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Objective & Scope

» Continuation of a project done during the pandemic

 GMG OpenColor, Esko Equinox and an IDEAIlliance small test chart were
used

» Objective of this project
» Use Alwan ColorHub and Toolbox for ECG conversions of the same test
colors that were used in the previous project

« Use the Alwan proprietary test chart and the IDEAlliance small ECG test
chart

« Compare the results
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Pantone test color chart




Pantone test color chart

Hue angle distribution for Verfication Target Patches
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Methodology

®* Set up a test form with Alwan 906 test patches and second test form with the IDEAlliance
ECG small test chart

®* Process both test charts the same way

®* Measure the test targets

®* Create ICC color profiles

®* Convert the Pantone solid coated library V5 (M1) to ECG builds

®* Compare conversion results

* Build a test chart with the same ECG test charts plus the selected Pantone colors

®* Measure the L*a*b*-values of the converted Pantone colors and compare them to the

L*a*b* values from Pantone




Methodology

« Select three Pantone colors which gave a good correlation
between the theoretical DEOO and the measured DEOQO.

* Mix these as spot colors and create a test job that show labels
with these colors.

e Convert this job to ECG and print with CMYKOGV.
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Experimental setup

Equipment & Materials




Experimental Setup (ECG)

® Comco Cadet 7-color narrow web label press

®* Substrate: Label Supply Extragloss LTR ‘Low Tack Removable’ 40#
* Inks: Siegwerk water-based flexo inks

®* Anilox rollers:
®* Yellow: 1.78 BCM, 1000 LPI
®* Magenta: 1.79 BCM, 1000 LPI
® Cyan: 1.79 BCM, 1000 LPI
®* Orange: 2.93 BCM, 550 LPI
® Green: 2.97 BCM, 550 LPI
* Violet: 2.18 BCM, 800 LPI
* Black: 1.78 BCM, 1000 LPI




Experimental Setup (spot)

® Comco Cadet 7-color narrow web label press

®* Substrate: Label Supply Extragloss LTR ‘Low Tack Removable’ 40#
* Inks: Siegwerk water-based flexo inks

®* Anilox rollers:
®* Yellow: 1.78 BCM, 1000 LPI
®* Magenta: 1.79 BCM, 1000 LPI
® Cyan: 1.79 BCM, 1000 LPI
* Black: 1.78 BCM, 1000 LPI
®* P7620 Orange: 2.18 BCM/ 800 LPI
* P7717 Green: 2.93 BCM/ 550 LPI
®* P2091 Violet: 2.97 BCM / 550 LPI
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Experimental Setup

* Plates: Toyobo Cosmolight water washable plate 0.067"

 Plate thickness: 0.0666"
* Floor height: 0.0436"
 Relief: 0.0226”

* Micrometer: Mitutoyo absolute digital micrometer
 Esko CDI Spark 2530
 Anderson & Vreeland Orbital X plate processor with CL-50

Whirl-A-Way AV Polymer Removal System




Experimental Setup

e Measurement instrument:

. Esko “Flexo” — 7.5° set Ink Sequence
e X-Rite eXact
Ink Name Ruling Angle ()
+ Software used: o ko =P [
Yellow 150 Ipi 172.5° (=82.5°) = 0 Magenta
e Alwan ColorHub M Black 150 Ipi  127.5° (=37.5° =P c
B Green 150 Ipi 67.5° o iz
e Alwan ToolBox M Orange 150 Ipi e = P orange
M violet 150 Ipi 172.5°(=82.59
e X-Rite DataCatcher = P Green
= Violet
e Adobe lllustrator V
= - Black

e MS-Excel
* ColorThink 3.09 (Mac)
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Experimental Setup (First press run)
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Experimental Setup

A B C D E F G H | J K L M N o) P Q R S T u \ W X Y 4 2A 2B 2C 2D

CMYKOGV_180p_AlwanOptimised - © 2026 Alwan Color Expertise

New test chart: 180 patches
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Experimental Setup (Press run three - five)
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Results

