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Image Quality parameter

» Resolution  Linearity

« Geometry and « Dynamic range
Distortion . Color accuracy

» Channel » Homogeneity
registration (lllumination)

* Noise




Resolution
« Usually Stated in ppi ( dpi)
» More dpi/ppi gives no guarantee for
resolved fine structures

» True resolution, optical resolution...

These terms are not defined precisely

« So stating a certain resolution alone is
not enough....
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Typical MTF presentation

B0 = 1e+004 Ip/mm; flens = 61 Ipfmm; lord = 2 LUT_USM_an005.1if .
= Edge profife: Hotrizontal 20-May-2008 12:22:.00
£ | o
g 1260 x 1260 pixels (% H) i e ot
a 1.68 Mpxls t
L (2 ise = i .
= T [ ro omass pives h 10-90% rise = 2.66 pixels
o .E 2480 left of cr = 470.7 per PH
3 | D Vechannel (1) 1090%(corr) = 1.35 pixels 4
E Ear pattg E | carmazos =926.1 per PH (R=2)
= = Dkt Ivis =665, 140.7
= | Bar pattd L ik 112 1
= I
o
Imatest L7.2Pro |
P o ‘ ‘ ‘ |
] -4 2 0 2 4 6 ] 10 ROI: 97346 pizels
3 Pixels (Horizontal) LR TB= 366 d5d 430 775
=
= T T T
— Edge angle = -5.57 degs
g Tlo_ 7~ \\ MTF50 = 3.42 Cy/mm | Estm.chat contrast = 4.47
A =271.2 LP/PH
1
08 A MTF0{(corr) = 5.27 Chmm (R=2) 1
) =418.1 LP/PH
= 1 -
E 06 \\ Undersharpening = 36.9% |
; 1 MTF10= 858 Cyfmm
= 1 & MTF at hlyouist= 0135
[T 04 A
w 10
=
02 Myquist fraq.
1|:|n MTF: Horizontal
1 0 I
o 10° 0 5 10 15 S
Line pairs per mm; MTF = 50%,10% @ 61, 183/mm F oy {400 Pixels/inch) Imatest
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The Slanted Edge
‘3 4 +
« Method briefly described in

1ISO 12233 & 16067-1

« Gives Reliable MTF results
just on a slanted density
step by analyzing the
spectrum of the edge
response

« Easy to carry out

+ SCANNER SFR & OECF #2 -
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measured as MTF (Modulation Transfer Function)
described in ISO 16067-1 (2004) with UTT or Al QA-62

METAMORFOZE ( V0.8 May 2010)
* Recommend resolution depending
on original format

« Sampling efficiency > 85 %™ in any

case

I1SO SER Performance Analysis: 17-Apr-2009
File: QAG2_Q13_Adobe RGB_300_DPLtif

Sampling: 305.9 pixfinch, (12.0 pixmm) 250

SFR10 Sampling efficiency |.g.b.lum % A

Hori 990 1000 4000 1000
Vert. 1000 1000 1000 1000 2 150

P 5
camera gammar, g, b: Z,UL 211 215

=
Spatial frequency for SFR values, (cy/mmg 100
10%h: 573 580 580 65680 o

0%y 580 580 580 580
50%h 243 338 348 306 50
50%v. 381 477 336 438

Misregistration r,g.b (pixels) ug 0.2 0.4 06 038
h: -0.02  0.00 -0.01
v 001 000 002 Target reflectance
Vertical Horizontal
1
.
0.8 e g
NANG | b
06 ol lum
T B
.
“ 04 B
T
02 R E )
hajf-samy half-sampiing
0 i 0 1

0 2 4 6 8 0 2 4 6 8
Frequency, cy/mm

NARA

* 400dpi @ 7,9 Ip/mm equal 10%
MTF for color and grey

(according to 16067-1)

» 600dpi B&W (may be interpolated
from 400dpi color or grey)

MTF 2.tif
10-0ct-2008 10:08:13 u
1860 x 1249 pixels (WxH) 1 ~)

