INTERNATIONAL ISO
STANDARD 20954-1

First edition
2019-07

Digital cameras — Measuremen:l

method for image stabilization
performance —

Part 1:
Optical systems

Caméras numériques.<s"Méthode de mesure de la perfomahce de
stabilisation de I'image —

Partie 1: Systémes optiques

Reference number
1SO 20954-1:2019(E)

©1S0 2019



https://standardsiso.com/api/?name=ec9992da1f84da896b8d453844f8bdb2

ISO 20954-1:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=ec9992da1f84da896b8d453844f8bdb2

ISO 20954-1:2019(E)

Contents Page
FFOT@WOIM ..........ooooooeoeeeee oo es s 858 s \%
IIMEIOAUCTION. ......oooooi sk vi
1 S0P ... 1
2 NOIIMATIVE TEEETEIICES ...........ooooooeeeeeee oo 1
3 Terms AN AefINETIONIS ... s 1
4 —Measturementmethod—
4.1 L0T=) 41 = OO

4.2 Equipment and environment for measurement...

320 R N 1] o o o PO A
4.2.2 LIGNEINZ e o
4.2.3  Temperature and humidity
4.24  Vibration generator ... .oy s
4.2.5  Vibration WavefOorm. ... Mo
4.2.6  Shooting distance..........c...

4.3 Settings of camera to be measured.................
4.3.1 Shooting mode ...,
4.3.2  Optical image stabilization mode...........,.¢
4.3.3 Image quality mode (compression ratio/................
4.3.4 Image quality mode (number of recorded piXels) ...
4.3.5  SeNSIUVILY ..o SO et
4.3.6  Flash...csn @i
4.3.7  Electronic (digital) zoom
4.3.8 Focus control.....
439  White balance...
4.3.10 Exposure.....
4.3 0T APEITUTE oot
4.3.12  ASPECE TATIO ...altdid it

4.4 Measurement procedures
4.4.1 Brief desexiption of the procedures
4.4.2  Calculating value from captured iMage.......oersesees e
4.4.3 Measurement of intrinsic image degradation amount
444  Measurement of total image degradation amount (for selection criterig I

AN TN 42,5 oot | e 12
4.4.5 C+Measurement of total image degradation amount (for selection criterign
0 00T 7 ) OSSR R 12
4.5 €alculation of optical image stabilization performance........... o, 13
4.5.1  Calculation 0f Basic VAIUES..........cccoieciscsisess i s 13

4.5.2  Method of converting intrinsic image degradation amount and measured
image degradation amount into 35 mm film equivalent values

4.5.3  Calculation of optical image stabilization performance..........
5 Presentation Of FESUITS ...
5.1 COMIMON TEQUITEITIEIIES .....ooo oo

5.2 Requirements for the nominal value
5.3 Requirements for the non-nominal value

54 EXamples Of PreSenTation .. ...
Annex A (normative) Vibration WavVefOTTIS ... 20
Annex B (informative) CIPA test chart Method ... 21
Annex C (informative) Slanted edge test chart method ... 23
Annex D (informative) Verification of vibration generator ... 28
Annex E (informative) Additional information.. ... 29

© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=ec9992da1f84da896b8d453844f8bdb2

ISO 20954-1:2019(E)

Annex F (informative) Description method in brochures

BIDIHOGTAPIY ...t

iv © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=ec9992da1f84da896b8d453844f8bdb2

Fo

ISO 20954-1:2019(E)

reword

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

The image stabilization function is important for digital cameras and has become a selling point in
marketing materials. Therefore, the measurement methods and its reporting method are then very
important to compare the image stabilization performance among cameras based on their brochures.

The Camera & Imaging Products Association (CIPA) issued CIPA standard DC-011 in 2012 to specify
how to measure and describe the optical image stabilization performance of digital cameras. When
image stabilization performance is measured and described according to this standard, end users have
unbiased and useful information to help them select from a variety of digital cameras (see Bibliography).

This document is based on the CIPA standard, which is referenced in the Bibliography. The standardized
measuremgnt method primarily includes performance assessment with simulated handheld canjera
movements.

The Internptional Organization for Standardization (ISO) draws attention to the fact that it is claiped
that compljance with this document may involve the use of a patent.

ISO takes no position concerning the evidence, validity, and scope of any of the patent rights. The holdlers
of the patent rights have assured ISO that they are willing to negotiate licensées under reasonable pnd
non-discriminatory terms and conditions throughout the world. In this réspect, the statement of|the
holders of these patent rights is registered with ISO. Information may be obtained from:

Panas¢nic Corporation and Panasonic Intellectual Property Management Co.,Ltd.
1-15 Matsuo-cho, Kadoma City, Osaka 571-8504, Japan

Attention is drawn to the possibility that some of the elenients of this document may be the subjeqt of
patent rights other than those identified above. ISO shallhot be held responsible for identifying any or
all such patent rights.
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Digital cameras — Measurement method for image
stabilization performance —

Part 1:
Optical systems

1 (Scope

Thif document defines the measurement method of optical image stabilization performarnce for still
imalges compensating for handheld blur consisting of two rotational components,’yaw and p{tch.

It applies to consumer digital cameras with optical image stabilization for still images. Apparatuses
such as camcorders and mobile phones with still image shooting functionality are within the scope of
thid document.

2 |Normative references

Thdre are no normative references in this document.

3 |Terms and definitions
For|the purposes of this document, the followingterms and definitions apply.
[SOJand IEC maintain terminological databases for use in standardization at the following addresses:

— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: available at http://www.electropedia.org/

31
imgge stabilization
canjera function that ptevents handheld blur by using a means of camera movement detectign

Notg¢ 1 to entry: Evénif a camera function uses a means of camera movement detection, it is not fegarded as
an image stabilization function if its primary means of blur mitigation is shortening exposure time based on
exppsure controlprogram optimization.

