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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, Part’3.

Draft International Standards adopted by the technical committees are circulated to the membeér 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 1ISO 14524 was prepared by Technical Committee ISO/TC 42, Photography.

Annex A forms a normative part of this International Standard. Annexes.B to C are for information only.
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Introduction

This International Standard was prepared by Technical Committee 1SO/TC 42, Photography, Working Group 18,
Electronic still picture imaging. It establishes standard methods for measuring the functional relationship between
the focal-plane log exposures or scene luminances, and the digital output levels of a digital camera. This
information is required for the development and testing of digital cameras, is used in other electronic still-picture

camera measurement standards,_and may he helpful in the processing of digital image data

An opto-electronic conversion function (OECF) measurement standard is required for several reasons.
Well-¢
came
photo
canng

bstablished measurement methods have been used to determine the characteristi¢:curves
fas, where the characteristic curve is known as the "gamma correction” curve; and for
graphy, where the characteristic curve is known as the "H&D" or "DlogH" curve’* However, th
t be easily or unambiguously applied to the characterization of electronicstill-picture camerg

a)

b) The g

addre]

ampling and quantization processes found in digital systems present. fundamental issues th
ssed in a standardized manner.

The f
betwd
for all

c)
en the camera's optical input and digital output levels. This International Standard attemp
the variables and assure that results are presented in a*Consistent fashion.

The OECH of a digital camera may appear to be the analogue of the characteristic curve used in pho
television,|but this observation is only partly true. Charactéeristic curves show the relationship betweg
input, such as log exposure or reflectance, and a physical-output, such as density or volts. The OECF
hand, shows the relation between a similar physieal input and a digital code value assigned to
response produced by that input. Since this assignation can be arbitrary, digital values themselves
physical meaning or units. For example, a change of a factor of two in digital values could correspond
of the physical response to the input, to an ofder of magnitude change, or to something else, dependin
code valugs are assigned.

for television
silver halide
ese methods
S.

ht need to be

exibility of digital systems complicates the determination and presentation of the functiongl relationship

S to account

ography and
bn a physical
on the other
the physical
do not have
to a doubling
g on how the

In digital photography applications, jt-is.generally not necessary to know the physical response producgd in a digital
camera. I{ is sufficient to know _what digital values will be produced by a variety of inputs. Consequently, this
Internationjal Standard does not 'specify how to measure the true characteristic curve of a digital camgra. Rather, it
specifies how to measure jthe-relationship between the input to a digital camera and the digital [code values
produced.| These values are-only absolutely meaningful in that they represent information. The graphjcal reporting
formats spgecified in this_atérnational Standard support this viewpoint by allowing OECFs to be report¢d with either
digital code values-or~bits on the vertical axis. This is the convention in information theory. Users of this
Internationjal Standard should be aware that the actual physical response of a digital camera, or of a complete
digital phgtography system, can be linear, logarithmic, or something else, regardless of the form of the OECF plot
and whether.-digital code values or bits are reported on the vertical axis.

NOTE Users of this International Standard in English-speaking countries should be aware that commas are used instead of
periods as the decimal radix to conform to ISO procedures.
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Photography — Electronic still-picture cameras — Methods
for measuring opto-electronic conversion functions
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hational Standard specifies methods for the measurement of opto-electronic” conversi
f electronic still-picture cameras whose output is encoded as a digital imageyfilé. The OECF
hship between the focal plane log exposures or scene log luminances, and the digital outpu
onic digital image capture system.

ational Standard applies to both monochrome and colour electronic still-picture cameras.

native references

ng normative documents contain provisions which,.through reference in this text, constitute

ational Standard. For dated references, subsequent amendments to, or revisions of,

s do not apply. However, parties to agreements-based on this International Standard are e
the possibility of applying the most recent ‘editions of the normative documents indicate

eferences, the latest edition of the normative document referred to applies. Members of

pgisters of currently valid International Standards.

D84, Photography — Density Measurements — Part 1: Terms, symbols and notations.

D91, Photography — Density Measurements — Part 2: Geometric conditions for transmissiof

D95, Photography — Density Measurements — Part 3: Spectral conditions.

D05, Photography =~ DPensity Measurements — Part 4: Geometric conditions for reflection de

D99, Photography — Camera shutters — Timing.

