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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO

member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

When images are produced by a digital camera, the camera captures not only the light from the scene
but also stray, unwanted light (flare) that can reduce contrast in the image. Generally, the processing
applied to the image will compensate for normal amounts of flare light, resulting in improved image
quality. However, flare light can be quite variable, and image processing algorithms are not always
successful at removing it. Poor or excessive flare removal processing can reduce the quality of the final
image. For example, subtraction of the average flare across the image could result in over-subtraction
of the flare in dark areas, resulting in loss of shadow detail. In evaluating digital cameras, it is therefore
useful to measure the signal from the flare light remaining in processed images. This remaining flare
signdliscalled “Tmage flare.

Image flare in digital cameras is caused not only by lenses but also by camera bodies atid imjage sensors,
and |s affected by image processing. Measurements of image flare include all contributing factors:
the ¢ptical system, camera body, image sensor, and image processing. ISO 9358 specifles methods
of mpasuring “veiling glare,” the flare from lens systems, but it is not intendéd to be applied for the
meagurement of image flare. This document specifies a method to measure image flare usimg the image
dataloutput by digital cameras.

from| image to image depending on all the factors mentioned above. While it is possible|to measure
image flare at different positions in different images, the variability of image flare makes it difficult to
compare such measurements out of context. This document provides a standard method fof measuring
image flare which can be useful for cross comparison.

A stgndard method is needed in part because of the nature of image‘flare. It can vary bottLlocally and
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Photography — Digital cameras — Image flare
measurement

1 Scope

This document specifies the definition of image flare for digital cameras, test patterns, measurement

condftioTs; amd methods,; SO a5 to edabie the CoOMmparisSomr of the Tesuits of TMeaSurenternnt. ]
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Normative references

Terms and definitions

methods of measurement are designed to enable the assessment of the performan
ras by using image data output by the digital cameras.

document does not specify the aim values or the allowable range of value for the imag

following documents are referred to in the text in such a wa§)that some or all of t
Fitutes requirements of this document. For dated referenees, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

1966-2-1, Multimedia systems and equipment —Colourymeasurement and management
ilt RGB colour space — sRGB

he purposes of this document, the following terms and definitions apply.
nd [EC maintain terminological databases for use in standardization at the following z

EC Electropedia: available athttp://www.electropedia.org/

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

e flare
inted increase in”signal in a processed image output by a digital camera resultin
‘ted by an image sensor that does not emanate from a corresponding subject point

1 to entrys I mage flare is measured for a camera system. The camera system includes lenses,
e senserrand image processing used for the measurement. The following four are common w
detéction: i) internal multiple reflections, scattering or diffraction of optics (including lens s

surfal

ces,Jor sensors), ii) light diffusion at lens barrel, body, or edge of lens, iii) leaking of light, and i

ce of digital

b flare.

heir content
applies. For
hts) applies.

— Part 2-1:

ddresses:

b from light

camera body,
ith regard to
hrfaces, filter
v) the optical

syste

m as measured by point spread function including spherical and chromatic aberrations. D

fferentiation

between these four might be difficult once an image is captured, but it is more appropriate to isolate the last one
with regard to the system resolution. Thus, care should be taken to minimize point spread function contribution
in the measurement of image flare. Image flare also includes the effects of image processing. Even if the same
camera is used to capture RAW image data, different image flare values might be measured if different image
processing algorithms are applied. This is an intended result because the measurement of image flare includes
all contributing factors of lenses, camera body, image sensor, and image processing.

Note 2 to entry: “Image flare” was defined in ISO 3664:2000 in another context, but it was deleted in
IS0 3664:20009.

Note 3 to entry: “Image flare” is defined in 1SO 12231:2012 but without any source standards. The definition is

the same statement as in ISO 3664:2000. ISO 3664:2000 was replaced by ISO 3664:2009 and this does not include
the definition of “image flare.”
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4 Measurement chart and method

4.1 Conditions of shooting

Each test chart shall be specified together with the lighting conditions such as illuminance, luminance,

and colour temperature of illumination.

4.1.1 Arrangement of measuring equipment

4.1.1.1 Reflection-type test chart

The arranggment of the measuring equipment for a reflection-type test chart shall be set up as s}llown
in Figure 1.|The light source(s) should be positioned to provide uniform illumination and produ¢e no

glare or spefular reflections from the target.