3.2
opticalimage stabilization
fungtioh that compensates for image displacement on the focal plane due to movement of A handheld
camera by moving a part or whole of the optical system and/or image sensor, based on a means of
camera movement detection

3.3
handheld blur
loss of image sharpness caused by movement of a handheld camera during exposure

3.4

stop

number that expresses a doubling or halving of the amount of light let in when taking a picture and
which is typically represented by an exposure value

Note 1 to entry: For instance, the difference between exposure times of 1/1 000 s (TV10) and 1/500 s (TV9) or
1/125s(TV7) and 1/60 s (TV6) is one stop.

© IS0 2019 - All rights reserved 1
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Note 2 to entry: “TVn" expresses that time value of APEX equals to n. See Annex C of Reference [5] for APEX.

3.5

handheld blur threshold
level of handheld blur at which image stabilization performance is determined

Note 1 to entry: In this document, this level is 63 pm of motion in the focal plane on one frame of 35 mm film,
where one frame means the picture size (24 mm x 36 mm).

3.6

average vibration angle

expected
Noteltoe
Note 2 to er
shown in Fij

from peak t

3.7

35 mm filin equivalent focal length

focal lengt

film) that produces the same field of view as the camera system with a léns at a given focal length

which the

4 Meas
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The object]
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real shooting situation if the camera was actually held by a test photographer. However, this maz
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ry: The handheld vibration is given as the vibration waveform data that is specified in documen|
try: The average vibration angles are given as amount of angle in degrees of each exposure tim

bure 7. The values are statistical expectation and are calculated from average of oscillation ampli
b bottom of the vibration waveform when certain exposure time is applied.

1 of a lens attached to a camera with a sensor size of 24 mm x 36 mmr{originated from 35

B5 mm sensor equivalent focal length is specified

urement method

bral

ve of this document is to specify how to_measure optical image stabilization performd
a held in the user’s hands. Accordingly; a measurement session would better simula

fo eliminate variation among indixidual photographers or how well the camera is desig
bld shooting. In order to cancelthese effects, the test camera shall be mounted ¢
enerator that shakes the camera with a simulated handheld vibration waveform, and inj

hent specifies two waveforms that simulate the important characteristics of how a can

hows an overview of the measurement method. Annex E collaterally gives additi
hs for background of specifying measurement method, vibration generator, vibra
hnd reference information.

n performance shall be measured with images of a test chart specified by this document).

e as
ude
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b1 it is held by hand.-These waveforms were developed by analysing extensive measurenfent
data and aglding further theoretical observations.
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Figure 1'— Overview of measurement method

Equipment and environment for measurement

1 Testchart

this documentythe test chart shall meet following requirements. Specifications and u
chart are described in Annex B and alternatives are described in Annex C.

The chart shall contain orthogonal edges consisting of a dark portion and a bright pq
thelcentre.

cage of the

rtion near

b)
)

4.2,

Thecomrastratioof the dark portion to tie bright portion stitatt be T4 ormore:

The dark and bright portions shall be wide enough to accommodate the total image degradation

which is described in 4.4.1, when the image stabilization (IS) function is OFF within th
time range for measuring the image stabilization performance.

2 Lighting

€ exposure

Lighting shall be flicker-free. The light source should illuminate the chart with minimal direct reflection
and illuminance variation.

© IS0 2019 - All rights reserved
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4.2.3 Temperature and humidity

The tempe

rature and humidity should be (23 * 2) °C and 30 % to 70 %, respectively.

4.2.4 Vibration generator

4.2.4.1 General

For the measurements in this document, a CIPA-certified vibration generator should be used. If a non-
certified vibration generator is used, it shall satisfy the amplitude and phase characteristics under the

excitation

1o IR I 40 4 o
LOITUILIONS SPeCIcUu I . 4.%. 4.

4.2.4.2 Hxcitation conditions

This subcl

of the vibjjations generated by the vibration generator excited with sine waves. Table 1 shows

properties
Table 2 an
vibration 4
characteris
carrying a

of the sine waves that shall be used to measure the amplitude and pHase characteris
1 3 respectively show the input sine wave combinations that shall be used to measure

load weighing at least as much as the test objects, i.e. camera,)storage media, battery

lens. Figurg 2 is an overview of how to verify the vibration generator using these waveforms.

huse describes the required specifications for the amplitude and phase haracteridtics

the
ics.
the

mplitude characteristics and phase characteristics. To measure the/amplitude and phase
tics, the vibration generator shall be excited in both yaw and pitech'directions simultaneoysly,

and
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1 | vibration measurement

2 | measuring device (sensor, etc.)
3 | weight

4 | sine wave vibration

5 | vibration generator

Figure 2 = Overview of vibration generator verification scheme

Table 1 — Comhinations of sine wave frequency and amplitude for vibration gendrator

verification
Frequency Amplitude
(Hz) (degree)
a 0,1 2
b 05 2
c 1 1
d 5 0,2
e 10 0,1

Table 2 — Yaw and pitch combinations (for amplitude characteristic evaluation)

Pattern 1 | Pattern 2 | Pattern 3 | Pattern 4 | Pattern 5
Yaw a b c d e
Pitch c d e a b

© IS0 2019 - All rights reserved 5
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Table 3 — Yaw and pitch combinations (for phase characteristic evaluation)

Pattern 6 Pattern 7
Yaw c d
Pitch d c

4.2.4.3 Amplitude characteristics

The amplitude of the measured vibration from the vibration generator shall be within +5 %, inclusive,
of the amplitude of the input sine wave for all excitation conditions, Patterns 1 through 5, shown in
Table 2. Sef Figure 3.

1

0 A

v

\/
Key
1 measufed vibration form vibration generator
2 amplitjide of input sine wave
3 amplithde of measured vibration of vibration generator
4 input dine wave
a

Difference in amplitude values.

Figure 3 — Illustration of amplitude differences

4.2.4.4 Phase characteristics

The phase difference between the measured yaw and pitch vibrations shall be 90° or less when the
vibration generator is excited by both Patterns 6 and 7 in Table 3. See Figure 4. The phase difference
between the zero cross position of the low frequency waveform and the zero cross position of the high
frequency waveform shall be within 90° of high frequency waveform.

