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Overview

e Approximation and Compression

e Decay of Approximation Error

e Fourier for Smooth Functions

» Wavelet for Piecewise Smooth Functions

e Curvelets and Finite Elements for Cartoons



parse Approximation in a Basis

Orthogonal basis B = {1, }m of L*([0, 1]¢) d =1 (signals) or d = 2 (images)
F=S"Uf, )by, SRRIOEIANONG = N (f, )i
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Linear approximation:

Iyr does not depend on f.

e.g.: Iny = {M low frequencies}.
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Orthogonal basis B = {1, }m of L*([0, 1]¢) d =1 (signals) or d = 2 (images)
F=S"Uf, )by, SRRIOEIANONG = N (f, )i

meln

Linear approximation:

Iyr does not depend on f.

e.g.: Iny = {M low frequencies}.

Non-linear approximation:

minimize || f — far| for a given M. :_}.:}.:"

I = {m \ [{f, Ym)| > T}
and M = 41,

e

T

Coetficients I1 Non-linear approximation




-Hard Thresholding

Orthogonal basis B = {¢, }mez of L*([0, 1]%).

Transform: f € L*([0,1]%) — {{f, ¥m)}m € RZ,

Best M-term (non-linear) approximation in B:

fM — Z <f7 ¢m>wm

[(fs ¥m) [>T
— ZST(<f7 ¢m>)¢m

r if x| >T

Thresholding: Sp(z) = { 0 if |z|<T

#eoefs. = M = 3£ {m \ |[(f, ¥m)| > T}

1:1 mapping M < 1T

[{f; ¥m)]| sorted

in decaying order
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ompression by Transform-coding -

forward

> alm] = (f, ¥m) €R

transform




forward quantization

transform) a[m] — <f7 ¢m> SHIN T > q[m] cZ
Quantization: ¢[m| = sign(a[m|) Va[m”J c7 =27 —T T 2T alm
: alm

Zoom on f Quantized g|m



ompression by Transform-coding

forward quantization

> =(f, Yy) €R > € 7 Lod;
PE—— a[m] <f ¢ > bin T Q[m] %{ 0’17070’17.”}
“Ebis
2T —T T 2T alm
Quantization: q[m| = sign(a|m)) {|a[m]|J c?Z  +o+o+—o—+ot+ob
r alm|

Entropic coding: use statistical redundancy (many 0’s).

Zoom on f Quantized g|m



forward quantization

transform) a[m] ~ <f’ ¢m> eR bin T > q[m] €z %

o {(0,170,0,1, )}
&S
~ dequantization V R bits
alm| < qlm| € Z
. _ la[m]| =27 =T T 2T alm
Quantization: g[m| = sign(a[m)]) c7 ot I I
g alm]

Entropic coding: use statistical redundancy (many 0’s).

Dequantization: a[m] = sign(g[m|) (!q[m]l + %) T

Zoom on f Quantized q|m]



forward quantization

transform) a[m] - <f7 ¢m> <R bin T > Q[m] <4 %

o {(0,1707071, )}
oS5
bits
- backward  _ dequantization V R
fr = Z a[m]wm(transform ajm| < qlm] € Z
méelr
ja[m]| —21 —1 I 27 a[m
Quantization: ¢q|m| = sign(a|m]) { J cZ +o—+o+—o—t+ot+ob
g alm

Entropic coding: use statistical redundancy (many 0’s).

Dequantization: a[m] = sign(g[m|) (!q[m]l + %) T

Zoom on f Quantized g|m| fr, R =0.2 bit/pixel



r if |x|>T

Thresholding: Sr(z) = { 0 if |z|<T

Quantization/dequantization operator:

Qr(z) = sign(z) Q%J n %) T

Approximation: fm = Z St((fs Ym))¥m

Compression: fr = Z Qr({f, Ym))Vm

Necessarily |f — fu| < |f — fr], but how much 7 |

De-quantized real values




Performance: decompression error |f — fr| function of R.



Performance: decompression error |f — fr| function of R.

Orthogonal basis B = {y }m, alm| = (f, ¥Ym).

=27 =T T 2T a|m
“+o—+o+—0o—+o+1+o
a|m|
Quantization: glm] = sign(am]) Va[;anJ c7 If lalm|| > T:



Performance: decompression error |f — fr| function of R.