Color gamut




Results

O [ ] Profile: Hydra 906 Flexo X3.icc O (@] Profile: IDEA small 3.icc (] ® Profile: ACH small IDEA run.icc

L Profile Inspector * ‘& L & \ Profile Inspector o & L & V- Profile Inspector = & L &

Overview Header Fields Tag Table Curves Statistics Errors/Wamnings Overview Header Fields Tag Table Curves Statistics Errors/Wamings Overview Header Fields Tag Table Curves Statistics Errors/Warnings

Name: Hydra 906 Flexo X3
Type: Device: Print

Device ColorSpace

7CLR

-
[ -

White Point Maximum Black

L] .

16 bit table, grid points

16 bit table, grid points

Gamut Volume: 435,142

Profile Connection Space

Lab

|

Gamut volume: 435,142
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Name: IDEA small 3
Type: Device: Print

Device ColorSpace

7CLR

-
- -

White Point Maximum Black

L] .

16 bit table, grid points

16 bit table, grid points

Gamut Volume: 436,957

Profile Connection Space

Lab

|

Gamut volume: 436,957

Name: ACH small IDEA run
Type: Device: Print

Device ColorSpace

7CLR

-
[ - -

White Point Maximum Black

L] .

16 bit table, grid points

16 bit table, grid points

Gamut Volume: 424,958

Profile Connection Space

FEr

Gamut volume: 424,958




Results (Selected Pantone colors
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Plot List ?

® Pantone test target Alwan conv.
@® Profile  Hydra 906 Flexo X3

@ Profle  ACH small IDEA run

Plot Color

® truecolor  / Tone usingL*

single color:
Opacity: =

Plot as: Points

Surface
R | s crone <

®  wireframe
flat
Constrain Channels

smooth
| Gamut Projection

® device gamut




Results (Selected Pantone colors

Plot List 2
® Pantone test target Alwan conv.
@ Profile  Hydra 906 Flexo X3

@ Profile  ACH small IDEA run

@ Profile  IDEA small 3

Plot Color

true color  / Tone using L*

® singlecolor: o,

Opacity:

Plot as: Points

Surface

o atars 100 crane @

et Constrain Channels
smooth
/' Gamut Projection

® device gamut
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Results

« OGV color difference to different recommendations

DE2000
ISO/TC21328 FOGRA55 IDEAlliance 2021 Pantone XGC

Orange 3.39 4.88 389 6.36
Green | 664 16 664 4.08

Violet 2.62 4.01 2.65 2.12
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Results

Color conversions




Results
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Pantone Solid Coated Libary V5 M1

87.9% 88.5% 86.8%
2102 2116 2074
I : I : I :
Hydra 906p Idealliance small Alwan optimized

B Number of spots within tolerance B Number of spots with below2 DE

Pantone V5 library = 2390 colors
Max DEOO =4

2 02 6 Eer?rtc‘)t:olitaq c C Tampere University
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18
16
14
12
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Theoretical color conversions

Pantone Solid Coated Library V5 M1

16 16
14.9
57 57 6
1.5 1.4 1.5 I I I
I .