D76, Standard atmospheres for conditioning and/or testing — Specifications.

1984, ‘Photography — Illuminants for sensitometry — Specifications for daylight and

tungsten.

on functions
is defined as
t levels of an

provisions of
hny of these
ncouraged to
d below. For
SO and IEC

) density.

nsity.

ncandescent

3 Terms and definitions

For the pu

3.1

rposes of this International Standard, the following terms and definitions apply.

camera opto-electronic conversion function
camera OECF
relationship between input scene log luminances (units: log,g candela per square metre) and digital output levels

for an opto-electronic digital image capture system

See opto-electronic conversion function (3.11), focal plane opto-electronic conversion function

© 1SO 1999 — All rights reserved
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3.2

digital output level

digital code value

numerical value assigned to particular output level or range of output levels in a digital system

3.3
electromechanical shutter
mechanical shutter which is electronically controlled

3.4
electronlc still- plcture camera

focal plane opto-electronic conversion function
focal plane QECF

picture, or
ry card or

relationship etween input focal plane log exposures (units: log,g lux seconds) and digital output levels for an opto-

electronic digital image capture system

See opto-elektronic conversion function (3.11), camera opto-electronic conyersion function (3.1)
3.6

incremental gain function

rate of change in output level (digital code value) divided by rate of change in input level (luminance or
as a function|of input level

NOTE 1  Fqr the determination of incremental gain values, log,input values are not used.

exposure)

NOTE 2  If the input exposure points are very finely spaced and the output noise is small compared to the quantization

interval, the incremental gain function may have a jaggedshape. Such behaviour is an artifact of the quantization
should be removed by using an appropriate smoothing.algorithm or by fitting a smooth curve to the data. In some c
be desirable t¢ fit a curve to the input-output data arid then determine the incremental gain function by taking the fir
of the function|used for the curve fit.

3.7
incremental gutput signal
input level (IUminance or exposure;\not logged) multiplied by the system incremental gain at that level

See incremeptal gain function,~/(3.6)
3.8

illuminance qcale exposure series
series of exppsures,produced using constant exposure time and varying focal plane illuminance

See time scdle’exposure series  (3.15)

3.9

maximum exposure limit

smallest exposure which produces the digital output level corresponding to the maximum detectable
which is also known as the saturation or quantization ceiling

See minimum exposure limit ~ (3.10)
3.10
minimum exposure limit

largest exposure below saturation which produces an incremental output signal equal in magnitude to out

See incremental output signal  (3.7), maximum exposure limit  (3.9), output noise (3.13)

rocess and
ses, it may
t derivative

exposure

put noise
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3.11

opto-electronic conversion function

OECF

relationship between log of input levels and corresponding digital output levels for an opto-electronic digital image
capture system

NOTE If the input log exposure points are very finely spaced and the output noise is small compared to the quantization
interval, the OECF may have a step-like character. Such behaviour is an artifact of the quantization process and should be
removed by using an appropriate smoothing algorithm or by fitting a smooth curve to the data.

3.12

opto-electronic digital image capture system
system wifichr converts either fight exposure at the focal pfane, or spatiaarrangement of furminances| (a scene) to
digital infofmation

3.13
output noige
root-meantsquare fluctuation about mean in the digital output level for constant input level

3.14
scene lumjnance ratio
ratio of highest (highlight) luminance value to lowest (shadow) luminance value.inscene

3.15
time scale|exposure series
series of gxposures produced using constant focal plane illuminance-arnd varying exposure time

See illumipance scale exposure series  (3.8)

3.16
white balapce
adjustment of electronic still-picture colour channel gains or image processing so that radiation |with relative
spectral ppwer distribution equal to that of the scene dlumination source is rendered as a visual neutra

NOTE Additional definitions of interest may be faund in ISO 12232.

