé thdng hat (particle system), tri tué nhan tao (AI)... Viéc luu trir cac thong sb
trong trd choi trong cac tap tin ¢6 y nghia rt 16n trong viéc chinh stra va thay doi

sau nay ma khong can phai bién dich lai ma ngudn cua toan bd chuong trinh.

Hé théng tap tin dinh nghia trong Game Dead Rising duoc phan chia nhiéu

thanh phan tiy theo chtic ning sur dung.
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7.4.1. Binh nghia giao dién (GUI)
Tap tin dinh nghia giao dién cho phép ngudi thiét ké do hoa thiét ké va trinh bay

cac doi tugng giao dién trén man hinh.

mgun_hud
{
matlib
panel ammo
{
material
rect
align
color
text org
panel ammo_ filler
material
rect
align
color
text org

"matlibs/gui/hud lib.nmt"

ammo_panel
[ 0 ’ 0 ’
rb

[ 0.39 , 0.57 , 0.
[ 204 , 30 ]

256 , 64 1]

64 , 1.0 ]

ammo filler

(o, 0, 128 ,

7.4.2. Dinh nghia hé théng hat (Particle System)
Tap tin dinh nghia cho hé théng hat Iuu trir cac thudc tinh hinh thanh nén 1 hé

thong hat dic trung. Tap tin dinh nghia gitp phan ri cong viée cua nguoi thiét ké va

nguoi lap trinh.

blood pray
{
material
sprites
e type
e size
e cycletime
e numpars
e maxcycle
max particles

c size
c_speed
C_spin
c life
c dir

c _sizevar
Cc_speedvar

smoke

blood pray
4

point

0

0.1

20

5

200

"matlibs/sfx/smoke lib.nmt"

— N O U1
O O O O o

(@)
ul
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Cc_spinvar 0.0
c lifevar 0.5
c dirVar 0.5
c_start color [ 1.0, 1.0, 1.0, 1.0 ]
c_end color [ 1.0, 1.0, 1.0, 0.5 ]

// smoke unique info
scale speed 0.5
wind force [ 0.0, =-5.0, 0.0 1]
wind distort 0.0

7.4.3. Pinh nghia man choi (Map level)
Tap tin nay c6 nhiém vu dinh nghia cac thuc thé tinh (static entity) cho 1 man

choi (cai hop, cira, items...) C6 3 loai thyc thé c6 thé dugc dinh nghia:
4 entity. Dinh nghia thyc thé tinh
+ door. Dinh nghia cic cua ty dong

4 item. Dinh nghia cac vat dung c6 thé tuong tac v&i ngudi choi nhu binh

mau, hop dan

entity 1
{
object tbox1l
pos [ =183 , 66 , 79 ]
rot [ O, 120.219 , 0O ]
}
door 1 23 1
{
object deldoorl
pos [0, 15.993, -151.98] [-85.962, 15.993, -151.98]
rot (0, -9 , 0]
Sensor_range 60
open_ time 1.0
delay time 1.0
sound
{
open "sound/door/open3.wav"

close "sound/door/closed.wav"

item 1 medkit

object medkit large
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pos

rot

affect range
sleep time

sound

{
affect

}

[ -76.728 , 16.0 , -255.275 ]
(0, 9, 0]

10.0f

60.0f

"sound/voice/voc yeah right.wav"

7.4.4. Pinh nghia d6i twong va Al

Gitp dinh nghia céc tinh chat ciia cac thyc thé dong (npcs, monster, player ..)

hellknight a

{
body
particle

rotate speed
jump height

extents
skinwidth
slopelimit
stepoffset
mass

hellknight b

gob_drop tongue3

35.0

[24, 55, 24]
0.1
45.0
10.0
500

Dinh nghia cac thugc tinh Al, &m thanh va hanh dong ciia NPCs

hellknight
{

actor

// animation
idle a
sight a
move a
attackl a
attack2 a
pain_a
death a

// AI attribute
sight range
attack range
max _health

// sounds
sound

{

revive

hellknight a

idle?2

roarl

walk?

leftslash 100
turret attack 100
headpain

painl

300
60
2400

sound/hellknight/hk chatter 0l.wav
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sight sound/hellknight/sight2 3.wav
attackl sound/hellknight/chompl.wav
attack?2 sound/hellknight/chompl.wav
pain sound/hellknight/hk pain 0l.wav
death sound/hellknight/die2.wav

}

7.4.5. Cac dinh nghia khac
Ngoai ra Game con sir dung tap tin dinh nghia cho rat nhiéu myc dinh khac nhau
nhu dinh nghia céc vat thé dung hinh (render model), dinh nghia cac thudc tinh vat

1y cho vat thé, dinh nghia vii khi, dinh nghia ngudi choi. ..

Viéc trién khai hé théng tap tin dinh nghia c6 y nghia rat 16n trong viéc mé rong
Game sau ndy nhu ta hoan toan c6 thé tao 1 man choi (level) méi hay thém vao cic
vat thé m&i ma khong phai stra lai toan bo code cua chuong trinh rat thuan loi dé

phat trién cac level editor sau nay.

7.5. Tom tat

Trong chuong nay, chung ta di duoc gidi thidu vé Game demo Dead Rising
cung cac thanh phan lién quan. Chang t6i ciing trinh bay vé& hé thong cac tap tin
dinh nghia giup quan 1y moi thong tin ciia Game mdt cach thong nhat va cho phép
thay d6i, mo rong sau nay. Trong chuong tiép ta s& xem xét dén 2 thanh phan lam
nén nét dic trung va 16i cuén cia Game demo Dead Rising 1a hé théng hat (Particle

System) va Al
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Chwong 8 Hé thong hat (Particle System) va Al

© Heé thdng hat (Particle System)

@ Tri tué nhan tao (Al)

® Tom tat
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8.1. Hé théng hat (Particle System)

Hién nay hé thong hat da tré thanh khong thé thiéu trong cac img dung Game.
Hé thong hat c6 cong dung rat to 10n trong viée thiét ké cac hiéu tmg cho bdi canh.
Hé thong hat trong Game thuong duoc dung dé tao cac hiéu tng nhu khoéi lira, chay
nd thoi tiét va cac hiéu ing phirc tap khac nhu sim sét, nang luong, 4nh sang. ..

