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Abstract

For the monitor work place in the office an efficient reproduction of 16 step grey scales and an efficient recognition of
grey Landolt-rings is developed. This method considers the office illumination and the reflection of the office light on
the monitor surface in relation to the white monitor screen which all together are called here the visual properties at
the work place. A monitor system includes all software and hardware components between the PDF test chart input
and the monitor test chart output.

For the evaluation the grey ISO/IEC-test chart no. 3 according to ISO/IEC 15775 and ISO/IEC TR 24705 is used.
Two visual Yes/No decisions are required to determine the monitor output properties at any work place. The method
is additionally applicable for the data projector output on a screen in the (daylight) illuminated office. Visually it is to
be decided if the 16 grey steps and the Landolt-rings are recognized or not (two Yes/No decisions). In most cases
there are either two Yes or two No decisions.

1. Introduction

The BAM had taken a leading role in the development of the standards DIN 33866-1 to -5:2000 to specify the image
reproduction properties of copiers, scanners, printers and monitors. DIN 33866-2 for colour copiers corresponds to
the International Standard ISO/IEC 15775:1999 edited by the author of this paper. The International Technical
Report ISO/IEC TR 24705:2005 (under publication and also edited by the author) corresponds to the other parts of
DIN 33866-X. The part DIN 33866-4 and the corresponding part in ISO/IEC TR 24705 (chapter 13 to 15) is designed
for monitor systems. The monitor system includes the hardware and software to produce the monitor output.
PostScript (PS) and Portable Document (PDF) files are used to test the reproduction properties at work places. At
the work place the real monitor or the data projector output is tested with real applications in the office environment.

2. Increasing output on displays and ergonomic requirements

At work places and in many other applications (mobile phone, digital cameras, projection screens) there is an
increasing amount of displayed images. The softcopy outputs are more and more preferred compared to hardcopy
outputs on paper both for black and white and for colour.

Therefore the test of the reproduction properties depends on evaluation methods of the output compared to an
intended output defined by colorimetry. By colorimetry colours and coloured lights (radiation in the visible range) can
be measured according to the methods defined by the Commission International de I'Eclairage (CIE).

For many years there exist minimum ergonomic requirements of ISO TC 159/WG4/SC2 "Ergonomics of human
system interaction - Ergonomic requirements and measurement techniques for electronic visual display” in ISO
18789-X

Since 2003 ISO TC159/WG4/SC2 works on a improved standard series 1ISO 9421-301 to -307 which is in 2005 at
the CD stage of the ISO standardization procedure.
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3. Overview of the evaluation methods for the monitor output properties

There is an increasing amount of images with at least 16 grey steps out of 4096 (16 x 16 x 16) colour steps.

At the monitor work place there are many different lighting and reflection conditions based on the different daylight
and artificial illuminations and the different monitor reflection properties. Recent screen technologies show
especially an increase of the screen luminance. Therefore in the application the resulting luminance ratio increases
between white and black which leads to higher lightness contrast ranges.

The luminance ratio of white and black on the monitor is often similar compared to the luminance ratio of white paper
with the black text. On paper the luminance reflectance is Y= 89 for white and Y=2.5 for black (standard for copier
test chart no. 3 according to ISO/IEC 15775). The corresponding lightness is L*=95.4 for white and L*=18 for black.
Therefore the luminance ratio is 89:2.5 = 38:1 and the lightness ratio is 95.4:18 = 5.3:1.

For data projectors on the screen and in a room with daylight conditions at least a luminance ratio of 2:1 is required
by ergonomic standards. This corresponds to a lightness contrast range of 95.4:70 = 1.4:1. It is surprising that this
extreme condition still allows to see the 16 grey steps and the Landolt-rings. By colorimetry there are 25 lightness
steps between L*=70 and L*=95.4. If AL* = 1 is taken as distinguishable step then 25 step may be recognized in the
lightness range 70 to 95 and 77 steps in the standard lightness range 18 to 95 which corresponds to the luminance
reflectance Y= 89 for white and Y=2.5 for black.

4. Files for the test of the visual efficiency of the monitor output

There are two test files which produce both a 16 step grey scale and Landolt-rings on page number one. The output
of both files differs by other graphic test elements on the page one. For high luminance contrast (>100:1) the 5 step
and 16 step grey scales should appear equally spaced.

The first file produces the ISO/IEC-test chart no. 3 according to ISO/IEC 15775 and ISO/IEC TR 24705 on the
uneven pages 1 to 15 and the corresponding input - output relationships on the even pages 2 to 16.

Test file no. 1 which produces 16 pages (compare Fig. 1 to 6), see the URL (1.8 Mbyte, 16 pages)
http://www.ps.bam.de/ME15/10L/L15EO00FP.PDF

The second file produces the 5 and 16 step grey scale of ISO/IEC-test chart no. 3 according to ISO/IEC 15775 and
ISO/IEC TR 24705 on pages 1 and 3 and the corresponding input - output relationships on pages 2 and 4.

Test file no. 2 which produces 4 pages (compare Fig. 7 to 9), see the URL (150 kByte, 4 pages)
http://lwww.ps.bam.de/ME14/10L/L14EOOFP.PDF

If the monitor system has approximately an input — output relationship (gamma curve) which considers the visual
properties at the work place then the first page of both PDF files shows equally spaced 16 step grey scales and all
Landolt-rings are recognized (two Yes evaluations). In this case the intended visual efficiency of the monitor output
is reached.

In this case no further action is necessary. The monitor output at the work place is appropriate.

If there is at least one No evaluation then the input — output relationship is out of balance and an action described
in the next section is appropriate.

NOTE: One must have in mind that in offices the visual properties may change a lot during day time between
sunrise and sunset and by the artificial lighting. There is the goal of a user driven 8 step adjustment possibility at
the work place by either the software or the hardware. Up to now there seem to be no such application on the
market. Especially for data projections in a daylight office there is a need for such an 8 step adjustment
possibility. The 16 page file of this paper is one possibility to realize the user needs. This leads to an output which
corresponds to the variable reflection conditions.
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Figure 1: ISO/IEC-test chart no. 3 according to ISO/IEC 15775, page no. 1 for the high contrast range
Fig. 1 shows the ISO/IEC-test chart no. 3 according to ISO/IEC 15775 for the high contrast range (Yyy : Yy = 88.6:
0.0, L*w:L*y=954: 0.0) and appears on the output page no. 1
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Figure 2: Ideal input — output relationship, page no. 2 for the high contrast range

Fig. 2 shows the ideal input — output relationship of a monitor system for the high contrast range (Y, : Yy =88.6:
0.0, L*y:L*y=95.4:0.0) and appears on the output page no. 2. The input values may be the equal rgb values of
the sSRGB colour space (IEC 61966-2-1) and the output values the relative CIELAB lightness

