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Abstract

A spectral-based Neugebauer model, which is a direct derivation of the Neugebauer equations, is proposed for
the prediction of printed color. A distinctive feature of this model is that the dot area ratios are modified differently at
every wavelength. The capacity of this Neugebauer model to work for all binary color printing is doubtful however, due
to the fact that it appears to have been examined prior to the development of some of the more complex models that
have been proposed for accurate prediction. This research investigates the conditions under which the model can be
applied and its effectiveness. Three experiments were conducted. The first experiment evaluated which kind of printers
the model works on. The model achieved satisfactory prediction accuracy for application in sheet and web offset. The
second experiment investigated how the screening conditions of offset printing affect the model performance. AM, FM,
and AM/FM hybrid screenings were evaluated. The model only worked sufficiently under the AM screening condition.
The purpose of the final experiment was to evaluate the accuracy of the model's prediction of printed color on different
types of paper using offset printing. The results showed that the model performed sufficiently on any type of the coated
paper. In conclusion, the model proves to be a good predictor of color that is printed on coated paper using offset
printing and under AM screening.
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Fig.1 IT87/3 Color Chart that was used for evaluation of the color prediction accuracy of the spectral Neugebauer
model. Model parameters were obtained from a part of the modeling patches.
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Fig.2 An example of effective dot area ratios calculated form a Magenta ramp of Japan Color 2001 Type 1 sample.
Effective dot area ratios that have the same set dot area ratio vary as a function of wavelength.
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Table 1 Color prediction accuracy of the spectral Neugebauer model for different printing devices. Statistics of color
differences between predicted and measured colors are shown. Also, Statistics of color differences between the same
color patches in the IT8.7/3 that indicate the performance of printing uniformity of the devices are shown.

Device Type Device Name Accuracy of prediction (A E*ab) Uniformity (A E*ab)

Ave. Max. Std. dev. Ave. Max. Std. dev.

Sheet Offset Japan Color 2001 Type 1 2.54 6.44 1.336 0.85 2.98 0.476
Japan Color 2001 Type 2 2.06 5.79 1.136 133 3.99 0.742

Japan Color 2001 Type 3 1.49 4.98 0.809 1.21 3.03 0.605

Japan Color 2001 Type 4 2.09 7.36 1.086 1.06 2.77 0.565

Web Offset Japan Color/JCW2003 1.33 3.86 0.724 0.77 2.38 0.483
Rotogravure Rotogravure 4.17 19.03 2.987 0.94 3.31 0.684
Laser Thermal Konica Color-Decision 2.03 4.79 0.941 0.35 1.34 0.224
Trans. DDCP Fuji Final Proof 247 5.57 1.282 0.49 1.71 0.337
Photographic Konica DigitalKonsen. Pro 343 12.45 2.262 0.30 0.74 0.165
Paper DDCP Fuji Speed Proof 337 9.38 2.001 0.23 0.70 0.113
Electrophotography  |Fuji Xerox DC1255CP 4.01 9.31 1.976 137 3.74 0.816
Ink-Jet Creo Realist 6.23 16.47 3.248 0.38 1.69 0.268
Epson PM-4000PX 4.79 23.59 3214 0.61 1.61 0.391

Epson PX9000 5.71 27.38 3.673 0.52 1.81 0.336

Canon 6500i 7.15 19.59 3.566 0.59 2.15 0.371

Canon 91001 7.97 27.61 5.847 0.42 1.72 0.296
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Table 2 Statistics of color differences between predicted and
measured colors with the exception of black over print
patches for photographic paper type DDCPs.

Device Name Accuracy of prediction (A E*ab)

Ave. Max. Stdev.
Konica DigitalKonsen. Pro 3.23 12.45 2.749
Fuji Speed Proof 2.44 8.29 1.922
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Table 3 Acceptability of predicted color of each device for a
practical use. If the value is less than unit, predicted
color errors might be acceptable, while, if it is greater
than unit, errors might not be acceptable.

