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Abstract

The committees ISO/IEC JTC1/SC28 and DIN-NI-28,Information technology, Office equipment” have
worked together to develop the International Standard ISO/IEC 15775 [2]. The new national standards
DIN 33866-1 to 5 [1] (in print, drafts May to Nov. 1999) and the International Standard ISO/IEC 15775
are based on equivalent colour series. Both use the same colour series both in digital and analog test
charts and approximately the same layout.

New colorimetric technologies of Germany and Japan have been used to produce the four DIN- and
ISO/IEC-test charts in offset printing (3600 dpi) which are in application for colour devices now.

The different productions will be shown, e. g. in halftone and continuous tone and in reflectance and
transmittance mode. Some problems of measurement (e. g. fluorencent photographic material) and the
accuracy of production is important for applications.

A flat area lamp which is shown at the conference has the chromaticity of D65. With transparent ISO/
IEC-test chart material on top this equipment defines a reference monitor for comparison with display
output. For additional information see the URL: www.ps.bam.de

Introduction

The International Standard ISO/IEC 15775 ,Information technology — Office machines — Machines for
colour image reproduction - Method of specifying image reproduction of colour copying machines by
analog test charts — Realisation and application" was prepared by DIN (as DIN 33866-2). DIN 33866-2
was published in 1998 and ISO/IEC 15775 in 1999 [2].

Remark: The standards ISO/IEC 15775 and DIN 33866-X define requirements for the quality of the
image reproduction and the standards of the series IEC 61966 define measurable transfer properties of
homogeneous colour areas.

This paper describes the creation, production, application and accuracy of digital and analog test
charts. The application of analog and digital test charts for automatic colour management is described
in a separate paper [7] of this conference.

1. Digital and analog test charts

1.1 General

The digital and analog test charts for the assessment of copier outputs are defined in ISO/IEC 15775.
The digital test charts are designed by display PostScript systems. The original digital file format
PostScript (PS) is transformed to different equivalent formats, e. g. Portable Document Format (PDF).

According to ISO/IEC 15775 the digital ISO/IEC-test charts (digital files) are on the web server with the
URL: http://02.ps.bam.de, www.ps.bam.de and others.The analog ISO/IEC-test charts according to
ISO/IEC 15775 will be produced in reflectance and transmittance mode for D65 illumination.

Fig. 1 shows both the creation and production (output) of an analog ISO/IEC-test chart from the digital
ISO/IEC-test chart (left side) and the copy of an analog ISO/IEC-test chart (right side). It is necessary to
compare the analog copier output with the corresponding analog ISO/IEC-test chart. There are
definitions for analog test charts in reflectance and transmittance mode within the standard.

An analog transmittance output is in general viewed on top of a flat area lamp with the chromaticity of
daylight D65. Flat area lamps have a luminance of up to 10 000 cd/square meter. The lamps can be
dimmed by the user in a wide range. The lamps have been produced in the different sizes used for
computer displays and they are mainly used for backlighting of LCD computer displays.The analog test
charts in transmittance mode on top of a flat area lamp serve as a reference monitor for display output
(compare DIN 33866-5).
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Figure 1: Creation and colour output techniques for the analog test charts on colour copiers
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2. Content of test charts

2.1 Content of achromatic ISO/IEC-test chart no. 3
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Figure 2: Frame and picture area of ISO/IEC-test chart no. 3 according to ISO/IEC 15775
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2.2 Content of chromatic ISO/IEC-test chart no. 4 with

OLV-colours
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Figure 3: Frame and picture area of ISO/IEC-test chart no. 4 according to ISO/IEC 15775
The test charts include a frame and picture area with different test elements like Siemens-stars,
Landolt-rings, line screens, characters in different sizes and colours. All colours in the standard are
defined by CIELAB parameters based on the CIELAB coordinates of offset printing for D65 [3].