I* = (L* — L*y) / (L*y — L*\)- The CIELAB lightness values L* between the black lightness L*\ (=noir) and the white
lightness L*, are given in the above tables. They are equally spaced between the value zero and the value 95.4. For
monitors and white standard offset paper the lightness is normalized to the same value L*,, = 95.4 for comparison,
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compare ISO/IEC 15775 and ISO/IEC TR 24705. In the following figures the black lightness L*\ changes from 0 to
18 (Fig. 3 and 4) up to 70 (Fig. 5 and 6). This leads to large changes of the lightness and luminance contrast.
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Figure 3: ISO/IEC-test chart no. 3 according to ISO/IEC 15775, page no. 7 for the medium contrast range
Fig. 3 shows the ISO/IEC-test chart no. 3 according to ISO/IEC 15775 for the medium contrast range (Y, : Yy = 88.6
2.5, L*y:L*y=95.4:18.0) and appears on the output page no. 7.
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Figure 4: Input — output relationship, page no. 8 for the standard medium contrast range

Fig. 4 shows the input — output relationship of a monitor system for the medium standard contrast range (Yy : Yy =
88.6:2.5, L*y :L*y =95.4:18) and appears on the output page no. 8. In the dark room the output appears lighter
(table and figure on left side). The daylight reflection on the monitor surface creates the inverse input — output
relationship. This leads finally to the equally spaced output values of the lightness in the right top table. Luminance
measurements lead approximately to the same values. Without the monitor surface reflection the output values
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LAB*,,; of the I|ghtness are not equally spaced, compare left top table.
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Figure 5: ISO/IEC-test chart no. 3 according to ISO/IEC 15775, page no. 15 for the low contrast range

Fig. 5 shows the ISO/IEC-test chart no. 3 according to ISO/IEC 15775 for the low contrast range (Y, : Yy =88.6:
40.6, L*y:L*y=95.4:70.0) and appears as the output page no. 15
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Figure 6: Input — output relationship, page no. 16 for the low contrast range
Fig. 6 shows the input — output relationship of a monitor system for the low contrast range (Y, : Yy = 88.6 : 40, L*y,
1L*y = 95.4 : 70) and appears on the output page no. 16. This low contrast range may appear on the projection
screen if data projectors are used in the daylight office. The calculated mean lightness difference are equal in Fig. 4
and 6 (value 4.1). In the low contrast range there is a reduced lightness range AL* = 25 instead of much larger
lightness range AL* = 77 for the medium contrast range. A gray scale which includes in the dark room much too less
steps in the dark area appears equally spaced in the daylight office if the luminance contrast ratio is about 2:1.
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The following 3 figures are produced by the “4 page file”. The output page no. 2 is similar to Fig. 2 and is not shown.
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Figure 7: ISO/IEC-test chart no. 3 according to ISO/IEC 15775, page no. 1 for the large contrast range

Fig. 7 shows the 5 and 16 step grey scales of the ISO/IEC-test chart no. 3 according to ISO/IEC 15775. This page
no. 1 should be equally spaced for the high contrast range (Y, : Yy = 88.6 : 0.0, L*,:L*y=95.4:0.0) and appears
on the output page no. 1
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Figure 8: 5 and 16 step grey scales of the ISO/IEC-test chart no. 3, page no. 3 for the actual contrast range
Fig. 8 shows the 5 and 16 step grey scales of the ISO/IEC-test chart no. 3 according to ISO/IEC 15775. This page
no. 3 serves for the actual contrast range (Y : Yy =88.6 : X, L*y: L*y =95.4:Y) and appears on the output page
no. 3. The values X and Y are unknown and may be determined by luminance measurement of white and black with
a luminance meter in the actual viewing situation.
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Figure 9: Input - output relationship of 16 and 5 grey steps, page no. 4 for the actual contrast range

Fig. 9 shows the input - output relationship of 16 and 5 grey step scale for the actual contrast range (Y, : Yy =88.6:
X, L*y:L*y=95.4:Y) and appears on the output page no. 4. The values X and Y may be determined by luminance
measurement of white and black with a luminance meter in the actual viewing situation.

5. Determination of the input — output relation (Gamma slope)

There is the goal to produce a 16 step equally spaced output in the actual viewing situation. There are two Yes
decisions if this goal is reached.

In many cases it is important to know the input - output relationship of the monitor system in the actual viewing
condition. This may help to produce the changes if the illumination conditions change. The Fig. 1, 3, 5 and 9 show
different input - output relationships (left side) and the inverse relationships (right side). There are two methods with
the two PDF files (see above) to determine the input - output relationship.

5.1 Determination of the input — output relation by the 16 page PDF test file

This test file simulates eight visual properties at work places with monitor luminance contrast ratios of white and
black in the range between > 100:1 and 2:1. Usually at least one of the eight uneven pages, for example page 7, will
lead to the two Yes decisions and all others will lead to two No decisions. If there are two or more adjacent uneven
pages which lead to the two Yes decisions then the visually more efficient page should be chosen. If for example
page no. 7 leads by this method to the two Yes decisions then the visual properties at the work place are known
and the corresponding input — output relationship is presented on the next page no. 8.

5.2 Determination of the input — output relation by the 4 page PDF test file

This test file serves to determine directly the visual properties at the actual monitor work place and requires some
technical knowledge of the user. At least for the main 5 step grey scale between black and white (with scale values 0
and 1) within the file the three scale values 0.25, 0.50, 0.75 for the three grey steps must be replaced by the three
actual values. Therefore a visual evaluation of the three values is require by the user.

If the three visual values are included in the file then the new output will present new pages 3 and 4. The new output
page no. 3 should lead to two Yes decisions and the output page no. 4 shows the actual input - output relation.

5.3 Inverse input — output relation as basis for improved output

If either the 16 or 4 page PDF file leads to two Yes decisions then in both cases the input — output relationship and
the inverse relationship is known and can be used to correct the gamma of the monitor system in the next section 6.
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If either the 16 or 4 page PDF file shows at least one No decision then the test fails and something is completely
wrong with the monitor system or the test method. In this case professional help is appropriate to locate the source
of this unusual property.

6. Intended visual efficiency for the monitor output

In both cases of section 5 the input — output relationship (Gamma curve) and the inverse relationship is shown. The
“inverse” gamma curve is presented in the file output, for example for the page no. 7 on the page no. 8. The “inverse”
gamma curve is to be included in the monitor operating system or the monitor hardware (if possible).

After including the actual inverse input — output relationship (gamma curve) of section 5 which considers the visual
properties at the work place then the following is expected:

The output of page no. 1 of both either the 16 or 4 page test file should lead to two Yes evaluations. Then the
intended visual efficiency for the monitor output is reached.