Hé théng hat 1a mdt tap hop cac hat (particles) co6 cac thudc tinh va hanh dong
hoan toan ddc 1ap v6i nhau. Ngudn phat ra cac hat duoc goi 1a ngudn phét (emitter),
ngudn phat ¢ chirc nang cung cap cho cac hat cac thudc tinh khoi tao ban dau. Sau
khi dugc khdi tao moi hat s& ty minh hanh dong doc lap theo cac thudc tinh cua
minh cho dén khi chét di.

MBJi hat trong hé théng khi dung hinh s& dugc bidu dién bang 1 da giac (thudng
1a t& gidc). Pac diém cua da gidc nay 13 ludn huéng vé phia camera cho du la
camera ¢ vi tri hay hudng nao di chang nira.

Cian ¢t vao mirc d6 phu thudc ctia moi hat vao camera (khi dung hinh), hé théng
hat trong Game chia ra lam 2 loai: hoan toan huéng vé phia camera (smoke particle
system), huéng vé camera nhung bi rang budc trén phuwong cua van toc (spark

particle system).

8.1.1. Smoke particle system
§r

Ciic vertex

Wi tri o partiche

Camera

Hinh 8-1 Pic diém ciia 1 particle dang smoke
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Pic diém cha yéu cua hé thong nay 1a cac da giac bidu dién cho mdi hat khi
dung hinh s& hudng hoan toan vé hudng clia camera (tirc 1 vector phap tuyén cia
da giac song song v6i hudng camera). Do d6 khi camera ¢ bat ctr dau thi ta ciing
thay hat 14 mot hinh vudng.

Trong smoke particle cac vector V song song voi T, va vector U song song véi S
(v6i S, T 1a hé truc toa do ciia camera).

Hé thong hat nay duoc dung dé gia 1ap cac hiéu ung giong khoi nhu khoi, méau,
Ira, nang luong. ..

8.1.2. Spark particle system

O hé théng nay da giac ciia cac hat chi hudng vé phia camera mot phan (do cac
hat bi rang budc trén 1 phuong cb dinh, thudng 1a phwong cua van tdc), voi dic tinh
nhu vay khi camera c6 vi tri va huéng nam trén phuong ciia hat thi ta thay hat chi

con 1a mot duong thang.

Ciic vertex

Wit ciua particle

Camera

Hinh 8-2 Pic diém ciia 1 particle dang spark
Trong spark particle cac vector U, V, W hop thanh h¢ truc toa do vudng goc

ting d6i mot, do d6 dién tich cua hat hudng vé phia camera ludn 1a 16n nhat.

Hé thong hat ndy duoc dung dé gia 1ap cac hiéu tmg gidng nhu dang tia ltra nhu
tia Itra phat ra khi va cham, tia ltra phat ra khi dan thoat ra tir nong sung, giot nudc,
duoi tén lira... (hau hét cac hé thdng trén déu c6 tinh chat 1a cac hat dep va dai trén

phuong cua van toc).
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8.1.3. M6t s6 hé thong hat dwoe sir dung trong Game

._‘; g .. .. | Lﬂ—— = #
Hinh 8-3 Mt s6 hé théng hat dwoc sir dung trong Game

Trong d6 (tir trai qua phai, tir trén xubng dudi)

Hinh 1. Khoi bbc 1n khi ban sting

Hinh 2. Tia Itra chdp khi dan ra khdi nong sung

Hinh 3. Tia ltra xuat hién khi dan va cham véi tuong

Hinh 4. Lira boc 18n tir ngudi quai vat

Hinh 5. Nudc bot chay ra tr miéng quai vat, tao cam giac rung ron
Hinh 6. Khéi béc 1én tir chiée cua may

Hinh 7. Mau ving ra tir nguoi quai vat khi bi ban tring

Hinh 8. Hiéu ing anh sang khi quai vat chét hay xuat hién

FEEEEFEEE

Hinh 9. Anh sang phat ra tir ngon dén
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8.2. Tri tué nhan tao (Al)
Trong Game Dead Rising c6 trién khai mot hé thdng tri tué nhan tao don gian dé
diéu khién cac nhan vat phu (NPCs — Non Playable Characters) trong Game ma chu

yéu la nhitng con quéi vat (monsters).

8.2.1. Co s& ly thuyét hanh vi
MJi con quai vat trong Game 1a mot bo 6¢ biét suy nghi va hanh dong theo ban
ning. Ban ning cla quai vat hinh thanh hé théng Al ¢ dinh trong Game. Toan b

hé thong Al cia quai vat cd thé tom tat nhu sau.
Céc hanh vi cua quai vat déu phu thudc vao vi tri ciia n6é doi voi nguoi choi.

Mdi quai vat déu ¢6 2 thudc tinh quan trong 1a pham vi nhin thiy (hay nghe

thdy), va pham vi tdn cong.

& Pham vi nhin thdy. La tim nhin hay ban kinh t6i da ma quéi vat c6 thé nhin

théy nguoi choi. Gia tri nay phuy thudc vao do cao va thude tinh cua mat.

