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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.

The proced ) e are
described in the ISO/IEC Dlrectlves Part 1.In partlcular the dlfferent approval cr1ter1a needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

rawn to the possibility that some of the elements of this document may\be the subject of
4. ISO shall not be held responsible for identifying any or all such patenb rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions [related to conformity assessment, as well as information about ISO's adherence fo the
World Trade|Organization (WTO) principles in the Technical\Bdrriers to Trade (TBT) see the follpwing
URL: www.ido.org/iso/foreword.html

This documgnt was prepared by Technical CommitteeISO/TC 22, Road vehicles, Subcommittee $C 36,
Safety and impact testing.

This third edlition cancels and replaces the second edition (ISO 8721:2010), of which it constitfites a
minor revisipn with editorial changes.
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Road vehicles — Measurement techniques in impact tests
— Optical instrumentation

1 Scope

This document defines performance criteria for an optical data channel used in impact tests on road

vehic es, when numerical time and space data are taken from imagnc to nn:\]ycn impnrf test results.

The ¢bjective of this document is to facilitate comparison between results obtained|by different
laborgtories by specifying minimum quality criteria.

Annexes A, B, C and D present a method of measuring several indices like quality parameters of sub
processes of the optical data channel, using a calibration target, reference distances pnd analysis
systems.

2 Normative references

The fpllowing documents are referred to in the text in suchia way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced doctiment (including any amendménts) applies.

ISO 6§87, Road vehicles — Measurement techniques in impact tests — Instrumentation

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO apd [EC maintain terminological databases for use in standardization at the following pddresses:

]

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

— [SO Online browsingyplatform: available at https://www.iso.org/obp

31
analysis system
systemn to measureiand collect the coordinates of target points in image space as a function of time

Note 1 to entey:The calculation results of the analysis system are 3D coordinates in object space, Wwhereas in the
case of 2D,analysis, the depth of the target points is known and considered.

3.2
cell size
distance of neighbouring pixels on the sensor of an image recording device

Note 1 to entry: If there are different distance values in the two main directions of the image, the cell size is the
maximum of these values.

3.3
control point
point that was determined with a higher accuracy and is further accepted as an error-free point

© ISO 2018 - All rights reserved 1
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3.4
frame rate

Jr

frequency of renewal of information for a given point, expressed in renewals per second, or in images
per second if all points of the image are renewed simultaneously

3.5
image recording device
system composed of a camera/lens unit together with a recording system

3.6
location accuracy

Qloc
desired accufacy of the object or target being measured

3.7
optical datachannel
system comjposed of one or more image recording devices and a system for analysing the images,
including any analysis procedure and data correction that validate and modify the content of the fata

3.8
reference distance
known distahce between a validation target pair

3.9
synchronism device
device to ideptify the synchronism effect in two or more corresponding image recording devices

3.10
time base system
device allowjng determination of the time intervalélapses between any two recorded events for each
image recording device

3.11
time origin jdentification device
device to ideptify the instant chosen as-the time origin, usually the contact between the test objedts

3.12
validation target pair
pair of targets placed in the field of view so that the distance separating them remains constant

Note 1 to entrjy: Both of thetmate visible during the impact test.

3.13
accuracy value
a
value that rdpresents the relative averall accuracy of any point measurement within the optical data
channel when the performance value is satisfied

3.14
accuracy value limit

Favl
user-defined limit for the accuracy value that represents the relative overall accuracy of any point

measurement within the optical data channel when the performance value is satisfied

3.15

camera position calculation index

icpc

index that gives the possibility to evaluate whether the accuracy of the optical data channel determined
from one time step is representative for the entire sequence

2 © ISO 2018 - All rights reserved
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3.16

camera set-up index

iCS

index that makes it possible to evaluate whether the set-up of the camera with respect to the movement
plane permits a reliable analysis

Note 1 to entry: Only for 2D film analysis.

3.17

control point distribution index
icpd

index that makes it possible to evaluate whether the distribution of the control points jn the image
permjts a reliable orientation of the used images

3.18
distortion index
iq
index|that makes it possible to evaluate whether the interior orientation parameters of thefused camera
are stjill valid

3.19
focalllength index
ifl
index|that makes it possible to evaluate whether the focal length of the used image recording device is
still vplid

3.20
index value
value|that is determined by its index calculation.ggiiation (one value for each index)

Note 1 to entry: For the different index calculatiofi equations see Annex A.
Note 4 to entry: The index value is the result'of the index determination and is a floating point nuntber.

3.21
indeX condition
condjtion of the check of the index

Note 1 to entry: The index condition can be true (value 1) or false (value 0). A true or false measure indicating if
an index is within its required limits.”

3.22
interfection index
Ij
index|that makes it possible to evaluate the intersection geometry of the rays from the imdge recording
devicgs to.the object points

Note 1 to entry: Only for 3D film analysis.

3.23

length measurement error

value that represents the absolute overall accuracy of any point measurement within the optical data
channel when the performance value is satisfied

3.24

motion blur index

Imb

index that allows one to evaluate whether the exposure time used in the test is small enough with
respect to the appropriate object movement, in order to ensure a reliable point identification and point
measurement in the images

© ISO 2018 - All rights reserved 3
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3.25

performance value
numerical value indicating suitable general conditions for the estimation of the accuracy of the optical

data channel

Note 1 to entry: It is derived from all indices which describe the performance of the optical data channel.

