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From the Editor

Dear readers
It is my great pleasure to present to You the ﬁrst issue of
Journal of Graphic Engineering and Design - JGED, published
in the same year when the department of Graphic Engineering
and Design celebrates ten years from its foundation, and also
organizes the Fifth International Symposium on Graphic
Engineering and Design GRID 10, which is being held every
second year.
The years of creation and development are behind us. The
results are contemporary academic, master and PhD studies,
modern laboratories and young personnel who are here to
design a new future. For that future we have created this
scientiﬁc journal, oriented towards innovations in a highly
dynamic ﬁeld - ﬁeld of Graphic Engineering and Design.
Scientiﬁc papers will include accomplishments of researchers from the area of graphic technologies, scientiﬁc ﬁelds relevant to graphic technologies, modern media, multimedia and
design.
During our development important cooperation has been
established with scientiﬁc and educational institutions from
all over the world, especially from the surrounding region.
We have started a large number of cooperative researches
and it is to be expected that this journal will be the motivational strength that will keep us creating and presenting new
scientiﬁc achievements, both individual and collegiate.
The main aim we deﬁned when developing this journal is the
same as when we were developing the educational process on
all levels of studies is to achieve – a “high position among the
best“.
Prof. PhD Dragoljub Novaković
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Abstract
Datamatrix code is a type of 2D codes that can encode much more data on the same or smaller area than the linear barcodes. This makes 2D codes usable for marking even very small items. 2D codes can be decoded by the
readers in retails but also with the mobile phones equipped with camera and appropriate software. 2D codes can
be depicted in different materials or printed on different printing substrates. The application area of the codes is
broad, from magazines and newspapers to posters and packaging. Successful reading of 2D codes is possible if
the code is printed in appropriate contrast between the printing ink and substrate, like black ink printed on white
matt paper. Problems can occur if the code is printed in colors. The readability of 2D Datamatrix codes printed in
cyan, magenta, yellow and black was studied. Yellow is proved to be poorly readable. In addition, the bi-colored
and multi-colored 2D Datamatrix codes were studied. When four colors are used in creation of the 2D Datamatrix
code, poorly readable elements, yellow codewords, may cause the reading failure. 2D Datamatix codes are capable
to ensure good readability even if they contain a deﬁned number of poorly readable codewords due to the Reed –
Solomon error-correction system. The aim of the study was to investigate the effect of using yellow printed, poorly
readable, codewords in the multi-colored 2D Datamatrix code on the code readability.
Key words: 2D Datamatrix codes, readability, raster tone values, multi-colored codes, error-correction system,
poorly readable codewords

Introduction
Automatic identiﬁcation systems provide a fast and efﬁcient identiﬁcation of products. Among the most frequent
are certainly the barcodes, which we encounter daily on
the majority of retail products. Even though they enable
a quicker identiﬁcation of products their drawback is that
they can encode only small amounts of (usually numerical) data and their size is not suitable for labeling small
items. The concept of 2D codes is based on coding the
data in both horizontal and vertical directions. Its development enabled the encoding of much larger quantity of
First received: 09.07.2010.

numeric or alphanumeric data, up to 70 times compared to
conventional barcodes, on a smaller area. This enabled the
labeling and identiﬁcation of even the smallest products.
In addition, 2D codes are more and more used in different types of advertising and information management.
2D codes can encode the link to web pages and other
types of information accessible by mobile phone capturing. Liu and coauthors (2008) describe the recognition
of QR code with mobile phones. Laura Marriott (Mobile
Marketing Association, n.d.) from Mobile Marketing Association describes her view to mobile marketing, physical goods purchasing, 2D codes and mobile coupons.
Gao and coauthors (2007) explain the 2D code concepts,
types and classiﬁcations, 2D code processing solutions

Accepted: 05.09.2010.
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for mobile application support and list the major technology players and applications in mobile commerce,
Mobile com group (GS1, n.d.), supported by GS1, is an
industry-wide initiative to enable businesses to give consumers access to product information via their mobile
phones (Gao et. al, 2007). There are several standardized 2D codes, such as Datamatrix, QR Code, MaxiCode, Aztec Code, PDF417 Code and others, but mainly
Datamatrix and QR Codes are used. Application of 2D
codes varies from direct marking of small parts in metal,
to computer and aviation industry; they are also used
in medicine and pharmacy (Ostling Marking Sistems,
2009; Palmer, 2007). Moreover, the use of these codes
is extended to areas such as advertising and marketing.
2D codes can be read by mobile phones equipped with
a mobile phone camera and software for encoding 2D
codes (Figure 1) (Anon, 2009; GS1, 2008).
2D codes can be printed on different packaging and thus
give to the customer additional information about the
product or can be linked to the producer`s web page or
other content. The customer scans the code with a mobile
phone camera, software in the mobile phone decodes the
2D code and the decoded message is visible on the mobile phone display (GS1, 2009; ScanLife, 2008).
2D codes are usually printed ensuring maximum contrast, as black code printed on white substrate. This is
due to the properties of reader devices which operate
on the contrast-based principle. In advertising, design
often demands the use of color other than black and
white. This, however, might create problems in reading
and decoding of the data.
The aim of the study was to deﬁne the limits of readability of cyan (C), magenta (M) and yellow (Y) colors used in the printing of 2D codes and to investigate
the effect of using poorly readable codewords, yellow
printed elements, in the multi-colored 2D Datamatrix
code on the code readability.
Network

1

2
URL sent

2D code
scanned

Product with
2D code

www

Web site

Web page
returned

Consumer with
mobile phone

Figure 1. Identiﬁcation process of 2D code with
mobile phone - 1. scanning of the code with mobile
phone camera, 2. connection to the internet home
page. (GS1, 2009)

Theoretical part

symbol. Two adjacent sides, the left y and bottom x
sides, forming the L boundary, are solid dark lines.
They are used primarily to determine physical size, orientation and symbol distortion. The two opposite sides
are made up of alternating dark and light modules.
They are used primarily to deﬁne the cell structure of
the symbol, but also can assist in determining of physical size and distortion (Figure 2) (ISO, 2006).

Data
Finder pattern

Figure 2. Datamatrix code (Kaywa Datamatrix., n.d.)
In an even number of rows and columns, the squareshaped (10 × 10 to 144 × 144) or rectangular-shaped
(8 × 18 to 16 × 48) Datamatrix code can encode up
to 2335 alphanumeric data characters, 1555 8-bit byte
data character or 3116 numerical data (ISO, 2006).
Datamatrix codes can be read even at only 20% of contrast between the printing ink and substrate according
to the ISO/IEC 15415 (ISO, 2004). Datamatrix can encode data at only 1/10 of space of the linear barcode
(Williams, 2004).

Code Readers
Code readers operate on the principle of contrast between
the code (printing ink) and the background (printing substrate). For code decoding various code readers are used
and, in addition to readers, 2D codes can be decoded also
with certain types of mobile phones. There are essentially three types (Formby, n.d.) of code readers:
Camera-Based readers
Camera-based readers are the newest type of code readers. This type of readers uses a small video camera to
capture an image of the code. Sophisticated digital image processing techniques are then used to decode the
code. Video cameras are equipped with the same CCD
(Charge Coupled Device) technology as in a CCD code
readers except that instead of having a single row of
sensors, a video camera has hundreds of rows of sensors arranged in a two-dimensional array so that they
can generate an image(Taltech, n.d.). Camera-based
reader is the one used in capturing the codes with mobile phone camera (Figure 3).

Datamatrix Code
Datamatrix code consists of black modules arranged in
code matrix. Around the code there is a unique ﬁnder
pattern used for orientation and determination of the

2

Laser readers
Laser readers work on the principle of the red laser
beams (wavelength around 650 nm) emitted from the
laser diode, which scan the code. The code reader con-

Faculty of Technical Sciences - Graphic Engineering and Design

Point your camera
phone at the 2D code.

Snap a picture.

The 2D code will
decode instantly.

You'll be brought
to the web page.

Figure 3. 2D code reading with mobile phone (QReate and track., n.d.)
verts the analog waveform to the digital one (A/D conversion). The code reader converts the signal combination of the printed and non-printed modules into the
data according to the decoding rules (Keyence, n.d.).
CCD readers
CCD (Charge Coupled Device) readers use an array of
hundreds of tiny light sensors lined up in a row positioned
in the head of the reader. For providing good readability
of codes the resolution between 1000 and 2000 pixels

is desirable. Each sensor measures the intensity of the
light immediately in front of it. CCD reader is measuring emitted ambient light from the code (Taltech, n.d.;
World Intellectual Property Organization, 1994)

Datamatrix Code Encoding
The encoding of numerical, alphanumerical and other
types (ASCII, kanji and kana symbols) of data in the

Table 1. Properties of information encoding into code symbol of different sizes. (ISO, 2006)
Symbol
sizea
Row Col
10

a

10

Data region
Size

No.

8×8

1

Mapping
matrix
size

Total
codewords
Data

8×8

3

ReedSolomon
block

Interleaved
blocks

Error Data Error
5

3

5

1

Maximum data capacity
Num.

Alphanum.

Byte

6

3

1

% of
codewords
used
for error
correction
62,5

Max.
correctable
codewords
Error /
erasure
2/0

12

12

10 × 10

1

10 × 10

5

7

5

7

1

10

6

3

58,3

3/0

14

14

12 × 12

1

12 × 12

8

10

8

10

1

16

10

6

55,6

5/7

16

16

14 × 14

1

14 × 14

12

12

12

12

1

24

16

10

50

6/9

18

18

16 × 16

1

16 × 16

18

14

18

14

1

36

25

16

43,8

7/11

20

20

18 × 18

1

18 × 18

22

18

22

18

1

44

31

20

45

9/15

22

22

20 × 20

1

20 × 20

30

20

30

20

1

60

43

28

40

10/17

24

24

22 × 22

1

22 × 22

36

24

36

24

1

72

52

34

40

12/21

26

26

24 × 24

1

24 × 24

44

28

44

28

1

88

64

42

38,9

14/25

32

32

14 × 14

4

28 × 28

62

36

62

36

1

124

91

60

36,7

18/33

36

36

16 × 16

4

32 × 32

86

42

86

42

1

172

127

84

32,8

21/39

40

40

18 × 18

4

36 × 36

114

48

114

48

1

228

169

112

29,6

24/45

44

44

20 × 20

4

40 × 40

144

56

144

56

1

288

214

142

28

28/53

48

48

22 × 22

4

44 × 44

174

68

174

68

1

348

259

172

28,1

34/65

52

52

24 × 24

4

48 × 48

204

84

102

42

2

408

304

202

29,2

42/78

64

64

14 × 14

16

56 × 56

280

112

140

56

2

560

418

277

28,6

56/106

72

72

16 × 16

16

64 × 64

368

144

92

36

4

736

550

365

28,1

72/132

80

80

18 × 18

16

72 × 72

456

192

114

48

4

912

682

453

29,6

96/180

88

88

20 × 20

16

80 × 80

576

224

144

56

4

1152

862

573

28

112/212

96

96

22 × 22

16

88 × 88

696

272

174

68

4

1392

1042

693

28,1

136/260

104

104 24 × 24

16

96 × 96

816

336

136

56

6

1632

1222

813

29,2

168/318

120

120 18 × 18

36

108 × 108 1050

408

175

68

6

2100

1573

1047

28

204/390

132

132 20 × 20

36

120 × 120 1304

496

163

62

8

2608

1954

1301

27,6

248/472

144

144 22 × 22

36

132 × 132 1558

620

156
155

62
62

8
2

3116

2335

1555

28,5

310/590

Symbol size does not include quiet zones, i.e. module width on all four sides around the code.
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Datamatrix code conforms to ISO 16022 standard
(ISO, 2006). The Datamatrix code basically consists of
modules that represent binary 0 and 1 value, i.e. encoded data with ﬁnder pattern (Figure 3). The size of
the Datamatrix code depends on the amount of data
ranging from 10 × 10 to 144 × 144 modules. Actually,
the minimum amount of information encoded is 8 ×
8 plus 2 modules: one on each side of the ﬁnder pattern. For larger quantities of encoded data, 4, 16 or 36
Datamatrix codes can be merged into one code. The
amount of data that can be encoded into the matrix of
each particular size is deﬁned in standard (ISO, 2006)
and shown in Table 1.
Datamatrix codes also include the Reed-Solomon error
correction system that enables correct reading even if
the code is partially damaged, torn or dirty.
The encoding process for Datamatrix code is divided
into following steps:
• The size of the code is determined according to the
type and amount of data (table 1);
• Data (numbers or letter) have to be changed into binary values (0 and 1) using the convert table between
ASCII, decimal and binary values;
• Binary values have to be entered into codeword as is
shown in Figure 5;
• Codewords with binary values are entered into code
matrix according to the deﬁned rules (Figure 6);
• The binary value of 1 represents black and 0 value
represents a white module;
• To complete the code, the ﬁnder pattern is added
around the encoded data.
The basic form of data encoding is determined by the
form of codeword, which consists of 8 binary bits distributed from position 1 to 8 as shown in the Figure 4.
In one such codeword we can encode two numbers or
one letter.