Orthogonal basis B = {y }m, alm| = (f, ¥Ym).

—2T7 =T T 2T alm
+eo—+o+—0o—1+ot+ob
alm]
Quantization: q|m] = sign(a|m]) Wa[;nHJ S/ It ‘a[TfLH > T:T
=l <
Dequantization: a|m| = sign(g|m]) (|q[m]| + 5) T
7= ol = S (alm] ~afm)? < 3 falml? + 3 ()
m la[m]|<T alm]| =T

—_— ] I_I
If — ful #=M

Theorem: | f — fr|* < |f — fu|* + MT?/4
where M = # {m \ a|m| # 0}.




Coding: relate # bits R to # coefficients M.

Simple coding strategy:

— Index coding: code Ipy = {m \ [{f, Ym)| > T}

Coding a set of size |Ip/| = M

— Rmd IOgQ ( ) M10g2 (%)

— Value coding: code ajm] € {—A, ..., A},

1
ALK T mT%XKfa wmﬂ — Ry < CoM|logy(T)

— R = Rind + Rval ~ M(10g2(N/M) + |10g(T)|)

Theorem: If |f — far|?> ~ M=% then |f — fr|* = O(R™“log®(N/R)).




£Entropic Coders

Quantized coefficients: q\m| € {—A,..., A} Q=2A+1

fqlm]}y, <2485 0 1.1.....0,1} € {0, 1} 7



Quantized coefficients: q\m| € {—A,..., A} Q=2A+1

: Y
]}m%{()?l?lv"wovl}é{071}R SO0 00O OO
Statistical modeling: q|m| i.i.d. P(q|m| =1) = p;. N
& 1
Huffman coding: variable length code. Api( ) = logx(@)
glm| =i e {—A,..., A} —»¢; € {0, 1}« I
0
ci| < [loge(pi)) = R<(E(p)+1)N . Ep)=0
NZ
Entropy: &(p sz log, (p;) T
P T Te 9_)




- Entropic Coders

Quantized coefficients: q\m| € {—A,..., A} Q=2A+1
coding r AP
{alm]}m {0,1,1,...,0,1} € {0, 1} 90Q0OQOQCOQCO
Statistical modeling: q|m| i.i.d. P(q|m| =1) = p;. N
E 1
Huffman coding: variable length code. Api( ) = loga (@)
glm| =i e {—A,..., A} —»¢; € {0, 1}« I
(0
ci| < [logy(pi) = R<(E(p)+1)N . E(p) =0
AL
Entropy: &(p sz log, (p;) I
P T 1o 9_)
Arithmetic coding: R ~ &E(p)N 0% 5( ) < log,(Q)

Fixed coder: estimate {p;}; from {g|m]},, and send it.

Adaptive coder: estimate from the already coded data.



EG-ZOOO Overview

Wavelet transform: 7/9 biorthogonal, lifting implementation.
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EG-ZOOO Overview

Wavelet transform: 7/9 biorthogonal, lifting implementation.

Local code block processing: enhance scalability 4+ parallelization.
Quantization: dyadic refinement: T; =27 "7y — embedded coding.

Contextual coding. — exploit spacial dependancies.
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PEG-2000 Overview "

Wavelet transform: 7/9 biorthogonal, lifting implementation.
Local code block processing: enhance scalability 4+ parallelization.
Quantization: dyadic refinement: T; =27 "7y — embedded coding.

Contextual coding. — exploit spacial dependancies.

Rate-distortion management: stream packing.

— near-optimal truncation error.

R

Output stream c

i ¢

Bit planes Sub-streams




- Contextual Coding

Context uses: Sliding context window.

. :
— previous bits C—
-0

@ © © o o o o o
at plane 7 — 1. o 0
— neighboring bits i/: ’/: ,/: oo/ o]0
at plane 7 — 1. 51 &) &/ & 5 &/ &
o
T @ o o lo © o o

For each bit plane 1: N

@ o
For each square S}.

3 X 3 context Windo:zv

For each position m € Si: " code block width
— Signifiance coding
If d¥'[m| becomes significant:
— Sign coding
If d¥[m] was already significant:

— Amplitude refinement.




