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Introduction of Computer Graphics

What is computer graphics?
Imaging = representing 2D images

L]

L#]

Modeling = representing 3D objects

Rendering = constructing 2D images from 301 models

Animation = simulating changes over time
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Introduction of Computer Graphics L,

A picture 1s worth of thousand
words
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‘ Introduction of Computer Graphics ._.”‘&.

A picture 1s worth of thousand words
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Introduction of Computer Graphics

Courtesy of nVidia
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‘ Introduction of Computer Graphics

30 Geometric Primitives

. Modeling
Transformation

Lighting This is a pipelined

"~ Viewing sequence of DpE‘-..I'E].tIF)nS
Lransformation to draw a 3D primitive
into a 2D image

a1

[ F‘rc#ectiﬂn
Transformation

Clipping Rendering

' Scan
Conversion
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Introduction of Computer Graphics __‘;9,

Polygon mesh
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Introduction of Computer Graphics _:’k.,
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= Transformation

30 Geometric Primitives

.

Modeling
Transformation

\

Lighting
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Viewing
Transformation

[ Pro]J'ection ]
_Trans ormation
) 4
Clipping
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Scan
- Conversion
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Introduction of Computer Graphics
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Introduction of Computer Graphics J.\.»,

"

= Lighting
30D Geometric Primitives

v

Modeling
Transformation

v

Lighting

v

Viewing
Transformation

Pro#'ection
_Trans ormation

v
Clipping

v

Scan
~ Conversion

v

Image
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Introduction of Computer Graphics

3D Geometric Primitives Different Ilghtlng models

v

Modeling
LTransforma lon

v

Lighting ]

v

- Viewing
Transformation

F’r01jectir.:un
Transformation

\ 4
Clipping ]

v

Scan
~ Conversion

v

Image
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Introduction of Computer Graphics _“;;,

3D Geometric Primitives P £0 iCC tiOl’l

Modelmgi,
LTransforma lon

v
Lighting
- Viewing |
Transformation

, Prowjection '

LTrans ormation
* R
Clipping

Y

Scan
Conversion

\

Image
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Introduction of Computer Graphics _:’k.,

"

3D Geometric Primitives Chp P lng

Modelin + Avoid drawing parts of primitives outside window
TransformaEiiﬂn , : : :
L o Window defines part of scene being viewed

Ug;mg o Must draw geometric primitives only inside window

\

Viewing
Transformation

, Prowjection |
Transformation

Y
Clipping

Y

Sean Wlndﬂw

Conversion A :
il Screen Coordinates

Image
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Applications

What is it good for?

A

2
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Applications

*Entertainment
«Computer-aided design
eScientific visualization
Training

eEducation
eE-commerce
eComputer art
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Applications

+ Entertainment

« Computer-aided design

« Scientific visualization

+ Training
« Education
« E-commerce

« Computer art

2007/11/29

Gert’s Game
(Pivar Animation Shwdios)

Jurasic Park
(indusirial, Light, & Magic)

Quake

(fd Saffware)



Applications iy

 Entertainment

+ Computer-aided design

« Scientific visualization -
- Education

« E-commerce § _

« Computer art  Gear Shaft Design

(Iniergraph Corporaiion)

Boeing 777 Airplane

— (Boeing Corparation) —
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= Graphics for Engineering and Architectural

System

= Design of Building, Automobile, Aircratft,

Machlne etc.

3 File Edit View Insed ools Drax Moy Hel =
HD;M%@QW%EM \@@gqm nElestca®mE? -
[ &frss o

£M

=
=
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AutoCAD 2002
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Applications

+ Entertainment
+ Computer-aided design

-+ Scientific visualization

(Bob Wiihelmyan,

A1

Airrflow Inside a Thunderstorm

Llneversity of Bilmors ai Urbana-Champaign)

» Training
« Education
« E-commerce

Computer art

Apo A-1]
(Theoretical Blophysics Group,
Liniversity of Iifinois ab Urbana-Champaign)

2007/11/29

1s1ble Human

(Nartonal Library of Medicine)
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mGraphics for Scientific, Engineering, and Medical Data

Nebula

Medical Image

2007/11/29
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Applications

+ Entertainment
« Computer-aided design

« Scientific visualization

+ Training I
« Education R

« E-commerce

a

- Computer art Desk Assembly

{Silicon Graphics, Inc.)