By this method the first page of both PDF files shows usually an equally spaced 16 step grey scale and all the
Landolt-rings are recognized (two Yes evaluations).

In this case no further action is necessary.

If either the 16 or 4 page PDF file shows at least one No decision with page no. 1, then the test fails and something
is completely wrong with the monitor system or the test method. In this case professional help is appropriate to
locate the source of this unusual property.

7. Consumer requirements for ergonomic monitor output

The new standard series ISO 9241-301 to -307 will define the minimum ergonomic requirements for display output.
The grey test charts of this paper are proposed for ISO/CD 9241-306 “Work place assessment”.

The intended 16 step equally spaced grey output and the recognition of all the Landolt-rings is proposed as one
minimum ergonomic requirement.

For the field of colour similar requirements are intended which are based on the 16 step equally spaced colour
scales of ISO/IEC 15775 and ISO/IEC TR 24705.

8. Requirements for user friendly colorimetric coordinates

The users require user friendly colorimetric coordinates for the description of the colours in Information Technology
(IT). The Information Technology uses often rgb-colour coordinates (amounts of each colour in red, green and blue)
which are completely non obvious for the users and confuse the users very much. For the four colour printer output
and by colorimetry the rgh-coordinates can be transferred to output required cmyk-coordinates which are similar non
obvious for the users and confuse the users very much.

For user friendly colorimetric coordinates the following definition applies:

Colorimetric coordinates,
device or colour order system coordinates which have a mathematical (often linear) relationship to the device
independent coordinates lightness, chroma and hue of the CIELAB system

The next Figures 10 and 12 show colorimetric coordinates for 5 step grey and colour series which are equally
spaced between black (N) and white (W) and cyan blue (C) and white (W).
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5 stepsof grey series Colour space, colour space coor dinates and PostScript oper ator
black - white (N - W) calculations according to I SO/IEC 15775:1999-12

Linear mixture between L* CIE[CMYN (CMYK) |CMYN(CMYK) |OLV (RGB)
black and white w* =1* | 000n* cmyQ* WWW*

in CIELAB colour space setgray | setcmykcolor setcmykcolor setrgbcolor
1,00 N + 0,00 W (black N) 0,00 [0,00 0,00 0,00 1,00(1,00 1,00 1,00 0,00|0,00 0,00 0,00
0,75N + 0,25 W 0,25 |0,00 0,00 0,00 0,75/0,75 0,75 0,75 0,00(0,25 0,25 0,25
0,50 N +0,50 W 0,50 [0,00 0,00 0,00 0,50/0,50 0,50 0,50 0,00|0,50 0,50 0,50
025N +0,75W 0,75 [0,00 0,00 0,00 0,25/0,25 0,25 0,25 0,00(0,75 0,75 0,75
0,00 N + 1,00 W (white W) 1,00 |0,00 0,00 0,00 0,00/0,00 0,00 0,00 0,00|1,00 1,00 1,00

LE420-1, colorimetric relationship of w*, 000n*, cmy0*, www¥or a5 step grey scale: black — white

5 steps of colour series Colour space, colour space coor dinates and PostScript operator
black - white (N - W) calculations according to | SO/IEC 15775:1999-12

Linear mixture between CIELAB adapted CIELAB relative CIELAB relative
black and white LAB*a (adapted) lab*tch = tch* lab*ncE = ncE*
in CIELAB colour space LAB*a setcolor tch* setcolor ncE* setcolor
1,00 N + 0,00 W (black N) 18.01 0.00 0.00 0,00 0,00 - 1,00 0,00 -
0,75N + 0,25 W 37.35 0.00 0.00 0,25 0,00 - 0,75 0,00 -
0,50 N + 0,50 W 56.70 0.00 0.00 050 0,00 - 050 0,00 -
0,25N + 0,75 W 76.05 0.00 0.00 0,75 0,00 - 025 0,00 -
0,00 N + 1,00 W (white W) 9541 0.00 0.00 1,00 0,00 - 0,00 0,00 -

LE420-7, colorimetric relationship of LAB*a, tch*, ncE*for a5 step grey scale: black — white

Figure 10: Equivalent colorimetric coordinates for 5 step grey scales

Fig. 10 shows equivalent colorimetric coordinates for a five step grey scale between black (N) and white (W). The
coordinates of the upper part are used in Fig. 11 and in a corresponding file which should produce four identical grey
scales. If the output is not equally spaced, then the method of ISO/IEC TR 19797 for linearization may be used.
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5
j * 1 Y+Yr
(absolute)

No. and
Hex code

I*
CIELAB, r

/183 AP Weq'sd" MMW//:dny S3|1} K| IS 40} 89S

L* [ Y+Yr

W'W=01 ‘0’z UOSPA  8p-wreqsd Mmmm)/:dny :JepiO pue Uoewou | f\

L* 1 Y+Yr
(absolute)

No. and
Hex code

I*

CIELAB, r
(relative)

0,000
Picture C3: 16 visua equidistant L*-grey steps; Use of the PS operator 000n* setcmykcolor
180/25 231/38 282/55 333/77 385/103 436/136 488/17,4 54,0219 59,1/272 64,3/332 69,5400 747/47,8 79,8/565 850/66,1 90,2/76,8 954/88,6

g 0,000

0,000
Picture C3: 16 visual equidistant L*-grey steps; Use of the PS operalor www* setrgbc

g
Bl oo soiec it s
: :

180/25 231/38 282/55 333/77 385103 436136 488/17,4 54,0/21,9 59,1/27,2 64,3/332 69,5400 74,7/47,8 798/565 850/661 90,2/76,8 95,4/88,6

L

0,067 0,133 0,200 0,267 0,333 0,400 0,467 0,533 0,600

0,067 0,133 0,200 0,267 0,333 0,400 0,467 0,533 0,600

180/25 231/38 282/55 333/77 385103 436/136 488/174 54,0219 59,1/272 64,3/33,2 695/400 74,7/47,8 79,8/565 850/66,1 90,2/76,8 954/88,6

0,067 0,133 0,200 0,267 0,333 0,400 0,467 0,533 0,600

Picture C3: 16 visua equidistant L* -grey steps; Use of the PS operator nnn0* setcmykcolor
180/25 231/38 282/55 333/77 385103 436/136 488174 540219 50,/27,2 64,3/332 69,5400 747/478 79.8/56,5

0,067 0,133 0,200 0,267 0,333 0,400 0,467 0,533 0,600

olor
ISO/IEC 15775 and

ISO/IEC TR 24705:2005 output:
Y (]

input: mixture (m) of PS operators

Z
&

Bo1 Wva \\ )/

0,733

0,667 0,800 0,867 0,933 1,000

[oXrg 0,733 0,800 0,867 0,933 1,000

0,933 1,000

slouud pue (G'z=1A) sioyuow Joj uoed|dde
W ANVE  40d'/Sd'dN003T81/10T/183A-T0S0S002 :Uolels|