JPEG-2000




X Overview

o Approximation and Compression
 Decay of Approximation Error

e Fourier for Smooth Functions

» Wavelet for Piecewise Smooth Functions

e Curvelets and Finite Elements for Cartoons



proximation Speed

Approximation error decay:
If = ful? < CpM—©

(usually polynomial)

e o depend on a signal class

(regular, piecewise smooth, etc).

e ('r depends on f

(norm of the signal within its class)



Approximation error decay:
If = ful? < CpM—©

(usually polynomial)

e o depend on a signal class

regular, piecewise smooth, etc).
g

e (¢ depends on f

(norm of the signal within its class)

Log/Log plot: approx. affine curve
log([[f — fa[*) = cst — alog(M)

Exemple: wavelet approximation.




min=0.02, SNR=17.1dB min?=0.02, SNR=17.9dE

o 05 —FFT
—DCT
1l —locDCT _
— Wavelets

Fourier DC

min?=0.02, SNR=138.4dB min?=0.02, SNR=19.3dB -2t

25 2 15 x
logo(M/N)

Local DCT Wayvelets
Build the best basis B to have the fastest error decay M ~°

for any f € © (e.g. regular signals, piecewise regular images).



X Overview

o Approximation and Compression

e Decay of Approximation Error

e Fourier for Smooth Functions

» Wavelet for Piecewise Smooth Functions

e Curvelets and Finite Elements for Cartoons



-1D Fourier Approximation

1D signal : f € L*([0,1]), periodic.

-

_ 2i7rmt, fOI' n e 7. \_/

Fourier ortho-basis: e,,(t) = e

1
Fourier coefficient: (f, em) = / f(t)e_metdt
0

M/2
Linear Fourier approximation: i — g (f, em)em
m=—M/2



1D Fourier Approximation

Fourier ortho-basis: e, (t) = ™™

1D signal : f € L*([0,1]), periodic. f(t)
/\//K,
, for n € Z. \'/ \

1
Fourier coefficient: (f, em) = / f(t)e_metdt
0

M/2
Linear Fourier approximation: i — g (f, em)em
m=—M/2

Uniformly regular signal: f € C% (« continuous derivatives).

= [(f, em)| < [2mm[ 72 1)

—  |f — fiB|? decays fast.

Fast decay of coeflicients =  good linear approximation.



. Sobolev and Fourier

Uniformly C® signal = ) ¢ L?(]0,1)).

Sobolev a-regular signal: | f(*)| < 4-oo0.
Sobolev norm: | f()? = Z 2|2 |(f, em)|? < +oo

|71 =) 2emP{f, en) P = Y 2emPP S, em)]

m|>M/2

> (rM)** Y (s em)? = (xM)*| f — fiF )

m>M /2

Theorem: it f is Sobolev a-regular.

If = Aarl? < Clf @M

Linear approximation =~ non-linear approximation.



Piecewise regular signal

|f = ful* < CpM ™

Linear approximation

~ non-linear approximation. %




m J-Sobolev for Images =
2D Sobolev norm: v 8

|F91 = > 12mrl*(f, em)]?

meZ2

|F®]

Linear /non-linear approximation:  |f — fum|* < C|f*|*M



2D Sobolev norm:

|F91 = > 12mrl*(f, em)]?

meZ2

Linear /non-linear approximation:  |f — fum|* < C|f*|*M

Piecewise regular image: If — fu? < C / ML/2




- Overview

o Approximation and Compression

e Decay of Approximation Error

e Fourier for Smooth Functions

 Wavelet for Piecewise Smooth Functions

e Curvelets and Finite Elements for Cartoons



Vanishing moments: VEk <p, /w(x)mkdx =0




Vanishing moments: VEk <p, / Y(x)xPdr =0

_2.7'
If fis C% on supp(¥jn), p = a t— u o

i s (2o

f(z) = P(z —2'n) + R(z — 2’n ) P(2't) + R(2’t)
where deg(P) <a and |R(x)| < Cy|z|”




agnitude of Wavelet Coefficients

2

1t

Vanishing moments: VEk <p, / Y(x)xPdr =0

x— 2n
O,

If fis C% on supp(¥jn), p = a

ol = [ 10 (Mn)dxh/

f(x) =Pz —2'n) + R(x — 2'n ) P(23t) + R(27)

where deg(P) < a and < Cpx]®




Large wavelet coefficients are

clustered around singularities.




Large wavelet coefficients are

clustered around singularities.
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Large wavelet coefficients are

clustered around singularities.