3.26

plane scale index

ips

index used to rate the appropriateness of evaluating the scale constellation in the movement planes

(scale in eac

movement plane)

Note 1 to entr]

3.27
point motio
index used t

3.28
scale index

Is
index used t
of independe

3.29

y: Only for 2D film analysis.

h index

rate the appropriateness of the frame rate in regards to test requiréments

D rate the appropriateness of the scale constellation to_centrol the system scale (pre
nt reference distances)

synchronisi index

index used t
to the test re

Note 1 to entr]

3.30
target deted

Itd
index used t

to test requil

3.31
targetsize i
its

index used t
measuremer]

rate the appropriateness of the synchronization method for the data analysis in re
quirements

y: Only for 3D film analysis.

tion index

rate the appropriateness of the measuring accuracy of the image coordinates in re
ements

ndex

p rate the/appropriateness of the target size for a reliable point identification and
t inthe-images

3.32

sence

gards

gards

point

time base index

Itb

index used to rate the appropriateness of the used time base system in regards to the test requirements

3.33

time origin identification index

Itoi

index used to rate the appropriateness of the used time origin identification device in regards to the
test requirements

4 © ISO 2018 - All rights reserved
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4 Symbols and abbreviated terms

Symbol Definition
Acf control point formed area
Aj image area
a accuracy value of the optical data channel
dalaid allowed location accuracy in depth
dclad current location accuracy (distortion)
dclaf current location accuracy (focal length)
ddlai CUTTEnt focation accuracy (INtersection) ~
Aclaid current location accuracy in depth (\'\‘O
dclat current location accuracy (target) . q}’
dclath current location accuracy (time base) A(]'/
dclatoi current location accuracy (time origin idenf@éa:cion)
ag distortion accuracy N
ar focal length accuracy k\J
afr frame rate accuracy o (O
dloc location accuracy AQ\
Arefdist,r accuracy value of the refg&\rﬁce distance, r
aid target detection accurAasl;}y
d object distance Q(\‘O
e exposure time _t\ N
f focal length&\‘o
fr frame rate)
Icpe cam&?;l‘position calculation index
Icpd c@ol point distribution index
Ics N ‘camera set-up index
iq _O\\‘ distortion index
ifl AU focal length index
i . Y intersection index
imb PR N motion blur index
i@y point motion index
(\?p“s\ plane scale index
R N4 is scale index
f&\(‘ Isy synchronism index
2 It time hase index
itd target detection index
itoi time origin identification index
its target size index
AL length measurement error of the optical data channel
Al length measurement error of reference distance, r
Laed asynchronism effect in viewing direction
laep asynchronism effect perpendicular to the viewing direction
lapm allowed point motion between two sequenced images in object space
le,r calibrated length of reference distance, r
Ich camera base

© IS0 2018 - All rights reserved 5
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Symbol Definition
Iemby current motion blur value
lepm current point motion between two sequenced images in object space
Ics cell size
lctd current target diameter
laco distance camera base to object
Itpd fix point distance
Ln image height
liw image width
I, r(t) measured length of reference distance, r, as a function of time O
Imdi maximum displacement in image space r\Q’\
Imdo maximum displacement in object space N v
lrtd required target diameter = 2
litd theoretical target diameter (\‘o
p 3D performance value of the optical data char{@d
Pcpa control point area A N
Pcpd control point distribution /\Q -
Pdtp,i distance to plane of motion i %
Pnp number of planes of motion (‘\\}\ )
Prd,r reference distance Q).\.
Prd,i reference distance in dir(\e&(}gn i
Prdp,i reference distance in‘ﬁe of motion i
Psiap scale information,i\ﬂ*m’l planes of motion
Psip,i scale informa\t'@}y\i}n plane of motion i
Psyd synchron’i_.sl\tgihdex in viewing direction
Psyp synchrorﬁs‘}r‘l index perpendicular to the viewing direction
bt,i taggg&m'image section i
Ptpc ({'}7392 of camera set-up
Ptpd @ ?;pe of position determination
Q f\(Ov performance value of the optical data channel
qi AO\O 2D performance value of the image recording device i
Faar o - allowed accuracy relation
Favl \Q‘ accuracy value limit
N current accuracy relation
O’)\b‘ beginning of the analysed time interval
tc user-defined time within the analysed time interval
teca current asynchronism
tdtz difference between tp-image and -signal
te end of the analysed time interval
tint time interval
ted time drift
tetd total time drift
1% velocity

6 © ISO 2018 - All rights reserved
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5 Performance

5.1

General requirements

The performance of the optical data channel shall be evaluated initially to establish performance levels.
This evaluation shall be repeated whenever the system is modified to an extent which could cause a
change in accuracy. This shall be done with an offline procedure.

It is also possible to measure the performance of the optical data channel during an impact test. This is
called the online procedure.

The

perfo
test c
using|

If a fi
(camg

Furth

ClI fUl IIAdIICT Uf t}lC Uptu,al dcltd L}ldllllc} D}la}} ]IJC catiluatcd ubius ZD PCI fUl IIdIICT
Fmance values, or both. These values consist of different performance indices depe
pnstellation. To verify the estimated performance values, an accuracy value shall b¢
two or more reference distances.

Im analysis is carried out using the image sequences of on-board cameéras, the use
ra and lens) shall correspond to the expected shock.

er details are described in the annexes.

The determination methods for several indices are described in Afinex A and shall be used

calcu
Detai
Aco
The

5.2
Ther

ation.

s for the two measurement methods (online and offline'procedure) are listed in Ann

:[plete list of all used parameters with short text,lefig text and the type is in Annex C,

atrix structure in Annex D presents the dependencies between the indices and the p

Reference distance

pference distances shall be determined 10 times more precisely than the desired locat

The determination of the reference distances shall be done before the test.

The r
For 3

5.3
The t

5.4

5.4.1

eference distances shall belocated on approximately perpendicular (90 = 10)° line
D analysis, all three directions in space shall be covered. See Annex A for additional i1

Time base system

Performance of the optical data channel

General

me base shallhbe determined 10 times more precisely than the desired time accuracy.

alues, or 3D
nding on the
b determined

d equipment

for the index

ex B.

arameters.

ion accuracy.