0,667 0,733 0,800 0,867

85,0/66,1 90,2/76,8 95,4/88,6

0,667 0,733 0,800 0,867 0,933 1,000

f
I T

&/ BIFRYI=OP0D ;R LOR!

no change compared to i
T
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Figure 11: Four 16 step grey scales defined by 4 equivalent colorimetric coordinates

Fig. 11 shows four 16 step grey scales which are defined by 4 equivalent colorimetric coordinates. There are
software products which lead approximately to equal output on monitors or printers. There are others which
completely fail and produce four different grey scales. For the test of monitor and printer system properties at the
work place one can download this file of Fig. 11 from the URL

http://www.ps.bam.de/DE81/10L/L81EOONP.PDF

5 steps of colour series Colour space, colour space coor dinates and PostScript operator
cyan blue - white (C - W) calculations according to | SO/IEC 15775:1999-12

Linear mixture between CIELAB absolute CIELAB relative CIELAB relative
cyan blue and white LAB*LAB = LAB* lab* cmy0 = cmyO* lab*olv = olv*

in CIELAB colour space LAB* setcolor cmyO0* setcmykcolor | olv* setrgbcolor
1,00 C + 0,00 W (cyan blue C) | 58.62 -30.62 -42.74 |1,00 0,00 0,00 0,00 |0,00 1,00 1,00
0,75C+ 0,25 W 67.82 -23.21 -30.86 |0,75 0,00 0,00 0,00 |0,25 1,00 1,00
0,50 C +0,50W 77.02 -15.80 -18.98 |0,50 0,00 0,00 0,00 |0,50 1,00 1,00
0,25C+0,75W 86.21 -839 -7.11 |0,25 0,00 0,00 0,00 |0,75 1,00 1,00

0,00 C + 1,00 W (white W) 9541 -098 4.76 |0,00 0,00 0,00 0,00 |[1,00 1,00 1,00
LE421-1, colorimetric relationship of LAB*a, cmyO0*, olv*for a5 step scale: cyan blue — white

5 steps of colour series Colour space, colour space coordinates and PostScript operator
cyan blue - white (C - W) calculations according to | SO/IEC 15775:1999-12

Linear mixture between CIELAB absolute CIELAB relative CIELAB relative
cyan blue and white LAB*LCHa=LCH*a|lab*tch = tch* lab* ncE = ncE*

in CIELAB colour space LCH*a setcolor tch* setcolor ncE* setcolor

1,00 C+ 0,00 W (cyan blueC) [58.62 54.29 236.0 |0.500 1.000 0.656 |0.000 1.000 g21b
0,75C+0,25W 67.82 4051 236.0 [0.625 0.750 0.656 |0.000 0.750 g21b
0,50 C + 0,50 W 77.02 27.14 236.0 |[0.750 0.500 0.656 |0.000 0.500 g21b
025C+0,75W 86.21 1357 236.0 [0.875 0.250 0.656 |0.000 0.250 g21b
0,00 C + 1,00 W (white W) 9541 0.01 - 1.000 0.001 - 0.000 0.001 -

LE421-7, colorimetric relationship of LCH*a, tch*, ncE*for a5 step scale: cyan blue — white

Figure 12: Equivalent colorimetric coordinates for a 5 step colour scale

Fig. 12 shows equivalent colorimetric coordinates for a five step colour scale between cyan blue (C) and white (W).
All colorimetric coordinates are used to produce 6 identical cyan blue scales which should look additionally equally
spaced.

Not all colorimetric coordinates are user friendly. Among the six possibilities of Fig. 12 only the last three (LCH*, tch*
and ncE*) may be called user friendly.
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Figure 13: Equivalent colorimetric coordinates in 12 different colour systems

Fig. 13 shows as example the calculation of equivalent (corresponding) colorimetric coordinates in 12 different
colour systems, for example by the coordinates ncE (relative blackness, chromaticness and elementary hue) of the
Swedish Standard NCS (Natural Colour System).

Fig. 13 shows the colours Fa of 8 hues which are located within in a hue colour triangle (down left in Fig. 13). The
colours Fa may be mixed by three chromatic colours CMY (chromatic generation) or from two chromatic colours and
black N (black generation), for example by 55%(M+Y) + 40%C or 25%(M+Y) + 40%N. The achromatic colour black N
is often by a factor 3 less expensive compared to the chromatic colours CMY. The costs for the production of the
colour Fa by black generation are therefore reduced for the colour Fa to 24% compared to chromatic generation.

Fig. 13 produces the three rectangle colours on each square edge with the first three triples of equivalent colour
coordinates. In newer applications (since 2002) the three colours are by monitor output often very different,
sometimes the first two or all three are equal in a printer output.

BAM filter produce equal output colours both with the monitor or printer system according to the user requirement
for the 12 equivalent colour coordinates which are used in corresponding PS- and PDF-BAM-test charts. This is the
technical basis for a Colorimetric Image Technology (CIT), compare the papers (21 pages, 1.4 Mbyte)

http://www.ps.bam.de/BAMWO5.PDF
and (30 pages, 1.2 Mbyte)
http://www.ps.bam.de/AWGO05.PDF

9. Related developments in other standard areas

CIELAB cameras of the BAMVIII1.34-working group measure directly the CIELAB colour data of the image pixels.
The last Meeting of the Advisory Working Group of ISO/IEC JTC1/SC28 has decided to produce an ISO/IEC
Technical Report in this area. This ISO/IEC Technical Report will include calculation methods, which allow a transfer
from the CIELAB coordinates to any of these colorimetric device coordinates and vice versa.

The colorimetric device coordinates are defined by mathematical (often linear) relationships to the CIELAB data.
This relationship is based on the CIELAB data of the eight device colours CMYOLVNW (cyan blue, magenta red,
yellow, orange red, leaf green, violet blue, black (=noir), white), see the paper about the linear relationship to CIELAB
under the URL (5 pages, 100 kByte)

http://www.ps.bam.de/CIE05.PDF

In the standard area there are an additional developments for example by the standards IEC 61966-2-1 add ISO/DIS
15706-1:2005 which define coordinates and methods for “Colour Management”.

Since about 15 years until 2002 the output of the four grey scales defined by the PostScript operators setgray,
setrgbcolor and setcymkcolor was equal and often equally spaced, compare Fig. 11. The coordinates of these PS
operators are shown in Fig. 10 which are considered as colorimetric equivalent. Then equal output is intended.

