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Abstract: This paper reports the evaluation results of 
JPEG image compression when this technology is applied to 
high quality images used in printing industries. 
The Project for evaluation has been organized by The Japan 
Federation of Printing Industries <JFPI).[Chair: Furuta] 
SCID were used for test image data. In this work. the 
relationship between quantization table values. 
compression ratios and qualities of reconstructed final 

images has been studied. 

BY using high performance codec in which the JPEG 
algorithm is installed. one minute real time transmission 
of SCID "Portrait" image via ISDN 64 kbit channel has been 

achieved. 
A panel of experts from the prepress industry performed an 
subjective evaluation of the 
The resu Its of the experts' 
as follows; 

images. 
investigation are summarized 

1) approximately 1/10 compressed image has comparable 
quality to the original image, and 

2) compression ratio depends deeply on the density 
distribution of the original iamge data. 

These data are dePicted in this report in detai I. 
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1. INTRODUCTION 

One of the most important issues in prepress field is to 
make it possible to exchange compressed image data between 
various CEPSs. 
Some existing systems e.g. Crosfield system or Scitex 
sYstem are able to provide the specified OCT compression 
algorithm and significant number of Printing companies 
have adopted these compression algorithms. 
The JFPI has taken up the task of developing high speed 
image data exchange systems and is concentrating on 
products which uti I ize JPEG compression techniques. 

This paper detai Is 
configuration of 

the r e q u i rem en t s for J PEG 
codec, the reI at i onsh i p 

codec, 
between 

compression ratio and JPEG parameters, and the relation­
ship between compression ratio and the reconstructed image 
quality. 
Evaluation results indicate that the reconstructed image 
with 1/10 compression can not be distinguished from the 
original image when 400 LPJ SCID image data is used. 

2. CONFIGURATION AND FUNCTION 

2.1 System Configuration 

The data exchange svstem is shown schemat i ca II y in Fig. 1. 

Image 

Or i gina I Source Data 

Data <ADFO> for Encoder 

Rep I i c a 
'"''" """'""FiiPost-

Storage 
1 

Decoder Conversion 

Processing algorith.m of this 

process is defined by DIS 

10918-1 stondard 

Compressed 

Data <ADFc> 

Decoded 

Data 

Reconstructed 

Data <ADFrl 

I~ Data format of this process confor111 to TIFF/IT standard --....J 
ADFO: Application Data Format of Original Image Data 
ADFc: APP I i cation Data Format of Compressed I mage Data 
ADF r: App I i cation Data Format of Reconstructed I mage Data 

Fig. Basic system configuration for image data flow 
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The compress1on/decompress1on system has two 1nterfaces: 
one is the Input/output through which the data stream 
having a defined format IS aPPlied, and the other is the 
Interface wh1ch is connected to the transmiSSion channel. 
When develop1ng the system, the interface conditions and 
data formats were newly defined. 

2.2 Requirements for JPES Compress1on/Deccmpress1on System 

The reu1 rements recommended by experts 1n prepress f1eld 
are as follows: 
(1) Real t1me compression/decompression of 1/2- 1/50 
(2) Through-put of less than one m1nute when SCID 

"Portra1t" IS used 
(3) Adoption of JPES algorithm for compression 
(4) Abi I 1 ty to transmit attribute 1nformat1on as 

uncomPressed data 

To satisfy these requirements and to enable connect1on 
with various systems, the following functions have to be 
installed 1n the system. 
(1) Color conversion from RGB and CMYK to luminance and 

chrominance 
(2) H1gh speed processing of JPEG algorithm 
(3) Communication protocol for ISDN channel 
(4) Interfacing between existing CEPSs 

3. CONSTRUCTION OF CODEC 

3.1 Data Format of ADFo and ADFr 

To enable the transmission of 1mage data via a communi­
cation channel, the data formats for ADFo and ADFr, 
includ 1ng sess1on layer and presentation layer protocol, 
should be def1ned as a m1n1mum. 
In th1s system, these formats are shown 1n F1g. 2. 
In the sess1on layer descriPtor, attributes such as dest1-
nation and construction of data stream etc. are described. 

In the presentation layer descriptor, attributes to 
provide the serv1ces to the appl icat1on layer are 
described. Therefore, the image manipulation method, the 
type of data (image data, computer data or b1nary data), 
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(a) Image Data 

I mage Data 1 I S2 Header I lmase Dsta n 

(b) Information Data 

Sl I S2 I Header I Information Data 

S1 Session layer descriptor, 512 Byte 
S2 Presentation layer descriptor 32 Byte 
Header : Attribute information 

Fig.2 Syntax of Data to be transferred 

color sequence, interleaving of original data, restored 
quality etc. have to be described in this descriptor. 

3.2 Block Diagram of Codec 

Fig.3 shows the block diagram of codec. The components 
shown in Fig.3 implement the following functions. 