4 Test|methods
4.1 Gerneral information

This Interpational Standard déseribes test methods for measuring both camera OECFs and focal plane OECFs.
Camera QECFs include the-effects of the camera lens and associated flare, while focal plane OECFs do not.
These imgge-formation egffects vary with the overall scene luminance ratio, the amounts of each off the different
luminanceg present in thé scene, and the spatial arrangement of these luminances. This variability jcan be quite
large, and|consequently it is possible to determine a repeatable camera OECF only for a specific scene, such as a
test chart] The eamfera OECF measurement method described in this International Standard allows for the
determinationof/different camera OECFs based on test charts with different luminance ratios, but dpes not allow
for the effd cts of drﬁerent amounts or spatral arrangements of scene Iumrnances The camera OECF tgst charts are
designed to-sts - atito-and average
distribution of luminances; however many scenes are srgnrflcantly drfferent from average When determining
camera OECFs, it is important to keep in mind that the OECF characteristics measured may be quite different from
those exhibited by the camera in capturing specific scenes. The reasons for inclusion of a camera OECF
measurement method are as follows:

a) the mandatory automatic exposure control found in some cameras precludes the determination of focal plane
OECFs;

b) the camera OECF measurement method allows for one-step determination of the camera system
characteristics for the scene simulated by the test chart used;

c) focal plane OECF values can be estimated from camera OECF values for the midtone and highlight regions of
most images, provided that the range of interest is covered by the test chart used.

© 1SO 1999 — All rights reserved 3
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The focal plane OECEF is a characteristic of the camera only, and is not dependent on the scene.

NOTE Some cameras and/or supporting software may contain scene-dependent rendering algorithms. These algorithms
are generally bypassed when performing focal plane OECF measurements because of the approximately uniform illumination
incident on the focal plane. In situations where it is impossible or undesirable to bypass the rendering algorithms, it is more
appropriate to perform camera OECF measurements.

Two methods are described for focal plane OECF measurement, although both methods should give the same
result. The preferred method (method A) allows for a higher degree of accuracy than the alternative method
(method B). Method B should be used only with cameras that have fixed lenses. The advantages of focal plane
OECFs are the following.

a) Separation of the optical image formation stage from the focal plane image to output stage allows)gach stage
of the image capture to be dealt with independently. These two stages behave quite differently.”The image
formatiop stage is strongly scene dependent, while the focal plane image to output stage depends gnly on the
sensor gnd camera electronics’ characteristics. On the other hand, the response of pictarial cameras tends to
be highly non-linear, complicating the subsequent analysis of optical image formation effects if the focal plane
OECF is not known. The analysis of camera systems is much easier if the twoxStages are [dealt with
indepenglently.

b) Traditionally, only the density vs. log exposure relation, or characteristic curve,“is'measured for film. [This curve
is analogous to the focal plane OECF.

c) The prefominant factor affecting camera OECF values in the darkeriareas of a scene is the carmera flare.
These Values are, therefore, primarily scene dependent, and do. not provide much information [about the
general pamera characteristics.

d) Focal plane OECFs cover the entire usable range of the.'camera, and are not limited by the| test-chart
luminange ratio.

The methodg for measurement of the OECFs described-above are given in 4.2 to 4.4.

4.2 Camefa OECF measurement

The OECF npay be determined for the entire_opto-electronic digital image capture system of the camera} using the
ISO camera PECF test chart. This determination is accomplished by using the camera system to capturg an image
of the chart yinder controlled conditions. 't should be noted that the independent variable for the camerp OECF is
scene log luminance, not focal plane [0g exposure as with the focal plane (method A) and alternative focal plane
(method B) measurement methods,

4.3 Focal plane OECEAneasurement (method A)

Method A inJolves the.exposure of the electronic still-picture camera sensor directly to specific quantities|of uniform
illumination Yith thé-camera lens removed. The illumination shall have the spectral characteristics specified in
section 5.1, andsshall be produced by a small source at a distance such that the largest dimensions of the source
and the sengor-are no greater than 1/20 of the distance from the source to the sensor. Also, reflective surfaces
shall not be placed where they could cause additional lumination t0 be Incident on the sensor.

4.4 Alternative focal plane OECF measurement (method B)

If a particular electronic still-picture camera does not allow the lens to be removed, method B may be employed.
This method involves the use of a uniformly emissive, approximately Lambertian target (reflective surface or
illuminator), which is then imaged by the camera lens on the sensor. If method B is used, the sensor illuminance
shall be assumed to be as calculated from the following equation (see [9] in the bibliography).

0,65 L,
f,2

E= @)

4 © 1SO 1999 — All rights reserved
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where
Es is the illuminance, in lux, falling on the sensor;
L; is the arithmetic mean luminance of the target, in candelas per square metre;
fe is the effective f-number of the lens.