+ Pham vi tAn cong. La ban kinh t6i da ma quai vat c6 thé tin céng ngudi choi.
Gid tri nay phu thudc vao vii khi st dung va dac tinh ctia hanh dong tan cong duoc

st dung (tém xa, dg cao...)

Qua trinh ngudi choi tir bén ngoai di trong pham vi nhin thiy cta quai vat s&

kich hoat hanh loat cac hanh vi cia quai vat.

+ Quai vat s& tim moi cach dé xoay huéng nhin ctia minh vé phia nguoi choi,
theo Al quai vat s& tim cho minh géc xoay nho nhat dé co thé quay vé phia ngudi
choi 1 cach nhanh nhit. Thoi gian thue hién qua trinh nay phu thudc rat 16n vao toe

dd xoay ctia quéi vat.

& Sau khi d4 hudng vé phia nguoi choi, quai vat s& de doa hay lam khiép so
ngudi choi (c6 thé bang nhiéu phuong phap nhu réng to, hay khoi dong vii khi
chang han).

4 K& tiép quai vat s& tién vé phia nguoi choi dé tdn cong. Hanh dong nay c6

thé c6 thoi gian thyc hién dai (tuy vao khoang cach ctia nguoi choi va toc do cua
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quai vat) do d6 trong qua trinh nay quai vat s€ luén tu cap nhat huéng nhin ctia n6

t61 ngudi choi dé dam bao quing duong phai di ludn ngan nhat.

% Sau khi ngudi choi di ndm trong pham vi tn cong cua quai vat, quai vat s&
chuyén sang hanh dong tin cong ngudi choi (mdi quai vat ¢6 thé sir dung nhiéu
hanh dong tin cong khac nhau voi mirc do sat thwong khac nhau). Néu trong qua
trinh tAn cong ma nguoi choi ra khoi pham vi tan céng thi quai vat quay lai budc 3

(tién vé phia ngudi choi).

4 Chudi hanh vi ciia quai vat két thuc khi nguoi choi ra khéi pham vi nhin thay

clia quai vat hay quai vat bi chét.

ra vi nhin

R hwéng nhin
‘hay nghe thiy )

goc can quay dé
heéng vé ngwoi
choi { chi quay
theo goc nha )

Vectur“klug@ng cach
tivi nglrﬁ’ix i

Hinh 8-4 Cic thugc tinh biéu dién cho hanh vi clia quai vat

Trong do:

#+ hwdng nhin. Huéng nhin hién thoi cia quai vat.

4 vector khoang cach téi ngwoi choi. Bidu dién do sai biét giira vi tri hién
hanh ctia nguoi choi va vi tri cua quai vat.

4 goc cin quay dé huéong vé nguoi choi. Goc biéu dién sy sai biét giita vector

hudng nhin hién hanh va vector khoang cach t&i ngudi choi.
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8.2.2. So d6 trang thai

M&i quai vat trong Game dugc bidu dién bang 6 trang thai.

F Ngudi chdi trong pham vi nhin { Mgt chai trong pham vi tin
thiy ! I -
I P - i & I
! 3 T
{ B thurcindg I,.—\___, { B thuripe
! BPau ddn

Bi thifdng =

TMau=n /M

{ M chefi ra Khda pham vi nhin iy
thily { Mewdi choi ra khdi pham vi tin

cong { nhung trong pham vi nhin

@

Hinh 8-5 So' d6 trang thai ciia quai vat

Céc trang thai

Tén trang thai Y nghia

Binh thuong (Idle) | Trang thai binh thuong, quéi vat ding yén khong di chuyén

Nhin thay (Sight) | Nhin thdy nguoi choi, quai vat thuc hién hanh vi de doa nguoi

choi

Di chuyén (dé tan | Di chuyén huéng vé phia nguoi choi dé tan cong

cong) (Assault)

bau doén (Pain) Quai vat dau d6n khi bi thuong va mat mau

Tan cong (Attack) | Quai vat tan cong ngudi choi bang vii khi hay tay khong

Chét (Death) Quai vat bi chét

Bang 8-1 Cac trang thai cia quai vat
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Céc hanh dong
Tén hanh djng Y nghia
Bi thuong Quai vat bi thuong do bi nguoi choi ban tring
Méu =0 Madu ctia quai vat =0

Nguoi choi trong

pham vi nhin thay

Vi1 tri cua ngudi choi nam trong pham vi nhin thay cia quai

vat

Nguoi choi trong

pham vi tan cong

Vi1 tri cua ngudi choi nam trong pham vi tan cong cua quai vat

Nguoi choi ra khoi

pham vi nhin thay

V1 tri cua ngudi choi ndm ngoai pham vi nhin thay cia quai

vat

Nguoi choi ra khoi
pham vi tan cong
(nhung trong
pham vi nhin thay)

Vi1 tri cua nguodi choi nam ngoai pham vi tan cong nhung ndm

trong pham vi nhin thay cia quai vat

8.3. Tom tat

Béang 8-2 Cac hanh dong ciia quai vat

Trong chuwong nay ching tdi trinh bay 2 thanh phan dic sac mang lai nhitng hiéu

g trong Game Dead Rising 13 hé thong hat va AL Bén canh viéc dung hinh chét

lugng cao cia Nwfc Engine, su ho trg tir cac hé théng, hé théng vat ly thi 2 thanh

phan ndy tao ra nhitng dic trung riéng biét cho trd choi. Chinh 2 thanh phan nay s&

tao stc thu hat manh mé 1én nguoi choi. Trong chuong tiép theo ta s& dugc gidi

thi¢u va cai dit, sit dung Game demo Dead Rising va mot sb két qua dat dugc.
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Chwong 9 Cai dat va hwéng dan str dung