1::-&DN Nr:TwoRK 

u-l) • 
I r;-coNT tRl 

T r .:1 n s; m 1 ~ s 1 o 11 T I! r m i n <~ I 
__ j l 

~ t' r ~.· ~ t in ll l ,. r 111 i 11 ;, \ 

Fig. 3 Block diagram of Codec 

1 ) S CS I ( T) , ( R) : S CS I I n t e r face C i r c u i t 
* To exchange Command/ResPonse between CEPS and Codec 
*To recogn1ze or to add attribute information 
*To inform of alarm condition 
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2) FPIX : Forward Picture Data Processor 

*To separate the image data to be compressed from the 

data stream 

*To con\lert the original interleaving to block inter­

leaving defined bY JPEG algorithm 
*To implement various conversions such as Positive/ 

negative data type, color sequence, color space etc. 
*To perform subsampl ing if designated in presentation 

layer descriptor 

By using these functions. image data can be converted to 

the most efficient data type for JPEG encoding procedure. 
When original color space is RGB or CMYK, the following 
equations (1),(2) are used for conversion. 

y = 0.299 R + 0.587 G + 0. 114 B 
Cr= 0.713 <R-Yl ( 1 ) 

Cb= 0. 564 <B-Yl 

c 255 R 
M 255 G ( 2) 
y 255 B 

K is treated as the fourth color component and compressed 
using the same tables as for the luminance data. 

3l BPIX : Backward Picture Data Processor 

I n BP I X , t h e r e v e r s e o p e r a t i o n o f F P I X i s i m p I em en t e d an d 
the image data are restored back to their original. 

4 l COD : En cod i n g C i r c u i t 

Calculation of DCT-SQ, entropy coding of digitized OCT 

coefficients are executed in this portion. 

5lCCUT. CCUR :Communication Control Unit 

This section implements communication protocol v1a the 
ISDN channe I. 

6) T- CN T ( Tl , ( R l : Tot a I Con t r o I U n i t 

This portion controls alI blocks so as to harmonize 
operations of all components. In particular, the analvsis 

of input data to separate image data IS performed in this 

un i t. 
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4. EVALUATION OF SYSTEMS 

The following two parameters determine the comPression 

rat10. 

1) Subsampl ing 

2l Quantization tab I e va I ues 

10 kinds of parameter combinations are prepared in this 

system, and SCID data are used to evaluate the character­

istics of this codec system. 

4.1 Quantization Tables 

The quantization tables installed in the system are shown 

i n Tab I e- 1 . A I p h a (r::J.) an d bet a <[:I) a r e co e f f i c 1 en t s o f OM 1 
<Luminance quantization table) and QM2 (Chrominance 

quantization table) shown in ISO DIS 10918-1 standard. 

Gamma <rl is a coefficient of OM3 quantization table used 

for high quality comPression. 

~1 

~ 

10 OB OA 10 18 28 33 3D 

OC OC OE 13 lA 3A 3C 37 

OE OD 10 18 28 39 45 38 

=cJ.' OE 11 16 ID 33 57 50 3E 

12 16 25 3a 44 6D a1 49 

I 
18 23 37 40 51 68 71 5C 

31 40 4E 57 67 79 78 65 

48 5C SF 62 70 64 67 63 

I 01 
01 01 01 01 0 I 01 

011 01 01 01 01 01 01 01 01 

01 01 01 01 01 01 01 01 

= 0 ·101 01 01 01 01 01 01 01 

01 01 01 01 01 01 01 01 

01 01 01 01 01 01 01 01 

01 01 01 01 01 01 01 01 

01 01 01 01 01 01 01 01 

~2 = ~· 

11 12 18 2F 63 63 63 631 

12 15 lA 42 63 63 63 63

1 18 1 A 38 63 63 63 63 63 

2F 42 63 63 63 63 63 63/ 

63 63 63 63 63 63 63 63
1 

63 63 63 63 63 63 63 6311 

63 63 63 63 63 63 63 63 

63 63 63 63 63 63 63 63 

4.2 Qual i t y and CompreSSIOn Rat i o 

Table-2 shows the measured compression rat1os. 
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Table-1 Parameter combinations 

No. Color space Subsampled Components Scaling Factors 
Conversion o( (3 r 

0 2.0 
1 CMYK YCbCrK 0.25 0.25 
2 CMYK YCbCrK 0.80 0.80 
3 CMYK YCbCrK Cb Cr 0.20 0.20 
4 CMYK YCbCrK Cb Cr 0.70 0. 70 
5 CMYK YCbCrK 1. 30 1. 30 
6 CMYK YCbCrK 2.60 2.60 
7 CMYK YCbCrK y Cb Cr K 0.20 0.20 
8 CMYK YCbCrK y Cb Cr K 0.60 0.60 
9 CMYK YCbCrK y Cb Cr K 1. 60 1. 60 

Table-2 RelationshiP between a-table number and 
compression ratio 

Hi sh Qual it~ Low 

Image name 2 3 4 5 6 7 8 9 

Portrait 2.4 4. 6 10.1 11.& 12.9 17.6 23.3 45.6 5&.3 102.2 

Cafeteria 1.6 2.8 5.2 5.9 6.5 &.5 10.9 22.0 27.5 4&.5 

Fruit Basket 2.2 4. 0 &.8 10.4 11.4 15.9 25.7 44.1 57.0 102.7 

Wine & Tableware 2.5 5.0 11 .0 12.8 14.0 19. I 20.5 51.7 64.9 107.2 

Bicycle 2.3 4. 7 9.5 11 .0 11.9 15.8 20.5 41.0 50.9 &5.7 

Orchid 2.5 4.5 10.4 12.4 13.7 19.7 29.0 64.3 85.2 151.8 

4.3 Transmission via ISDN 64 kbit Channel 

Fig.4 shows the measured times needed to transmit SCID 
data via an ISDN 64 kbit channel. The transmission time 
decreased as the comPression ratio was increased. 
However, this trend only continued unti I the transmission 
time reached one minute which corresponds to the computing 
speed limit. 

4.4 Subjective Evaluation of Restored Images 

A subjective evaluation of the restored images has been 
carried out by a panel of experts in the prepress 
industry. Various parameters were changed and the restored 
images were separated, printed and evaluated. 
Fig.5 is an example of the results ofsubjectiveevaluation 
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compress,on Rat,o· 

Fig,4 Measured Transmission Time 

performed 1n total 21 experts from different printing 
companies. 
The quality of the restored images were rated under the 
normal room lighting conditions. 
Printed images from the restored data are compared to the 
image obfained from the original data and were graded 
according to three ranks: 

very good - 2, good - l and I imited use- D. 
Fig. 5 shows the relationship between the average scores 
for various coding conditions and their accumulated 
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f requenc 1 es. 
If a 50 %value of score 2 1s taken as the li mi t for 
pract1cal use. the corresponding compression rat i o are 1/ 

25.2 for Portra1t. 1/12 .7 for Cafeteria, 1/8.1 for W1ne & 

Basket and 1/9.1 for B1cycle. 
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Nl Portrait 
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N2 Cafeteria 
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N3 Fruit Basket 

!High-Qual i tyl 
I Compression! 
I I 
!Color I 
I Interleave I 
I I 
I I 
I [I /2. OJ I 

I I I I 0 I 
I Compression ! 
I I 
ISub-samp I i ng I 
I V Cr Cb K I 
I - - I 
I I 
I [I /8. OJ I 

I I I I 0 I 
I Compression! 
I I 
ISub-samPIIngl 
I V C r Cb K I 
I - I 
I I 
I [I /8. II I 

I I 125 I 
I Compress1onl 
I I 
ISub-samplingl 
I V C r Cb K I 
I - - I 
I I 
I [I /26. 21 I 

I I /25 
I Compression! 
I I 
!Sub-sampling I 
I V Cr Cb K I 
I - - I 
I I 
I [I /25. 2 J I 

I I /50 I 
I Compress1onl 
I I 
ISub-sampl ingl 
I V Cr Cb K I 
I X X I 
I I 
I [I 165J I 

Eva I uated Resu Its Scaling Factors 
1001 and SIN Ratios 

10 

7 

3 

6 

8 

C,M,V,K QM3 
S. F.: I. 0 

S/N 
Cy 51.3 
Ma 51.3 
Ve 51.3 
K 52.7 

V,K OM! 
S . F.: 0.25 

Cb,Cr OM2 
S. F. : 0. 25 

SIN : 
Cy 
Ma 
Ve 
K 

35.4 
36.5 
34. I 
38.4 

V,K OMI 
S. F. : 0. 20 

Cb.Cr OM2 
S.F.: 0.20 

S/N : 
Cy 
Ma 
Ve 
K 

33.8 
35.6 
32.3 
40.2 
for hi-fl 

V,K QMJ 
S. F. : 0. 50 

Cb.Cr OM2 
S. F. : 0. 60 

SIN 
Cy 27,2 
Ma 26.8 
Ve 26.6 
K 30. I 

Unusable 

Measured compression ra~10 
performed 
not s ubsampled 

SIN S/N ratios measured CdBl 

Figure 6Ccl RelationshiP between Evaluation and Compression Rat1o 
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N5 Bicycle 
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5. CONCLUSION 

Th1s paper has summarized the test results of JPEG appli-
cation for printing Industries. 
The JPEG codecs were supp I i ed by NEC, and separations and 

prints were produced by Dainippon Printing Co. Ltd .. 

The results show that the applicable limit of compression 
is about 1/10. 

When the S/N rat1o IS less than 30 db, the evaluated 

quality IS propotional to the S/N values. 

Nevertheless, the subJective quality of print from 

restrored data which S/N ratios are greater than 30 db 
does not seem to be propotional to the S/N values. 
It seems to depend on the composition of the respective 

pictures. 
In this experiment we have proved that JPEG IS suitable 
for continuous tone pictures. 
However, one important Issue, the necessary criteria to 
define the application data format at Interfaces between 

CEPS and the transmission channel, remain for future 
study. 
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