5 (see A.3.2).
nformation.

4

The performance of the optical data channel consists of differentindices (see Table 1). The determination
depends on the application (2D or 3D).

5.4.2

Performance indices

Each index value shall be at least 0,5. If this minimum requirement is not fulfilled for every index, then
the impact test does not conform to this document. The index condition of a certain index is 0 if the
requirements for this index (see Annex A) are not fulfilled; otherwise the index condition is 1.

© ISO 2018 - All rights reserved
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Table 1 — Performance indices

Number per optical

Index 2D | 3D Comment
data channel
Focal length index a a | one per image recording device | in a suitable image
Distortion index a a | one per image recording device | in a suitable image
Target detection index a a  |one per image recording device |worst target used in the analysis
Target size index a a |one per image recording device |worst target used in the analysis
Motion blur index a a | one per image recording device | at maximum object speed
Point motion index a a | one per image recording device | at maximum object speed
Control point{distribution . . N . :
index a a | one per image recording device | in a suitable image
Time base index a a | one per image recording device —
Time origin iflentification . . .
; a a | one per image recording device —
index
Camera set-up index a b |one per image recording device —
Plane scale irjdex a b |one per image recording device —
. best pair of image recordin
Intersection |ndex b a one P § &
devices
.| worst pair of image recording
Synchronism|index b a one StP § §
devices

a  Index valule is used for the performance value.

b Index valug is not used for the performance value.

543 2Dp

The perform
(see Table 1)

Ji

q; = =
n
where
i isth
J
le

erformance value

image recording device number;

n is the number of 2D performance indices (2D film analysis: n = 11; 3D film analysis: n = 9).

5.4.4 3D performance value

The 3D performance value of the optical data channel, p, is calculated as shown in Formula (2):

m
P=Z)’k
k=1

where

hnce value for every image recording device is estimated by all 2D related index condjitions
The 2D performance value, g;, is thé ratio of the achieved sum to the possible sum of
conditions wjith respect to the test requireménts, and is calculated as shown in Formula (1):

index

M

(2)

© ISO 2018 - All rights reserved
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k isthe 3D performance index number;
Yk isthe index condition of the 3D performance index, k, of the optical data channel;

m is the number of 3D performance indices (m = 2).

5.4.5 Performance value of the optical data channel

For 2D analysis, the performance value of the optical data channel, Q, is identical to the 2D performance
value, g1, as shown in Formula (3):

=47 (3)

For 3D analysis with only one image recording device, the intersection index and;the pynchronism
index|are not defined. In this case, the performance value of the optical data channel, Q, i§ equal to the
2D pgrformance value, q1.

For 3D analysis, the performance value of the optical data channel, Q, is thee ratio of the achieved sum to
the pgssible sum of all index conditions, calculated according to FormulaZ(4):

u u
anqi +(pxu) Squi +p
i=1 i=1

(nxu)+(mxu) B n+m

(4)

L)
I

where

i| istheimage recording device number;
qf isthe 2D performance value of the immage recording device, i;

u|l is the number of image recording devices;

n=9);

UT

n| is the number of 2D perfermance indices (2D film analysis: n = 11; 3D film analysi
m is the number of 3D performance indices (m = 2);

p| isthe 3D perforitance value of the optical data channel.
5.5 |Accuracy efithe optical data channel

5.5.1] Accuracy indices

The ar:curacy indices are shown in Table 2.

Table 2 — Accuracy indices

Index Number per optical data Comment
channel
Camera position calculation . . .
; one per image recording device —
index
Scale index one indispensable index

© ISO 2018 - All rights reserved 9
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5.5.2 Length measurement error and accuracy value of a reference distance

The length measurement error and accuracy value of a reference distance are defined as follows:

the length measurement error, 41, of the reference distance, r, is the maximum difference between
the measured length, Iy -(£), and the calibrated length, I ,, within the analysed time interval;

the accuracy value, arefdist,» of the reference distance, r; is the maximum relative difference between
the measured length, I, (), and the calibrated length, I , within the analysed time interval.

All used image recording devices shall be used for the calculation of the reference distances.

If the index

y LICPOC»

is fulfilled, the length measurement error, 4, can be determined at a single time step within the

analysed ti

e interval. If the index condition of only one image recording device is not falfilled, the

length measyirement error, 4l shall be calculated for every time step within the analysed time interval.
The accuracy value, arefdist,r, Of the reference distance, r, is the ratio between the length measur¢ment

error, 41, andl the calibrated length, I; -

If every icpc,if2 1, then the length measurement error, Ay, is calculated according:to’Formula (5):

Al, Z‘Im r(tc)_lc,r‘ (5)
where

Icpe,i is the index value of the camera position calculation index of the image recording deyice, i;

i is the image recording device number;

r is the reference distance number;

If any icpc,i <[L, then the length measurement error, 4l is calculated according to Formula (6):

where

Im,-(t) |is the measured length of reference-distance, r, as a function of time;

le,r is the calibrated length of reference distance, r.

Al =mak|l, - (£)=1

te
. ©)

tp is the beginning of the analysed time interval;

te isthe end‘of the analysed time interval;

: J_ Cr J 4 LR RIS | 1 J L N 1
tc 1S a User=aerimned tInre WICIITIT the dlldly STU LT IIILCT Vdl.

The accuracy value, arefdist, is calculated according to Formula (7):

Al
refdist,r = I_r (7)
c,r

5.5.3 Length measurement error and accuracy value of the optical data channel

10

The length measurement error of the optical data channel, AL, is the maximum of the length
measurement errors, Al,, of all reference distances, r.