@ MBobi trudng phat trién ing dung va cic cong cu

@ Két qua dat duoc

® Huédng dan sir dung

@ Toém tat
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9.1. Méi trieorng phat trién (rng dung va cac cong cu
> Nwfc 3D Engine dwgc phat trién trén cic méi trudong va cong cu sau:
& MBO6i truong phat trién: Microsoft Visual C++ NET 2002, DirectX 9.0c SDK
Update Summer 2004
& MOoi truong trién khai: Microsoft Windows 2000 / XP (SP1,2)

4+ Cic thu vién:

o Thu vién debug va quan ly 16i Debugger (www.triplebuffer.devmaster.net)

> Ung dung Game Dead Rising dwoc phat trién trén cic méi truong va

cong cu sau:

4 Moi trudng phét trién: Microsoft Visual C++ NET 2002
+ Moi truong thiét ké dd hoa 3D:3DS Max 7.0,Maya 5.0, Deep Exploration 3.5
& MOoi truong trién khai: Microsoft Windows 2000 / XP (SP1,2)
+ Céc thu vién:
o Engine d6 hoa 3D Nwfe (tu phat trién)

o Engine vat 1y NovodeX SDK 2.2 (www.novodex.com)

o Thu vién debug va quan Iy 16i Debugger

(www.triplebuffer.devmaster.net)

o Thu vién am thanh GAudio (www.obrazstudio.com/gaudio/)

9.2. Két qua dat dwoc
> Cac két qua vé do hoa

+ Chat lugng dd hoa va chi tiét ma Game dat dugc dat duoc 1a rat cao do ¢ st
dung hiéu img bump bé mit bang normal map (xem chuong 4).

& Rt nhiéu hiéu ing duoc trién khai (hé thong hat, anh sang...) 1am cho Game
v6 cung chan that gop phan lam ting tinh kinh di cho Game.

+ B6i canh duoc dung 1én rat do s6 gdm bau troi, tram nghién ctru (trong va
ngoai), dia hinh sao Héa...

4 Nwfc Engine da hoan thanh xuat sac vai trd cia minh khi giup Game phat

trién trong thoi gian cuc ky ngén (gan 2 thang).
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> Ciac két qua vé ing dung

4 Game hoan toan c6 thé tuong tac voi ngudi choi do sir dung Engine vat 1y hd

tro.

+ Chu y phat trién nhiéu chi tiét nho nhit trong tro choi (nhu cua ty dong ma,

v6 dan vang ra ngoai, thay d6i hinh dang khi mau giam..) lam tang tinh hip dan cho

tro

choi.

+ Game c6 cip do ting dan theo thoi gian.

& Al tuy nho nhung linh hoat, gop phan khong nhé vao su hip dan cua Game.

9.3. Hwéng dan str dung

9.3.1. Cac phim diéu khién

» Diéu khién toan cuc

N° Phim Tac dung
0 Tab Chuyén doi camera (di theo ngudi choi hay tu do)
1 Space Vio ché do choi (trong man hinh intro va credit)
2 Esc + Hién thi man hinh credit (trong man hinh intro)
+ Thoat khoi tro choi (trong man hinh credit)
Bing 9-1 Cic phim diéu khién toan cuc
> PDiéu khién nhan vat
N° Phim Tac dung
0 W Di thang vé phia trudc
1 S Pi 1ui vé phia sau
2 A Xoay vé hudng bén trai, c6 thé két hop voi phim W dé vira
di vira xoay
3 D Xoay vé hudng bén phai, c6 thé két hop véi phim W dé vira
di vira xoay
4 Q Bat tat ché do nham, ¢ ché do nay toc do xoay chi bang %
téc do thuc &, do d6 khi mudn xoay trd nhanh phai quay lai
ché do binh thuong
5 R Nap lai dan
6 F Ban
7 Shift Kéo dai tia lazer dé nham (chi c6 tac dung khi trong ché do
nham — phim Q), & ché do nay toc do xoay chi bang V4 tc
do thue té
8 Space Nhay cao, c6 thé két hop véi cac phim W, S, A, D dé vira
nhay, vira xoay vira di chuyén

Bing 9-2 Cac phim diéu khién nhén vat
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> Diéu khién camera (ché dd di theo nguoi choi)

N° Phim Tac dung

0 Page Up Di chuyén camera 1én cao

1 | Page Down | Dichuyén camera xudng thap

2 Home Reset camera vé vi tri ban dau

3 RMB Xoay hudng tu do (xung quanh ngudi choi)
4 | Mouse Scroll | Phong to thu nho

Bing 9-3 Cic phim diéu khién camera & ché d di theo nguoi choi

> Diéu khién camera (ché dé tw do)

N° | Phim Tac dung
0 Up Di chuyén camera vé phia trudc
1 Down Di chuyén camera vé phia sau
2 Left Lach camera vé phia trai (hudng khong d6i)
3 Right Lach camera vé phia phai (huéng khong doi)
4 Home Reset camera vé vi tri ban dau
5 Page Up Di chuyén camera 1én cao
6 | Page Down | Dichuyén camera xudng thap
7 | RMB, LMB, | Xoay huéng tu do
MMB

Béang 9-4 Cac phim diéu khién camera & ché dé tw do
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9.3.2. Cac ché do choi
Khi bat ¢au choi nguoi choi s& vao man hinh gidi thiéu (intro).

Copyright 2005 Nwfc, Inc

Hinh 9-1 Man hinh giéi thiéu

Trong man hinh gidi thiéu ma nhan ESC thi s& vao man hinh tac gia (credit)

Credit

Copyright 2005 Nwifc, Inc

Professors
TS. Durong Anh Birc
ThS. Tran Minh Triét

Game Design { &
Ngé Thai An at? ‘h

Programmers {‘ -_,. 'q L
Ngd Thai An' E " -.,l

Nguyén Binh Toan

Media Artist
Mgd Thai An

3D Level Design
MNgd Thai An

All resources in this game is copyrighted by 1D Software
Hinh 9-2 Man hinh tac gia
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Néu dang ¢ trong man hinh gi6i thiéu hay tac gia ma nhan Space Bar thi s& vao

man hinh choi Game.