2.3 Colours cmYoLVNW in test charts

Basic | Intended CIELAB Produced CIELAB CIELAB differences CIELAB-
test CMYN (ISO 2846-1) | Pictures B2 and C2 of test colours test colour
colour| Reference (r) Output (0) Difference (o-r) difference
name |L* | a% | b* L a | by ALx |Aar | Abr |AEY,
C 58.62| -30.64 -42.74 59.9p -27)8 -43.1p 1.B4 2182 -04 3.15
M 48.13| 75.2 -6.79 49.19p 7403 -7.4 1p6 -1416 -0p 1.69
Y 90.37| -11.1§ 96.17 87.1p -5|58 10561 -3|24 .57 944 11.43
(0] 47.94| 65.31] 52.07 4790 65|31 52.7 (0] (0] d.0 0Jo 0.01
L 509 | -62.9q 36.71 50.9] -62p6 36.7[L 0o P 0.01
\Y 25.72] 31.45 -44.35 25.7p 3145 -44.35 040 g.o 0p 0.01
N 18.01 0.5 -0.46 17.16 -0j06 -2.7|L -0B4 -056 -2p4 2.47
W 95411 -0.98 4.76 94.98 -0J58 3.28 -0j42 d.4 -147 1.59
Average CIELAB colour difference: AE*apm= 2.5

Table 1: Intended printing colours

INFDEO31:DETA121.PS 2x2

CMYOLVNW and comparison with produced colours
Table 1 shows intended colours CMYOLVNW compared to produced colours of DIN 33866. The
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intended colours are addionally compared with television colours acc. to ITU-R BT709.2 in Table 2.
ISO-2846-1: 1997 defines in Annex D in Table D.3 the intended colours of offset printing. Five colours
CMYNWeR (PR = Print) are given for CIE-standard illuminant D65, the 2°-standard observer and the

45°/0°-standard geometry. Additionally a nonfluorescent reference paper is described. The chromatic
colours OLVpR are not given.

The DIN 33866 test charts 2 to 4 are produced on this ISO-reference paper W and with chromatic inks
CMYNpg acc. to ISO 2846.

The colorimetric data L*a*b* of reference (r = 1ISO 2846-1:1997, Table D.3) and the average colorimetric

data of production (o = output) are given in Table 2. The differences between reference and production
(output) are small for the colours CMYNW,g. The largest difference is AE*,, = 11,43 for yellow Y and

the average difference is AE*;, , = 2,5. One must have in mind that less than three units between

pictorial images cannot be detected by human viewers. Therefore we can add the colours OLV of
production to get the colorimetric L*a*b*data for the full intended colour set CMYOLVNWR.

Basic | Intended CIELAB data| Intended CIELAB data| CIELAB differences CIELAB-

test |CMYN (ISO 2846-1) |RGB (ITU-R BT.709-2) of test colours test colour
colour| Reference (r) Output (0) Difference (o-r) difference
name |L* ax b* L* ax b* AL* | Aa* | Ab* AE*

r r r o o [0} o-r o-r o-r ab

C 58.62| -30.61 -42.74| 86.88 -46J17 -13.56 28|26 -1%.54 29[8 43.5

M 48.13| 75.2 -6.79 57.3 9485 -20.7 917 19.15 -13Pp 25.38
Y 90.371 -11.14 96.17 92.6p -20{7 90.7p 2|29 -9.54 -541 11.22
0] 47.94| 65.31) 52.07 50.5 76192 64.56 2156 11.61 12{48 17.24
L 50.9 | -62.9q 36.71 83.68 -—-82J76 79.9 32|73 -19.79 4319 57.69
\ 25.72| 31.45 -44.35 30.3p 76J06 -103}59 467 44.61 -59|23 74.31
N 18.01 0.5 -0.46 1.5y 0p 0.0 -16}43 -(Q.49 0.47 16.45
W 95.41| -0.98 4.76 95.4[1L 0J01 0.1 00 1.0 -4174 4.85
Average CIELAB colour difference: AE*apm= 31.3

INFDEO31:DETA131.PS 2x2

Table 2: Intended printing and television colours and comparison

Table 2 shows the printing colours compared to the television colours defined in ITU-R BT709.2 for CIE-
standard illuminant D65 and the 2°-standard observer. The normalization to L*= 95,41 for white D65 as
defined in 1SO-2846 for white is used (see tables in DIN 33866-1). This part shows the differences
between the colours CMYOLVNW,g and CMYOLVNW;y. There are differences up to AE*,, = 74 for the
colour violet blue V (called blue B in television) and the average difference is AE*,, ,, = 31,5.