Average DE MaxDE

BACH mlidealliancesmall mAlwan optimized

CRF 95th DE



Results — number of colors

Number of Pantone colors considered below DE00 < 4
100.00%

90.00% 87.90% 88.50% 86.80%

LN ] Color Worksheet
atz000 || B ol
(T worktiows) Werkfiow 1v 3 DemEy
o ; = 2 80.00%
(¥ proties > Rel Colorimetric > ¥ 0
v v 69.40% 69.90% 69.30%
15 [N 0 . .
e et e 70.00%
¥ Images <untitled image>v <untitled image>v
N -
Wik
x %
5 50.00%
A i At h el W
¥ cotors 0,
&= . .. (B (B 40.00%
"
e mcll_®  Neme Lo b cm cnz ch3 cha chs cne o ot
= 1345 PANTON. 2300 7.99 -39.36| 882 00 00 457 00 00 600 050 l
o oz panton.. [l 2100 3039 -s012 45 01 00 204 00 00 %08 087
. 1346 PANTON... 2200 9.88 -37.86| 797 00 00 485 00 00 642 061
Golors: 1205 panton... [l 1700 293 1937 700 08 00 772 00 00 531 o8t 30.00%
2390 1205 panton.. [l 2200 195 2888 845 00 00 606 00 00 518 056 . 0
105 panton.. [l 2600 1339 -as523 762 00 00 254 00 00 628 070
s panton.. [l 600 2321 388 456 07 00 500 00 00 a1 078
17as panton.. [l 1900 1134 225 31 00 60 96 00 419 07 o7e
Toa panton.. [l 2600 1332 -46.98 827 00 00 20 00 00 623 oo
171 panton.. [l 1700 1206 073 226 00 12 93 04 s64 05 s
1353 panton.. [l 1100 516 -17.10 G2 05 00 853 00 00 881 083 20.00%
1361 panton.. [Mllzs00 s62 -47.55 89 00 00 253 00 00 570 084 . 0
miss panton.. [l 2100 1371 3554 656 00 00 S8 00 00 717 088
2388 panton.. [l 1900 1039 033 0s 665 02 948 103 00 158 092
2385 panton.. il 1500 ‘010 98 07 03 645 %95 275 185 07 o%7
Tios panton.. il 1100 844 1805 526 27 00 832 o1 00 943 102
1z panton.. Jill2200 454 1923 484 10 00 698 00 00 s32 105
1010 panton.. [l 2600 -013 3660 %2 00 00 492 00 00 468 Tos 0,
2285 panton.. [l 14.00 146 -7.40 655 14 10 970 11 18 443 107 . 0
1213 panton.. 2200 323 423 69 00 00 783 00 03 315 m

0.00%

Alwan 906p chart IDEAlliance small ECG chart Alwan optimized chart 180p

H Predicted % of Pantone colors within gamut m Calculated % of Pantone colors within gamut

Pantone Coated V5 library — 2390 colors
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Results

Theoretical average DE values vs measured and calculated DE value of the selected Pantone colors test chart

Predicted DE values

5.73

6.75
5.82
5.45
0.52 . I 0.59 0.44
, 1N L ] ]

IDEALlliance test chart Without largest DE Alwan Hydra chart Without largest DE

(4]

N

w

N

[any

M Predicted DE Pantone V5 B Calculated DE Pantone V5
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DEOQO value of the spot colors from the Pantone test chart -

Results (IDEAIlliance test chart ICC profile)

IDEALliance ICC profile conversion
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Results (Color build comparison)

Color build P2091 logo colors

100.00% 99.00% 100% 100.00%
. (0]

80.00%

60.00%

40.00% PANTONE’

22.00% 25% 23.00% 2091C
20.00%
B ™ B
0.00% —
Alwan IDEAUiance Alwan optimized

mCyan mBlack mViolet

Image source: www.pantone.com
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Results (Color build comparison)

Color build P7620 logo colors

100.00% 98.00% 100% 100% 100%
100.00%
84.00%
80.00%
60.00%
40.00%
4 409 3.90¢ 4.509
20.00%
0.00%
Alwan IDEAlliance Alwan optimized

m Magenta mBlack mOrange

PANTONE’
7620 C

Image source: www.pantone.com
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Results (Color build comparison)

Color build P7717 logo colors
100.00% 100%

100.00%
80.00%
60.00% 45100
200008 2.10% 0.20% 43.00% 10% paTONE
. 21.30% 22.50% 17000
0.00% .

