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Abstract

For efficient coding of graphic image data, the statistical characteristics for both Korean let-
tered images and English lettered images are measured and compared.

Also, the measured run length distribution is compared with the run length distribution ha-

sed on Markov model.

It is shown that the measured white run length distribution is more like a negative -

power distribution than an exponential distribution .

This fact is stronger in the Korean

lettered images than is the English lettered images. The performances of four typical run

length codes are compared for the same set

of graphic data files, and it is shown that

the codes perform better in the Korean lettered images than 'n English lettered images.
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August 18, 1977

Editor

Institute of Electrical and Electronics
Engineers, Inc.

345 East 47th Street

New York, New York 10017

Dear Sir:

Data compreseion has historically proceeded along two
fairly distinct lines. On one hand were the data compressors,
those who designed ad hoc and often quite clever algorithms
for the compression of data such as images and speech. Such
compreasion usually consists of a reduction in data rate with
at most a tolerable loss in performance.

On the other hand were the theoreticians attempting &
mathematical formulation of such systems and hopefully
mathematical solutions in terms of figures of merit with
which to compare compression systems and bounds on the optimal
atcainable performance.

One of the initially most promising of such theories was
Shannon's rate-distortion theory which applied the techniques
and insights of informacion theory to the problem of data
compression £1,2,3,4,26]. Unfortunately, however, information
theory has not had the impact on data compression it has had

281 -a. % typewritten text (file no.l)
PFig. 1 -a. English typewritten text file no.l).
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a8l 1-b., FIF typewritten text (file no. 2)

Fig, 1 -b. Korean typewritten text (file no.2).
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whare (Tu, f) represents the cosine transform kemel. At sach
watial frequency (u, v) the DPCM coder quantizes and codws
the difference ugnal

Dw, v, )= Hige. v, 1y - Fiw. e, )y

where fi(u, v, D denotes the pradicied valus of H(k. v, /).
The difference signal . v, {1 coded using a zona) coding
strategy similac to that of transform coding in which the
number of code bits awigned 10 sach difference signsl is set
proportional 1o the logarithm of ity varance {4}
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where R.{u, ) represents the n-th reconstruction fevel of the
quantized difference signal and u, v} denotes the number of
bty assigned at each spatial frequency courdinate. Figure &
Gontaing 4 plal of mean square efror versus black wize for a
hybrid cosine teansform/DPCM coder for 8 Markov process
soutce with p = 0.95. A comparison of the thearetical per
iormance of the hybnd and theee-dimensional transform
coders 13 shown in fgure 7
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a8l 1-¢. % ¥ printed text (file no. 3)
Fig.1-¢ . English printed text (file no.3).
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g+Z printed text (file no. 4)

Korean printed text (file no.4 ).
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78 1-e. 9% handwritteen text (file no. 5)

Secomts

Fig. 1-e ., English handwritteen text (file no.5).
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18! 1-f . 82 handwritten text (file no, 6)
Fig, 1-f . Korean handwritten text (file no. 6).
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Fig, 1-g . Line drawing (file no. 7).
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Table 1.  Characteristics for some typical image data.
_ Probability entropy/ pel
File No.{ Number of runs (%) Mean run length (bit/pel) Remarks
Ne | Ny [P@W [ Pp® [E@® [E® [hé) | h®
1 7,657 7,019 | 0937 0.063 43.80 32 0.0945 | 0.8683 | English typewritten
2 4,41 3,899 | 0.95% 0.044 75.36 4.03 0.0625 { 0.7477 | Korean 7
3 11,031 10,408 0.910 0.090 29.52 3.09 0.1469 | 0.8817 | English printing
4 8,012 7,321 0.927 0.073 4142 3.56 0.1187 | 0.8203 | Korean 4
5 4,941 4,261 0.961 0.039 69.61 3.27 0.0773 | 08189 |English handwritten
6 6,957 6,279 | 0.946 0.054 48.64 3.10 0.1034 | 0.8624 | Korean o
7 4,564 3831 | 0967 0033 75.82 3.05 | 00738 | 0.8510 |line drawing
P(L)
0.1
L
0. 02 A
{(
5 10 15 20 25 30 4 512 run length
(a) White run for file no. 1.
P(L)
0.1
0.02 «
5 10 15 20 25 30 7 512 run tongth

(b)

White run for file no, 2.

22l 2. White run length?] #5325

Fig. 2.

a#y 44 image data®) white run-& Ly-codeoi
A 1 redundancy kel XY AS 70~ 115% ,
@29 A 73~ 106% 4 = o], white runo] a4
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(a) Black run for file no. 1.
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(b)Y Black run for file no, 2.

2 3. Black run length o #5335
Fig. 3. Probability distribution of black run length.
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Table 2. Redundancy values for Laemmel code,

Laemmel codeoll o8 redundancy 3t

file White run Black run
":\/hrkov[meas--- Mar— |meas -| Remarks
No. ured kov |ured
source |image [source|image
1 | 7.6€4)| 11509 3.3¢9)|10.265\English typewritten
2178 105 | 65 |187 |Korean #
31175 83 32 J10.7 |English printing
41179 73 |44 )133 |Korean o
582 70 |35 |19.2 |English handwritten
6 | 69 74 32 136 |Korean ”
71179 57 32 6.7 |line drawing

X A% 102 ~192%, 839 A9 133~187
%9 Zk& %7 =&, black rundl #HsiAE Mar-
kov model®| HMH el oA $ RELE 2o o b,
ol A& TF9 Y image® black run °l exponen-
tial el EEEE 2HE bRE kel el

el AA 2= whiteot black run€ 43 8H A
orit, white runell optimal & code & % °] coding
hod At 83h= 7 97t girh. o]¥eol & white rund
Wt ol 2A AEg¥¢ oz, image dataE Markov mod-
el 2 BEste A2 @83 LY image 2FoA @
o] A LA ¢dvhw & A,

4, Run length code Q| 414 H &

2 FolAe o EalA Rzl image datas] o
e 483, REMU d7E=l 71& run length
code 8] coding TS H#sH .

B W7tx codev modified-white block skip-
ping cod- 91 (M-WBS code), linear code®]
%9l Laemmel code (Ly-code), logarithmic code
9] ol Hasler code ( Hy—code), 28]@2 Trun -
cated ~ Huffman codet?Jo[e},

7zt image data & 2= 99 vtz code® co-
ding$4 4%, %27 24 5 AE #H L9 bit rate
Qumin . 3 239 optimum coding block size Nop;.
£ computer simulation 2.2 #isEst &7t 2 39
Zrel . od 714 Ny . € block run® white runeil fd

. 20 —
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vl7kxl codeoll @3 minimum bit rate (Qmin.)$t optimum block size( N ).

Table 3. Minimum bit rate and optimum block gize for 4 different codes.

_ experimentall  dified WBS code L y- code Hy- code | runcated
file No.Jentropy Huffman code
entropy Qmin Nopt. Qmin Nopt. Qmin Nopt. Qumin
1 0.1433 0.233 5 0.32) 6 0.172 1 0.1698
2 0.0925 0.164 6 0.209 7 0.123 1 0.1104
3 0.2130 0.338 5 0415 5 0.241 1 0.2204
4 0.1697 0.303 6 0.321 6 0.198 1 0.1852
5 0.1062 0.212 8 0.218 7 0.134 1 0.1264
6 0.1447 0.261 7 0.289 6 0.174 1 0.1634
7 0.0995 0.239 9 0.193 7 0.133 1 0.1288

—% code & BAT 792 optimum block size °l
o},

B30 2 #F3 KX image 254 Trun -
cated-Huffman code 7} 7}F& $ <8k,
Hy-code (2% Hicode) ,M-WBS code, Ly -code
(2 F Lg-code) Mo & bit rate 7} &7hsta oot.
22w all -white lineo] W& ¢+ line drawing
imageel #al4d+ M-WBS code o} Ly—codert
of & S el gt

E2g 3 &Y filed] dAgl o] Hy-codes} Ly
code ® 4 optimum block sizex= Z2 13 69
£ ¢ 5 U,

2398 7 code %8 & < & data EREL
o) F#fEE Helstw E 49 ot

o} £ o]

B 4 7 code® reduction factor 8 T2
Table 4 Average values of reduction factor
in 4 different codes.

MWBS Trunca-

File Le-pode | Hycode|ted Huf -

code fman code|
English 392 318 540 5.70
Korean 443 3.70 603 6.52
Line drawing| 323 381 554 567

® 45%Y H,-code”t Truncated-Huffman code
ol % 7t7-E S BELE 7h e
ol AT &Y image =t} 3HE imagedi A ZF

72 code
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rate S{te 194, 2952 o), o] gl

Q)

h

. Bit rate (
 (bit / pel)

R

0. 31

MWBS—code

0.2 Hn—code

./T. Huffman—code

0.15
entropy

3}

01 2 3 4 5 6 7 8 9 10 11
Block size(Z)
8l 4 o - imagedl =8 block sizeol =& bit
rate w 3h
Fig, 4. Bit rate variation by the block size for

English typewriiten text,
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Fig. 5. Bit rate variation by the block size for
Korean typewritten text,
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o, code block sizeol| o =zdF A4S B 4 9}
Adck. oz AMUEL B imaged RIS WE W
et oAl o coding FHEEel, ¥ image
ol diaiAE o3 ¥ o HEMNYE ds) 51 Ak
Jelm g KW imageol & oA FHREC TF
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