6 © IS0 2019 - All rights reserved
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oA

1
/\\'/\/\/\
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v a —P. :
Key
1 measured vibration form vibration generator
a Phase difference.
b Yaw or pitch.
¢ Pitch or yaw.

Figure 4 — Hlustration of phase differences

4,215 Vibration waveform

There are two types of vibration waveforms that shall be used to verify optical image stabilization
performance: WB-L and\WB-H defined in Annex A. One or both shall be used based on the[total mass
of the test camera according to the following criteria. Total mass refers to the camera body, including
stofage media andbattery, and lens.

— |Selection épiterion I: WB-H shall be used for a total mass of 600 g or more.

— |Selection criterion II: WB-L shall be used for a total mass of less than 400 g.

— | Selection criterion III: Both WB-L and WB-H shall be used for a total mass of 400 g or more but less
than 600 8.

Both waveforms consist of two axis components: yaw and pitch. Both yaw and pitch components shall
be excited at the same time (see Annex A).

4.2.6 Shooting distance
The shooting distance should be about 20 times the 35 mm film equivalent focal length.

If the space does not allow this shooting distance, the distance may be changed to the maximum amount
available. But even when in this case, in order to avoid significant shifts orthogonal to the optical axis,
it is desirable that the shooting distance is as close to 20 times the 35 mm film equivalent focal length
as possible.

© IS0 2019 - All rights reserved 7
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4.3 Settings of camera to be measured

4.3.1 Shooting mode

a) The mode with the shortest latency time should be used because shooting shall begin as soon as
possible after the camera is turned on. (The shooting modes should retain as many of the settings
in 4.3.2 to 4.3.12 as possible after the camera is turned off. It is also convenient to use a mode
that allow for easy changing of the exposure time.) For cameras without the capability of changing
exposure time, the factory shipping setting should be used.

b) No mode-thatapplies—e eie—edge—enhancemen o—images—shall be-used-because-such-maqdes
influence the amount of image degradation measured. Typically, these are modes optimiZed| for
specific scenes.

4.3.2 Ogptical image stabilization mode

When a pufrpose of the measurement is a “nominal value” which is mentioned andrequired in 5.2|the

factory shipping setting should be used for the optical image stabilization mode.

4.3.3 Imfage quality mode (compression ratio)

Although no specific compression ratio is specified, a high image quality mode setting with [low

compressi¢n ratio should be used.

4.3.4 Imlage quality mode (number of recorded pixels)

The maxinjum number of recorded pixels available for the'tamera should be set. However, settings fhat

use more pixels that the number of effective pixels of the image sensor by pixel interpolation, in
processing|, or other means shall not be used.

4.3.5 Sensitivity

The sensitivity should be set to a constant value with minimal image noise.

4.3.6 Flgsh

Flash shall|not be used.

4.3.7 Elg¢ctronic (digital)zoom

Electronic[digital) zoom shall not be used.

4.3.8 Fortus control

age

A focus contrel method that allows the camera to focus on the test chart shall be used.

4.3.9 White balance

The white balance shall be adjusted in accordance with light source.

4.3.10 Exposure

The exposure shall be such that there is no colour channel containing areas where detail is lost due to

pixel saturation or clipping in the image.

4.3.11 Aperture

The aperture shall be kept constant if possible when shooting at the same focal length and exposure time.

8 © IS0 2019 - All rights reserved
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4.3.12 Aspectratio

The factory shipping setting should be used.
4.4 Measurement procedures

4.4.1 Briefdescription of the procedures

Two quantities, measured handheld blur amount and reference handheld blur amoun

t, shall be

compared to quantlfy opt1cal 1mage stablhzatlon performance To obtain these values four additional

as Yariables in the calculatlon procedure in this document and explamed hereinafter) Ta
symbols and units of the values.

Inthjinsic image degradation amount is loss of image sharpness caused by factofisylinique to f

, reference
d uniquely
ble 4 gives

he camera,

such as optical performance, effective number of pixels, and image processing. It does fot include

handheld blur. When measuring optical image stabilization performance, subtracting intri
degradation amount excludes most of the effects of camera elements 'that are not part of
stabyilization function. See 4.5.1 a).

Tot
test
4.5

il image degradation amount is the measured amount of logs of sharpness of an image

1d).

Reference image degradation amount is the expected amount of loss of sharpness in an imag
a tept camera excited with a vibration waveform while‘the image stabilization function is dig
valye is the square root of the sum of the squares of intrinsic image degradation amount and

handheld blur amount. See 4.5.1 c).

Theoretical handheld blur amount is the tliéoretically calculated amount of handheld blur
be measured from an image taken by a tést camera excited with a vibration waveform whilg
stalpilization function is disabled. See’4.5.1 b).

Med
enal
im

sured handheld blur amount is the amount of handheld blur that remains uncompen
ling the image stabilizatienfunction of the camera. This value is calculated by subtractil
ge degradation amount(from the total image degradation amount. See 4.5.1 f).

Reference handheld bluramount is the baseline value against which to compare measured hal
am@unt to determine-optical image stabilization performance. This value is calculated by 5
intrjinsic image degradation amount from reference image degradation amount, and ref
handheld blur with the image stabilization function disabled. See 4.5.1 e).