If fis C% in supp(¢;.rn), then

(., i) S PETD| floalyly 2

If f is bounded (e.g. around
a singularity), then

1, ¥in)| <2772 fllos Il




iE' Piecewise Regular Functions in 1D

J\ )

E | | | | |
0 100 200 300 400 500 600 700 800 500 1000

Theorem: If f is C% outside a finite set of discontinuities:

1) =1 = P = { G2 (o).

For Fourier, linear~non-linear, sub-optimal.

For wavelets, linear<non-linear, optimal.



“ xamples of 1D Approximations

T T T T T T T T T T
. ]
08 f §
06 ]
041 1
0.2t ]

0
| | | | | | | | | |

Fourier

- logyo(M/NY|
Wavelets

L
-1




ocalizing the Singular Support

- Small coefficient

|<f7 ¢3n>| <T
. - Large coefficient
J2
J1 Singular support:

Cj ={n \ supp(¥j,) NS # 0}
IC;| < K|S| = constant



iE' Localizing the Singular Support =

Small coeflicient

|<f7 ¢Jn>‘ <7T

© Large coeflicient

Singular support:

Ci = {n\ supp(¢;,n) NS # 0}
IC;| < K|S| = constant

Regular, n € C5: [(f, ¥jn)] < (23 (a+1/2)

Coefhicient behavior:

Singular, n € C;:  |{f, ¥;n)| < C27/2



iE' Localizing the Singular Support =

Small coeflicient

© Large coefficient

Singular support:

C; ={n\ supp(¥;n) NS # 0}
IC;| < K|S| = constant

Regular, n € C5: [(f, ¥jn)] < (23 (a+1/2)

Coefhicient behavior:

Singular, n € C;:  |{f, ¥;n)| < C27/2

Singular: 2/t = (T/C’)fl/2
Cut-off scales (depends on T'):
Regular: 272 = (T'/C)?



S ={x1, 12} Small coefficient

© Large coefficient

m | iE-I[ Localizing the Singular Support ::I-E

Singular support:

Cj = {n\ supp(¢;n) NS # 0}
IC;| < K|S| = constant

Regular, n € C5: [(f, ¥jn)] < (23 (a+1/2)
Singular, n € C;:  |{f, ¥;n)| < C27/2

Coefhicient behavior:

Singular: 2/t = (T/C’)fl/2
Cut-off scales (depends on T'):
Regular: 272 = (T'/C)?

Hand-made approximate: fM = Z Z I Yin % n T Z Z s ¥in % n

j=j2 neC; j=j1 n€Cs



IC;| < K|S| = constant
n € C§: [(f, Yjn)| < C27(0H1/2)
n € Cj: |(fy bjn) < C2/2
20t = (T/C)a¥172
202 — (T/C)?

J2
J1

=P <IfF=fulP< D)0 WA+ D K vyl
j<j2,m€eC; 71<J1,nECS |
<) (KIS|) x C?27 + ) " 277 x ¢P27e Y
71<J2 1<J1
— 02 + 2°%01) = O(T? + Ta+i2) = O(T=+172)




mputing Error and #Coefficients ..‘.-5

\/\ f(z) IC;| < K|S| = constant

n € Cs: |(f, hjn) < C20(aF1/2

* R K - ’0’. j2 .
S o o o o o o o "IN VI<OPT
00. ., "’0’ ’0." 2 Jl . ( T / C) 11
*s .,
-0 O O o ’..’ 2J2 — (T/C)

If = ful® <Uf = fulP < Y0 KA o+ Y [KF )l
j<j2,n€C; j<j1,nECJc.
: . : 4 )
<) (KIS|) x C?27 + ) " 277 x ¢P27e Y Singulatities
71<72 71<7J1 <
_ j2 4 92041y _ 2 177 — 1573 regular part
O(272 42791 = O(T= 4+ T=+172) = O(T~+1/2) N )
M Y6 Y < X KIS+ Y2
J2J2 JZ2J1 J2J2 J2J

= O(|log(T)| + T=7172) = O(Ta+17%)




m_mputing Error and #Coefficients ..‘.-5

\/\ f(z) IC;| < K|S| = constant

n € Cs: |(f, hjn) < C20(aF1/2

* (A - \4 ’0" j2 .
oo o060 —o-—0—>j "Gl vall<CP”
e ." "‘,0 0."‘ 2 ]1 . (T /C) 11
*s .,
n O o o '.” 2J2 — (T/C’)