In 2002 since introduction of “Colour Management” in the colour workflow between input and output then instead of
four equal grey scales often four different grey scales are produced, for example with Adobe Reader Version 6.0
(2004). This produces a grey chaos output on the monitors (and printers).

Similar problems appear for chromatic colours. For colours defined by equivalent olv* and cmy* colorimetric
coordinates (compare Fig. 12) the BAM-PDF-test charts may show differences by up to 25 CIELAB. This
corresponds approximately to one third of the difference black-white on a device. Sometimes no difference appears
on a printer and 25 CIELAB appear on a monitor and sometimes vice versa. There are solutions for the user
requirement of equal output for equivalent colorimetric coordinates.

A solution of the colour chaos is the BAM-filter method which produces identical output for equivalent olv* and cmy*
colorimetric coordinates and for the 11 other colorimetric coordinates of Fig. 13.

10. Conclusions

—The 16 step output on monitors is based on digital values which are equally spaced in the range between 0 and 1,
for example by the values 0, 1/15, 2/15, ..., 14/15, 1. The standard 16 step input data are used for the 16 grey steps
of page one of the two standard PDF files.

—The 16 step output should be equally spaced but the visual spacing depends to a high degree on the luminance
contrast ratio on the screen which may vary between > 100:1 and 2:1 at the office work place.

— There are two PDF files which both use the standard 16 step input data on page no. 1.

A 16 page test file considers 8 different luminance contrast ratios between >100:1 and 2:1 at the uneven pages 1
to 15. At a given office work place only one page of eight looks equally spaced. The corresponding input - output
relationship is then shown on the corresponding even page and is used to produce an equal spacing for the
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standard input values.

A 4 page test file allows directly to determine the input - output relationship at any office work place by visual
evaluation of 5 step grey scales. The corresponding input - output relationship is then shown on page 4 and is
used to produce an equal output spacing for the standard input values on page 3.

— It is intended to use either the 16 page or the 4 page output to produce a 16 step equally spaced output. At any
given office work place page one of both the 16 page or 4 page output produces then an equally spaced output for
the 16 step standard input data.

11. Standards, Technical Reports and References

The author was active as a leader for the standards [1] to [3] and was editor of the International documents [4] to [7].

[1] DIN 33870:2000: Requirements and tests for the remanufacturing of used toner modules black for
electrophotographic printers, copiers and fax machines (Anforderungen und Priifungen fiir die Aufbereitung von
gebrauchten Tonermodulen schwarz fir elektrophotographische Drucker, Kopierer und Fernkopierer)

[2] DIN 33871-1:2003: Requirements for remanufacturing of used inkjet heads and inkjet tanks of inkjet printers
(Aufbereitung von gebrauchten Tintendruckkopfen und Tintentanks fur Tintenstrahldrucker)

[3] DIN 33866-1 bis 5:2000: Information technology — Office machines — Machines for colour image reproduction:
Method for specifying image reproduction of colour devices by digital and analog test charts (100 pages), This
standard includes analog DIN-test charts no. 1 to 4.

[4] ISO/IEC DIS 19839-1 bis -4:2000; Information technology - Office machines - Colour image reproduction
equipment, Methods for specifying image reproduction of colour devices by digital and analog test charts

[5] ISO/IEC 15775:1999; 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 (50 pages). There are 3 analog ISO/IEC-test charts no. 2 to 4 of JMBIA in Japan.

[6] ISO/IEC TR 19797:2004, Information technology - Device output of 16-step colour scales, output linearization
method (LM) and specification of the reproduction properties, ISO/IEC JTC1/SC28 (21pages). For an old public
version of this document see the URL (21 pages, 280 kByte)

http://www.jbmia.or.jp/sc28/sc28docs/j28n656.zip

[7]11SO/IEC TR 24705:2005 (under publication), Method of specifying image reproduction of colour devices by digital
and analog test charts, (79 pages). For an old public version of this document see the URL (79 pages, 1.5 MByte)

http://www.jbmia.or.jp/sc28/sc28docs/j28n689.zip

[8] Richter, K. (2004), Natural colour connection space (NCCS) between input and output for office systems,
International Semina on Information Office Equipment Standardization, Korean Agency for Technology and
Standards, pages 71-92, see the URL (1.4 MByte, 27 pages)

http://www.ps.bam.de/BAMAG1.PDF

[9] Richter, K. (2005), Linear relationship between CIELAB and device coordinates for Colorimetric Image
Technology (CIT), see the URL (140 kByte, 6 pages)

http://www.ps.bam.de/CIE05.PDF

[10] Richter, K. (2005), Improved visual and material efficiency for colour output in image technology by colorimetric
methods, see the URL (21 pages, 1.4 Mbyte)

http://www.ps.bam.de/BAMWO05.PDF

[11] Richter, K. (2005), Colorimetric Image Technology (CIT), German proposals for International Standards and
Technical Specifications or Reports of ISO/IEC JTC1/SC28, see the URL (30 pages, 1.2 Mbyte)

http://www.ps.bam.de/AWGO05.PDF

Remark 1: For several specific “New Work Item Proposals” which are shown in [11], see the URL
http://www.ps.bam.de/NWIP/

Remark 2: For further publications and analog and digital BAM-, DIN-, CEN- and ISO/IEC-test charts, see (> 1
Million connections/per year since 2002):

http://lwww.ps.bam.de
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Annex A: Colorimetric data of monitor systems

There are International Standards which include the CIEXYZ and CIELAB data of the monitor systems for CIE
standard illuminant D65. For different daylight reflection conditions on the monitor surface in the office tables are
given in ISO/IEC TR 24705:2005. The figures of this paper are based on these tables but eight instead of 4
conditions are used. Therefore Fig. 15 and 16 include the CIE data for eight conditions.

Both the grey and chromatic colours change and therefore all CIE data are included in this Annex.