2007/11/29

Driving Simulation
(Evans & Sutheriand)

Flight Simulation
(NASA)
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Applications sy

Entertainment

Computer-aided design

Scientific visualization

Training
+ Education
« E-commerce

» Computer art

Human Skeleton
{5Cel) D
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Applications iy

 Entertainment

Computer-aided design

Scientific visualization

Tramlng Interactive Kitchen Planner

{Matsushiia)

Education
+ E-commerce

« Computer art

A il 1 11 LY .

Virtual Phone Store
(Lacent Technologies)
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Applications iy

+ Entertainment

+ Computer-aided design
+ Scientific visualization
» Training

» Education

« E-commerce

+ Computer art

= '8
: HT R

E

Blair Arch

(Marissa Ranee & Adam Finkelstein,
Princeton Universitvic
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Computer art i
-Graphics for artist

EN= 4gif @ 100% =M@ A= 407 & 1008 —R=

4

WL B il e i
= Untitled-2 @ 100 % |l -, .

I f -f.} .1__:.:._",, e
2

Metacreation Painter
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‘ Computer Animation

= What is Animation?

o Make objects change over time_’}
according to scripted actions

= What 1s Simulation?

o Predict how objects change over
time according to physical laws

2007/11/29 27



Animation types

Fully animated features
Computer Animation

Repair Fnr

_* Adventure!

McGREGOR BERRY KINNEAR BHDDICS Gnﬁll’ II‘I'HES '-I'i'llllﬁHS
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‘ Computer Animation
Animation types

- Cartoon shorts

2007/11/29
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TS .
Computer Animation- Visual effects X
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How does animation get mades X

ot of people
Lot of time
Lot of money

Step by step through a pipeline...
Preproduction, Production, Post-production

2007/11/29 31



Animation pipeline 4o 1

Preprocessing

eL_ayout

*Backgrounds or set design
«Character design

*Color modeling or shading Post-processing
sAnimation
sEffects

«Ink and paint, rendering, compositing, to ‘égl_md design, music
eEait

2007/11/29

Processing

*Marketing, distribution




z;lnzmatzon pipeline: pre-production X,

Story

*|dea, pitch

«Script

«Storyboards

«Story reel (editorial) -

continues through production
Visual development

eConcept art

2007/11/29
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2007

s

€ Original Artist S ]
. : il .
Reproduction nghts nhtwahle;.frgmre GOT THE »
wiwwy, Latoonstock.com LABCOATS. “
NOW WE NEED A G0OOD EXCUSE
e To WEAR THEM. _
1 g e b e T
i * " TR | T ok

The Birth of Science
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Storyboard
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‘ Story reel e &
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Animation pipeline: production _=,

|_ayout

eBackgrounds or set design

«Character design

«Color modeling or shading

eAnimation

*Effects

Ink and paint, rendering, compositing, to film

2007/11/29 38
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Snow White
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‘ Character design sy

PINOCCHIO
J-3
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‘ Color modeling and Shading

2007/11/29
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Animation

PR, SRl

'l

Courtesy of George Institute of Tméch



Effects

" ;,—,:" (’!_

Pocahontas

2007/11/29
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Animation pipeline: post-productiony,

eSound design, music
Edit
*Marketing, distribution

2007/11/29
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Principle of Traditional AnimationZ,
Disney —

Sqguash and Stretch

Slow In and Out

Anticipation

Exaggeration

Follow Through and Overlapping Action
Timing

Staging

Straight Ahead Action and Pose-to-Pose Action
Arcs

Secondary Action

Appeal

2007/11/29
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‘ Squash and Stretch

é@ef
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‘ Squash and Stretch

Courtesy of Barbara Meier

2007/11/29

49



‘ Slow In and Out

2007/11/29
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‘ Anticipation

A1

2007/11/29
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‘ Anticipation

ACTION

ReACTION

ANTICIPATE

2007/11/29



Principle of Traditional Ammaﬂon“;‘%
Disney —

Exaggeration

Follow Through and Overlapping Action

Timing

Staging

Straight Ahead Action and Pose-to-Pose Action
Arcs

Secondary Action

Appeal

2007/11/29

53



Principle of Traditional AnimationZ,
Disney —

- Show viewer what to look at
- Can do with camera angle, lights, set, motion

- SA gives spontaneity, P to P offers structure
- "Things don't come to a stop all at once guys.”