Matte black wall or black surround

Test chart

o
O%

A

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

Figure 1 — Arrangement of measuring equipment for reflection-type test chart

4.1.1.2 Transparent-typetest chart

T

Distance is
adjusted to
frame
the test chart

l

—

N
e

Digital
camera

The arranggment of thesmeasuring equipment for a transparent-type test chart shall be set up as shown

in Figure 2.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=57465fe70b4f69efd972e19d39f9d8e8

ISO 18844:2017(E)

Matte black wall or black surround

Lighting box

Test chart

4.1.2
Unle

a) 1
b) 1
c)

1
d) 4

atth

[un

Total non-uniformity of lighting and test chart shall be <5 %; (|Max-Ave|/Ave <0,05 an

:|lluminant shallbe 5 700 K+ 1 000 K.
Thei

Distance is adjusted
to frame the test chart

Digitalstill
camera

Figure 2 — Arrangement of measuring equipment for transparent-type test c

Conditions of shooting

bs otherwise stated, the conditions ofishooting are as follows.

Luminance of transparent:type lighting box should be 318 cd/m?2 to 637 cd/m?2.

\ve <0,05).

A\verage outdogr.daylight illuminant shall be used. The CCT (correlated colour temper

lluminafce should be measured using an illuminance meter (without cosine correction
e centreof the test chart, pointing the receptor in the direction of the digital camera to bj

lluminance of illumination of a reflection-type test chart should be 1 000 Ix to 2 000 1.

nart

1 |[Min-Ave|/
hture) of the
) positioned

e measured.

and should

ihation from the outside of the chart can increase the measured image flare value

therefore be avoided for this measurement.

When shooting, lower camera sensitivity setting should be used in order to avoid the effect of noise.

4.2

Charts

4.2.1 General

The size of the charts shall exceed the field of view of the camera lens by (41 * 2) %, in both the vertical
and horizontal directions.

Chart 1 has a white surface, and the field of view shall be specified by a black rectangle whose thickness
is one five-hundredth of the vertical length (shorter side) of the rectangle. The measurement areas shall
be specified by black areas drawn in the rectangle. Several black areas may be arranged diagonally, but

© ISO
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the total of the black areas shall be no larger than 5 % of the inner area of the rectangle. The total of the
black areas does not include the black rectangle itself. At least one measurement area at the centre of
the rectangle shall be used.

Chart 2 has a black surface, and the field of view shall be specified by a white rectangle whose thickness
is one five hundredth of the vertical length of the rectangle. White lines whose thicknesses are one
hundredth of the vertical length of the rectangle shall be drawn around the corresponding part of the
centre black area of the chart 1 with one hundredth of the vertical length from it. The total length of the
white lines shall be the same as the total of side lengths of the centre black area of chart 1.

The white part shall have 80 % or more reflectance ratio or 80 % or more transmittance ratio. The
contrast ratfeofehartsisdefinredin434—The-white partsof-thereflectance-type—charts—shoutd
reflectance (characteristics close to that of a Lambertian surface. The reflectance or transmittance of
the black parts of test chart 1 and 2 shall be equal. Specular reflections from the black partof chi
and the corresponding region in chart 2, which will be used to calculate Ygy, YB3, should be avoi
Thus, when [reflection-type charts are used, it is recommended to place light traps in thdsé regiong.

4.2.2 Chalrts for single spot measurement

When measuring image flare only at the centre part, window pattern charts specified in Figyre 3
should be uged.

>
H/10

a) Chart1 b) Chart2

Figure 3 — Window pattern charts

4.2.3 Chalrts for multiple spot measurement

Examples of charts-that conform to this document and that can be used for measuring image flqre at
multiple spqtsiare shown in Figure 4.

4 © IS0 2017 - All rights reserved
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0,10V
0,08V >r| <

4.3

4.3.1

Each
of vig

The measurement shall be carried out using thé-digital signals of the images output from t}

digit

1 0,02 1

1,61H

a) Chart1 b) Chart2

Figure 4 — Dot pattern charts

Measurement procedure

General

test chart shall be positioned so that the full horizental and vertical extents (H and V)
bw of the digital camera. The aspect ratio of the image shall be equal to H:V.

hl camera with which the test chart is sheot.

Whi

—

mantial or auto-white balance.

The focusing shall be in the manual or auto-focusing mode under the in-focus condition at t

the i

For

com
artif
with

If thq
Opti

NOTH

e balance should be adjusted to render the centre part of the image as neutral as po

age.

camera with a usef-selectable compression ratio (e.g. different JPEG compression|
ression ratio showld be set to the minimum ratio (largest file size) to minimize ¢
hcts. Alternatively)RAW format image data processed using RAW converter software
the RAW copverter output format using minimal or no compression.

b lens was\delivered with a bundled hood from a manufacturer, the bundled hood sl
nal measurements without the hood may be performed.

L~ “Lens hoods and filters on the lens will affect the measurement.

fill the field

e measured

ssible, using

he centre of

ratios), the
ompression
may be used

all be used.

NOTE 2  When measuring image flare, dust and dirt on the lens can greatly increase the measure

4.3.2 Calculation of luma and luminance

d value.