Table 4 — Symbols and unit

nsic image
the image

taken by a

camera excited with a vibration waveform while the image stabilization function is epabled. See

be taken by
abled. This
theoretical

that would
b the image

cated after
g intrinsic

hdheld blur
ubtracting
resent the

Symbol Meaning Unit Specified in
tg Exposure time s ISO 516
Dipirinsic(E) intrinsic image degradation amount pum 44.3,4.5.1
D oral(ts) total image degradation amount pum 444,445,451
D ference(tr) reference image degradation amount pum 451
Biheoretical (Eg) theoretical handheld blur amount pum 4.5.1
B, eference(tE) reference handheld blur amount pum 4.5.1
B easured(tE) measured handheld blur amount pum 451
o(tg) average vibration angle degree 3.6
K reshold handheld blur threshold pum 3.5
Poptical optical image stabilization performance stop 4.5.3

© IS0 2019 - All rights reserved
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Table 4 (continued)
Symbol Meaning Unit Specified in
f35 35 mm film equivalent focal length mm 4.5.1
Dintrinsic,pixel (tE) intrinsic image degradation amount pixel 4.5.2
Diotal pixel(tE) measured image degradation amount pixel 4.5.2
Nyiagonal,35 diagonal length of one Frame of 35 mm Film pum 4.5.2
N4iagonal pixel diagonal length of the captured Image pixel 4.5.2
Nyertical pixel the number of recorded pixels in vertical direction pixel 4.5.2
Nporizontal,plxel the number of recorded pixels in horizontal direction |pixel 4.5.2
B theoretical(tE) D intrinsic(tE)

square root of
sum of squares

Dreference(tE)

subtracting

Breference(tE)

Dtotal(tE) Dintrinsic(tE)

subtracting

Bmeasured(tE)

Figure 5 — Calculation flow

4.4.2 Ca ﬂllnfing value from rnphlrpd imngp

Analysing captured image yields the intrinsic image degradation amount and total image degradation
amount. This section describes the calculation steps from captured image.

The intrinsic image degradation amount and measured total image degradation amount shall be
measured in accordance with the following:

a) The image shall be inverse gamma corrected (typically y = 2,2, but some variation may occur) in
order to linearize the tone reproduction as much as possible;

b) For stable measurements, multiple points on the boundary of the black and white portions near the
centre of the chart image shall be selected, and the measured results from c) shall be averaged over
them; and

10 © IS0 2019 - All rights reserved
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c) The signal levels at the central points on the boundary between the black and white portions of
the captured image of the chart shall be normalized from 0 % to 100 %. In this regard, the black
level as 0 % and the white level as 100 % shall be assessed from stable and flat portion that is not
affected by undershoot or overshoot due to edge enhancement processing as shown in Figure 6.
The number of pixels in the section between 10 % to 90 % of the signal level (see A in Figure 6)
shall be calculated and then multiplied by 10/8.

YA

100 f-----mmmm
90 | .

X |pixel
Y |signallevel, expressed in percent

a2 | The number of pixels in the section between 10 % to 90 % of signal levels.

Figure 6 — Measuring blur

4.4]13 Measurementofintrinsicimage degradation amount
a) |Mount a camerato be measured on the vibration generator.

b) |Turn on the‘camera. Adjust the shooting distance by adjusting the position of the camlera and/or
the test<chart.

c) |Setthe camera and the lighting for a desired exposure time.

number of images, but all images shall be used without selection. Optical image stabilization should
be turned off. A remote release button or remote control should be used when possible.

e) Reduce the exposure time sequentially by at most one stop at a time. Shoot at least 10 images for
each exposure time. Continue shooting until data is collected within the necessary exposure time
range. When shooting at different exposure times, measurement conditions other than the lighting
should not be changed.

The shooting environment and camera settings in 4.4.3 should generally not be changed in the
measurement of total image degradation amount of 4.4.4 and 4.4.5.

© IS0 2019 - All rights reserved 11
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4.4.4 Measurement of total image degradation amount (for selection criteria I and Il in 4.2.5)

a)

b)

f)

g)

h)

Mount the camera to be measured on the vibration generator. Oscillated movements of the vibration
generator and the whole test camera shall be the same. When measuring a camera with a long-
barrel lens (e.g. high-powered zoom lens), the vibrations of the camera body and the lens might not
match due to lens deflection of the lens barrel. In this case both the lens and the body shall be fixed
to the vibration generator respectively so that the vibrations of the camera and the lens match. The
verification of synchronization between the vibration generator and the camera shall be executed.
An example of verification method and its criteria are given in Annex D.

Turn on the camera. Set the exposure time so that the measured handheld blur amount is at or
around the handheld blur threshold for determining optical image stabilization performgnce
mentigned in 4.5.3. After the setting is completed, turn off the camera.

Excite|the vibration generator using one of the vibration waveforms in 4.2.5. The.*vibrafion
generdtor should be continuously excited until h) below is completed.

While [the generator is vibrating, turn on the camera to be measured. If the settings from b) Have
changed, reset them as soon as possible.

Turn ¢n the camera’s optical image stabilization and start shooting’immediately. Shoof at
approyimately 1 s intervals for a total of 10 shots. However, finish shooting 30 s after turning on
the camera even if 10 shots have not been taken. If shooting at Xs intervals or acquiring a tptal
of 10 mages is not possible, these numbers may be changed: Turn off the camera afterward
(see NPTE 1). Each shooting timing and intervals shall be performed at different position of|the
wavefgrm (see NOTE 2). The shooting operation shall notyaffect the vibrating state. A renpote
releas¢ button or a remote control should be used when pegssible.

NOTE The use case assumed in this document is the typical one that the user turns on the carmera
power, jshoots about 10 images immediately and then tirns off the power subsequently. In such a use dase,
there are cameras whose image stabilization performance varies depending on the time from the turhing
on/off the power supply. Therefore, unless the precedure for turning on/off the power supply of the camera
is monitored and controlled, a difference can oe¢ur in the measurement result.

NOTE 4 If shooting timing is performéd)every time at the same position of the waveform, therelis a
possibility that the measurement result is.biased.

Repeat d) and e) and take 200,0r_more shots. There is no upper limit to the shooting count, buf all
image$ shall be used without selecting only the favourable ones.

Reduc¢ or increase the exposure time by at most one stop at a time and repeat Steps b) to f) abpve.
When phooting at different exposure times, measurement conditions other than lighting should|not
be chahged.

Finish|the medsurement when the following two measurement results are obtained: the longest
expos%re time at which the measured handheld blur amount does not exceed the handheld blur

threshpldfor determining optical image stabilization performance, and the shortest exposure time
at whi¢hiit exceeds the said threshold.