Hinh 9-3 Man hinh choi Game

O phia goc dudi man hinh choi Game c6 mot sé théng tin vé trang thai cua
nguoi choi.

4+ GoOc dudi trai 1a thong tin vé mau hién tai cia nguodi choi. Khi méat % mau,
hinh anh bé ngoai ctia ngudi choi s& bi thay d6i. Khi hét mau ngudi choi c6 thé tim
binh ctru thuwong trong khu vuc hd tro (Backup Storage) dé bom lai cho day.

4 Goc duéi phai 1a thong tin vé dan cia ngudi choi. Bao gdm s6 dan hién thoi
dugc nap trong sung va tong sd dan hién c6. Khi hét dan trong sting, ngudi choi
phai nap lai dan méi dugc ban tiép. Néu hét dan duy trix nguoi choi khong thé bin

duoc nita, phai liy thung dan trong khu vuc hd trg (Backup Storage) dé nap lai.

Trong qua trinh choi, nguodi choi s€ gdp nhi€u loai quai vat khac nhau (moi lan
chi xuat hién 1 con ma thoi), quai vat sau s€¢ manh hon quai vat trudc nhiéu lan lam

tang do kho cho Game theo thoi gian.
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Hinh 9-4 Nguoi choi sé gip nhiéu quai vat trong qua trinh choi

Khi choi ngudi choi hoan toan ¢ thé twong tac véi vat thé xung quanh, Engine
vat ly dugc st dung trong Game s€ ddm bdo qué trinh va cham nay theo ding cac

dinh luat vat ly.
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Hinh 9-5 Cac vat thé twong tic véi nhau theo diing cic dinh luat vat Iy

Khi nguoi choi dén gan céc canh ctra, cira s€ tu dong mé

Hinh 9-6 Cira ty dong mé khi ngudi choi dén gin
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Diém nhan trong trd choi chinh 1a khau sting ma ngudi choi st dung. Khau sung
dugc thiét ké rat nhidu chi tiét nham ting cuong tinh thuc cho Game. Khi ban, khéi
tir khau stng s& bdc 1én, dong thoi vo dan ving ra bén ngodi (theo dung cac dinh
luat vat 1y), cung luc d6 nong sung s€ chdp sang va dan s€ bay ra ngoai (vi dan bay
rat nhanh nén phai dé ¥ ta moi théy duogc duong dan). Khi dan va cham vao céc vat
thé ran cac tia lira va cham sé& toe ra, khi dan bén tring cac vat thé séng thi mau sé

phun ra.

Hinh 9-7 Nhiéu chi tiét dwoc thiét ké cho khiu siing

4 [1] Vo dan vang ra ngoai

=% [2] Khoi xit ra & bd phan nha khoi
4+ [3] Chop sang ¢ nong siing

4 [4] Tia dan phong ra & toc do rat 16n

# [5] Tia lazer (mau d6) gitp nhiam ban chinh xac
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Hinh 9-8 Khi bin tring quai vit, mau sé phun ra

Ngoai ra, trong Game con st dung rat nhi€u hi¢u g khoéi Itra va anh sang.

Hinh 9-9 Lira boc Ién tir ngudi quai vat

- 140 -



Chirong 9. Cai dat va huéng dan sir dung

Va nhi€u hiéu tmg khac. Ngoai ra Game con ho trg rat nhiéu tiéng dong am

thanh gitip tang cuong tinh thuc cho Game.

9.4. Tom tat

Chuong nay trinh bay vé cac cong nghé, thu vién dugc sir dung, moi truong cai
dat va trién khai cia Game demo Dead Rising. Thong qua viéc hudng dan st dung
chung toi d& cap dén nhitng tinh ning n6i bac cia tro choi théng qua mot s6 hinh
anh dugc chyp tir Game. Mac du dugc phat trién trong thoi gian rat ngén nhung
Nwfc Engine va Game Dead Rising ¢6 chat lugng rat tot v6i nhidu hiéu tng phong

phu.
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Chwong 10 Toéng két

@ Két luan

@ Hudng phéat trién va md rong
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10.1. Két luan

Trén co sé nhitng gi da tim hiéu va nim bit dugc tir cong nghé Shaders trén
phan ctng, ching em di tim cach trién khai cong nghé nay dé phat trién mot 3D
Engine méi doc lap, thich hop cho nhiéu loai tng dung. Dé tang cuong tinh ning do
hoa cho Engine, chiing em ciing da nghién ctru rat nhicu thuat todn Vertex Shader
va Pixel Shader nhu Shadow Volume, per-pixel lighting... va budc dau da co
nhimg két qua rit kha quan. 3D Engine duoc ching em phat trién trén co s& tim
hiéu va phan tich nhiéu khia canh cua Engine nhu phan tich vé mat ciu triic, phan
tich cach phat trién thu vién doc lap theo module... do d6 Engine nay co6 thé dé&

dang dugc nang cap va co thé dung lai cho nhi€u img dung dau cudi khac nhau.

Sau khi x4y dung xong 3D Engine chiing em con tim hiéu va xay dung nhiéu hé
théng khac nhu hé théng dién hoat, hé théng vat ly, hé théng cac hiéu Ung nham két

hop vé6i 3D Engine dé tao ra cic tng dung Game.

