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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
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan

the technical committees are circulated to the member bodies for voting. [Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.

P

[«

rawn to the possibility that some of the elements of this document may be the subject of
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as prepared by Technical Committee ISO/TC 42, Photography.

edition cancels and replaces the first edition (ISO 12232:1998), which has been techn

d version incorporates the following corrections:

the normative reference ISO 7589 has been dated;

bol for the effective f~-number of the lens’has been made consistent in Equations (2), (3) and
5-references in the column headings have been corrected in Table 1;
.1 has been changed and notes and footnotes have been added for better clarity;

(B.1) has been corfected and the symbol for the vignetting factor changed;

nd paragraphyin/Annex D has been reworded and changed to a note to reflect its inten
ve nature;

nd sentence in Table D.1 has been slightly reworded and added at the end of the para
g Table D.1;

jards
s an

atent

ically

4);

tional

hjraph

has been changed to Note 1 to show its intentional informative nature;

comma i

n accordance with ISO 31-0;

in Table D.1, zeros have been added to values to improve their readability and the text below the values

a note has been added to both Figure A.1 and Table D.1 to notify the reader that the decimal sign is a

ISO 31-0 has been added to the Bibliography and the references have been renumbered accordingly.
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Introduction

The ISO speed rating, standard output sensitivity (SOS) and recommended exposure index (REIl) are
important attributes of digital still cameras (DSCs). Standardization assists users and manufacturers in

obtaining proper exposures and in determining the low light capability of DSCs.

The expo determined b X im
the Igvel and spectral distribution of the scene illumination, and the scene reflectance. When an
DSC|is obtained using an insufficient exposure, proper tone reproduction can generally-be) n
incregsing the electronic or digital gain, but the image will contain an unacceptable amount of
exposure is increased, the gain can be decreased, and, therefore, the image noise can normall
to an acceptable level. If the exposure is increased excessively, the resulting sighalin bright
image may exceed the maximum signal level capacity of the image sensor or camera signal pro
can ¢ause the image highlights to be clipped to form a uniformly bright area; or to bloom into
areag of the image. Therefore, it is important to guide the user in setting (proper exposures. A
rating is intended to serve as such a guide. The methods for assigningvan ISO speed ratin
harmlonize with current film-based photographic standards. In order to,bé easily understood by ph

the 14

ansmittance,
mage from a
aintained by
noise. As the

be reduced
areas of the
Cessing. This
surrounding
n ISO speed
g to a DSC
otographers,

O speed rating for a DSC should directly relate to the ISO spe€ed rating for photographic film cameras.

brture should

event confusion, a single value is designated as the ISO speed, with the ISO speed latitug

loweq limits indicating the speed range.

m ISO speed
hat preclude
image data

eed latitude.
e upper and

© 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=cb3aff7d12d97baef7a9c649dc37faa8



https://standardsiso.com/api/?name=cb3aff7d12d97baef7a9c649dc37faa8

INTERNATIONAL STANDARD I1ISO 12232:2006(E)

Photography — Digital still cameras — Determination of
exposure index, ISO speed ratings, standard output sensitivity,
and recommended exposure index

1 cope

This [International Standard specifies the method for assigning and reporting ISO speed ratings, ISO speed
latitugle ratings, standard output sensitivity values, and recommended exposure index values, for digital still
camgras. This International Standard is applicable to both monochrome and colour.digital still cameras.

2 ormative references

The following referenced documents are indispensable for the)‘application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
docupent (including any amendments) applies.

ISO %54, Standard atmospheres for conditioning and/ortésting — Specifications

ISO 7589:2002, Photography — llluminants for sensitometry — Specifications for daylight, [ncandescent
tungsgten and printer

ISO 14524, Photography — Electronic still-picture cameras — Methods for measuring opto-electronic
conversion functions (OECFs)

IEC §1966-2-1, Multimedia systems_and equipment — Colour measurement and management— Part 2-1:
Cololir management — Default RGB' colour space — sRGB

ITU-R BT.709, Parameter values for the HDTV standards for production and international programme
exchange

3 Terms and'definitions

For the purpeses of this document, the following terms and definitions apply.
31
digital-still-eamera
DSC

device which incorporates an image sensor and which produces a digital signal representing a still picture

NOTE A digital still camera is typically a portable, hand-held device. The digital signal is usually recorded on a
removable memory, such as a solid-state memory card or magnetic disk.