If = ful® <Uf = fulP < Y0 KA o+ Y [KF )l
j<j2,n€C; j<j1,nECJc.
. . : 4 )
<) (KIS|) x C?27 + ) " 277 x ¢P27e Y Singulatities
71<72 71<7J1 <
_ j2 4 92041y _ 2 177 — —= regular part
O(272 +2°M1) = O(T* + Teo+172) =| O(T' =+1/2) N )
MY G+ ) e <) KIS|+ ) 27
J2J2 JZ2J1 J2J2 J2J1

= O(| log(T)| + T17%) | O(TF7) I = ful? = 012




If fis C% in supp(¢;.n), then

{fy Wind] < 27D flea o]

If f is bounded (e.g. around a singularity), then
[(fs i)l < 27] ool



Theorem: If f is C% outside a set of finite length edge curves,

) =17 = £ ={ O el

.
/

Fourier < Wayvelet, both sub-optimal.

Wavelets: same result for BV functions (optimal).



N
+~
<L

)

= i




iE' Localizing the Singular Support in 2D

© o o 0 Cj = {n\ supp(v;,) NS # 0}
IC;| < LK277 # constant



iE' Localizing the Singular Support in 2D

| o o o 0,"’ Cj — {n \ supp(wj,n) NS # @}
IC;| < LK277 # constant

Regular, n € C5: [(f, ¥jn)| < C2i(a+1)
Singular, n € C;:  |(f, ¥jn)| < C2

Coefhicient behavior:



|:' Localizing the Singular Support in 2D :II

© o o 0 Cj = {n\ supp(¢;n) NS # 0}
IC;| < LK277 # constant

Regular, n € C5: [(f, ¥jn)| < C2i(a+1)
Singular, n € C;:  |(f, ¥jn)| < C2

Coefhicient behavior:

Singular: 27t = (T/C)#
Cut-off scales (depends on T'):
Regular: 272 =T/C



m I:-I[ Localizing the Singular Suppo:tl 21n 2D :II

! — -0—0—0-( J2
H—0—00—0—0—0-"0——> B
0”"0 ’00"
© o o 0 Cj = {n\ supp(v;,) NS # 0}

IC;| < LK277 # constant
Regular, n € C5: [(f, ¥jn)| < C2i(a+1)
Singular, n € C;:  |(f, ¥jn)| < C2

Singular: 27t = (T/C)#

Coefhicient behavior:

Cut-off scales (depends on T'):
Regular: 272 =T/C

Hand-made approximate: fM = Z Z I Yin % n T Z Z s ¥in % n

j=j2 neC; j=j1 n€Cs



C;| < LK277 # constant

n € CS: |(f, )| < C2IHD

J2
ne i |{f, byl < O

1
21 = (T/C)=+T
22 = T/C

If =P <If = FfuelP< D)0 WA P+ D K vl

J<j2,n€C; j<ji,meCy
< Z LK277 x C?2% + Z 22 w (292i(a+1)
J<J2 7<J1
= O(272 + 220"y = O(T + Ta+1) = O(T)




mputing Error and #Coefficients ..‘.-5

\/\ f(z,y) C;| < LK277 # constant

: : neCs |(f wya)| < O
* 0’ > ” ]2
o * ’.’ ., . . < ]
.:‘ O ‘:'.‘ @ O O ._‘.’0 O > 71 nEC] ‘<f7¢, >‘<02
“’."‘,0’ 0’0 "’0 2.7 1 — (T / C ) a—1|—1
- O O O ...‘ 2J2 — T/C’

1=l <Uf=FulP< ) WA+ Y Wf in)l

j<j2,meC; J<j1,n€C]
: . . . 4 )
< Z LK277 x C%2% + Z 9721 x 0%92i(atl) Singulatities
J<Jj2 J<Jj1 >
— O(2%2 + 22991y — O(T + Ta+1) = O(T) . regular part )
IR NIED S AED STRES e
J2J2 J2a Jj=J2 J2J1

= O(T 1 +Ta_—j31) = O(T™h



.