1

2

3

4

5

6

7

8

Figure 4. Codeword (ISO, 2006)
Positioning of codewords into the code matrix
After positioning of bytes into codewords, codewords
have to be positioned into the code matrix. The positioning starts with the second codeword in the uppermost left corner. It is continued in a manner that all
eight bits of each codeword are followed by a diagonal
at 45° as is shown in Figure 5. At some parts of the
code, codewords have to be divided into more parts and
placed into the code matrix according to the rules for
codeword dividing deﬁned as in the standard. At the
codes with data region sizes 10 × 10, 14 × 14, 18 × 18
and 22 × 22 in the lower right corner 4 empty modules

4

remain. Upper left and lower right are black the other
two are white.
2.1 2.2 3.6 3.7 3.8 4.3 4.4 4.5
2.3 2.4 2.5 5.1 5.2 4.6 4.7 4.8
2.6 2.7 2.8 5.3 5.4 5.5 1.1 1.2
1.5 6.1 6.2 5.6 5.7 5.8 1.3 1.4
1.8 6.3 6.4 6.5 8.1 8.2 1.6 1.7
7.2 6.6 6.7 6.8 8.3 8.4 8.5 7.1
7.4 7.5 3.1 3.2 8.6 8.7 8.8 7.3
7.7 7.8 3.3 3.4 3.5 4.1 4.2 7.6

Figure 5. Positioning of codewords into the code
matrix (ISO, 2006)
While positioning the codewords into the code matrix
the codewords with encoded data are positioned ﬁrst,
followed by codewords for error correction. Thus, in
Figure 6, data codewords are positioned in places 1, 2
and 3 and all the other codewords represent error correctors.
1

0

0

1

1

0

2.3 2.4 2.5 5.1 5.2 4.6 4.7 4.8

1

0

0

0

0

0

1

0

2.6 2.7 2.8 5.3 5.4 5.5 1.1 1.2

1

0

0

0

1

1

1

0

1.5 6.1 6.2 5.6 5.7 5.8 1.3 1.4

1

0

0

0

0

1

0

0

1.8 6.3 6.4 6.5 8.1 8.2 1.6 1.7

0

0

0

0

0

1

1

1

7.2 6.6 6.7 6.8 8.3 8.4 8.5 7.1

1

1

0

1

1

0

0

0

7.4 7.5 3.1 3.2 8.6 8.7 8.8 7.3

1

1

1

0

1

1

0

0

7.7 7.8 3.3 3.4 3.5 4.1 4.2 7.6

0

0

1

1

1

0

1

0

2.1 2.2 3.6 3.7 3.8 4.3 4.4 4.5

1

0

Figure 6. Positioning of codewords into the code
matrix with 8 × 8 data region and ﬁnal Datamatrix
code with ﬁnder pattern (ISO, 2006)
Example of data encoding
According to the ASCII encoding procedure, to encode
numerical values of two digits, 130 should be added to
the number. Encoding of numbers »1«, »2«, »3«, »4«,
»5« and »6« is presented below. ASCII encoding converts 6 characters to 3 bytes:
»12« = 12 + 130 = 142
»34« = 34 + 130 = 164
»56« = 56 + 130 = 186
After a short calculation each “result” is represented
with followed decimal numbers: 142, 164 and 186.
The conversions according to ASCII, from decimal to
binary values are shown in Table 2 (IBM, n.d.). The
binary values are then put into codewords and inserted
into the code matrix.
Table 2. Conversions from numbers to binary values
Pairs
of numbers

Adding 130

Result or
decimal value

Binary
value

»12«

12 + 130

142

10001110

»34«

34 + 130

164

10100100

»56«

56 + 130

186

10111010

Faculty of Technical Sciences - Graphic Engineering and Design

Reed-Solomon error correction
To enable detection and correction of errors that arise
when storing or reading data, the Datamatrix codes
employ Reed-Solomon error-correction (Reed and
Solomon, 1960). A Datamatrix code consists of data
codewords and error correction codewords, which are
computed from the data. It is known that adding t error correcting codewords to data results in capability
of correcting at most [t ⁄ 2] (codeword) errors when using a linear error-correcting code. This upper bound is
achieved by the Reed-Solomon codes.
The description of the process of encoding data with
Reed-Solomon codes for the 8 × 8 Datamatrix codes:
all the arithmetic is done in the binary Galois ﬁeld GF
(28) of order (28), deﬁned by the irreducible polynomial
f(x) = x8 + x5 + x3 + x2 + 1. That means that any
codeword is represented as a polynomial of degree
at most 7; addition is the usual addition of polynomials (reducing coefﬁcients modulo 2) and multiplication is the usual multiplication of respective
polynomials, followed by a reduction modulo f(x)
(and again reducing coefﬁcients modulo 2). To
produce ﬁve error correcting codewords from three
data codewords, an appropriate irreducible generator polynomial g(x) of degree 5 is used, namely
g(x) = x5 + 62x4 + 111x3 + 15x2 + 48x + 228 (the coefﬁcients of g are symbols from GF (28), represented
as decimal numbers). The data s = (s1, s2, s3) is then
treated as the polynomial s(x) = (s1x2 + s2x + s3) of
degree 2 with coefﬁcients from GF (28). The so-called
check polynomial c(x) is calculated and it is the remainder of the polynomial s(x) · x5 divided by the generator polynomial g(x), i.e., there exists a polynomial
r(x) such that s(x) · x5 = r(x)g(x) + c(x). The coefﬁcients of the check polynomial, which is of degree
at most 4, give the 5 error correcting codewords. This
results in capability of correcting 2 corrupted codewords from any of the 8 Datamatrix codewords. A
Datamatrix code is read correctly, if g(x) divides s(x)
· x5 – c(x), where the polynomial s(x)is formed from
the ﬁrst three codewords and c(x) is formed from the
remaining ﬁve codewords of the code. Otherwise a
more sophisticated decoding algorithm has to be used,
that determines the positions and values of the errors.
The ISO 16022 standard (ISO, 2006) recommends
and describes the Peterson-Gorenstein-Zierler decoding algorithm.
Example of check-digit calculation
Let us calculate the error correction codewords for the
data »123456« from the previous example. This data is
represented with the decimal values 142, 164 and 186.
The data polynomial is formed as s(x) = 142x2 + 164x
+ 186. The check polynomial s(x) = 114x4 + 25x3 + 5x2
+ 8x + 102 is calculated as the remainder of the polynomial s(x) · x5 divided by g(x), the ﬁve error correct-

ing codewords being (114, 25, 5, 88, 102) in decimal
notation, or (1110010, 00011001, 00000101, 1011000,
1100110) in binary notation. These codewords are then
inserted into the code matrix as in Figure 7. All the
arithmetic is done in the Galois ﬁeld GF (28) described
above.

Experimental part
Previous research (Bogataj et. al, 2010) on the readability of 2D codes printed in several digital printing
techniques and using different ink colors (CMYK)
proved the possibility of printing 2D codes in different colors. The level of contrast of each individual
color necessary for successful readability of the code
was determined.
The creation of 2D Datamatrix codes in multiple
colors offer additional options to advertisers and designers. Therefore, the readability of multi-color 2D
Datamatrix codes was studied. The experimental part
included:
1. The analysis of the readability of monochromatic
codes (CMYK) printed in different raster tone values;
2. The analysis of the readability of codes with a ﬁnder
pattern in black and data region in cyan, magenta or
yellow;
3. The analysis of the readability of codes with a ﬁnder
pattern in cyan, magenta or yellow and data region
in black;
4. The analysis of the readability of multi-color codes.

Materials and methods
Code generating.
Code was generated using the Kaywa generator (Kaywa
Datamatrix., n.d.). Numbers “123456” were encoded
into the Datamatrix code. They were encoded into ﬁrst
three codewords according to the described procedure
of data encoding.
Staining the modules.
Datamatrix codes were printed in four process inks:
cyan, magenta, yellow and black in different raster tone
values in 10% steps ranging from 10 to 100 %. Datamatrix codes with a ﬁnder pattern in cyan, magenta or yellow with a black data region were printed. Also, codes
with a ﬁnder pattern in black and data region in cyan,
magenta or yellow were printed.
The next step was the creation of multi-color codes. In
the creation of this type of codes attention was paid to
print no more than two codewords in yellow.
According to the standard the code with a data region
of 8 × 8 modules (symbol size 10 × 10) provides two
codewords that can be corrected (Table 1). It was assumed that yellow printed modules are poorly readable
or not readable at all, while cyan, magenta and black
printed modules are readable. In order to prove the ca-
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pability of correction the codes with three yellow codewords were also created. The hypothesis was that such
codes will not be readable.
Printing.
The codes were printed on laser printer HP Color LaserJet 3550 with default settings and resolution 600 ×
600 dpi. The printing substrate was packaging cardboard Reno de Medici 230 g/m2 (Italy).
Reading.
All samples were exposed to standard daylight in
The Judge II (Gretag Macbeth) chamber and illuminated at 45° angle. The readability of codes was
detected using mobile phone Nokia N86 8MP with
i-nigma software for decoding 2D codes. The readability of codes in real conditions at the workplace
was determined also.

The analysis of readability of codes with a ﬁnder pattern in black and data region in cyan, magenta or yellow printed in 100% raster tone value was determined
(Figure 9). The readability tests showed that Datamatrix codes with a ﬁnder pattern in black and data
region in cyan and magenta were readable. The blackyellow combination was not readable. Even though
the ﬁnder pattern was black and enough contrast was
provided to read and to detect the orientation of the
code, the mobile phone still could not read the code
with yellow printed data.

Figure 9. Codes with cyan, magenta and yellow data
and black ﬁnder pattern

Results and discussion
The level of readability of each individual code color
was determined according to the percentage of printed
raster tone value (Figures 7 and 8).
10%

20%

30%

40%

50%

60%

70%

80%

80%

100%

The analysis of readability of codes with a ﬁnder pattern in cyan, magenta or yellow and data region in black
printed in 100% raster tone value was determined as
well. Again, the cyan-black and magenta-black combinations were readable, while the yellow-black combination was not (Figure 10).

C
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Y

K

Figure 7. Cyan, magenta, yellow and black codes in
different raster tone values.
Codes printed in cyan, magenta and black are readable
at 30 % raster tone value while the yellow code is readable at 70 % raster tone value. In other words the yellow ink alone is poorly readable. Because of that fact
and our intention to design codes with all four process
inks, we assume that the readability of the code would
only be possible with the support of the Reed-Solomon
error corrector if the code consisted of not more than
two code words in yellow.
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Figure 8. The lowest contrast of code that mobile
phone can still read it
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Figure 10. Codes with
black data and cyan, magenta
and yellow ﬁnder pattern
In the yellow-black combination the reader could not
ﬁnd the orientation of the code implying that the contrast between the ﬁnder pattern and the data region was
too high.

Analysis of multi-color codes
2D Datamatrix codes consisting of codewords in all
four colors were printed. Some codes had two and others had three yellow codewords (Figure 11). The experiment showed that the multi-color 2D Datamatrix codes
with two yellow codewords were readable, while those
with three yellow codewords were not. This was true
for both readings, in chamber at standard daylight and
in real conditions (Table 3). It is obvious that yellow
is poorly readable, as only the codes with two yellow
codewords were read successfully. The reading success
of those codes is ascribed to the Reed-Solomon error
correction system whose capability is to correct up to
two errors in the code of this size (8 × 8 data region, i.e.
10 × 10 code size).

Faculty of Technical Sciences - Graphic Engineering and Design

Three yellow codewords

Three yellow codewords

Figure 11. Multi-color Datamatrix codes
Table 3. Multi-color Datamatrix readability results
Readability

Number of
yellow
codewords

Standard daylight
in chamber

Real daylight
at workplace

2

+

+

3

-

-

Conclusion
The study has shown that 2D Datamatrix codes can
easily be printed in different full colors or in different
raster tone values. Regarding the readability, the colors
behave differently, their level of readability depending
on the raster tone value. The results of the experiment
proved that cyan, magenta and black are readable at a
30% raster tone value, while yellow is readable at 70%.
In this respect, yellow proved to be poorly readable. In
addition, the colors can be used in printing of code elements - ﬁnder pattern or data region. The codes printed
in combinations of black and color in 100% raster tone
value (black ﬁnder pattern and colored data region or
vice versa) proved to be readable for cyan and magenta.
When yellow is used either for the ﬁnder pattern (with
black data region) or for data region (with black ﬁnder
pattern) it is not readable at all. This implies that the
contrast between the printing substrate and the printed
code is not the only relevant factor for readability but
the contrast between the code elements is relevant as
well. It is also possible to produce the code using all
four process colors, the multi-colored code. Due to the
Reed-Solomon error correction option it is possible to
accurately decode the data from multi-color codes if
they contain up to two poorly readable elements (yellow codewords) in an 8 × 8 data region (10 × 10 code
size). If the number of poorly readable codewords exceeds two, the entire code is not readable. We may conclude that multi-colored codes are suitable for advertising and marketing where some special color effect is
attractive and codes are read with mobile phones that
use camera-based readers.
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Abstract
Black point compensation (BPC) is a feature developed by the Adobe company in order to address the problem caused
by differences between the darkest level of black achievable on input and output devices and it’s not a part of ICC
speciﬁcations. If it’s turned on – black colour of input device will be mapped into the black colour of an output device;
if it’s not – mapping will be performed regarding the rendering intents. By default this option is turned on, which is
a good solution in most cases. The aim of the work is to accurately deﬁne when black point compensation should be
activated, and when not, and also to investigate inﬂuence of different colour management modules on colours allocation after conversions, in accordance to their psychophysical values. Regarding theoretical background and results of
experimental part of this work conclusions about BPC usability are carried out.
Key words: rendering intent, mapping, colour appearance

Introduction
Precise deﬁnining reproduction characteristics of all
devices in print production chain, as well as deﬁning
conversions between input and output devices is one of
the main aim of colour management system. In proﬁles,
basic elements of open colour management system, is
well deﬁned how white colour of an input device is converted into the white colour of output device. The exact
form of converting these values, like all the other chromatic values, is speciﬁed in rendering intents. Mapping
of a black colour, nevertheless, is not specially deﬁned
(Adobe Systems Incorporated, 2006).

values then output device (Figure 1). If the destination colour space has smaller gamut then source colour
space, enabling BPC while mapping the darkest values will preserve dynamic range of a device, but with
certain compression (Nate, 2004). That is why BPC is
often considered as a gamut compression algorithm
(Bonnier et al., 2008).

Theoretical part
Black point compensation is used to preserve overall
colours ratio on devices with different gamuts. Without compensation the darkest tones would be lost if the
input device is capable of reproducing higher density
First received: 15.07.2010.
Accepted: 10.09.2010.