Device Type Device Name Acceptability
Sheet Offset Japan Color 2001 Type 1 0.92
Japan Color 2001 Type 2 0.76
Japan Color 2001 Type 3 0.64
Japan Color 2001 Type 4 0.92
Web Offset Japan Color/JCW2003 0.53
Rotogravure Rotogravure 1.79
Laser Thermal Konica Color-Decision 0.83
Trans. DDCP Fuji Final Proof 1.03
Photographic Konica DigitalKonsen. Pro 1.45
Paper DDCP Fuji Speed Proof 1.49
Electrophotography | Xerox CP1255 1.61
Ink-Jet Creo Realist 2.72
Epson PM-4000PX 1.91
Epson PX9000 2.29
Canon 65001 3.05
Canon 91001 3.68
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Fig.3 Color prediction accuracy of the spectral Neugebauer model for printed color under the AM screening
with different screening resolutions. It seems that there is a trend that the higher resolution the AM
screening has, the worse prediction result the model gives.

Table 4 Color predicted accuracy of the spectral Neugebauer
model for offset printing under several different
screening conditions. Statistics of color differences
between predicted and measured colors, and the
acceptability that is the same criterion as Table 3 are

shown.
Modulation | Condition | Accuracy of prediction ( A E*ab) | Acceptability
Method Ave. Max. Std.dev.

AM 100 Ipi 1.26 4.06 0.622 0.54
133 Ipi 1.51 3.90 0.782 0.64
150 Ipi 1.76 5.90 1.060 0.79
175 1pi 1.94 5.76 1.067 0.87
200 Ipi 2.09 6.55 1.260 0.93
230 Ipi 2.00 5.17 0.922 0.78
280 Ipi 2.07 5.95 0.999 0.88
350 Ipi 2.70 7.32 1.491 1.08

AM/FM Fairdot 300 2.41 6.03 1.226 0.96
Fairdot 600 2.96 7.57 1.348 1.34

FM Randot X 10 2.43 8.49 1.523 1.09
Randot X 20 2.48 7.63 1.464 1.05
Staccato 20 2.66 7.17 1.218 1.17
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Table 5 Color prediction accuracy for printed color of offset
printing on different papers. Statistics of color
differences between predicted and measured colors
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and the acceptability for a practical use are shown.

FHER L7 %70, Fig. 4 D&M BT 5 EF LT

& EMEO DT 2R
INHORRES IR, BTHK METHTIIBERTSE

3152 DUT, No.l3 Bk a v CiAfiEls 6 T T 5.

BT, & T THIUDHEICIZRFETETVICE S
BFRSITZA TS E VRS, £72, Figdhbbanb
£, HA#A 7T — P RNEE ORI IZH S A4
FIRIARIZ A O N \ads, R T /) — A — /8= ihllBwn

JFEETHTH A FEMNo. 36 1285 FHIEEITRE
V. IRHOERE LT, BT O X)) Rt
NWEZONA, BT TIEETH S LE L COUEfoRE
HUABKEVWY oz kY b L RE
K9 ZbaEkL, FM S AM H= A 27 1) —
ST ARG A ENEZONDL, T, BL
MMTIIE TR FIZERDSES O LT, IFEBETHKTIEA
Y ERDHEANRB LT DR AD A ¥ HEHAE L S,
INHIEA Y 7T oy MIBITBIES B & AR IS
HbH. L, FEE 1 THW Japan Color s 1 7 4
1ENo36 LR U T I —D EEMTH DD, FFERAL
TTOBTHBTRTH 7. ZNEDEFHKOWIEIC
ELTWAEZ ENEZLNLDS, TGS & AR DE