V& mit chuong trinh, chiing em di nghién ctru va phat trién 1 Game demo minh
hoa cho kha ning ctia Engine. Game di dam bao dung cac tinh chit cia mot tng
dung tuy con chua hoan chinh 1dm. Bang cach phat trién mot hé thong tap tin riéng
cho Game, céc thanh phan trong Game gio ddy da hoan toan doc 1ap véi ma ngudn
mang lai cho Game tinh kha chuyén rat cao nham giam bt ganh niang cho ngudi
1ap trinh. Ching em ciing da tich hop trong Game nhiéu thu vién nhu vat 1y, am
thanh... nham ting cuong tinh hap din cho Game, gop phan ting cuong chit luong

cho san pham.

Trén co s& nhiing gi da dat dugc, chung em hi vong trong thoi gian toi s€ phat
trien Engine thém nhi€u chirc nang mdi dong thoi cdi tién cac chic nang hién co6 dé

tang cuong kha nang trién khai ing dung ctia Engine sau nay.
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10.2. Hwéng phat trién va mé réng

> Hudéng phat trién va mé rong cia Nwfc Engine

Cac chtc nang hién tai cia Nwfc Engine chi mé1 dung lai & muc du dung va
chua dugc hoan thién. Trong tuong lai, Nwfc Engine co thé duoc phat trién dé hd
trg cac tinh niang d6 hoa cao cip nhu High Dynamic Range Lighting (HDR),
Render Target Texture, Light mapping, Soft shadow... Thém vao dé co ché tich
hop Vertex Shader va Pixel Shader trong Engine chua duogc linh hoat (do khong thé
bd sung cac hing gia tri méi tir bén ngoai ma phai phu thudc vao cac hing gia tri do
Engine cung cap), do d6 co ché nay ciing can duoc cai tién va nang cip. Bén canh
d6 Engine con c6 thé cai tién vé mit tbc do nhu tdi wu hoa cac thuat toan gitp ting
tbc d6 dung hinh ciing nhu bd sung thém nhiéu thuét toan dung hinh ti wu khéac

nhu Occlusion Geometry, Culling...
> Hudéng phat trién va mé rong ciia Game Dead Rising

Game Dead Rising hién tai chi mang muc dich chinh la demo cho kha nang phat
trién Gmg dung trén nén ctia Nwfc Engine do d6 Game sé& thiéu rat nhiéu chi tiét cua

1 tng dung hoan chinh.

Huéng mo réng cua Game trong twong lai 1a phét trién Game thanh ung dung
doc 1ap ddng thoi cai tién cac thuit toan Vertex Shader ciing nhu Pixel Shader dé

Game c6 thé chay dugc trén nhiéu cdu hinh may tinh khac nhau hon.
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PHU LUC
A. Huéng din sit dung chwong trinh MeshTools (di kém theo Game

Dead Rising)
Chuong trinh MeshTools 1a chuong trinh da chirc ning dwoc phét trién kém theo

Game nhiam muc dich hd tro xtr Iy mot sd tac vu trén dit liéu mesh (chu yéu 1a tap
tin .X).
CAc tinh ning hd tro:

4 Tao shadow volume mesh.

4 Cac tinh niang ho tro tao mesh va cham (collision mesh) cho Engine vat Iy

Novodex

e Tao triangle, convex mesh hay tao convex mesh tir triangle mesh
e Tao pmap hay height field cho triangle mesh

Giao dién chuong trinh MeshTools:

& airplane 2.x

Tridngie ophor

e AL

ke ek hapight Finked
FirsshE pofmie

e
e | D

T San 84 Sanwen

L Tamrr abe COrrees

(oo | |~
e |4

| Shedower |

| Emew hacions vehmes

':uw--’?lw--._____‘_‘___
- 2

Exi

hha L3R wertied, S0 Faced

I
Puaidce wiskard bl 808 verticen, D406 Nace
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Hudng dan sir dung céac chitc ning ciia chuong trinh MeshTools

N° Hinh Chikc ning
0 Khung hién thi hinh anh 3D
1 Tnput mesh has 1282 vertices, 59 Faces Th@ng tin Xuét ra ngoéi cho ngu"o’i dﬁng
Shadow volume has 1536 vertices, 2416 faces,
2 | [doraw shadow volume Piéu khién hién thi trong khung 3D
[ ] Draws wireframe + Draw shadow volume: V& shadow volume mesh

+ Draw wireframe: V€ dang khung ludi

3 + Open: MO tap tin 3D .X dé xir Iy

+ Exit: Thoat khoi chuong trinh
Exit
4 She el s e Chtrc ning tao shadow volume mesh cho thuat toan
Shadow info shadow volume

+ Shadow it!: Thuc hién luu shadow volume mesh
vao tap tin .X.

5 S E el Chirc nang tao mesh va cham (collision mesh) cho
(%) 3ave as triangles Engine vat Iy Novodex
O save as convex + Save as triangles: Luu tap tin dang da giac
© Generate canvex + Save as convex: Luu tap tin dang convex

+ Generate convex: Tu tao tap tin convex tir cac da
: giac dau vao.
+ Cook it!: Luu vao tap tin

6 Ttz ez o Thudc tinh bo sung khi chon chirc ning Save as
[ @enerate PMap triangles
[Juse as height field + Generate PMap: Tao thém tap tin chira dix liéu
Height extent PMap
-1000 + Use as height field: Dung dbi twong nhu dang dia
: hinh
+ Height extent: D6 sau cua dia hinh (néu dung Use
as height field)

B. Ciac chwong trinh hd tro thiét ké Vertex Shader va Pixel Shader

+ ATI RenderMonkey IDE (www.ati.com)

