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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

One

common type of image phenomenon seen in digital cameras is a systematic intensity variation

across an image known as luminance shading. There are several causes of luminance shading in a digital
camera: pixels having non-uniform sensitivity across a sensor array, illumination non-uniformity,

lens

shading, pixel geometry, and electronic non-uniformity. Characteristics of lens shading include

symmetry about the optical sensor, uniformity across each colour plane, and variation as a function of
cosn®. Luminance shading only affects intensity falloff.

Colour variations w1th1n the 1mage can be 1nduced by several factors all of whlch will cause varying

degree

@a

faetors include,
mlsmatch between the CMOS micro- lens opt1ca1 acceptance angle and the lens chlefr v angle over

the fjeld of view, (b) spatially varying spectral transmittance differences from the infrared rejection
filter] (usually most significant at the cutoff wavelength), and (c) inherent spectral sensitivity differences

acro
proc

The

bs the array. Consistent, systematic variations can be reduced through¢eorrectiop via image
pssing, but there might remain residual colour variations.

nformation that follows defines the recommended approach for creating a test scere to use for

the ¢valuation of luminance shading and colour variations, as well a@sJspecifying the conditions for
illunfination and exposure. The currently proposed analysis approach to quantify the magnitude of
coloyrvariationsisdescribed.Itisimportant to understand thatthis specification is related fjo the degree

of co
appe
gray

Somé
grou
Elect

our variations that are apparent in the image, not the specific colour accuracy. Thus, ah image that
ared pink but was uniformly pink over the entire image would be equivalent to a perfe¢tly uniform
field relative to this colour non-uniformity specification:

 part of this International Standard is based on thé-work done by the Camera Phone Image Quality
p (CPIQ) within the International Imaging Industry Association (I3A), now part of thq Institute of
rical and Electronics Engineers (IEEE), whose contribution is greatly acknowledged.
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INTERNATIONAL STANDARD

ISO 17957:2015(E)

Photography — Digital cameras — Shading measurements

1 Scope

This International Standard defines a method for measuring shading for digital cameras (including camera
phones). The method includes procedures for measuring colourand luminance signal components separately.

2 lLIormative references

The
indig
refen

ISO
tung

ISO ]
for (]

ISO 1
ISO 1

IEC6
— Pg

CIE 1

3 r
For t

3.1

lum
grad

3.2
colot
coloy

following documents, in whole or in part, are normatively referenced in this docunj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

7589, Photography — Illuminants for sensitometry — Specifications for daylight, 1
sten and printer

1 1664-2/CIE, S 014-2/E: Joint ISO/CIE Standard: Colourimetry ~= Part 2: CIE Standard
blourimetry

1664-4/CIE, S 014-4/E: Joint I1SO/CIE Standard: Colourimetry — Part 4: CIE 1976 L*a*b*
2231, Photography — Electronic still picture imaging — Vocabulary

1966-2-1:1999+A1:2003: Multimedia systems and equipment — Colour measurement and
rt 2-1: Colour management - Default RGB colour space — sRGB

5:2004, Colourimetry

erms and definitions

he purposes of this docungent, the following terms and definitions apply.

lum:lnance shading

nance non-unifoymity
1al variation.of the luminance signal components within the image field

ir shading
1r non-uniformity

ent and are
For undated
es.

ncandescent

Illuminants

Colour Space

nanagement

grad

1alyvariation of the chrominance signal components within the image field

4 Test conditions and methods

4.1

General

The following measurement conditions should be used as nominal conditions when measuring the
shading of a digital camera. If it is not possible or appropriate to achieve these nominal operating

cond

© ISO

itions, the actual operating conditions shall be listed along with the reported results.
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4.2 Apparatus and hardware

The following hardware is necessary to control and report the test conditions:

— auniform field target;

— light source(s);

luminance meter.

The total uniformity required for the target and for the light source(s) is specified below.