The output luma value (Y'\yma) shall be obtained from the camera eight-bit-per-channel RGB output
signals (R’, G, and B'), by using Formula (1).

Y luma = 0,299 0-R' + 0,587 0-G' + 0,114 0-B’

1)

The calculation from the camera output signals (R’, G', and B’) to a luminance signal (Y) is provided in
colour encoding specification. In the case of sSRGB output images, the conversion specified in IEC 61966-
2-1 shall be used.

© ISO
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4.3.3 Areas used for calculation of luma and luminance

When the luminance value of black part is calculated, pixels of the black part whose distances from the
edges are equal to or larger than D/70 shall be used. Where D is the diagonal distance across the

rectangular H-V frame [D= (HZ +V? )]. When the luminance value of the white part is calculated,

pixels that lie in the areas located above, below, to the left and to the right of the centre black area are
used. The shape and dimensions of the areas used for the white measurement are equivalent to the
shape and dimensions of the area used for the black measurement. The distances of the white
measurement areas from the edges of the centre black part are equal to D/70. When multiple black
areas are arranged, each black area shall be arranged so that its distance from the white calculation
areas is equpl to or larger than D/70. [llustrations of these areas are shown in Figures 5 and 6.

Key

1 D/70
2 white calculated area
3 black calfculated area

Figure 5

6 © IS0 2017 - All rights reserved
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Key
b/70

Yhite calculated area
Black calculated area

Figure 6

4.3.4 Measurement types

In this document, three measurement types A, B, and C are defined. These types are defined|considering
camgra functions and chart chafacteristics. In the following measurement types, A, B and (, the values
for R'w1, G'w1, B'w1 and R'gg, \¢’Bx, B'Bx, where x = 1,2,3, are obtained from the white and black areas
respectively described in 4.3.3.

Wheh the contrast ratio.of the charts is greater than or equal to 40:1 but less than 3 000:1, measurement
type|A or B shall be used. If a camera has manual exposure function, measurement type|A should be
used| If a camera‘de€s not have manual exposure function, measurement type B should be nised.

Wheh the contrast ratio of the charts is greater than or equal to 3 000:1, all the measurement types A,
B, or|C may-be used. It is also advised that measurement type A or C should be used for a [camera that

has thanual exposure function and measurement type B or C should be used for a camera that does not
havelmanual exposure function

When using type A or B, tone reproduction characteristics are required to be the same when shooting
chart 1 and 2.

The recommended measurement types are listed in Table 1.

© IS0 2017 - All rights reserved 7
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Table 1 — Recommended measurement types

The contrast ratio of chart is greater

than or equal to 40:1 but less than er than or equal to 3 000:1

The contrast ratio of chart is great-

manual exposure function

3000:1.
For a camera that has manual
exposure function Type A Type A, C
For a camera that does not have Type B Type B, C

a) Measurement type A (when this method is applied, the contrast ratio of the test chart shall be

greater

Step 1: An
f/number A
white partt

Step 2: An

f/number Af
R'2, G'B2, apd B'gy values shall be obtained from the image.

nan or equal to 4U1).

image of chart 1 shall be captured with exposure H; (luminance Lj or illuminatio
, exposure time T1, and ISO sensitivity S1) so as to make output luma level (¥'1¢ma) g
b be 225 + 5 (8-bit output). R'w1, G'w1, and B'w1 values shall be obtained fromy'the ima

image of chart 2 shall be captured with exposure Hy (luminance LyMoF illuminatio
, exposure time T, and ISO sensitivity S1) that is 8 times + 10 % of he exposure in st

Step 3: An [image of chart 1 shall be captured with exposure Hy (luminance Ly or illuminatio
f/number A}, exposure time T, and ISO sensitivity S1). R'g3, G'3, and,'B'g3 values shall be obt:
from the impge.
Step 4: Lunjinance signal Yg; shall be calculated from the R'gz €82, and B'g; values, luminance s
Yp3 shall be calculated from the R'g3, G'p3, and B'p3 values, andfuminance signal Yw1 shall be calcu
from the R'y1, G'w1, and B'w1 values.
Step 5: The [percentage of image flare shall be calculated-ising Formula (2):

g YB3 Ha—VYpy /Hy %100

Yw1 /Hq

When multiple-spot measurement is conducted, Yg3 and Yy at the corresponding position shall be

NOTE In|
measurable i
image flare i
have this levg

b) Measur
greater

Step 1: An
f/number A
white part {

measurement type A, the\exposure level is increased to 8 times at step 2 and 3. This n
[mage flare value less than-type B and C. For example, when Y'wj; = 225 and Y'g3 = 1, calcy
5 about 0,005 %. This value is small, but, when capturing very high dynamic scenes, it is use
1 of precision.

ement type B)(when this method is applied, the contrast ratio of the test chart shg
than or equalto 40:1).

image<of chart 1 shall be captured with exposure Hj (luminance L; or illuminatio
, expasure time T1, and ISO sensitivity S1) so as to make output luma level (Y'1yma) g

n Eq,
f the

oe.
n k>,
ep 1.

n ko,
1ined

ignal
lated

(2)

hsed.
hakes

lated
ful to

1l be

n Eq,
f the

o-be 225 + 25 (8-bit output) if the camera has control of exposure. R'w1, G'w1, and

B'w1

values and R'g1, G B1, and B g1 values shall be obtained from the Image.