If method B is used, the target shall be measured to verify that it is approximately Lambertian and uniform in
luminance. Luminance readings of the target shall be within 2 % of the arithmetic mean value for readings taken
normal to the target at all four corners and at the centre of the field of view of the camera, and also for readings
taken at ap-angle-6f-30°to-rermatl-ef-the-centre-of- the-target—Fhe-surface-ef-the-target-shall-be-rermahto the optical
axis of thel camera (+ 5°) when the test image is captured, and shall extend out at least 15° beyond'the edge of the
camera figld of view. The spectral radiance characteristics of the target shall be as described in 5.2:

ISO OECHs obtained using method B shall be designated as such.
5 lllumjnation
5.1 Focgl plane OECF measurement (method A)

OECF mepsurements shall indicate whether the daylight or tungsten illuminant was used. 1SO 7589 |specifies the
procedureg for determining if the illumination used for OECF measurefnents is an acceptable match t¢ the daylight
and tungs{en sensitometric illuminants.

5.2 Alternative focal plane (method B) and camera OECFmeasurement

Since thgse test methods involve measurements wijthy'the camera lens in place, the specfral radiance
characterigtics of the target, for the alternative focal plane OECF, or the chart illumination source, fof the camera
OECF, shpuld be equivalent to either the daylight_erytungsten ISO standard source. The relative spectral power
distributions for these sources are provided in the sécond column of Tables 1 and 2 in ISO 7589:198f. In order to
apply the ISO/SDI (spectral distribution index).criterion to these sources, the spectral radiance of the source or

target sha
is also deg

With thesd
and reflec
wall behin
illuminate
distributio
than 40°
recommer

6 Test

| be measured and then multiplied by the relative spectral transmittance of the ISO standar
cribed in ISO 7589, prior to multiplying by the weighted spectral sensitivities. See informativ

H lens, which
P annex B.

test methods, the target,or.chart, and camera lens, shall be shielded from external illumi
ive surfaces, including.the-walls, ceiling, and floor of the test room, using black shielding
d the target or chart shall be black, and the only illumination sources present shall be t
the chart. For reflective targets or charts, the illumination sources shall be positioned so tha
of influx radiance-is at its maximum at 45° to the target or chart normal, and is negligible g
r more than{30° to the normal at any point on the target or chart. ISO 12233 may be
dations for réflection chart illumination geometries.

conhditions

tion sources

n
r:[aterials. The

ose used to
t the angular
t angles less
consulted for

6.1 Temperature and relative humidity

The ambient temperature during the acquisition of the test data shall be 23 °C + 2 °C, as specified in ISO 554, and
the relative humidity shall be (50 + 20) %.

6.2 Whi

te balance (only applicable to colour cameras)

6.2.1 Single fixed white-balance setting

If a camera has only one fixed white-balance setting, either in the camera circuitry or supporting software supplied
with the camera, this setting shall be used for all OECF determinations and the white balance for these OECFs
shall be designated as "fixed".

©1S0 1999 -
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6.2.2 Daylight and/or tungsten fixed white-balance settings

If a camera has fixed white-balance settings designated as "daylight" and/or "tungsten”, either in the camera
circuitry or supporting software, the white-balance adjustment may be set at either of these fixed settings. If this
white-balance option is chosen, the white-balance for the OECF(s) determined shall be designated as "daylight”
and/or "tungsten”, depending on the setting chosen.

6.2.3 Variable white balance

If the camera white balance can be adjusted using a variable white-balance adjustment, either in the camera
circuitry or supporting software, the variable white-balance option may be chosen. In this case, the white balance

for the OECE(s) determined shall be designated as "variable" and shall be set to provide respectively neutral
digital outpuf levels for the colour channels. Neutral digital output levels means equal RGB levels, anJuminance-
chrominance levels indicating no chrominance.

6.2.3.1 Fqcal plane OECFs

The white balance shall be set to provide neutral digital output levels for a focal plane exposure which|is greater
than one-half of the maximum exposure limit.

6.2.3.2 Camera OECFs

The white balance shall be set to provide neutral digital output levels for the-camera OECF test-chart background.
6.2.4 Autorpatic white balance

If a camera| automatically adjusts its white balance with every>exposure, the white balance for the OECFs
determined ghall be designated as "automatic”. It should be noted.that, in this case, the camera OECF mjy provide
colour information not found in the focal plane OECFs.