1.95 Mpxls Peak LSF = 4 /px]

5 i

& [ Rot: 95x274 pixels PA¥50 =126 plxels

£ |27 ahovel of otr. =990.4 per PH

S [ Y-chamnel (1) ©=0.992 pixels; o’ =0.984 1
g Gamma=05 RGE PW50 =124 125 1.43 pxls
5

&

®

&

-

-50 0 50 ROI: 95x274 pixels
Pixels (Horizontal) LR TB=36248 478751
OV Edge angle = 5 degs
1 ; MTF50 =5.94 Cylmm Estm. chart contrast = 369

S =9427 LWIPH
‘\ MTF&0(corr) = 6.7 Cimm (R=2)

v =1063 LWIPH

Undersharpening = 23.9%

B
£ o6
. MTF10 = 10.5 Cylrmm
e MTF at Nyquist = 0.28
D 04

02

MTF: Horizontal
] L

5 10 15 @ S
Frequency, cyclesimm (400 Pixelsfinch) Imatest
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Resolution 2
,Sampling efficiency*

The relation between max. resolution according to 16067-1
and measured resolution is stated as sampling efficiency.

Sample

« Scan at 300dpi > 5.9 Cy/mm @ 10%

(according to ISO 16067-1)

» Measured result on that scan: 5,3 Cy/mm @ 10%
—25,3/5,9 * 100% = 89%

- Advantage: no need to state absolute values for different
dpi levels in the requirements
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Geometric Accuracy & Distortion

LUT_USM_an008.tif

RGEB Edge Profile F0-hday-Z00F 141532
1 - Profife: Horizontal reversed o =
12860 = 1250 pixels (it H)

1.56 | - -

os |k hparl= Edge near image center

Gamma = 0.5

A10-90% rise = 2.67T pixels

-t ROl 1: 97345 pixels - 468.2 per PH
S 0 F | Bdge 1ordz185 603 ]
] -
= 2204 left of ot CA {area) = 0.0726 pixels
g‘.' CA erossing) = 00558 pxl=s
L | —]
0.4 Ok, ht Iwls = 2.27e-016, 0; hidk =0
02 —
o
|_ 1 1 1 1 1
-B -4 -2 o 2 4

Pixels (Horizontal)

i
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Geometric Accuracy & Distortion

METAMORFOZE NARA

2 Possible errors  Images should have the same
Distortion is separated into dimension both, horizontal and vertical.
« Barrel distortion * In the whole scanning area the max

deviation should not be larger than 1/10

e Cushion distortion . .
nch (2.54 mm) better 1/100 inch (0.254
->Both deform the length and Imm)_( ) Inch (

the height of the original » Squares of a checkerboard should not
-2 1% deviation max. allowed deviate in x and y.
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Channel registration >

Geometrical deviation between the different color channels. Measured
and stated in pixel.

METAMORFOZE NARA
« Max. deviation and vertical +/- * Deviation not larger than 0.5 pixel
0.5 pixel « The smaller the better

QA62_Q13_Adobe_RGB_300_DPL.tif fuji_S7000jpy
RGB Chromatic Aberration 17-Apr-2009 10:07:33 1.2 | RGB Chromatic Absrration 05-Mar-2008 154407

L : Hori: e ] s
1| Profile: Horizontal reversed Profife: Horizontal reversed

7656 x 5368 pixals (WxH)

[ 4048 x 3040 pixets (vixH)