Step 2: An image of chart 2 shall be captured with exposure Hp ((luminance L; or illumination Fj,
f/number A, exposure time T3, and ISO sensitivity Sz) under the same conditions as in step 1. If the
camera can fix the exposure level according to the chart 1, the exposure should be set as the same as
when capturing chart 1. If the camera can fix the f/number, the f/number shall be set to A1. R'2, G'B2,

and B'gy val

ues shall be obtained from the image.

Step 3: Luminance signal Yg1 shall be calculated from the R'g1, G'1, and B'p1 values, luminance signal
Yg2 shall be calculated from the R'g2, G'g2, and B'py values, and luminance signal Yyy1 shall be calculated
from the R'w1, G'w1, and B'w1 values,

© ISO 2017 - All rights reserved
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Step 4: The percentage of image flare shall be calculated using Formula (3):

poY1/H1-Ypy /H,y
Yy /Hy

When multiple-spot measurement is conducted, Yg1 and Yg; at the corresponding positions shall be used.

x100

(3

NOTE1 For a camera that does not have manual exposure function, the exposure H1 and Hj are controlled by
the camera. If the value of A7 is not the same as A1, this can introduce an error in Ygp, relative to the condition
when A1 is equal to Ay. This will decrease measurement precision.

NOT Yw1 becomes
d image flare
mage flare is

mall Y'w1.

0,16

art shall be
1 be greater

greater than or equal to 3000:1. Preferably the contrast ratio of the test-chart shoul
than or equal to 10000:1.)

Step|1: An image of chart 1 shall be captured with exposure H; (luminance L1 or illumination Ef,

f/number A1, exposure time Ty, and ISO sensitivity S1) so as to make output luma level (¥juma) of the
whitg part to be 225 + 25 (8-bit output) if the camera have control of exposure. R'w1, G'y1, and B'w1
valugs and R'p1, G'g1, and B’ values shall be obtained from the.jimage.
Step|2: Luminance signal Yp1 shall be calculated from the)R'g1, G'1, and B'p1 values, angl luminance
signgl Y1 shall be calculated from the R'w1, G'w1, and B'w1 values.
Step|3: The percentage of image flare shall be calculated using Formula (4):
Y,
F=—LLx100 (4)
W1
NOTE1 The measurement value obtainhed by measurement type C will suffer reflection at the¢ black areas
of th¢ chart 1. The contrast ratio 3 000 will result in an increase of 0,033 % of image flare value measured

by m
comp

NOTH
small
is 0,0
valug
avoid

5 1

easurement type C. For the cdmeras whose image processing changes with their captured
ensation for reflection in theblack parts of charts 1 and 2 is not effective.

2 When measuringimage flare, Y'w1 affects the lowest measurable image flare values. If
er the quantization errer becomes bigger. For example, when Y'w1 = 225 and Y’g1 = 1, calculate
40 %. But when YAy4< 118 and Y'g1 = 1, calculated image flare is 0,168 %. Smaller image fla
s will not be measured and smaller Y'y1 will worsen the precision of the measured value. It
too small Y'w#-

Presentation of results

subject, the

Vw1 becomes
d image flare
re than these
is advised to

The {

olflowing measurement conditions shall be reported. If a condition is unknown, write

unknown.”

If optional measurement without a bundled hood was performed, “without a bundled lens hood” shall
be reported.

Manufacturer(s) (camera and lens, if different).

Model(s) (camera and lens).

of them).

© ISO
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— Camera ISO Exposure Index setting (+EV setting shall also be reported if not set to 0).

— Measurement type (A, B, or C).

— Output luma level (Y'juma)-

— Model name/number of the lens hood (if a lens hood was used).

— Model name/number of the lens filter (if a lens filter was used).

— Name, version number and settings of the RAW converter (if RAW format image data was used).

The followir
— reflecti

— illumin{

A e 1 111 A 1
5 IIITAS UL TIIICTIILU CUILIUILIUILS STIUUIU UC 1 ClJUl LCU.
bn or transmission charts;

ince or luminance used in the measurement.

10
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