6.3 Infrargd (IR)-blocking filter

If required, gne or more IR-blocking filters shall be_placed in front of the camera lens. These filters are [required if
the output signal level of the camera with a visible light-blocking, IR-transmitting filter is greater than b % of the
maximum digital output level, at the exposure or luminance which produces the maximum camera digital output
level without|the IR-transmitting filter. TheSsiR*transmitting filter used to test to see if an IR-blocking filter |s required
shall have ajmaximum edge (50 % transmittance) wavelength of 780 nm, and a transmittance of less than 1 % at
wavelengths| between 350 nm and. 740 nm. The IR-blocking filters should be chosen to provide the required
reduction in |IR sensitivity without\changing the photometric sensitivity any more than absolutely negessary. If
IR-blocking fllters are required,.the’ filter types used shall be indicated. The purpose of the IR-blocking filters is to
prevent the QECF measurement from being significantly affected by infrared radiation.

6.4 Focus

6.4.1 Alternative focal plane OECF measurement (method B)

If the camerddens-focus-is dellcfﬂhlﬂ' it shall be set on infinihjl, orthe Inrgncf cthinm‘ distance cm‘ting avallable.

6.4.2 Camera OECF measurement

The camera lens shall be focused on the camera OECF test chart so that the image produced appears sharp.
Focus is not critical for OECF determination, but extreme out-of-focus images of the test chart may produce
erroneous results due to blurring of the patch edges. The effective f-number, fg for the focused image shall be

calculated as follows:

1)

where Ris the ratio of the chart height to the chart image height at the focal plane.

1

o= (%

=+

)
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Supplementary lenses may also be used to produce a sharp image of the test chart. If they are used, the effective
f-number shall be calculated, based on the reduction ratio that would be produced with the camera lens in the
same focus position, but without the supplementary lens. Any supplementary lenses used shall be large enough so
that the clear aperture of the camera lens is not obstructed. If a supplementary lens is used, this fact shall be noted
in the presentation of the measurement results.

7

7.1 Foc

Input

al plane log exposures

The sensd
maximum

r shall be exposed to the specified source radiation in quantities which range from the mi
exposure limits. Time and intensity scale series are acceptable, but the OECF obtai

designated as a time or intensity scale function, with the exposure time and/or focal plane illuminance

the noise
one stop (

bne stop is equal to a factor of two or approximately 0,3 log units).

The cam¢ra shutter may be used to regulate the exposure time, but the,accuracy of me

electrome

A minimu
reliability g

7.2 Carn

Chanical shutters shall be verified using the methods specified in ISO 516,

m of nine exposure series shall be obtained and analysed, as described in clause 8, t
f the data.

hera OECF chart log luminances

nimum to the
ned shall be
listed, since

may vary with exposure time. The input log exposure increments shall not be separated By more than

hanical and

D assure the

The standard camera OECF test chart shall be as describedh normative annex A. The preferreﬂ: method for
measuring the chart luminances is to use a telescopic photometer placed at the camera location. If this method is
used, all greas of the chart, except for the patch being measured, shall be covered with a black magk to prevent
flare in thg telescopic photometer from affecting the measurements. If a telescopic photometer is not available, the
chart lumipances may be calculated from the chart densities and illuminance using the following formulae:
Reflection|charts:
-D
07 E
L2 (3)
T

where

D; i¢ the grey-scale patch visual density;

E ig the illuminance, in lux, incident on the chart (measured using a cosine-corrected photometgr);

L; ig the luminance, in candelas per square metre, of the patch with density D;.
Transmisdian‘charts-

L, =10"0 L )
where

D; is the grey-scale patch visual diffuse-transmission density;

L is the luminance of the diffuse illuminator on which the chart is placed, in candelas per square metre;

L; isthe luminance, in candelas per square metre, of the patch with density D;.
© 1SO 1999 — All rights reserved 7
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If the chart luminances are calculated from the chart densities, the illuminance incident on reflection charts, or the
luminance used to illuminate transmission charts, shall not vary by more than 2 % from the mean value over the
surface area of the chart, and care should be taken to eliminate any specular reflection component (surface glare).
Calculated chart luminances shall be reported as such when presenting camera OECF measurement results.

