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Table 3.9: CRH and CRBP values received with different parsing trees for
picture No. 3.

II vy | *vboaro— D yy TVVITO VY

D215 nyyinn | 71377300 RS 79217X00

P, = 0.63 p.=0.80 P,=0.70
CRy 0.44 0.52 0.65
CRep 0.88 0.94 0.90
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1 ‘bm n31nN0 712y 0¥ DYy T 5y pvrbapnnn CRBP 797y :3.10 ‘on nbav
.(n273%00 »qwm 955 TNy INR YY) (EO = 0.71)
Table 3.10: CRBP values received with different parsing trees for

picture No. 1 (One tree for all bit planes).
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o s] o) . o
; 0.97 1. 0.94
CRyp 1.0 0

DFUNNYE WRD 0F 2797 35D7271IR YVLIAYD PIVYOD VYV 0OYON R NIRIN AZI0A DIRYIN

.nvavon YIwn 4 112y TNk yya



- 67 -

ANBh MRS ST1Ip narya  4BP-ZL wInTn *YI¥?3 nowh : 4 pao

NPY59IPR BN BAIND 792 GRAY TP Y55 nyawnh a1¥a wnnend 117PTN ALYIN WND
77YMNA M branvo N Y MYy B3R 0Y5¥95 BININD DYSORIL 333

=37 onvMIAbR S¥ norhan nv1oY R i;ﬁynb 1073 ORN ADRYN  nbry) ,[131 n173%0
LTINS DY2%0 9P 53 5y YYsin Rin WRD Yond

-0 81 ar pasa vy amar L,nsinn havyy STind 1IpPITA ABRYS 3wRb nan- by
TPINTa 5y niyrawnn AIIBRA Y NITDDYLLOR NIIDINN DR TP STIR MYTYA

AYTNIBR 112 10nY IDORDA IR P1T231 YBI5AR 19982 270 DR hDA3 .DR7YYa5RA

. 270 DR 92YA5 15 L (4BP-ZL WiIn 19 5y)'unvﬁ1zﬁun 5¥ noYnTn n%15® havhan

LOTINR BY51IN S¥ abRY 1avanva mR NIYI S7Inn

130 nayY 5Tn 4.1

(NI 2700 RITYI AUYI hatnh hneye 2200 9NN

Pl b Ml s S et —tiees pm—rv— ————n f— ity

Y

|
l
I
l
I
|
l

L3900 YYD 59 14,1 fon My

Fig. 4.1: Picture production model.
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Table 4.1: Probabilit

-07338 0130 3-2 X Mipen v ovFianton nyasIn nYhanon 59y

y of the X source symbols for 3 face pictures.

:4.1 ‘on nbaw

n1mn [ p{x=0} p {x=A} Pp{x=-A} P lx 24} | p{x=-24} | P {x= 3A} P, {x=-3A}
1 0.714 0.117 0.128 0.014 0.012 0.0036 0.0035
2 0.66 0.148 0.162 0.008 0.012 0.0014 0.0027
3 0.719 0.121 ¢.140 0.004 0.008 0.0001 0.0014
eMJBB, 0.698 0.129 0.143 0.009 0.011 0.0017 ..Q.OONm
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TRAN 19IRI MARGHN Y59y BYYapal ndavav nyTrann e Yy
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!

<p, {x = 0}> (4.3)

o
it

(<P {x = iA}> + <p {x = -iA}>) /2 i=1,2,3

Yapa 1-5 mw nrar X 71pna Br51an%0h 55 59 AYsInn hY 7172000 DINOY o

$977 by p. nR

3

P3 = (1-(P0+2P1+2P2))/2

(00 X PR 2¥ AT STIn Tiay brrisonn (side bt}

-Pg = 0.598 Py = 0.136 P, = 0.0097 sPg = 0.0053
RPN X MRt DAt aR

3
H(x) = -izllzpi log P, = Py log P, (4.4)

Y Mpnan 2171790
IR NYARSORN YPa 1IWRT YTon rapan 71 13 Y 1 ‘on o hayw

v = {0,A,20,...., 2%-1)4)

alya k)

Py Wa1=3/g vy b = 2 dx

= P.{x (3-y,,) mod 256} = P((j~y ) mod 256)

m+l

[ e,y ¥,=-2 *1%h "nba xm+1-w.739n

m " 1270

119%

PGL3) B e ly i = 3/y, = i} = P((3-i) mod 256)