74y FERNC B 2 FIRGE AT OEER T I, BT,
MOR TS BV TS 7T — SRS,
FWNC & BHERAT OMECEFUAFTL L 2 L AR

Catego No. | Accuracy of prediction (AE*ab) | Acceptabilit 3 e
o B P P15, RARGE4BREOHNIY -2 ZET 5 &,
Ave. Max. Std. Dev.
Coated  |Art Gloss 1 1.48 4.30 0.792 0.63
Matte 2 1.79 5.38 1.078 0.77
3 1.50 4.87 0.955 0.64
Coated |Gloss 4 1.34 4.11 0.747 0.56
5 1.54 5.38 0.883 0.62
6 1.48 4.47 0.771 0.61
7 1.51 4.64 0916 0.60 e ) s S > .
s | 14 410 | 0775 0.59 THETTREDHALDPOEENKEL L LEMIZH S,
Matte 9 1.56 5.76 0.879 0.62
10 1.25 4.28 0.681 0.51
11 1.42 4.01 0.789 0.59
12 1.48 3.94 0.776 0.62
13 1.76 6.54 1.088 0.68
14 1.70 5.40 1.059 0.75
15 1.25 3.94 0.688 0.54
16 1.36 4.09 0.740 0.58
17 1.65 4.57 0.925 0.68
Light  |Gloss 18 1.74 5.79 0.992 0.69
Weight 19 1.57 5.32 0.908 0.64
Coated |Matte 20 1.38 3.87 0.755 0.58
Others |Cast coated 21 1.29 4.04 0.750 0.54
22 1.78 5.58 0.980 0.71
Fancy coated | 23 1.68 4.79 0.960 0.71
24 2.01 5.89 1.215 0.89
Bitokoshi [Super 25 1.42 427 0.837 0.60
26 1.45 433 0.824 0.59
27 1.58 4.07 0.830 0.61
28 1.67 437 0.845 0.73
29 2.04 5.67 1.045 0.89
30 1.62 4.73 0.858 0.67
No Super 31 1.77 4.55 0.927 0.77 DFM BRI OWTIIRIN,-RETH 5.
32 1.70 4.84 0.930 0.72
33 1.89 4.66 0.899 0.81
34 1.88 4.66 0.858 0.75
35 1.65 3.87 0.765 0.69
Uncoated |Fine 36 2.48 10.00 1.529 1.09
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Fig.4 Color prediction accuracy of the spectral Neugebauer model for printed color using by offset printing on
different papers. The tested papers were classified and their category is shown in Table 5.
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F 72, Wyble 5% 135£3 F1:Td 5 Yule-Nielsen
MIEE N2 - HHaFNE TV, mELHFIcB
LR EMETCHRIBERLSFREITE A LE2RL
TWwb, 22T, £H 73TV —ORFEWZHKIZBNT,
Yule-Nielsen #i1E 12 & % 456 Neugebauer € 7)1 > 2 ()
e YN#EETIV) LOTRREDOEZMET Lz, 2
DETIVIE, FHHERPFIHOEAM S 2 THE L T 5400
Neugebauer E 7NV EFIZRBEEZZ 5N 5.

IT87/3 D STIZ BT b &—KEF A v 77 DEM G
W EFER & Yule-Nielsen &7 )V I2 & 5 Pl g &
DORMS” #HAET B nflizRD, ZOnfliz VT
Y-N#IEEF ML ) IT87/3 1281} % 745 o043 4t
FhEFML7.

FLHME & o taFE B XU, FHliERE % Table 6 12777
FAMEREIZETIOUTA2/RL TS, Table 5 &1t
B asE FEK 774 Y —a— MK TIZ Y-N H
EETNVOBAEDIRKE . R, 7— Mk, I— MIZH
W CIE5 Neugebauer EF )V OB A FUREEE IR &, it
RFHETH S Y-NMIEEFT VI EICHEMICE 71y b
FIRNZ BT 2 HBOOTFHMNITELEDEEZ LN,

4. &

Neugebauer 3\ % H.H 12 4 G~ YL L 725 €
TWIZDOWT, ZFORMME L BELMEIZ DWW THERWIC
M %2iT->7:. A 7%y VIR, 77 ETEHIR, L—¥
Bz Gy g s R R DDCP, SRR IR 5 28 i A i
DDCP, BTEHE, A7V xy b ZFMxtRTNA AL
L, IT87/312BF % T MAFEE 2D\ THGE % 1T - 72.