Alwan IDEALlliance Alwan optimized

m P7717 Cyan P7717Yelow mP7717Black mP7717 Green

Image source: www.pantone.com
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Results (Three selected spot colors

DEO0O values of three selected spot colors
20
17.91
18
16
14
12

10

9.99
6.84
6.01
6
46
3.82
4 5 7g3:16 3.46 3.133.18, g, 2.97
- : 2.58 :
2 2 . 2.1 2.2
2
0 —_— —

Predicted DEIDEA Predicted DE Alwan Spottest chart DEIDEA Spottest chartDE Alwan Selected spot DE IDEA Selected spot DE Alwan Mixed spot color

m P2091Violet mP7717Green mP76200range
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Alwan 906p chart Alwan optimized 180p chart

Pantone151C 58.5 75.9 73.8 86.3

Pantone2091C 25.7 97.9 21.5 98.5

Pantone 697 C 94.5 50.6 30.5 95.1 45.1 30.5

Pantone 198 C 100 5.1 32.8 100 4.6 32.4

Pantone 2475 C 3.7 42.7 9.7 2.1 39 10.3
B Pantone7620C 100 23.2 80.5 100 24.3 97.6

Pantone7413C 52.4 13.4 47.6 62.2 10.9 47.6

Pantone 2008 C 45.7 3.7 11.5 51.2 2.4 12.2

Pantone2002C 53.5 3.5 57.3 3.5

Pantone 600 C 38.1 0.3 45.1 0.6

Pantone 7493 C 21.3 14.6 4.6 24.4 12.2 4.8

Pantone 7485 C 10.3 1.8 5.4 10.3 1.2 5.4

Pantone7742C 62.2 50 28 73.2 45.7 30.5

Pantone 7739 C 73.1 15.8 37.8 79.3 13.4 40.2

Pantone 7483 C 52.4 62.2 40.2 57.3 60.4 41.5

Pantone 348 C 62.2 25.6 53.6 71.9 26.8 56.1

Pantone 2248 C 11.5 7.9 23.1 12.2 6.1 23.1

Pantone 330 C 100 13.8 37.3 25.6 63.4 45.1

Pantone7717C 41.5 21.9 41.5 37.2 20.7 42.1

Pantone7710C 56.1 3.6 15.8 51.2 2.4 15.8

Pantone 443 C 4.8 37.8 3.7 3.9 35.7 3.6

Pantone550C 31.7 9.8 28 9.7

Pantone2108 C 17.7 15.5 36.9 15.2 11 39
Pantone 5275 C 10.9 46.3 46.3 8.5 40.2 47.6

Pantone 5245 C 6.8 1.3 5.5 39.7 85.1 100

Pantone2082C 31.1 7.3 57.9 28 5.4 58.9
. Pantone 7661 C 26.2 12.2 40.2 22.2 9.2 41.5

Pantone7430C 34.4 3.1 2.1 31.7 1.2 3.1

Pantnne 204K {11 7 27 {1 7 24 24

- NextGen University of Applied Sciences
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Results
SCTV curves




Tone value [%)]

SCTV curves — Alwan 906p chart

Alwan Color Hub 906p chart run - Gear side Alwan Color Hub 906p chart run - Operator side
100 100
o
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10 0 Y
0e 0 10 20 30 40 50 60 70 80 90 100
0 10 20 30 40 50 60 70 80 90 100

—e—Cyan (OP) —e— Magenta (OP) o Yellow (OP) —e—Black(OP) —o—Orange (OP) —e— Green (OP) —e—Violet (OP)
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SCTV curves — IDEAIlliance small ECG chart

IDEAliance small ECG chart- Gear side IDEALlliance small ECG chart - Operator side

100

100
90 90
80 80
70 70
T 60 £ 60
o =
E 50 3 50
> o
2 é 40
S 40
30
30
20
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10
10
0 P
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SCTV curves — Alwan optimized chart 180p

Alwan Color Hub optimized chart run - Gear side Alwan Color Hub optimized 180p chat - Operator side

100 100
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80 80
70 70
2 60 .§. 60
E % 50

s
E 40 S 40
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20 20
10

10
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CMYKOGV_180p_AlwanOpfimised - © 2026 Alwan Color Exportiae

