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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 ISQ, alsa take part in the work. 1SO collaborates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Paft'3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

International [Standard 1SO 12233 was prepared by Technical Committee ISO/TC 42, Photography.

Annex C forms a normative part of this International Standard. Annexes:A, B and D are for information orjly.
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Introduction

pose

The spatial resolution capability is an important attribute of an electronic still-picture camera. Resolution
measurement standards allow users to compare and verify spatial resolution measurements. This International

Standard grefimestermimnotogy,; test thartsandtest methods for performimgy Tesotutiom measurenents g

digital eleg

0.2 Tec

One of the
fine detail

tronic still-picture cameras.

hnical background

most important characteristics of an electronic still-picture camera is the ahility, 6f the cams
found in the original scene. This ability to resolve detail is determined by.a number of fact

the perfornance of the camera lens, the number of addressable photoelements in‘\the optical imaging

the electri
Different n
componer
limiting reg

cal circuits in the camera, which may include image compression“and gamma correcti
heasurement methods can provide different metrics to quantify the ressolution of an imaging
t of an imaging system, such as a lens. Resolution measurement metrics include resq
olution (at some specified contrast), spatial frequency response, MTF and OTF.

The first sfep in measuring resolution is to capture an image of a suitable test-chart with the camera ur

test chart
patterns. 1
still-picturg
scanners,
electronic

should include patterns with sufficiently fine detail, such as edges, lines, square waves,
[he test chart defined in this International Standard<has been designed specifically to evalu
cameras. It has not been designed to evaluate other electronic imaging equipment s

Still-picture camera, such as the lens.

The resoldtion measurements described in this Anternational Standard are performed in the digital d

digital ang
needs to 4
so that th
possible,

The spati
computer
near slant
use of a

photoelem
performing

r analog and

ra to capture
Drs, including
device, and
bn functions.
system, or a
lving power,

der test. The
Dr sine wave
hte electronic
lich as input

CRT displays, hard-copy printers, or electrgphotographic copiers, nor individual compgnents of an

pmain, using

lysis techniques. For electronic still-piCture cameras that include only analog outputs, the
e digitized, so that the digital measurement can be performed. The digitizing equipment is

he type of digitizing equipment used shall be reported along with the measurement results.

algorithm to analyseZdigital image data from the electronic still-picture camera. Digitized i
slanted edge_allows the edge gradient to be measured at many phases relative to the i

a moving knife edge measurement.

nalog signal
aracterized,

b effects of the digitization proeess can be removed from the measurement results. When this is not

Wl frequency responsé (SFR) measurement method described in this International Standard uses a

age values

bd vertical and horizontal black to white edges are digitized and used to compute the SFR values. The

age sensor

ents, in order to eliminate the effects of aliasing. This technique is mathematically ¢quivalent to
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INTERNATIONAL STANDARD ISO 12233:2000(E)

Photography — Electronic still-picture cameras — Resolution
measurements

1 Scope

This Intergational Standard specifies methods for measuring the resolution of electronic still-picture gameras. It is
applicable|to the measurement of both monochrome and colour cameras which output digitaldata or janalog video
signals.

2 Normative references

The followfjng normative documents contain provisions which, through reference-in this text, constitute [provisions of
this Interrjational Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this.International Standard are ehcouraged to
investigate the possibility of applying the most recent editions of the “hormative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of |SO and IEC
maintain re¢gisters of currently valid International Standards.

ISO 7589:[1984, Photography — llluminants for sensitometry — Specifications for daylight and [ncandescent
tungsten.

ISO 14524:1999, Photography — Electronic stillspicture cameras — Methods for measuring opto-electronic
conversion functions (OECFs).

3 Ternps and definitions
For the purposes of this International Standard, the following terms and definitions apply.

3.1
addressable photoelements
number of active photoelements in an image, which is equal to the number of active lines of photoelements
multiplied py the numbérof active photoelements per line

NOTE It is possible that the number of addressable photoelements may be different for the different coloul| records of an
image. When the-signal values of the photoelements are digitized, the digitized code values may be referred to as picture
elements, gr pixels.

3.2

aliasing

output image artifacts that occur in a sampled imaging system for input images having significant energy at
frequencies higher than the Nyquist frequency of the system

3.3

cycles per millimetre

cy/mm

unit used for specifying resolution characteristics in terms of the response of an imaging system to a linear radiance
sine wave input, as a function of the frequency of the sine wave

NOTE 1 A range of input sine wave frequencies is obtained in this International Standard through the use of a sharp edged
target.

© I1SO 2000 — All rights reserved 1
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NOTE 2

measured resolution characteristics. Distance units other than millimetres may also be used.

3.4

aliasing ratio
value equal to the "maximum minus minimum" modulation divided by the "average" modulation of an electronic still-

picture came

NOTE

35
edge spread

ra when imaging a frequency burst of constant spatial frequency

The aliasing ratio is described in 6.4.

function

ESF
normalized 4
theoretical in

3.6

effectively |
having spec
spectrally ne

3.7
electronic s

camera incofporating an image sensor that outputs an analog or digital signal representing a still-picture,

an analog o
disc

3.8
gamma corr
process that

3.9

horizontal r
resolution v
"landscape”

3.10
image aspe
ratio of the in

3.11
image comp
process that

patial signal distribution in the linearized output of an imaging system resulting from
finitely sharp edge

pectrally neutral
ral characteristics which result in a specific imaging system producing. the same outpu
Litral object

ill-picture camera

digital signal representing a still-picture on a removable media, such as a memory card o

ection
alters the image data in order to modify the tonereproduction

solution
lue measured in the longer imageé dimension, corresponding to the horizontal direc
mage orientation, typically using a*vertically oriented test-chart feature

t ratio
nage width to the image height

ression
alters the waycdigital image data is encoded in order to reduce the size of an image file

3.12
image sens

electronic dgvice that converts an optical image into an electronic signal; for example a charge coup

r

Most pictorial imaging systems exhibit non-linear behaviour, which may result in the nature of the target affecting the

imaging a

t as for a

or records
magnetic

tion for a

ed device

(CCD) array

3.13

limiting resolution
value of that portion of a specified resolution test pattern, measured in line widths per picture height, that
corresponds to an average modulation value equal to some specified percentage of the modulation value at a
specified reference frequency

EXAMPLE

The limiting resolution may be the test pattern value, in line widths per picture height (LW/PH), corresponding
to a camera output modulation level of 5 % of the camera output modulation level at a reference frequency of 10 LW/PH.

