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Noise Evaluation Method for Halftone Color Image
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ABSTRACT

The image noise(graininess) is one of the important factors for the image
quality, especially for the color halftone image. A great many of evaluation
method for monochrome image noise, such as Noise Wiener Spectrum obtained
by Fourier transform of density fluctuations, has been already used generally.
These methods, however, cannot apply to the noise evaluation of color halftone
image directly. A new method for noise evaluation of color halftone image is
developed using the frequency domain analysis for the fluctuations of colorimetric
value. Estimation of the subjective evaluated value of noise on the halftone color
image is perpormed using the human visual transfer function(VTF) and the mean
metric lightness. The correlation between the subjective evaluated values and
this estimated values shows good agreement as 0.95.
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Table 1 Speciffication of Samples

Printing Method Laser Dye Sublimation Transfer
Resotution 1800dpi

10%,20%,40%,60%,80%*
Cyan,Mageta,Green,Black,Process-Black
Sample Size 18X18mm

Area Coverage
Color of Samples

Color of Noise Componets |Cyan noise on Cyan and Process-Black samples
Magenta noise on Magenta and Process-Black samples
Green noise on Green and Process-Black samples
Black noise on Black samples

Noise Level 0,3,6,9,12,15,18,21,24,27(Standard Deviation)

Screen Shape Round dot, 1701pi

Screen Angle 0 degree

*Black Sample only
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Fig.1 Experimentl

3-2 OJOOOoDog?2

oooooooooboboooobooibbobooooo
O0O00ooO0o00o0ooO0o0boo00O0Orig200
000000001 o0o0oooOogoBlackbOOO
o00N3ONISDOOoooi1bboooooooogo
gobbboooobobbooooobobbooooon
goooooobooooobboooobbooon
gobboogooooubbiouoonoDbONoON1gD O
gobobbooooobobbooooobobboooon
goobobooooobobooooobbo4e000DO
gooboooooboogo

Reference Sample(Bk10%N3"N 15)

o 1 2 3 4 5 6 7 8 9
/NO N3 N6 N9 NI2ZNI5N18N21 N24 N27
Sample No. Test Sample

Fig.2 Experiment2

3-3 0DOOoooo

oooobboi1oobboOodBlackb OO0 1000
gooooooooobobobobob200b0bobbobobon
obhOodboOBlackDOOO10000000O0DOOO
goz2bb00b0000000oooooooooobobon
0200000000000 Blackd OO0 1000 NoO
NS ooooooooooisedooooooon
gooog

A0000000

41 0JO0O0oooooo
gooOoOoOoOooOoOooooODoO(cenbobbobo
ggooog

CG =h(B) [, stﬁ(u) VTF,(u)du
+ Py [V WS, (u) VTR, (U)du 4)
+ pczI\ WS, (U) VTR, (u)du

Ricoh Technical Report No.23, SEPTEMBER, 1997

00O0ODooleyd 0000 @RI 000000OO0OO
0000000000000000000

0000 WS,(u)d WS, (wIWS_ (00000000
0000000000000000VTF,WOVTF, (u)d
VTF,)00000000000000000000
000000(VTROOOOABOOIOOOBIOOO
0000000ODooleyl 000000000000
000000000000000000000000
(4)000000000000000000000000
p,0p.Op,0000(@C0020000)0000000
0000000Cco000000
42 000000

000000000Fig30 00000000000
0000000000000000000000000
00000000000RGBOOOOOOOOOOO
0000000000000000000000000
00000000000000000

1 RGB
| Color Transform(RGB . [*a*b* ATD) |

Lightness(L*orA) Colorimetric(a* ,b*iorT,D)

[ zorer |
v
| 2D to 1D Transform | Same as
! Lightness
| VTF Correction | Component
'
Integration

A
| Mean Lightness Correction |

v
[ Weighting/Adding |

Fig.3 Block diagram of physical evaluation
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Table 2 Input Condition

Input Device Color Drum Scanner
Resolution 1000dpi

Output Signals R,G,B

Signal Depth 24bit(8bit per signal)
Sampling Area 256X256 pixels(6.5X6.5mm)
Density Range <1.8D
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Fig.4 Visual transfer function
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Table 3 Parameters

Color Space L*a*b* ATD

VTF Curve VTF1(Dooley),VTF(Sakata)
Function for Mean Lightness

Correction h(B)

Weight Pe:PciPc2

Constant C
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Table 4 Estimated Parameter for Lightness Correction

Color Space VTF tl 12 Correlation Coefficient |
L*a*b* VTF1 0.0104]  0.8978 0.98
VTE2 0.0098 1.1728 0.975
ATD VTF1 -0.0074 1.7564 0.972
VTF2 -0.0082]  2.0184 0.965
12
R=0.98
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Fig.5(b) Prediction of lightness graininess (A VTF2)
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Fig.6 Mean lightness correction
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Table 5 Estimated Parameter

Color Space VIF___[h(B) * py [pg Iz | Correlation Coefficient]
L*a*b* VTF1 14052] __ 1.1456] 0.548 0.953)
VTF2 147] 6.3366]  3.5245 0.932)
ATD VTFL 13752  2.2507] 193228 0.934)
VTF2 1.4475]  12.079]* 0.923

*Not significant
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