4.3 Lightf

For lightnes;
D) illumina

ing

non-uniformity and luminance non-uniformity measurement, average outdoor daylight
shall be used. For chrominance non-uniformity measurement and total colournen-unifor

measurem(;It, three standard illuminants shall be used to represent the characteristics-of (a) avs

outdoor dayj
(type F). Oth

light (type D), (b) indoor incandescent lighting (type A), and (c) indoorifluorescent lig
er illuminants may be used optionally. The type of illuminant shall be reported in any ca:s

The recommended daylight illuminant is CIE/D55 (5 503K) with a tolerance of'5 000K to 6 504K

recommend|

ed indoor incandescent illuminant is CIE/A (2 856K) with a tolerance of 2 700K to 3 7

The recomnpended fluorescent illuminant is type CIE/F2 (4 230K) with-atolerance of 3 900K to 4 4

Thelightsoy
from the tay

4.4 Test (

The targets
of view. Spe|
not vary by
can be eithd
is very impd
Ave|/Ave <

[Min-Ave| /A
120 cd/m?2.

rce(s) shallbe positioned to provide uniformillumination and produce no glare or reflec
get.

thart

hall provide a spectrally neutral, uniform lutninance distribution over the entire imaged
ctral neutrality is achieved if the spectral transmittance or reflectance of the target
more than 5 % over the range between 420 nm and 750 nm. The construction of the t
r transmissive or reflective. Totaldwminance uniformity of the lighting and the test

rtant for this measurement. Theluminance uniformity should be within 2,5 %; (i.e. [|
,025 and |Min-Ave|/Ave < 0,025]), and shall be within 5 %; (i.e. [|[Max-Ave|/Ave < 0,0
ve < 0,05]) across the entirejimaged area, with an average luminance between 50 cd/m
['he light flux from the target shall be diffuse and shall not include any specular compo

A target comtaining patterns may also be used, provided the same results as the uniform char

obtained by
is used, exp
between 11

4.5 Imag

performing a suitable procedure to remove the patterns. When a target containing pat
bsure shall be‘adjusted to give an average output value of the central measurement j
) and 130 in,SRGB encoding values.

P /camera settings

Exposure sH

allbe adjusted to give an average output value of the central measurement block, bet)

type
mity
brage
hting
e.

The
00K.
00K.

tions

field
does
hrget
chart
Max-
and
¥ and
nent.

t are
ferns
lock,

iwveen

110 and 130 in sRGB encoding values, when exposure adjustment is available. When average output
values of the peripheral measurement blocks are very low (e.g. in the case of very wide-angle lens), the
exposure level may be adjusted higher. The average output value of the central measurement block shall

be reported

in any case.

White balance should be adjusted to render the centre of the image as neutral as possible. Recommended
focus distance is equal to or larger than “(35 mm-equivalent) focal length x 10”. When the focus may
manually be adjusted, focus does not have to be on the test chart. F-number, focal length, focus distance,
[SO sensitivity, and exposure time shall be reported. Images should be saved at maximum pixel number
using the highest quality (i.e. with least compression) setting.

For the reco

mmended measurement conditions, see Annex A.

© ISO 2015 - All rights reserved
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Figure 1 — Diagram of recommended measurement eendition for a reflective target

5 Analytical approach

5.1 | General

For rjon-uniformity calculation, the image isdivided into (2N+1) x (2N+1) non-overlapping|rectangular
blocks (N = 5), where N should be determined to include sufficient number of pixels for avefaging noise
and |ocal disturbance for each measurément block. The sRGB values of pixels within one block are
averaged. When precipitous variatiohs/in the image are visible, it is desirable to increase the “N” value
so thiat the precipitous variationswill not be averaged out. Mean values of the data should he preserved
as flpating point or rational numbers as rounding numbers to the nearest code value cofild result in
significant quantization errofs:

CIELAB values are calculated from sRGB values as follows:

a) [irst, the sRGB-values of the pixels: R;,G;,B; in the ith measurement block will be|averaged to
R Ave (i)' G gve (i)' B ve (1) )

n; n; n;
wel =Y DR Gae(D)= 1] 36, Baeld=1, 2B, (1)
j=1 j=1 j=1

where

3

Rj'Gj'Bj jth pixel value in measurement block (j=1 to n;);

n; is the number of pixels in ith measurement block.

b) Convertaveraged sRGB values: R, (i), G gy¢ (i), B gye (i) to linear RGB values in the range of 0 to 1:
Rin (i)' GLin (i)' Blin (l)