The surface of the chart shall be normal to the optical axis of the camera (+ 5°) when the test image is captured. A
minimum of nine exposures of the chart shall be obtained and analyzed, as described in clause 8, to assure the
reliability of the data.

8 Data analysis

The camera

A minimum ¢
specific cam
measuremet]
shall be detd
alternative fq

image. The final digital output level data presented shall be the mean of the mean-digital output levels

trials.
NOTE It

large enough
patch area so

9 Presen

The results ¢
log exposure

focal plane, alternative focal plane, or.camera OECF measurement;

Higital output level data shall be analysed as described below:

f nine trials shall be conducted at each exposure level. A trial shall consist of sepatate exp
bra is being measured, and of separate exposures with different, randomly selected cam
t is to be representative of a particular type of camera. For each trial, the mean digital o

brmined from a 64 by 64 pixel area located at the same relative position in each image
cal plane OECF method (method B), the 64 by 64 pixel area shall be.located at the ce

s possible that, with very low resolution cameras, the images of the'camera OECF test-chart patches

that the effects of imaging the patch edge are not included.

tation of results

f an OECF measurement shall be presented-in tabular and/or graphical form. All log lumin
S shall be to the base 10.

hding or figure caption shall indicate the following:

ome or colour capture and.camera type;

luminance scale exposure series (except for camera OECF measurements);

b time or focal plane illuminance (except for camera OECF measurements);

time, camera lens focal length, and effective f-number (camera OECF measurements only)

d or'calculated chart log luminances (camera OECF measurements only);

bsures if a
Eras if the
Litput level
. With the
tre of the
for all the

will not be

fo contain a 64 by 64 pixel area. In this case, the sample area .sheuld be slightly smaller than the iage of the

ances and

The table he
a)
b) monoch
c) timeori
d) exposur
€) exposurg
f) measure
9)
h)
i)
)
8

daylight or tungsten illumination;
fixed, daylight, tungsten, variable, or automatic white balance (for colour cameras);
the designation of the IR-blocking filter used (if any);

the designation of the supplementary lens used (if any).
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9.1 Tabular presentation

9.1.1 Focal plane (method A) and alternative focal plane (method B) OECFs

Present results in a table listing the camera type, the input log exposures, the exposure time and/or focal plane
illuminance, and the digital output levels. If the camera system is a multi-spectral system, the digital output levels
for all spectral bands shall be listed. See Table 1.

Table 1 — Example of an alternative focal plane OECF table for
an electronic still-picture camera

Mean output levels
log exposure
Red Green Blue
- 3,00 7,7 8,2 10,0
-2,70 10,6 11,9 1.8
-2,40 16,5 17,1 15,9
-2,10 25,6 23,0 21,2
-1,80 39,4 32,2 27,1
-1,50 63,5 55,2 49,4
-1,20 97,7 85,7 78,8
-0,90 1491 133,4 122,1
- 0,60 205,8 191,4 180,7
-0,30 245,4 233,0 225,0
Colourcapture (single-chip RGB colour filter array camera).
Time-scale exposure series, focal plane illuminance 3,98 Ix.
Daylight illumination, daylight white balance.
Tiffen heat mirror IR-blocking filter.
log exposure = log1g(H/Hp), where Hp = 1 Ix - s.
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9.1.2 Camera OECF

Present results in a table listing the camera type, the input log luminances of all the test-chart patches and the
corresponding digital output levels. If the camera system is a multi-spectral system, the digital output levels for all
spectral bands shall be listed. The exposure time, camera lens focal length and effective f-number shall also be

provided. See Table 2.

Table 2 — Example of a camera OECF table for an electronic

still-picture camera

log luminance

Red Green Blue
-0,22 13,9 14,7 14,2
0,12 19,2 18,8 17,1
0,39 25,1 22,8 20,2
0,61 32,8 28,3 24,9
0,81 43,5 36,8 32,4
0,97 55,1 46,5 41,3
1,12 68,7 58,5 52,4
1,25 82,7 71,3 64,2
1,37 990 86,3 78,3
1,48 115,6 102,1 93,2
1,59 133,8 119,6 109,8
168 149,6 135,0 1245

Colour capture (single-chip RGB colour filter array camera).