| 41.1 Mpxis 10-90% rise = 2.01 pixels
08 Gamma =05 = 2667 per PH 12.3 Mpnds
= P gl 10.90% rise = 2.3 pixels
2 ROI1: 80230 pixels CA (area) = 0.0497 pixels = REMhi 2 = 1323 per PH
S 0.6 Cdosfctr727.92 834 = 10.002% of dist. to corner E ROI: 124177 pixels
2 .002¢ f F 24177 —y =
a 77% above-L of ctr ' £ 06+ ; A aran)= 1N plasts
o) CA (crossing) = 0.00902 pxls = 0.000277% |5 66% right of ctr. < 0,115% of dist. to corner
m R-G, B-G=0.000138% 0.000277% : CA {crossing) = 0,571 pxls = 0.0343%
=-0.0045 -0.00902 pixels Horiz e R-G, B-G = 0.029% -0.00525%
] ] )., = 0484 0.0875 pixels Horiz
3.3 Master | Lz : A1 2892 Pro
. . ‘ S e imatest ] :
-6 -4 -2 0 2 4 6 8 10 ] 4 2 1] 2 4 G
Pixels (Horizontal) Pixels (Horizontal)
| L]
Noise (dk, It, mean; linear %) = o MNoise (dk, It, mean; as % of -dk) =
0.392, 0.87. 0.531 . 0.869, 2.09, 1.48 (50= 200)
SN (dk, It lin.) =245, 427 TR SiM (mean) = B7.6 (S = Itdk)

Zeutschel OS14000 A1 (0.05) Digital Camera (1.92)
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Noise

Moise in pixels: R, 5, B, ¥ (Luminance; gray): R, G, B, ¥ {Luminance; gray)
1 G inpixels (max of 255) —
Avqg. (zones 2153) RGBY =093 1.01 1.04 0.78
£ .
S 14l o... e
> -'ﬂ'""%:_- x
T __ :ia'ﬁﬁl
12 o S0 RIS
[ s T, i - -
— by II"#'II - 'ﬁ.l"# 0".
@ :15-3' A . ¢
£ 0.8 ¥ el 000ue
@ o ; - A
*a _‘!"i‘l - = I.-|¢||| N
E DS—ﬁ"a"-t&."- **ﬂll'{?*'# ¢ N _
. # ‘.*'% . Q:::ﬁlllﬁ:
P L TP
o @ T
1
2
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stated as standard deviation of each single pixel of a
grey target form the average

METAMORFOZE NARA
* Less noise is better * For test and non photographic
« Max noise level allowed is 4 originals < 1

« Photographic original with a
Dmax larger than 2< 0.7
* The smaller the better

Pixellevel | 256

Noise {in pixels; 265 max)
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Tonal Reproduction
300
250
8 200
-
©
> 150
o
O 100
oc
50
O A 1 2 3 4 5 6 M 8 9 10 11 12 13 14 15 B 17 18 19
—&— Zeutschel 0S12000 230 200 174 151 132 113 101 88 78 68 60 53 47 42 37 33 29 27 25 24
—=®— Zeutschel 0S14000 240 208 181 159 138 121 105 95 81 73 65 57 50 44 38 33 29 26 23 20
NARA 242 104 24 12
Metamorfoze 242 218 196 177 159 143 129 116 105 94 85 77 69 62 56 50 45 4“1 37 33
—*%— Theoretical Values Gamma 2.2| 240 216 195 176 158,5 143 128,5 116 104 94 85 76 69 62 56 50 45 40,6 36,6 34,7
Kodak Q-13 Patches
—— Zeutschel 0S12000 = Zeutschel 0S14000 ~ NARA - Metamorfoze — Theoretical Values Gamma 2.2 \
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Linearity/OECF >) e

Depending on the standard (NARA/Metamorphoze/...) different OECF Characteristics are
required

METAMORFOZE NARA

« Grey step transfer based on Lab « OECF according to I1SO 14524
(human view) is required, (1999)

 Max deviations are stated for Lab  AdobeRGB RGB values for
or AdobeRGB/eciRGBv2color light, medium grey and dark
spaces grey are tested

1 AdobeRGB

|Red Green Blue mean Value min. max.