- Can also show weight (inertia)

2007/11/29
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Principle of Traditional AnimationZ,

Disnev —

2007/11/29

primary action is big gesture
secondary is expressions, small gestures

speed of movement conveys story

extremes and most important actions
don't overuse or it loses effect

feeling of weight, no "twins”

why we care
like charisma in an actor

visual interest

55
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‘ Computer Animation

= Animation Pipeline
o 3D modeling

Motion specification

Motion simulation

Shading, lighting, & rendering

Postprocessing

o O O O
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i[ J~ A s
Embedded System
Market

AFITFRELTELPT

M AT A IR1E
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Design Issues

Performance

Evaluation
=N

Software
Implementation

il
i
'm—z”l
i1l
~—

Hardware/Software

Partitioning Test Chip

Planning

System

Integration

Hardware
Implementation

—

2007/11/29
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‘ System Architecture

ot FE Y = AEEOD) Y TR R P

ApDplicatlia

OpenGL ES

EGL

2007/11/29
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3DG SoC Chip Block Diagram

3D Graphics Engine
Geometry || Rendering
Engine Engine
(GE) (RE)
raé;;ﬂbnﬂ;;é_ié;;ﬂbnﬁakgﬂ AHB
I counter counter | Interface VARIfl
crsatiic

|Ic’erfo:.mance |—— _I Platform

| M%inrllﬂlg z%PCM) Baseboard for
ARM926EJ-S

Bus

performance AHB
counter Protocol Bus

Checker Tracer

Trace
memory

Embedded Debug/Performance Monitoring Engine (EDPME)

)
\__/

200 w520 ol




‘ GPTT tfor Hardware Monitoring X

2007/11/29

Exit About

General] PerfragmentDperationi Functiohs Histor_l,l] Buiffer 1 Triangle Pixel Hardware ]

Original Triangle Court

16001

Memory Read Count

1008760

Triangle Count{Culling)

11 5754

Lighting Count

11 E407355

TD Read Count TD Write Count

1225?0 134?252

Geometry Model Caculation Court

16407355

Eus Read Count

1762736

Prefragrnent Pixel Coount

12808??

Frocessed Triangles Count

1225?0

Bus “Write Count
]884?35

Postfragrent Fixel Ceount

[144489

Frocessed Triangles Count
576

Redering Maodulel Caculation Count

12881 0755

Triangle { Original & Culling) : Ej
10,000,000 —
1,000,000 --

100,000 --
10,000 4=
1,000 4 --
1004 --
104--

1

Pixel (Pre & Post)

10,000,000
1,000,000 4 ] T ; ]

100,000
10,000
10004
100 ]

T T T T T T T
120 140 180 180 200 220 240
Frame

i - Read Memory Read

B Bus| Read & Write) i 10,000,000
1,000,000 e — 1,000,000
100,000 ----- e R FHEstE TEiES 100,000 ]
10,0004 10,0004
1,000+ 10004
100 100
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1 1]

0.1 0.1

10,000,000

1,000,000 4

100,000 4

10,000
10004 -

Frame
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FPGA demonstration e

RIS

. USB port
Multi-ICE port

EPCifEL

S

ARMO926EJ-S

Zserial port
7 tserial por
H P Processor Core

ff0 ™ Jterminal

FPGA
£ Fv?%df pu3Dp

i

! ; J
< : e B ' ' VGA output
| Keyboard port

.I:—rltvl—ﬁmn'l

|
e TR bootlng oort
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‘ FPGA demonstration : At
Angeles-Ogles + GPMT —

Angeles-Ogles Observatory Graphics Performance

= Open6L ES 1.1 port of the small Monitoring Tool
desktop Open6L self-running = Real time display of 3DG
demonstration performance information

GE & RE
Computing Time
Ratio




Test Chip Specitication (May 2007)

2007/11f

AN
e

Chip specification

Process Technology

TSMC 0.18 ¢« m CMOS 1P6M

Supply Voltage

1.8V for Core, 3.3V for 1/O Cells

Power Consumption

472.6mW (core power)

Gate Count 986.5K gates (including SRAM and 10 PAD)
Die Size 3.96 X 3.96 mm’

Package PBGA 256 pin

Operating Frequency | 139 MHz

3D graphics engine

3D Performance

8.69 Mvertices/s for GE, 278 Mpixels/s for RE,
£78 Mtexels/s for Texture

Texture Mapping

Bilinear perspective correction

3D Operation

Fully support OpenGL-ES 1.0 functions

Target Resolution Up to 640x480
Previce-4-sighatitiming-abstractien-e
Bus Tracer
Embedded Real-time compression
Debugging Provide GE/RE/System Bus performance
Performance

/Perfformance
Monitoring Engine

Counting Module

information, include triangle rate, pixel rate, bt
idle/utilization/transfer rate and etc.