The accuracy value of the optical data channel, g, is the maximum of the accuracy values, arefdist,r of
all reference distances, r

© ISO 2018 - All rights reserved
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AL=maX(AIr)

a=

max (arefdist,r )

5.6 Types of procedure

5.6.1

General

(8)

9)

Conformity with this document can be verified by different types of procedure, depending on the

h

desir¢

d complexity. The different types of procedure are shown in Table 5.

Table 3 — Types of procedure

Type of Before the real impact test During the\real impact test
procedure | performance value Accuracy value Performance value Accuracy value
[ <
Ohline — — 0207 A loc
offline 0208 AaL<sraloc SynChl;-(s);l;rln index A L<s Qloc
= Tavl (orfly 3D analysis) q=Tavl

Key

Q performance value of the optical data channel

AL length measurement error of the optical data channel

a agcuracy value of the optical data channel

rayl user-defined accuracy value limit of the optical data channel

ajoc user-defined location accuracy of the optical data‘channel

5.6.2

5.6.2
The p

This
betwyq

The u

5.6.2

A

erformance and the accuracy of the optical data channel can be checked during the tes

pen the impacttests, or if no prior information about the optical data channel is avail

ser has thepaossibility to evaluate every component of the optical data channel for ever

Type of procedure — Online

1 The online procedurelisiof the highest complexity. All work shall be done for ever

rocedure can be uséd, if the equipment of the optical data channel will often be changg

2 Tasks during the impact test are specified below.

Il déscribed performance and accuracy indices shall be calculated during the real im

A
T

1l described performance index values shall be at least 0,5.

he performance value of the optical data channel, Q, shall be greater than 0,7.

aCCuraCy, dloc-

5.6.3

Type of Procedure — Offline

y impact test.

t.

d essentially

hble.

y impact test.

act test.

The length measurement error of the optical data channel, AL, shall be lower than the location

The accuracy value of the optical data channel, g, shall be lower than the accuracy value limit, ray1.

5.6.3.1 The offline procedure is of middle complexity. The main part of the calculation shall be done
once in the preliminary test. The performance of the optical data channel can only be checked in this test.

© ISO 2018 - All rights reserved
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During the impact test, only the accuracy can be calculated. For a 3D analysis, the synchronism shall be
checked.

This procedure can be used if the equipment of the optical data channel will not be changed, or if only
minor changes will be done.

The user has the possibility to evaluate every component of the optical data channel once in the
preliminary test. For every impact test, the user only has the possibility to evaluate the overall result of
the optical data channel.

5.6.3.2 Tasks in the preliminary test are specified below.

The lighting pnd the frame rates of the image recording devices in the preliminary test shall bésjmilar
to an impact(test. The using of a VDI/VDE 2634 Part 1 artefact is recommended (see Reference [2][). The
size of the arftefact should correspond to the size of the measuring area of the impact test.

— All desctibed performance index values shall be at least 0,5.
— The performance value of the optical data channel, Q, shall be greater than 0/8.

— The length measurement error of the optical data channel, AL, shall be lower than the lo¢ation
accuracy), djoc-

— The accyracy value of the optical data channel, g, shall be lower thaif the accuracy value limit| ray1.

5.6.3.3 Tagks during the impact test are specified below.
— For 3D apalysis, the synchronism index shall be fulfilled, isy 21.

— The length measurement error of the optical data‘channel, AL, shall be lower than the lo¢ation
accuracy), djoc-

— The accyracy value of the optical data chanuel, g, shall be lower than the accuracy value limit} ray.

5.7 Conformity statement

The accuracy value represents the overall accuracy of any point measurement within the ojptical
data channe| when suitable genefal-conditions are valid. The accuracy value is only valid whegn the
performanced value is greater thian the minimum value required by the procedure.

An optical dpata channel conforms to this document if the index value of the scale index is 1 and the
accuracy valpie and the petformance value fit the requirements of the used procedure.

5.8 Derived quantities

For derived ¢omputed quantities, the requests for the digital signal processing of a data channe] shall
be considered in accordance with ISO 6487.

5.9 User-defined variables

The user is able to influence the results of the testing procedure by the specification of user-defined
variables. The conformity or non-conformity of this document depends on these user-defined variables.
They shall be listed in the inspection record. With these variables, the user specifies his desired
measurement accuracy.

User-defined variables are given in Table 4.
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Table 4 — User-defined variables

Variable Symbol Definition Unit

desired accuracy of the object or target being measured
location accuracy alpe | (target detection index, focal length index, distortion index, length unit
motion blur index, length measurement error)

allowed point motion between two sequenced images in object

allowed point motion lapm space (point motion index)

length unit

allowed accuracy relation between the accuracy perpendic-
Iaar ular to the camera base in the direction to the object and the —
accuracy in the other two directions (intersection index)

allowed accuracy
relation

. desired accuracy relation of the reference distances being
accfiracy value limit ravl —
measured (accuracy value)

6 Documentation

For the interpretation of the accuracy and performance values, it is nece€ssary to specify the type of
procedure that was used (online/offline), the type of analysis (2D/3D), the number of imdge recording
devices and the time interval used for the evaluation. All user-specificiinput values and all index values,
including the accuracy value, shall be recorded.

If thelframe rate is not constant over the time interval, the time’véctor shall be recorded.

For the documentation of the performance of an optical data channel, an inspectipn record is
reconhmended (see A.4).
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A.1.1 Foca

The focal len

The accurac

018(E)

Annex A

(normative)

Index determination methods

internal pargmeters.