3.2

exposure index

El

numerical value that is inversely proportional to the exposure provided to an image sensor to obtain an image

NOTE Images obtained from a DSC using a range of exposure index values will normally provide a range of image
quality levels.

© I1SO 2006 — All rights reserved 1
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exposure series
series of images of the same subject taken using different exposure index values

3.4

image sensor
electronic device that converts incident electromagnetic radiation into an electronic signal

EXAMPLE

3.5
ISO speed

numerical va

camera outp
NOTE
images.

3.6
ISO speed |
set of two n

NOTE

3.7
photosite in
total time pe

to form an im

3.8
recommend
REI

specific exp(

accessories,

NOTE

3.9

signal procgssing

operations p

3.10
standard ou
SOS

TH
scenes. Howg

!

specified carf

TH
acceptable image quality for normal scenes.

R
lighting, etc., H

A charge coupled device (CCD) array.

lue calculated from the exposure provided at the focal plane of a DSC to produce spe
it signal characteristics using the methods described in this International Standard

e I1SO speed is usually the highest exposure index value that still provides peak image-quality for n
ver, a DSC does not necessarily use the 1SO speed value as the exposure index value’ when cap

titude
merical values calculated from the exposure provided at the focalhplane of a DSC to prg
hera output signal characteristics using the methods described,in¢his International Standard

e ISO speed latitude is expected to correlate with the range of exposure index values that p

tegration time
iod during which the photosites of an image sénsor are able to integrate the light from the 3
age

led exposure index

sure index value recommended by a DSC provider as a reference for adjusting photogr
as defined in this International*Standard

El provides a practical exposure index value for setting the reference exposure index of light meters,
ut images taken using-this exposure index value do not necessarily provide the best image quality.

brformed by electronic circuits or algorithms that convert or modify the output of an image se

cified

ormal
turing

duce

rovide

cene

aphic

studio

nsor

|tput sensitivity

specific exposure index value for a DSC that provides a still image with a specified digital output signal value

under specifi

NOTE
images taken

ed test conditions, as defined in this International Standard

using this exposure index value do not necessarily provide the best image quality.

SOS provides a practical exposure index value based on the signal level of images captured with a DSC, but
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4 Exposure index values

4.1 General

An exposure index (El) is a numerical value that is inversely proportional to the exposure provided to an
image sensor to obtain an image. Images obtained from a DSC using a range of El values will normally
provide a range of image quality levels. The ISO speed of a DSC is equal to a particular exposure index value
calculated from the exposure provided at the focal plane of the DSC to produce specified camera output
signal characteristics, using the methods described in this International Standard. The equations used in this
International Standard have been chosen to create a link between electronic and conventional silver-halide-
based photographic systems. Using a particular ISO speed value as the exposure index on a DSC should

resulf in the same camera exposure settings, and resulting focal plane exposures, as would be-0
the spme exposure index on a film camera or other photographic exposure meter.

Whele possible, the exposure index values corresponding to the arithmetic mean focal)plane ex
to capture an image should be reported in the image file header as the exposure index.

Focal plane measurement

SC exposure meters, where the arithmetic mean focal plane exposure is measured within
centre of the image with a diameter of 75/100 times the shorter dimension of the ima
exposgure index values, /g, should be computed using Equation (1),as\described in ISO 2721.

£ = 10/H,
wherg H, is the arithmetic mean focal plane exposure, expressed in lux-seconds (Ix-s).

NOTH 1 The value of 10 as the constant in Equation (1)is consistent with ISO 2721 and ISO 5763. Thes

btained using

posure used

a circle lying
ge field, the

(1)

e International

Standards assume that the exposure is an arithmetic mean value, as is normally provided by a camera ligiht meter. If the

geomktric mean exposure was used in place of the(arithmetic mean exposure, a lower value for this con

imation to the geometric mean is also) obtained by taking the antilog of the average measured fil
ntional photographic systems, provided that the film H&D curve has a straight line characteristig
ure range. Note also that the brightness response of the human visual system to the luminances
is approximately logarithmic,

2 The arithmetic mean focal plane exposure for statistically average scenes is often assumed
imately 18 % of the ‘focal plane exposure, which would be obtained from a perfectly diffuse 100

4.3 | Scenefuminance measurement

For DSC exposure meters where the arithmetic mean scene luminance is measured, the expe

tant would be
raged, while a
re values. An
M densities in
over the film
bf objects in a

0 be equal to
% reflectance
P/10 times the
.

cted value of

the afithmetic mean focal plane exposure, H,, required in Equation (1) can be computed using

Equation (2).