S

Protocol Checker

Rule-based AHB protocol checker, total 73 ryfes

Software features

OpenGL-ES API for provided hardware
Device driver for Linux 2.6.11

3

Nano->X--Windowina-Svstem

)

ZJ
Prototype

ARM Versatile Platform Baseboard for ARM926EJ-S + Logic Tile FPGA

65



Ge-ometry
-Engine

=
=
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=
=
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-
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-

JENLEITR
|020101d

Rendering
Engine
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U

‘ ystem Atrchitecture .
B} TR /5 E 0L ok T AT I 2 1 T
B oo 5 ,fi M I 2 %’irg

API SoC Monitor
Natural Simulation B . SFire ST Heme
Module - e
3D Perf. Monitor OpenGL ES 1.x and 2.x Shading Language ‘

Windowing System

Operating System (Linux)
_ 3D Fragment Shader l Processors and Peripherals

Power Management Modules
— Test / Monitor / Debug Mechanisms

200 NSYSU 3D Graphics SoC Hardware: SYS-3DG Core Il
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= TR EIE’ , B I A SRy T FHER |

3D acceleration modules, vertex transformation, rendering
ﬁﬁ%i\ jleffF il —‘\1%,3.?‘\{13—@—' A%E_,’:

o “{7 j-rﬁj, &l - F il —‘\%%‘E}QJP %1 28

HW/SW integration and testing
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GPTT:Graphics Performance
Tuning Tool for ARM Versatile
Platform

2007/11

/29



A

]

3D Graphics Ecosystem

\
iy
K H RO N 0 s Market demand Great 3D
“*%"" for Handheld 3D Applications GPL-(/p erfHUD
Industry g SDEBugger
Cooperation

Open AP Benchmarks

platforms

2007/11/29
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Motivation 'S

What is a graphics performance tool for?

o Find the performance bottleneck of graphics part of your
applications.

Find bottleneck of your CPU
Find the usage of resources
Better game planning

Better power management

L O 0O O

2007/11/29 72



Introduction (cont.) o

= Cross-platform software is difficult on embedded
system

= Main problems
o Different API
o Different windowing system
o Different operating system

= Results
o More cost
o More time
o More work-force

2007/11/29
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GPTT Concept & Architecture

Concept of GPTT:

o A performance tool

Help the game developers to find the bottleneck
of applications

o Aim at embedded systems

o Cross-platform
Follow the spirit of Khronos (OpenGL ES)

Nsysu/CIIS Lab 74
2007/11/29 74



Rendering pipeline of OpenGL | ES

f\rff

iy

2007/11/29
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Developed environment N

s OpenGL ES 1.0 (Software Edition)
m GPTT (Graphics Performance Tuning Tool)

Embedded System:
-Operating System: Linux kernel 2.6
-CPU: ARM926EJ-S
-Main Memory: 64M Bytes
-Hardware : Versatile platform(FPGA)
Desktop Computer:
-Operating System: Microsoft WindowsXP
-CPU: Intel Pentium M 1.4GHz
-Main Memory: 512M Bytes
Programming Language:
C/C++

2007/11/29 76



GPTT Architecture

GPTT:
GPTT:
Hardware/Software Interface . .
Extension Functions

OpenGL ES
Application

General

GUI of GPTT

Per-fragment Function
Operation History

77



Items to be measured A

D
(sotftware)
1. Primitives 12.Lighting-module Processed Time
2. Processed Primitives 13.Pixel Processed Time
3. Pixels 14.Utility Rate of Each Per-fragment
4. Processed Pixels 15.Buffer Bandwidth
5. Triangles Per Second 16.History of Functions call
6. Pixels Per Second (Full Rate) 17.Video Memory Utility Rate
7. Frames Per Second 18.GPU Idle Time (Hardware only)
8. Screen Resolution 19.Driver Idle Time (Hardware only)
9. Texture Size 20.Batch
10.Frame Processed Time 21.# of Draw Functions Call
11.Transformation Processed Time