4.4.5 Measurement of total image degradation amount (for selection criterion III in 4.2.5)

a)

12

Mount the camera to be measured on the vibration generator. Oscillated movements of the vibration
generator and the whole test camera shall be the same. When measuring a camera with a long-
barrel lens (e.g. high-powered zoom lens), the vibrations of the camera body and the lens might not
match due to lens deflection of the lens barrel In this case both the lens and the body shall be fixed
to the vibration generator respectively so that the vibrations of the camera and the lens match. The
verification of synchronization between the vibration generator and the camera shall be executed.
An example of verification method and its criteria are given in Annex D.
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Turn on the camera. Set the exposure time so that the measured handheld blur amount is at or
around the handheld blur threshold for determining optical image stabilization performance
mentioned in 4.5.3. After the setting is completed, turn off the camera.

Excite the vibration generator using one of the vibration waveforms in 4.2.5. The vibration
generator should be continuously excited until h) below is completed.

While the generator is vibrating, turn on the camera to be measured. If the settings from b) have
changed, reset them as soon as possible.

Turn on the camera’s optical image stabilization and start shooting immediately. Shoot at

f)

g)

h)

4.5

4.5
Thd

approximately I s intervals for a total of 10 shots. HOWever, 1inish shooting 30 s after
the camera even if 10 shots have not been taken. If shooting at 1 s intervals or acqui}
of 10 images is not possible, these numbers may be changed. Turn off the camera
(see NOTE 1). Each shooting timing and intervals shall be performed at diffexént pos
waveforms (see NOTE 2). The shooting operation shall not affect the vibrating state
release button or a remote control should be used when possible.

NOTE1 The use case assumed in this document is the typical one that the user turns on

turning on
ing a total
afterward
tion of the
A remote

the camera

power, shoots about 10 images immediately and then turns off the power suibsequently. In such a use case,

there are cameras whose image stabilization performance varies depending on the time from
on/off the power supply. Therefore, unless the procedure for turningen/off the power supply o
is monitored and controlled, a difference can occur in the measurément result.

NOTE 2  If shooting timing is performed every time at the Same position of the waveform
possibility that the measurement result is biased.

Repeat d) and e) using both kinds of waveforms@nd take 100 or more shots for each
There is no specified upper limit for the shoating count, but all images shall be us
selection.

Reduce or increase the exposure time by at most one stop at a time and repeat b) to f) al
shooting at differing exposure times, méasurement conditions other than the lighting sh
changed.

Finish the measurement when the following two measurement results are obtained:
exposure time at which the\measured handheld blur amount does not exceed the hay
threshold for determining optical image stabilization performance, and the shortest exp
at which it exceeds the'sdid threshold.

Calculation ofjoptical image stabilization performance

1 Calculation of basic values

six quantitative values are used to calculate optical image stabilization performance: intr

the turning
the camera

5, there is a

waveform.
bd without

ove. When
puld not be

he longest
dheld blur
osure time

nsic image
measured

deg|

radation amount, theoretical handheld blur amount, reference image degradation amount

imajgedegradation amount, reference handheld blur amount, and measured handheld blur amount.

The main objectives of these values are as follows:

Remove the effects of factors other than camera shake from the total image degradation amount

measured in 4.4.4 and 4.4.5.

Enable the calculation of optical image stabilization performance even for cameras incapable of

turning off the optical image stabilization function.

© IS0 2019 - All rights reserved
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Methods of calculating these values are shown below.

a)

b)

d)

f)

14

Intrinsic image degradation amount

For each image captured according to the method in 4.4.3, calculate the square root of the sum
of the squares of the yaw and pitch of the intrinsic image degradation amounts, and then average
the total over all of the images of each exposure time. If the averaged intrinsic image degradation
amount is in pixels, convert it into a 35 mm film equivalent amount in micrometres (um) according
to the method in 4.5.2 below. Use at least 10 values in calculating the average.

Theoretical handheld blur amount

Calculate theoretical handheld blur amount for each exposure time using Formula (1). Because|the
average vibration angles differ among selection criteria I, Il and I1l in 4.2.6, use the value associgted
with the vibration waveform used in the measurement. See Figure 7 and 8.

B theordrical (tE):f35 Xtan(e(tE))Xl 000 1)

Referepnce image degradation amount

Calculate reference image degradation amount using Formula (2). Intrinsic image degradafion
amournt and theoretical handheld blur amount measured at the same-exposure time shall be ysed
in thislequation. See Figure 5 and 9.

Drefere hce (tE ) = \/Dintrinsic (tE )2 + Btheoretical (tE )2 [2)

Total image degradation amount

For earh image captured according to the methods in 4.4.4 and 4.4.5, calculate the square foot
of the sum of the squares of the yaw and pitchof the total image degradation amounts, and then
average the total over all of the images ofleach exposure time. If the averaged measured inlage
degradation amount is in pixels, convert\itinto the 35 mm film equivalent amount in micromegres
(um) according to the method in 4.5.2*below. Use at least 200 values to calculate the averageq for
4.4.4, dnd at least 100 values for eaeh’'case in 4.4.5. In the latter case, the same number of values
shall b averaged in each case.

Referepce handheld blur anmount

Calculate reference haundheld blur amount using Formula (3). Reference image degradation amdunt
rinsic image‘degradation amount that were measured at the same exposure time shall
in this calculation. Factors that might affect images taken, such as sensitivity, should be
identidal. See Figure 5.

Brefere ce (tE ) = Dreference (tE ) - Dintrinsic (tE ) (3)

Measured handheld blur amount

Calculate measured handheld blur amount using Formula (4). Total image degradation amount and
intrinsic image degradation amount that were measured at the same exposure time shall be used
in this calculation. Factors that might affect images taken, such as sensitivity, should be identical. If
the measured handheld blur amount is a negative value, set the value to 0 pm. See Figure 5 and 10.