In ISO/IEC 15775 the short terms OLV are used for the colours OLVpg. These short terms help to keep
in mind that there are very large differences compared to the colours OLVy, which are in standards

usually called RGB. The short terms RGB used for colours on monitors conflict with the short terms R,
G, and B for elementary colours (see Annex K of ISO/IEC 15775 [2]).

3. Production of test charts

3.1 Accuracy of achromatic test chart no. 3

Two spectrophotometers (one high precision and one low cost) and one colorimeter (low cost) have
been used to measure the production of the achromatic test chart 3 in offset printing on nonfluorescent
ISO reference paper of offset printing.
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i LAB*ref LAB*out LAB*ouc AE*
1 1801 05 -046 17.6 -0.18 -2.48 2.13pecification according to
2 2317 04 -011 2442 -0.28 -2.85 3d80/IEC 15775 Annex G
3 2833 03 0.23 3226 -0.29 -2.54 4.85
4 3349 02 058 39.75 -0.6 -2.43 7.0
5 3865 0.1 092 4392 -055 -2.31 6.22
6 4381 0.0 127 487 -0.84 -1.64 5. ®egularity
7 4897 -0.09 1.62 5342 -0.89 -1.38 5.4¢* = 63.7
8 5413 -0.19 1.97 56.77 -0.88 -1.11 4.12
9 59.29 -0.28 232 61.21 -0.99 -0.94 3.86ghtness gamut
10 64.45 -0.38 2.67 66.66 -0.82 —0.68 4.08 = 92.1
11 69.61 -0.48 3.02 7051 -0.87 -0.21 3.38
12 7477 -058 337 7546 -0.76 0.49 2.96
13 79.93 -0.68 3.71 7981 -0.72 1.05 2.67
14 85.09 -0.78 4.06 87.32 -0.78 1.98 3.05
15 90.25 -0.88 4.41 91.66 -0.6 2.61 2.34ean colour difference (16 samples)
16 9541 -0.98 4.76 950 -0.59 3.3 1EE*ciELaB = 3.9
17 18.01 05 -046 176 -0.18 -248 18.01 -0.18 -2.48 2.13
18 37.36 0.13 0.84 4288 -0.56 -2.34 43.29 -0.56 -2.34 6.77
19 56.71 -0.24 215 5899 -0.94 -1.03 594 -0.94 -1.03 4.22
20 76.06 -0.61 345 76.55 -0.75 0.63 76.96 -0.75 0.63  ReAn colour difference (5 samples)
21 9541 -098 476 950 -059 3.3 9541 -059 3.3 Nstcpla = 3.5
Mean colour reproduction index: Ripm= 82

CIS2P:MDD35A3N.PS

Table 3: Colorimetric data of the series ~ W-Nin DIN 33866 test chart no. 3, picture A3

Table 3 shows the colorimetric data of the series W-N measured by a high precision spectrophotometer
(high precision Zei8 DMC 25).