18 1 24273 242 76 242 82 236 249

\\ ] 219,75 219,73 219,65 212 224

16 1 197.14 197.11 197.08 191 201

\ 1 177,23 177,23 177.2 172 181

" 1 159,46 159,44 159,38 185 163

g " \\ 1 142,64 142,63 142,55 140 147
=

1 128,56 128,67 128,45 126 133

\ —+— Minimum ] 115,15 115,12 114,97 113 19
v\_\ +“Q”j;“:;:ﬂ ] 104,16 104,13 103,94 102 107

1 94,422 94,469 93,936 92 97

TE' 8 i 83.792 83.832 83,664 83 87
= 75,897 75,915 75,837 T4 79
69,098 69,01 68,756 67 7

61,708 61,69 61.435 60 64

54,522 54,778 54,685 54 a7

49,736 49,599 49,578 49 52

45,965 45,864 45,765 44 46

41,888 41,704 41,297 40 42

718 19 20 1 39,128 38,682 38,356 36 38

eeeeeeee 1 34,912 34,507 33,958 31 34

Z

ZEUTSCHEL




Dynamic range >

gives an information about the max. density range a system can reproduce. This range is
limited by the electronics, the color depth and the noise in the shadows. The linearization
(OECF characteristics) influences the dynamic range too.

METAMORFOZE NARA

* No grey step is allowed to show  « The density range of the original
more than 1/6 (16,67%) noise. must not exceed the dynamic

» sample: pixel values of the Q-13 range of the scanner

patch is 33. noise at this level is
3. so the dynamic range is
33/3=11, i.e. 1/11 (9%) of the
image is noise.
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Color Accuracy il

Is tested with a reference target e.g. UTT, IT8, GretagColorCheckerSG. The (L*a*b*)

values of each patch are known and will be compared with the corresponding values

from the scan of this target. The deviation is stated in Delta E (AE) ( = vector distance
of the two color values in L*a*b*). The smaller the AE values the better.

METAMORFOZE NARA

« Smaller  No recommendations

» Excellent is a values <5 ( mean) < ICC workflow recommended
<10 ( single patch) - Images should be transferred to

» Acceptable is <12; <25 Adobe RGB(1998) color space

e i i el B
(patch and scanner value)

Z
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Homogeneity

* Influenced by illumination, optics, image sensor

—Deviation on a homogeneous white target
measured in pixel or optical density

* Noise & Fix pattern

—Are local in-homogeneities. These are not observed
In this measurement

Z
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Homogeneity 2

Reproduction of a homogeneous white surface is analyzed

METAMORFOZE NARA

« The difference in pixel values « Max lightness or color
between center and corner, as deviation allowed < 8 steps for
well as in-between every RGB (3% or less for optical
corner must not exceed 8 in density)

any channel. This corresponds
to an optical density of D 0,03.
The max. white level in this
test must not exceed 248
(RGB).

[] []
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Some examples from our
scanner series
0S14000




0S14000 noise

Visually and measure compared to competition

Zeutschel 0OS14000 A1 Competitor

Q13.tif

Q13.tif
1 Stepchart analysis . Stepchart analysis
First order First order 6 3
(Gamma = 0444 = 1/2 25) {(Gamma = 0.593 = 1/1.69;
05 0.8
3 Second order R w Second order T
3 Density step = 0.1 b Density step — 0.1
= 06 Z 06
2 =
- .
B o4 T o4l
[ [
0.2
2.7.2 Pro Auto zones: 20 detected 27.2 Pro Alifn 7ones 19 detected
o 16-Sep-2008 08:51:10 3220340 crop of 3242x976 pixels & 02-0cE-2008 082552 3169X306 Crop of 3209x1088 pixels
' | : : . . :
Noise in pixels: R, G, B, ¥ {Luminance; gray): R, G, B, ¥ (Lumir ol Noise in pixels: R, G, B, Y (Luminance; gray): R, G, B, ¥|(Lt
A1 in pixels (max of 255) B s it pixels (max of 255)
= 3 Avg. (zones 2-15) RGBY = 1.05 1.27 1.19 0.89 E Avg. (zones 2-15) RGBY = 7.16 8.29 11.08 7.67
£ r <
H . 8
g = 1 &
E.y K2 "
s 25 o £
=] - =) &
£ 2t Bd
2 15
2 = B |
= 0"‘3
1 “81“6" R
05 L . . o . P L . P .
10 15 20

4 6 8 10 12 14 16
Zone (8 is middle gray; 3169 pixels total)

etitor noise > 15

5 18
Zone (8 is middle gray; 3220 pixels total)

Zeutschel OS14000 A1 noise 4 Comp

ZEUTSCHEL



0S14000, OECF >

0OS14000 allows loading of different Look-Up-Tables. This flexibility allows the
reproduction of nearly any OECF characteristics.