Toronto (
Metropolitan =I"] Tampere University
University of Applied Sciences




Results

Solid ink densities & Print contrast




Solid ink densities

Test target runs solid ink densities

C M Y K 0] G Y

mTarget mAlwan 906p chart  mIDEAlliancesmallECGchart  m Alwan optimized chart
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Print contrast — test target runs

Print contrast test target runs

C M Y K

W Alwan 906p chart M IDEAlliance small ECG chart W Alwan optimized chart
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Results

Ink mixing & Test runs comparison




Ink mixing

Three PMS colors were selected:

PANTONE’ PANTONE’ PANTONE’
7620 C 2091C 7717 C

Image source: www.pantone.com
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1 BCM/in? = 1.55 cm®/m?

- NextGen

ATAGA 2026

Toronto c
Metropolitan
University

#

o Tampere University
of Applied Sciences

P M S 7 6 2 O Recipe Base Base Base 1 2 2 3 4 4
LPI/BCM | Anilox | 360/3.5 | 360/4.5 | 360/5.5 | 360/5.5 | 360/5.5 | 260/6.0 | 360/5.5 | 360/5.5 | 260/6.0

AL 0.26 0.39 -3.11 -2.31 -0.89 -6.94 -2.38 -1.08 -6.00

+ CIE L*a*b D50/2° M1

« AE 2000 Aa -9.73 -9.50 -7.03 -7.18 -7.88 -6.16 -7.70 -8.00 -6.74

» Pantone Library Data Ab | -11.98| -1191| -813| -743| 756 | -443| -561| -541| -357
AE 5.00 4.97 4.33 3.67 3.20 6.44 3.32 2.73 5.70

Base [q] 2 3 4 Final [g] | Final [%]

Rubine Red 48.5 48.5 42.06

Yellow 36.5 1.7 2.0 2.5 2.8 45.5 39.46

Transparend White 12.8 12.8 11.10

Black 2.2 2.2 1.91

Water 6.3 6.3 5.46

SUM 106.3 115.3 100.0




1 BCM/in? = 1.55 cm®/m?
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P M S 2 O 9 1 Recipe Base 1 2 3 4 5 6 7 7 7
LPI/BCM | Anilox | 260/8.0 | 260/8.0 N/A 260/8.0 | 260/8.0 | 260/8.0 | 260/8.0 | 260/8.0 | 360/5.5 | 360/3.5
AL 9.55 7.70 0.08 -0.07 -1.02 6.56 -4.55 -1.30 2.33
+ CIE L*a*b D50/2° M1
« AE 2000 Aa -12.63 | -15.40 -13.06 | -15.17 | -14.97 | -20.20 | -19.62 | -19.32 | -20.05
- Pantone Library Data Ab 2467 | 23.00 2374 | 2231| 2226 1970 | 2150| 2049 | 20.31
AE 10.75 9.09 7.35 6.67 6.7 8.39 7.58 6.63 6.97
Base [g] 1 2 3 4 5 6 7 Final [%]
Purple 49.5 49.5 49.5 74.3 68.8
Transparend White 41.0 16.2
Process Blue 9.6 2.3 5.2 10.3 2.0 171 25.7 23.8
Violet 21
Water 8.8 8.0 7.8 8.0 7.4
SUM 108.9 84.0 108.0 100.0




1 BCM/in? = 1.55 cm®/m?

2026

o Tampere University
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P M S 7 7 1 7 Recipe Base Base 1 2 3
LPI/BCM Anilox 360/5.5 360/3.5 360/3.5 360/3.5 360/3.5

AL -14.78 -9.89 -8.74 -5.29 -4.84

« CIE L*a*b D50/2° M1

* AE 2000 Aa 5.21 4.23 3.91 2.14 0.13

* Pantone Library Data
Ab -7.81 -9.06 -7.84 -4.76 -0.95
AE 14.20 10.83 9.62 5.92 4.65