For a 2D film

1 length index, if

gth index determines the influence of an incorrect focal length on the location accpiracy.
y of the determined focal length is calculated by algorithms determining the cgmera

analysis using a perpendicular set-up of the camera with respectt¢othe movement|plane

(see A.1.8), and if reference distances are available in each motion plane (see A.1.9), the index value of

the focal len

using the pai

Table A.1 — Parameters to determine focallength index

bth index is 1. Otherwise, the index value shall be calculated by’Formulae (A.1) and|(A.2),
ameters in Table A.1.

Parameter Symbol Definition Unit
. . . lenjgth
focal length f focal length ofthe used image recording device it
Input object distance d dlst_ance between object and image recording lerlg_th
parameters device unit
focal length accu- afp |aceuracy of the determined focal length leng_th
racy unit
User-defined 1 . desired accuracy of the object or target being length
. ocation accuracy Aloe 4
variables measured unit
Derived valhes current location helat current accuracy of the object or target being lerlg_th
accuracy measured unit
The functionjal connection is @s)shown in Formula (A.1):
d
Aelaf = <A1 (A1)
f
The requirerphent for the parameter focal length index, if, is as shown in Formula (A.2):
a
iﬂ — loc >1 (A-Z)
Aclaf
EXAMPLE If f=16 mm, d =5 000 mm, ajoc = 10 mm and af = 0,02 mm, then

aclaf= (5000 mm/16 mm) x 0,02 mm = 6,25 mm

i =10 mm/6,25 mm =1,6

in=1v

A.1.2 Distortion index, ig

The distortion index determines the influence of incorrect distortion parameters of the interior
orientation on the location accuracy. The distortion accuracy is the remaining maximum residual of the

14
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process of determining the internal camera parameters. The distortion index value shall be calculated

by Formulae (A.3) and (A.4), using the parameters in Table A.2.

Table A.2 — Parameters to determine distortion index

Parameter Symbol Definition Unit
. . . length
focal length f focal length of the used image recording device unit
object distance d dlst_ance between object and image recording length
Input device unit
parameters accuracv ofthe determined distortion parameters .
distortion accuracy|  dd ; . . pixel
(maximum residuals)
. . C o length
cell size Ics |cell size of the digital image unit/pixel
Usdr-defined . desired accuracy of the object or target being length
. location accuracy Qloc .
variables measured unit
current location ac- current accuracy of the object or target being length
Derived values . . dclad 4
curacy (distortion) measured unit
The fiinctional connection is as shown in Formula (A.3):
d
a:lad =—Xad XICS (A3)
f
The requirement for the parameter distortion index, igri§’as shown in Formula (A.4):
: Qjoc
i{=——21 (A4)
Aclad

EXAMPLE If f=16 mm, d =5 000 mm, ajgp/= 10 mm, aq = 1 pixel and Ics = 0,016 mm/pixel, then

Aclad
ig =10

igz1

A.1.3

The t
accur
detec
the p3

(5000 mm/16 mm) x 1 pixel x 0,006)mm/pixel =5 mm
mm/5 mm = 2,0

e

Target detection index, iq

hrget detection.index determines the influence of the target detection accuracy on
acy. The weorst target used in the analysis shall be used for the determination
tion indéx.)The target detection index value shall be calculated by Formulae (A.5) an

the location
pf the target
1 (A.6), using

irameters in Table A.3.

© ISO 2018 - All rights reserved
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Table A.3 — Parameters to determine target detection index

Parameter Symbol Definition Unit
. . . length
focal length f focal length of the used image recording device unit
: . . . . : . length
object distance d distance between object and image recording device unit
Input - -
parameters target detec- target detecqon. accuracy (e.g. determined l?y meas- .
; arg |urement on similar target type and target size of pixel
tion accuracy :
known location)
b . e length
CCIT SIZC Ics CCII SIZC U 'LIIT ulgll,dl uuagc unlt plXel
User-fiefmlfed location accu- aloc | desired accuracy of the object or target being measured fer gth
variable$ racy uhit
current loca- ledoth
Derived values | tion accuracy dclat | current accuracy of the object or target being measured ur?it
(target)
The functionjal connection is as shown in Formula (A.5):
Aclat :Yxatd Xl (A.5)
The requirerpent for the parameter target detection index, iq, is as.shown in Formula (A.6):
, a
Ig=—221 (A.6)
Aclaf
EXAMPLE If f=16 mm, d = 8 000 mm, ajoc = 10 mm, g¢g = 0,1 pixel and Ics = 0,016 mm//pixel, then
dclad = (8 000 mm/16 mm) x 0,1 pixel x 0,016 mm/pixelt= 0,8 mm
itg=10 mm/0}|8 mm = 12,5
itq=1 v
A.1.4 Target size index, it
The target sife index compares.the current and the required diameter of the targets in object spacg. The
worst targetfused in the analysis shall be used for the determination of the target size index. The farget
size index vallue shall be ¢alculated by Formulae (A.7) and (A.8), using the parameters in Table A.4.
Table A.4 — Parameters to determine target size index
Parameter Symbol Definition Upit
. . . length
focal length f focal length of the used image recording device unit
. . . . . . . length
object distance d distance between object and image recording device unit
required target required target diameter in image space (required .
Inputparameters diameter Irtd by the analysis system developer) pixel
: . C length
cell size lcs |cell size of the digital image unit /pixel
current target . . . length
diameter Ictqg | real target diameter in object space unit
Derived values theoggtlcal target lita |theoretical target diameter in object space length
iameter unit

16
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The functional connection is as shown in Formula (A.7):

d
liq =7X1rtd><1cs (A7)

The requirement for the parameter target size index, its, is as shown in Formula (A.8):

|
i ——ctd 59 (A.8)
ltta

EXAMPLE If f=25 mm, d =5 000 mm, Iyq = 10 pixel and Ics = 0,016 mm/pixel and I¢tq = 35 mm, then

lttg =[5 000 mm/25 mm) x 10 pixel x 0,016 mm/pixel = 32 mm
its = 35 mm/32 mm = 1,09

A.1.5 Motion blur index, ijp

The npotion blur index determines the influence of the motion blur onthe location accuracy. The motion
blur ihdex value shall be calculated by Formulae (A.9) and (A.10), using the parameters in Jfable A.5.