Exposure time 1/30 s, 50 mm, lens set at f/2,8.

Log luminance values calculated from chart density
measurements.

Daylight illumination daylight white balance

10

Tiffen heat mirror IR-blocking filter.

log luminance = log;o(L/Lo), where L = 1 cd/m2.
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9.2 Graphical presentation

9.2.1 Focal plane (method A) and alternative focal plane (method B) OECFs

Present results in a plot of the digital output level, or log, of the digital output level, vs. the input log exposure. If the

camera system is a multi-spectral system, the digital output levels for all spectral bands shall be plotted. The
exposure time shall be provided for intensity scale functions, and the focal plane illuminance shall be provided for
time scale functions. See Figure 1.

evel

LoV

200

;
DTgrratouput

o

150

100

50

Input log expodure

Monochronpe capture, time scale exposure series, focal plane illuminance (tungsten) 0,286 Ix,
Wratten 301 IR-blocking filter, log exposure.=:log,q(H/Hg), where Hp =1 Ix - s.

Figure 1 — Samplefocal plane OECF curve for an electronic still-picture camera
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9.2.2 Camera OECF

Present results in a plot of the digital output level, or log, of the digital output level, vs. the input log luminances of

all the test-chart patches. If the camera system is a multi-spectral system, the digital output levels for all spectral
bands shall be plotted. The exposure time and camera lens effective f-number shall also be provided. See Figure 2.

~J

[=a)
ul

[e)}

(og, of digifalj output level

Ul
Ul

4,5

Lol vttt rrdspr e bt b |
0 0,25 0,5 0,75 1 1,25 15

Input log luminance

The dotted cufve is the red channel, the solid curve is the green channel, and the dashed curve is the blue channel.
Colour capturg (single-chip RGB colour filter array camera), exposure time 1/30 s, 50 mm lens set at f/2,8.

Daylight illumipation, daylight white balance.

Tiffen heat milrror IR-blocking filter.

log luminance|= logqg(L/Lg), where Ly = 1 cd/m2.

Figure 2 — Sample camera OECF curves for an electronic still-picture camera
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Annex A
(normative)

ISO camera OECF test chart

A.1 Introduction

ISO camela OECF test charts shall consist of a diffuse emissive surface (reflective or transmissive).w
(grey scalg) patches stepped in visual density increments which are equal with respect to thexeub
luminance] (+ 0,05 density units or = 12 %). The visual density of the chart background shall be set as f

D,-D
Dy=0,74 (1—12) + Dy

where

O
o

ig the background visual density;

o
=

i the visual density of patch 1 (the darkest patch);
D1, i¢ the visual density of patch 12 (the lightest patch).

The visua| densities shall be determined according to 1SO©35-1, 5-2, 5-3, and 5-4 (transmission dens
measured| with 1SO standard diffuse transmission ge@metry). The spectral densities of all areas
measured|in 10 nm or smaller wavelength increments, shall be within 0,10 density units of the m
density befween the wavelengths of 420 nm and 680'nm. The grey-scale patches on the chart shall be
the side Igngth of each patch equal to the +/24:9-times the chart height (chart short dimension). The
be circulafly arranged about the camera optical axis. The circle passing through the centre of square
10 shall have a radius equal to one-third of the chart height. Framing marks may be provided on
camera agpect ratios ranging from 1:1-t0.16:9. A schematic diagram of an ISO camera OECF test cha
in Figure A.1.

Equal cube-root increments afe,specified for the camera OECF test chart because of perceptual ¢
and becalise, due to the effects of flare, equal cube-root increments in a scene tend to approal
exposure $teps at the focal plane. The other specifications are intended to result in the chart simulatin
scene-luminance distribUtion, so that the image formation effects included in the camera OE
representative of thosé obtained when photographing an average scene. Clause A.2 describes how
can be constructeg:

th 12 neutral
e root of the
pllows:

(A1)

ities shall be
of the chart,
ean spectral
square, with
batches shall
5 3,4, 9, and
the chart for
It is provided

bnsiderations
ch equal log
) an average
CFs will be
such charts
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I 1