The derivation of Equation (2) is given in Annex B.

_ 651t
10042

a

where
Aefs 18 the effective f~-number of the lens;

L_ is the arithmetic mean luminance, expressed in candelas per square metre;

a

t is the photosite integration time, expressed in seconds.

© I1SO 2006 — All rights reserved
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NOTE

The laboratory measurement of L can be simplified by using a full frame uniformly illuminated diffuse reflecting

test card, so that the arithmetic mean luminance can be measured by simply measuring the luminance at the centre of the

image.

The effective

Jf-number, 4, of the lens for the focused image shall be calculated using Equation (3):

Aer=(1+ 1R) fy (3)
where
R s the ratio of the height of the camera field of view at the focus distance to the height of the image at
the focatptane;
fs is the f-number of the lens.

If the camerg

Therefore, fag
is measured
Equation (2)

is focused at infinity, the effective f-number is equal to the f~-number of the lens:

r electronic still (or other) camera exposure meters where the arithmetic. mean scene lumir
, exposure index values should be computed using Equation (4)-'derived by substi
into Equation (1).

ance
uting

154 A2
Igr=— (4)
1PL,¢
5 Test conditions
5.1 General
The following measurement conditions should be uséd as nominal conditions when determining the| ISO

speed rating
operating co

5.2 Hlumi

The reported

the proced
acceptable

5.2.1

For daylight

nditions, the actual operating conditions’shall be listed along with the reported values.

hation

values shall indicate whether the daylight or tungsten illuminant was used. ISO 7589 desc

lﬂeS for determining if the illumination used in a specific speed rating determination test

atch to the daylightiand tungsten sensitometric illuminants.

Daylight illumination

easurements without the camera lens, the ISO sensitometric daylight illuminant given in T3

5, SOS, and REI values of a DSC. If itiis not possible or appropriate to achieve these noinal

ribes
s an

ble 1

on of
mera
, , used
for the measurement shouId be equwalent to the dayllght ISO standard source prowded in the second column
of Table 1 of ISO 7589:2002. In order to apply the ISO SDI (spectral distribution index) criterion, the spectral
radiance of the light shall be measured and then multiplied by the relative spectral transmittance of the ISO
standard lens, which is also described in ISO 7589, prior to multiplying by the weighted spectral sensitivities.

of ISO 7589 002 Shall be used This illuminant is defined as the product of the spectral power distribut

5.2.2 Tungsten illumination

For tungsten measurements without the camera lens, the ISO sensitometric studio tungsten illuminant given
in Table 2 of ISO 7589:2002 shall be used. This illuminant is defined as the product of the average spectral
power distribution of experimentally measured sources having a colour temperature of approximately 3 050 K
and the spectral transmittance of the International Standard camera lens. For measurements with the camera
lens in place, the spectral radiance characteristics of the light used for the measurement should be equivalent

© I1SO 2006 — All rights reserved
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to the tungsten ISO standard source provided in the second column of Table 2 of ISO 7589:2002. In order to
apply the ISO SDI (spectral distribution index) criterion, the spectral radiance of the light shall be measured
and then multiplied by the relative spectral transmittance of the ISO standard lens, which is also described in
ISO 7589, prior to multiplying by the weighted spectral sensitivities.

5.3 Temperature and relative humidity

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

5.4 White balance

For a colour camera, the camera white balance should be adjusted, if possible, to provide proper white
balarce (equal RGB signal levels) for the illumination light source, as specified in ISO 14524.

5.5 |Infrared (IR) blocking filter

If required, an infrared (IR) blocking filter shall be used as specified in ISO 14524.

5.6 | Photosite integration time

The photosite integration time should not be longer than 1/30 s.

5.7 | Compression

If the] DSC includes any form of lossy compression, the compression shall be disabled, if possible, during the
determination of o(DH) or o(DL) in Clause 6. If jit[ds‘not possible to disable the camera compression, the
noisg-based values cannot be properly determinedy'and shall not be reported.