Table A.5 — Parameters to determine'motion blur index

Parameter Symbol Definition Unit
obiect speed v maximum'speed of the object perpendicular to th¢ urll?'?/gcfr};w
Inpyit parame- ) p optical-dxis :
ters unit
exposure time e exposure time of the used image recording device time unit
Usdr-defined . desired accuracy of the object or target being length
. location accuracy | ajpg .
variables measured unit
Derived values current motion Iemby |current motion blur value at the object length
blur value unit
The fiinctional connection is as;shown in Formula (A.9):
I{py =0,5xvxe (A9)
The requirement for'the parameter motion blur index, iy, is as shown in Formula (A.10):
a
ify =—0a1 (A.10)

[ tmbv

EXAMlPLE Ifv=18m/s, e = 0,4 ms and ajoc = 5 mm, then

Iemby = 0,5 x 18 mm/ms x 0,4 ms = 3,6 mm
imb=5,0 mm/3,6 mm = 1,39

imp=1v

A.1.6 Point motion index, ipm

The point motion index determines the current point motion between two images of a sequence
with respect to the test requirements. The point motion index value shall be calculated by
Formulae (A.11) and (A.12), using the parameters in Table A.6.
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Table A.6 — Parameters to determine point motion index

Parameter Symbol Definition Unit

. maximum speed of the object perpendicular to the lgng'Fh
Input object speed v optical axis unit/time
unit
parameters - . . . .
frame rate of the image recording device during 1/time
frame rate fr :

the test unit
User-defined allowed point I allowed point motion between two sequenced im- length

variables motion aPm | ages in object space unit
Derived valres current point — current point motion between two sequenced im- len gth

motion ages in object space uhit

The functionfal connection is as shown in Formula (A.11):
1 s
Icpm =V><f— _A.ll)
r
The requirement for the parameter point motion index, ipm, is as shown in Forihala (A.12):
_lapip | A12
fom = T 1 12)
cpin

EXAMPLE
Icpm =14 mm
ipm=1Y
A.1.7 Cont

The control
sections (see€

ms x 1 ms =14 mm

|4 mm =1,07

Figure A.

Ifv=14m/s, fr =1 000 Hz and lapm = 15 mm, then

rol point distribution index, i¢q

point distribution index determines the number of control points in the different
Figure A.1) and the percentage coverage of the control point area over the image.

1

2

mage

For a 2D film analysis using a perpendicular set-up of the camera with respect to the movement plane
(see A.1.8), the index value of the control point distribution index is 1. Otherwise, the index value shall
be calculated by Formulae (A.13) and (A.14), using the parameters in Table A.7.

18
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Table A.7 — Parameters to determine control point distribution index

Parameter Symbol Definition Unit

targetin image

cection i pti | presence of targets in the special image sections —
Input image width liw |width of the digital image pixel
parameters image height Lin height of the digital image pixel
control point 4 area which is formed by the control points (e.g. a pix-
formed area cf triangle, if three points are used) el x pixel
cont‘rrwo_{‘p?int dis- Pend Ea:‘flmeter for the distribution of the control .

ibatian fc
tFottiott pPoetes

Derjved values | control pointarea | pcpa |parameter for the area of the control points —

image area Aj area of the digital image ol >I<)1pxi-xel
The fiinctional connection is as shown in Formula (A.13):
p}; =1 if atleast one target exists in image section i
p}; =0 if no target exists in image section i
Plpd =Pt1 tPr2 tPt3 T Pea
A = IiW Xlih
if| A 5109, th =1
1 A_ > 0, en pcpa -
1
if| At <1096, th =0 A13
1 A = 0, en pcpa - ( . )

1

The rgquirement for the parameter control point distribution index, icpq, is as shown in Fofmula (A.14):

X
i =M21 (A.14)
EXAMPLE Duringthe exposure, five control points are visible in the image: one is in section 2[ (pt,2 = 1), one

in sectfion 3 (pt,3.=\1), two are in section 4 (pt4 = 1) and one is in the centre of the image in section { (no effect).

If liyy 4 768 pixel, lj, = 512 pixel and A¢f = 122 290,3 pixel?, then

Pepd |01+ 1+1=3

Aj =768 pixel x 512 pixel = 393 216 pixel?

Ay 122290 pix”

4; 393216 pix”
icpa=(3x1)/3=1

=0,311=31,1%>10 % : pcpa = 1

fcpd21V

A.1.8 Camera set-up index, ics (only for 2D film analysis)

The camera set-up index describes the requirements to the orientation of the camera with respect to
the plane of motion, which can be perpendicular or non-perpendicular.
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Using the perpendicular set-up, the camera shall be oriented precisely perpendicular to the plane

of motion.

A non-perpendicular set-up of the motion plane with respect to the optical axis of the camera is
only allowed if all measured objects only move in the considered plane of motion. Using the non-
perpendicular set-up the camera position and orientation shall be calculated with respect to the plane
of motion and a perspective correction of the measurements shall be carried out. Furthermore, the
control point distribution index and the focal length index shall be calculated and fulfilled.

The camera set-up index value shall be calculated by Formulae (A.15) and (A.16), using the parameters

in Table A.8.