2:3 34

I 1

34 2:3

ISO Camera OECF Test Chart

1:1 1:1

12 11

10

Schematic diagram

L L

A.2 Const

The first ste|

capabilities ¢f the material to be used for the chart (Dmin and Dmyax). From these values, the maxin

luminance ra
AV¥max =

The desired

After choosir

subtracting @
next higher v

Figure A.1 — Schematic diagram of ISO camera OECF test chart

ruction of ISO camera OECF test chart
p in constructing a camera OECF testchart is to determine the minimum and maximu

tio (AYmax) can be calculated usingthe following equation:

10(Dmax—Dmin)

uminance ratio (AY) is(then chosen as a value less than or equal to AYmax.

g AY, equal cube=root increments (Y;1/3) can be calculated for each of the 12 steps of th

ne from the €ubé root of AY and dividing by 11, and subtracting this value from the cube
alue.

13~ (AY)Y3 -1 |

1

) =11, .., 1, Y;p =AY

m density
hum chart

(A.2)

e chart by
Foot of the

(A.3)

The chart densities (D;) are then calculated from the Y;1/3 values as follows:

D; =logio

14

ﬁ + Dy, 1=12, .., 1
i

(A.4)
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Figure A.2 illustrates a low contrast (20:1) camera OECF test chart with the densities as specified in Table A.1. The
20:1 luminance ratio was chosen for this illustration because of the limited density range capability of the printed
output form. A digital file of this test chart is available for output on low noise, spectrally neutral printers. If this file is
used for the production of test charts, the digital levels shall be adjusted to produce the appropriate densities. If the
printer electro-optical conversion function is known, this can be accomplished using several commercially available
software packages.

Table A.1 — Y;1/3 and density values for four chart luminance ranges (Dmin =0,10)

Chart type: low contrast standard reflection 2 normal contrast high contrast
Lumipance ratio: 20:1 80:1 160:1 10007
step Y13 D Y13 D Y13 D Y13 D
1 1,00 1,40 1,00 2,00 1,00 2,30 1,00 3,10
2 1,16 1,21 1,30 1,66 1,40 1,86 1,82 2,32
3 1,31 1,05 1,60 1,39 181 1,53 2,64 1,84
4 1,47 0,90 1,90 1,17 2,21 1,27 3,45 1,48
5 1,62 0,77 2,20 0;97 2,61 1,05 4,27 1,21
6 1,78 0,65 2,50 0,81 3,01 0,87 5,09 0,98
7 1,94 0,54 2,80 0,66 3,42 0,70 5,91 0,79
8 2,09 0,44 3,11 0,53 3,82 0,56 6,73 0,62
9 2,25 035 3,41 0,41 4,22 0,43 7,55 0,47
10 2,40 0,26 3,71 0,30 4,62 0,31 8,36 0,33
11 2,56 0,18 4,01 0,19 5,03 0,20 9,18 0,21
12 2,71 0,10 4,31 0,10 5,43 0,10 10,0 0,10
Background 0,54 0,74 0,84 1,11
a The average scene luminance ratio is 160:1, but few reflection materials are capable of producing this ratio. For
this reason, a luminance ratio of 80:1 is used as a standard value for reflection-type charts.

If test charts are produced by this method, the spectral reflectance/transmittance and noise characteristics of the
printer output shall be verified to assure that the chart produced is spectrally neutral, and that the noise level of the
printer is sufficiently low so that the patch luminances are effectively constant. Generally, if any printer noise is
visible on a chart, the printer used to produce the chart is not acceptable for this purpose. Printer noise
characteristics become even more important if noise measurements, such as are required for the determination of
ISO noise speed, are to be obtained from images of the chart. The noise characteristics of a particular chart may
be evaluated by comparing the noise present in images of the chart to the noise resulting from focal plane
exposures. If consistently more noise is present in the chart images, the source is most likely the chart.
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Test charts may also be produced using fine-grain silver halide materials exposed in a manner similar to that
described for the focal plane OECF exposures. Pieces of processed film and paper with the required densities are
produced in this fashion, and then cut to the appropriate shapes and pieced together to make either a chart, or a
master negative which can be used to produce many charts.

S
i

J
4\
NOTE THis chart is a halftone reproduction and should,@ be used for actual OECF measurements.

Figure A.2 — lllustration of a Io(v.}@ﬁrast (20:1) 1ISO camera OECF test chart
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