5.8 | Other DSC user settings

All ofther camera controls (e.g. sharpness, contrast) shall be set to the factory default settingg. Additional,
optiopal, measurements can also_be made using camera control settings that are not the fafptory default
settings, for example with the (DSC set to monochrome mode. However, the reporting of spch optional
meagurements shall be donelin a manner that does not cause confusion with the primary measurements
made using the factory default settings.

6 Determination of ISO speed

6.1 | General

With pppropriate electrical or digital gain, a DSC can provide an appropriate output signal level for a range of
Sensor-expostre tevets—Themaximum exposure tevetHs—the exposure tevet-where typiucﬂ p;bt re hlgh'lghtS
will be clipped as a result of saturating the image sensor signal capacity or reaching the camera signal
processing maximum signal level. The minimum exposure level depends on the amount of noise that can be
tolerated in the image. These situations lead to two different types of speed values, saturation signal-based
values and noise-based values. The ISO speed is preferably determined using a noise-based method. The
saturation-based value is preferably used to indicate the camera's overexposure speed latitude. A second
noise-based value is preferably used to indicate the camera's underexposure speed latitude. For some types
of DSCs, such as those employing lossy compression methods, it is not possible to correctly determine the
noise-based ISO speed. In such cases, the ISO speed of the camera is determined using the saturation-
based measurement, and the ISO speed latitude values are not reported. In other cases, the noise-based ISO
speed may be lower than the saturation-based speed, in which case the saturation based-speed is reported.

© I1SO 2006 — All rights reserved 5
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6.2 Saturation-based speed

In photographic applications where the scene illumination level can be controlled, for example in studio
photography, the photographer normally prefers to use a camera exposure index which provides the best
possible image quality. In this situation, a saturation signal-based rating is appropriate. This rating allows the
user to set the camera exposure so that typical image highlights are just below the maximum possible

(saturation) camera signal value.

6.2.1

Focal plane measurement

The saturation based speed, Ssat, of an electronic still picture camera is defined as:

S.

sat —

78

where H; is
valid (not clig

NOTE Eq
signal level th
reflectance ob)
the scene wol

/Hsat

the minimum focal plane exposure, expressed in lux-seconds (Ix-s), that produce$ the maxi
ped or bloomed) camera output signal.

uation (5) provides 1/2 “stop" of headroom (41 % additional headroom) for specular highlights abo
bt would be obtained from a theoretical 100 % reflectance object in the scene,-so”that a theoretical

ect in the scene would produce a focal plane exposure of Hg,;. Therefore,@n\18 % reflectance test ¢
Id produce a focal plane exposure of 128/1 000 Hg. Thus, the multiplicative constant 78 in Equatiory

equal to 10 tinpes 1 000/128, where the value 10 is the constant from Equation (1).

6.2.2 Scen

If the focal
luminance us

6.3 Noise

In many pho
possible, in

e luminance measurement

lane exposure of the DSC cannot be measured direetly, it shall be computed from the §
ing Equation (2).

-based speed

ographic applications, it is desirable to use the highest exposure index (i.e. the lowest expg
order to maximize the depth of Afield, minimize the exposure time, and offer the max

acceptable Iatitude for exposure of image highlights. An exposure index that provides an appropriatel

noise image
to subjective
noise-based

(Shoisetg) tha
noise-based

6.3.1 Foca
The two noi
exposure req
linearized ou

for a typical DSC is called a ‘noise-based speed”. The value is based on an objective corre

speeds are determined,(one (Spoiseqo) that provides the “first excellent” image and a sg
t provides the “first acceptable” image. The recommended procedure for determining
speeds is given in Anrnex A.

| plane method

se-based speeds of a DSC, Spoisesqg @and Snoise1g, Shall be determined from the focal
uired-10. produce specific image incremental signal-to-noise (S/N) ratio values, measured
tput'signals from the DSC, using the following equations (see Note 1):

©®)

mum

e the
41 %
ard in
5)is

—

cene

sure)
mum
y low
ation

judgements of the acceptability of various noise levels in exposure series images. Two different

cond
hese

blane
using

Snoiseao = 10/Hginyg

Snoiseto = 10/Hginyq

(6)
7)

where Hgy,, is the exposure that provides DSC output signals which, when linearized, satisfy the equation:

D =40 o(D), (8)
and Hgyy,, is the exposure that provides DSC output signals which, when linearized, satisfy the equation:
D =10 o(D), 9)
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where
H is the input photometric exposure, in lux-seconds, needed to produce the linearized luminance
signal level D;
o(D) is the standard deviation of the linearized monochrome output level values at the linearized signal

level D (for monochrome cameras) or standard deviation of the linearized, weighted colour DSC
output values (for colour cameras, as provided in 6.2.3), taken from a 64 by 64 pixel area (see

Note 2).
The DSC output signals shall be linearized in accordance with ISO 14524 and the linearized values shall be
filtergdusimygthefitter providedimAnmex Dprior to determiming o (D7J-
NOTH 1 The constants used in the numerator of Equations (6) and (7) place the specified signalkto-npise ratio at a
middle grey image tone, or approximately an 18 % reflectance value for a standard 160:1 contrast.ratio scene.
NOTH 2  If there is not a significant effect on the resulting S/N, a smaller or larger area is allowable.
NOTB 3  The S/N values of 40 for the “first excellent” image and 10 for the “first aCceptable” image wdre determined

using
to-noi

subjective experiments performed during the development of this International-Standard. These incrg
5e ratios were judged to provide “excellent” and “acceptable” quality prints, of-typical pictorial image

mental signal-
5 using a high

quality printer at approximately 70 sensor pixels/cm on the print (just small, enough to be visually imperg¢eptible) using
normal tone reproduction. Note that 70 pixels/cm at a standard viewing distance of 25 cm corresponds tq 30 pixels per
degree of visual subtense. For prints made using significantly higher sensor, pixels per centimetre values, lower S/N values
may still yield acceptably low noise prints, while for prints made using<significantly lower sensor pixels per centimetre
value$, higher S/N values may be required to provide acceptably low noise prints. In these cases, the| S/N value for
“excellent” quality prints is approximately equal to (70/P) times the.S/N values listed, where P is the actual number of
sensqr pixels per centimetre on the print.

If a PSC is too noisy to meet the Hgy,, criterion, the saturation based value shall be reporteq as the ISO
speefl of the DSC.

6.3.2| Scene luminance method

If thg focal plane exposure of the DSC-Cannot be measured directly, it shall be computed from the scene
lumirfance using Equation (2).

6.3.3| Colour cameras

The hoise of the luminanee and colour difference signals shall be determined from CRT digplay output-

referfed RGB colour,signals based on the ITU-R BT.709 RGB primaries and white point, such as the sRGB

and 9

For g
outpy
ITU-H
acco

YCC signalsdefined in IEC 61966-2-1, which are used as output signals in many DSCs.

olour cameras using a single exposure process, o(D) shall be determined using the lin

R BT2709 primaries and white point, these signals shall be converted to linearized RG

arized DSC

t signals. If the DSC provides CRT display output-referred RGB colour signals bgsed on the

signals in

dance with 1SO 14524. If the DSC encodes these RGB signals as Y, Cr, Cb output signald, the signals

shall be decoded to provide RGB output signals using the inverse of the matrix used to encode the signals.
The decoded RGB output signals shall then be converted to linearized RGB signals in accordance with
ISO 14524.

If the DSC colour output signals are not CRT display output-referred RGB colour signals based on the
ITU-R BT.709 primaries and white point, they shall be converted to the required signals, using an appropriate
colour space conversion and rendering process if necessary, prior to performing the noise analysis.
The linearized luminance signal shall be formed from the linearized RGB signals using the equation:

Y= (2 125/10 000 R) + (7 154/10 000 G) + (721/10 000 B) (10)
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The standard deviation of the camera noise, o(D) shall be computed using the following equation:
o(D) = { o(¥)? + [279/1 000 o(R-Y)2] + [88/1 000 o(B-Y)2]}!/2 (11)
6.3.4 Quantization effects

If the DSC has quantization steps which are similar in magnitude to, or larger than, the measured standard
deviation, quantization effects may result in the measured standard deviation being incorrect. This type of
error may be corrected to some extent by repeated measurements on different image files, but if the actual
standard deviation is small, even repeated measurements may result in the value determined being too low.
To compensate for this effect, the value of o(H) or o(L) used in Equations (10) and (11) shall be not less than
1/2.