Table A.8 — Parameters to determine camera set-up index

Parameter Symbol Definition

Unit

Input
paramete

type of the set-up of the camera with respect€o the
plane of motion (perpendicular or non-perpendicular)

type of camera

set-up Ptpe

index value of the

focal length index all parameters for the focal length index/(see A.1.1)

If]

index value of the
control point distri-
bution index

all parameters for the camera,pésition calculation

fepd lindex (see A.1.7)

The function|

Pipc =11
Pipc =01

The requirer

inp21 an

Ies =DPipe

A.1.9 Plan

The plane s¢
not all objec
additional pl

Then the sca

fdicpg21

al connection is as shown in Formula (A.15):

f the camera set-up is perpendicular to the plane ofinotion
f the camera set-up is non-perpendicular to.the plane of motion

hent for the parameter camera set-uplindex, ics, is as shown in Formula (A.16):

(i X gpa ) 21

e scale index, jps.(only for 2D film analysis)

ale index deseribes the requirements to the scale information in each plane of mot
[s are moying in one plane of motion, the scale information shall be determined i
hne of motion.

The other p¢ssibility is to use the precise distance between the additional plane of motion an

e information can be obtained by the use of an additional reference distance in that

A.15)

A.16)

jon. If
each

blane.

d the

reference plane to obtain the scale information.

The plane scale index value shall be calculated by Formulae (A.17) and (A.18), using the parameters in

Table A.9.

20
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Table A.9 — Parameters to determine plane scale index

Parameter Symbol Definition Unit

number of planes

of motion pnp |number of additional planes of motion —
Input reference distance . . .
parameters |in plane of motion i Prdp,i |presence of areference distance in the plane of motion | —
distance to plane _ |distance between the additional plane of motion and .
of motion i Pdtpi | the reference plane
scale information Psini parameter for the availability of the scale information
sip,i —

in plane of motion i in the plane of motion

Derjved values i i
sc'ale information parameter for the availability of the scale informgtion
in all planes of Psiap | : —
: in all planes of motion
motion

The flinctional connection is as shown in Formula (A.17):

plap; =1 if areference distance is present in the plane of motion

plap,; =0 if no reference distance is present in the plane of motioh

=

hip,i =1 if the distance between reference plane and plané‘of motion has been measured

=

iip, =0 if the distance between reference plane apd-plane of motion has not been megsured
if Prdp,i =0 and Patp,i =0, then Dsip,i =0

Pnp
Kiap — Z Psip,i (A.17)
i=1

=

The rgquirement for the parameter plane scale index, ips, is as shown in Formula (A.18):

p .
fs =2 _q (A.18)
pnp

EXAMPLE Using 2D film analysis, two object points are measured which move in two planes parallel to the
referejnce plane. In the plane in which the first object point moves, a reference distance is placed. ]n the plane in
which| the second point moves, no reference distances are available, but the distance to the refefence plane is
measured precisely

If pnp =2, prdp,1 = 1, pdtp,1 = 0, Prdp,2 = 0, pdtp,2 = 1, then
Psip1 =1, psip,2 =1, psiap = 2

ips = 2/2 =1

ips =1 v

A.1.10 Time base index, iy

The time base index determines the influence of the time base accuracy on the location accuracy.

The time base index value shall be calculated by Formulae (A.19) and (A.20), using the parameters in
Table A.10.
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Table A.10 — Parameters to determine time base index

Parameter Symbol Definition Unit
frame rate £ frame rate of the image recording device during 1/t1rpe
the test unit
length
Input parame- object speed v |maximum speed of the object unit/time
ters unit
time interval tint |analysed time interval of the test time unit
frame rate accuracy dfr accuracy of the frame rate —
- 37 dacivad o mracizof+l L taortaragatr baino lax
User-defined Tocation accuracy oo [aesiredaceuracy-of the-objectortargetbeing let gth
values measured yhit
current location ac- current accuracy of the object or target being length
. dclatb .
) curacy (time base) measured upit
Derived vajues time drift ttqg |time drift of each time step timg unit
total time drift titd  |time drift of the entire time interval timg unit
The functionfal connection is as shown in Formula (A.19):
t 1 a
td = 1" Yfr
fr
tied = tea[¥tine X fr
aclatb =t Hed XV :Alg)
The requirerhent for the parameter time base index, i, is as shown in Formula (A.20):
, a)
i =—29421 A.20)
A clatp
EXAMPLE If fr=1000Hz, v=18 m/s, ajps= 10 mm, tjnt = 140 ms and ag- = 0,003, then
ttg=1/1 000 Hz x 0,003 = 0,003 ms
titd = 0,003 m$ x 140 ms x 1 000 Hz="0,42 ms
dclath = 0,42 ms x 18 m/s = 7,56 mm
ith =10 mm/7}56 mm = 1,32
ip=1 4
A.1.11 Time ‘erigin identification index, it;

The time origin identification index determines the influence of the time origin identification accuracy
on the location accuracy.

The time origin identification index value shall be calculated by Formulae (A.21) and (A.22), using the

parameters i

22

n Table A.11.
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Table A.11 — Parameters to determine time origin identification index

Parameter Symbol Definition Unit
frame rate £ frame rate of the image recording device during 1/t1me
the test unit
length
Input parame- object speed 1% maximum speed of the object unit/time
ters unit
dlfferenqe be- time difference between the tp-image and the . .
tween tp-image tdtz . time unit
. to-signal
and -signal
Use¢r-defined . desired accuracy of the object or target being length
location accuracy | ajoc .
values measured unit
current loca.tlon current accuracy of the object or target.being length
Derjved values accuracy (time dclatoi 4
: measured unit
orig.)
The functional connection is as shown in Formula (A.21):
Ajatoi = Ldtz XV
If t4tz|is unknown
1
Aatoi = XV (A.21)
fr
The rgquirement for the parameter time origin identification index, itoj, is as shown in Formula (A.22):
a
i —_—loc 51 (A.22)
a dlatoi

EXAMPLE Iffr=1000Hz, v=18 m/s;djpc = 10 mm, and t4tz = 0,2 ms, then

dclatoi
Iroi = 1

Ttoi 2 1

A.l.

