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i Course webpage - Home

= Course Summary
= Announcements
= References

= Grading Policy
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i Course webpage - Schedule

= Date

= Topic (Course note download)
= Readings

= Assignments
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fourse webpage - assignments

= Assignments/Requirement
= Projects/Requirement
= Reference topics
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Assignment topics

Arithmetic codec

Image/video codec Red: * * *

Fractal/Wavelet

Digital watermarking -

Image registration/alignment/stitching/mosaic B l ack ] ****
Image/view morphing

Image Segmentation (Mean shift, Graph cut) Green: *****
Image inpainting

Image editing

Optical flow (Lucas-Kanade)

2D/3D Flow field visualization

Feature extraction/matching

3D modeling and animation

Line/Curve fitting

Camera calibration

Stereo (Stereo image making)

Single view vision (metrology, reconstruction)

Multiple view vision (metrology, reconstruction)

Structure from motion

Tracking

Object detection/recognition

Augmented reality

http Z//WWW.grE;phiCS. pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



{ourse webpage - Resources

= Matlab resources
= Conferences

= Journals

= Related courses
s Useful links

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



{ourse webpage - Bulletin

= Students feedback
= Assignments presentation
= Any suggestions ?

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn
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o HrF WG Bk 0 =/ 21847
= /E%5 b (Compression ratio )
« % A %% (Distortion Measure)
« k5 22 F (Computational Costs)
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s T —R&%AF AN B 47 (JPEG2000 & MPEG-4,
4 )
= 5-ZPEge (Progressive transmission )
« 245 PE4E (Robust to bit-errors)
o TR 09HL o245 (Content-based description )
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& & FLME4E (Rate distortion performance )

= /EZ5L (Compression ratio, CR) , A% KA&KEF

« A% (Bit per pixel, bpp) , A& AEF

s WE{E157E b (Peak signal-noise ratio, PSNR) , A& K A&4F
= %k F (Distortion) , A%/\AR&F

PSNR is defined in terms of mean square error (MSE):

2 125 [ 130 | 7 120 | 130 | 10
255
PSNR =10log , 144 | 155 | 11 140 | 150 | 10
S (f@,§)-f'(,§)? |160|241 |18 160 | 240 | 20
MSE = _
N MSE=81/81=1, PSNR=10/0g255=48.13
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best solution

target rate
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n B B SR g vk
« TN ZWAYS (Motion estimation/compensation )
« At (Discrete cosine transform)
s Bl gmid/Rigmiy (Huffman/Arithmetic coding)
« M EEAGIS (Vector quantization coding)
= Trgmfis (Subband coding)
« B4R (Fractal image coding)
« /N YRAY (Wavelet-based image coding)
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Huffman coding (example)

C|D|E
o lols
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HuffmanZi i

Huffman coding (example)

0|

ABCDE (39)

0 1

BCDE (24)
0|1 0|1

BC (13) DE (11)

A (15) B(7) C(6) D(6) E(5)
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Arithmetic coding (example) P(A)=1/3 P(B)=2/3

segment code

31/32 1111
15/16 A111

14/16 1110
6/8 110
10/16 1010
4/8 100

3/8 011

1/4 01

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn
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n P IE BRI E0 1 5
o WA HFIAZ) & (Contractive transform and
fixed point)
» ERELRZIFS (lterated function systems)
« P EH (Collage Theorem)

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



,L aSIASL e

s Bl R EIAS) A

o AEHC— 1R B B — A K i 2
AR, /NE R BRI AR E

X I Z&R, FE/N

P, MSRAEAE

SR — AN NI,
A LW Ra——
& A LI S B AR K&

52 NV

‘E—X N B E

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm

chenys@graphics.pku.edu.cn



upASKE ST
11 [ L (AR i

http://www.



i o e B B gt

w 5112 00 _Ful e g

o RAUMEAED R, SR HIRME LA e

AEI'J%I
Tk L
=R

|

BAIE. fAEEIHRE E8:00M L
1y, B 18:00%k 1L i #E:,
- 800 [ s T il [AIFERE 18:00

ﬁﬁm_

NIEE

Zive: AU B CR) B EAAAE—A
KL AU A SR A S — [ [R]— A IR ] 22

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn

|



wASE T

w 5112 HC bl ) @i

Height
Top

Bottom

ik 1]

»

8:00

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm

chenys@graphics.pku.edu.cn

Ll

18:00 Time



i o e B B gt

n 3 TP I B B
= 1. EEE MR8
s 2. WRXAEAMEE, TERL2; WX
e %E ﬁusﬁﬂm

O Q T/E. M‘,\\fﬁﬁa/):ﬁﬁuq&/&’lj‘/u 4, 2, 1,
4, 2, 1......

s — Tt 7, 22, 11, 34, 17, 52, 26, 13,
40} 207 10’ 5’ 16) 8’ 4’ 2) 1) 4’ 2) 1 ......