NOTE THe value of 1/2 is greater than the standard deviation of noise from uniform quantization, which-equgls the
square-root of|1/12. The value of 1/2 has been chosen because if the measured standard deviation is below this valye, the
measured valyes are significantly influenced by quantization effects and are no longer meaningful.

6.4 Methqd of reporting

The ISO spegd of a DSC shall be denoted “ISO xxx D” (or alternatively “ISO xxx%) fer'daylight illuminatiop and
“ISO xxx T” fpr tungsten illumination. If Speiseqq iS higher than Sg,,, the reported nimber “xxx” shall be the palue
from the thirgl column of Table 1 from the same row as the Spgises, Value (inthe second column of Taple 1)
determined in 6.2. The ISO speed latitude shall be denoted “ISO Speed katitude yyy - zzz D” (or alterngtively
“ISO Speed Latitude yyy — zzz:”) for daylight illumination and “ISO Speed Latitude yyy - zzz T” for tunpgsten
illumination. The reported number “yyy” shall be the value from the thitd 'column of Table 1 from the samp row
as the Sy, vilue (in the first column of Table 1) determined in 6, The reported number “zzz” shall be the
value from the third column of Table 1 from the same row as theSyyiseqq Value determined in 6.2.

If Shoisesq iS ower than c, or if Speiseqo CaNNot be determined-because the noise level of the camera doeg not
allow for a S[N = 40 value, the ISO speed of the camera shall be denoted “ISO yyy D” (or alternatively[ISO
xxx”) for dayjight illumination and “ISO yyy T” for tungsten illumination, where “yyy” is the speed rating|from
Table 1 corrgsponding to the ISO sat value determined in 6.1. The reported number “yyy” shall be the yalue
from the thifd column of Table 1 from the same row as the Sg, value (in the first column of Talple 1)
determined ip 6.1. The ISO speed latitude shall"be denoted as described in the preceding paragraph, upless
the Shoiseqo Value is lower than the Sy value, or the noise level of the camera does not allow for a S/N= 10
value, in whi¢gh case an ISO speed latitude shall not be reported.

Some DSCs| form a colour imagelusing a monochrome image sensor and a colour filter wheel to provide
colour sequgntial image records._These cameras may use different photosite integration times, or different
lens aperturgs, for the different’ colour sequential exposures. For such cameras, the ISO speed and| ISO
speed latitude of each coleurshould be measured and reported separately for each colour.

The ISO spged ratings reported in image file headers shall conform to the reporting requirements ouflined
above. Sincq the user controls on DSC adjust the exposure index used to capture each image, as defingd in
Clause 4, rather‘than the ISO speed of the DSC, the user controls should be labelled as “exposure indgx” or
“exposure sgltting” controls, rather than as “ISO speed” controls.

7 Determination of standard output sensitivity (SOS)

The “standard output sensitivity” (SOS) is the exposure index value (Iggg) for a DSC that provides a still
image with a specified digital output signal value under specified test conditions. Unique SOS values can only
be determined for DSC operational modes where the electronic or digital gain is fixed, and therefore the DSC
SOS shall be reported as “variable” for DSC operational modes where the electronic or digital gain is variable.
However, in this case, the Iggg corresponding to the gain or digital processing used to create a particular
image file may be reported in the file header, and the range of I55g values a particular DSC can produce may
be reported.
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Method for calculating SOS

The SOS (I5ng) shall be computed using the following equation:

Isos = 10/Hgps

(12)

where Hgng is the exposure required to produce the specified standard level digital signal output equal to

wher

a )
v

(13)

evel shall be

118.

The

provi
be 2
trans

If the)
shall

7.2

The

Outp
illumi
tungs

MAX 1S

est conditions shall be as specified in Clause 5. Recommendations for determining /g
jed in Annex C. If a camera OECF chart is used to determine SOS values, thefillumination
000 Ix at the chart surface for reflection test charts, and 637 cd/m? for the most transpare
barency charts.

DSC includes a user controlled sensitivity setting, it shall be set toone or more specific
be reported along with the measurement results.

Method of reporting

alue calculated using Equation (12) shall be rounded off)using Table 1, and reported as t
it Sensitivity (Igpg). A “D” or descriptive term suchgas “Daylight” can be used to desig
hation, but is not required. A “T” or descriptive term such as “Tungsten” shall be used
ten illumination. An example of acceptable reporting is as follows:

SO sss (SOS/Daylight)

It is

ossible that the I55g value changes as_a function of the f-number of the lens, for examp

strucfure of a microlens overlay on the imiagée sensor. In such cases, the f-number used for the 1
shall [oe reported along with the /gog value.