Figure 1. Example of tone mapping during conversion
from larger to smaller gamut colour space
9
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YilowBPC - scaled Y value of the destination pixel i,
Yilow - the Y value of the source pixel i,
Yminlow - the minimum Y value of the image,
YminDest - the minimum Y value of the destination
device.
By minimum Y value of the destination space lowest
luminance value in that space is taken into consideration or in speciﬁc workﬂow lowest black value that
can be obtained on output device. The same ratio stand
when calculating XilowBPC and ZilowBPC.
BPC option is just an additional element to be considered during colour conversions, while rendering intents
precisely deﬁne how to transform out-of-gamut colours.
Depending of effect which is to be attained, one of four
rendering intents, deﬁned by ICC speciﬁcations, can
be used (Perceptual, Saturation, Relative Colorimetric
and Absolute Colorimetric).
Perceptual rendering intent change all the colours of
a source space into the colours of a destination space
in the way that preserve overall colours relationship.
This method is good when converting images that
contain signiﬁcant out-of-gamut colours (Fraser et
al., 2005), and it is often used when converting photographs. When rendering colours with Saturation rendering intent, colours are changed so that source space
completely ﬁt destination space. Thus it is possible to
produce more saturated, vivid colours, and it is mainly
used for business and commercial graphics. Colorimetric rendering intents reproduce all colours which are in
gamut of destination space exactly the same and clips
out-of-gamut colours to the closest reproducible hue.
That makes these intents the most precise, because only
out-of-gamut colours are changed. However, it also
means that more than one colour from source space

Black point compensation should not be activated if
conversion is made from smaller to larger gamut colour
space (CMYK-RGB, for instance). In this case, mapping both white and black will cause incorrect representation of source colours, which can be a signiﬁcant
problem if precise reproduction is an aim. Example of
this type of conversion is calculation from output device colour space to display colour space in soft proofing, where using BPC is generally not recommended.
Black point compensation precedes other gamut mapping operations and is based on linear scaling in XYZ
colour space. Source’s XYZ colour space is scaled to
that of the destination, where difference in XYZ values
for black colour is deﬁned as follows (Morovič, 2008):

Xbpc
Ybpc
Zbpc

Yw -Ybpd
Yw - Ybps

Xw
Yw
Zw

O

O

Yw -Ybpd
Yw - Ybps

O
O

O
Yw -Ybpd
Yw - Ybps

O

Xw
Yw
Zw

Xs
Ys
Zs

(1.1)

Where elements are deﬁned as:
Xbpc, Ybpc i Zbpc – compensation magnitude
Xw, Yw i Zw – white point in PCS (usually D50)
Xbps, Ybps, Zbps – black point in source colour space
Xbpd, Ybpd, Zbpd – black point in destination colour
space
Xs, Ys, Zs – white point in source colour space.
If the lowest luminance value of pixel in an image is
taken into consideration, compensation can be deﬁned
as follows (Bonnier et al., 2008):
YilowBPC = Yilow -Yminlow (1 - YminDest) + YminDest
1 -Yminlow

(1.2)

Where elements are:

3
4 5

gamut of CMYK
colour space

1

3
1

3

3

4
2

6

2

gamut of RGB
colour space

5

6

1

4
2

5

6

1

4

5

6

2

Figure 2. Illustration of mapping methods when converting colours from RGB to CMYK colour space (dots marked
with 1, 2 and 3 are within gamuts of both spaces, while 4, 5 and 6 are outside destination space gamut)
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can be mapped into closest single colour of destination
space which sometimes result in “cutting off” colours
of input device. Relative Colorimetric rendering intent
maps white colour of a source to white colour of destination device, while Absolute Colorimetric maintain
white colour of input device by changing all the other
hues. Figure 2 shows illustration of mapping methods
where position of speciﬁc colour in presented by dots.
Position of a colour before conversion is marked with
black, and after mapping with white dot.
It is not necessary to activate BPC option with Perceptual rendering intent, because all the colours of input
device (including black) are mapped into the colours
of output device. Still, BPC is available for this rendering intent, to be used with malformed proﬁles. Because
of a type of rendering, BPC option is not available for
colour conversion using Absolute Colorimetric rendering intent, and it can be activated with Relative Colorimetric and Saturation.
Besides rendering intents, the important role in colour
conversions plays colour management module (CMM).
Using the information’s from proﬁles, CMM performs
all the calculations needed for converting colour from
one colour space to another. CMM is usually bound
for operating system itself or software manufacturer.
Achieving constant colour from one application and device to another on operating system basis without colour
management system is extremely hard task. Before ICC,
every application used its own speciﬁc colour management system, thus complicating the communication between different colour reproduction softwares.

Microsoft, creator of Windows operating system, in
Windows 95 implemented its ﬁrst colour management
module – Image Color Management (ICM). ICM version
1 supported ICC system and RGB proﬁles. Second, improved version of ICM, maintain compatibility with ICC
technology with extended list of supported colour spaces
(CMYK, Lab), standard colour spaces (sRGB) and also
use divers colour management module (as default CMM
LinoColor is used, today in Heidelberg’s property). This
approach enable that user in graphic application (like
Photoshop) can decide which CMM to use. Usually, it is
ICM or Adobe CMM, which are also tested in this work.
With new operating system, Windows Vista, Microsoft
presented new colour management system which differs
from previous – it has it’s own types of proﬁles, methods
for gamut mapping and contains modiﬁed CMM with
colour transformations that include colour appearance
model’s equations. The basic concept of Windows Vista
system is shown in Figure 3.
Windows Vista also contain upgraded ICM (version 3)
which can be used with current ICC technology and
ICC proﬁles. User can decide to use WCS for colour
transformations, and it can be activated during hybrid
colour management with both ICC and WCS technology. WCS instead present CMM for colour transformations use new CITE system. Beside modiﬁed colour
calculation, WCS brings in speciﬁc proﬁles based on
XML language. Adobe applications do not support
WCS directly, but by enabling ICM module and choosing one of the Vista’s proﬁles, colour transformations
will be performed through new colour management

Figure 3. Basic concept of Windows Vista colour management system
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system. Since Vista’s WCS calculates the color transformation on the ﬂy and has the exact information for
each device’s gamut, gamut mapping should be more
efﬁcient and accurate. This means that black point
compensation is essentially turned on at all times, incorporated into colour transformations, thus producing
different results then ICM transformation method.

Method and materials
In order to deﬁne usability of black point compensation
while making transformations from one colour space to
another, RGB to CMYK conversions of digitally created GretagMacbeth SG test target were performed (due
to the fact that conversion is performed from larger to
smaller colour space’s gamut some clipping of colours
must occur). Test target was converted with different
rendering intents with or without activating BPC. As a
source proﬁle sRGB was chosen (white point values: L
100, a -2, b -19; black point values: L 0, a 0, b 0), while
as destination proﬁle Europe ISO Coated Fogra27, ofﬁcial Fogra standard for printing on coated papers was
used (white point values: L 96, a 0, b -3; black point
values: L 12, a 0, b -1). As seen in Figure 4, gamut described by sRGB proﬁle is signiﬁcantly wider than the
one of Coated Fogra27.

orSpace software. Changes in hue and lightness after
conversion with and without BPC (with certain rendering intent and CMM) are observed. Besides comparing
different modules (ICM and ACE) on Windows XP operating system, transformations are also done on Vista
OS which use modiﬁed modules. WCS colour rendering can be activated if one of the Vista’s proﬁles is used
during transformations. Thus, to ensure that WCS is
turned on, wsRGB proﬁle instead of sRGB was used
as a source space.
In order to estimate whether obtained results correspond to subjective colour perception conversions are
also performed for three types of images: high key image (deﬁned as Type 1), middle key image (Type 2)
and low key image (Type 3). Images used together with
their histograms are shown on Figure 5.

Figure 4. 2D projection of proﬁles gamuts in
Lab colour space
(sRGB gamut marked red, Coated Fogra27 gamut
marked green)

Figure 5. Images used for perceptual evaluations:
a. high key image together with corresponding
histogram, b. middle key image and its histogram,
c. low key image and its histogram.

Conversions were performed within Adobe Photoshop
CS4 where besides rendering intents, colour management modules (ICM and Adobe CMM) were also varied. After conversions allocation of colours on image
are observed inside device independent colour space
(CIE Lab) within CHROMiX ColorThink software
and also in LCH colour space using the Couleur Col-

Basic image and images converted with or without
BPC (with certain CMM and rendering intent) are observed in CIE Lab colour space within Photoshop CS4
on calibrated LCD monitor (Samsung T220, calibrated
according to ISO 12646:2008). Images are displayed in
two rows - basic image in ﬁrst, and converted in second
row. Since surround have a great impact on appearance
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of colours viewed on monitor (Fairchild, 2005) evaluation is performed in dark room so that no ﬂare light can
affect colour appearance.
Visual evaluation of converted images regarding to
similarity with the basic one was performed. Twenty
observers ages from 21-33, all students and employees of department for Graphic engineering and design,
took part in visual evaluation. They were all tested for
colour blindness with Isihara test and also with Farnsworth Munsell 100 Hue test (within software Color
Vision) in order to estimate their ability to distinguish
small chroma and luminance variations. The observers were presented with the original image along with
pairs of candidate converted images and were asked to
pick the most accurate reproduction with respect to the
original image. In order to avoid systematic error, due
to some persons might prefer one side to another when
the images seem indistinguishable (Dugay, 2007), all
pairs were presented twice in different order.

(full density), while when BPC is activated position of
colours are marked more transparently.
Black point compensation usually has no effect on neutral light colours. With other colours dislocations are
mostly noticed as shifting to higher L values, more expressed with dark tones (Figure 6). These shifts are in accordance with theoretical background of gamut mapping
since black point of source proﬁle is on lower L value.
Shifts in hues are observed on 2D gamut projection on
a-b axes of Lab colour space (Figure 7). If during conversion from one colour space to another BPC is used, hues
are mostly shifted toward L axis, where biggest shifts are
noticed at blue, green and also some red tones. These deviations can be explained with the fact that sRGB colour
space has wider gamut from chosen CMYK space exactly in mentioned tones (as presented earlier on Figure
4), so these are the most affected during mapping.

Results and discussion
After test target conversions, allocation of colours in
Lab colour space showed that if Perceptual and Saturation rendering intents are used differences in colours
position when BPC is and is not activated are negligible. Shifts in hues are not noticed, while with certain
colours (purple, green and dark neutrals) small shifts
toward higher L values were detected. This can easily be explained with rendering methods and also by
gamuts of proﬁles used for conversion. Same results
are obtained when Microsoft ICM and Adobe (ACE)
colour management modules are used.
With Relative Colorimetric rendering intent signiﬁcant
changes in both hue and lightness are noticed if BPC is
activated during conversions. Most of the colours are
shifted toward higher L values and L axis itself (which
leads to global saturation reduction). Small differences
are noticed if different modules are used. In Figure 6
positions of GretagMacbeth SG test target colours in
Lab colour space are shown. When target is converted
without BPC activated, colours are presented darker

Same is noticed when hue shifts are observed in LCH
colour space (within Couleur Color Space software).
Arrangement of colours from test target when converted with or without BPC activated in LCH colour space
are presented in Figure 8.

Figure 6. Arrangement of colours from
GretagMacbeth SG test target in Lab colour space
after converting from RGB to CMY with Relative
Colorimetric rendering intent and ACE CMM (when
BPC is not activated colours are presented darker)

Figure 8. Arrangement of GretagMacbeth SG test target
colours as a 2D projection of gamuts on L-C axes of LCH
colour space after converting from RGB to CMY with
Relative Colorimetric rendering intent and ACE CMM
(when BPC is not activated colours are presented darker)

Figure 7. Arrangement of GretagMacbeth SG test
target colours after converting from RGB to CMY with
Relative Colorimetric rendering intent and ACE CM 2D projection on a-b axes in Lab colour space (when
BPC is not activated colours are presented darker)
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Results obtained by visual assessment of converted images are presented in Table 1 and 2. Here, the preferred
images (with respect to the original), which most of the
observers chose, are marked with plus sign. It means
that image converted with given rendering intent is regarded as better reproduction of original image. Sign is
not placed if observes couldn’t distinguish difference
in displayed images. In the case where rendering with
ACE module is assessed, 16 observers (80%) gives
the answers presented in Table 1 , while with the ICM
module with Perceptual and Saturation rendering only
2 observers gave different answers from the others i.e.
noticed difference in rendering with and without BPC.
Since it is only 10% of all the observers and both judgments were different, those are not regarded as valid
results.
With Perceptual and Saturation rendering observers
usually couldn’t perceive any difference in displayed
images, which conﬁrmed conclusions deducted by observing colours shifts in Lab colour space. When Relative Colorimetric rendering is used better results are
obtained with activated BPC, since details in dark areas
are preserved. Exception is rendering high key images
where better reproduction of original image is gained
without BPC (was noticed when ICM module is used).
This can be explained by colours of the image itself. In
this case, using BPC result in all tones shifts, and since
there are very few dark tones in image which is to be
mapped result is incorrect reproduction. These deviations are not large, but if precise reproduction is goal,
they should be taken into account.
Second part of testing included estimation of the differences in rendering on Windows Vista OS. ACE module
(with activated BPC) and Vista’s WCS colour manage-

Colour shifts when ICM module and Relative Colorimetric rendering are used for conversion are very similar to previous. Colours also shifted toward higher L
values, and dark neutral tones are, again, mostly affected. The only noticeable difference is that purple tones
are less shifted when ICM module is used, which can
be seen on Image 9 where projection to a-b axes of Lab
colour space is presented.

Figure 9. Arrangement of GretagMacbeth SG test
target colours after converting from RGB to CMY with
Relative Colorimetric rendering intent and ICM CM 2D projection on a-b axes in Lab colour space (when
BPC is not activated colours are presented darker)

Table 1. Results of visual assesment when using ACE module on Windows XP

Type of the
image used

Relative Colorimetric
rendering
Without BPC

With
BPC

Type 1

Perceptual rendering

Without BPC

With
BPC

+

Type 2

+

Type 3

+

Saturation rendering

Without BPC

With
BPC

+

Table 2. Results of visual assesment when using ICM module on Windows XP

Type of the
image used

Relative Colorimetric
rendering
Without BPC

Type 1

With
BPC

+

Type 2

+

Type 3

+
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Perceptual rendering

Without BPC

With
BPC

Saturation rendering

Without BPC

With
BPC
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ment system, in which BPC is always activated are
taken into consideration. Here, as mentioned, wcsRGB
was chosen, in order to ensure that WCS rendering is
used. In Figure 10 colours of GretagMacbeth SG test
target after conversion with both rendering methods and
Relative Colorimetric intent are shown as a projection
on a-b axes in Lab colour space. It can be noticed that
saturation achieved with Adobe CMM (ACE) is somewhat lower then the one gained when WCS is applied.
The same is noticed when Perceptual and Saturation
rendering intent are used. Changes in saturation level
are very small, and thus it can be concluded that ACE
CMM with activated BPC and WCS (where mapping
is always performed with compensating black levels)
gives pretty much the same colours rendering results.

Figure 10. Arrangement of GretagMacbeth SG test
target colours after converting from RGB to CMY with
Relative Colorimetric rendering intent on Windows
Vista OS - 2D projection on a-b axes in Lab colour
space (when ACE module is used for transformations
colours are presented darker, when WCS CMM is used
colours are shown more transparently)

and therefore in cases when high key images are to be
converted BPC should not be taken into consideration.
With all other image types better results are obtained if
BPC is turned on during conversion. When performing
transformations on Windows Vista OS pretty much the
same results are obtained with ACE CMM where BPC
is turned on and Vista’s native CMM.
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Conclusion
Based on the presented results it can be concluded that
black point compensation is not effective for every
types of images. Usability depends more of desired rendering intent, and less of chosen CMM. Difference in
colour appearance is noticeable when conversions are
performed with Relative Colorimetric rendering, while
with other rendering intents effect of black point compensation is not emphasized regardless of the CMM
used. Neutral dark tones are the most affected with BPC
and also the tones which our out of destination space’s
gamut. Thus, BPC is the most useful when converting
low key images and with images where some details
in dark areas have to be preserved. Activating BPC
with high key images leads to inaccurate reproduction,
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Abstract
Rapid technological and economic changes are setting radically new task for maintenance divisions of printing
works. In this dissertation the author provides a summary on the possible approaches for the adoption to the new
requirements. He formulates his situation analysis based on an exhaustive questionnaire survey, and points out the
currents of changes and challenges caused by the expected developments in the maintenance ﬁeld of the printing
industry.
Based on the possible answers on these challenges, the Author has compiled a - yet missing - maintenance management model that encompasses the maintenance specialties of the industry, as well as the professional heritage and
the latest scientiﬁc accomplishments in the discipline of maintenance.
The model is based on the widely accepted quality focused maintenance approach, that is supplemented by the
Author with four new aspects - 1) reliability-focused culture, 2) quality management system, 3) employment of
external service provides, 4) maintenance characteristics speciﬁc to printing machinery - determining their effects
and integrating them into one single system.
In order to construct the model, the Author develops speciﬁc solutions that can be seen as own scientiﬁc achievements on the speciﬁcation of maintenance characteristics of printing machinery; on the efﬁciency improving applications of quality management systems, modern knowledge management and reliability focused corporate culture;
and on the implementation of a maintenance information system.
Keywords: maintenance of printing plants, maintenance models, corporate culture, reliability
“God grant me the serenity to accept the things I cannot change, courage to change the things I can, and wisdom
to always tell the difference.”
Kurt Vonegut: Slaughterhouse Five
Delacorte Press, New York, U.S.A. 1966, Chapter 3, p. 60

Introduction and motivation
Expert managers (probably many other people) working in the maintenance of printing industry begin their
day with the prayer cited above. Probably this is one - if
not the only - common consistent characteristic of their
professional life.
Revolutionary changes have occurred in the world’s
printing industry in the past three decades. The half
First received: 20.07.2010.
Accepted: 18.09.2010.
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millennium old “Gutenberg technology” is the history
of printing industrial today. Electronics and computer
technology have completely taken over the role of text
generation. The integrated manufacturing systems, introduced to printing and bindery processing, have completed this development process. The changes have
occurred in the Hungarian printing industry, with a
couple of years delay though, with an enormous momentum. The conversion to market economy and the
accession to the economical processes of the European Union have been and still are further strengthen-
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ing the position. The maintenance organization of the
industrial branch is facing new, signiﬁcantly different
challenges deriving from the changes. Examples and
scientiﬁc publications about the adaptation to the new
situations are rare world-wide, and there are none in
Hungary at all.
I feel fortunate because I could actively participate in
the twisting momentum during the last 30 years at my
ﬁeld of interest. I’ve felt a great miss of the industrial
adaptations of the theoretical and published maintenance or maintenance organization results ever since
the beginning of my carrier. I quite early understood, as
the scope of my scientiﬁc carrier became transparent,
that I had to work on this unexplored area of science.
I especially wanted to develop new solutions in the
transfer of theoretical results to the practice. The more
than 20 years old of my theoretical and research work
- completed with the continuous practical work - in the
ﬁeld of maintenance organization of printing industry
gives the background of this paper.