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



i o e B B gt
s fll4: AZ) e

« AN RUEH: HAHAIER] B S HESLAR

FAEART .
o HER—ICECE A E B

KRBT FEF(X)=07E &

B ATAE— M Gellr, 1799)
= iE: 2g(X)=f(X)+x, % Wg(x) &&= Hisk )

LA, WU IRAFT

g(x*)=f(x*)+x*=x*,

EAN) X A2
AIF(x*)=0.

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



i o e B B gt

s BE&HIEEH: M. F. Barnsley, 1987
s PR, AL E. Jacquin, 1990

s 70 R AT ) 2 A SEAR
o MKIRDHNTE R, B AD BB e A AL i
SRR AR GRS
o AN, ARG EATADIME A S R IX A e 4 AR A bR
WAG I RN B AL
= MRS, 2w A IR BT B R G A )
I ERAE 208 IR BIEAC G RIA3 2 U i J B AR

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



i o7 TE B R Gt

- Oﬁﬁ'ﬁﬁ% s RIS
Txs ) [x] [a b,
@Yo | |=]| Yr ¢, di O]y,
Lz ) [Zz] [0 O sz,

0 (| X5

o PEARHR: From (Xp,Yp) t0 (Xg,YR)

Zz =5-2,+0,[s/ <1

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn




»
»

Z Zp

Z, =S-7,+0,|s[<1

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn




‘L SIASE &l
o JRIHEA G

1

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn




‘L SIASE &l
o DS 1 R AE I 38

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



:Lf%é?%@%ﬁﬂ%

o HIE PR T 7%

s H ARG B R T AN E S I E S range A R] DL E S 11
N EHdomain,

= HEE NN range -k AN domain, i 2 g domain £t i i
AT 1R L Bl rangeld 2 RE 1 BNz 22 il % T e
rangefldomain )24 J AR Wi, 15 21— ME R R R 4,

o 5o NI S A T gt . AEE N BRI E] R AL
Bes B E il s R I RS 3N D B

& o g 20

n E SR NK R SER T
IR IS A I LA A5 B XA A L

http://www. graphlcs pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn




!L aSIASL e

o P

Range Domain

Q=0Uw, Uo,Uw, Uo. U,

= 0,
http://www.graphics.pku.edu.cn/cIJrenyisor?g/yison .htm cher%/s@gra?)hlcs.pIZu.edu.cn



14 4t
o LT DU SURE 943 T P (5 4y e

e

O

H,
3
NN
R

(a) (b)

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



N
P
AQ\
R

52 it

/

L NN A ST EYIE S

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn

Hr b
HTE
| g S
| T [
1 HE EH [ B [
AR | T
T [ FHEAH |
ST T [ R
il S Hf ;ﬁi H
FHHH F H
FEFEH L [ e N
T i i +i::¢+ |
B H
ERma H
i T H
P it H
T HH Hi e i
HH H - HH T H
B8 T RUmER
- I I I T
T AR EEME:E
H T it N R
RN H I R 1
HEH +-H:+ i_ I -HH— ++
ee e EEit et
PR & &




!L aSIASL e

o 3 T P 5 T 1306 P AR 3o 2 P

: '. Y .

Plaabs —IRKiEAR

—UOEC HIRIEAR

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



i o T BB g it
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« =) R4 (High compression ratio)
o PR IC RIS (Resolution
independent decoding)

o Gt AL R A AR C(Asymmetry of
encoding and decoding processing)
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* A general pipeline
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Segmentation/Featuring/Matching/Fitting/Recognition/Coding/
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o L B AR
1) JEA2 (Divide and Conquer)
« ZADSRKE AR (Scalability, Iteration)
« SAIKIF EAE (Dynamic Programming)

gl
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Optional Assignment :
* B E B 4htE: Do It Yourself
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Matlab code ofyline fitting ;

%a very easy demo of line fitting

a0=0.75; i

b0=0.6; '

x=(0:10" I N I I A R
y=a0*x+b0+(rand(11,1)-0.5)*0.9; .