ATI RenderMonkey 1a tng dung IDE gitip nguoi 1ap trinh va ngudi thiét ké co
thé thiét ké cac phuong phap dung hinh (dung Vertex va Pixel Shader) hoan toan
doc lap véi ing dung. Giao dién chuong trinh ATI RenderMonkey IDE

- 146 -




e e e

'.::Eﬂ-l- cHliEe®rR»

§ - =
= | Wi
o =
= s
Fo |
:"-'_..f'.'_ 4 [y
E-_f._ t o ey
e =f U b
£ 4 =
0o
Bs |
ﬂ: " % p—| 5
M.I

#+ NVIDIA FX Composer (www.nvidia.com)

NVIDIA FX Composer gitip ngudi 1ap trinh thiét ké Vertex Shader va Pixel
Shader trén nén cua dinh dang tap tin Effect (FX file). Giao dién cua NVIDIA FX

Composer:
E = TIEL- |
! .-'EF" :-.H- T —- ol W
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C. Engine vitly NovodeX
+ So lwgc vé NovodeX:

NovodeX 14 Engine vat 1y cta cong ty NVIDIA. NovodeX 1a mot hé thong vat
Iy duoc xay dyng thanh ting géi riéng biét nham tao sy dé dang trong viéc st dung

va tich hop véi cac Engine khac dé tao nén mgt Game hoan chinh.

NovodeX xtr Iy hau hét cac van dé co ban ctia vat ly ¢6 dién nhu vi tri, van toc,
gia toc, momen, lyc, chuyén dong quay, nang lugng, dong lugng, ma sat, dd ndy, va
cham. NovodeX cho phép chung ta m6 phong rat nhi€u cac thiét bi, co cau, may

moc, mo hinh khac nhau.
+ Qua trinh phat trién ciia NovodeX:
e Ngay 25/8/2002 phién ban dau tién 1.4 ra doi.
e Ngay 3/10/2002 phién ban 1.41 v&i cac chirc nang quan ly bd nhé, kém mot
56 tai liéu va dy 4n mau.
e Ngay 8/10/2002 phién ban 1.42 c6 sira cac 15i vé cai dit.

e Ngay 15/10/2002 phién ban 1.43 c6 thém nhidu tai liéu huéng dan, chinh sira

mdt sé demo.

e Ngay 30/10/2002 phién ban 1.44 ra doi, day la phién ban c6 nhiéu d6i méi
nhu thém kiém tra va cham mesh-mesh, mesh-plane, ... Va sira cac 18i trong
tai liéu.

e Ngay 2/12/2002 phién ban 1.45 thém cac ham trong sir 1y d6i tuong.

e Ngay 9/1/2003 phién ban 1.51.

e Ngay 21/2/2003 phién ban 1.6 stta va thém cac chic nang trong viewer,

Collision SDK, Rigid Body SDK.

e Ngay 1/6/2003 phién ban 1.8 tiép tuc phat trién tiép vé cac thanh phan dang
phat trién d& dang trong phién ban 1.6.
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e Ngay 7/7/2003 phién ban 1.91 v6i hang loat chinh sira va thay doi trong

Foundation SDK, céng cu hd trg va thém cac demo vé banh xe rang cua.
e Ngay 19/2/2004 phién ban 2.02 viét lai hau hét tai liéu ki thuat.
e Ngay 8/4/2004 phién ban 2.03
e Ngay 15/5/2004 phién ban 2.1.
e Ngay 15/7/2004 phién ban 2.1.1.
e Ngay 8/11/2004 phién ban 2.1.2

e Ngay 21/3/2005 phién ban 2.2 ra doi voi nhiéu sy thay ddi vé cdu trac nhu
gop Foundation.dll vao trong physicSDK. Thém cac chtrc nang vé diéu khién

nhan vat cung vdi cac demo.
4+ Don vi sit dung trong NovodeX:

NovodeX khong sur dung mot don vi dac biét nao trong thé gidi thuc. Do d6 diéu
quan trong 13 ching ta xac dinh duoc sy chuyén doi tir don vi thue vao trong mg
dung. NovodeX SDK st dung cac sb do khong c6 don vi dé do 3 dai lugng co ban
1a khéi luong, chiéu dai va thoi gian do d6 ta co thé dinh nghia 3 dai lugng nay theo
bat ki don vi nao ta mudn. Thong thuong ta dung sir dung cac don vi nhu kilogam
cho khéi luong, met cho chiéu dai, va gidy cho thoi gian. Cac don vi cua cac dai
lugng khac s€ dugc xac dinh dya trén don vi cia 3 dai lugng trén vi du nhu don vi

van toc sé& 1a don vi theo chiéu dai/don vi theo thoi gian.

Ciling nhu bét cur phé“m mém st dung cac s6 hoc nao, NovodeX mic dinh sir dung
cac sO dau cham dong don (single) nén ching ta phai chi y ludn giir cic s6 trong
mot khoang gia tri thich hop dé NovodeX 1am viéc diing dan.

4 Cac actor:

Trong NovodeX céc actor 13 yéu té chinh trong mot man. Mot actor c6 thé dong

mat trong 2 vai trd 14 actor tinh hodc actor dong. Mdi actor c6 thé mang nhiéu hinh

(shape) khac nhau trong né. Vi du mét actor 1a chiéc xe c6 thé co nhiéu hinh nhu
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dau xe, than xa, cac banh xe. Chung ta can phai ddm bdo rang céac hinh trong cung

mot actor khong xung dot va cham 1an nhau.