Aim of the research, basic principals
The aim of my research job is to explore new theoretical relationships in this ﬁeld of science. A developed
- currently missing - maintenance organization model,
based on my practical and scientiﬁc results, would
completely describe the specialties of this area’s maintenance and would contain - especially the Hungarian
- the features of the printing industry. It would consider
the professional traditions and culture (their current
level of development); nevertheless, it would integrate
the required and acceptable modern methods of maintenance organization.
All these might be a signiﬁcant professional support
and motivational aid to the recipient medium - they are
nursing really good relations with each other - to the
maintainers of the printing industry, and might have an
inﬂuential power to other employees working on different ﬁelds of printing industry management.

Therefore, the current conditions, the understanding of current solutions and processes, the analysis of
foreseen directions of developments were chosen as
basis of construction. I carried out an assessment on
the conditions of the Hungarian printing industry and
its maintenance. On the one hand it was carried out by
document-analysis; on the other hand I representatively
surveyed the notable printing ofﬁces and maintenance
enterprises. I also carried out a similar investigation in
1991-1992 (Horváth, 1993), so when I developed the
latter method I aimed to get comparable results. Both
investigations were carried out amongst the most important Hungarian printing ofﬁces because my maintenance model, whose formulation is the aim of this
paper, is mainly deﬁned for plants that independently
organize their maintenance.
My former research assessment (in 1992) of the conditions was based on the answers of maintenance managers to 60 questions and answers of maintainers to
22 questions. I made the emphasis on these analyses
in my current assessment. I decided to slightly modify
the former surveys because they are still topical and
contain answerable questions. The comparison has become more explicit. I found this advantage much more
important in the comparative analysis than surveying
new aspects.
In the ﬁrst part of my investigation I surveyed the maintenance managers of those companies that are the subjects
of my research. Altogether, 56 participants have replied,
32 of them also replied 12 years ago (48% of the former
replies and their proportion is 57% in the latter investigation). These are extremely beneﬁcial values from the
comparative point of view. I chose 10% inquiry proportion for the representativity of the latter survey amongst
the maintenance experts of printing ofﬁces.
I determined the direction of changes and the professional proﬁle of maintenance managers of the printing
industry as a result of my survey.
I paid detailed attention to the role of increasing maintenance enterprises and their service capacity in the maintenance of printing ofﬁces during my investigation.

Empirical investigation on the condition of
printing industry maintenance
Challenges and future trends
The maintenance management model to be created according to my research method is based on the given
answers to the challenges generated by changes.

I determined those factors - I call them “challenges”
-, based on the results of my empirical investigations,

Table: Maintenance surveys at the printing plants in Hungary
The range of the surveys
Range

1991-1992.

2003-2004.

Identities

26

30

22

60%

52%

39%

Maintenance managers

67 people (87%)

57 people (81%)

32 people

Maintainers

139 people (20%)

50 people (10%)

7 people

Number of investigated printing ofﬁces
Their proportions in the overall Hungarian printing industry production
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Conditions and future challenges of maintenance in the printing industry (From the point of the printing plants)
POSSIBILITIES

THREATS

•

•
•
•
•
•
•
•
•

•
•
•
•
•

Easily accessible and usable maintenance provider market of
the EU from the servicing and consultancy point of view
Maintenance training of the future printing ofﬁce managers
Training of maintenance manager experts to the demands of
printing industry
Employment of external service providers
Adoption of known maintenance organization practices from
other industries.
Developing preventive approach in maintenance

STRENGTHS
•
•
•
•

Practiced and experienced maintenance managers
Maintenance managers are members of the companies’
management
Good communication between the maintenance managers in
the industry
Accessible and developing Hungarian maintenance service
providers

Old maintenance manager generation
Not enough young executive maintenance specialists
Unsatisfactory professional knowledge
Not conscious enough application of maintenance strategies
Forced cost reduction, outsourcing pressure
Danger of “outsourcing ” of soft skills
Following the technical-technological developments
Market set-back of printing industry

WEAKNESSES
•
•
•
•
•
•
•
•

Insufﬁcient private maintenance infrastructure
Management based on experiences, too little empirical proofs
Lack of maintenance databases, norms, planning data and
properties
Application of low efﬁciency motivational and interest systems
Low standard of professional trainings, lack of knowledge
management
Low introductory level of maintenance information systems
Importance of quality-centric mentality in maintenance
Lack of modern management model

Figure 1: SWOT matrix describing the changes inﬂuencing the maintenance in the Hungarian printing industry
which have a great inﬂuence on the aspects and productivity of organization in the printing industry maintenance in the near future. The chosen - developed methods, equipments and strategies have to give and
effective answer to these challenges.
I sufﬁciently explored those weaknesses and threats based on the results of my investigation - that appear in
and affect the maintenance of printing ofﬁces. I summarized those strengths and possibilities, which could
mean the pledge of development.
I summarized them in a SWOT matrix (Figure 1) for the
sake of sufﬁcient compactness and better transparency.
Not only did I analyze the changes of external environment but also entered the plants. Taking the investigations into account the improvable maintenance
organization model is determined by the challenges
of weaknesses and threats. Methods, solutions, information and practices are supporting-pillars, which are
based on printing industry experience and applying the
knowledge of general maintenance science, giving the
bases and up-to-date assistance to the effective operation of modern printing industry machines.

Working hypothesis of the development of
the maintenance model
I listed those tools and skills, during the development
of the elements of the maintenance model, which are
needed to improve maintenance and might help the
implementation of effective predictive maintenance
management in the printing industry. These are also the
elements of the maintenance model development.
One part of it is so called “hard” tool(s), hard skills
in the Anglo-Saxon scientiﬁc literature. This consists
of those experiences, professional content, skills that
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are required to perform a predictive, proactive maintenance. Such conceivable equipments are the technicaland time planning, operator management tasks, condition monitoring, fault analysis, corrective instructions
and so on.
Soft skills are extremely important in maintenance as
well. These skills are not connected to the profession
itself, but to a successful performance. Such, so called,
“inconceivable” characteristics are the attitude patterns
and routines. Long term plans, short term goals, personal management, communication and cooperation,
problem solving and taking responsibility, learning
skills and abilities, teamwork, performance and evaluating ability.

Hard Skills
Soft Skills
Organizational Culture
Figure 2: The pyramid of skills is built on the bases of
organizational culture (Thomas, 2005)
The pyramid of “hard” skills is based on the bases of
“soft” skills presented on Figure 2. However, the basis
of these is the organizational culture actually. Based on
this approach, I attached the analysis and construction
of organizational culture to the development of maintenance model.
During the development of the integrated maintenance
management model I took the aspects of Maintenance
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Reliability-focused
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and
Measures of
Effectiveness
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Maintenance
Excellence
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Failure Evaluation
Continuous
Improvement
Reliability Engineering

Equipment
Database

Maintenance Features
of Printing Machines
(Database)

Dabbs-Bertolini model

Figure 3: Improved Maintenance Excellence Model
Excellence, which became wide spread along with
quality management systems, into account for the
evaluation of CBP (Current Best Practices). I applied
one of the most common used Dabbs and Bertolini 10
dimensional model (Dabbs, n.d.). This model will only
meet the challenges of maintenance in the printing industry if it is completed with four new aspects. This
completion is presented on the Figure 3. It is necessary
to redeﬁne the original four elements according to the
printing industry needs.

Knowledge management and quality
commitment
It is especially true for maintenance that professional
knowledge is increasingly revaluating. I present examples, with the tools of knowledge management, about
what does the professional preparedness really mean
to maintenance employees. How is it possible to treat
knowledge as “value” using the frame of quality systems and how to motivate colleagues to obtain it?
I developed and tested a score system, which can and
is qualiﬁed to assess the preparedness of colleagues,
evaluate their development and further motivate. This
typically regards expertise veriﬁed by “paper”, which
is an inevitably important “tool” for working.
The annual personal evaluation, which should be incorporated into the quality management system of the
enterprise, is intended to measure the “application”
success of the learnt knowledge. This qualiﬁcation is
carried out collectively by the employee and the manager according to the following seven groups of aspects:
professional preparedness, effective and fault-free activities, conformance with the quality regulations, initiative willingness, teamwork and cooperation.
I developed a survey, as a part of the knowledge management block of the quality management system,
which “synchronizes” with colleagues related to professional self-evaluation and learning willingness.

Printing ofﬁces increasingly rely on services of external maintenance suppliers. They are mostly willing to
cooperate with companies whose quality management
system can be adjusted to the system of their clients.
So, the effective performance of the accepted job is reguaranteed. I developed novel methods and solutions to
motivate the activity of printing industry maintenance
service providers with the help of common platforms
in the quality management systems. Unambiguous and
redundancy-free decision processes were established
on identical working surfaces to accelerate the common actions. Uniform documentation system and application of controlled feedback promote the success of
collective labor.
I analysed and classiﬁed the types of service providers’ contracts, determining mutually advantageous approach and the critical points as well.

Construction of reliability oriented culture
Changes are always generated by economical factors,
never ever “required” by the culture itself. In our case
the necessity of changes in maintenance strategies is
the most relevant driving force of changes in culture.
A model that deﬁnes the concept of measurability is
required to control the efﬁciency of changing steps.
The model, published by Thomas (2005), postulate a
relationship between the eight concepts used in changemanagement, the elements of changes, and the four
fundamentals of organizational culture according to
Figure 4.
Based on these concepts I developed a survey consisting of 32 questions, which tested the degree of progression in the construction of reliability-oriented maintenance culture. The test is based on the eight pillars of
culture changes in accordance with the four elements
of culture. The answers to 8x4 questions show positive

19

Journal of Graphic Engineering and Design, Volume 1, 2010.

Eight Elements of Change

Four Elements of Culture
Values

Role Models

Rites & Rituals

Cultural Infrastructure

Leadership

M

M

M

m

Work Process

M

M

M

m

Structure

M

m

M

m

Group Learning

M

M

m

m

Technology

M

M

M

m

Communication

M

M

M

M

Interrelationships

M

M

m

M

Reward

M

M

m

m

M – Majos Interaction

m – minor interaction

Figure 4: Relationships between the organizational culture and the elements of changes (Thomas, 2005)
trends of satisfaction degrees. The assessment related
to certain change elements is interpretable on a 20 point
scale. The survey can be improved and altered based on
this concept.
The interested system, based on the taken responsibility
of technical conditions, is an effective motivational tool
of the development in reliability oriented company culture. This system motivates the employees to execute the
determined maintenance tasks in a proactive way.

I developed a method based on the system of maintenance
instructions to increase the maintenance reliability.

Modern methods of maintenance
organization of printing ofﬁces
One of the major conclusions of my investigation,
which analysed the maintenance management in print-

Reliability
Based
Repairs
1

Culture
Reinforced

2

6

Less
Equipment
Failures

The
Reliability
Culture
Culturral
Change
Survay

5

3
4

Rewards
&
Recognition

Role
Models
to Follow
Figure 5: Model to develop a maintenance organization system of printing ofﬁces
Developing of reliability culture module
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ing industry, was that the organizational solutions are
mainly preventive. My efforts tend to strengthen the
predictive and proactive concept in the tools and methods of organization adapted in my maintenance model
(Horváth, 2009).
The types of maintenance tasks can be classiﬁed with
planning and scheduling features. Therefore, I developed the classiﬁcation of maintenance task categories
(primer, secondary and tertiary line tasks).
The modern and adequately adapted informatics background signiﬁcantly increases the efﬁciency of maintenance management. I developed the computer programs
and data processing system of maintenance machine
monitoring system and event log database especially
for printing industry applications.
I analysed and integrated e-maintenance, the future
challenge, into the model.

Integrated maintenance management
model of printing plants
The maintenance management model, which is build
up of the previously detailed elements, is the sum of
those steps and instructions, which promote the organization of maintenance - in accordance with the current
and future requirements - of a given printing plants on
a higher level.
The maintenance management model is build up of two
signiﬁcant elements. One of them, construction of reliability culture module (Figure 5), ensures the framework for the continuous development and securing the
achieved results.
This inﬁltrates into, following a modern approach, ev-

Action plans

Quality Management
& Control

Performance
Measurement
& Controling

Production
Processes
Operative
Maintenance
Management
& Control

Maintenance Features
of Printing Machines

Analysis of Costs
and Events

Internal
Maintenance
Staff
External Service
Suppliers

Maintenance
Database

Monitoring System for Printing Machines

Maintenance Events

Maintenance Planning
& Scheduling of
Printing Plants

ery organizational processes represented by the information and management relationship module.
This integrated model is mainly descriptive and can
only be represented comprehensively. One of the most
important aspects of the development was that the model could be introduced in details and step-by-step. The
maintenance managers would face many conﬂicts if
they decided to solve the maintenance of printing plants
with such an approach. It is essential that the introduction of speciﬁc partial solutions should be a resulting
answer and a positive motivation for the users. Therefore, I developed speciﬁc elements to be independently
ﬁt for life. Speciﬁc redundancies, repeated solutions
cannot be avoided, but it hardly causes any additional
expenditure during the application. The other element
of the model is the information and management module. I summarized those information and management
relationships, which form the frame of the maintenance
improvement model (Figure 6).
This model is build up of 6 fundamental blocks.
Member(s) of the operative maintenance management
are in the centre (frontline). The external maintainers
are treated as the internal maintenance personnel. All
tasks of employment are carried out through the maintenance management with respect to every maintenance
event; even it is a random corrective action or preventive task. Maintenance management is responsible for
the operation of maintenance database. The aim is to
integrate as much information as possible directly (online) or systematically to the database (machine monitoring system, event log, work sheet system).
Controlling and planning is based on the processing of
data of maintenance database block and computerized
information system.