7717 Base [g] Final [g] Final [%]

Process Blue 53.0 48.9

Transparend White 36.0 33.2

Yellow 0.7 2.3 2.7 12.5 11.5

Black 4.2 3.9

Water 2.7 2.5

SUM 108.4 100.0




Pantone book as a color standard

- —
PANTONE Yellow 012 18.47

PANY %NE PANTONE Rub.Red 15,77
761 PANTONE Black 174
PANTONE Trans. Wt~ 64.02

7620 2091 7717

AL 0.13 1.78 0.72

E  PANTONE Rub. Red 30.56
E;g:‘; %N PANTONE Yellow 012 30.01
PANTONE Black 1.90

PANTONE Trans.Wt. ~ 37.53

Aa 0.40 -12.44 -2.60

Ab 1.71 11.58 -0.67

PANTONE PANTONE Rub. Red 48.44
7620 C PANTONE Yellow 012  36.50

PANTONE Black 222
PANTONE Trans.Wt.  12.84

AE 0.81 4.50 1.12

DAMTAMFE naurasie - o

.iiT GA Toronto
74 NoaZen 12026 Yetorotian 1) gt



Test Runs Comparison

ATAGA 2026
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Production log
November 26, 2025

Production log
February 9, 2026

Production log
March 9, 2026

Production log
March 10, 2026

CMYKOGV CMYKOGV CMYK+3PMS CMYKOGV

Activity Duration [h:mm]

Ink mixing 0:00 0:00 5:25 0:00
Make ready 1:41 1:55 1:23 1:12
Printing 0:09 0:10 0:01 0:10
Changeover 0:08 0:12 0:00 0:46
Cleaning 0:42 0:42 0:39 0:52
TOTAL 2:40 2:59 7:28 3:00

Toronto
Metropolitan
University




Test Runs Comparison

Production log Production log Production log Production log
November 26, 2025 February 9, 2026 March 9, 2026 March 10, 2026
CMYKOGV CMYKOGV CMYKPMS CMYKOGV
Duration Duration Duration Duration
Activity
[h:mm] [%] [h:mm] [%] [h:mm] [%] [h:mm] [%]
Ink mixing 0:00 0.0% 0:00 0.0% 5:25 72.5% 0:00 0.0%
Make ready 1:41 63.1% 1:55 64.3% 1:23 18.5% 1:12 40.0%
Printing 0:09 5.6% 0:10 5.6% 0:01 0.2% 0:10 5.6%
Changeover 0:08 5.0% 0:12 6.7% 0:00 0.0% 0:46 25.6%
Cleaning 0:42 26.3% 0:42 23.4% 0:39 8.7% 0:52 28.9%
TOTAL 2:40 2:59 7:28 3:00

-
2026  Metropoli

University

c C Tampere University
of Applied Sciences




Test Runs Comparison

6:00

N ey ey
N} W N
= o) &

Duration [h:mm]

RN
:\
N

CMYKOGYV Nov 26, CMYKOGYV Feb 9, CMYKPMS Mar 9, CMYKOGV Mar 10,
2025 2026 2026 2026

mInk mixing ®Make ready ®Printing ®mChangeover mCleaning

ATAGA 2026 Iﬁ’é?%'é’o.iq

- NextGen University



Key Findings & Conclusions

« A larger test target does not necessarily mean a larger color
gamut

* The color gamut of the profiles is similar

* Alwan’s optimized chart results in different color builds of the
selected test colors

« Standarization of printing inks [CMYKOGV] is essential

« Supply Quality Control or verified ink suppliers

gy . Toronto
(ATAGA 2026 frmme]| Cf
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Thank you!

Dr. Martin Habekost (TMU)
— Dr. Krzysztof (Kris) Krystosiak (TMU)
% Paclading bnovation Dr. Kai Lankinen (TAMK)

and Sustainability
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