. 3,1 e ¥ mwnd

4.1

= (j*ym) mod 256/y0,y1,...ym}

.3
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Fig., 4.2: State Diagram of The Y source Markov Chain.
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H(y, /¥, _1) = -iZO
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Hy (Bg) = -Py(0) log P;(0) - P/(1) log P, (1) i=0,1,,,.,15 (4.8)

:v1uvnn 797 5Y RaYha RYIYDS L 7379 1IYINY DYXINNN Y010 ARN
15 .
H(Y)) = } P(v=i) H, (B,) | (4.9)
£ 2 . )
i=0 .
,» 1% may ply = 4) = 1/16 ®¥h 4 3¥h nysin® hivanbhn 3 ‘on hayw rab
:nn:n Atya (4.9} 710730 AR 0¥l 195

15 :
H(Y)) = 1/16 20 H, (B,) (4.10)
‘ i=
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H(y)-=ig

H(Y,) (4.11)
g=0

Y MIpnn S¥ 0 GRAY AINYY M13Y n0110aR 4.2.1
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spbhnn axny £ = 0 §r2%p MY Ay By (0) »57p1 7aynh nivinanon 4.2 2%

.1=0
Talbe 4.2: Transition probabilities and BO(O) values for bit Aplane
£ =0 with initial state i = 0.
j, awn (i = 0 aynan) "ayan hylanon |- B, (0) T

0 Py 0

1 P1 0

2 P2 0

3 Py 0

15 3 | o 1

14 . e, | B 1

13 | Py N 1

.Bz(i)-bw -Pf(i) 1—5 éftd) L0 nuvbnb'nbbwan nivanonn mwen (2
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(1) =lP1 + P2 + PS

OO

(0) = P0 + P1 + P2 + P3 = -1. (Pl + P2_+_P3)
913y 1 oayn bob Bm(i) Pl ,pi(l) ,1 no255% nivianoan hyvoin 4.3 ‘on abava
.oYavnn 51y YY  GRAY AN

.P%(Q) =1 - Pf(l) th EBPBHERY B pfcoi ,0 nb2%9% pyvanoan

JN7390 779 950713y NY0190IRN 21970
. %=1 1555 Be(i) mimapen Ye rervaR LK

Sapa i =0 ,% =0 13y ,nnav1b L (4.8) ‘on NINADYA Dy bbahn N 21wen

Hp(Bg) = - (P+P,+P;) log (P +P

51P4) = (l;(Pl+P2+P3))1og(1-(P 2+P3))

_ (4.12)
i = 0 2¥nh May Bb(i) Q2 pnN SY NYH990AND KR hon HO(BOJ YRS

.1 555 £ = 0 113y nYaIMLIRA 21WYNn

.(4.12) o2 Sapmm i

"7 By nana BO(i) MpNA NI AR - L

0,7,8,15 Dra¥na

1,6,9,14 nra¥na

Hi(BO) = —(P2+P3)log(P2+P3)-(l-(P2+P3))log(l—(P2+P3)) : (4.13)

2777 5y naany Bp(i,3) Mapnn nosrwar i o= 2,5,10,13 nvavna

Hi(BO) = =Py log P, - (l—P3) log (1-P3) o (4.14)

TIN37PRT L,0ORY MW hvorwara 1 o= 3,4,11,12 , 1 »avna

H, (By) = 0 (4.15)
,nv;vo MnYrn Ho 9h3y nvywnpn A8 0aARN .2
;(4.93 ‘bn.nh01j 5y bbann nr neen
:37n L =0 nvavﬁn wﬂwvn Ay n5hpnnwany31nnn nvswwwzxn_
15 . -
H(Y,) =i§o P (¥=1) “1(30) é;Ig-(HO(BO).+ Hy (By) + Hy(By))  (4.16)

1791103Nﬁ N DWHJ 4 3. ‘DD 15303 nwyvgwnw n1&x1n1 no by1 NI 1113

R R = 0 nrav0n w1wvn 913y nhaphny hyyinnn
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Table 4.3: Probability of the Wbﬁwv

.wwmwu "mipnn” ¥ 0vianv0 norbs> piviianon 4.3 ‘on abav

sources" symbols.