Maintenance Log-files
Corporate Strategy
& Management

Computerized Maintenance
Management System
(e-maintenance)

information link

Worksheets, Spare Parts
Store & Logistics

control link

Figure 6: Model to develop the maintenance organization system of printing ofﬁces
Information and management module
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Effective planning and checking the measurements are
enabled by the maintenance controlling module with
the knowledge of maintenance properties and the analysis of costs or events.
The planning block contains the maintenance tasks
of quality management systems. The Computerized
Maintenance Management System (CMMS) supports
the planning and controlling of maintenance with its
regular functions, besides the database operation. It is
important to connect the already existing or machine
integrated information to the system. We can have a
larger conﬁdence and bigger safety in information services. It is also an important task to develop a bilateral information connection with the existing company
management system (not listed in the model).
The data and information obligation of external service
providers is planned through the operative maintenance
management in the model, but it would be also useful
to develop and apply automatic production of data and
service forms.
The validity range of the model is mainly related to
printing ofﬁces, where the condition assessment was
carried out. Namely, those printing ofﬁces, where
the production value exceeds 500 million HUF (2
million €) and/or the typical printing machinery is
considered to be modern, high-capacity production
lines. The output range also contains those specialized printing ofﬁces, where small product range is
produced with high–tech machines and few employees. The integrated model is obviously applicable to
those printing ofﬁces which don’t have own maintenance personnel. The internal maintenance is carried
out by staff operating the machines. However, staff
and specialist are always required for the maintenance organization and the operative management.
Altogether, approximately 500 enterprises could
apply successfully the maintenance organization
methods represented by the model. The model can
be really successful in an effective environment. It
improves the well structured enterprises. Therefore,
its validity range can only be interpreted above the
90% range of the available indicators.

Conclusion
The results of my research, the summarized improvement steps, don’t revolutionize the performance of the
printing industry, but help, from step to step, to improve
it through the improvement of maintenance. I can be a
bit proud with moderation because I think I could accomplish something from the admonition of the “the
greatest Hungarian”:
„… step-by-step,
carrying a poppy-seed to poppy-seeds,
adding a drop to drops …”.
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(Lóránd Eötvös quoted the words of István Széchenyi
in his presidential opening speech
in the Hungarian Academy of Sciences on 10. May
1889) (Anon. 1891)
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Abstract
The incident light on the printed surface undergoes through several processes of scattering, absorbtion and reﬂection
depending on the surface topography and structure of the material. The specular part of the surface reﬂection is commonly attributed as the geometric component of the reﬂection, and when measured is associated with specular gloss.
The diffuse part of the surface reﬂection contains the chromatic part of the reﬂection and is commonly calculated
through colorimetric values. Using UV coatings as surface enhacement materials which affect the optical properties of coated surfaces and ﬁnal appearance of the printed product forms new surface topography over the existing
one. We have investigated the inﬂuence of three different amounts of UV glossy and matte oveprint coating on the
measured specular gloss of printed cardboard samples. The different amount of coatings on the printed samples were
achived using three different screen stencils of 180 threads/cm, 150 threads/cm and 120 threads/cm thread count.
The cardboard samples were analysed with AFM and SEM microscopes to obtain surface topography and roughness values which were evaluated with the measured geometric values speﬁcied as instrumental gloss. The surfaces
with a speciﬁc amount of UV coatings showed a new formed topography which inﬂuences the reﬂection of light.
The changes in topography were evaluated through surface roughness parameters which showed a decline of surface
roughness with tht additional ammount of glossy and matte coatings. The obtained and calculated correlations show
there is a high correlation between coating ammount and surface roughness change and gloss for the glossy UV
coating. The results for the matte UV coatings showed lower correlation for the gloss and surface roughness.
Keywords: surface roughness, UV coating, gloss

Introduction
The surface enhancement of prints as an additional operation is a process where a basic layer of material (plain
paper or any other printing substrate), or an already
printed surface is oveprinted or coated with a liquid or
solid material. The aim of coating these surfaces is the
improvement of processing parameters as the drying,
physical and chemical protection of prints as well the
enhancement of visual appearance and creation of optical effects. The variable factors as the method of application, the type and ammount of applied coating have a
strong inﬂuence on the process parameters as well the
First received: 23.07.2010.
Accepted: 22.09.2010.

measured values, which deﬁne the visual appearance values. These interactions and correlations between materials measured from samples can be very useful for determining the suitabillity of reﬂection models which form
the basis for computer simulation of surface enhanced
prints. To achieve more accurate reﬂection model which
can be applied for light measurement, it is very important to discuss the different characteristics of surface topography and the compositio of materials because these
phyisical values determine the models usability. When
an incident light falls on an non ideal surface it is scattered in all directions after the inital surface reﬂection.
In the most general meaning, scattering is the excitation
of charged particles by, and the subsequent reradiation
of electromagnetic waves. ‘The key point is that the re-
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radiated waves are in all directions and the sum of the
reradiated waves that emerge at a given spatial position
is very much dependent on the physical composition and
structure of the material and medium involved’ (Hsien
Lee, 2005: p 81.). The manner in which light is reﬂected
by a surface is dependent on, among other factors, the
microscopic shape characteristics of the surface. A
smooth surface, for instance, may reﬂect incident light
in a single direction, while a rough surface will tend to
scatter light in various directions, maybe more in some
directions than others. To be able to accurately predict
the reﬂection of incident light, we must have prior
knowledge of the microscopic surface irregularities; in
other words, we need a model of the surface. All possible surface models may be divided into two broad categories: surfaces with exactly known proﬁles and surfaces
with random irregularities (Nayar and Oren, 1995).

Statement of the problem
The percepcion of the gloss is usually correalted to
the way objects reﬂect light from their surfaces and is
usually perceived indenpedently from the colour appearance; but the underlying colour of the object can
inﬂuence the perception of the gloss and vice versa.
Nevertheless most often the gloss appearance is excluded from the total visual stimulus as it is separated
from the colour appearance (Pointier, 2003). To determin preciselly the gloss values it is important to quantify them by an appropriate measurement device. The
classical glossmeters are measuring the intensity of the
specular reﬂection of the sample (Isample) relative to some
smooth reference standard (Ireference) for the appropriate
measurement angle. The average value of the specular
gloss G can be deﬁned by the following equation:
Gs = 100 x Isample / Ireference (1)
The total appearance of any object is the combination
of its chromatic attributes (colour deﬁned through hue,
saturation, lightness) and it’s geometrical attributes
(gloss, translucency, texture, shape) inside an surrounding where is the object observed. The investigation of
the interaction between these optical parameters was
and still is in a focus of many research papers. In their
investigation Elias et al. (2004) were using a diffuse
reﬂection spectrometry showed that the visual aspect of
the pictures with an applied coating are inﬂuenced by
the difference between refractive indexes of air, coating and ink layer, the changes in the surface topography
and the adsorption of the applied coating. The ink layer
was deﬁned as a Lambertian diffuse surface. In their
previous work (Elias and Simonot, 2004) they found
that the refractive index np is similar to refractive index
of the varnish nv, and if the layer of the coating is not
absorbing the light and there are no internal reﬂections
there would be no changes in the reﬂection spectrum of
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the image. Nevertheless some changes were observed
and these changes were explained by the changes of the
surfaces roughness. In their paper (Klanšek Gunde et
al., 2006) have observed the distribution of the particles
of a coating material and found a correlation between
the distribution on the surface of the samples and thus
it’s microtopography. In their ﬁndings the authors claim
that with the addition of thermoreactive substances as
ﬁllers and stabilizers there was a change in surface proﬁle of the samples and thus in gloss values. Both parameters of the surface roughness (average roughness
and distance between the peaks) have shown correlation to the specular gloss. The coatings with larger particles had smaller amounts of measured instrumental
gloss. These ﬁnding as well results in research papers
by (Järnströma et al., 2008, 2007), (Berns and de la Rie,
2002) and Arney et al (2006) also indicated that the
surface roughness of the samples have a signiﬁcant inﬂuence on the measured instrumental gloss. The use of
the overprint coating is mainly done for visual enhancement and mechanical protection of the prints. Liquid
coatings in which UV coatings are distributed are applied with an anilox roller or through a screen stencil on
the surface of the printed samples. With the application
of the additional amount of coating it is changing the
previous topography of the sample with no coating, and
thus inﬂuencing the ﬁnal amount of reﬂected light and
thus the measured print gloss units. The aim of this research was to ﬁnd correlation with different glossy and
matte coating amounts, surface roughness parameters
and specular gloss.

Methods and materials
In the experimental part we have used one commercial glazed cardboard Casino Classic (320g/m2) which
properties, defnied by the producer, are presented in
Table 1.
Table 1. Properties of the used cardboard Casino
Classic
Substance

320g/m2

Caliper

300 μm

Brightness R 457

93%

Stiffnes md Minimum value

2500 mN

Smoothness Bekk

425

The prints were made on Heidelberg Speedmaster SM
52 four colour offset machine, and the coating was
made ofﬂine on a screen coating machine. The underlying colour over which the coatings were applied were
printed using the ISO 12647-2:2004 inking speciﬁcations. We have used Sicpa 770 series UV inks and com-
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merical UV glossy and matte coatngs from the Unico
946 series. All the drying procedures as well the other
production parameters were kept under control and
producer recomended values were used. The coatings
was done by using three different screen stencils of 180
threads/cm, 150 threads/cm and 120 threads/cm thread
count, which were choosen to apply different amounts
of coatings on the prints. The coatings were dryed with
the standard UV lamp on the SPS Rhemus screen coating machine. For all the stencils the thread thickness for
the was 27 μ. The differences in the thread count inﬂuence the theoretical transfer amount of coatings which
is 6.5 g/m2 for the 180 thread/cm stencil, 9.6 g/m2 for
the 150 thread count stencil and 17.2 g/m2 for the 120
thread count stencil. For the surface evaluation we have
used the Vecco CP-II SPM scanning probe microscope
and JEOL 646OLV electrone miscrope. The samples
which were determined from the random sampling of
prints without production defects and in standard values were evaluated in 3 positions and in 2 directions
for all the samples. The AFM scanning area was 80 x
80 μm and for the evaluation of the measured results
the Image Metrology SPIP software was used. For the
surface roughness properties evaluation the following
ISO/DIS 25178-2:2010 and ASME B46.1 conforming
area proﬁling parameters were used:
• Sa Roughness Average [nm]
• Sq Root Mean Square [nm]
• Sv Max Valley Depth
• Sp Max Peak Height
The roughness average parameter Sa is the arithmetic average of the absolute values of the measured
height deviations from the mean surface taken within
the evaluation area and can be expressed for the Zjk
digitalized proﬁle values with the following equation
(ASME B46.1):

1
Sa =
MN

M

N

∑∑
k=1 j=1

Z jk
(2)

Where M the number of points per proﬁle and N is the
number of proﬁles within the sampling area.
The root mean square average of the measured height
deviations from the mean surface taken within the
evaluation area Sq can be expressed by the following
equation:

1
Sq =
MN

M

N

∑ ∑ Z jk
2

1/
2

k=1 j=1

(3)
To observe more precisely the forming of the new
surface topography on the prints with the additional
amounts of applied coatings, we have also used two
additional parameters; the maximum area peak height,
Sp: it represents the maximum height in the evaluation
area with respect to the mean surface, while maximum

area valley depth, Sv is the absolute value of the minimum height in the evaluation area with respect to the
mean surface.
The coatings quantity was determined in g/m2 which is
a standard way in the industry to calculate the ammount
of coatings on the surface. The values for the used UV
coatings were measured on 6 patches of 10x10 cm samples which were measured with an analytical laboratory
scale. The results were obtained from the difference of
coated and non coated samples. The instrumental gloss
as the parameter for the evaluation of the geometrical
part of the reﬂection. For the gloss measurement the
QIP Glossmaster three angle gloss measurement instrument was used. For the instrumental gloss evaluation
the speciﬁcations stipulated in the ISO 2813 and ASTM
D 523 were used. The gloss values were measured on
the 100% tone value patches of the CMYK colours.
The statistical parameters were calculated using Statistica 9 software package.