© 1SO 2000 — All rights reserved
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3.14

line pairs per millimetre

Ip/mm

metric for specifying resolution in terms of the number of equal width black and white line pairs per millimetre that
can be resolved according to some criterion, such as visual resolution or limiting resolution

NOTE distance units other than millimetres may also be used.
3.15

lines per millimetre

lines/mm

metric for specifying resolution in terms of the number of equal-width black and white lines per millimetre that can
be resolveldaccording to Some criterion, such as visual resolution or imiting resolution

NOTE Distance units other than millimetres may also be used.
3.16

line spredd function

LSF

normalizedl spatial signal distribution in the linearized output of an imaging system resulting frojm imaging a
theoretical infinitely thin line

NOTE If the imaging system is operating in an isoplanatic region and in its lipear range, the LSF is eqpal to the first
derivative df the ESF.

3.17
line widthis per picture height
LW/PH
metric for |specifying the width of a solid line on a test chart,.relative to the height of the active arealof the chart,
which is efjual to the height of the active area of the test chart'divided by the width of a black line, that is equal to
the total number of lines of the same width which can be-placed edge to edge within the height of a fest target, or
within the pertical field of view of a camera

NOTE If the height of the active area of the chart.equals 20 cm, a black line of 1 000 LW/PH has a yidth equal to
20/1 000 cr.

3.18

linearized
digital sigmal conversion performed to~invert the camera opto-electronic conversion function (OECH) so that the
resulting signal is approximately lin€arly proportional to the scene luminance

3.19
modulatign
difference[between the minimum and maximum signal levels divided by the sum of these levels

3.20
modulatign transferfunction
MTF
modulus dgf the‘optical transfer function

3.21

normalized spatial frequency

unit used for expressing spatial frequency response, where the distance dimension has been removed by
multiplying the spatial frequency in cycles per millimetre by the sampling period in millimetres

NOTE Normalized spatial frequency is particularly appropriate for comparing the spatial frequency response of imaging
systems where the rendering magnification is unknown, and the total number of samples is equal.

3.22
Nyquist limit
spatial frequency equal to 1/2 times the inverse of the sampling period

NOTE Energy at an input spatial frequency above the Nyquist limit will alias to a spatial frequency below the Nyquist limit in
the output image. The Nyquist limit may be different in the two orthogonal directions.

© I1SO 2000 — All rights reserved 3
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3.23

optical transfer function

OTF

two-dimensional Fourier transform of the imaging system's point spread function

NOTE 1 For the OTF to have significance, it is necessary that the imaging system be operating in an isoplanatic region and
in its linear range.

NOTE 2  The OTF is a complex function whose modulus has unity value at zero spatial frequency.

3.24

point spread function
PSF
normalized gpatial signal distribution in the linearized output of an imaging system resulting from’limaging a
theoretical infinitely small point source

3.25
resolution
measure of the ability of a camera system, or a component of a camera system, to depict picture detail

NOTE Ré¢solution measurement metrics include resolving power, limiting resolution,, Spatial frequency respdnse (SFR),
MTF and OTF
3.26

sampling agpect ratio
ratio of the sample spacing in the two orthogonal sampling directions

NOTE If he sample spacing is equal, the aspect ratio of the sampling, grid is 1:1 or "square”, so that the sampling aspect
ratio provides ['square pixels".

3.27
sampled imaging system
imaging system or device which generates an image sighal by sampling an image at an array of discretg points, or
along a set of discrete lines, rather than a continuum'of points

NOTE THe sampling at each point is done using.a finite size sampling aperture or area.

3.28
sample spaging
physical distance between sampling-points or sampling lines

NOTE THe sample spacing may.be different in the two orthogonal sampling directions.
3.29

spatial freqyency response

SFR

measured amplitu@e-response of an imaging system as a function of relative input spatial frequency

NOTE 1 THe"SFR is normally represented by a curve of the output response to an input signal of unit amplitpde, over a
range of spatial frequencies.

NOTE 2  The SFR is normalized to yield a value of unity at a spatial frequency of 0.

3.30

spectrally neutral

test chart is spectrally neutral if the relative spectral power distributions of the incident and reflected (or transmitted)
light are equal

3.31

test chart
arrangement of test patterns designed to test particular aspects of an imaging system

4 © 1SO 2000 — All rights reserved
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3.32

test pattern

specified arrangement of spectral reflectance or transmittance characteristics used in measuring an image quality
attribute

The test pattern spectral characteristics include the following types:

3.32.1

bi-tonal pattern

pattern that is spectrally neutral or effectively spectrally neutral, and consists exclusively of two reflectance or
transmittance values in a prescribed spatial arrangement

NOTE Bi-tonal patterns are typically used to measure resolving power, limiting resolution and SFR.

3.32.2

grey scal¢ pattern

pattern thEt is spectrally neutral or effectively spectrally neutral, and consists of a large” numbe| of different
reflectance or transmittance values in a prescribed spatial arrangement

NOTE Grey scale patterns are typically used to measure opto-electronic conversion functipns.

3.32.3

spectral dattern
pattern that is specified by the spatial arrangement of features with differiig spectral reflectance or fransmittance
values

NOTE Spectral patterns are typically used to measure colour reproduction.

3.33
vertical rgsolution
resolution [value measured in the shorter image dimensiofi; corresponding to the vertical direction for 4 "landscape"
image origntation, typically using a horizontally oriented-test-chart feature

3.34
visual resolution
spatial frequency at which the individual black-and white lines of a test pattern reproduced on a display or print can
no longer |be distinguished by human observers, or are reproduced at a spatial frequency lower thgn the spatial
frequency|of the corresponding area ofthe test chart, as a result of aliasing

4 Test|chart

4.1 Intrpduction

A reprodugtion of a‘test chart for measuring the resolution of an electronic still-picture camera is showp in Figure 1.
Figure 2 ig a diagram showing the locations of particular features of the test chart, which may be eith¢r a reflective
or transmissive ‘chart. The purpose of each test pattern element is listed in Table 1. A complete|spreadsheet
specificatipnof the test chart is given for information in annex A.

The measurements described in clause 6 can be performed using test charts other than the chart shown in
Figure 1. For example, the test patterns present in the test chart can be separated and rearranged, if required, for
specific test objectives. The framing and the reproduction scale of the patterns can also be varied, if required, for
specific test objectives.

The chart shown in Figure 1 is designed to measure cameras having a limiting resolution of less than
2 000 LW/PH. Nevertheless, it is possible to use the chart to measure the visual resolution or limiting resolution of
an electronic still camera having a limiting resolution greater than 2 000 LW/PH. This is accomplished by adjusting
the camera to target distance, or the focal length of the camera lens, so that the test-chart active area fills only a
fraction of the vertical image height of the camera. This fraction is then measured in the digital image, by dividing
the number of image lines in the camera image by the number of lines in the active chart area. The values of all
test-chart features, in LW/PH, printed on the chart or specified in this International Standard, are multiplied by this

© I1SO 2000 — All rights reserved 5
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fraction, to obtain their correct values. For example, if the chart fills 1/4 of the vertical image height of the camera, a

feature labell

4.2 Mater

ed as 1 000 LW/PH on the chart corresponds to 4 000 LW/PH using this chart framing.

ial

The test chart may be either a transparency that is rear illuminated, or a reflection test card that is front illuminated.
A reflection chart shall have an approximately Lambertian base material. A transparency chart shall be rear
illuminated by a diffuse source.

4.3 Size

The active h}teight of reflection test charts should be not less than 20 cm. The active height of transpare
an 10 cm. The chart should have a 16:9 image aspect ratio, with indicators for 1:1, 4:3:anhd

ncies shall

be not less t 3:2 image
aspect ratios|

4.4 Test patterns

The test chait shall have bi-tonal patterns and should be spectrally neutral.

NOTE Uge of bi-tonal test charts provides the sharpest possible features and minimiZes‘the cost of producing ttje chart.
4.5 Test-pattern modulation

For reflectangce charts, the ratio of the maximum chart reflectance Ryay'to the minimum chart reflectang¢e R, for
large test-paftern areas should be not less than 40:1 and not greater than 80:1, and shall be reported if if is outside
this range. For transmissive charts, the ratio of the maximum{chart transmittance T, to the minifnum chart
transmittance T,,;, for a large test pattern should be not lessithan 40:1 and not greater than 80:1, arld shall be
reported if it|lis outside this range. Modulation ratios for the“finer test-chart features, relative to the ratip for large
test-pattern qreas, should preferably be reported by the-chart manufacturer as described in annex B, so|that these
values may he used to correct the SFR values measured using the chart.

4.6 Units

All test-chart|features are specified in unitsof line widths per picture height (LW/PH), where the height is|the active
image distangce in the shorter test-chart dimension.

NOTE THis allows measurements.to be reported using units that are independent of the sample spacing and the image
aspect ratio.

4.7 Features

The test chart shouldyinclude horizontal, vertical and diagonally oriented hyperbolic wedges, sweeps| and tilted
bursts. It may also\include a circle and long, slightly slanted lines to measure geometric linearity (distortiop).

NOTE THe finest features are 2 000 LW/PH, which is equivalent to 1 000 line pairs per picture height.

4.8 Positional tolerance

The position of any test-chart feature shall be proportional to the values given in normative annex C and shall be
reproduced with a tolerance of £ 1/1 000 picture heights (equivalent to £ 1/10 % of the active test-chart height). In
addition, the width and duty cycle ratio of each feature (white or black line) of J, JS, K, KS, O and P in Figure 2
shall be reproduced with a tolerance of £ 5 % of the feature width.

This tolerance requires all test-chart features to be accurately located to with £ 2/10 mm for a test-chart height of
20 cm. In addition, the width of the white or black lines comprising the 2 000 LW/PH portion of K1 are required to
fall within the range of 1/2 000 £5 % of the actual test-chart height, equal to 95/1 000 mm to 105/1 000 mm for a
test-chart height of 20 cm.

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=beada9ddf9cb4895f4e4c9f24447f397

ISO 12233:2000(E)

18 16 14 12 10

FLrprp

%]
<
s
@
E
&
o
‘:.:‘
(2]}
2
c
2
©
2
w
o
L
po
£
]
-
[$]
c
9
S
3
3
24
o]
@

Figure 1 — Resolution test chart
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Figure 2 — Test-chart features
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Table 1 — Test-chart elements

Element Purpose
A Black border with inner edge which defines active target area
Ba Black and white framing arrows used to frame target vertically
Used for horizontal framing only for 16:9 aspect ratio image formats
Bl White framing arrows used to assist in framing target
ca Centre dual-frequency zone plate inside black square used to set focus
Da Framing lines and arrows that define 1:1, 4:3 and 3:2 aspect ratios
Ea Slightly slanted lines used to check scan linearity and "stair stepping”
Gla 100 LW/PH to 1 000 LW/PH black bars to measure horizontal pulse response
G2a 100 LW/PH to 1 000 LW/PH black bars to measure vertical pulse response
J1 100 LW/PH to 600 LW/PH hyperbolic zone plate used to measure centre horizontal visugl resolution
J2 100 LW/PH to 600 LW/PH hyperbolic zone plate used to measure centre vertical visual r¢solution
Jsia 100 LW/PH to 600 line width hyperbolic zone plate used,t0” measure corner horigontal visual
resolution
Js2 a 100 LW/PH to 600 line width hyperbolic zone plate used.to measure corner vertical visuaj resolution
K1 500 LW/PH to 2 000 LW/PH hyperbolic zone plate used to measure centre horizontal visual
resolution
K2 500 LW/PH to 2 000 LW/PH hyperbolic zone;plate used to measure centre vertical visuallresolution
KS1 a 500 LW/PH to 1000 line width hyperholic zone plate used to measure corner horigontal visual
resolution
KS2 a 500 LW/PH to 1000 line widthahyperbolic zone plate used to measure corner vdrtical visual
resolution
L12a Slightly slanted (approx.. £2)*small black squares used to measure vertical and horizgntal SFR at
extreme corners of image
L22a 45° diagonal black(square used to measure diagonal SFR
L3 Slightly slanted-(approx. 5°) black bar used to measure centre horizontal SFR
L4 Slightly slanted (approx. 5°) black bar used to measure centre vertical SFR
M a Circle'with cross and x used to observe scanning nonlinearities
Na Checkerboard patterns used to observe image compression artifacts
01 Tilted (approx. 5°) square wave bursts used to measure horizontal aliasing ratio
02 Tilted (approx. 5°) square wave bursts used to measure vertical aliasing ratio
p1a 100 to 1 000 line square wave sweep
p2a 100 to 1 000 line square wave sweep
Ra Indicators that can be used for automatic target alignment
T1,T22 |Slanted (approx. 5°) H-shaped bars used to measure SFR at far sides of image

a

Indicates optional element.

© 1SO 2000 — All rights reserved
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5 Test conditions

5.1 Test-chart illumination

The luminance of the test chart shall be sufficient to provide an acceptable camera output signal level. The test
chart shall be uniformly illuminated as shown in Figure 3, so that the luminance of any white area of the chart is
within £ 10 % of the average luminance near the centre of the chart. The illumination sources should be baffled to
prevent direct illumination of the camera lens by the illumination sources. The area surrounding the test chart
should be of low reflectance, to minimize flare light. The chart should be shielded from any reflected light. The
illuminated test chart shall be effectively spectrally neutral with respect to either the daylight or tungsten illuminants
given in ISO 7589.

Matt black wall or black surround

Test chart

A

Lamp Distance is Lamp

adjusted to
. frame .
the test chart \
]

v

b

Baffles to prevent direct
illumination of the
camera lens by the lamps

Electronic still-
picture camera

Figure 3.—.Test-chart illumination method

5.2 Camefaframing and lens-foeal-length setting

The camera ghall be positioned to-properly frame the test target. The vertical framing arrows are used to| adjust the
magnificatior} and the horizontal arrows are used to centre the target horizontally. The tips of the centre vertical
black framing arrows shodld-be fully visible and the tips of the centre white framing arrows should not |be visible.
The target shall be oriented so that the horizontal edge of the chart is approximately parallel to the|horizontal
camera framg line. The.approximate distance between the camera and the test chart should be reported [along with
the measurefnent results.

5.3 Camera fuuuainy

The camera focus should be set by performing a series of image captures at varying focus settings, and selecting
the focus setting that provides the highest average modulation level at a spatial frequency of about 1/4 the camera
Nyquist frequency. Alternately, the camera focus may be set so that the zone plate in the centre of the chart
exhibits the maximum aliasing possible.

5.4 Camera settings
The camera lens aperture (if adjustable) and the exposure time should be adjusted to provide a near maximum

signal level from the white test target areas. The settings shall not result in signal clipping in either the white or
black areas of the test chart, or regions of edge transitions.

10 © 1SO 2000 — All rights reserved
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Electronic still-picture cameras may include image compression, to reduce the size of the image files and allow
more images to be stored. The use of image compression can significantly affect resolution measurements. Some
cameras have switches that allow the camera to operate in various compression or resolution modes. The values
of all camera settings that may affect the results of the measurement, including lens focal length, aperture and
resolution or compression mode (if adjustable), shall be reported along with the measurement results.

Multiple SFR measurements may be reported for different camera settings, including a setting that uses the
maximum lens aperture size (minimum f-number) and maximum camera gain.

5.5 White balance

hite balance
24.

For a cold
[equal red

ur camera, the camera white balance should be adjusted, It possible, to provide proper.W
green and blue (RGB) signal levels] for the illumination light source, as specified in 1SO 145

5.6 Luminance and colour measurements

s that do not
nation of the

Resolutior
provide a
colour rec

measurements are normally performed on the camera luminance signal. Far ¢colour camera
luminance output signal, a luminance signal should be formed from an-appropriate comb
prds, rather than from a single channel such as green.

5.7 Gamma correction

The signa| representing the image from an electronic still-picture camera will probably be a non-linegr function of

the scene
linear res
Linearizati

appropriate

reflection

6 Test

6.1 Vis

The visual

luminance values. Since the SFR measurement is definedon a linearized output signal, and
pn is accomplished by applying the inverse of the camera OECF to the output signal via a lo

equation. The measurement of the OECF shallbe as specified in 1SO 14524, using
amera OECF test chart.

measurements

hal resolution

resolution is the lowest yalue of the test pattern, in LW/PH, where the individual black an

can no lopger be distinguished, ,or‘are reproduced at a spatial frequency lower than the spatial fred

correspon
hyperbolic
and JD in

The centre

labelled J1
oriented H
diagonally|

ing area of the test ehart, as a result of aliasing. The test chart includes vertical, horizontal,
wedges near the-Centre and corners of the target, labelled as K1, K2, KS1, KS2, KD, J1,
Figure 2, whichsare’used to perform this test.

and KIh\n/Figure 2, and the centre vertical visual resolution is determined by observing th
yperbolic wedges labelled J2 and K2. The 45° diagonal visual resolution is determin

ponse will affect SFR values, the signal shall be linearized before the data analysis i

such a non-

performed.
pkup table or
the standard

d white lines
uency of the
and diagonal
2, JS1, JS2

horizontal’visual resolution is determined by observing the vertically oriented hyperbolic wedges

b horizontally
bd using the

values mal

oriented hyperbohc wedges Iabelled KD and JD. The four corner horizontal and vertical vis

al-resolution

To determine the visual resolution, the image of the test target is reproduced on a monitor or hard-copy print, and
the visual resolution is subjectively judged. Observers should be well acquainted with the appearance of aliasing,
so that they do not seriously misjudge the visual resolution of the camera. The visual-resolution value shall not
exceed the Nyquist limit.

To perform the test properly, the monitor or hard-copy print shall have sufficient resolution so as not to affect the
camera visual-resolution measurement. A preferred method for reducing the effect of the output device is to
digitally magnify the portions of the image representing the hyperbolic wedges by replicating lines and pixels, so
that the number of addressable pixels used to display this portion of the image is an integer multiple of the number
of addressable pixels of digital data provided from the electronic still-picture camera.

© 1SO 2000 - All rights reserved 11


https://standardsiso.com/api/?name=beada9ddf9cb4895f4e4c9f24447f397

1ISO 12233:2000(E)

6.2 Limiting resolution

The limiting resolution is the value, in LW/PH, of that portion of a black and white resolution wedge where the
resolution response (average depth of modulation value) equals 5 % of the reference response. The test chart
includes vertical and horizontal square wave sweeps, labelled as P1 and P2 in Figure 2, which are used to perform
this measurement. For P1, the reference response is defined as the difference between the signal values from the
slanted black bar L4 and the white region just below the L4 bar. For P2, the reference response is defined as the
difference between the signal values from the right vertical slanted black bar of T1 and the white region just to the
right of this bar. The sweeps include fiducial marks labelled al to 10, which correspond to 100 LW/PH to
1 000 LW/PH. Care should be taken in determining the 5 % level to avoid the influence of noise. If necessary,

multiple images should be averaged to reduce the noise level.

6.3 Spatizlll frequency response

6.3.1 Intro
The spatial f
data near a
measure the
image. The g
L1 and L4 te

The SFR mgq
image proce
the region o

numerical algorithm. If the camera provides only analog output signals, the signals shall be digitized by

analog to dig

6.3.2 SFR

The SFR alg
key steps of

The algorithr]
image which|
"horizontal" t
is rotated 90
edge. If the i
code values
opto-electror]

Next, for ea
using a "1/2
-1/2 times t
centroid of t

juction

fequency response (SFR) of an electronic still-picture camera is measured, by ‘analysing t
slanted black to white edge. For the target shown in Figure 2, the black L3 bar shall 4
horizontal SFR and the black L4 bar shall be used to measure the vettieal SFR, in the ce
iagonal black square L2 shall be used to measure the diagonal SFRenear the centre of the i
5t patterns may be used to measure the SFR at other locations in, the)image.

asurement can be performed automatically by image-processing software, as part of an e
5sing or analysis software packagel). To perform the measurement, the digital camera out
f specified black to white and white to black edges ‘@n’the test chart are analysed by

ital converter and stored in a suitable memory to allew the data to be analysed by the algorit

hlgorithm

brithm is given in normative annex C and_shown in flow-chart form in Figure 4. A diagram de

N can automatically compute the SFR, using image data from a user-defined rectangular re
represents a vertically oriented black to white or white to black slightly slanted edge, d
Fansition. To measure the-vertical SFR, a horizontally oriented edge is used, and the digital i
> before performing the, calculation. The user then selects the region containing the sligh
mage is coloured, alluminance record is created before the SFR calculation is performed.
Shall then be linearized by inverting the opto-electronic conversion function (OECF) of the cg
ic conversion ftinction shall be measured as specified in ISO 14524,

h line of/pixels perpendicular to the edge, the derivative of the linearized image data is
. + 1/2"inite impulse response (FIR) filter, meaning that the derivative value for pixel "X"
e yalué of the pixel immediately to the left, plus 1/2 times the value of the pixel to the
hiS-derivative is calculated to determine the position of the edge on each line. A best-ling

he SFR algorithm is shown in Figure:5/A sample C-code is given for information in annex D).

e camera
e used to
htre of the
nage. The

Sy to use
put data in
a defined
a suitable
hm.

picting the

jion of the
epicting a
mage data
tly slanted
he image
mera. The

computed
s equal to
right. The
b fit to the

centroid locati

s of either

side of the input image edges, or if the edge does not contain at least 20 % modulation. The number of lines used
in the analysis shall be truncated to provide an equal humber of lines at each phase of the edge position relative to
the horizontal centre of the pixel. This may be done by keeping the largest integer number of phase rotations within
the block, and deleting any remaining rows at the bottom of the block. A one-dimensional supersampled line spread
function shall be formed using the derivatives of the truncated two-dimensional image data. Using the first line as
reference points, the data points from all the other lines shall be placed into one of four "bins" between these

1) For example, as part of the development of this standard, the SFR algorithm, written in the C programming language, has
been incorporated in a plug-in for Adobe Photoshop. Photoshop is the trade-name of a product supplied by Adobe Systems
Incorporated. This information is given for the convenience of users of this International Standard and does not constitute an
endorsement by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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reference points, according to the distance from the edge for that particular line. This creates a single
supersampled "composite" line spread function, having four times as many points along the line as the original
image data. The line spread function shall be multiplied by a Hamming window, to reduce the effects of noise by
reducing the influence of pixels at the extremes of the window, which have response due to noise but little
response due to the image edge located at the centre of the window. The discrete Fourier transform (DFT) of the
windowed line spread function shall be calculated. The SFR is the normalized modulus of the DFT of the line
spread function. The SFR shall be reported as defined in 7.1.

(" Selectre gion of

[~
interest (ROI) | OECF
\including slanted edge J L /
y Using the linear fit aata, project

(shift) the LSF data along the edge
direction to the top linglof the ROI

Linearize image data
using the OECF

"Bin" the shifted data, sampling at
1/4 of the-Original image sampling,
and\apply Hamming window

Compute derivative to obtain line
spread function (LSF) in the x
direction using FIR filter

Compute centroid of each LSF in Compute discrete Fourier transform

the RO, and fit a linear equation to
the centroid locations

(DFT) of the windowed, binned
LSF data

Calculate the number of lines’'per
phase rotation, and reduce the

Report the normalized modulus
values as the SFR

ROI to have an inteéger number
of phaserotations

Figure 4 — Flow-chart of SFR measurement algorithm
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1) Digital image from camera,
converted to a linear (reflectance)
quantization characteristic.

2) Differentiate using
discrete derivative

et [Te ]+ ] e N
ine2 | m n 7/ ml s - '_/\4_
line3_Lia ot /[\> N —o-/\(\_c

line 4 r_‘] o / olo| o / ‘D-/Z] \k_ﬂ_

li

line 2

line 3

line 4

3) Calculate the best-fit line to the
centroids of the first derivatives.

£

5) To reduce npise’effects, window
the curve using-a Hamming window.

Calculate the Fourier transform of the

.l’[D_{)D* .%D.-}Dm Composite
: -elo line spread

4) Create a single*"composite”
line by shifting'the differentiated
image data’from lines 2,3, etc. by
an amount calculated using the
best-fit'line and "binning" the data
into_four bins. Use an equal
number of lines at each relative
sampling phase, and delete any
remaining lines at the bottom.

\ function
/\ Windowed line
spread curve

A
——

v\|)indnwnr'l line spread curve.

14

Response

AW

Spatial frequency

Figure 5 — Key steps of SFR measurement algorithm
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6.4 Aliasing ratio

The aliasing level is measured using the horizontal and vertical 100 LW/PH to 1 000 LW/PH slanted burst patterns
labelled O1 and O2 (see Figure 2).

In the absence of aliasing, the signal level from each black bar, or each white bar, should be identical for each bar
in the burst. Because of aliasing, however, the signal responses of the camera to the white bars of a particular
burst may not be identical. Instead, the response may have a maximum signal value for some white bars, and a
minimum signal value for other white bars.

The ratio of the "maximum minus the minimum response” for the white bars within a burst to the "average
modulatio te= f f = i ithin the burst
provides the aliasing ratio for that particular spatial frequency burst.

7 Preslentation of results

7.1 Intrpduction

The results of the resolution measurements shall be reported as described below. The following information shall
be reported along with the measurement results.

a) The Values of all camera settings that may affect the results of the measurement, including leng focal length
and aperture, and resolution or compression mode (if adjustable):

b) Whether or not dark-field and flat-field correction was used.
c) The illuminating source colour temperature and illumjnation level.
d) For cameras equipped with interchangeable lenses, the type and characteristics of the lens used i the tests.

If possible} the effect of the lens and the test target should be removed mathematically, and the calculated camera
measurements without a lens should also be\reported.

7.2 Visypal resolution

The visualfresolution values shall he reported as spatial frequency values, in LW/PH, for the horizontal, vertical and
diagonal directions.

7.3 Limliting resolution

The limiting resolution values shall be reported as spatial frequency values, in LW/PH, for the hgrizontal and
diagonal directions.

7 4 Sp—'l-i—\l froaonevy ranonancn (CEDN
. ator T ot Cy T CopPoTTsStOoTrmy

The SFR results shall be reported using a graph plotting the modulation level (having a value of 1 at O spatial
frequency) versus spatial frequency, or in a list of SFR values versus spatial frequency. The SFR values shall be
reported separately for the horizontal and vertical directions. The values shall be the average of four SFR
measurements of a black to white edge, and four SFR measurements of a white to black edge. The measurement
location is the middle of the vertical "L4" bar, for the horizontal SFR, and the middle of the horizontal "L4" bar, for
the vertical SFR. The spatial frequency axis should preferably be labelled with three units: frequency relative to the
sensor sampling frequency, line widths per picture height (LW/PH), and cycles/mm on the sensor, or with equations
representing the relationship between these units. There shall be a minimum of 32 equally spaced measurement
values for spatial frequencies between 0 and the sensor sampling frequency. The camera Nyquist frequency shall
be reported. Values between 1/2 and 1 times the sensor sampling frequency shall be marked so as to indicate that
these spatial frequencies lead to aliasing. Figure 6 demonstrates one suitable method of reporting SFR values.
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Relative spatial frequency
Measuremen{ conditions:
Lens focal length = 55 mm
Lens aperture|= /4
Camera compfession = off

White balance
Dark-field and
2 000 Ix daylig

NOTE
settings.

A

7.5 Aliasi

The aliasing
100 LW/PH y
for each freq

setting = daylight
flat-field correction were not used
ht illumination

relative spatial frequency of 1 corresponds to 2 048 LW/PH and 110 cycles/mm on the image-sen

Figure 6 — SFR measurement report

ng ratio

ratio values;.if measured, should be reported in a list that indicates the frequency in LW
p to the €amera Nyquist frequency, and the aliasing ratios in both the horizontal and vertica
Liency. ‘Anexample is shown in Table 2.

SOr camera

/PH, from
directions

Table 2 — Aliasing ratios
Spatial frequency Horizontal aliasing ratio | Vertical aliasing ratio
LW/PH
100 1/100 1/100
200 2/100 3/100
300 4/100 6/100
400 8/100 10/100
500 14/100 18/100

16
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Annex A
(informative)

SFR measurement algorithm C-code

/*****************************************************************************/

/I sfr_computation.c

/I Copyright (c) PIMA 1998  All Rights Reserved.

1

/I Requests|for permission to duplicate, distribute, publish, or otherwise copy this code should be directed to PIM

R kA ok kR KRR kR kR kK kR Rk ok ok kK ko ko kK k

#include "glugin.h”

#include "gr_computation.h"

#include"ip_routines.h"

#include "Userlnterface.h"

#include "radiometric_transform.h"

[k kR KRRk kR kR SR kkkk kkk k

/I macros

static doublle dmaxargl,dmaxargz;

#define DM AX(a,b) (dmaxargl=(a),dmaxarg2=(b),(dmaxargl)> (dmaxarg2) A
(¢maxargl): (dmaxarg2))

dtatic doubTe dminargl,dminarg2;

#define DMIN(a,b) (dminargl=(a),dminarg2=(b){(dminargl) < (dminarg2) A
(¢minargl): (dminarg2))

static doubTe sgrarg;

#define SQR(a) ((sgrarg=(a)) == 0.0-20.0: sgrarg* sgrarg)

/********i********************************************************************/

short sfrPrgc ( GHdl globals;dblHandle FregHdI, dblHandle dispString)

{
unsigngd short i, j, nNSamplesPerPixel, tmpalpha, err = 0;
long pent, pent2, col, ww_in_pixels;
doublg dt, dtl, sfrc, tmp, tmp2, slope;
OSErr erro=0;
unsigned long size x, size y;
uHandle area=nil;
dblHandle darea=nil temp=nil,shifts=nil,edgex=nil,Signal =nil;
dblHandle AveEdge=nil, AveTmp=nil farea=nil;
longHandle counts=nil;

size x = gStuff->inRect.right - gStuff->inRect.|eft;
size y = gStuff->inRect.bottom - gStuff->inRect.top;

© 1SO 2000 — All rights reserved
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nSamplesPerPixel = gStuff->imageM ode;

Ww_in_pi

xels=size Xx;

/I Verify input selection dimensionsare EVEN
if (fmod((double)size x,2.0) !=0.00)

{ ShowAlertText(SHOWALERTSTOP,SFRERR,5);
gResult = 1;
return 1;

}

if (fmod((double)size y,2.0) T=0.00)

}

/I Allocatem
This

/I Load thei

{ ShowAlertText(SHOWALERTSTOP,SFRERR,6);
gResult = 1;
return 1;

emory
code not shown

hage dataintothe"area" array.

if (TestAbort () {

}

gResult = 1;
return 1;

err = load_area_array(globals, area); if (err 1= 0),{
gResult = 1;
return 1,

if (TestAbort () {

gRe]

}

sult = 1;
return 1;

err = radiometric_conversion(globals, area, darea); if (err !=0) {
gResult=/1;
returin-1,

/I Extract first color channel (luminance)

for (j=0;j < size_y;j++) {

}

for (i=0;i < size_x;i++) {

(*fared)[((j* (long)size x)+i)] =

*darea)[ (nSamplesPerPixel* ((j* (long)size_x)+i)) + OL];

err = check_image_data( globals, farea, dared);
if (err!'=0) {

18
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gResult = 1;
return 1,

}

if (TestAbort () {
gResult = 1;
return 1,

err = locate_centroids( globals, farea, temp, shifts); if (err !=0) {

gResult = 1;
return 1;

/I Calculate the best fit lineto the centroids
er = fit(size_y, temp, shifts, & slope);

iff (err '1=0) {
gResult = 1;
return 1,

}

if (fabs(dope) < (1.0/(double)size y) || Slope > (double)(1.0/4.0)), { -ShowAlertText(SHOWALERT STOH,SFRERR,4);

gResult = 1;
return 1,

}

/**‘k‘k‘k***i ********************************************************************/

/* Figure qut how many lines to use for size y: new-window will start at top and go down that number ¢f lines< size y
such that @n integer number of x-transitions arexmade by the edge; for example, if we had a slope of 10 (the edge goes
down 10 lines before jumping over one pixel herizontally), and size y = 35, the new size y is going to be 30 (an integer
multiple ofl 10, lessthan 35). */

size y = (upsigned short)((long)(size_y*slope)* (1.0/s ope));
/I reference the temp and shiftsyaluesto the new y centre
col = (long] size y/2;
for (i=0; i 4 size y; i++) {

(*temg)[i] = (double)i*(double)coal;
}
/I nstead ¢f using the valuesin shifts, synthesize new ones based on the best fit line.

for (i =0;il<sze y;i++) {
(*shiftg)[i] = slope * ((*temp)[i]);

}
/I computethe global MAX and MIN

dt = 99999999.9;

dt1 =-999999999.9;

pent = 0;

for j =0;j <size y;j++){

for (i=0; i <size x; i++) { dt = DMIN(dt, (*farea)[pcnt]);
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dtl = DMAX(dt1, (*farea)[pcnt]); pent++;

1

}

}

if (TestAbort ()) {
gResult =
return 1,

}
/l Calculate a

long paired list of x values and signal values

pent = 0;

for(j=0;j<gizey;j++){

for (i =0;
(*edgex)|[
(*Signal)
pent++;
}
}
tmpalpha= (u
err =bin to r
gResult =
return 1,
}
calculate_deri
locate_max_H
apply_hammi
tmp = 1.0;
tmp2= 1.0/
if (TestAbort
gResult =
return 1;

}

i <size X;i++){
pcnt] = (double)i -(* shifts)([j];
pent] = (((*fared)[((j* (long)size x)+i)]) - dt)/(dt1-dt);

nsigned short) ALPHA,;
pgular_xgrid( globals, & tmpal pha, edgex, Signal, AveEdge, counts, size y); if (err 1= 0) {
1

ative( globals, (unsigned short)ALPHA, AveTlmp, AveEdge);
SF( globals, (unsigned short)ALPHA,, AveEdge, size x,&pcnt2);
ng_window( globals, (unsigned short) ALPHA, (unsigned short)ww_in_pixels, AveEdge, & pcnt2);

(double)size x*ALPHA) ;
) {
1

/] ftwos ( nx, dix, IsF(x);nf) df, sfr ()

(void) ftwos(d

|obals)(tong) ALPHA*size x, &tmp, AveEdge, (long)(size x* ALPHA/2.0), &tmp2, AveTmp); if (Te

gResult =

StAbort () {

L

return 1;

}

for (i=0; i<(long)((double)size x* ALPHA/2.0); i++)

{

sfrc = (*AveTmp)|[i];

(*digpStri

(*FregHdI)[i]= ((double)i/(double)size x);
ng)[i] = (double) (sfrc/(* AveTmp)[Q]); }

/1'1/0O code callshere...

20

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=beada9ddf9cb4895f4e4c9f24447f397

gResult = 1;
return 1,
}
return(0);
}
#pragma mark pre-check the

/*****************************************************************************/

if (TestAbort () {

ISO 12233:2000(E)

data

unsigned shert-check—image—data(GHdl-globals-dbH-andtefarea-dbHHandle-termp)-f
long j=0;
double  dt, dtl, dt2, dt3;
unsigmed short size X, size y;
OSEr erro=0;
/I -->chégck to make surethereisaclear black to white or whiteto black
/[ transition on both the bottom and the top of the image
/I -->1f ghereisnot at least 20% difference between the left and right sides of the
/I image box, return with an error of 5: calling program will display an-éxror
/I messdge.
/[ -->If thetransition left -> right iswhite -> black, flip the data left\to right
/I (thergst of the routine assumes a black to white transitionstrom left to right)
size x = gStuff->inRect.right - gStuff->inRect.|eft;
size y = gtuff->inRect.bottom - gStuff->inRect.top;
I/l Get averpges of 4 pixelsin each corner of theinput image*/

/I upper right corner

dt = (*fares
dt=dt+ (*
dt = dt/4.0;
/I lower rig

P[size x-1]+(*fared)[size x-2];
farea)[2* size_x-1]+(*fared)[2¥(long)size_x-2];

ht cor ner

ditl = (*far¢a)[(size_x*(long)size y-1)]+(*fareq)[(size_x*(long)size y-2)];

dtl=dt1+

/I lower |ef
dt2 = (*far

atl=

(*farea)[((sizely-1)* (long)size_x-1)] + (*farea)[((size_y-1)* (long)size_x-2)];
t1/4.0;

Cor nex.

Ta)[((si ze y-1)*(long)size x)]+(*farea)[((size_y-1)*(long)size x+1)];

dt2 = dt2 + (*farea)[((sze_y-2)* (long)size x)|+ (*fared)[((size_y-2)*(long)size x+1)];
dt2 = dt2/4.0;

Il upper left corner

dt3 = ((*farea)[ 0] +(*farea)[ 1] +(*farea)[size_x]+(*farea)[size_x+1])/4.0;

I
1
I

If ther
image

eisnot at least 20% difference between theleft and right sides of the
box, return with an error of 5: calling program will display an error

message.
if (fabs(dt-dt3) < 0.20) j=1;
if (fabs(dt1-dt2) < 0.20) j=1;

© 1SO 2000 — All rights reserved
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if () {
if (ShowAlertText(SHOWALERTWARN,SFRERR,2) == 2) {
gResult = 1;
return 5;
}

}

/I If the transition left -> right is white -> black, flip the data left to right // (the rest of the routine assumes a black to
whitetransition from left toright) flip_image data horiz( globals, farea, temp, &dt, &dtl, &dt2, &dt3);

return O;
}

/*****************************************************************************/

void flip_image_data_horiz(GHdI globals, dblHandle farea, dblHandle darea,
double *dt, double *dt1,double * dt2,double * dt3)

unsigned long iJ;
unsigned short size X, size y;
size| x = gStuff->inRect.right - gStuff->inRect.left;
size| y = gStuff->inRect.bottom - gStuff->inRect.top;
/I 1f the trangltion left -> right iswhite -> black,
I flip the dat§ left to right
if ( I(*dt) < (*dt3)) || ((*dt1) < (*dt2) ) ) {
for (i=0; i<size y; i++) {
for (j=0; j<size x; j++) {
(*dareq)[j} = (*fareg)[(i* (long)size_x)+(size_x-1L)-j]; }
for (j=0; j<size x; j++) {
(*farea)[(i* (fong)size_x)+j] = (*darea)[j];

}

}

#pragma mark vector processing routines

/*****************************************************************************/

unsigned shorf locate centroids(GHdI globals, dblHandle farea,dblHandle temp, dblHandle shifts) {

uns nad lana

nCoTonyg i,h

double dt, dt1, dt2;

unsigned short Size x,Szey;
size x = gStuff->inRect.right - gStuff->inRect.left; size y = gStuff->inRect.bottom - gStuff->inRect.top;
/I Computethefirst difference on each line. Interpolateto find the centroid of thefirst derivatives.

for j =0;j <size y;j++){

dt = 0.0;

dt1=0.0;

for (i =0;i <size x-1; i++) {

dt2 = (*fared)[((j* (long)size_x)+i)+1] - (*fared)[((j* (long)size_x)+i)]; dt += dt2* (double)i;

22 © 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=beada9ddf9cb4895f4e4c9f24447f397

"
I
"
I
I

dtl += dt2;
}
(*shifts)[j]=dt/dt1;
if (TestAbort () {
gResult = 1;
return 1,
}
}

ISO 12233:2000(E)

check pgain tobe surewe aren't too close to an edge on the corners. Tf the
black fo white transition iscloser than 2 pixelsfrom either side of the

data bpx, return an error of 5; the calling program will display an error
message (the same one asif there were not a difference between the left and
right gdes of the box )

if (*shifts)fsize y-1] < 2) {

ShowAlertText(SHOWALERTSTOP,SFRERR,3);

return p;
}

if (fabg((*shifts)[0]-size_x) < 2){

ShgwAlertText(SHOWALERTSTOP,SFRERR,3);
fleturn 5;
}
I Reference shiftsto the vertical centre of the data box

j =size y/3;

dt = (*shiftp)[j];
for (i =0;il<size y; i++)

}

{
(Ttemp)[i] = (double)i - (deubte)j;
(Tshifts)[i] -= dt;

}
return O;

/**‘k‘k‘k***i LR RS S SRR S S S E SRR LSS SRR R R R R R R R R R

/ unsigned shert fit(unsigned long ndata,dblHandle x,dblHandle y, double * b)

{

unsigned long i;
double t,sx0ss,sx=0.0,sy=0.0,st2=0.0,ss,sigdat,chi2,a,siga,sigb;
*b=0.0;
for (i1=0; i < ndata; i++) {
sx+= (*x)[il;
sy += (*Y)[il;
}
ss=(double)ndata;
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SX0SS=SX/SS,
for (1=0; i < ndata; i++) {
t = (*X)[i] - sxoss;

long check is
| it finds one
the program

countsis not

St2 += t*t;
*b+=t* Cy)lil;
}
*b /= st2; /I dlope
a=(sy-sx*(*h))/ss; /I offset
sigaFsgrt((1.0+sx* sx/(ss* st2))/ss);
sigbh=sqr{(1.0/st2);
chi2=0.0
for (i=0;[i < ndata; i++) chi2 += SQR( (*y)[i] - a- (*b) * (*x)[i]); sigdat=sgrt(chi2/(ndata-2));
siga*= ggdat;
sigb *= gigdat;
return O,
}
/*****************************************************************************/
/* Notes| this part gets aver ages and putsthem in a number of bins, equal to size_x times alpha. Next a
donein fase one bin gets no values put intoit: if thisisthe case, it will keep checking previous bins unt
with non-zero counts and will use that value asits currentshin average. If the first bin has zero counts
checks ;l'ins in the forward rather than reverse direction! If, in any case, the end of the array of bimps is reached
befor e finding a non-zer o count, the program starts checking in the opposite direction. A bin with zero
allowed | since each bin will be divided by counts at‘the end. */
unsigned shoft bin to regular_xgrid(GHdl globals;«nsigned short *apha,dblHandle edgex,dblHandle Signal, dblHandle

AveEdge, longHandle counts,unsigned long size y)

{

24

long

unsigneg
size x =
for (i=0;
(A
(*cq

}

for (i=0;

i,j, k,bin_number;
short size X;
gStuff->inRect.right -« gStuff->inRect.| eft;
i<(size x*(*alph@)i++) {
eEdge)[i] =6;
unts)[i].=0;

i<{size x*(long)size v); i++){

bin_number = (long) ((*apha)* ((* edgex)[i]));
if (bin_number >=0) {

if (bin_number <= (size x*(*alpha) - 1) ) {
if (bin_number ==0) {

}
(* AveEdge)[bin_number] = (* AveEdge)[bin_number] + (*Signal)[i];

(*counts)[bin_number] = ((* counts)[bin_number])+1;

}
}
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if (TestAbort ()) { gResult = 1; return 1,

}
for (i=0; i<(size_x*(*alpha)); i++) {
if (TestAbort () {
gResult = 1;
return 1,
}
iq40;
k¥1;
(*counts)[i] ==0) {
if(i==0){
while (1j) {
if (*counts)[i+k] !'=0){
(*AveEdge)[i] = (*AveEdge)[i+k]/((double) (* counts)[i+K]);
=1
}

else k++;

—

} else{

while ('j && ((i-k) >=0))

{ f ( (*counts)[i-k] = 0){

(*AveEdge)[i] = (* AveEdge)fi-k]/((double) (* counts)[i-K]);

=1
} esek++;
}
if ((-kK) <09.{
k=1;
while (!j)}{
if (*counts)[i+k] !=0){
(*AveEdge)[i] = (* AveEdge)[i+k]/((double) (* counts)[i+K]);
=1
} elsek++;
}
}
}
} else (*AveEdge)[i] = ((* AveEdge)[i])/ ((double) (* counts)[i]);
}
return O;

}

/*****************************************************************************/

void calculate_derivative(GHdI globals, unsigned short alpha,dblHandle AveTmp, dblHandle AveEdge)
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{
unsigned long i;
unsigned short size x;
size x = gStuff->inRect.right - gStuff->inRect.|eft;
for (i=0; i< size_x*alpha; i++) (*AveTmp)[i] = (*AveEdge)[il;
for (i=1; i< (size x*alpha-1); i++)(*AveEdge)[i] = ((*AveTmp)[i+1]-(* AveTmp)[i-1])/2.00; (*AveEdge)[0] =
(*AveEdge)[1];
(*AveEdge)[size x*apha-1] = (*AveEdge)[size x*apha-2];
}

/*****************************************************************************/

void locate_miax_PSF(GHdI globals,unsigned short alpha, dblHandle AveEdge, long size x,long * pcnt2) {

unsigned long i;
double dt=0.0,dt_new=0.0;
long scnt2 = 0L, left = -1L right =-1L;

Il find maximiim valuein Point Spread Function array */
for (i=0; iksize x*alpha; i++) {
dt_rlew = fabs((* AveEdge)[i]);
if (git_new > dt) {
(*pent2) = (long) i;
dt = dt_new;
}
}

/I find leftmogt and rightmost occurrence of maximum */
for (i=0; i<size_x*apha; i++) {
dt_new =|fabs((* AveEdge)[i]);
if (dt_nelv==dt){
if (left<0)left=i;
right =i;
}
}

/I find centfe of maxima*/
(*pent2) F (right+left)/2;

}

/*****************************************************************************/

void apply_hamming_window(GHdI globals, unsigned short a pha,unsigned short newxwidth,
dblHandle AveEdge, long * pcnt2)

long i,j,begin, end, edge offset;
double sfre;
unsigned short size x;
size x = gStuff->inRect.right - gStuff->inRect.left;
/I Shift the AvgEdge]i] vector to centrethelsf in the transform window
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