i LAB*ref LAB*out LAB*ouc AE*
1 1801 05 -046 1614 176 -6.05 s.@pecification according to
2 2317 04 -011 2344 122 -452 4480/IEC 15775 Annex G
3 2833 03 023 315 054 -3.24 4.71
4 3349 02 0.58 385 0.31 -2.63 5.95
5 3865 0.1 092 4325 -0.05 -2.2 5.57
6 4381 0.0 127 4764 0.19 -1.85 4.Fegularity
7 4897 -0.09 1.62 5331 0.22 -1.25 5.28*= 65.8
8 5413 -0.19 1.97 56.73 -0.22 -0.88 3.87
9 59.29 -0.28 232 6153 -0.1 -0.3 3.46ghtness gamut
10 64.45 -0.38 2.67 66.41 -0.19 0.32 3.06 = 93.7
11 69.61 -0.48 3.02 7054 -0.21 0.93 2.3
12 7477 -058 3.37 7526 -0.2 153 1.94
13 79.93 -0.68 3.71 7996 -0.21 248 1.32
14 85.09 -0.78 4.06 87.55 -0.01 3.63 2.61
15 90.25 -0.88 4.41 9164 0.04 444 1.8%ean colour difference (16 samples)
16 9541 -0.98 4.76 9488 0.09 5.07 1LME*ciELaB = 3.7
17 1801 05 -046 16.14 176 -6.05 17.34 176 -6.05 5.77
18 37.36 0.13 0.84 4206 0.03 -2.31 4326 0.03 -2.31 6.69
19 56.71 -0.24 215 59.13 -0.16 -0.59 60.33 -0.16 -0.59 4.54
20 76.06 -0.61 345 76.44 -0.2 177 77.64 -0.2 177  Mghn colour difference (5 samples)
21 9541 -0.98 476 94.88 0.09 5.07 96.08 0.09 5.07 ABicEA = 4.1
Mean colour reproduction index: Ripm= 83

CIS2P:MAD35A3N.PS

Table 4: Colorimetric data of the series  W-Nin DIN 33866 test chart no. 3, picture A3

Table 4 shows the colorimetric data of the series W-N measured by a spectrophotometer (low cost from
Colour Savvy, Colour Mouse CM3S). The mean differences between intended and produced colours
are for the 16 grey steps near 4 CIELAB units.
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3.2 Accuracy of chromatic test chart no. 4

Three colorimeters have been used to measure the production of the achromatic test chart no. 4 in
offset printing on nonfluorescent ISO reference paper.

i LAB*ref LAB*out LAB*ouc AE*
1 90.37-11.15 96.17 87.03 -5.95 106.41 11.8pecification according to
2 90.71-10.47 90.08 87.66 -6.89 100.86 11.¥18O/IEC 15775 Annex G
3 91.04 -9.79 83.98 88.26 -7.86 92.89 9.53
4 9138 -9.12 77.89 88.8 -8.26 86.78 9.3
5 9171 -8.44 7179 89.53 -8.18 74.26 33
6 92.05 -7.76 65.7 90.33 -7.67 65.45 1. Regularity
7 9239 -7.08 59.61 90.64 -6.22 56.35 3.7 = 53.6
8 9272 -6.4 5351 90.6 -7.4 53.99 2.39
9 93.06 -5.73 47.42 91.33 -7.13 47.88 2.2ightness gamut
10 93.39 -5.05 41.32 9177 -6.62 41.32 226= 11.1
11 93.73 -4.37 3523 9256 -5.84 33.91 2.3
12 94.07 -3.69 29.14 93.22 -525 28.23 1.99
13 944 -3.01 23.04 93.84 -43 2131 2.23
14 94.74 -2.34 16.95 95.09 -2.8 13.03 3.96
15 95.07 -1.66 10.85 9529 -2.11 9.52 1.M2ean colour difference (16 samples)
16 9541 -0.98 4.76 96.39 -0.54 3.41 1L.XE*cgLas = 4.5
17 90.37-11.15 96.17 87.03 -5.95 106.41 88.21 -5.95 106.41 11.69
18 91.63 -8.61 73.32 89.35 -82 77.39 90.53 -8.2 77.39 4.24
19 92.89 -6.07 50.47 90.97 -7.26 50.94 92.15 -7.26 50.94  1.49
20 94.15 -3.52 27.61 93.38 -5.01 26,5 9456 -5.01 26.5 Mean colour difference (5 samples)
21 9541 -0.98 476 96.39 -0.54 3.41 9757 -0.54 341 2ABScgaB = 4.4
Mean colour reproduction index: Ripm= 79

CIS2P:MDD25B2Y.PS

Table 5: Colorimetric data of the series  W-Y'in DIN 33866 test chart no. 2, picture B2
Table 5 shows the colorimetric data of the series W-Y measured by a spectrophotometer (high precision
and cost, Zei8 DMC 25).