Results
For all the measured samples we have determined a
speciﬁc position on the printed sheets were the samples
were taken to minize the inﬂuence of the coating and
printing machine. All the samples which were evaulated and area scanned using the SPIP software a 3D
visualization, and the calculation of the surface roughness amplitudal parameters were calculated. The ﬁrst
sample was the printed non coated samples which shall
be the starting reference to the glossy and matte coated
samples. The scanned surface of the samples are presented in Figure 1. and the averaged measurement data
for the surface roughness parameters in Table 2.
As we can observe from Figure 1.a) to g) and values from
Table 2. with the application of the UV glossy coating
there is decrease in average roughness parameters (Sa
and Sq) from the inital value of 169.27 and 242.52 to
38.86 and 46.17 with the lowest quantity of UV glossy
coating applied with the 180 threads/cm stencil (7.92 g/
m2). The subsequent amount of coatings obtained with
the 150 threads/cm stencil (11.31 g/m2) and 120threads/
cm (14.96 g/m2) even more decreased these values respectively to 21.49 and 13.27 nm for the Sa and 29.13
and 17.64 nm for the Sq parameter. For the matte coating after applying the initial smallest amount of coating
with the 180 threads/cm stencil is a noticable increase
in average and root mean square roughness of the coated samples. From the inital Sa value of 169.27 nm the
value raised to 263.95 nm, and subsequently resulted in
smaller values similar to glossy coating (247.06 nm and
213.02 nm). To additionally try to explain this effect we
have analysed two additional parameters the Sv and Sp.
There is also a noticale decrease between the deepest
valley and highest peak values ranging from 1296.79
and 1564.84 nm to 124.9 and 207.82 nm for the largest
amount of applied glossy coating. The matte coating

25

Journal of Graphic Engineering and Design, Volume 1, 2010.

a)

b)

c)

d)

e)

f)
Figure 1.
a) UV ink and no coating;
b) UV ink and glossy coating applied
with 180L/cm stencil; c) UV ink and
glossy coating applied with 150L/cm stencil;
d) UV ink and glossy coating applied
with 120L/cm stencil; e) UV ink and matte
coating applied with 180L/cm stencil; f) UV ink
and matte coating applied with 150L/cm
stencil; g) with UV ink and matte coating
applied with 120L/cm stencil

g)

Table 2. The surface roughness parameters averaged values of 6 samples for the cardboard samples
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Parameter

UV ink
No coating

UV Glossy
180L/cm

UV Glossy
150L/cm

UV Glossy
120L/cm

UV Matte
180L/cm

UV Matte
150L/cm

UV Matte
120L/cm

Sa [nm]

169.27

38.86

21.49

13.27

263.95

247.06

213.02

Sq [nm]

242.52

46.17

29.13

17.64

348.66

322.583

276.37

Sv [nm]

1296.79

163.003

167.51

124.9

1766.31

1280.44

976.69

Sp [nm]

1564.84

274.170

209.612

207.82

2216.1

1596.54

1490.29
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however ﬁrst raised the Sv and Sp parameters with the
smallest coating amount of 10.92 g/m2 (for the 180 L/
cm stencil) to 1766.31 and 2216.1 nm respectively. The
second amount of UV matte coating yielded the coverage of 10.95 g/m2 and slightly lower Sv and Sp values of
1280.44 and 1596.54 nm. The largest amount of coating gained by using the 120 threads/cm stencil (17.48
g/m2) resulted in the lowest deepest valley and highest
peak values of Sv = 976.69 nm and Sp = 1490.29 nm
values. The difference between averaged Sv values of

the smallest and largest amount of coating was 789.62
nm, and for the peaks the averaged Sp values 725.81 nm
which indicate that the valley between the particles was
slight more ﬁlled with the excessive coating applied on
the surface of the prints.
To have a more precise picture of the surface phenomena we have made a quantitative analysis of the surface with a SEM microscope. We have used the JEOL
646OLV electrone miscrope. In Figure 2. we can see
the surfaces of cardboard and UV ink on the cardboard

a)

b)

c)

d)

e)

f)

Figure 2. The SEM pictures of the surfaces of a) cardboard with no coating and ink ;
b) UV ink; c) the border between ink and plain cardboard surfaces; d) glossy coating applied with the 180
threads/cm stencil; e) matte coating applied with the 180 threads/cm stencil; f) glossy coating applied with the
150 threads/cm stencil
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g)

Figure 2. (continued) The SEM pictures
of the surfaces of
g) matte coating applied with the
150 threads/cm stencil; h) glossy coating
applied with the 120 threads/cm
stencil; i) matte coating applied with the
150 threads/cm stencil;

before applying any coating and some examples of
the applied coatings. We can observe that with the application of UV ink and UV glossy coatings there is
a smoothing effect on the inital rough surface and the
ink ﬁlss up the valleys on the cardboard surface structure and gives a fairly less rough surface with smaller
irregularities. The glossy coating gives a very smooth
surface with smaller irregularities and with some spots
of coating wrinckling. In these magniﬁcations there
are no large visual differences between the surface of
different amounts of coatings. With the application of
matte coating there is a visible roughning of the inital
ink surface and where the matte particles are visible for
the lesser to amount so the applied coatings. The largest amount of UV matte coating has a fairly smooth
surface where we can see some larger irregularities
and a repetitive kind of spots which can be the matting
agents which are dipped in the coating. These pictures
show the mechanism of the coating leveling and confrom with the previous study made by AFM scanning
methodology.
After measuring the surface roughness values we have
measured the print gloss values of the coated samples.
The results of the print gloss measurements of UV
glossy coated samples are presented in Figure 3.
As we can see from Figure 3. for the samples which
were not coated we have a gloss range from 44 for the
cyan patch to 46.27 for the black patch. The smallest
standard deviation had the yellow colour with σ=0.1 ,
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while the largest standard deviation had the measurement of the magenta samples with σ=0.86. The print
which have been coated with the smallest amount of
coating (180 threads/cm) the gloss varied between
46.28 to 51.27, with the smallest σ=0.36 for the magenta and σ=1.21 for the yellow patches measurements.
The next amount of coating (11.31 g/m2 – 150 threads/
cm stencil) yielded the range of gloss from 54 for the
cyan and 50.53 for the black colour patches. The black
patch had also the smallest deviation of σ=0.1 while
the largest calculated value of σ=1.4 was calculated for
the cyan patches. The next applied amount of coating
(stencil of 120 threads/cm) resulted in avergaed values
of 58.60 for the black colour patch with σ=1.37 and
55.48 for the yellow colour with σ=0.08.
After the glossy UV coating we have also measured the
print gloss valeus of prints with UV matte coating and
the results are presented in Figure 4.
From the results displayed in Figure 4. we can see that
the matte coating has a smaller print gloss range but
shows some similarity with the glossy UV coatings. The
gloss range for the 10.92 g/m2 coating amount ranged
from 13,50 for the yellow and 15,10 for the cyan colour
patch. The standard deviation for most of the samples
was σ=0.06. The prints with a slightly larger amount
of transfered coating had the gloss range from 19 for
magenta and 20.40 for the yellow colour. Magenta and
most of the colour patches on which we were measuring the print gloss had the standard deviation value of
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Figure 3. The print gloss values of UV glossy coated samples
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Figure 4. The print gloss values of UV matte coated samples
σ=0.06. The largest amount of transfered matte coating
(17.48 g/m2) had the largest print gloss values which
were ranging from 26.60 for the cyan σ=0.40 to 25
print gloss units for the black colour with σ=0.58. With
these results we can notice that after the initial decrease
of the print gloss units with the smallest amount of UV
matte coating, there is an increase with each subsequent
coating amount which shows a similar behaviour like
the UV glossy coatings on the cardboard. The UV matte
coatings had larger transfered amounts on the sheets,
this is due to their physical and chemical properties.

Discussion
After measuring all the values necessary for the
analysis we have calculated the correlation factors
of the surface roughness, coating quantity and the instrumental measured print gloss. For the correlation
calculation we have used the linear ﬁtting model and
calculated the appropriate r values. The correlation
for the glossy UV coating in terms of avergae surface
roughness Sa in nm, coating quantity in g/m2, and print
gloss is presented in Figure 5. The similar correlation
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between these factors, but for the matte coating are
presented in Figure 6.

Figure 5. The Correlation between print gloss, surface
roughness and coating quantity for the glossy UV
coating
As we can observe from the Figure 5. the correlation
between the instrumental specular gloss of UV coating
and the different amount of the applied coating is r=
0.96, while the correlation between gloss and surface
roughness is deﬁned by the correlation factor r=-0.81.
As we can see from the Figure 5 and the calculated factors there is a strong correlation between the coating
amount and increase of print gloss, and a smaller linear
correlation between the decrease of surface roughness
and increase of print gloss. The correlation between the
coating amount in g/m2 and the average surface roughness in nm was r= - 0.94, which indicates that with
the application of additional amount of coatings there
is a linear decrease of average surface roughness. We
have also claculated the correlation factors for the of
Sv value the maximum valley depth parameter and the
maximum peak value Sp. The linear correlation of Sv
value to coating quantity was r= 0.90 and r= -0.76, so
there is a higher linear correlation between the decrea
of valley depth and coating quantity and smaller linear correlation with change of valley depth and gloss.
The Sp value yielded the same correlation values with
the gloss and coating amount as the Sv parameter. This
indicates there is a similar change in these parameters
in the process of applying additional amounts of UV
glossy coatings. The correlation between matte coating and the average surface roughness is presented in
Figure 6.
As can be seen from Figure 6. there is an increase in
print gloss values after the application of additional
amount of coating. After calculating between the variable factors we have determined that for the linear ﬁtting between the print gloss and coating quantity the
r value is r= -0.67, while the correlation between the
gloss and surface roughness is r = -0.97. The relationship between the surface roughness and coating quantity resulted in just r =0.52. The lower linear correlation
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Figure 6. The Correlation between print gloss, surface
roughness and coating quantity for the matte UV
coating
values are calculated because after the inital decreae of
gloss, the subsequent larger amount of coating resulted
in higher measure instrumental gloss. If we exclude
the inital values with no coating applied and calculate
the relationship between these values only with coated samples we get r= 0.98 for the gloss and coating
correlation, r= -0.94 for the gloss and avergae surface
roughness and r= -0.98 for the coating quantity and surface roughness. With these calculated values we can
observe that the higher amount of the transfered UV
matte coating results in increase of print gloss and with
the increase of gloss there is a decrease of the avergae surface roughness. The values for the Sv parameter
were r= 0.55 for the coating amount and valley depth
and r= -0.98 for the valley depth and print gloss values.
The r factors for the Sp parameters yielded in r= 0.66
(coating amount and peak height) and r= -0.99 for the
peak height and print gloss values.

Conclusion
In these paper we have researched the inﬂuence of type
and amount of UV coatings on the printed cardboard in
terms of instrumental measured print gloss. After inspecting the surfaces of the sample with AFM and SEM
microscopy we have observed changes in the initial surface of printed cardboard where the glossy UV coating
has smoothened the surface while the UV matte coating gave a rougher surface. The measurement of print
gloss showed that the amount of gloss is much higher on
the glossy UV coated samples in comparisment to the
matte coated samples. In both cases the larger amount
of coating resulted in higher print gloss values then the
previous smaller amount. While there is a linear rise for
the glossy coated UV samples from the initial printed
but not coated samples to the highest amount of applyied
coating, the UV matte coating ﬁrst decreases the print
gloss but with the additional amount of coating it in-
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creases the print gloss which with the heighest amount
of coating applied with the 120 threads/cm screen stencil
is measuring half values of the non coated printing inks.
The changes in print gloss, average surface roughness
and other calculated surface roughness parameters show
a somewhat linear type of correlation between coating
amount and print gloss, and smaller but still indicative
values for the surface roughness parameters and gloss.
These values show that surface roughness is not the singular factor affecting the print gloss (but nevertheless a
important one), but also the chemical and psyhical properties of the applyed coating. These results can be used
for software simulations, production optimization and
reduction in coating usage which enables better enviromental protection and can inﬂuence the choice of the
coating quantity, type and method of application in strive
of achieving good quality reproduction and standardized
production.
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Abstract
A printing and non-printing surface structure of the offset printing forms are key factors in maintaining the conventional offset printing. The main characteristics of the surface are: physical and chemical structure, surface tension and surface roughness. Surface topography is one of the critical factors which could cause the instability in
the quality performance and the durability of the printing forms. During the printing process these characteristics
change and directly inﬂuence the print. Performed investigations are based on the fact that the changes in physicalchemical properties of the non-printing areas as well as the changes in the surface micro structure of the printing
forms directly inﬂuence the quality of the reproduction. In this paper, the behaviour of non-printing elements of a
thermal CTP plate developed in a fresh developer and used for a print run of 123.000, 177.000 and 300.000 copies
on a web offset heat-set printing press has been investigated. Investigation made in a paper showed that high depth
of focus SEM (Scanning Electron Microscope) can provide detailed topographical information about the surface,
but cannot provide quantitative topographical information. Due to this fact, the printing forms have been also observed and analysed before and after the print run by a mechanical stylus proﬁlometer. The investigations reveal
the appearance of the physical changes as well as the geometrical ones. As a result of these changes, the inﬂuence
of a fountain solution on the printing form may also vary, as well as the balance between the ink and the fountain
solution during the printing process.
Keywords: Non-printing surface, surface roughness, thermal printing plates, print run

Introduction
The functional properties of materials used in many engineering industries are often determined by the surface
structure and its characteristics. The topography characterization is very important for many applications
since the roughness of the surface is a signiﬁcant engineering factor (Dimogerontakis et al., 2006). Example
of surfaces with asymmetric roughness, where the topography characterization is one of the most important
engineering factors, is the aluminium printing forms
used for lithographic applications. The production of
aluminium plates for offset printing involves roughenFirst received: 25.07.2010.
Accepted: 24.09.2010.

32

ing of the aluminium substrate in order to increase the
surface area, necessary to improve the adhesion of the
photosensitive coating and to enhance the water retentive properties of the aluminium surface (Brinkman
and Kernig, 2003).
Aluminium surface prepared for use as an offset printing
plate consist of two different areas: ink-receptive image
areas coated with a photosensitive layer and aluminium
oxide and fountain solution retaining non-printing areas.
In order to improve the fountain solution adhesion on
the aluminium oxide ﬁlm and to enhance the adhesion
of the photosensitive coating during the printing process
(Dimogerontakis et al, 2006) the foil needs to be roughened by electrochemical graining and anodic oxidation
(Mahovic Poljacek et al., 2007).
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Stability and surface deﬁnition is an important part in
the processes of production and processing of printing
forms. The typical steps in printing plate manufacturing consists of: cleaning, graining, anodisation, post
anodic treatments, coating with a photosensitive layer,
optionally followed by a baking process for hardening
the coating. In cleaning, usually an alkaline etching, residual contaminations and the natural oxide skin of the
aluminium surface are removed. In graining the aluminium surface is roughened to a well-deﬁned topography.
Nowadays electro-chemical graining (EC-graining)
has replaced mechanical graining due to the ﬁner and
more deﬁned topographies that can be obtained with
the former. EC-graining is performed in acidic electrolytes, based on either hydrochloric acid or nitric acid.
The surface topography after EC-graining consists of
hemispherical pit-type craters with depths in the order
of 2 μm to 10 μm, and is needed to ensure a good adhesion of the coating and to improve the water retentive properties of the surface. In anodisitation phase
freshly formed surface is mechanically and chemically
stabilized with a contour sensitive anodic ﬁlm of approximately 1 μm thick. Post anodic treatments differ
between manufacturers but generally serve to improve
the hydrophilicity of non-printing areas (Brinkman and
Kernig, 2003).
Due to the fact that aluminium oxide layer on the printing plates is a thin and extremely porous and that standardized plate making process requires immersing of
the plate in the alkaline solution, signiﬁcant changes
in the structure occurred during the immersion. These
changes are the consequence of the amorphous properties of aluminium oxide that is soluble in different alkaline solutions (Mahovic Poljacek et. al, 2008a).
The aim of this study was to determine the inﬂuence of
print run on aluminium oxide areas. Therefore, analyses
of the changes of a surface topography on non-printing
areas of the printing form using standard proﬁlometric
method as well as SEM micrographs for quantitative
and qualitative characterization have been made. For
this purpose we have used one type of lithographic printing plate with uniform surface structures and roughness
of the non-printing (aluminium oxide) areas. Selection
was motivated by the reason that size and quality of
the grained surface microstructure inﬂuence the printing performance and durability of the printing plates
(Hutchinson, 2001). They are manufactured according
to stringent, standardized procedures (ISO 12218:1997,
2004) resulting in surfaces of controlled and reproducible roughness suitable for the purpose of this study.