© IS0 2015 - All rights reserved 3
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R'(1)=Raye (1)/255  G'(1)=Gaye(1)/255  B'(()=Bay(i)/255

if R'(i),G'(i),B'(i)<0,04045 (2)
LR NG N B'()
Riin(1)="" 712,92 Guin (i) = %2,92 Buin(1)=" " /12,02
Otherwise
R{T¥0,055) 124 MG 7J+0,055 (BiJ+0,055 24
. ) . 1 ) . I )
RLin(’):[ 1,055J GLin(’)ZU )1,055J BLfn(’)ZV )1,055}

c) Tristimplus values: X(i), Y(i), Z(i) of the ith block are calculated as follows:

X(i)| [[0,412 4 0,357 6 0,180 57| Rein (i)
Y(i) |4 0,212 6 0,715 2 0,072 2| Gy, (i)
z(i)| [L0,0193 01192 0,950 5] B, . (i)

(3)

d) Conver{CIE/XYZ values to CIELAB values: [L*(i), a*(i), b*(i)]of the ith block as follows (also indi¢ated
in IEC 611966-2-1:1999+A1:2003, Annex H). X;,, Y, Z, are theseference display white point coordjnate

of illumjnant D65 with X,, = 0,9505, Y, = 1,0000, Z, = 1,0890.
L*())=116- f(Y(i)/Y,)-16

a*(i)=300[ f(X())/X, )~ f(Y(1)/Y,)]

b*(i)=200[ f(Y(D)/Y, )~ f(2(1)/Z,)]

where
FX@/K)=(X(0)/x,)"? if X(i)/X,, >0,008 856
4
f(X()/K,)=7,787(X(1)/X,)+~16/116  if X(i)/X, <0,008 856 *)
FY@OM)=(r()r,) "> if Y(i)/Y, >0,008 856
f(Y)/Y,)=7,787(¥(i)/Y,)+16/116 if Y(1)/Y, <0,008 856
F(2))2,)=(20)2,) " if Z(i)/Z, >0,008 856
f(2(0)/%,)=7787(Z(i)/Z,)+16/116 if Z(i)/Z,<0,008 856
5.2 Lightness non-uniformity
The lightness non-uniformity, Dy, is defined as:
D; =max[L (i)]-min[L (i)] (5)
5.3 Luminance non-uniformity
The luminance non-uniformity, Dy (%), is defined as:
Dy = max[Y(i)]-min[Y(i)] <100 ©)

max|[Y(i)]

© ISO 2015 - All rights reserved
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Analysis of the chrominance non-uniformity is performed by first calculating the overall average a*

and

b* for the entire image using the block average values: a*(i) and b*(i).

c?"z%n~21:a*(i) F‘z%n-zl“b*(i)

where

The

The

5.5

Anal

of L*

The

]

~

b S * e
L. =max| L (1)] Lyin =min
* * . * .
Aax =max|a (i)|, @p;, =min

B0 =max b*(i)], by, =min

I~

is the number of measurement blocks

throminance deviation of the ith block is calculated by:

C(,-)=\/[a*(i)_ﬁ]2+[b*(i)_ﬁ]2

c= max[DC (1')]
Total colour non-uniformity

i), a*(i), and b*(i).

total colour non-uniformity, D7yt is calculated as:

* * 2 * * 2 * * 2
Total = (Lmax _Lmin) +(amax _amin) +(bmax _bmin)

6 Presentations of results

The

following  measurement  conditions shall be  reported

throminance non-uniformity, D¢, is defined as the maximum deviatigfiyfrom the overal

ysis of total colour non-uniformity begins by first caléulating the overall maximums an

for

ead

(7)

(8)

average as:

(9)

1 minimums

(10)

(11)

(12)

(13)

h model.

If Ay ; 1 NI, | )
a CJll\/llLlUll IS UIINIITUVVII, VWIILU UITRNIIUVVII

Average output level of central measurement block:

Model name/Number:

F-Number:

Focal length:

Focus distance:

I[SO sensitivity:

Exposure time:

© ISO 2015 - All rights reserved
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Following measurement conditions shall be reported for each metric.

— Light source: D/A/F (or other)

6 © IS0 2015 - All rights reserved
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Annex A
(normative)

Recommended measurement condition

The following measurement conditions are recommended when the representative values for the
shading property of the camera are necessary. It is recommended to report the metric when the shading
properties are most noticeable (i.e. the worst case). However, since it is almost impossible to find the
wordt value for every shooting condition, the recommended measurement condition in'thi§ Annex may
alterjpatively be used.