A=[x ones(11,1)]: Original :y=0.75x+0.60
%coeffl=A\y; %choice 1: use backslash Estimated:y=0.74x+0.61
coeff2=pinv(A)*y; %choice 2: use pseudo inverse

coeff=coeff2;

figure;

scatter(x,y); %draw all points

line([0,10],[coeff(2),coeff(1)*10+coeff(2)]); %draw fitted line

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn
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o NARHRNZ 0 HER 3BT (Wavelet

transform & multiresolution analysis)

« MIFESS 5 0% (Octave-band
decomposition)

ST as Be 5 ikt (Filter banks
theory and design)
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s Decimation
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s Multiresolution decomposition
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= Multiresolution decomposition
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= Multiresolution decomposition
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= Multiresolution decomposition

.*‘*' I
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i /N G G b

/NG G b P A
s FnfE AL FE IS FRYE (Symmetry of
encoding and decoding processing)
« RIFgmAL 3% (Superior rate-distortion
feature)

s RIEHI2aEBE (Flexible resolution and
guality scalability)
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Enbedded Zerotree Wavelet (EZW)

Set Partitioning in Hierarchical Trees (SPIHT)
Space-Frequency Quantization (SFQ)

Compression with Reversible Embedded Wavelets ( CREW)
Zerotree Entropy Coding (ZTE)

Embedded Block Coding with Optimized Truncation (EBCOT)
Morphological Representation of Wavelet Data (MRWD )
Significant-Linked Connected Component Analysis (SLCCA)
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original image
J‘ LEEES

‘L Matlab code

load woman;
figure;
imshow(X,[0 255]); % X contains the loaded image "
title("original image");

nbcol = size(map,1); % map contains the loaded colormap

% Perform single-level decomposition of X using dbl

[cAl,cH1,cV1,cD1] = dwt2(X,'dbl"); i
cod_cAl = wcodemat(cAl,nbcol); % Image coding [ |

cod _cH1 = wcodemat(cH1,nbcol);
cod_cV1 = wcodemat(cVl,nbcol);
cod_cD1 = wcodemat(cD1,nbcol);
dec2d = [cod cAl, cod cH1; ...
cod cvl, cod cD1 1;

figure;
imshow(dec2d,[0 255]);
title("'one step decomposition');

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm che



original image

* Matlab code

load woman;

x=X; % X contains the loaded image
nbc = size(map,1);

figure;

imshow(x,[0 255]);

title(‘original image"); b
% Use wdencmp for image compression
n=>5;w="'sym2';

[c,]] = wavedec2(x,n,w); % Wavelet decomposition of x
thr=20; % Wavelet coefficients thresholding
[xd,cxd,Ixd,perf0,perfl2] = wdencmp('gbl',c,l,w,n,thr,'n',1);
figure;
imshow(xd,[0 255]);
title(‘rebuilt image");
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*More about Wavelet Filters

wname = 'db2';

[Lo D,Hi D,Lo R,Hi_R] = wfilters(wname);

Spr|Ot(221); Stem(Lo_D); 1 Decomposition low-pass filter ; Decomposition high-pass filter
title('Decomposition low-pass filter');
subplot(222); stem(Hi_D); 15 T P HE T
title('Decomposition high-pass filter'); i ;
subplot(223); stem(Lo_R); i I
title("Reconstruction low-pass filter'); ** 5 5 A 3 /
Spr|Ot(224); stem(Hi_R); Reconstruction low-pass filter Reconstruction high-pass filter
title('Reconstruction high-pass filter'); ' 1
xlabel('The four filters for db5'); 054, T 05 T

: ? & i 4}

0.5 : : 0.5 : : 4
1 2 3 4 1 2 3 4

http://www.graphics.pku.edu.cn/chenyisong/yi: The four filters for db5



Wavelet filtering

Low-pass filter _ High-pass filter

n PRI SE I
B
. A
o JACTE
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i JPEG2000

s JPEG2000 Features

« High compression efficiency

= Lossless colour transformations

= Embedded lossy to lossless coding

= Progressive by resolution and quality
» Static and dynamic Region-of-Interest
= Error resilience

= Multiple component images

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



i JPEG2000

= JPEG2000 vs. JPEG

JPEG at 0.125bpp  JPEG2000 at 0.125bpp
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i JPEG2000

= Major differences between JPEG and
JPEG2000

= New functionalities
= ROI
= Error resilience
=« Progression orders

= Lossy to lossless in one system
= Better compression at low bit-rates
= Better at compound images and graphics
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!_h JPEG2000

= Multiresolution decompression

.t-:f‘ |
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!L JPEG2000

= Scalablility-Progressive by resolution
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i JPEG2000

= Scalablility-Progressive by resolution
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‘L JPEG2000

= Scalablility-Progressive by resolution
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i JPEG2000

= Scalability-Progressive by accuracy

http://www.yraprn eIyISuINy/ yisony.i CHIENySWYIaprics. pku.euu. il




i JPEG2000

= Scalablility-Progressive by accuracy
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‘L JPEG2000