i LAB*ref LAB*out LAB*ouc AE*
1 90.37-11.15 96.17 86.87 -4.68 108.16 14.8pecification according to
2 90.71-10.47 90.08 87.48 -6.18 103.17 14180O/IEC 15775 Annex G
3 91.04 -9.79 83.98 88.05 -6.89 95.43 12.18
4 9138 -9.12 77.89 88.62 -7.16 8541 8.25
5 91.71 -8.44 71.79 89.17 -7.13 75.57 4.74
6 92.05 -7.76 65.7 89.53 -6.92 69.04 4.Regularity
7 9239 -7.08 59.61 90.06 -6.64 60.84 2.60* = 80.9
8 9272 -6.4 5351 90.58 -6.41 54.1 2.22
9 93.06 -5.73 47.42 09114 -6.17 47.39 1.@fghtness gamut
10 93.39 -5.05 41.32 91.67 -5.79 41.29 188= 99
11 93.73 -4.37 3523 9231 -5.12 34.08 1.98
12 94.07 -3.69 29.14 9294 -4.37 27.33 2.23
13 944 -3.01 23.04 93.66 -3.47 20.08 3.09
14 9474 -2.34 16.95 944 -195 1224 4.74
15 95.07 -1.66 10.85 94.72 -1.17 8.34 2.88ean colour difference (16 samples)
16 9541 -0.98 4.76 9521 034 23 28E*cgLag = 5.2
17 90.37-11.15 96.17 86.87 -4.68 108.16 88.72 -4.68 108.16 13.72
18 91.63 -8.61 73.32 89.03 -7.14 78.03 90.88 -7.14 78.03 4.99
19 92.89 -6.07 50.47 90.86 -6.29 50.75 92.71 -6.29 50.75 0.4
20 94.15 -3.52 27.61 93.12 -4.15 25,52 94.97 -4.15 2552  M&&n colour difference (5 samples)
21 9541 -098 476 9521 034 23 97.06 034 23 AbSciELaR = 4.9
Mean colour reproduction index: Ripm= 76

CIS2P:MAD25B2Y.PS

Table 6: Colorimetric data of the series ~ W-Y'in DIN 33866 test chart no. 2, picture B2
Table 6 shows the colorimetric data of the series W-Y measured by a spectrophotometer (low cost from
Colour Savvy, Colour Mouse CM3S).
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i LAB*ref LAB*out LAB*ouc AE*
1 90.37-11.15 96.17 87.01 -4.74 11232 17.5pecification according to
2 90.71-10.47 90.08 87.85 —4.95 94.16 7480/IEC 15775 Annex G
3 91.04 -9.79 83.98 87.35 -2.42 85.54 8.39
4 9138 -9.12 77.89 88.83 -5.19 80.13 5.19
5 91.71 -8.44 71.79 89.28 -5.11 73.38 4.42
6 92.05 -7.76 65.7 89.77 -5.2 66.85 3.6Regularity
7 9239 -7.08 59.61 90.27 -5.47 60.51 2.83*= 69.7
8 9272 -6.4 5351 90.93 -5.03 5231 2.56
9 93.06 -5.73 47.42 9149 -551 47.53 1.89ghtness gamut
10 93.39 -5.05 41.32 9197 -56 4274 208= 99
11 93.73 -4.37 35.23 9261 -6.39 38.42 3.94
12 94.07 -3.69 29.14 9348 -55 30.03 2.1
13 944 -3.01 23.04 94.04 -4.57 23.24 1.61
14 9474 -2.34 16.95 94.88 -3.54 15.69 175
15 95.07 -1.66 10.85 95.3 -2.58 11.03 0.%%ean colour difference (16 samples)
16 95.41 -0.98 4.76 953 -2.49 3.85 1LIE*CcELAR = 4.2
17 90.37-11.15 96.17 87.01 -4.74 112.32 88.75 -4.74 11232 17.45
18 91.63 -861 73.32 89.17 -5.13 75.07 90.9 -5.13 75.07 3.96
19 92.89 -6.07 50.47 91.21 -5.27 49.92 92.95 -5.27 49.92 0.97
20 94.15 -3.52 27.61 93.62 -527 28.33 95.36 -5.27 28.33  MB&n colour difference (5 samples)
21 9541 -0.98 4.76 953 -2.49 385 97.04 -2.49 385 Al*cpag = 5.4
Mean colour reproduction index: Ripm= 79