a¥n pl(1) (2=0) pl(1y (2=1) P2(1)  (2=2) P2 (1) (8=3) -
L : i i : i T
0 mu._+mm+ww 0 P,+2P, . mw+mm,..m+ww |
1 wm+Mw : ww ,,mH+ww+mw ,Hsﬁm +ww v
2. P, | P,+P, Huﬁm 178,15 ) Hlﬁw +Mm V
3 0 P +P,+P, H|ﬁwm+mwwv P +2P 4P,
4 0 1~ (P +P,+P;) 1- (P, +2P,) P, +2P,+P
5 P 1- (P+P.) _Hunww+mm+mwv 1- (B, +2P y+P})
6 PPy 1-p, P, +P,+P, 1- (P, +2P+P3)
7 mw+mN+mw 1 P,+2P, P +2P 4P,
8 1- (P, +P+P,) 1 P+2P, ww+wmw+mu_
S H«ﬁmm+va 1-p, Py +P,+Py - (B +2P+P)
10 =P, 1- (,+P,) 1- (P +P,+P ) 1- (P +2P +P.)
11 1 1- (P +P,+P,) 1-(P,+2P,) P, +2P P,
12 1 - P +P+P, 1- (P +2pP.) P 2P +P,
13 1-P, PP, 1- (P +P,+P ) 1= (P +2P+P,)
14 1-(P,+Py) Py P +P,+P, 1- (P42, +P,)
15 1- (P1+Py+P3) 0 Py+2P P1+2P,+P,
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HUY) = 75 (1) (B) + Hy(B) + Hy®)) . 417
9 v ko 1= 1,6,9,14 _pv;xnh S¥ nY53¥0IRN R 'Hi(Bl) R

Hl(Bl) = -P, log P, -'(1-P3) lpg(i—P3)

(9 A RYM 4= 2,5,10,13 nra¥pnh 5@ AYHY90IRD KA H, (By)

H,(By) = = (P,+P,) 1og(P2+P3)-(1-(P2+P3)) log (1-(P2+P3))
D oM R i o= 3;4,11,12 0ra¥nn S¥ NYHI0IRN KA HS(BI)
Hy (Bl.) = -(I?1+P2+P3l) log(P1+P2+P3)-(l—(P1+P2+P3)) 1og(1-(1_=1+p2+1>3))

LDOND AN Avarvarn i o= 0,7,8,15 prayna

INYNPNONA A201M0ARN L = 2 nvavD qwena

8
H(Y,) = 1€ By, + H, (B,)) | (4.18)
Nvay 1= 0,3,4,7,8,11,12,15 0vavnn 5% nvo1q0aRD KRR Hy(B,) wumd
Hy(B,) = -(P2+2P3) log (p,+2p,) - (1—(P2+2P3)1 log (1~(P2+2P3)J-5_h11w
Ny 10=1,2,5,6,9,10,13,14  0v3¥n3 h53phnn N2931903IRN R0 Hl(Bz)
| $YTY 2y havng

Hi(Bz) = -(P1+p2+p3) log(P1+P2+P3)-(1—(P1+P2+P3)) log(l—(P1+P2+P3))
NN NPYIANA 1791702RN 2 = 3 n73%0 1vMna
H(Y;) = H,{B,) S o (4f19)

SN 4= 0,1,...,15 nva¥nh Y93 R23phnn NP9YLIRD RN .HO(BSJ_wwND
thnvY

H0(33) == (Py+2P,+P,) 1og(p1+2pz+?3)-(1-(plfzpé+p3))_;og(l-(pl+2p2+?3))
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& nvarp wen 55 913y v qapnn Hv Pi(l) L1 Pi(O) ,0° puabab
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7370 MWD D3 DU L AYNINNBn RTaTILARD AR MIRYID 95nd

(RN CNYNINBA N7919038N & = 0 nYavd 1ywina
H(Y.) = 2 (1 (B) + H (B)) + H )) o " (4 205
Yo’ T 16 Mo'Bg 1'% 2(Bg)) a

il 4]

Hy (Bg) = -P; log P, ~ (1-P3) log{l-P3)

Hl(BO) = -(P2+P3) log(32+P3) - (1—(P2+P3)) log(l-(P2+P3))