Nsysu/CIIS Lab
2007/11/29




Items to be measured

(FPGA) -
1. Original triangle count 8. RM cycle count (time)
2. GM processed triangle count 9. RM bus read
3. GM memory read 10. RM bus write
4. TD read count 11.Pre processed pixel count
5. TD write count 12.Post processed pixel count
6. GM lighting count 13.RM processed triangle count
7. GM cycle count (time) 14.RM processed tile count
Nsysu/CIIS Lab 79

2007/11/29
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Extension functions definition

= glEnable / glDisable
o GL PERFORMANCE_CHECK

SetlP
RecordFrame

PerformanceReport /
PerformanceReportNetwork

RecordEnable / glRecordDisable
GL_ALL, GL_PRIMITIVE, GL_PROCESSED_TIME
GL_GENERAL, GL_PER_FRAGMENT _UTILITY_RATE
GL BUFFER_R W

GL_HISTORY_OF _FUNCTION

|
Q

O 0 0 0 oo ©

VA"

2

Nsysu/CIIS Lab
2007/11/29



How to utilize

gllnit()
{
/ISet the Ip address and Port number

glSetiP(“127.0.0.17, 8777);,

//[Enable GPTT
glEnable(GL_PERFORMANCE_CHECK);
//Enable All of measurements
glRecordEnable(GL_ALL);

... /1 Other OpenGL ES Code
}

glDrawScreen()

{
... /I OpenGL ES Code

/IChoose the text mode or network mode report
glPerformanceReportNetwork();
SwapBuffer();

Nsysu/CIIS Lab
2007/11/29
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How to analyze (Software)

( 80 triangles )

Screenshot of Ball example

gt
-
| Batching Graph
20 . . ;
cof JO b
b i 80iglDrawArTay functions call i
20 T e e e s
0
0 10 20 30 40 50 &0 70 20 80
—FPS, TPS and PPS
General |Vdue |
FPS 177.613900108585
| Batching Graph |
1
Singlé glDrawArray functioh call

WIS T U S SO S SO S .

0 10 20 30 40 50 &0 70 20 80

—FPS, TPS and PPS

General W alue I
FP5 180.831827768809

2007/11/29
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How to analyze (Software) o

Y -
FPS=12.34 e
o B 51477 Poeer
Solution:
Using Light-map
to improve
the performance

Two light source

2007/11/29 83



‘ Screenshot of benchmark (Software) X

L

Graphics Performance Tunning Tool
About

Geners! | Perfragment Operation | Funetions Histary | Buffer |

Tianal n Fiimitive

Triangle

Pro Point Line
Paint

Time Pie
9 10 1 3 14 15 16 17 18 19 2
Frame

= Pix Count
= Pro Pix Count

—

5 & 7 8 9 10 11 12 13 14 15 18 17 18 19 2
Frame

FPS, TPS and PP Enable List-
General [valve 1 Enable List
7 38572276271452
99444,53841 78451
|70817.8261283358

System Message:

Local Memory utity rate

Himax logo Performance results

2007/11/29 84



Buffer bandwidth

2007/11/29

—olor Buffer
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At
.1

Per-fragment utility rate
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Function history

Tap OIIATICE | It
E=nt ﬂ_ bont

G eneral ] Perfragment Operation Functions History ] B uffer ]
Furnction name I s I H of Calls
glBlendFunc 0001 72271, .. 1
alClear 172271223 1000
glClearCalor ] a
glCl=earColor= 1.7F72271223. .. 1000
glCl=arl epthf O O
glClearD epth- 1.72271223. .. 1000
alCl=ears tencil 1.7227F1223. . 1000
glClienttctiveT exture ] ]
glCalardr ] ]
gl alar = 244542447 2000
glColorkd azk 0,007 72271 .. 1
glIColarFPainter N ]
gliCompresz=edT e=lmag=20 ] (]
gliCompresz=edT e=xSublma. .. ] a
gICopyT exlmage2D o O
gICopy T e<xSublmage2D i i
alCullF aces 1.72443495. . 1001
gD eleteT exture= O |
alDepthF urnc 1. 72443495, . 1001
all epthkd ask 000172271, 1
Al =ntAP snnef 1 Il