Bmeasured (tE ) = Dtotal (tE )_ Dintrinsic (tE ) (4)
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YA

0,75

0,5

0,25

1/500 1/125 1/30 1/8 1/2 2
Key
X exposure time, tp

Y average vibration angle, expressed in degree
selection criterion I

—t—
t selection criterion II
selection criterion III
Figure7 — Average vibration angle

< Btheoretical (tE)

< ¥

1/250  1/60 1/15 1/4 1 4

Key
X exposure time, ty
Y theoretical handheld blur amount, expressed in pm

Figure 8 — Theoretical handheld blur amount
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Y Dreference(tE)

.~ Btheoretical (tE)

Dintn’nsic(tE)

Key
X  exposufe time, tg
Y theoretjcal handheld blur amount or reference image degradation amount, expressed in um

Figure 9 — Reference image degradation amount

Y Dreference(tE]

.~ Btheoretical (tE)

D total (tE)
Dintrinsic(tE)

Key
X exposufe time, tg

Y theoretjcal handheld blur amount, referénce image degradation amount or total image degradation amdunt,
expresded in pm

Figutre)10 — Measured image degradation amount

4.5.2 Method of converting intrinsic image degradation amount and measured image
degradatipn amount into 35 mm film equivalent values

In order to|deterimine optical image stabilization performance, the measured intrinsic and total injage
degradation‘@amounts shall be converted into 35 mm film equivalent values in micrometre (pm) uging

Formulae (5] and [6].

_ Dintrinsic,pixel (tE )x Ndiagonal,35
Dintrinsic (tE ) - N (5)
diagonal pixel

Dtotal ,pixel (t E ) X Ndiagonal ,35

Dtotal (tE ) = [6)

N diagonal ,pixel
a) Diagonal length of one frame of 35 mm film

One frame of 35 mm film is 24 mm in the vertical direction, and 36 mm in the horizontal direction.
Accordingly, the diagonal length is the square root of the sum of the squares of 24 and 36.
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b) Diagonal length of image
Calculate the diagonal length of the Image (in pixels) as in Formula (7):

— 2 2
N diagonal ,pixel — \/ N vertical,pixel +N horizontal,pixel (7)

4.5.3 Calculation of optical image stabilization performance

Calculate the opt1cal 1mage stab1l1zat1on performance (see Figure 1 ) us1ng the reference handheld blur

: - : - 4~ ' erenrge between
exposure tlmes where both reference handheld blur amount and measured handheld blur amount
arelat the handheld blur threshold respectively is calculated in terms of the number_af\stops with 0,5
incitements. Fractions less than 0,5 stop are dropped.

'U

The exposure time to be calculated shall be in actual value. For example, although'the expodure time is
setfo 1/1 000, actual exposure time is 1/1 024 which equals to the reciprocal-of 2 to the poer of 10.

Y A Breference(tE)

Puptical Bmeasured(tE)

Kthreshold

Key
X ¢xposure time, tg

Y reference handheld blur amount or measured handheld blur amount, expressed in um
Figure 11 — Optical image stabilization performance

Both the reference and“measured handheld blur amounts are sampled at discrete exposure [times with
intdrvals of one stop-at most. Accordingly, calculation of the difference in exposure times shfall be done
using interpolatigh.

—-

Using Figur€ 12 as an example, t; s opp the exposure time at which the reference harjdheld blur
amgunt equals the handheld blur threshold, is calculated by drawing a line connecting the [two points
on theAeference blur amount curve corresponding to ¢t g1 and tp g, and determining the exposure
timp @tthe intercept of this line and the threshold by linear interpolation on the log scale.

Likewise, t; g5 on, at where the measured handheld blur amount equals the handheld blur threshold
for determining optical image stabilization performance, is calculated by drawing a line connecting
the two points on the measured handheld blur amount curve corresponding to ty g53 and tg gg4 and
determining the exposure time at the intercept of this line and the threshold by linear interpolation on
the log scale.

The difference between tg ¢ opr and tg g5 oy is the number of stops indicating the optical image
stabilization performance.

© IS0 2019 - All rights reserved 17


https://standardsiso.com/api/?name=ec9992da1f84da896b8d453844f8bdb2

ISO 2095

Key

X exposurg

Y referenc

4-1:2019(E)

Breference (tE)

YA

Bmeasured (tE)

P optical
|

Kthreshold

tEfSS1 / tEfSS2 tE7883 /

t t

E_SS_OFF E_SS_ON

time, tg

e handheld blur amount or measured handheld blur amount, expressed in pm

Figure 12 — Optical image stabilization performance calculation method

5 Presentation of results

5.1 Common requirements

Abridged 1leporting of the capture conditions is acceptable and often preferable for a nominal value

such as description in brochures by its device manufacturer or casual user information. When |t is

not the nominal value such as a test result by laboratory, reporting all of conditions is importan{ for

full technigal reports. Following requirements.shall be applied both to the nominal value and the non-

nominal vdlue.

a) Optical image stabilization performance shall be described using "stops."

b) For zopm lenses, the focal length (35 mm film equivalent) at which the measurement was madg or
information replacing the focallength (such as “telephoto end”) shall clearly be stated.

c¢) When |using the methods)of this document to measure optical image stabilization for other
components besides, yaw and pitch, care shall be taken not to mix yaw/pitch corrections with
correcfions for othe€r somponents in the measurement results.

5.2 Reqpirements for the nominal value

a) Values[shall be rounded down to the nearest 0,5-stop. For example, 2,7 stops is rounded dowh to
2,5 stops

b) The name of optical image stabilization mode shall be reported unless only the performance of the
factory shipping setting for the optical image stabilization mode is reported.

c) If the optical image stabilization performance is only attainable under specific conditions, such

conditions shall be expressly stated unless such conditions are easily understood by users from
other source of information.

5.3 Requirements for the non-nominal value

a) The name of optical image stabilization mode shall be reported. If test camera has not optical image

stabiliz

18

ation mode, write “not available”.
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b) The shooting distance should be reported.

5.4 Examples of presentation

This clause gives a presentation example of the results in the form of a table. Annex F collaterally gives
presentation examples in brochures by CIPA standard DC-011-2015.