8

pecification of recommended exposure index (REI)

The PSC recommended exposure index (Igg) is a numerical value that is recommended by the I
as a [reference. The Ig) can be used to provide appropriate settings for photographic accesso
exposure meters and.strobe lights.

5 values are
level should
nt portions of

evels, which

ne “Standard
nate daylight
to designate

e due to the
heasurement

DSC provider
Fies, such as

When the DSC includes a manual exposure mode, or includes an exposure mode using a simple automatic
expogure fumction, then the Iz, value is useful. However, when the DSC includes only a
autorpati€ eéxposure function, which adjusts the exposure level based on the subject pattern or
luminance range in the scene, the Ixg value in not useful and should not be reported.

sophisticated
the absolute

8.1

Method for calculating recommended exposure index

The DSC recommended exposure index shall be computed using the following equation:

(14)

where H,, is the arithmetic mean focal plane exposure, expressed in lux-seconds, recommended by the DSC
provider.

If the recommended exposure index varies as a function of camera mode settings or environmental conditions,
these factors shall be reported. Unless otherwise indicated, the default camera mode settings and the
environmental settings provided in Clause 5 shall be used.
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The H,, should be reported for both daylight and tungsten illumination.

8.2 Method of reporting

The value calculated using Equation (14) shall be rounded off using Table 1, and reported as the
‘recommended exposure index” (Igg|). A “D” or descriptive term such as “Daylight” can be used to designate
daylight illumination, but is not required. A “T” or descriptive term such as “Tungsten” shall be used to
designate tungsten illumination. An example of acceptable reporting is as follows:

ISO rrr (REI/Daylight)

Table 1 — ISO speed, ISO speed latitude, SOS and REI reported values
Sqqt (from 6.2) Shoise (from 6.3) lgos and Igg Reported value
8 < Ssat < 10 10 < Spoise < 12 8,909 < x < 11,22 10
10 < Seat < 12 12 < Spoise < 16 11,22 <x< 14,14 12
12 < Seat < 16 16 < Spoise < 20 14,14 < x < 17,82 16
16 < Ssat < 20 20 < Spoise <25 17,82 <x< 22,45 20
20 < Sgat < 25 25 < Spoise < 32 22,45 <x < 28,28 25
25 < St < 32 32 < Spoise < 40 28,28 < x < 3564 32
32 < St < 40 40 < Spoise < 50 35,64 < x <44,90 40
40 < St < 50 50 < Spoise < 64 44,90 <%°<'56,57 50
50 < Seat < 64 64 < Spoise < 80 56,67.< x < 71,27 64
64 < Sgat < 80 80 < Spoise < 100 71,27 < x < 89,09 80
80 < Ssat < 100 100 < Spoise < 125 89,09 <x<112,2 100
100 < Sgat < 125 125 < Spoise < 160 112,2 <x <1414 125
125 < Sgat < 160 160 < Spoise <200 141,4 <x <1782 160
160 < Sgat < 200 200 < Spoice.< 250 178,2 <x <2245 200
200 < Sgat < 250 250 < Shoise < 320 2245 < x < 282,8 250
250 < St < 320 3209 S,oise < 400 282,8 < x < 356,4 320
320 < St < 400 400 < Spoise < 500 356,4 < x < 449,0 400
400 < Sgat < 500 500 < Spoise < 640 4490 < x < 565,7 500
500 < Ssat < 640 640 < Spoise < 800 565,7 <x <7127 640
640 < St <800 800 < Spoise < 1 000 712,7 <x <890,9 800
B0O < Ssz1'< 1 000 1000 < Spoise < 1 250 890,9 <x <1122 1000
1000, &Seyt < 1 250 1 250 < Spoise < 1 600 1122 <x<1414 1250
1250 < Sgut < 1 600 1600 < Spise < 2 000 1414 <x <1782 1600
1600 < Sgat < 2 000 2 000 < Spoise < 2 500 1782 <x<2245 2000
2 000 < Sggt < 2 500 2 500 < Spoise < 3 200 2245 <x <2828 2 500
2 500 < St < 3 200 3200 < Spoise < 4 000 2828 <x <3564 3200
3200 < Syt < 4 000 4 000 < Spoise < 5 000 3564 <x <4490 4000
4000 < Sgat < 5 000 5000 < Syoise < 6 400 4490 < x <5657 5000
5 000 < Sggt < 6 400 6 400 < S,oise < 8 000 5657 <x <7127 6 400
6 400 < St < 8 000 8 000 < Spoise < 10 000 7127 <x <8909 8000