Materials and methods
The lithographic printing plates used in this study
are thermal positive printing plates of 0.3 mm thick
AA1050 aluminium foil electrochemically roughened

and anodized. As it was already mentioned aluminium
surface of used offset printing plate consists of two different areas: ink-receptive (oleophilic) image areas,
which carry a photosensitive coating and fountain solution (hydrophilic) retaining non-image areas.
The plates have been exposed by same laser sensitivity
or exposure energy of approximately 140 mJ/cm. After
the exposition the photosensitive layer was removed
from exposed (non-printing) areas of the plate.
The removal has been achieved by chemical processing in alkaline Kodak Goldstar premium developer.
The developing process has been made according to the
standardized processing procedure: at the temperature of
processing solution of 22 ± 3 oC, processing speed in the
range of 0,7 – 1,2 m/min and the processing time of 18
± 4 s.
In this study the measurements were made at ﬁve distinct circular sample areas from the same non-printing
area of the printing plate sample (R=1.5 cm), positioned
along the line of printing pressure in the printing units
and with center-to-center interval of 20 cm.
The proﬁlometric measurements were made at unused
printing plate sample and on samples taken after a print
run of 123,000, 177,000 and 300,000 impressions. Print
runs were done on four colour printing machine with
four basic printing colours in following sequence: black,
cyan, magenta and yellow. For each colour a single
printing plate was used. For this investigation we have
used the data obtained from measurements on printing
plates from second and last printing unit. Second printing unit has contact with paper which has small amount
of dust and other substances used on ﬁrst printing unit:
ink, fountain solution, etc. The choice of the last printing unit was due to changes in plate surface roughness
encompass all possible inﬂuences beside the printing
pressure (e.g. paper dust, ink residuals etc.).
It is important to note that the printing ink has no inﬂuence on measurement results, when measurements were
performed on samples from aluminium oxide – nonprinting areas.
The SEM micrographs of the samples were made by
JEOL JSM 6460 LV scanning electron microscope. To
assure the uniform electrical properties and to avoid the
charging/discharging of aluminium oxide surfaces, the
printing plates samples (R=1.5 cm) were gold coated
by ion sputtering (15.0 nm thick, density 19.32 g/cm3).
The images were taken at working distance of 15 mm at
voltage 20 kV with magniﬁcation 2000x and 5000x.
The proﬁlometric parameters were measured with the
Portable Surface Roughness Tester TR200 (Anon,
2009) provided with a diamond tip with 2 μm radius.
The TR200 is capable of evaluating different roughness
parameters: Ra, Rz, Ry, Rq, Rt, Rp, Rmax, Rm, R3z, S, Sm, Sk,
tp, and hybrid parameters: primary proﬁle (P), roughness proﬁle (R), and tp curve (material ratio Mr), all
deﬁned according to the pertinent ISO standards (ISO
4287:1997 and ISO 12218:1997, 2004).
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The relevant measurement’s parameters were: sampling
length: 0.80 mm, traversing speed: Vt = 0.135 mm/s,
measuring range: ± 20 μm and resolution: 0.01 μm.
The measured surface roughness parameters used in this
study are compliant to the geometric product speciﬁcation standards (ISO 4287:1997 and ISO 12218:1997,
2004) and listed below:
- Ra - average surface roughness:
1

1
Ra =  y(x) dx
l0

high narrow peaks and deep and narrow pores. One can
see uneven rough microstructure surface as the result of
speciﬁc electrochemical graining conditions during the
production process. This microstructure of aluminium
oxides layer indicates good adhesion of the wetting solution during the printing process. Aluminium oxide is
very reactive and during anodisation it can form layer
on both sides of a single printing plate with irregular
surface structure.

- Rq- root-mean-square deviation (Rms):
1

1
Rq =  y 2(x)dx
l0
- RzDIN - mean value of the single roughness depths Zi:

RzDIN =

1 (Z + Z + . . .+ Z )
1
2
n
n

- Rp - leveling depth, distance between highest peak and
the reference line.
To make aluminum suitable for making printing forms, plate is processed by rolling procedure, which results in the characteristic structure
of the surface in the direction of rolling. Lines
that occur on the surface are not desirable in
the further preparation of aluminum and require
special treatment to reduce their negative impact
on the surface roughness. Processing of aluminum
includes the processes of electrochemical surface
roughening and anodic oxidation as it was mentioned
earlier, which produces aluminum surface microstructure of porous aluminum oxide (Mahovic Poljacek et
al., 2007).
Therefore, the measurement of surface roughness of
the printing forms are carried in x and y direction, i.e.
in the direction of aluminum rolling and perpendicular
to the direction of rolling.
Since the investigation made by Mahovic Poljacek and
others (2008b) showed that high depth of focus SEM
can provide detailed topographical information about
the surface, but cannot provide quantitative topographical information, we have observed and analysed printing plates, before and after print run by a roughness
meter (Time Group TR200) and by a SEM and thus
combined the quantitative topographical information
and the micrographs obtained by the SEM.

Results and discussion
SEM analysis
The SEM micrograph presented in Figure 1.a shows
the structure of aluminium oxide surface of the reference - unused sample of printing plate. The surface of
unused sample of printing plate is characterized with
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a)

b)
Figure 1. SEM micrograph - cross section of
aluminium oxide layer on unused printing plate
a) magniﬁcation of 5000x
b) magniﬁcation of 2000x with thickness measures of
aluminium oxide layer
On Figure 1.b) one can see measured height of aluminium oxide layer. As Brinkman and Kernig (2003) found,
height of aluminium oxide pores can vary from 2 μm to
10 μm. On the SEM micrograph measured height vary
from 7,5 μm to 12,4 μm. These results might be consequence of uneven grained rough surface of the printing
plate and different referent point for every measure. This
micrograph samples show a changeable structure of aluminium oxide of unused printing plate which can cause a
different behavior of surface structure related to wetting
of non-printing elements during printing process.
Figure 2 represents SEM micrographs of surface topography of unused printing plate sample and printing plate
samples after 123.000 impressions and the changes in
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surface topography of printing plates can be clearly
seen. Changes are manifested as lowering of the peaks
and ﬂattening of the “valleys”.

crograph b) (Figure 3) sample of printing plate for yellow and they are expected since this plate is from last
printing unit where it has higher pressure inﬂuenced by
serial parameters (accumulated paper dust, ink, etc.).

a)
a)

b)
b)
Figure 3. SEM micrograph of printing plate
samples after 177.000 impressions of a) printing plate
for cyan colour b) printing plate for yellow colour

c)
Figure 2. SEM micrograph of a) unused printing plate
sample, and samples after 123.000 impressions of
b) printing plate for cyan colour and
c) printing plate for yellow colour
SEM micrographs presented in Figure 3 show changes
in surface topography of used printing plates samples
after 177.000 impressions. If we compare it with SEM
micrographs shown of Figure 2, it is evidently that these
samples have major changes of surface topography
reﬂected in broader peaks and shallower and broader
“valleys”. These changes are more obvious on the mi-

On Figure 4 samples of printing plates after 300.000
impressions are shown. Longer print run and multiple
pressure application can considerably affect on the surface properties and result is ﬂattening of the surface and
smoothening of peaks and other features, as it is shown
of Figure 4 on SEM micrographs a) dust and particles can be seen on the surface of the printing plate.
This printing plate was used for cyan colour from the
second printing unit and these particles might be accumulated through the unbalanced relation between fountain solution and ink between ﬁrst and second printing
unit. On the micrograph b) sample for yellow printing
plate from the last printing unit, worn surface with more
closed/ﬁlled pores and „valleys” is noticeable.
This change in surface topography reﬂects the process
of sealing the surface pores and dissolution of peaks
resulting in corresponding changes of surface proﬁles.
Although the SEM micrographs provide an excellent
tool for visualization and qualitative description, the
changes of the surface topography are reﬂected in measurement of corresponding proﬁlometric parameters.
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a)

b)

Figure 4. SEM micrograph of printing plate samples after 300.000 impressions of
a) printing form for cyan colour b) printing form for yellow colour

Measurement of the roughness parameters
Changes in surface topography of the printing plate result in changes of the corresponding roughness proﬁles
and it is indicated trough the proﬁlometric parameters
depicted in Figures 5-8.

Parameter vaalue (μm)

Prinng plate - CYAN
0,44
0,42
0,4
0,38
0,36
0 34
0,34
0,32
0,3
0,28
0,26
0,24
0,22
0,2

Ra
Rq
Poly. (Ra)
Poly. (Rq)
0

50000

100000

150000

200000

250000

300000

Print run/impressions

Figure 5. The change of proﬁlometric parameters
Ra and Rq for cyan printing plate vs. the number of
impressions

Parameters Ra and Rq (Figure 5) show same trend of
measured result. Although we used a polynomial trend
line to illustrate ﬂuctuation of measured parameters,
measured values also show decay with number of imprints. With a number of imprints Ra parameter decreases and after approximately 120.000 impressions
it is stabilized until the end of print run. From starting
values of unused printing form until 123.000 impression, Rq parameter has decay of 22,5 % which is 0,6
% higher than decreasing of Ra, but also come to the
stabilized values after certain period of print run.
The changes of the Rp and Rz parameters (Figure 6) and
their values show similar trends between each other.
Stabilization of the Rp and Rz parameters is after approximately 180.000 copies. From starting values of
unused printing form until 180.000 impressions, decay
of Rp parameter is 28,3% and for Rz is 28,94%. After
print run of 300.000 impressions values of the Rp and
Rz parameters rising close to the measured value of un-

Prinng plate - CYAN
Parameter vaalue (μm)

1,6
1,4
1,2

Rp

1

Rz

0,8

Poly. (Rp)

0,6

Poly. (Rz)

0,4
0

50000

100000

150000

200000

250000

300000

Print run/impressions
Figure 6. The changes of proﬁlometric parameters Rp and Rz for cyan printing plate vs. the number of impressions
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used printing form, especially in case of Rp parameters.
Until stabilization, a relatively fast reduction of prominent sharp peaks with increased number of copies is
reﬂected.
Parameters Ra and Rq for yellow printing form (Figure
7) show more variations during print run in comparison
with same parameters for cyan printing form. These
parameters have signiﬁcant decay of the measured values between unused sample and print run of 100.000
copies. The Ra parameter has decay of 20,7 % which
is only 0,1% higher than decreasing of Rq. It means
that surface peaks with sharp ends become quickly re-

duced and the „valleys” are closing slowly. After approximately 120.000 impressions measured values of
Ra parameter is stabilize with a increase of 6,4 % until
300.000 copies.
Rp parameter show decay of 19,9% and that’s 3,9%
lower than decreasing percentage of Rz parameters.
Stabilization trend of values begin after approximately
130.000 copies of the Rp and Rz parameters (Figure 8).
Trend for Rp parameters for cyan printing form, after
stabilization period until end of the print run, has rising value of 20,8% in comparison with yellow printing
form value of Rp parameters, which has decreasing of

Parameter vaalue (μm)

Prinng plate - YELLOW
0,44
0,42
0,4
0,38
0,36
0 34
0,34
0,32
0,3
0,28
0,26
0,24
0,22
0,2
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Rq
Poly. (Ra)
Poly. (Rq)
0

50000

100000

150000

200000

250000

300000

Print run/impressions
Figure 7. The changes of proﬁlometric parameters Ra and Rq for yellow printing plate vs. the number of impressions
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Figure 8. The changes of proﬁlometric parameters Rp and Rz for yellow printing plate vs. the number of impressions
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8,8%. This results show opposite trends for Rp parameters of these two printing forms.
Presented results should be considered only as rough
estimates while only four reference samples have been
used. More accurate and exact trend lines could be obtained if more points, especially at the beginning of
print runs, were used for the polynomial or exponential
decay ﬁt.

Conclusions
With the SEM micrographs were provided visual and
qualitative description of the non-printing elements,
but the physical changes of the surface topography
were reﬂected on measurement results of corresponding proﬁlometric parameters. The obtained results
of surface roughness for both printing plate samples
maintain similar trends and shows estimated percentage difference between the different parameters.
Proﬁlometric characterization and surface roughness
of non-printing elements of printing form in order to
determine changes of aluminium oxide surface inﬂuenced by print run of 300.000 impressions have been
investigated.
Physical and geometrical changes of the surface topography caused by a print run of 300.000 might have
inﬂuence on the stability of aluminum oxide layer and
thus on photosensitive layer known as printing elements. Therefore, investigation on formation of different porous structures of aluminium oxide and their
inﬂuence of the fountain solution adsorption could be
based on obtained results and can be used for further
research in these ﬁelds.
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Abstract
The most common printing technique today is lithography. The difference between printing and nonprinting areas
on a printing plate is accomplished by opposite physical and chemical properties of those areas (MacPhee, 1998).
The printing areas are made of photoactive layer that attracts oil and chemical substances with oil solvent – printing inks. The nonprinting areas are made of aluminium-oxide which attracts water based substances – the fountain
solution.
There are many of various types of photoactive layer which are used for production of offset printing plates, among
others is silver halide layer. The usage of the silver halide technology in the graphic reproduction is not a novelty.
The ﬁlmmaking phase is based on the usage of the silver halide as the photographically active ingredient, for instance, AgBr (silver bromide). The new, digital plate making technology (Computer to Plate, CtP) eliminates the
ﬁlmmaking phase and therefore enables control of the printing plate’s exposure made by computer. CtP technology
eliminates the ﬁlmmaking phase, but it also results with the reduction of needed material quantities and required
time for the production (Limburg, 1994; Seydel, 1996).
In this paper the basis of the graphic reproduction by using the silver halide digital printing plates was described.
The changes of the AgX copying layer and the surface of the aluminium base in the printing process have been
observed. The surface characteristics were determined by measuring the relevant surface roughness parameters. In
addition, measurements of coverage values on the prints, detailed at smaller print run, were conducted.
Results showed that surface changes on the printing plate are changing during printing process and that these
changes inﬂuence transfer of the printing ink on the printing substrate. These measurements proved to be of great
interest in the graphic reproduction as they enable us to determine consistency of the printing plates during the
printing process, to predict the endurance as well as to deﬁne the print run which will result with optimal quality
prints.
Keywords: surface roughness, UV coating, gloss

Introduction
Conventional reproduction system (analogue reproduction) is characterized by the usage of ﬁlm, camera, copy
technology, and photomechanical (hardened or softened
by light) emulsions, as well as mechanical and chemical
processes in the printing plate making process. Materials and equipment used for analogue reproduction have
reached a stage of development that allows them to satFirst received: 01.08.2010.
Accepted: 30.09.2010.

isfy very high quality demands in printing plate production and process safety. During plate making process, the
master copy (ﬁlm) is optically transferred onto the photo
sensitive layer of the printing plate. A printing plate is
produced for each primary colour (cyan, C; magenta, M;
yellow, Y; black, K) of the intended print on the basis
of the corresponding colour separation (Southworth,
1979; Ihme, 1982). Exposure of the unexposed printing
plate in accordance with the image is followed by developing process using the chemical/physical processes
appropriate to used material. This is followed by the ﬁ-
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nal treatment of the plate, in which the latter undergoes
after-treatment and is prepared for ﬁtting in the press
(Walenski, 1975). The printing process consists of following processes: application of damping solution, application of the printing ink and production of reproduction (Fig. 1). The printing plate which consists of texts
and illustrations is ﬁrst covered by the damping solution
by means of the damping roller system. The damping
solution is absorbed on the nonprinting areas preventing
the later possible adsorption of the printing ink onto the
same areas. By turning the plate cylinder, the printing
plate comes on the inking system and transfers the ink
on the printing elements on which the damping solution
did not adhere. Printing ink and the damping solution are
transferred from the printing plate (plate cylinder) on the
offset cylinder which is covered by the rubber blanket
which is placed between the plate and impression cylinder, and the printing substrate (most often paper) passes
between the offset and impression cylinder (Fig. 1).
Inking unit (symbolic)
Plate cylinder
Ink-accepting area
Dampening unit
Printing plate Ink-repellent
Inking
(hydrophilic) area

Resplit ink

Dampening
Blanket cylinder
Impression cylinder
with substrate (sheet or web)

Figure 1. Offset printing (Kipphan, 2001)
The offset cylinder has the role of the ink transfer between the printing plate and the printing substrate making this printing technique indirect. Because of that the
printing plate is laterally reversed. Great advantage of
such printing technique is the adaptation of the rubber
blanket to different substrates. In this way the determined printing quality level even on a bad paper can
be maintained. The role of the impression cylinder is to
realize the corresponding pressure and to transport the
printing substrate. As mentioned through description of
the printing process, the printing and nonprinting areas (on the printing plate) must differ in their physicalchemical characteristics. Water adheres to the nonprinting areas and ink to the printing areas. The technique
is based on selective damping of the nonprinting areas
by the fountain solution. The printing elements and the
nonprinting areas are on the same level, i.e. they have
negligible geometrical difference of several micrometers. The nonprinting areas are hydrophilic, they attract
water, i.e. they are oleophobic because they reject ink
while the printing areas are oleophilic, i.e. hydrophobic
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because they absorb the ink, based on oil. Hydrophobic
ability of nonprinting areas is enough making application of the fountain solution ﬁrst so that it can cover the
nonprinting areas and prevent the toning. Consequently, in production of the printing plate it is essential to
deﬁne necessary physical-chemical characteristics of
the printing and nonprinting areas, but also to keep that
deﬁned characteristics during printing process.