H2(BO) = —(P1+Pz+p3)1og(P1+P2+P3)-(1-(P1+P2+P3))1og(1-(31+92+P3))
INYRNYYINBA NYONT0ARA L = 1 Nvavd TIwrpa

H(Yl)'= %g‘(HO(Bl) + HI(Bli) (4.21)

IURD

HO(Bl) = H2(B0)

H1(B1) = -(P2+2P3)1og(p2+2P3)—(1—(P2+2P3))log(l—(P2+2P3))V
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H(YO) = H(Yl) = 1% H(Pl) _ (4.29)
H(Y.) = o u(p.) (4.30)
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H(YB) = H(Pl) - (4.31)
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Table 4.7: Entropy values for different models (GRAY representatlon),

H(Y) and p(u) (bits/pixel) for real pictures.

_ P _ - - - n1varp
Y1ph =0 L =1 L =2 4 =3 H{Y) (?TEE'ETE).

'n11n1N 3 am 0.1525 (0.1525 0.3049 0.6098 | 1.2197
MmN 5 a' 0.1227 0.1727 0.3453 0.6343 | 1,3249
nMymR 7 a"s 0.1931 0.1931 0.3777 0.6360 | 1,3999

3 5w yyinn 0.2483 | 0.2767 0.4615 0.6301 [ 1.6166 = pa)
(7713} bHrann '

Y 4 5% nb513n NYS1T0IRD DR X IPNRN DY NY0Y90IRN Y9NY NN N1IYA ARAN 7Ya03
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Table 4.8: Zero Order Eﬁtrbpy values and No. bits/pixel p(u) for

3 models and average values of 3 face pictures.

: 2997 ’ GRAY A1¥?) N174%0
571 H(x) SENERLR ( Gﬁ?ﬂﬁ?ﬁ?ﬁi)
: ' plu) p{u) -
nivmk 3 A | 1:1813  1.9475 1.2197
7NN 5 A" | 1.2873 2.0078 1.3249
T prtnR 7 atm | 1.3548 2.0658 1.3999
nIhMR h1awsh | 1.3636 2.1454 1.6166
{y¥inn)
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Fig. 4.4: Picture production model with limiter.
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Fig. 4.6: Picture production model - Concatenation of two first
- order Markov sourdes.'

4,5.3



- 05 -

= (y ' 4.4
Yo = (v + x) mod 256 _ (4.41)
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Fig. 4.7: State diagram of X source,
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Fig. 4.8: Picture production model based on a second order

Markov source.
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'Fig. 5.1: Peano Curve on 16 points of a 4x4d matrix.
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Table 5.1: H(yn/yn_ll and ﬁ(u) values for Raster and Peano scanning
of 4 bits pictures.
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Fig. 5.2: Binary pictures for Peano scanﬁing testing.
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Table 5.3: ﬁ(u) ¢ plu) and Parp (u) values of difference modulo 256 face
pictures (4 bits/pixel).
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yi(m,n) = £(2m,n) n-=40,1,...,N-1 (5.2)

n = o,1,...,§-- 1
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Table 5.4: Compression values and SNR of 4 bits/pixel face pictures

after 2:1 spatial decimation.

R (*) (*)

DRRF H(u) plu) P 4pp (1) P4pp-yr ) | SNR [aB)
1 0.708 0.964 0.869 0.899 | 12.82
2 0.780 1.059 " 0.862 0.890 | 26.14
3 0.641 0.875 0.742 0.761 | 28.90

y¥inn 0.710 0.966 0.825 1 0.850 | 22.62

May yeim | 1.385 1.818 1.617 | 1.701

nD1?9191 Ni3nn - o

.GRAY a1¥7 (*)

NIDIR .2 79 vYNAD RIN 2:1 N2aNIM RrvRYT v %y 5apmmn hovhTa Y180wn
DIYIOIBA NITNINA TITRIWS LI ,Aat0 (<9 Navaa NN AR h9ThIYNa A3tsnn

-131000 hInoa



- 105 -

»ITINY 23 5YY N 53 5y by vqe %y ny¥apn 4:1 nvanan nIXNINY

IRTTIRAA A2IhAT hrvipnn N1nna 5v prbopion 173 Ran wpn DY7Ypnn wKbH

y{m,n) = £(2m,2n) m=mn=20,1,..., g~— 1 t5_3)

npna o o ;N2/4 1377 y(m,n) n3vnna ovdopran ‘On  N?¥NINTA nRD
-N¥P589 91> 5y nwyl nvaonn BT50P?0R N1ThYY nTiph
SNR 723991 p4E (u)-v p(u) H(u) A0?0TA 754y BrYYoIn RN nﬁau:

.20i279% n1vavo 4 717 by D1J¥T7h1 07158 n1:1nn T2y

12370 4 277 5y nav mn ovas nY v 712 SNR-1 n0*hT 751y :5.5 wbnu
.4:1 nranmn foynoyy 1ayY Sopradb
Table 5.5: Compression values and SNR of 4 bits/pixel face pictures

after 4:1 gpatial decimation.

(*) . miva%0
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Fig. 5.3: Hadamard basis functions, from [20].
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FPig. 5.4: Coding by Hadamard Transform and the 2L algorithm.
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ABSTRACT

In this work newiimplementations - for picture coding - of the Ziv-
Lempel algorithm are presented and analyzed. -

The Ziv-Lempel Universal Coding algorithm is an information-lossless
compression scheme which does not require prior knowledge of the
statistical properties of the source; at’ the same time, the rate achieved
by this algorithm approaéhes the entropy of a given statioﬁary source.
This'algorithm has been applied to different sourceé; however, there

have been up t6 now no reports of.its usaéé in picture coding,

The goal of the present résearch.WOrk is to develop new implementations
of /the algorithm with the view of achieving efficient picture coding,
i.e., maximal compression with minimal complexity.

In the three new veréions of the algorithm implémentation presented in
this work the coding is done with the help of a parsing tree, and

the decoding by the means of a look-up table. This quarantees a fixed and
equal decoding time for all code words, and thus a rapid reconstruction
of the pictures.

The first yersion separates the picture data into multiple.bit planes
(agcording to the number of bits/pixel used to represent the picture)

and the coding process in done on each plane separatly. In order to
obtain good compression results the coding is carried out on pictures
represented by their GRAY code equivalent value. In this representation
of the picture a high correlation between sucessive bits of the most
gignificant bit planes is achieved. In fact, this scheme shows an
improved bit/pixel compression results in comparison with existing
implementations for this algorithm. Furthermore, it becomes possible

to reconstruct pictures gradﬁally and thereby to speed up the searching

process in data-bases,
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The éecond version works with a fixed coding tree at both the encoder
and-the decoder. This coding tree, called universal tree, is constructed
in.advance using a set of cﬁaracteristic pictures. By this schgmé a

fixed length codeword and enhanced invulnerability to noisy c¢hannels

is obtained. When implementing this version by parsing the picture
acdording to its original alphabet, it was found that the compression
achieved varies with the statistical-propérties of the pictures. Since
pictures §re-not stationary the perfofmance of the algorithm,is

degradated;

In the third version, the two previous ones are combined, 'i.e., thé

coding is done with the help of universal'tfees on each bit plaﬁe separefely.
In addition to the advantages already achieved by the two other versions,
this coding scheme was found to be more robust to variation in picture
characteristics.

A picture production model, based on a first order Markov source is
introduced, enabling us to explain and to evaluate the pefformance of the
proposed implementations. For the first version a good c&rrespondencé

was found between fhe model and real pictﬁres. However a more complex model
is needed to explain the feasons of the different sensibilities of the
gecond and third versions of the algorithm.

By coding 8 bit/pixel portrait pictures by the Ziv-Lempel algorithm a
compression ratio of no more than 2:1 can be achieved. In order to

improve this ratio the coding is done on 4 bit/pixel pictures., a compreassion
ratio of up to 3:1 can be obtained and the quality of these pictures is

good indeed. It can further improved by adding ordered dither.
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Still further improvement of the compreselon fatlo.een be aehleved
by combining- this algorlthm Wlth other ones.frAmong the codlng teehnlques_
we examlned, it was found that Hadamard Transform Codlng offers the

most satisfactory results. It was applled to 8 blt/plxel plctures andl
after zer01ng tﬁe low variance COfolClentS and quantlzlng the remalnlng
ones, the Ziv-Lempel algorithm was used. By thlS method a compression

of up to one bit per pixel is obtained,:1,ei:a~e0@preesiop:ra£1o of 8:1;

the quality of the reconstructed picture beinéevery gobd:





