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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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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Optics and photonics — Medical endoscopes and
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dotherapy devices —

Part 5:
Determination of optical resolution of rigid endoscopes
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3.1

L]
A WaPal

b A~
1 Ul) LICD
Scope

document applies to rigid endoscopes designed for use in the practice.ef medicine.
ng a fibre-optic or opto-electronic imaging system are excluded. It specifies a test
rmining the optical resolution of endoscopes.

document provides a measurement method for characterizing three aspects of
Jution of a rigid endoscope. Characteristic A is used to provide,a'simple measurement of
Jution of the endoscope image. Characteristic B provides @ measurement of low spatig
Jution and characterizes the sharpness, or contrast, 6f the endoscope image. Char
ides a measurement of the spatial frequency response.of the endoscope image.

Normative references
titutes requirements of this document.For dated references, only the edition cited

D334, Optics and photonics — Optical transfer function — Definitions and mathematical r

12233:2017, Photography <=\Electronic still picture imaging — Resolution and spatid
bnses

15529:2010, Optics.'and photonics — Optical transfer function — Principles of mea
Lilation transfer function (MTF) of sampled imaging systems

Ferms and'definitions

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

idy EC maintain terminological databases for use in standardization at the following a

Endoscopes
method for

the optical
the limiting
| frequency
Acteristic C

following documents are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendmerts) applies.

blationships

I frequency

surement of

ddresses:

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

angular limiting resolution
smallest angle whose vertex is at the entrance pupil (can be approximated by the distal window surface
if the target distance from the distal window is significantly larger than the distance between the distal
window surface and the entrance pupil) of the endoscope at which a line pair (lp) at a given working
distance d can just be resolved with normal visual acuity, with the unit of degrees/Ip

Note

1 to entry: Angular limiting resolution is calculated using the formula

© IS0 2020 - All rights reserved
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o/=arctan 1
d-r(d)

where r(d) is the limiting resolution.

3.2

camera

image detector used in the measurement, which is connected to the endoscope under test via
coupling optics

Note 1 to entry: As used in this standard, the camera includes an image detector (typically CCD or CMOS image
sensor), supporting electronics, and firmware/software used to obtain a digital sampling of the image form¢d by
the couplingloptics.

3.3

contrast
ratio of the| difference between the intensities of the brightest and the darkest regions of a bar|test
target with|square-wave modulation or its image divided by the sum of the intensities of the brightest
and the darkest regions of the target or its image, and subsequently multiplied by 100 to measure|as a
percentage

Note 1 to enflry: Contrast is given by

[
C(%)=-Imax—mm><100

max +1 min

where I, apd I ;, are the intensities of the brightest and darkestxégions of the target or its image, respect|vely.

3.4
contrast transfer function
CTF
plot of contrast (3.3) transfer factor, Crp, as a function of spatial frequency (3.13), u

Note 1 to enffry: Contrast transfer factor is given by

| C(u)

C (u):_ out
TF
C(u)in
where C(u)} . is the output contrast (i.e. the image contrast) and C(u),  is the input contrast (i.e. the target
contrast).

Note 2 to entry: If the target has high contrast so that C(u)in is close to one, Crp (u) can be approximatg¢d by

C (u)yy - If §7r is norinalized to 1 at zero frequency, constant C(u),  will get factored out in the normalizdtion.

The CTF of fn endoscope can be obtained by measuring a series of square-wave bar targets with diff¢rent
spatial frequgncies. The low-frequency contrast of the target as imaged through the endoscope may be meagured
with target pa i - ark 1o - e i sity profi : D3 3 ea
steady value.

Note 3 to entry: For the purposes of the test specified in Characteristic B of this document, the “targets” will be
the bar test targets specified in 4.2.5.2 and the measured results will be the CTF.

3.5

limiting resolution

r(d)

maximum number of line pairs per mm (lp/mm) which can be resolved at a given working distance d of
the endoscope

Note 1 to entry: The limiting resolution is only applicable to Characteristic A.
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3.6
maximum image height
radius of a circle which circumscribes the image

Note 1 to entry: If the image is rectangular, the maximum image height is half of the diagonal.
Note 2 to entry: If the image is circular, the maximum image height is the radius of the image circle.

3.7
maximum object height
radius of a circle which circumscribes the portion of the object which can be imaged by the endoscope

Note|1 to entry: If the image is rectangular, the maximum object height is half of the distance betwefn the object
points which map to the corners of the image rectangle.

Note|2 to entry: If the image is circular, the maximum object height is the radius of the object’space] circle which
map$ to the image circle.

3.8
modulation
M
ratig of the difference between the intensities of the brightest and the darkest regions of § sinusoidal
test farget or its image divided by the sum of the intensities of the brightest and the darkegt regions of
the tlarget or its image, and subsequently multiplied by 100 to measure as a percentage

Note|1 to entry: Modulation is given by

I —I .
M(%):Mxloo
Imax +Imin
wherte I, and I ;, are the intensities of the brightést and darkest regions of the image, respectively.
3.9
modulation transfer function
MTH

plotof the modulation (3.8) transfer factor, Myp, as a function of spatial frequency (3.13) u, for a sine-
wavg target

Note|1 to entry: M| is a measure of the transfer of modulation from the object to the image.

Note|2 to entry: Modulation transfer factor is given by

M (u)out

Mg (“)ZW

whete M (W), .
the thfget modulation).

is the output modulation (i.e. the image modulation) and M(u)in is the input modulation (i.e.

Note 3 to entry: If the target has high contrast so that M (u)

M(u),,, -
M(u)irl negligible. The MTF of an endoscope can be obtained by measuring a series of sinusoidal targets with

i, is close to one, My (u) can be approximated by

On the other hand, My curves are always normalized to 1 at zero frequency, which make a constant
different spatial frequencies, or by other methods such as a slanted-edge target as discussed in 4.2.5.3.

3.10
off-axis limiting resolution
limiting resolution (3.5) at an image point at 70 % of the maximum image height (3.6)

Note 1 to entry: See Figure A.1.

© IS0 2020 - All rights reserved 3
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3.11

on-axis limiting resolution
limiting resolution (3.5) at the image centre

Note 1 to ent

3.12

ry: See Figure A.1.

optical resolution
numerical measure of the image quality of an optical system

3.13

spatial freg

u
measure of’
per unit dis

Note 1 to enflry: Spatial frequency has different units (e.g. lp/mm, Ip/degree, Ip/pixel), depending/on whethd

target period

Note 2 to entry: The narrower definition of spatial frequency only refers to the sinusoidal components d

structure.

Note 3 to ent
when referr

n
when referrilln

3.14

working distance

d
design dist4

Note 1 to enf
specified in 4

4 Test miethod

4.1 Gene

Three chard

should be measured. Table & niay be used as a guide to determine the appropriate characteristic

Annex A, B
allowed; if

HANnCYL

TaTIICy

how often a structure (e.g., sine-wave or square-wave bars) on the target or image, rep
tance or angle

is measured in distance or angle units.

ry: The units of Ip and cycles are often used interchangeably; in this'standard, the unit of Ip is
g to a square-wave or bar target (limiting resolution and CTE'measurement), and cycles are
g to sine wave components (MTF) and to spatial frequenciesiin general.

ince defined by the manufacturer between the'object and distal end of the endoscope

ry: For the purposes of the test specified inthis document the “object” will be the resolution t
}.2.5.

ral

icteristics of endoscope resolution are given in the method below. At least one character

and C for aceeptable test methods. Other methods of measuring the characteristicg
n alternative/method is used, it shall be described in the test report.

Table 1 — Characteristics and measuring

eats

r the

f the

used
used

hrget

istic
See
are

Ch4d

raeteristic Where Appropriate

A -Lim

A single-valued subjective metric for rapid manufacturing testing, quali

assurance (e.g. in end of line endoscope assembly testing), or for providi

a simple metric that can be easily understood by end users. See Annex A
information on the measurement procedure.

iting resolution

ty
ng
for

B - Contrast transfer function

A multi-valued objective metric for device validation and verification. It is

easily understood by end users, and can be measured with a square-wave

(CTF) get that can be easily produced. Multiple target images are needed to obt

tion on the measurement procedure.

scientifically sophisticated than MTF, but it is mathematically simple, can be

CTF measurements at different spatial frequencies. See Annex B for informa-

less

tar-
ain
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Table 1 (continued)
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Characteristic Where Appropriate

C - Modulation transfer function

A multi-valued objective metric where all values can be obtained

(MTF)

gle target; most used in engineering (e.g. design verification), diagnostic, and
image evaluation purposes and serves as an umbrella function to derive other
metrics (e.g. sharpness, acutance). It is widely used in scientific fields. See
Annex C for information on the measurement procedure.

from a sin-

NOTE

Annex E gives advice on the conversion of spatial frequencies. Annex G shows examples for relay optics.

4.2

4.2,

4.2.2

cam
mea
reso
be 19
On-3

NOT
betw

4.2.
desd
cam

NOT
cony|
OECl

4.2.4
inw

NOT
projg
desig

4.2.%

4.2.!
patt

3
X

Apparatus

| Optical bench/optical rail, with mounting apparatus for endoscope and resélution

. Coupling optics, to magnify a portion of the endoscope’s field of view;-and image

bra. Examples of coupling optics designed to meet the requirementsof endoscopg
surement are discussed in Annex F. The coupling optics shall not change the measu
ution significantly (Characteristic A only). The entrance pupil diametér of the coupling
rger than the exit pupil of the endoscope; the coupling optics shall not cut off rays of the|
xis and off-axis measurement shall be made at the same focus,

[
»

The coupling optics still can have a significant influence on the result, because of cohe
een the coupling optics and the endoscope.

Camera, with monitor and means of digitally~fecording the relative intensity of ea
ribed in D.4, the response of the system shall be maintained within the linear operating
bra (e.g. any sharpening or image enhancement is turned off, and gamma is set to 1,0).

[

erted to linear intensity based on the opto-electric conversion function (OECF) of the camera
can be measured based on the ISO 14524.

L Light source, white light,‘unless the endoscope is specifically designed for a specific
hich case this specific wavelength should be used.

cted onto the test camera, to reduce the resolution requirements of the camera. Examples of co
ned to meet the régitirements of endoscope resolution measurement are discussed in Annex F.

b Resolution target

b.1 , Characteristic A: Resolution target, having adequately graduated black and
brns arranged at least in two directions, tangential and sagittal. Note that, for inclined

view

target.

it onto the

resolution
red limiting
optics shall
endoscope.

ent coupling

ch pixel. As
range of the

If the camera cannot be set within the linear operating range, the intensity of a target image can be

The camera

wavelength,

Itis acceptable tg use a magnified image of a part of the endoscope’s field of view containing the target,

upling optics

white test
direction of

erndoscones (nndncr‘nnnc having 2 non-zero direction of ‘nnuﬂ tangential and sagittal
) 5 o] s}

are defined

with respect to the dlrectlon of view. A resolution target consists excluswely of on-axis and off-axis test
patterns arranged as in Figure A.1. Resolution test patterns consist of two transmittance or reflective
values (Figure A.2). Alternatively, a single test pattern may be used if it is moved perpendicular to the
optical axis to obtain off-axis measurements. It shall be ensured that the endoscope’s resolution is
determined and not the resolution of the target (see D.5).

4.2.5.2 Characteristic B: CTF target, having a black and white pattern that consists exclusively of
two transmittance or reflectance values (Figure A.2). The surface of a reflectance target should be a
Lambertian surface. The resolution target should contain on-axis and off-axis test patterns arranged as
in Figure A.1. Alternatively, a single test pattern may be used if it is moved perpendicular to the optical
axis to obtain off-axis measurements. It shall be ensured that the endoscope’s resolution is determined
and not the resolution of the target (see D.5).

© IS0 2020 - All rights reserved
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4.2.5.3 Characteristic C: MTF target, having slanted edge, slit, or pinhole meeting the recommendations
for edge roughness and contrast and corrected if necessary, as described in D.5. Either a crossed target or
a means for rotating the target to two perpendicular orientations shall be provided.

5 Testreport

Any test report resulting from following the test method described in Clause 4 shall contain at least the
following details:

a) areference to this document, i.e. ISO 8600-5:2020;

b) laborat
Cc) nameo

d) placea

pry or company carrying out the test;
f the testing engineer;

nd date of test;

e) standard used (e.g. ISO 15529, ISO 12233).

f) typeof
g) test ch
results

NOTE

endoscope, manufacturer, model and serial numbers;

hracteristic used (A, B or C), including a reference to the clatise which explains how
were calculated;

Results will be different for each method.

h) descri;ltion of alternative test method, if used, or deviations from the procedure

i) anyun

j) test ta

sual features observed

'gets used and, if off-axis target orientation is not according to Figure A.1, the tg

orientafion used;

k) coupli

optics used;

1) distande between target and distal end, of endoscope;

m) light source used and light source spectral curve;

n) cameraused and camera spéctral response;

o) value of on-axis limiting-resolution and angular limiting resolution (Characteristic A only) o

axis CT
the me
Charac
40 cycl

p) single

FF (Characteristi¢ B only) or MTF (Characteristic C only). If Characteristic B (CTF) is repo
hsurementsshall include at least the spatial frequency of 40 Ip/maximum object heig
eristic G(MTF) is reported, the measurement shall include at least the spatial frequen
bs/maximum image height ;

the

rget

" on-
rted,
nt. If
Cy of

ition

values and averaged value of off-axis limiting resolution and angular resolt

(Characteristic A only) or oif-axis CIF (Characteristic B onlyJ or MTF (Characteristic C only). If
Characteristic B (CTF) is reported, the measurement shall include at least the spatial frequency
of 40 lp / maximum object height. If Characteristic C (MTF) is reported, the measurement shall

include

at least the spatial frequency of 40 cycles / maximum image height;

q) Criterion used for assessing best focus (e.g. maximize on-axis value, maximize average of on-axis
and off-axis values, maximize lowest off-axis value, etc.);

r) if Characteristic C has been used: description of test target, equipment and procedure. If an edge-
based target is used, the contrast shall be reported;
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(informative)
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Measurement procedure for Characteristic A, limiting resolution

b)

g)

Mount the endoscope on the optical bench.

Attach the target to a diffusive plate and mount it on the optical bench at the working
Align the target at an angle perpendicular to the endoscope’s direction of view. Adjust
Lest pattern on the target to the image points to be tested (see Figure A.1). The targg
iniformly illuminated from behind with a white LED backlight or similar spdtially-un
ight source. Front illumination is permissible only if the target surface is a Lambertian

Attach the camera and coupling optics to the endoscope. Adjust the foctisjto maximize 1
Display the target image on the monitor or print it with a printer.

Determine the on-axis (point ‘A’ in Figure A.1) resolution of the ehdoscope in lp/mm in g
The closest spacing resolution target group which can justb&perceived shall be record

Determine the off-axis resolution of the endoscope inp/mm in object space. For this {
Lo be divided into four congruent quadrants, each of:them containing one image point

B1’ through ‘B4’. At each off-axis image point the resolution target group at all pattert
which can just be perceived is recorded. The results at all off-axis image points a
hnd reported independently. If the resolution target patterns were arranged to meas
hnd tangential resolution separately, then these measurements are independently ay
Feported.

Calculate the angular limiting reSolution for both on-axis and off-axis image points.

B1

IB3

distance d.

the suitable
t should be
form white
surface.

esolution.

bject space.
ed.

he image is
fo be tested

(points ‘B1’ through ‘B4’ in Figure A.1). The limitiftg resolution is determined for all inage points

1 directions
e averaged
ure sagittal
eraged and

Figure A.1 — Image points to be tested for optical resolution (B1, B2, B3 and B4 are at 70 % of

the maximum image height from the image centre A)

e

Figure A.2 — Typical limiting resolution and CTF test targets

© IS0 2020 - All rights reserved
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b)

f)

g)

h)

Annex B
(informative)

Measurement procedure for Characteristic B, Contrast Transfer

Attach

the optjcal bench.

Attach

and mdunt it on the optical bench at the working distance of the endoscope. Align thé bar tz
at an apgle perpendicular to the endoscope's direction of view. Evenly illuminate-the bar t3
from bghind with a white LED backlight or similar spatially-uniform white,light source. K
illuminption is permissible only if the target surface is a Lambertian surface:

Adjust

Digital
moved
directi

Calculafe and record the on-axis (point ‘A’ in Figure A.1) contrast of the endoscope system (C,

Calcul

system|(Cyr..4is)- For this the image is to be divided into four congruent quadrants, each of
contairfing one image region to be tested. The C

image
indepe

resolutjon separately, then these measuréments are independently averaged and reported.

Check ghat the combination of the camera and endoscope being tested meets the requirement
endoscpe optical cutoff frequency,described in D.3.

Repeat|above steps for each~bar target to measure C
frequernjcies.

Function

1 1: b —1 N ] ] ] L 1: b
1IC COUpPIIITy OPUILS LU LT CAIlICl d. IVIOUIILU LT CITUUSCLOPT LU UIIC CAITICT d/COUPIITE OpPLIU

p bar target from the set of bar targets for the testing of the endoscope to a diffuse |}

he focus to maximize resolution.

ly capture the camera image. If individual measurements aréto be made with a small tg
fo the correct field position, the target is moved in a plane perpendicular to the endosc
n of view and camera images are digitally captured for.each off-axis field.

e and record the off-axis (points ‘B1’ through\B#’ in Figure A.1) contrast of the endos

off.axis are calculated and recorded for all off
Koints ‘B1’ through ‘B4’. The results atall off-axis image points are averaged and repo
dently. If the resolution target patterns were arranged to measure sagittal and tange

and C

off-axis values at desired sp

on-axis

S on

blate
rget
rget
ront

rget
pe's

n—axis)'

cope
hem
axis
rted
ntial

s for

atial
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(informative)
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Measurement procedure for Characteristic C, Modulation Transfer

g)

h)

Function

Aget o 111 1: b ol A sl R FESS | L 1:
LLALIT LIIC COUpPIIITg OPUILS LU ULIC LAIICT d. IVMIOUIIU ULHIC CITUUSCOUPT LU LT CAlllClh d /COUPIIT

the optical bench.

Attach the target to a diffuse plate and mount it on the optical bench at the working dis
endoscope. Align the target at an angle perpendicular to the endoscope's direction of y
lluminate the target from behind with a white LED backlight or similarspatially-un
ight source. Front illumination is permissible only if the target surfaceds@ Lambertian

Adjust the focus to maximize resolution.

Adjust the system to bring the on-axis point (point ‘A’ in Figure-A.1) onto the measurer]
Lhe camera, and digitally capture the camera image.

Calculate and record the on-axis MTF of the endoscope (MTF ; ,id)-

Adjust the system to bring each of the off-axis points(points ‘B1’ through ‘B4’ in Figu
Lhe measurement area of the camera, and digitallyseapture the camera image for each o

Calculate and record the off-axis MTF of the.¢ndoscope (MTF
The MTF

,off-axis

off-axis)» for each of the off
is calculated and recorded.for all off-axis image points ‘B1’ through ‘B4’

Che results at all off-axis image points are averaged and reported independently. If th
Larget patterns were arranged to measure sagittal and tangential resolution separately
neasurements are independently averaged and reported.

Check that the combination:of the camera/coupling optics and endoscope being teste
Fequirements described-in-D.4.

g optics on

tance of the
iew. Evenly
form white
surface.

hent area of

re A.1) onto
f the points.

axis points.

b resolution
" then these

1 meets the
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Annex D
(normative)

Contrast transfer function (CTF) and modulation transfer

function (MTF)

D.1 Intnl)duction to CTF and its application to endoscope measurement

CTF isrelat
about the p
tone bar ch
harmonics

certain con
accurate, an

D.1.1 Cor
The CTF mg
a) The cor
b) The re

describ
c) The coy
d) Thefre

typicall

system

[tis permisy
the endosca

D.2 Intr¢oduction to MTF and its application to endoscope measurement

The basic d
requiremen
of these cor
conditions 4
the endosca

ditions for the approximations used in the compensation for the camera’s response t

vely straightforward to measure from a captured image and gives quantitative informsz
erformance of the optical system. However, unlike MTF, the contrast measured on a
hrt is a complex function of the response of the optical system to many frequencies, af
bf the fundamental bar frequency. Therefore, the camera, endoscope and-target shall i

d for the measurement of CTF to reflect the endoscope’s visual pefformance.

i ditions for the application of CTF to endoscope measurement
asurement technique can be applied to endoscopes, providéd that:
lditions on the camera and coupling optics describedin D.4 are applied.

bolution (edge roughness of line or edge features) of the target used are sufficier]
ed in D.5.

lditions on the endoscope optical cutoff frequency described in D.3 are satisfied.

Huencies and field points measured include those that most affect the utility of endoscop

having equal area of the field inside of 70 % and the field outside of 70 % (~ V2 /2).

ible, but not required, to uséjrelay optics between the endoscope and the camera that mag
pic image, as described in’Annex F, to ease the resolution requirements of the camera.

efinitions of‘MTF and related quantities are found in ISO 9334. This standard desc}
ts that afiy) optical system must meet in order for an MTF measurement to be possible.
ditionS:are linearity and isoplanarity (invariance to image shifts), and ensuring that t
irenét is important to obtaining repeatable results reflective of the optical performan

ition
[Wo-
odd
neet
0 be

t as

£S as

y used. The choice of off-axis fieldpeints at 70 % of the field of view is based on a distortionless

mify

ibes
Two
hese
ce of

pe:

Two types of MTF resolution measurement are possible with a system of endoscope, coupling optics
and digital detector: Spatial Frequency Response (SFR, often called MTF, covered in ISO 12233:2017,
Clause 6 only), and Modulation Transfer Function (MTF, covered in ISO 15529). The methods for making
these measurements are well covered in the standards referenced below; the notes here contain
additional applications information particular to endoscope measurement but are supplementary to
the methods presented in those standards, except for the correction factor, D, discussed below in D.2.1.
The measurement methods in ISO 12233 and ISO 15529, along with the endoscope-specific notes here,
cannot cover all measurement cases. A very generic measurement description can be found in ISO 9335.
The user shall ensure that the fundamental requirements for MTF measurement in ISO 9334 are met,
and it is permissible to deviate from specific measurement requirements given here in order to do so,
provided those deviations are noted in the test report.
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D.2.1 Summary of ISO 12233 (SFR)

[SO 12233 specifies two types of SFR measurement, using two patterns: edge-based (e-SFR or “slanted
edge”) and sine-based (s-SFR). The s-SFR takes an image of a sine-wave target to calculate modulation
at different spatial frequencies. Because of severe geometric distortion for most endoscopes, the SFR
property might be significantly different at different locations of the sine-wave target image, which
makes s-SFR improper to estimate a local SFR for endoscopes. Therefore, the e-SFR based on a slanted
edge is recommended for endoscope SFR measurement. However, one should keep in mind that e-SFR
is sensitive to several common conditions, as discussed below. The e-SFR measurement involves
presentation of a test image to the system under test, where the feature being analysed is purposely not
aligned to the pixel sampling, so many sampling phases are present and an oversampled image can be
recopstructed.

Also
caus
corr,
the q

Asd
by tl
Thu
D=

This
and
is st
inclu

The
here

a)

b)

D.2,

ISO
and
imp

The
desc

a)

b)

the calculation of e-SFR according to ISO 12233, describes a correction for the 'syste
ed by the use of a finite difference to represent the derivative (ISO 12233:2017, An

lerivative of the line spread function, so in terms of the image plane frequency u; (in cy

.

escribed below in D.3, in order for the measurement using e<SFR to be accurate, the im4
e sensor must not contain significant energy at or aboye‘the Nyquist frequency of th
, the maximum value of u; of interest is 1/2, and the maximum value of correction fag

[,11.

ou, /2
sin(dy, /2)’

D(u,)=min{

correction was first introduced in the previous’edition of ISO 12233 (with the incorrec
ndex j instead of k), and is only partially corrécted in the last edition of ISO 12233 (thd

ded, using the expression above.

hpplication of a specific subset of IS@ 12233 to the endoscopes covered by this standard
. Specifically, this subset includes:

Measurements restricted te-frequencies below the Nyquist frequency of the camera usg
magnification of the coupling optics.

Fndoscope optical cutoff frequency also below the Nyquist frequency of the camera usg
magnification of the“¢oupling optics.

2 SummaryefISO 15529 (MTF)

15529 describes a versatile set of measurements that can be made on a sampled d
can heapplied in general to endoscope/camera/display systems. A slit target is used
mented as a cross, so orthogonal components of MTF can be measured).

matic error
hex D). The

ection is a result of using the difference between two samples spaced 1/2-pixel apart fo represent

cles/pixel):

ge sampled
e sampling.
tor D(u, ) is

[ numerator
numerator

i1l incorrect), and for measurements madé.of MTF under this standard, this correction must be

s described

d times the

d times the

ata system
(commonly

application of a specific subset of ISO 15529 to the endoscopes covered by this
ribed here. Specifically, this subset includes:

ocument is

Measurements restricted to frequencies below the Nyquist frequency of the camera used times the

magnification of the coupling optics.

Endoscope optical cutoff frequency also below the Nyquist frequency of the camera used times the

magnification of the coupling optics.

© IS0 2020 - All rights reserved
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D.2.3 Application of ISO 12233 or ISO 15529 to endoscopes

The 12233 (e-SFR) and ISO 15529:2010 (MTF) methods are in general applicable to endoscopes,

provided that:

a) The conditions on the camera and coupling optics described in Annex F are applied.

b) The resolution (edge roughness of line or edge features) of the target used is sufficient as

described in D.5.

c) The conditions on the endoscope optical cutoff frequency described in D.3 are satisfied.

d) For e-SFR, the correction factor for the finite difference, shall be applied, using the expressio
D(u;) gbove; other corrections used (e.g., for rotation angle or actual pixel sampling apert

shall bg noted in the report.

e) The frequencies and field points measured include those that most affect the utility)of endosc
as typi¢ally used.

h for
ure),

ppes

D.3 End:[scope optical cutoff frequency limitation

To meet co
pixel size, the Nyquist frequency (uy, with the unit of cycles/mm); times the magnification o
coupling optics, shall be greater than or equal to the endoscope optical cutoff frequency (u., wit
unit of cycl¢s/mm) of the optics in the endoscope being measured:

Mcouple Uy :Mcoupler '(%P)>UC

where P is the pixel pitch of the camera with the unit\of mm/pixel and M., is the magnificati
the coupling optics. In this case, the system behavés as a non-sampled imaging system, the meas
CTF is equdl to the CTF of the combined endos¢cdpe/camera system, and the measured SFR is equ|

the MTF of the combined endoscope/camera-system. If the u. is above this limit, CTF measurement
MTF measufrement using the ISO 12233 measurement method are not applicable to that endoscope
the ISO 155P9:2010 measurements shall.be made using the procedures in 5.3.2 to 5.3.4 of that stang

To check thiat the camera system mekets this requirement, it is sufficient to ensure that the meas
SFR or MTF|of the system (camera and endoscope), computed according to ISO 12233 or ISO 15529:72
goes smoothly to near zero atddtrequency below uy,.

D.4 Campra and ceupling optics requirements

dition c) in D.1.1 and D.2.1, and D.2.3, the spatial frequency corresponding to the ca:{nera

the
the

n of
hred
al to

and

and
lard.

hred
010,

at the camejra’siimage plane with good linearity and low noise. Image processing algorithms, including

To meet th¢ requitements of MTF and CTF measurement, the camera shall record the light intfisity

sharpness ¢rtiancement, noise reduction and colour processing, can affect the results when they are

applied to images captured for processing into CTF or MTF measurements.

To obtain accurate measurements using either CTF or MTF measured using the ISO 12233 (SFR) or the

[SO 15529:2010 (MTF) methods, the following conditions on the camera and coupling optics apply:

a)

The camera used for these measurements shall be a monochromatic system. If necessary, separate
filters for colour-weighted measurements may be used in the light source or elsewhere in the
optical path.

b) Any image enhancement, lens correction or sharpening available in the camera software shall be
disabled.

c¢) Raw images with minimum image processing (e.g. image compression) shall be used.
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d) The camera response shall be linear (gamma correction disabled or set to 1,0), over the entire

range of illumination covered by the target contrast. This may be ensured by different

means, and

itis up to the user to ensure that the camera responds linearly over the illumination levels present.
[SO 14524 provides one method by which the OECF of a camera system may be measured, and data

from measurement of stepped gray levels may be used to demonstrate the linearity of
system and the lack of clipping for both light and dark signals. Note that the use of hi

the camera
gh-contrast

targets places larger demands on the linearity of the camera across a wider illumination range and
should be avoided for e-SFR measurements done with slanted edge targets. Slit targets on the other
hand should have highest possible contrast ratios, preferably higher than camera’s dynamic range.

e) The response of the camera system shall not change with small shifts of the image and shall not

f)

g)

h)

‘)

transfer factor of the endoscope, Mg epgocscoper €1 be corrected as follows:

Ml

rombine information from different pixels to produce the image.

1y times the magnification of the coupling optics, is greater than or equal to ug of the
being measured (Annex F).

The camera shall have adequate dynamic range to accurately resolve the\contrast ch
pdges in the image.

The coupling optics combined with the endoscope’s aperture ¢shall have MTF wi
diffraction limited, over the range of incident angles used, and«the entrance pupil of 4
bptics shall be larger than the exit pupil of the endoscope atall field angle positions. (§
for examples of coupling optics that meet this requirementy:

Target requirements

e target is printed without enough resolution, then the measurement of any o
acteristics (limiting resolution, CTF and MTE) will be affected. To determine whethe
ufficient resolution so that is can be safely.ighored:

he target resolution is sufficient for yisual assessment of Characteristic A if the imag
hrough the endoscope has no visible’structure around sharp edges in the target, that
hrget when its image is moved slightly.

or Characteristic B (CTF), thetarget resolution is sufficient if a direct image of the target

agnification M (e.g., an image of sharp target features taken through a microscope), whe
irectly, has a measured target Crp close to 1,0 at the measurement frequency, u, divided
ification, M. If the target resolution is not sufficient, for CTF the results cannot be corr
igher resolutionctarget must be used.

r Characteristic C (MTF), the target resolution is sufficient if a direct image of the t
nder magnification M (e.g. an image of sharp target features taken through a micros
ocessedidirectly, has a measured target My close to 1,0 at the measurement frequenc
the''magnification, M. If the measured target My does not meet this requirement, the

endoscope

ange at the

thin 0,1 of
he coupling
ee Annex F

I the three
I the target

b as viewed
follows the

bdges under
h processed
by the mag-
ected and a

arget edges
fope), when
y, u, divided
modulation

MTF,endoscope (u)

MTF,target (U/M)

TF,endoscope ( u) -

where My i,r00(u/M) is the modulation transfer factor of the direct image of the target under
magnification M and M' g ¢pgocscope(U) 1S the corrected modulation transfer factor at spatial frequency, u.

For typical endoscopes, printed test targets (reflectance targets) might not be adequate, and targets
such as chrome on glass (transmittance targets) are preferred. If a reflectance target is used, its
resolution should be high enough and its surface shall be a Lambertian surface. All targets should be
uniformly illuminated.
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Summarizing the above, the target used to make the CTF measurement or SFR measurement using
ISO 12233 shall meet the following requirements:

— The MTF of the target, when directly imaged with magnification M shall either have My close to 1,0
at the highest measurement frequency divided by M, or the measured MTF of the endoscope shall be
corrected at each frequency as described above in D.5 ).

— The target illumination shall be uniform across the image, and reflections and stray light in the test
system shall be adequately controlled.

For SFR measurement, the target shall have a low enough contrast between black and white that the

linear d napHesranse ofthacamara ic nat avenndad
y TIICTaITg T UT CIrC—TaTIcTa 1o TUT CATTCTOCTr
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