Aperjture stopa at the smallest F-number (i.e. largest aperture)

Focal lengthb at the shortest focal length (i.e. wide-end)

a  [Informative] The luminance shading property at the smallest F-number tends to-be-the largest.

b [Informative] The luminance shading property at the shortest focal length terids to be the largest.

When the shading properties of several cameras are compared, itistmeaningful to conduct mgasurements
with|the same F-number, Focal length, and Focus distance.

For the case of settings not mentioned above, refer to thé:test conditions described in Clauge 4. For the
camgra settings that are not mentioned anywhere in this International Standard, it is recommended to
use rhanufacturer’s default setting.

© IS0 2015 - All rights reserved 7
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Annex B
(informative)

Example of shading metric calculation

B.1 General

The following example is provided to demonstrate the methodology for assessing the shading prop§
and for computing the lightness, luminance, chrominance, and total non-uniformity metrics@fan in

B.2 Calcuylation of non-uniformity metrics

The measurement algorithm used in this International Standard assumes an RGB)image is acquir
a uniform-field target with materials and methods as defined in 4.3 to 4.5. The following conver
assume the psual case that the image is stored in the SRGB colour space defined in [EC 61966-2-1:1

a) For thislexample, the image is sub-sectioned into (2N+1) x (2N+1) blocks per 5.1, with N =5, yie
an image containing 11 x 11 blocks.

b) The RGB values are averaged, per channel, to obtain average réd; green, and blue values for each

rties
hage.

ed of
sions
999,

lding

fthe

11 x 11 measurement blocks as defined by Formula 1. The.¥ésults for this step of the calculatio

provided in Table B.1. The averaged sRGB values are converted to Linear RGB values per Form]:1a 2.

c) The tridtimulus values X(i), Y(i), and Z(i), are calculated from the linear RGB values per Form
The tridtimulus values calculated per Formula 3-are provided in Table B.2.

d) Next, thie values are converted into CIELAB per Formula 4. The calculated L*(i), a*(i), and b*(i) v
are proyided in Table B.3.

e) To calctlate lightness non-uniforinity per Formula 5, maximum and minimum values f
are caldulated.

*

max| L' (1) |=60,52, min| L(i)| 47,34
Dy =max| L' (i) |-miin 1 (i) |-13,18

f) Tocalcujatelumihance non-uniformity per Formula 6, minimum and maximum Yvalues are calcu

nare

la 3.

hlues

or L*

(B.1)

(B.2)

ated.

max| Y (}){20,2871, min[Y(i)][=0,1628

(B.3)

_ max| Y (i) |-min[ ¥ (i)
Pr = max[Y(i)]

x100=43,29%

(B-4)

g) To calculate chrominance non-uniformity, the overall average a* and b* are computed overall

measurement blocks per Formula 7.

a* =8,35, b* =1,66

(B.5)

The chrominance deviation D_(i) of the ith measurement block are calculated per Formula 8, and

reported in Table B.4.

8 © IS0 2015 - All rights reserved
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Finally, the value of the largest deviation D, =max; D, (1) is calculated per Formula 9 and reported as

the chrominance non-uniformity:.

D, =maxD, (i)=8,658 (B.6)

h) For the total colour non-uniformity calculations, the L* a* and b* data in Table B.3 are referenced.
The maximum and minimum of L*, a*, and b* are calculated per Formula 10 to Formula12.

L. ..=6052 a . =16,50, b, . =460 (B.7)
Lnin=47,34, apin=1,83, by, =—0,52 (B.8)

Finally, the total non-uniformity is calculated per Formula 13.

I~

* * 2 * * 2 * * 2
) Total = (Lmax_Lmin) +(amax_amin) +(bmax_bmin) =20,38 (B.9)