OS14000 fulfills NARA and Competitor
Metamorfoze Specification for 100%.

18 ﬂ\\\ - k\‘\x
. \\
\_\ 10 \/\_\_\-—.—./.

14

%12 \\\\\\ g

3 ﬂ\\k\\ —— Minimu = —— Minimu
£ q —a—Maximum F —a— Maximum
= \/\—-\ Q13 = 1 2 3 4 &5 B 7 & 3 10 M 12 13 14 15 16 17 18 19 ;M @13 mean
]

: :

6 [=]

B 10

2 -15 =

’ 12 3 4 5 6 T B 9 10 M 12 13 14 15 16 A7 18 19 20 .20

Grey Step Grey Step

OECF Metamorfoze for AdobeRGB Competitor AdobeRGB
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0S14000 dynamic range or

Typical values OS14000:
« AV1 = approx. 4

« AV2 = approx. 2

« AV4 = approx. 1.4

« AV8 = approx. 1.2

This results in a signal to noise ratio at a RGB of 35:
« AV1=8.75-11.4 % of noise
« AV2=17.5-15.7 % of noise
« AV4 =25.0-4.0 % of noise
« AV8=29.1-3.4 % of noise

Competitor:
Noise is about 15 =
A signal to noise ratio of 2.3, means . 42.9 % of the image information is noise

Z
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OS14000 color accuracy

0S14000 typically shows a color Competitor (product is advertised
accuracy of 3.6 — 4.5 AE depending  With it's color accuracy) shows a
on the OECF characteristic chosen. ~Mean delta E 8.92 AE

) Multicharts: Imatest 2.7.2 Pro
Fie semngs Hep

Ditest Metis Grssa7E BAMOE1S000 8 CapiENeCKar 53 LT

4ET,  10-0cH-2008 10:01:25

0 H 4 8 8 10 12 14 8

ILoput ~ ideal] differences

oap = 3.72 een = 17,0 moxs e, = 3,22 meen = 17,0 pex
gy = 1.76 mean = 7.6 max
o = 2.33meen = 9.6 moxs Mgy - L.96 mmen = 9.6 mex

kR
#®
i
g
5

il
]
T | | |
Spit[Mesinput] 16-0c1-2008 08:17:59 B
Check beoxio um cn probe Ci
arwhere outside he mage i bin .

[Taput - idesl] differances [Toput. ~ idesl] differences

aE¥op, = 3.71 mean = 17,0 pax: e,y = 3.21 mean = 7.0 max - B,y - B.92mman = 24,2 hoxs 40%p, = 6.20 mman - 23,9 mx ~
gy - 2.35mmn - T.7 mon: d0%gy = 176 mman - Ti6mox  Smewoeen | e | PREES AEegy = .19 Tmen = 16,1 mex: aCvg, = 3.65mmen - IS.5mex _Swosoeen | Hop | =
gy = 2.33mman s 9.6 max: aCpy = 06 mean = GGmex  _Gowdws | Eu | MG gy = 6.98 mean = 16,2 pax: aCpg = 4.04 meen - 18,0 nex  _Sosdme | e | |G

Zeutschel OS14000 A1 AdobeRGB — AE 3.72 Competitor AdobeRGB — AE 8.92

— é £ Lﬁ Z
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O0S14000 homogeneity K&~

0S14000 A1 is typically < 5 pixel Competitor shows 8 pixel

In the whole imaging area. deviation in the area.
[] [] ] []
:
= :
0 . =
Zeutschel OS14000 A1 < 5 Pixel differénce 8 Pixel difference in competitors scan
: ML 7

ZEUTSCHEL




Time for Questions and answers
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hank you for your attention!

Zeustchel GmbH
Patrice Letailleur
Area Sales Manager

+49-173-9296755
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