B

T, FHMISENTE D) —XF 7V kEE % BARIZ
R —OOHWTEAE L U CRFRMEREL Vv, Wi %217-
7o, ZOREER, A7ty MCEERR, A 7EER, L
— W G ) R s AR R DDCP 12 B W CiE, £ E#F
BCELLEEZONDIBETTUNTETH L Z LARS
n/z. ToMOT/NA AT, ML 2OMIEREE, 72
X, BERETVOLEPLELEZOND.

F 74ty MERNZBWT, AM, FM, AM/FM /N1 7
Uy REXDOAZ ) — =2 ZIZonTHE 22 7. AM
FRAIZBWTIE 100 205 350lpi T TD 8 Seh D#E % xf
KL LEFIVIBEZMEE L, 280lpi LT IZB W TIREFAR

RUTTOBPFHUPWRERTH L EW/REINTZ. FM R
AM/FM A 7 v FEATE, FERADLTTOET

HIREE R SN o 7z,

E512, F 7y RN THE 4 OFIRI R A 5
WZETIVEEOME 2N A 7. FHKA 7 3 — &Pk E
DOFNIEHBEBERIERRD S ko 720y, FEEBRIZH W%
TAK, B TS BWTIE, FERFLUT ORI Tl
WHRETHo72. Lo L, FFELIIIB W TUIHERT L
TOREIRONRWIGEDNH T Tz, 1ERFTETH
% Yule-Nielsen fifi1E. 12 & % 430t Neugebauer € 7))V & O-F
WSS DO &7, ERETF VLRI 71y FAHRO
HEETFUNSTESL I L 2HERLL.

7% Neugebauer £ 7V ik, + 7ty MEIRNIZBWT—
ey 7 4ot (AM, #%175Ipi, B L, BTH - MET
HAOE) T, EFHEFETELLEZRZONLHKET
BYHSIRETH L I EAVRENL. T ik, —kE
A F v 7 & Neugebauer JE#ETH 5 16 4 (—kKBAT v
TEOEE S ERCLE I E) ZMETLHILIZLST,

Table 6 Color prediction accuracy of the Yule-Nielsen modified spectral Neugebauer model for printed color of
offset printing on different papers. Statistics of color differences between predicted and measured colors
and the acceptability for a practical use are shown.

Category No. | Accuracy of prediction (A E*ab) | Acceptability
Ave. Max. Std. Dev.

Coated Art Gloss 1 2.20 8.33 1.212 0.85
Matte 2 2.31 8.39 1.227 0.87

Coated |Gloss 4 1.96 7.21 1.015 0.75

Matte 9 2.62 9.07 1.385 0.98

Light |Gloss 18 1.78 5.89 0.905 0.69

Weight |Matte 20 1.42 3.84 0.704 0.64

Others |Cast coated 21 1.84 6.33 0.912 0.71

Fancy coated | 23 1.46 4.38 0.717 0.62

Bitokoshi |Super 25 1.71 5.67 0.860 0.69
No Super 31 1.93 8.35 1.166 0.77

Uncoated |Fine 36 2.31 7.19 1.251 0.95
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=X FTIWaEETE 72y VEIRIOGFRINTE A2
EERERL TS, HROREATGTEICINSDH Sy F
AELL, HENZGERGOREL WL 25, 72, 7
VERWTWA 72D, ERlE IR 720 & R R TRZL
ERTOFHRTREE 20, hT—~Fr =T A NHT O
T7ANIIBWTHBERHL b — Vv IOV E L
WSRO NS Z LI TE S,

R4 7y PHROSEG T TIEEN EFRETE S L
EZOLNHIEETOTHDTETH S I EAIRENTA,
LWEIZHDIEEETANOOTMEIEL Y, F72, Wk
MIFEE R FM A7) — VEETETIVERENE AL T 5.
ETNVEARITHMTH 20T, FHGCRETE L EM D5
JRBHEE & DR /& § B M R TR SR A ol LR &
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