= Scalablility-Progressive by accuracy

i
R
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i JPEG2000

= Region of Interest coding

= Allows certain parts of the image to be
coded In better quality
= Static:

= The ROI is decided and codec once for all In
the encoder side

= Dynamic:

= The ROI can be decided and decoded on the fly
from a same bitstream
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i JPEG2000

= ROIl: Some visual results
69:1 overall compression ratio

No ROI Rectan

http://www.grapnics.pku.euu.CrizCrienyisonys yisong.ruri CHENYSWYIapIcs. plg.euu .Cn

ular ROI



JPEG2000

Regions Of Interest
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JPEG2000

Regions Of Interest
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JPEG2000

Regions Of Interest
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i JPEG2000

= Error resilience capabillities
= Most still image coders use entropy coding
= Variable length coding is know to be prone

to channel or transmission errors
= Loss of synchronization

cpl— om0

Residua

Bit errors (Noise)
Burst errors (Fading)

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



i JPEG2000

= Model of errors
= Random bit errors
= Burst errors
= Additive white gaussian noise
= Packet loss

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



* JPEG2000

s Effect of transmission errors

N
\"\

Upper right: 3% packet loss
Lower left: 5% packet loss,

Lower right:10% packet loss
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i JPEG2000

= Basic ideas for source coding
= Remove redundancy

= Basic ideas for channel coding
= Add redundancy

Example: Transmit one “0” or “1” bit in a channel of 80% reliability
Scheme 1: Directly transmit the bit(0 or 1).

Correct rate: 80%=0.8
Scheme 2: Transmit “000” for the bit 0 and “111” for the bit 1). Take the

symbol appears more times in the received sequence as the correct one,
eg. “101”_>”1H “00111_>”O”’ HlOO”_>”O”’ “111”_>Hl”
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i JPEG2000

= Error resilience technigues
= Forward error correction(FEC)
= Rate compatible punctured code(RCPC)
= Reversible variable length code(RVLC)
= Joint source-channel coding(JSCC)
= Multiple description coding(MDC)
»« Layered coding & Unequal error protection(UEP)
= Automatic retransmission request(ARQ)
=« Data partition(DP)
= Resynchronization
= Interleaving and interpolation

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm chenys@graphics.pku.edu.cn



i JPEG2000

= RVLC & DP In MPEG-4

Forward Backward
Resync. Marker MB Address | Qp HEC > Errors | <
Decode Decoding
Fig. 3. Error localization using reversible VLC s
Header, Shape Motion
Resync. Marker MB Address | QP | HEC (If Present) :'-*lgrl».f::r Texture Information

and Motion Data

Fig. 4. Error concealment with data partitioning,

http://www.graphics.pku.edu.cn/chenyisong/yisong.htm
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JPEG2000

A

by

Wi

Hg

g 24

_ayered coding & Unequal error
protection

A

gl

Rl

-ﬁﬁl ';'l,_f'; I; J—J
. g
1 2 3 4 a 1 2 g 4 i
Frames Frames
(a) FGS %ifiy 4514 (b) PFGS %444
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Error Resilience

= Reed-Solomon code
= Add several protecting packets to the data to send

= The data can be fully recovered provided the number of lost
packets is not greater than the number of protecting packets

a b - :Data packet, - : Protecting packet

comm ()

o )

M/chyisong.htm chenys@graphics.pku.edu.cn

a b

httg.7rwww.graprics.




i Error Resilience

= More Examples
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B, [1][2] [3][F][F][F
ZBy4|[5|[6]|7][F]||F
= B3 [8 [9] |10 [TI[ [T

(]
ra—Y
(7]

S Bs[22| 23] [24] [25] [26]

* Error Resilience [z 514 s g

N RNEIEIE:

= Multiple description base FEC Br|27] 125] 1291 [30] [31
= Reed-Solomon code

Descriptions
= Multiple description
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i Error Resilience

= Multip

e Description & Unequal Loss Protection

Streams
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Packets

= Experimental result: A graceful degradation over

packet erasure channels
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Error Resilience

erimental results: A graceful degradation over packet
erasure channels

34

Unequal Protection
38 - - = Equal Protection

[ Q & PEW

— ) e Unprotected SPIHT

PSMR in dB

201
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I
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I
|
I
I
I
I
I
I
4

16

14
1]

1 L 1 1 L 1 1 1 L
0.1 0.z 0.3 0.4 0.5 0.6 0.7 0.8 0.4 1
Fraction of Packets Lost
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o JL AU E ST EAR
1) JEAH (Divide and Conquer)
« B KK AR (Scalability & Iteration)
= SAMEIE AR (Dynamic Programming)

i e 7]
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