Laboratory or company

Device manufacturer

|O |2
o | 1=

Interchangeable lens with image stabilization

Defice being tested

model PP 24-105 mm F4 with QQCEcamera body)

echanism

Fog

al length

100 mm (450 mm on a 35 mm film equivalent)

Image stabilization mode

IS1

Shgoting distance

About 15 times focal length on a 35 mm film equival

Image stabilization performance

2,5 stops

©IS
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cLuremen

Annex A
(normative)

Vibration waveforms

A.1 Pro
Vibration ¥
WB-H-xxx
A.2 Des

The wavef
frequency
version. If 4

The wavef¢prms WB-H and WB-L are given in Figure A.1.

Both vibra
in both the

It is possib

Cription

I CITITCTIY

brms are provided as angle data changing in the time direction fer 32 s. Data samp
s 500 Hz. The xxx’ in the test waveform file names is a 3-digit number giving the wavefi
| vibration waveform has been revised, version differences are managed with these numb

fion waveforms are composed of the biaxial components‘of pitch and yaw. Vibrations sh
pitch direction and yaw direction simultaneously.

toft

he "'l‘\rofinn iuatrnfnrmc
He-H

TOrTCroUT I

vaveforms supplied by CIPA shall be used. The waveforms which are in text format, hamed
xxt and WB-L-xxx.txt, respectively, can be obtained from the CIPAD website.

ling
brm
ers.

ake

e that vibration waveforms will be revised to reflect changes in camera shape, how pictyres

are taken, find the development of image stabilization technology. The waveforms also have possib{lity
of revision|along with such changes.
0 0
0,6 1,2
0,4 0,8
0,2- 0,4 8
0 0 Y
-0,2 -0,4 V
-0,4 -0,8 v
-0P6 T T T T T T '1,2 T T T T T T
0 5 10 15 20 25 30 s 0 5 10 15 20 25 30
Key
— yaw
e pitch

Figure A.1 — Waveforms WB-H (left) and WB-L (right)

uide_e.html. This information is given for the convenience

of users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results.
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Annex B
(informative)

CIPA test chart method

Dimensjoens in millimetres

500
750

Worse | |

border | Wborder
I

1000

Figure B.1 — CIPA measurement chart

The Specifications of CIPA measurement chart in Figure B.1 is as follows.

a) The dimensions of the chartare 1 000 mm x 750 mm.

b) The chart contains multiple natural colour images surrounded by black and white borders of a
fixed width.

c) The reflectance ratio of the black to white borders is 1:20 or higher, and the width of the borders,
which corresponds to Wy, 4. in Figure B.1, is wider than the maximum expected total image
degradation amount, which is defined in Figure B.2 and is converted to length on subject plane from
length on focal plane depending on its image magnification ratio. Wy 4., of CIPA measurement
chart is 50 mm for reference.

d) The natural image portion depicts real subjects and cover the widest area possible under the
abovementioned conditions.
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B.2 Image area

Adjust the shooting distance by adjusting the position of the camera and/or the test chart so that one of

the areas e

B.3 Meg

CIPA distr
images ar¢
equivalent

Handheld
and total i
4.4. This s
in pixels. T
the instrug

intrinsic imhage degradation amount and total jimage degradation amount.

igure B.2 — Image area for camera mounted on stationary vibration'generator

nclosed by the dotted lines in Figure B.2 fills the entire picture frame.

c) Aspectratio 16:9

\spect ratio 4:3 b) Aspect ratio 3:2

surement software

butes measurement software as “Handheld blur measurement software” which assu
of the CIPA measurement chart taken at a distance of about 20 times the 35 mm
focal length.

blur measurement software is used to calculatesthe intrinsic image degradation amg
nage degradation amount of the captured image of the test chart taken in accordance v
bftware outputs intrinsic image degradatiofiy amount and total image degradation amg
he CIPA measurement chart shall be used-without fail when this software is used. Refg
tion manual for the handheld blur measurement software for details on how to meas

mes
Film

unt
vith
unt
r to
ure
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Annex C
(informative)

Slanted edge test chart method

C.1—Specifications ol the test chart

IO~ O TCITC

The chart that is used for the slanted edge analysis shall be compliant with the chart requijements for
slanted edge analysis mentioned in ISO 12233. The preferred chart mentioned in ISO.12233 |s shown in
Figlire C.1. See ISO 12233:2017, Clause 6 for SFR and e-SFR.

Figure C.1 — Low contrast e-SFR test chart

C.2 Image area
The chart shall be framed so that the chart height marked by the white arrows is as close to the image

height of the camera as possible.

C.3 Methodology

C.3.1 Selection of the edge region of interest (ROI)

The user selects the region containing the slightly slanted edge. If the image is coloured, a luminance
record is created before the SFR calculation is performed. The result is a two-dimensional matrix of
data of values, (n lines, m pixels). See item A in Figure C.2.
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C.3.2 Transformation into effective exposure

The image code values shall then be linearized by gamma (y = 2,2). Each pixel value in the ROI is now
transformed in to an equivalent target reflectance value. See item B in Figure C.2.

C.3.3 Estimate the location of the edge

C.3.3.1 Estimation of edge location (offset) and slope

This is done in two steps. See items C1 and C2 in Figure C.2.

— Compyte one-dimensional derivative

For ea¢h line of pixels perpendicular to the edge, the data are multiplied with a Hamming:windlow
vector|of the same length (m). For each line of pixels in the resulting array, the derivative of|the
linearized image data is computed using a [z, +%%] finite impulse response (FIR) filter. The refsult
is an afray which is the same size as the input ROI.
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Select region-of -
interest (ROI)
including slanted edge.

Linearize image data

usingy = 2,2

ISO 20954-1:2019(E)

C1

C2

First estimate of edge

slope & offset

Final estimate of edge

slope and offset

Project - shift the
image data along the
edge direction to the

edge of the ROI

Bin - accumulate the
shifted data sampled
at % of the.griginal
image Sampling.