CIS2P:MMD25B2Y.PS

Table 7: Colorimetric data of the series ~ W-Y'in DIN 33866 test chart no. 2, picture B2
Table 7 shows the colorimetric data of the series W-Y measured by a colorimeter (low cost from Colour
Savvy, Colour Mouse CM3C).

i LAB*ref LAB*out LAB*ouc AE*
1 90.37-11.15 96.17 91.32-15.43 109.05 13.8pecification according to
2 90.71-10.47 90.08 91.68-14.88 95.79 7480/IEC 15775 Annex G
3 91.04 -9.79 83.98 91.95-14.16 83.4 4.5
4 91.38 -9.12 77.89 92.32-13.67 75.59 5.19
5 91.71 -8.44 71.79 92.71-12.93 67.03 6.62
6 92.05 -7.76 65.7 93.02-12.23 59.71 7.5Regularity
7 9239 -7.08 59.61 93.49-11.28 51.1 9.5§* = 65.0
8 9272 -6.4 5351 93.95-10.68 45.87 8.84
9 93.06 -5.73 47.42 94.36 -9.52 38.99 9.83ghtness gamut
10 93.39 -5.05 41.32 94.83 -85 3273 9.3f*= 6.6
11 93.73 -4.37 3523 9526 -7.29 26.6 9.24
12 94.07 -3.69 29.14 95.74 -6.14 21.46 8.23
13 94.4 -3.01 23.04 96.03 -4.64 16.08 7.33
14 94.74 -2.34 16.95 96.29 -3.51 11.78 5.52
15 95.07 -1.66 10.85 96.87 -1.96 6.0 5.0Mean colour difference (16 samples)
16 9541 -098 4.76 96.89 -0.21 1.87 3.¥E*cgLaB = 7.5
17 90.37-11.15 96.17 91.32-15.43 109.05 90.11-15.43 109.05 13.58
18 91.63 -8.61 73.32 92.61-13.12 69.17 91.4 -13.12 69.17 6.13
19 92.89 -6.07 50.47 94.16-10.1 42.43 92.94-10.1 4243 8.99
20 94.15 -3.52 27.61 9581 -5.77 20.12 94.6 -577 20.12  Ne@an colour difference (5 samples)
21 9541 -098 4.76 96.89 -0.21 187 9568 -0.21 1.87 AD*cga = 7.9
Mean colour reproduction index: Ripm= 65

CIS2P:MMJ21B4Y.PS

Table 8: Colorimetric data of the series  W-Yin JBMA test chart no. 2, picture B2

Table 8 shows the colorimetric data of the series W-Y measured by a colorimeter (low cost from Colour
Savvy, Colour Mouse CM3C). This series has been produced in test chart no. 2 of the Japan Business
Machine Makers association (JBMA) in 1999. The JBMA-production consist of three test charts in offset
printing and will be shown at the conference together with productions of DIN.
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4. Future developments

The produced colours series of ISO/IEC-test charts are linear in CIELAB colour space, e. g. between
White W and Cyanblue C for the 16 equally spaced steps both in L* (lightness) and C* (chroma).

CMYOLV

hexagon u

three basic colors three mixed colo

E8370-12

Figure 4: Hexagon of CMYOLYV colours with 16 steps produced in ISO/IEC-test charts

Figure 4 shows the main six different colour series. Manufacturers of colour devices are changing the
firmware (or software in the device) to reach a linear input-output relationship for printers, scanners and
others by using the ISO/IEC test charts. Devices with approximately these properties will simplify colour
management very much as shown by K. Richter [7] in another paper of this conference.
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