CMYOLV CMYOLV
complementary complementary
hueplanes ==« hueplanes ===

AE*=5.87 AE*=5.18

colour names of colour names of

ISO/IEC 15775 ISO/IEC 15775

Grey sample difference = AL*=6.36 Luminance contrast Yw / Yn > 999.0 Grey sample difference = AL*=5.16 Luminance contrast Yw / Yn = 35.56
Ligthnessrange L*w - L*n =95.41- 0.0 =95.41 Ligthnessrange L*y - L*n=95.41-18.01=77.4

Chromarange C*o + C*c = 100.41 + 48.1 = 1485 Chromarange C*o + C*c =87.29 + 46.32 = 133.6

Relative colour gamut grel=[95.41* 148.5] / [95.41 * 148.5]= 1.0 Relative colour gamut grel=[77.4* 133.6] /[95.41 * 148.5]=0.73

BE391-1, TLS00 in hue plane C-0O of LAB* BE391-4, TRS18 in hue plane C-0O of LAB*

CMYOLV CMYOLV
complementary complementary
hueplanes === hue planes T e

AE*=4.05 [ ]

colour names of colour names of

| SO/IEC 15775 ISO/IEC 15775

Grey sample difference = AL*=3.83 Luminance contrast Yw / Yn = 8.89 Grey sample difference = AL*=1.71 Luminance contrast Yw / Yn =2.22
Ligthnessrange L*w - L*n=95.41 - 37.99 =57.42 Ligthnessrange L*w - L*n=95.41-69.7=25.71

Chromarange C*o + C*c = 66.51 + 41.17 = 107.68 Chromarange C*o + C*c = 28.32 + 23.07 = 51.39

Relative colour gamut grel=[57.42* 107.68] / [95.41 * 148.5]= 0.44 Relative colour gamut grel=[25.71* 51.39] /[95.41 * 148.5]= 0.09

BE391-6, TLS38 in hue plane C-O of LAB* BE391-8, TLS70 in hue plane C-O of LAB*

Figure 14: Change of the monitor colours in the CIELAB space by different contrast ratios in the office
Fig. 14 shows the change of the monitor colours in the CIELAB space by different contrast ratios in the office. The
hues Orange red O and Cyan blue C are given in a C*,, — L* diagram of the CIELAB space.

Additionally the colour gamut is calculated compared to the ideal case (dark room and no reflections). The lightness
range reduces to 30% and the colour gamut reduces to about 9% for the luminance ratio 2:1 compared to the high
luminance ratio (>100:1).

The following figures 15 and 16 show the colorimetric data of monitor systems for the standard contrast ratio and for
both the 4 high and the 4 low contrast ratios.

For similar data for offset, see the URL
http://www.ps.bam.de/LE48/10L/L4A8EOONP.PDF
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L*=LAB*1
87.14
319
59.01
52.76
92.74
84.0
18.01
95.41

0.01
100.0

L*=LAB*1
86.88
25.72
57.31
50.5
92.66
83.62

0.0
95.41

0.0
100.13

L*=LAB*1
86.94

83.81
10.99
95.41
0.0
100.06
*=LAB*1
87.14
31.9
59.01
52.76
92.74
84.0
18.01
95.41
0.01
100.0

a*=LAB*;
—-44.42
24.46
89.33
71.63
-20.03
—-78.99

a*=LAB*2
-46.15
3145
94.35
76.91

a*=LAB*

-45.72
29.31
93.06

a*=LAB*2
—-44.42
24.46
89.33
71.63
-20.03
-78.99

b*=LAB*3
-13.12
-37.38
-19.43
49.88
84.97

b*=LAB*3
-13.54
-44.28
-20.68
64.55
90.75

79.9

*=LAB*3
-13.12
-37.38
-19.43

49.88
84.97

C*ap=LAB*,
46.33

44.68

91.42

87.29

87.3

*r=LAB*;
48.11
54.32
96.59
100.41

*r=LAB*¢
47.22
48.94
93.96
92.86

X=XYZ1
48.72
9.36
53.43
37.9
68.68
33.17
24
84.21
0.0
95.05

X=XYZ1
47.68 (=47.68+0.0)
7.17 (=7.17+0.0)
52.53 (=52.53+0.0)
36.54 (=36.54+0.0)
68.22 (=68.22+0.0)
31.68 (=31.68+0.0)

0.0 (=0.0+0.0)
84.21 (=84.21+0.0)
~2.45 (=-2.45+0.0)
95.37 (95.37+0.0)
X=XYZ1
47.94 (=47.34+0.6)
7.72 (=7.12+0.6)
52.75 (=52.16+0.6)
36.88 (=36.28+0.6)
68.34 (=67.74+0.6)
32.05 (=31.45+0.6)
0.6 (=0.0+0.6)
84.21 (=83.61+0.6)
—1.84 (=—2.44+0.6)
95.29 (=94.69+0.6)
X=XYZ1
482 (=47.0+1.2)
827 (=7.07+1.2)
52.98 (=51.78+1.2)
37.22 (=36.02+1.2)
68.45 (=67.25+1.2)
32.43 (=31.23+1.2)
1.2 (=0.0+1.2)
84.21 (=83.01+1.2)
~1.22 (=-2.42+1.2)
95.21 (=94.01+1.2)
X=XYZ1
48.72 (=46.32+2.4)
9.36 (=6.97+2.4)
53.43 (=51.03+2.4)
37.9 (=35.5+2.4)
68.68 (=66.28+2.4)
33.17 (=30.78+2.4)
2.4 (=0.0+2.4)
84.21 (=81.81+2.4)
0.0 (=-2.38+2.4)
95.05 (=92.65+2.4)

Y=XYZ3
70.29
7.04
27.04
20.83
82.37
64.07
2.52
88.59
0.0
100.0

Y=XYZ5
69.76 (=69.76+0.0)
4,65 (=4.65+0.0)
25.24 (=25.24+0.0)
18.84 (=18.84+0.0)
82.19 (=82.19+0.0)
63.35 (=63.35+0.0

88.59 (=88.59+0.0)
—2.58 (=-2.58+0.0)

100.33 (=100.33+0.0)

Y=XYZy
69.89 (=69.26+0.63)
5.25 (=4.62+0.63)
25.60 (=25.06+0.63)
19.34 (=18.71+0.63)
82.24 (=81.61+0.63)

63.53 (=62.9+0.63)
0.63 (=0.0+0.63)

88.59 (=87.96+0.63)
~1.93 (=—2.56+0.63)

100.25 (=99.62+0.63)

Y=XYZ
70.02 (=68.76+1.26)
5.85 (=4.59+1.26)

(=24.88+1.26)
19.84 (=18.58+1.26)
82.28 (=81.02+1.26)
63.71 (=62.45+1.26)
1.26 (=0.0+1.26)
88.59 (=87.33+1.26)
~1.29 (=-2.55+1.26)

100.17 (=98.91+1.26)

Y=XYZ;
70.29 (=67.77+2.52)
7.04 (=4.52+2.52)
27.04 (=24.52+2.52)
20.83 (=18.31+2.52)
82.37 (=79.85+2.52)
64.07 (=61.55+2.52)

252 (=0.0+2.52)
88.59 (=86.07+2.52)
0.0 (=-2.51+2.52)
100.0 (=97.48+2.52)

Colorimetric data of " Standard Original" : Television Reflective System TRS18 for CIE lightness L*=18 of black

Z=XYZ3
94.79
2351
44.82
4.41
14.66
13.0
2.74
96.48
0.0
108.9

Z=XYZ3
94.74 (=94.74+0.0)
21.37 (=21.37+0.0)
4331 (=43.31+0.0)
1.71 (=1.71+0.0)
12.27 (=12.27+0.0)
10.55 (=10.55+0.0)