Calculate the intrinsic
image degradation
amount and total
image degradation
amount of the

captured image

Figure C.2 — Flow-chart of e-SFR measurement algorithm
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Apply Hamming
window, compute one
dimensional derivative

across edge

Compute the central
location of the edge for
each row (column)
across the edge

Compute the linear fit
to the central location
data

Slope and offset

Figure C.3 — Parts of element C in Eigure C.2

— Compyte location of the edge for each line of data

The one-dimensional centroid of this derivative matrix is calculated line-by-line, to determine|the
positidn of the edge on each line. The result is asvector of centroid locations (1, n).

— Estim3te slope and location of the edge

A linedr best-line fit to the centroid locations as a function of line number is then calculated. Thdt is,
from the function;

y=mxHb .y

y  arg the set ofigentroid location and

x  arg the setof line location (1, n),

and comp11te the best-fit values for the slope, m, and offset, b.

Error messages shall be reported if any centroid is within 2 pixels of either side of the input image
edges, or if the edge does not contain at least 20 % modulation.

C.3.3.2 Final estimation of edge location

For each line of pixels perpendicular to the edge, the location of the centroid of the line is computed
from the below equation;

where y; represents the vector of centroid location computed as illustrated Figure C.3. This results in a
vector of y’values.
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The transformed image data are multiplied with a Hamming-window vector of the same le

ngth (n). In

this case, the Hamming window function is centred at y’ for each line. For each line of pixels multiplied

with thus-centred Hamming window array, the derivative of the image data is computed u
+14] finite impulse response (FIR) filter. The results is an array which is the same size as the

C.3.3.3 Compute final location of the edge for each line of data

sing a [-%,
input ROI.

The one-dimensional centroid of this derivative matrix is calculated line-by-line, to determine the

position of the edge on each line. The result is a vector of centroid locations (1, n).

C.3[3 4 Estimate final slope and location o1i the edge

A lipear best-line fit to the centroid locations as a function of line number is then calculat
form the function;

y=mx+b

wheére

y are the set of centroid location and

x are the set of line location (1, n),

compute the best-fit values for the slope, m, and offsetyh.

4 Forming a super-sampled line-spread fufiction array

e-dimensional super-sampled edge spread function shall be formed using the data of the

this vector, a corresponding Line-Spread function array shall be derived by co
length-3 discrete derivative.-The derivative vector is computed using a [-%, 0, +%4] fi
response (FIR) filter, meaning-that the derivative value for pixel "X" is equal to -1/2 times t
thepixel immediately to/theleft, plus 1/2 times the value of the pixel to the right. The results
which is the same size@sthe super-sampled edge-spread function.

Measurement software

There are several commercially available software tools that can be used to determine the
fungtion{from a slanted edge based on the ISO 12233 approach. See ISO 12233:2017, A
algorithm of software tool.

bd. That is,

(C.3)

truncated
rom all the

bsite" edge

uting the

H{)e impulse

he value of
is a vector

ine spread
hnex D for

A list of suppliers for software and hardware is available from the standards section of the www

imaging.org website by accessing the digital camera resolution tools subsection.

© IS0 2019 - All rights reserved

27


http://www.imaging.org
http://www.imaging.org
https://standardsiso.com/api/?name=ec9992da1f84da896b8d453844f8bdb2

ISO 20954-1:2019(E)

Annex D
(informative)

Verification of vibration generator

CIPA provides the following documents, data, software, and CIPA measurement chart to support further

verificatiop-efperformance-of-the-vibrationgenerator:

a) Verification Method of Vibration Apparatus, which specifies in detail the method for werifying
performance of the vibration generator;

b) two (2) test waveforms;
c) two (2) sets of average vibration angles of the test waveforms as function of exposure time;

d) handhgld blur measurement software (FindsBlur) with manual and instructions for use; and

e) CIPA n[:easurement chart.

Information on the distributed materials is available from the CIPAZdvéebsite.

2) http://www.cipa.jp/image-stabilization/index_e.html
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Annex E
(informative)

Additional information

E.1 Rarlzn'rn“hd nf < nriﬁrir}n measurement mnfhnd

A a)
DacCIixg U ttr TP eIy T I COU T CIITC It IIT e eIty

The simplest way to measure optical image stabilization performance is to compare image

s with and

without image stabilization and quantify the difference as the effect of optical image stpbilization.
Befpre comparison, intrinsic image degradation amount is removed from the total image degradation
amg@unt for both the on and off images. This easily removes image degradation¢catised by fartors other

thah camera shake, producing fairer measurement results.

of guaranteed accuracy. Accordingly, measured handheld blur amount-with optical image s
turned off will theoretically be similar among cameras, exhibiting dnly subtle individual dif
fact, many cameras measured showed no significant difference,

Sonpe fully automated cameras on the market cannot disabl@optical image stabilization. Th

abilization
erences. In

In this document, the camera is excited with specified vibration waveforms‘using a Vibratioix generator

is makes it

difficult to measure all cameras based on the stabilization:disabled images. This trend is pfedicted to

grov in the future.

In this document, optical image stabilization performance is calculated from the referencg handheld

blur amount, which is equivalent to the handheld-blur amount with optical image stabilizatig

n disabled,

and| the measured handheld blur amount, which'is measured with optical image stabilization enabled.

E.2 Vibration generator

In feasuring a camera’s optical image stabilization performance, the most realistic sce
capfure the test chart with a handheld camera. However, the magnitude and characteristics ¢
canjera shake vary among individuals, and even the same person will produce different r
different cameras, shooting-conditions.

Itislessential to eliminate such uncertainties in order to measure and describe optical image st
performance. Using a/vibration generator to simulate handheld camera shake is an effectiv
achjeving this. The/vibration generator uses an electric signal called a vibration waveforr
vibrations (seeFigure E.1).

There are.cameras for which the IS measurement result is sensitive to high frequency vibrat
by theAribration generator apparatus and/or mounting of the test camera on the vibration gg

hario is to
fhandheld
bsults with

abilization
e means of
h to create

ion caused
nerator.

When measuring such a camera, it is advised to conduct a simple test to insure that high

-frequency

vibration, not included in the vibration waveform, is not transmitted to the camera. See 4.4.4 a) and

4.4.5 a).
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