=EES . TES-and:BES

Gensral Walue

EFES 179. 9855360393202
THRS 116025 4271470259
FFS 199251 2. 6064632732
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Screenshot of benchmark
(Software)

Graphics Performance Tunning Tool
Edt Abouk

General | Perhiagment Operation | Furctons History | Buffer |

(e coun] EIL
B _—

Tiiange
20000 - Line
215000

10000 W b
e

B B 10 12 14 16 18 20 22 24 26 2 I I 34 6 3

e P
4 5.8 101214 1518 20 22 24 26 28 30 32 34 36 =
Frame

[vae
0570139540743032
762617.618236866
2552438 45016398

System Message

GFTT AUNNING II
CPU: ARMI2GE-5 it :

Main memory =

Graphics ch
Video memory size: 4Mbytes =

(Graphics API: OpenGL ES 1.0 (Software Edition) 1 0 Refresh

Sy - 320 « 240

> |

Angels-ogals Performance results
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‘ Screenshot of benchmark N

(FPGA)

Himax logo Performance results
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‘ Screenshot of benchmark A

(FPGA)

Angels-ogals Performance results
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‘ Screenshot of benchmark

Framel Frame6 Framell Frame22 Frame24

= i Court
vees| | =ProPic Court
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Freme

Frame34 Frame4l Frameb5 Frame64 Frame7/5
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‘ Comparison

= NVperfHUD ES and gDEBugger ES

Network
Connection

<«

—

NVperfHUD ES GL ES 3D Application/ GL ES Driver
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'GPTT vs. NVperfHUD ES

= The same characteristics

o For embedded system
o Base on OpenGL | ES API
o Network connection

VA % 1
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'GPTT vs. NVperfHUD ES

= Main Differences

o Tool:
= GPTT: Define the tool to be the extension function
= PerfHDU ES: Embed the tool into the driver
o Current developed platform:
= GPTT: ARM 926EJ-S
= PerfHDU ES: GoForce HW devkit
o Cross Platform:
= GPTT: yes
= PerfHDU ES: no (ATI/XGI)

VA"

2007/11/29

94



GPTT vs. NVperfHUD ES e &

Embed the tool into the driver(NVperfHUD ES)
o Non-standard & Non-publication (NVIDIA)

o Different company may define different measurement (gDebuger
and NVperfHDU)

o Developer needs to learn more... about the tool

Define the tool to be the extension functions
o Standard & Publication (Extension function of GLES)

o Developer just needs to understand how to use these standard
functions

2007/11/29
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‘ oDEBugger ES K A

iy

Displays performance counters graphs of:
= gDEBugger: Frames / sec, # OGL function calls or # Texture objects

= Win32: CPU utilization, Virtual memory usage,...
= ATI/NVIDIA: % GPU idle, % Driver waiting , # Pre-cull vertices, ...

Performance Graph

100 Counter Mame Value  Scaled Walue
rJll / .'Il f‘l E:l:EFrames,l'sec: Contexk 1 1] or1]
i n u\ ‘|\ I\ H r~leg E:IZEOGL calls/Frame: Conbext 1 o 0 [Auko scale]
' + . & cPU O Utilization a7 97 [1]
Uh ll_l ﬁmuﬂuﬁvmvmumjw L"'vj U Ii/‘..rﬂ-%ji @GPUD: % gpu_idle ] 0[]
0 &) -ru: 0L vidmem usage (ME) O 1]
0 (=82 #dd counter, .
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Comparison

NVperfHUD ES

gDEBugger ES

Target Embedded Sys.

Embedded Sys.

Embedded Sys.

API OpenGL ES

Method Extension

Cross-Platform

Network

OpenGL ES OpenGL ES
NVIDIA graphicREMEDY
functions (Driver)
X 7%
(ATI/ XGI)
?
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Conclusions /3

Introduction of computer animation
Introduction of computer graphics
Graphics H/S experiences at NSYSU
Presentation of GPTT
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‘ Retfterences

= Thomas Funkhouser, Class notes, Princeton University
= Barbara Meier, Introduction to Computer Animation, Class notes
= Alan Watt, 3D computer Graphics, Addison-Wesley, 2000
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Question & Suggestion

Nsysu/CIIS Lab 100
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