Table B.1 — sRGB 11 x 11 average values

R(i)
155,83 |161,14 |159,42 152,89 [143,69 |[138,17 |134,46 |132,06 |130,85 |136,44 |[152,35
158,45 |161,34 |155,85 148,04 (139,82 [135,13 (4132,30 |12990 |129,05 |133,19 |146,56
160,79 [159,36 |150,15 |142,49 (13548 |[130,86- |128,57 |128,44 |12741 |13091 |142,99
162,16 (15591 |14758 |139,27 132,19 |128,23 |125,53 |125,88 |126,55 |129,61] |141,03
162,91 |153,48 |144,88 |135,83 129,48 (12590 [124,27 |122,99 |125,25 |128,57 |139,50
163,87 |153,17 |143,21 |134,66 |127%5 (123,39 |122,07 |122,17 |124,19 |12790| |13727
164,44 |153,62 |142,65 (13517 12793 [122,92 (121,14 |122,14 |124,65 |128,3§ |[13770
165,17 |155,20 |145,26 |136,725°.[12998 [124,99 [123,60 |123,69 |126,54 |129,13 (138,45
167,65 |158,84 |148,70 |140;23 |132,86 |128,54 [126,04 |127,33 |128,30 |131,73 |140,55
171,67 |16498 |153,59 _ (145,32 138,35 |[133,57 |131,80 |131,48 |131,63 |135,51] |143,41
177,4 169,49 |160,08,(152,34 |143,31 |138,43 |13576 |135,54 |136,17 |140,09 |145,88
G(i)
119,18 127,05 </442755 123,62 |119,17 |[11546 |111,80 |109,04 |108,25 |114,24 |12943
124,52 |130;16° |12742 124,02 |120,74 |116,32 |112,57 |110,12 |108,12 |111,64 |124,38
127,63 430,05 [126,78 |123,63 120,62 (11712 |112,87 |110,28 |107,69 |10993] |120,13
129,537 130,42 |126,65 |123,04 (120,81 (11776 |114,15 |110,84 [10796 |109,62 |117,46
130,43 [13095 [126,32 [122,86 (121,11 |[11786 |[114,53 |[111,42 [108,29 [108,62 |115,71
130,88 (131,38 |126,33 |122,73 12097 (118,36 |114,94 |111,57 |10896 |108,61 |114,71
131,06 [131,46 |126,44 (122,51 |120,54 |11787 |115,14 |111,54 |108,54 |108,53 |[114,23
131,62 [131,74 |126,87 |122,68 |[120,06 |[11748 |114,38 |111,37 |108,56 |10896 114,07
132,15 (132,78 |128,23 |122,58 120,01 (11709 |114,22 |111,12 |109,21 |110,04 |114,75
133,16 134,40 |129,41 |123,47 (120,35 (11703 |113,87 |111,60 |110,70 |111,38 |115,93
135,46 (136,48 |130,88 |125,32 (121,39 (11778 |114,61 |112,10 |111,23 |113,24 |11794
B(i)
12396 |132,22 |131,60 |126,71 |12196 |118,34 |114,85 |112,23 |111,09 |11777 |133,83
128,67 [134,08 |130,04 |126,12 (121,41 |[11771 |114,34 |111,49 |109,73 |113,45 12793

~N

© IS0 2015 - All rights reserved 9
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Table B.1 (continued)

130,00 (134,22 (129,48 |12493 |121,06 |11735 |113,73 |111,04 |109,13 |111,10 123,56
131,42 (133,81 |129,20 |125,11 (121,12 118,13 11394 |111,30 |109,32 (110,37 120,72
132,13 |133,46 |129,49 |125,14 |121,74 118,38 |11490 |111,57 |109,56 109,98 |119,55
132,61 [133,66 |129,72 |12486 |121,11 (11788 115,20 (112,32 109,53 |109,80 |118,57
13294 |133,90 (130,50 |126,70 121,52 (11739 (114,98 (112,80 (109,69 |110,09 |118,18
133,74 |134,56 |130,61 |12698 |121,53 118,04 (115,20 (113,16 110,22 |110,55 |118,93
135,11 (136,34 |131,30 |127,07 |122,22 |118,76 |115,73 |113,10 |111,29 112,23 |120,31

136,15 (139,16 |133,09 |128,37 |123,47 |11994 |116,24 |113,92 |113,11 (114,24 |124p2
138,48 |14{1,56 |135,54 |129,77 |124,25 120,13 117,01 11517 |114,30 |116,61 C([N23[/4

Table B.2 — Average XYZ values

X(i)