109.26 (=109.26+0.0)

Z=XYZ3
94.75 (=94.06+0.69)
21.91 (=21.22+0.69)
43.68 (=43.0+0.69)
2.39 (=1.7+0.69)
12.87 (=12.18+0.69)
11.17 (=10.48+0.69)
0.69 (=0.0+0.69)
96.48 (=95.79+0.69)

X

0.2279
0.2346
0.4265
0.6003
0.4144
0.3009
0.3127
0.3127
0.3127
0.3127

Calculated colorimetric data: Television Luminous Systeme (TL Sxx) for CIE lightness L*=xx=00, 06, 11, 18 of black

X
0.2247
0.2161
0.4339
0.64
0.4194
0.3
0.2789
0.3127
0.3127
0.3127
X
0.2255
0.2214
0.432
0.6293

-2.11 (=-2.79+0.69) 0.3127
109.17 (=108.49+0.69)0.3127

Z=XYZ3
94.76 (=93.39+1.37)
22.44 (=21.07+1.37)
44,06 (=42.69+1.37)
3.06 (=1.69+1.37)
13.47 (=12.09+1.37)
11.78 (=10.4+1.37)
1.37 (=0.0+1.37)
96.48 (=95.11+1.37)
~1.4 (=-2.77+1.37)

X

0.2263
0.2262
0.4301
0.6191
0.4169
0.3005
0.3127
0.3127
0.3127

109.08 (=107.71+1.37)0.3127

Z=XYZ3
94.79 (=92.04+2.74)
23,51 (=20.76+2.74)
44,82 (=42.07+2.74)
4.41 (=1.66+2.74)
14.66 (=11.92+2.74)
13.0 (=10.25+2.74)
2.74 (=0.0+2.74)
96.48 (=93.73+2.74)
0.0 (=-2.73+2.74)

X

0.2279
0.2346
0.4265
0.6003
0.4144
0.3009
0.3127
0.3127
0.3037

108.9 (=106.16+2.74) 0.3127

y Y/88.59
03288 07934
01764  0.0795
02158  0.3052
03299 02351
04971 09298
05812 07231
0329 00284
0329 10
0329 00
0329 11288
y Y/88.59
03288 0.7874
01402 00525
02084 02849
0.33 0.2127
05052 09278
06 0.715
02934 00
0329 10
0329  -0.0292
0320 11325
Y/88.59
03288  0.7889
01505  0.0593
02103  0.2899
033 0.2183
05032 09283
05951 07171
0329  0.0071
0329 10
0329  -0.0218
0329 11316
y Y/88.59
03288 07904
0.16 0.066
02122 0295
03299 02239
05011  0.9288
05904 07191
0329 00142
0329 10
0329  -0.0145
0329 11306
y Y/88.59
03288 07934
01764 00795
02158  0.3052
03299 02351
04971 09298
05812 07231
0329 00284
0329 10
0319 00
0329 11288
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E490-7N, Colorimetric data of Television Reflective System TRS18 and of Television Luminous Systems TL S00/06/11/18

BAM -test chart no. LE49; colorimetric coordinates .

TRS18 and Television Luminous Systems TLS=00, 06, 11, 18  output: ho change compared to input
C M Y [e] L \Y

input: cmy0* setcmykcol or

__'m

Tefed ‘T/TRUS T/ WI0d /6v3Y

\w elyey=epoo LW VY

T 1unoo :afied

sl
Bor Wve \ 2

SWwiISAs Joliuow Jo eid Jo Jusweinsesw Joj uoireoldde

4dd’/Sd'dN0036%1/710T/6%73 1-T060700C -Uo!elIs!

>< SI01IUOIAN 1n0j0D uo 1ndinO abew) 10} Aoualdlyy3 [ensIA

&l




9T /971

Suolel 1SeJIU0D MO| JINOJ PUe plepuels 10} SWaISAS UOISIAS|S] JO Blep J1118W110|0D 9T a.nbi4

Ido/d

7>

:UOITeWLIOJUI [e21UYID |
W 'S9|1} Ke|ILUtS 10} 3G

T'T=01'‘T'Z UOSIBA ap'weq'sd'MMM//:dng
/6v3 1P Wweqsd mmm/:di

"

WY L (0] Y
www.ps.bam.de/L E49/10L/L49EO0INP.PS/.PDF; start output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

><

Colorimetric data of " Standard Original" : Television Reflective System TRS18 for CIE lightness L*=18 of black

System TRS18

(Reflective CIE, YN=2.52
and CIELAB cero point)

(CIELAB according
to | SO/IEC 15775)

Color
Vv (B)
M
O(R)
Y
L(©)
N
w

NO
w1

L*=LAB*1
87.14
319
59.01
52.76
92.74
84.0
18.01
95.41

0.01
100.0

a*=LAB*;
—-44.42
24.46
89.33
71.63
-20.03
—-78.99

b*=LAB*3
-13.12
-37.38
-19.43
49.88
84.97

C*ap=LAB*,
46.33

44.68

91.42

87.29

87.3

X=XYZ1
48.72
9.36
53.43
37.9
68.68
33.17
24
84.21
0.0
95.05

Y=XYZ3 Z=XYZ3 X

70.29 94.79 0.2279
7.04 2351 0.2346
27.04 44.82 0.4265
20.83 4.41 0.6003
82.37 14.66 0.4144
64.07 13.0 0.3009
2.52 2.74 0.3127
88.59 96.48 0.3127
0.0 0.0 0.3127
100.0 108.9 0.3127

Calculated colorimetric data: Television Luminous Systeme (TL Sxx) for CIE lightness L*=xx=27, 33, 52, 70 of black

System TLS27

(Display reflection
Yr=5.04)

System TL S38
(Display reflection
Yr=10.08)

System TL S52
(Display reflection
Yr=20.16)

System TLS70
(Display reflection
Y'r=40.32)

Color
C
V (B)
M
OoR)
Y
L(G)
N
w

NO
w1

Color
C
V (B)
O(R)
Y
L (G)
N
W

NO
w1

Color
C
Vv (B)
M
O(R)
Y
L (G)
N
w

NO
w1

Color
C
V (B)
M
OR)
Y
L (G
N
W

NO
w1

L*=LAB*1
87.4
36.8
60.64
54.88
92.82
84.37
26.85
95.41
18.34
99.87

L*=LAB*1

L*=LAB*;
88.94
55.84
69.22
6553
933
86.55
5202
95.41
49.69
99.09

*=LAB*1
9093
7146
785
76.43
9393
89.32
6.7
95.41
68.68
98.03

a*=LAB*2
-42.72
20.12

a*=LAB*2
-21.96
4.57
37.52
26.27
-10.77
-35.81

b*=LAB*3
-12.7
-32.47
-18.27
41.69

*r=LAB*;
44.58
38.2
86.56
78.78

*r=LAB*/
41.19
29.64
77.63

*r=LAB*;
23.09
10.11
38.28
28.31
36.27
45.25

X=XYZ1
49.76 (=44.96+4.79)
11.56 (=6.76+4.79)
54.33 (=49.54+4.79)
39.25 (=34.46+4.79)
69.13 (=64.34+4.79)
34.67 (=29.88+4.79)