Printing Plate Production
Aluminium is most commonly used material in the plate
making production. It is used as a foil 0,3 mm thick and
coated with a thin photo-sensitive layer. During the plate
production the surface of the aluminium is roughened.
The necessary graining of the aluminium surface is made
mechanically and/or electrochemically, that is, mechanical/electrochemical graining with subsequent anodic
oxidation. This roughness of the aluminium surface is
necessary for a number of reasons. The most important
one is that it enlarges the contact area which causes better wetting of fountain solution (Pavlovic et. al., 2010).
Nevertheless, the surface should not be to rough because
it might result with the reduction of sharpness of the
screening element on the paper surface, which in turn
might cause the decrease of the reproduction quality.
Through the printing plate exposure, the silver halide
coating is photo chemically decomposed and by developing process exposed light-sensitive areas are removed
from the base (aluminium). The thin ﬁlm of aluminium
oxide has a particularly stable water-attracting (hydrophilic) surface with special retention properties (Novakovic et. al., 2009,). Other parts of the surface, with the
silver components will, due to its hydrophobic quality
accept the printing ink (Fig. 2).

Printing elements
(photosensitive layer)

Nonrinting elements
(aluminium oxide)

Aluminium
Figure 2. Characteristics of the offset printing plate
During the printing process by friction between the
printing plate and the ink rollers, fountain solution rollers and offset cylinder the surface of the printing plates
is often worn. The wearing of printing plate is also inﬂuenced by chemical substances in printing ink.
This is the reason why a decrease of the ink transfer
occurs, which in turn reduces the percentage of the coverage on the paper. The changes of the printing plate
surface occur after a certain number of prints and therefore inﬂuence their quality (Mahovic et. al., 2003). The
standardization of the printing process becomes simpler
by predicting the possible changes of the prints and by
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following the parameters which could have inﬂuence
on their quality. These steps bring certain advantages
to the printing houses in the sense of reduction of the
reproduction time, as well as the planning of the ﬁnancial dimension.

Experimental Details
The wearing of the printing plate surface can indirectly be investigated by measuring the percentage of the
coverage of the printing elements on the printing plate
and on the prints (Bosner et. al., 1989), and directly, by
measuring the changes of the roughness parameters on
the printing and nonprinting areas on the printing plate.
In this paper the basis parameters for reproduction quality and the consistency of the silver layer during printing process were investigated. Consistency of the silver
layer was measured through deﬁning the roughness
parameters of the printing plate surface. Roughness
parameters have signiﬁcant role in the printing process because they deﬁne the consistency of the copying layer and, upon this, the consistency of the printing
plates. The characteristics of the printing plate surface
(roughness parameters for silver and aluminium-oxide
areas) before the print run and possible changes of the
roughness after the print run were investigated.
On the other hand, possible changes of the printing elements coverage causes change of the coverage values
on prints. As our market size is relatively small, inﬂuence of the print run on the prints was investigated in
lower print run values.
Investigation of the roughness characteristics of the printing plate surface was performed by electronical-mechanical equipment with the stylus Perthometer. For measuring
the mechanical characteristics of the coverage values on
prints the device with the CCD camera, GretagMacbeth
iCPlate II Platereader, has been used. Measured parameters have signiﬁcant importance in the graphic inking
reproduction process. Results of this paper have shown in
which amount the wearing of the printing plate surface
and silver areas inﬂuence on print quality.

the surface roughness (Mahovic and Marosevic, 1997).
The choice of the roughness parameters which will
give the optimal characteristics of the surface depends
ﬁrstly on the process of its elaboration and the function
of investigated surface.
The investigated roughness parameters are deﬁned according to the ISO/DIS 13565-2 (1994) standard on the
curve of relative length carrying capacity, so called Abbott’s curve (Drevs and Weniger, 1989). Abbott’s curve
gives the relative share of the material as a function of
the line high cross section and describes relative growth
of the material share with the increasing proﬁle.
In this paper, the printing plate surface was evaluated
through following amplitude parameters:
Rz – mean peak-valley height in 10 dots. It describes
the differences between middle height of the ﬁve highest peaks and the ﬁve lowest valleys inside the reference length.
Ra – arithmetical mean of the roughness, (roughness
average)
Rp – the highest peak inside the reference length;
and through following hybrid parameters:
Rk – core roughness depth, working surface which
will inﬂuence the consistency of the material (printing
plate)
Rpk – reduced peak height, main part of the surface
which will be worn out through the processing (printing process)
Rvk – reduced valley depth.
The surface characteristics were also measured indirectly, by measuring the surface coverage of the printing elements on the prints. The measurements were
made by device containing the CCD camera, GretagMacbeth iCPlate II Platereader, for deﬁning the mechanical characteristics of the coverage.
As said before, our market size is relatively small and
therefore investigated was print run of 80000 prints.
First investigated sample (Sample A) was taken from
the beginning of print run, then the 5000th, the 10000th,
the 21000th (Sample B), the 40000th (Sample C), the
60000th and the 80000th (Sample D) print. On all prints,
measurement of the coverage value was made for all
main colours (cyan, magenta, yellow and black).

Measurement
Results and Discussion
The surface roughness is a very complex and its estimation demands necessary simpliﬁcation. It is revealed
through the quantiﬁcation system of surface roughness condition by one-dimensional parameters based
on shot of two-dimensional proﬁle on the part of the
investigated surface. In regard to the amplitude and
the horizontal characteristics of the proﬁle, there are
horizontal surface parameters, vertical ones and hybrid
ones. The modern equipment for measuring the surface
roughness enables measurements of great numbers of
parameters, each describing a single characteristic of

The investigation was made on printing plates with AgX
coating before print run (in the results marked with “0”),
after 1000 prints (marked with “1000”) and after 350000
prints (marked with “350000”). The surface roughness
was measured on the silver coating (printing areas,
marked with “PA”) and on the aluminium-oxide surface
(nonprinting areas, marked with “NA”). All the measurements were performed in the same measurements conditions using Gaus ﬁlter of limited wave length λB=0,8
mm with the evaluation length ln=0,4 mm and standard
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stylus RHT 6-50. For more accurate results each printing
plate sample has been measured on ﬁve places in parallel
printing direction. In the Figs. 3 and 4 the middle values
of the performed measurements are shown.

the Ag surface and on the aluminium-oxide surface.
The results are shown in Fig. 4. The reduction of the Rk
parameter points at the reduction of the roughness core
depth. The reduction of the Rpk parameter signiﬁes the
smoothing of the surface, and the decrease of the Rvk
parameter points at the reduction of the deeper tracks.
Figures 5. to 8. show coverage values on prints of four
main colours, black, yellow, magenta and cyan at lower
coverage areas.
30

Figure 3. Results of measurements of Rz, Ra, Rp
surface roughness parameters
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Figure 5. Coverage values of black, A – ﬁrst print,
B – 21000th print, C – 40000th print, D – 80000th print
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The results of the measurement show that there is a certain reduction of all measured parameters after the print
run of 350000 prints. By measuring the amplitude parameters Rz, Ra, Rp it can be seen that there is an increase of 0.1 to 0.3 μm on the Ag surface (ink carrier)
after 1000 prints. This is most likely the consequence of
the residual paper particles (which are transferred from
offset cylinder on the printing plate) and ink particles on
the ink carrier surface. During the printing process these
small particles are placed in the proﬁle valley depth. After the print run of 350000 prints the roughness of the
surface decreases. The roughness parameters are also
smaller due to mechanical wearing of the printing plate
surface. That is to say, during the printing process, in
the touching zone between the offset cylinder and the
plate cylinder the rubber web slightly slides on the offset
cylinder, and therefore causes abrasive damaging of both
nonprinting (aluminium-oxide) and printing (Ag) surfaces. The reduction of the surface roughness will directly
cause the reduction of the ink transfer from the printing
plate onto paper. This will in turn result with prints of
poorer quality. By observing these elements on the used
printing plates one can notice the disappearance of the
smallest printing elements which are important for the
appearance of the light tones on the prints.
Measurements of the hybrid roughness parameters Rk,
Rpk, Rvk have shown that there is a reduction both on

15

10

A
B
C
D

5

0
0

2

4

6

8

10

12

14

16

18

20

Figure 6. Coverage values of yellow,
A – ﬁrst print, B – 21000th print,
C – 40000th print, D – 80000th print
It can be seen that coverage values are reducing its
value with increasing of nominal value by all colours.
The inﬂuence of printing run length on coverage values
is smallest with black colour (Fig.5.). Reduce of coverage values is most signiﬁcant with yellow at the end
of printing run (Sample D, Fig.6.). Coverage values of
cyan do not show any change between Sample C and
Sample D (Fig.8.).
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Figure 4. Results of measurements of Rk, Rpk, Rvk
surface roughness parameters
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Figure 7. Coverage values of magenta,
A – ﬁrst print, B – 21000th print,
C – 40000th print, D – 80000th print

20

Faculty of Technical Sciences - Graphic Engineering and Design
90

30

80

25

Measured coverage values[%]

70
Measured coverage values[%]

20

15

10

A
B
C
D

5

2

4

6

8

10

12

14

16

18

50
A
B
C
D

40

30

0
0

60

20

20
20

30

40

Nominal coverage values [%]

50

60

70

80

Nominal coverage values [%]

In the middle coverage areas (20 – 80 % coverage value)
all colours show similar behaviour as well as in lower
coverage areas. Black still has smallest reduce of coverage values (Fig. 9.). With black, magenta and cyan reduce of coverage areas increases with increase of nominal coverage value (Figs. 9., 11., 12.). Yellow Sample D
has largest reduce of coverage values (Fig. 10).

Figure 11. Coverage values of magenta, A – ﬁrst print,
B – 21000th print, C – 40000th print, D – 80000th print
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Figure 8. Coverage values of cyan, A – ﬁrst print,
B – 21000th print, C – 40000th print, D – 80000th print
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Figure 12. Coverage values of cyan, A – ﬁrst print,
B – 21000th print, C – 40000th print, D – 80000th print
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Figure 9. Coverage values of black, A – ﬁrst print,
B – 21000th print, C – 40000th print, D – 80000th print
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Figure 13. Coverage values of black, A – ﬁrst print,
B – 21000th print, C – 40000th print, D – 80000th print
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Figure 10. Coverage values of yellow, A – ﬁrst print,
B – 21000th print, C – 40000th print, D – 80000th print
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One can see in Figures 14. and 16. that differences
between coverage values on Samples A, B, C and D
of yellow and cyan are getting smaller with increase of
nominal coverage value. The largest difference between
ﬁrst and last (80000th) print is in very high coverage
areas with black (Fig. 13.). With cyan and magenta
curves of Samples B, C and D are nearly the same after
90 % nominal value.
It is assumed that the reduction of the ink transfer on
the paper come as a result of wearing of the copying
layer on the printing surfaces, that is as a result of the
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Figure 14. Coverage values of yellow, A – ﬁrst print,
B – 21000th print, C – 40000th print, D – 80000th print
reduction of the printing plates surface roughness. On
parts of the printing surfaces which contain copying
layer (PA) an aluminium surface arises after the long
print run. Such surface will not accept ink and transfer it
to the paper due to its characteristics which are different
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Figure 15. Coverage values of magenta, A – ﬁrst print,
B – 21000th print, C – 40000th print, D – 80000th print

Figure 16. Coverage values of cyan, A – ﬁrst print,
B – 21000th print, C – 40000th print, D – 80000th print

than those of the copying layer. Because of that there
is a reduction of ink transfer and the reduction of the
surface coverage of the prints.

References

Conclusion
This investigation was made to determine inﬂuence
of the print run on wearing of the silver-halide printing plates. To determine changes on the printing plate,
measurement of roughness parameters were conducted.
In addition, measurements of the coverage values on
prints were made to determine changes in the reproduction of four main colours.
By observing the amplitude and the hybrid roughness parameters it can be seen that the roughness of
the surface on the printing plates decreases during
the printing process. The deﬁning of the mentioned
roughness parameters are important both to the printing plate’s manufacturers and to their ﬁnal users
(print houses). The observing of only one of the stated parameters (for example Ra - arithmetical mean
of the roughness or Rpk - reduced peak height, main
part of the surface which will be worn out through
the printing process) is not the adequate approach to
deﬁning the printing plates consistency because the
evaluated changes after the print run of the 350000
prints are relatively small.
The results of the coverage value measurements have
shown that different printing inks have different role in
wearing of printing plates. All results of the coverage values on prints imply that printing process causes decrease
of coverage value. This result can indicate that printing
inks have speciﬁc hard chemical substances that in combination with friction between ink rollers and printing
plate damage photoactive layer. Largest decrease in coverage value was detected in printing with yellow. The
printing run length has the smallest inﬂuence on reproduction of black colour. All colours have the largest decrease of coverage value in middle coverage area.
In conclusion, this investigation has proved that wearing of the printing plate by printing process occurs and
as measurement of prints indicated, is inﬂuenced, not
only by friction between printing plate and offset cylinder and fountain solution and ink rollers, then also by
chemical effect of the printing ink substances.
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