0,2393 |0,2650 |0,2618 |0,2409 |(0,2157 |(0,1998 |0,1872 |0,1794 |0,1Z6,0" |0,1953 |0,25p 1
0,2540 |0,2708 |(0,2536 |0,2320 |0,2107 |0,1955 |0,1848 |0,1768 |0;1724 |0,1847 |0,23[L0
0,2636 |0,2668 |(0,2416 |(0,2210 (0,2032 [0,1895 |0,1790 |0,1745¢ |0,1691 |0,1779 |0,21p7
0,2698 |0,2602 |(0,2366 |[0,2149 |0,1982 |0,1866 |0,1760 |0,£71%4 |0,1682 |0,1752 0,208 4
0,2730 |0,2560 |(0,2315 |[0,2090 |0,1947 |0,1834 |0,1752.0;1680 |0,1668 |0,1722 (0,208 1
0,2749 |0,2562 |(0,2288 [0,2068 [0,1916 |0,1801 |0,172% |0,1674 |0,1659 |0,1712 |0,19Y 6
0,2775 |0,2573 10,2285 [0,2085 |0,1916 |0,1785 |0,147t4 |0,1676 |0,1662 |0,1720 |[0,19V 6
0,2816 |0,2611 |(0,2337 |[0,2115 |0,1941 |0,1815.40,1742 |0,1698 |0,1693 |0,1738 |[0,19p 1
0,2873 |0,2709 |(0,2421 |0,2172 |0,1989 |0,186%7 |0,1779 |0,1749 |0,1732 |0,1799 (0,204 2
0,2980 |0,2877 |(0,2539 (0,2280 |0,2090 [@;1951 |0,1865 |0,1822 |0,1810 |0,1885 0,211 4
0,3159 |0,3019 |(0,2702 |0,2440 |0,219Z ,[0,2040 |0,1941 |0,1899 |0,1894 |0,1995 |0,21p 3
Y(i)

0,2174 |0,2446 |0,2439 |0,2261 10,2054 |0,1910 |(0,1786 |(0,1703 |0,1674 |0,1867 [0,24R 4

0,2344 10,2534 |0,2395 |0,2223.7(0,2056 |(0,1903 |0,1787 10,1707 |0,1654 |0,1772 |0,22R 3

0,2451 |0,2511 |0,2322 |0,2160 |0,2016 |(0,1886 |(0,1762 10,1698 |0,1631 |0,1710 |0,20F 5

0,2519 10,2485 |0,229 46,2117 |0,1993 |0,1882 (0,176 8 |[0,1691 |[0,1631 [0,1692 |0,19B7

0,2553 10,2474 |0,2261 |0,2084 |0,1981 |0,1867 |(0,1770 |(0,1683 |0,1628 |(0,1661 [0,1980

0,2571 10,2484 |0,2247 |0,2070 |0,1962 |0,1859 |0,1763 |0,1682 |0,1634 |0,1656 |(0,1886

0,2588 |0,2491\10,2247 |0,2073 |0,1954 |0,1842 |(0,1761 |(0,1682 |(0,1629 |(0,1658 |0,18 8

0,2620 |0,25¢6 |0,2282 |0,2092 |0,1959 |0,1850 (0,1762 |[0,1691 |[0,1645 |0,1674 |0,18B82
0,2658 10,2586 |0,2351 |0,2119 |0,1982 |0,1870 |(0,1778 |0,1713 |0,1675 |0,1722 |0,1919

0,2733 10,2703 |0,2433 |0,2190 |0,2039 |0,1912 |0,1816 |0,1758 |0,1737 10,1787 |0,1975

0,2871 10,2817 |0,2545 |0,2306 |0,2110 |0,1970 |(0,1867 (0,805 |(0,1789 |(0,1872 10,2049

Z(i)

0,2199 10,2523 |0,2501 |0,2307 |0,2123 |0,1988 |(0,1864 |(0,1774 |0,1737 |0,1964 [0,2584

0,2384 10,2605 |0,2442 |0,2285 |0,2108 |0,1969 |(0,1850 (0,1754 |(0,1696 |(0,1820 |0,2347

0,2446 |0,2608 |0,2414 |0,2238 |0,2093 |0,1958 |(0,1830 |(0,1741 |(0,1676 |(0,1743 |0,2179

0,2506 |0,2591 |(0,2402 |0,2239 |(0,2093 |(0,1983 |0,1839 |0,1749 |0,1682 |0,1720 |0,207 4

0,2536 |0,2578 |(0,2408 |(0,2237 |(0,2112 (0,1989 10,1868 |0,1757 (0,1689 [0,1704 10,2028

0,2556 10,2587 (0,2415 |(0,2226 |(0,2090 (0,1974 10,1877 10,1779 10,1690 [0,1699 |0,199 2
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