LK?277 # constant

Cil <

n € CS: [(f, ¥jn)l < 02i(atl)
<

n€Cj: |(f, ¥jn)| < C2
201 = (T/C) =+
22 = T/C

1=l <Uf=FulP< ) WA+ Y Wf in)l

j<j2,n€C; J<j1,n€C]
. . . . 4 )
< Z LK277 x C%2% + Z 9721 x 0%92i(atl) Singulatities
J<j2 J<J1 >
_ j2 2001 _ 2o\ regular part
=0(272 +2 ) =0T +T=+1) =[0(T) N )

M <Y G+ ) c| <

J2J2 JZJ1

= O(T™* +Tav1) =

|f = ful* = O(M™)




- Overview

o Approximation and Compression

e Decay of Approximation Error

e Fourier for Smooth Functions

» Wavelet for Piecewise Smooth Functions

e Curvelets and Finite Elements for Cartoons



Geometric image model: f is C% outside a set of C* edge curves.
1

Geometry = cartoon image Sharp edges Smoothed edges

BV image: level sets have finite lengths.

Geometric 1mage: level sets are regular.

.




Geometic Construction : Finite Elements

Approximation of f, C? outside C? edges.

Piecewise linear approximation on M triangles: fy;.




Approximation of f, C? outside C? edges. Regular areas:

5 ~ M /2 equilateral triangles.
Piecewise linear approximation on M triangles: fy;.

M—1/2

E]\4—1/2E




Approximation of f, C? outside C? edges.

Piecewise linear approximation on M triangles: fy;.

Regular areas:
~ M /2 equilateral triangles.

M—1/2

l
E]\4—1/2E

Singular areas:

~ M /2 anisotropic triangles.

P
— T




Approximation of f, C? outside C? edges. Regular areas:

5 ~ M /2 equilateral triangles.
Piecewise linear approximation on M triangles: fy;.

M—1/2

l

E]\4— 1/2E
Singular areas:

~ M /2 anisotropic triangles.

P
— T

Theorem: If f is C® outside a set of C* contours, then one has for an adapted
triangulation | f — fa]|? = O(M~2).

Difficulties to build efficient approximations.

No optimal strategies (greedy solutions).



Bougleux, Peyré, Cohen, ECCV’08

SES

anisotropic, SNR=29.9dB JPEG-2000, SNR=24.2dB
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anisotropic, SNR=21.9dB JPEG-2000, SNR=23.2dB



u rvelet Atoms

[Candes, Donoho| [Candes, Demanet, Ying, Donoho]

Parabolic dyadic scaling: Coi (21, 0) ~ 27394 (27921 27T ).

Rotation: ng,u (21, 22) = cos (Rg(x — u))

“width ~ length?”




urvelet Tight Frame

Angular sampling: 0, ={a= k2271 for 0 < k< 270/2H2)

Spacial sampling: Ym = (my,ma) € Z2 |, uld™ = R, (27/2my,27msy)

Tight frame of L?(R?): {C?m(il?) = ¢ (@ — Uf%’a))}
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Frequency tiling Spatial sampling



M-term curvelet approximation:

fu= 3 () with Ar={(.0,m) : |(f, ]} > T}
(0,5,m)eAT

Theorem: If f is C* outside a set of C* edges, |f — fu]? = O(M~2(log M)3).

Directional wavelets Curvelets

Discrete curvelets: O(N log(NN)) algorithm.
WWW.curvelet.org

Redundancy ~5 == not eflicient for compression.



Wavelets Curvlets

Works on elongated edges.

Works also on locally parallel textures !



Linear anroximatiom Non-linear qpproximatiox
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Linear vs. non-linear approximation. - o

Transform coding ~ approximation.




Linear approximation
Linear vs. non-linear approximation. \ o ]
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Transform coding ~ approximation.

JPEG-2000:
— Embedded coder.

— Statistical modeling of coefficients.




onclusion

Linear vs. non-linear approximation.

Transform coding ~ approximation.

JPEG-2000:
— Embedded coder.

— Statistical modeling of coefficients.

Wavelet approximation:

— Optimal for piecewise-smooth
1D signals.

— Sub-optimal for cartoon images.

Linear approximation Non-linear a}pproximatioi
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Linear vs. non-linear approximation.

Transform coding ~ approximation.

JPEG-2000:
— Embedded coder.

— Statistical modeling of coefficients.

Wavelet approximation:

— Optimal for piecewise-smooth
1D signals.

— Sub-optimal for cartoon images.

Improvements:

— Finite elements triangulations.

— Curvelets, wedgeprints, bandlets, etc.
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