Thong thuong cac actor tinh c6 nhi€ém vu phat hién va cham la chinh do d6 ta
can phai thém cac hinh vao cho nd. Con cac actor tinh ta thi c6 thé dung dé dai dién
cho mot diém trong luwong nao d6 do dé ta cé thé khong can thém cac hinh vao
trong nd. Va mot loai actor nira 1a actor dong hoc (kindmatic), day la mét loai actor

dic biét cua kiéu actor dong duoc di chuyén truc tiép boi nguoi sir dung.
4 Cic khép:

Néu khong c6 cac khép va cac hinh thi actor 1am duoc rat it viéc. Cac khop
duoc cung cap dé ndi cac actor lai v6i nhau. Cac khdp 1am cho cac actor két ndi véi
nhau cung di chuyén theo mot qui dinh nao d6. Trong NovodeX cung cip cho
chung ta nhiéu loai khép cac nhau dé két ndi cac actor, mdi khop s& duoc dung két
ndi cac actor theo muc dich sir dung cua ta. Cac loai khdp ctiia NovodeX cung cip:

e Khép cau (spherical joint):
Pay 1a loai khép don gian nhat. N6 gin 2 diém hay 2
thanh phan khép véi nhau. Mét vi du ta sit dung khép
cau 1a khdp vai cia mot co thé. T4t nhién chung ta co

thé gi6i han lai goc quay cho khép ciu nay.

e Khdp bao ¢ ngoai theo 1 truc (revolute joint):

Pay 1a khép ma ta chi co thé xoay theo mot huéng duy
nhat. Do d6 ta can phai xac dinh diém két ndi va vector
quay cho khép ndy. Cac diém nam trén chiéu dai doc theo
vector hudng s& khong dugc xét dén trong loai khép ndi

nay. Mot vi du ctia khép ndi nay 1a ta dung nhu ban 18 két

noi canh cura véi tuong nha.

- 150 -



e Khop tru (cylindrical joint):

Khép nbi tru cho phép 2 ddi twgng cliing xoay v6i nhau theo
mot truc nhat dinh ma thoi. Va 2 ddi twong két ndi nay sé cung
quay mdt goc nhau nhau.

Mot vi du st dung loai truc nay la cay anten cuia tivi hodc may

thu am.

e Khop lang tru (prismatic joint):

Khép nay giéng nhu khép tru & chd nd cung cho 2 ddi tuwong
cung xoay theo mot truc nhét dinh chi c6 diém khac biét 1a no
khong dam bao 2 géc quay cua 2 vat 1a nhu nhau.

Vi du vi khép truc 13 ta dung trong phut nhan lam giam xdc¢ cho

XcC.

e Khép voi diém ndi trén duong:

Diém nbi trén khdp duong dam bao diém két ndi ctia mot vat
chi di chuyén trén mot duong dinh trude trén vat kia. Ta can
cac dinh diém bat dau va vector hudng khi khai tao két ndi.
Mot vi du c6 thé dung loai khop nay 1a cai gidy treo d6 va do

treo.

e Khép voi diém ndi trén mat phang;
Loai khép nay cho phép ta két ndi 2 vat thé voi
‘ diém tiép xtic cua vat thé nay sé di chuyén
trong mot mit phang cia vat thé khac. Khi

khoit tao can xac dinh diém dau tién va vector

phap tuyén ciia mit phang.
' Vi du nhu mot but ve trén mat phéng.
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e Khép cb dinh (fixed joint):

Loai kh6p nay két dinh hai vat thé véi nhau va giéi han khoan bién thién thay
dbi giira 2 vat thé.Khép nay rat hiru ich khi mé phong nhitng cho nit, giy.

e Khdp khoang céach (distance joint):

Loai khép nay sé& c¢b ging giir gitta 2 vat ludn cach nhau mot d6 dai véi gidi gidi
han cho truéc nao d6. Chung ta co thé dung mé phong phut nhin cta xe hay mot

so1 day cao su.
e Khdp rong roc:
Khép nay c6 thé dung dé mé phong cac méc day xich nbi voi nhau.
e Khdp 6 bac tu do:

Day 1a loai khép kha tong hop cho phép ta c6 thé két ndi 2 vat theo bat ki mot
loai khdp nao ta co thé tudng tuong ra. Tai mdi bac tu do ta déu co thé g61 han gbc

quay va van toc cho né.
e Khép co thé giy dugc:

Day 1a loai khép két ndi dic biét ma ta co thé thiét lap do 16n luc t6i da cho né.
Khi lyc tuong tic vuot qua ngudng ndy thi 2 vét két ndi nhau s& bi giy roi ra. Khép

nay ta c6 thé dung dé két nd61 mét ban vdi cac chan ban.

Tém lai, NovodeX cung cp ta rat nhiéu loai khép va cac cach dé thiét 1ap thudc
tinh vé d6 dan hoi, nhun nhay cho phép ta mé phong rat nhiéu co ciu phirc tap co

trong thuc té.
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4 Cac loai hinh bao boc va phat hién va cham:

Dé xir dung NovodeX ta phai dua trén cac d6i twong co ban ciia NovodeX dé
bao boc dbi trong Game va quan 1y cac yéu té vat 1y théng qua cac dbi twong nay

nay di chuyén, phat hién va xir Iy va cham. Céc loai hinh co ban:
e Hinh ciu (16p NxSphereShape):

Pay la loai hinh hoc co ban va don gian nhét. Ta chi can x4c dinh tdim va ban

kinh cho hinh cau nay.
e Khéi hop (16p NxBoxShape):

Ta can xac dinh kich thudc khoi hop gom chiéu dai, chi€u rong va chiéu cao.

Pay 1a hinh bao dugc dung rit nhidu dé bao boc cac ddi tuong.
e Hinh capsule (16p NxCapsuleShape):

Hinh nay gidng hinh tru tron nhung bao tron ¢ 2 ddu. Chung ta c6 thé dung dé

bao boc than nguoi (bang cach ndi nhiéu hinh capsule v6i nhau).
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