4.79 (=0.0+4.79)
84.21 (=79.42+4.79)

2.47 (=-2.31+4.79)
04.73 (=89.94+4.79)

X=XYZ1
51.83 (=42.25+9.58)
15.94 (=6.36+9.58)
56.13 (=46.55+9.58)
41.97 (=32.38+9.58)
70.04 (=60.46+9.58)
37.66 (=28.08+9.58)

958 (=0.0+9.58)
84.21 (=74.63+9.58)
7.4 (=-2.17+9.58)
94.1 (=84.52+9.58)

Y=XYZ; Z=XYZ3 X
70.83 (=65.79+5.04) 94.84 (=89.35+5.49) 0.231
943 (=4.39+5.04) 25,64 (=20.16+5.49) 0.2478
28.84 (=238+5.04)  46.33 (=40.84+5.49) 0.4195
2281 (=17.77+5.04) 7.1 (=162+549) 05675
82.56 (=77.52+5.04) 17.06 (=11.57+5.49) 0.4097
64.78 (=59.74+5.04) 15.44 (=9.95+5.49)  0.3017
! : 549 (=0.0+549)  0.3127
88.59 (=83.55+5.04) 96.48 (=90.99+5.49) 0.3127
2.83(=-2.65+5.49) 0.3127
99.67 (=94.63+5.04) 108.54 (=103.05+5.49)0.3127
Y=XYZ2 Z=XYZ3 X
71.9 (=61.82+10.08) 94.94 (=83.96+10.98) 0.237
142 (=4.12+10.08) 29.92 (=18.94+10.98) 0.2654
32.45 (=22.37+10.08) 49.36 (=38.38+10.98) 0.407
26.78 (=16.7+10.08) 12.49 (=1.52+10.98) (0.5166
82.92 (=72.84+10.08) 21.85 (=10.87+10.98) 0.4007
66.22 (=56.14+10,08) 20.33 (=9.35+10.98) 0.3032
10.08 (=0.0+10.08) = 10.98 (=0.0+10.98)  0.3127
88.59 (=78.51+10.08) 96.48 (=85.5+10.98) 0.3127
7.78 (=—2.29+10.08) 8.47 (=—2.49+10.98) 0.3127
99.0 (=88.92+10.08)  107.81 (=96.83+10.98)0.3127

X=XYZ1 Y=XYZ Z=XYZ3 X
55.99 (=36.83+19.16) 74.04 (=53.88+20.16) 95.13 (=73.18+21.95) 0.2487
24.7 (=554+19.16) ~ 23.75(=3.59+20.16) 38.46 (=16.51+21.95) 0.2842
59.74 (=40.58+19.16) 39.65 (=19.49+20.16) 55.41 (=33.45+21.95) 0.3859
47.39 (=28.23+19.16) 34.72 (=14.56+20.16) 23.28 (=1.32+21.95) 0.4497
71.86 (=52.7+19.16) 83.65 (=63.49+20.16) 31.43 (=9.48+21.95) 0.3844
43.63 (=24.47+19.16) 69.09 (=48.93+20.16) 30.11 (=8.15+21.95) 0.3055
19.16 (=0.0+19.16) = 20.16 (=0.0+20.16) ~ 21.95(=0.0+21.95) 03127
84.21 (=65.05+19.16) 88.59 (=68.43+20.16) 96.48 (=74.52+21.95) 0.3127
17.26 (=—1.89+19.16) 18.16 (=—1.99+20.16) 19.77 (=—2.17+21.95) 0.3127
92.83 (=73.67+19.16) 97.66 (=77.5+20.16) 106.35 (=84.4+21.95) 0.3127
X=XYZ1 Y=XYZ5 Z=XYZ3 X
64.3 (=25.98+38.32) 78.33 (=38.01+40.32) 95.53 (=51.62+43.91) 0.27
4223 (=3.91+38.32) 42.86(=2.54+40.32) 55.55 (=11.65+43.91) 0.3003
66.95 (=28.62+38.32) 54.07 (=13.75+40.32) 67.51 (=23.6+43.91) 0.3551
58.24 (=10.91+38.32) 50.50 (=10.27+40.32) 44.84 (=0.03+43.91) 0.379
755 (=37.17+38.32)  85.11 (=44.79+40.32) 50.59 (=6.69+43.91) 0.3575
55.59 (=17.26+38.32) 74.84 (=34.52+40.32) 49.66 (=5.75+43.91) 0.3087
(=0.0+40.32)

38.32(=0.0+38.32)  40.32 4391 (=0.0+43.91) 03127
84.21 (=45.88+38.32) 88.59 (=48.27+40.32) 96.48 (=52.57+43.91) 0.3127
36.98 (=-1.33+38.32) 38.91 (=—1.4+40.32) 42.37 (=—1.53+43.91) 0.3127
90.29 (=51.96+38.32) 94.99 (=54.67+40.32) 103.44 (=59.54+43.91)0.3127

y Y/88.59
03288 07934
01764  0.0795
02158  0.3052
03299 02351
04971 09298
05812 07231
0329 00284
0329 10
0329 00
0329 11288
y Y/88.59
03288 07995
02022 01064
02227 03255
03298 02575
04892 09319
05639 07313
0329  0.0569
0329 10
0329 00293
0329 1125
Y/88.59
03288 08116
02365  0.1603
02352  0.3662
03296 03023
04743 0936
05331 07475
0329 01138
0329 10
0329 00878
0320 11174
y Y/88.59
03288  0.8358
02733 02681
02562 04476
03294 03919
04475 09442
04837 07799
0329 02276
0329 10
0329 0205
0329 11024
y Y/88.59
03289  0.8841
03047  0.4837
02868  0.6103
03292 0571
0403  0.9606
04156  0.8447
0329 04551
0329 10
0329 04392
0329 10722
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E490-7N, Colorimetric data of Television Reflective System TRS18 and of Television Luminous Systems TL S18/27/38/52/70

BAM -test chart no. LE49; colorimetric coordinates .

TRS18 and Television Luminous Systems TLS=27, 38, 52, 70  output: ho change compared to input
C M Y [e] L \Y

input: cmy0* setcmykcol or
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