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and Life Beyond...
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Sample Courses in Signal Processing and Communication

l Signals and Systems
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Digital Audio

Frequency
Band (Hz)

Sampling
Rate (kHz)

Bits per
Sample

Raw Bitrate
(kbits/s)

Telephone
Speech

300~3400

8

8

64

Wideband
Speech

50~7000

16

8

128

Mediumband
Audio

10~11000

24

16

384

Wideband
Audio

10~22000

438

16

768

— CD: 44.1 kHz x 16 bits x 2 channels = 1.411 Mbits/s
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MPEG-1 Audio

ISO/IEC 11172-3 (1988~1991)
First high quality audio compression standard
Sampling rates: 32, 44.1, 48 kHz

CD quality two-channel audio at ~256 kbits/s
o CD:44.1 kHz x 16 bits x 2 =1.411 Mbits/s

YES, this is MP3!!!

Quality demonstration
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RGB Color
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512 x 512 x 3 bytes = 768KB
With JPEG, ~32KB
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Sampling
Spatial Subsampling

Aliasing!!!
Original (256x256) (64x64) (32x32)

MSE = 2058 MSE = 3924
MAE =24 MAE = 36
CR =16:1 CR =64:1
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Sampling

Spatial Subsampling w/Averaging

Original (256x256) (64x64) (32x32)

MSE =1010 MSE =1643
MAE =18 MAE =26
CR=16:1 CR=64:1
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Quantization

Original (24bit) (12-bit)

MSE =9670 MSE = 10381
MAE =78 MAE = 82
CR=2:1 CR =41
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Pixel or Pel

~ Seguence
Frame or Picture
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Video

Video Data

Pels/line

Frames/s

Bytes/pel

Bit rate

Video Telephony
(CIF)

352

10

1.5

12.2 Mbits/s

Broadcast TV
(ITU-R 601 4:2:2)

720

30

2

166 Mbits/s

HDTV

~1280

60

2

885 Mbits/s

e So, we need MPEG-1 (VCD etc.), MPEG-2 (DVD
etc.), MPEG-4 (some camcorders, etc.)
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Computer Graphics




Face Animation

* Wire-frame mesh model with texture mapping
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Computer Vision




Face Tracking

Use color information to segment
target vs. non-target pixels

Use deformable template to track
the target




Lip Tracking

e Use a Gaussian mixture with
three Gaussians to model the
color distribution of the mouth

e Template: two parabolas
defined by 4 = (a,b,c,d,e)
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Eye Tracking

* Find the center of the
darkest region in the
search window

Finding the center

'*+A+i-‘
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. Tracking ina Car...

Face/Eye/Hand Tracking

Capefe Vider [avre
[ Hevptiauge wiimv U P 2]
| Faact Gharcth

YVeterans
AfTairg

s e Driver Verification:
Security and User Preference

Uriversiy
or
Pillzburgh

Gesture-Controlled

Map Browsing L
Airbag Deployment Control
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Higher Dimensions?
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Image-Based Rendering
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Plenoptic Function [Adelson’91]
[McMillan’95]

Lumigraph/Lightfield
[Gortler/Grzeszczuk’96] [Levoy’96]

Concentric Mosaics [Shum99]




“The Matrix”
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- 4D IBR

(incl. time)

E' [Kanade’'01]

Before Correction After Correction

Super Bowl XXXV Tsuhan Chen




Linear Guide

_-—l'__-r

Fan servo
Gear rack

Network camera . " SR Sidestep servo

* Gear wheel

[Zhang and Chen, CMU]

[Levoy, Stanford]







Results

Real-time capturing/calibration/rendering
— 48 webcams - sensor network
— 2 step-motors each (translation and pan)

« Building the next version...
— More mobile and wireless
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This is lightfield/lumigraph!
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Future: “Transparent Material”

jCamera Array

Many applications...
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Information Retrieval
(Pattern Recognition)




Hand-Drawn Sketch Retrieval

Page stored in
Database

Similar
Sketch

Query
Sketch
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Trademark Retrieval

- [= ][]
Retrieved Trade

Fage 1

Carnegie Mellon University J T | Fand | Faedback

Advanced Maltimedis Processing Lab

044021 [Scare=0.3741]

043866 [Scare=1.0000] 043484 [Scare=0.8209] 043373 [Score=0.8038]