10 © 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=cb3aff7d12d97baef7a9c649dc37faa8

ISO 12232:2006(E)

Annex A
(informative)

Recommended procedure for determining the noise-based ISO speed

The value of H in Equation (6) or (7) may be determined by plotting the incremental S/N as a f

unction of H,

and estimating the value that produces an incremental S/N value equal to 40 for Sppisesq @nd 10 for Spoiseqo-

A preferred procedure for making this determination for colour DSCs is as follows.

a) (btain DSC output RGB values either directly, or by converting the camera’s Y, Cb Cr signals to RGB

gignals using the inverse of the RGB to Y, Cb, Cr encoding equations.

b) Determine the system OECF in accordance with 1ISO 14524. Focal plane OECF values gre preferred,

Convert the DSC RGB output signals into linearized RGB signals.

although alternative focal plane values may be used for cameras with fixed'‘lenses, and camera OECF
alues may be used for cameras with fixed lenses and non-overrideable automatic expdsure control.

c) Qalculate linearized Y, R-Y, and B-Y image data using Equation (10). It is usually necessary to add an

around zero. Wrapped values will produce incorrectly low standard deviation values.

offset in calculating the R-Y, and B-Y difference channels to prevent the difference values from wrapping

d) Determine the standard deviation of the pixel values inJeach 64 by 64 area selected for the OECF

measurement, using Equation (11).

e) (alculate the signal-to-noise values as a function of the exposure H. Determine the valyes of H that

gpeeds. Use Table 1 to determine the reported value.

produce signal-to-noise values of 10 and 40. Us€’ Equations (6) and (7) to determine the ISO| noise-based

Figure A.1 shows an example plot of the weighted colour signal-to-noise ratio (CSNR) versus exposure (H), in

lux-sgconds. The CSNR =40 intercept’is*(68/1 000) Ix-s, corresponding to an ISO speed repo
125. [The CSNR = 10 intercept is (8/1 000) Ix-s, corresponding to an ISO speed latitude upper
valug of 1 250.

rted value of
imit reported

© I1SO 2006 — All rights reserved
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140 —
120 —

100 —

60 —

40

0 -
0,001 0,01 0,1 1 X

Key

X exposure H, lux-seconds
Y signal-to-noise ratio, CSNR

NOTE InJaccordance with ISO 31-0, the decimal sign is ascomma.

@ At CSNR F 40, H = (68/1 000) Ix-s, corresponding-te‘an 1SO speed reported value of 125.
b AtCSNRF 10, H = (8/1 000) Ix-s, corresponding'te an ISO speed latitude upper limit reported value of 1 250.

Figure A.1 — Example plot of incremental signal-to-noise ratio versus exposure
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Annex B
(informative)

Scene luminance and focal plane exposure

ISO 12232:2006(E)

This annex describes the mathematical basis of Equation (2) of this International Standard. The fundamental
relationship between the scene luminance and the focal plane exposure is expressed by Equation (B.1):

nTvcos? (H)Lth
1 = 5% +H
44°i

_ qLiF?
- A2i2

f +Hg

wher

W

q s equal to (n/4) Tf,cos*(0);

4 is the lens f-number;

F is the lens focal length, expressed in meters;

M s the focal plane exposure, expressed in general inJux:seconds;

H; is the focal plane flare exposure, expressed in luX=Seconds;

i1 is the image distance, expressed in meters;

1 is the scene luminance, expressed. in candelas per square meter;
T is the transmission factor of the'lens;

1 is the exposure time, expressed in seconds;

y  is the vignetting factor;

) is the angle of-image point off axis.

(B.1)

When the camerads-focused on infinity, H; < H, T = 9/10, 8= 10°, cos#46 = 94/100, and v = 98/1q0, ¢ is equal

to 65/100, and Equation (B.1) reduces to:

¢, \BSLyt
100 42

a

(B.2)

as given in Equation (2), where L, is the arithmetic mean luminance.
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