MR ——— ———— R MR F R N b 8 | v/ n

037318 [Score=0.3669] 043301 [Score=0.364E] 044135 [Score=0.3636] 044148 [Score=0.3616]

e databasze by

SANDOZ
Trademark Inside Database | Np ———— F—— & Mg ————— ——— W~ R NR } R
Laad Sketch |
049391 [Score=0.3546] 040700 [Score=0.3534] 045808 [Score=0.3515] 048895 [Score=0.3499]
Sketching My Qwn Query |

Congratulations! vour query results i
are zhown on the right hand zidel -

Y'ou are using Tuery by internal
trademark',

To change the query trademark., |eft R MR ——— F—— R WR————F——~R MR

click. anather thurbnail an the right
hand gide,

Quick reference: - Click button "Fand"" ta randomly browse the database, click "Prev.'" and "Mext"" ta turm pages
- Right click the thumbnail pictures to view the extracted sketch
- Left elick regerved for picking up trademarks as queries when query by trademark, from ingide the databasze
- Move the sliders toward R (relavant] or MR [nonrelavant] to give the feedback, press the 'Feedback” button ta do relevant feedback

74 start [ tak

- T .. . = 1
r. TrademarkRetrieval r Mict osoft PowerPol, ., TrademarkRetrieval &L L e = :51 FM
7 :



Trademark Retrieval

- TrademarkRetrieval - D:\demo\TrademarkRetrieval\TrademarkDatahase2.mdf

Database View

% Retrieved Trade

Carnegie Mellon University

Advanced Maltimedis Processing Lab

Rand | Feedback

40239 [Score=1.0000] 040506 [Scare=0.94E0] 040352 [Score=0.9018] 040195 [Scare=0.8938]

Chevran Chevran n
Levian g Chevron | Chevro
MR ——— +———— R MR F R NR F—n N
040447 [5 core=0,8556) 040194 [S core=0.8379] (139824 [Scare=0.8296] 033917 [ core=06751)

Save Sketch

1gze by

Chevron
Query the v
L)

—

Saiggad
n S
=*abaseJ .

042457 [Score=0.4333] 043583 [Score=0.4258] 040299 [Score=0.4234] 040824 [Score=0.4147]

‘ g £, PENGUIN FTITTE
— yuleny iz donel -

|

The rezultz are shown on the right '_ﬂ.-: - '

hand zidel vou are under "Query by ToE—

user sketch' mode. E o

To sketch another query, click the R NR———F—~H® WR————F——~R HR———+—~h

"Sketching My Own Querny' again.

BT, your sketch iz nicel ;)
Quick reference: - Click button "Fand"" ta randomly browse the database, click "Prev.'" and "Mext"" ta turm pages

- Right click the thumbnail pictures to view the extracted sketch

- Left elick regerved for picking up trademarks as queries when query by trademark, from ingide the databasze

- Move the sliders toward R (relavant] or MR [nonrelavant] to give the feedback, press the 'Feedback” button ta do relevant feedback




1_0600.mdf

Calskna

Moded réo
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Ml ModelRetrieval - C:ChaZ
Database  Wiew Adjust Experiment  Options Help

G

| | Frey. | Mest | Fiand | Feedback Frz=

ed_icosahedron [Score=0. 999‘9] — icosidodecahedron [Score=D.9999]-‘ "rhombicuboctahedron [5 core=D.9999‘]

Draw & 3D Dbject x|

r— Front Wiew of Half & vertical Slice — Top Yiew of & Haorizontal Slice

E]

Z

— Chooze kew

I Mo keywor E

edron [Scone=0.9

r~ Query the d: :
Ke E

Model | Save Image... Browse...

Model Outzside D atabase |

—shub_dodecahedron [Scaore=0.9999
Sketching My Dwn Model I ™ Mo scale along = axis Clear |

Quick reference:

Congratulations! Your query results

h b riaht hard sl - Left click to draw -
are shown on the right hand side! - Click 'Preview' ta view the 30 mode! Presview I Cancel |
“r'ou are using Huery by internal

model, no keyword is involved.

You may choose a keyword from the =8 NR———F—~FR

drop-list or click the ‘Advanced...'
button to help query.

T_o change the query model, Ieft_ Quick reference: - Click buttan "Rand" to randomily brawse the databaze, click "Prev."" and "Mext" ta turn pages
click anather thumbnail on the right - Right click. the: thumbnail pictures to view the 30 model
hand side. - Left click rezerved for picking up models as gueries when guery by model from ingide the database
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Summary

Signals and Systems

Image and Video Processing
Computer Vision

Computer Graphics

Pattern Recognition
Information Retrieval
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