= 0,2 ms x 18 mm/ms = 3,6 mm
0 mm/3,6 mm = 2,78

v

2 Sections of the image

For the distortion index and the control point distribution index, the image shall be divided into five

sectigns. The'arrangement of these sections of the image is shown in Figure A.2.
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lin/2

liw/4

Lin

/4

key

liw  image width
Lin image hleight
A.2 3D pe
A.2.1 Inte

The intersec

Figure A.2 — Definition of the image sections

rsection index, ij

rformances indices

Lion index compares the current and the allowed location accuracy in the direction

to the

object. The worst triangulation configuration for one objeet point should be used for index calculation.

If this worst

should be usgd.

The intersec

constellation consists of three or more cameras, the pair with the best configu

Fation

fion index value shall be calculated by:Formulae (A.23) and (A.24), using the parameters in

Table A.12.
Table A.12 — Parameters to determine intersection index
Pprameter Symbol Definition Uhpit
distance camera I distance between the object and the middle of the lerjgth
base to objeet deo | camera base uhit
camerd base Ich length of the camera base 1eurrﬁth
tarho@detection target detection accuracy (e.g_. indicated by the de-
arg |veloper of the detection algorithm and/or effect of pixel
Input accuracy . :
compression - decompression)
parameters - -
objectdistance | , ,, | ... oL L g i s length
Of Camera 1/2 Ml/ u/z UISstdritt oTivve il UUJCLL aru IIIIGEC I'CLVUl \.uus UCTVICLS unit
focal length of . . . length
camera 1/2 f1/f2 |focallength of the used image recording devices unit
cell size of cam- | I¢s,1/ . . length
eral/2 lew cell size of the digital images unit /pixel
allowed relation between the accuracy perpendicular
allowed accura- . . : .
. cy relation raar |tothe camera base in the direction to the object and —
User-(ileflned the accuracy in the other two directions (worst case)
values -
locat;(;?yaccu- ajpc |desired accuracy of the object or target being measured linri;ith

24
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Table A.12 (continued)

Parameter Symbol Definition Unit
current relation between the accuracy perpendicular
current accura- . . . ;
v relation rcar |to the camera base in the direction to the object and —
y the accuracy in the other two directions
current location leneth
accuracy (inter-| aclai |currentaccuracy of the object or target being measured ungit
. section)
Derived values -
allowed location leneth
accuracy in aalaid |allowed accuracy in the direction to the object ungit
tdepth
current location leneth
accuracy in dclaid | current accuracy in the direction to the object ungit
depth
The fiinctional connection is as shown in Formula (A.23):
2x1y
Fdar = ] <
cb
dq d,
A =Max| | —= x(athIcs,l); e X(athIcs,Z)
fi f2
41aid = Tcar X9 clai
Adaid = A1oc XTaar (A.Z?))
The requirement for the parameter intersectien index, ij, is as shown in Formula (A.24):
: A alaid
ij|=—24€ >1 (A.24)
a claid
EXAMPLE If d1 =8 000 mm, ff 316 mm, Ics1 = 0,016 mm/pixel, d2 =7 800 mm, f2 = 20 mm, Ics p = 0,016 mm/
pixel, fitq = 0,1 pixel, ajoc = 10 mm, fgco = 7 900 mm, I, = 1 500 mm and raar = 3, then
Iecar = [2 x 7900 mm)/1 5004mm = 10,533
dclai =l max[(8 000 mumy/1t6 mm) x (0,1 pixel x 0,016 mm/pixel); (7 800 mm/20 mm) x (0,1 pixelf x 0,016 mm/
pixel)] = 0,8 mm
dclaid ¥ 10,667.%.0)8 mm = 8,427 mm
Qalaid ¥ 100mm x 3 = 30 mm
Il = 30 mmI/Q’A')7 mm o= Q'QA

iz1v

A.2.2 Synchronism index, isy

The synchronism index determines the influence of the asynchronism between the cameras on the
location accuracy. The measurements of the image coordinates can also be corrected by interpolation
with respect to a known asynchronism. Then the current asynchronism is the accuracy of the calculated
asynchronism. At least the worst pair of image recording devices shall be used for the determination of
the synchronism index.

The synchronism index value shall be calculated by Formulae (A.25) and (A.26), using the parameters
in Table A.13.
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Table A.13 — Parameters to determine synchronism index

Parameter Symbol Definition Unit
object speed 1% maximum object speed ler-lgth un-lt/
time unit
current asvnchro- current asynchronism between the image
Input parame- nisr¥1 tea recording devices (e.g. measured with a time time unit
ters base system)
distance camera I distance between the object and the middle of lenoth unit
base to object deoIthe camera base §
camera base Ich length of the camera base length unit
location accuracy loc desired accuracy of the object or target being lengél} unit
measured
User-defined allowed relation between the accuracy per-
values allowed accuracy - pendicular to the camera base in the direction ]
relation aar  1to the object and the accuracy in the othepitwo
directions (worst case)
ailcl?l‘?;ec(;l&cggg& aalaid | allowed accuracy in the direction tothe object length unit
asynchronism
effect perpendicu- I asynchronism effect perpendicular to the view- lenoth unit
lar to the viewing aP  |ing direction to the object §
direction
e?fse}gcl(i::l;z(;g\l/:irﬁ ) asynchronism effet in viewing direction to lenetH unit
Derived values Lo § aed Ithe object §
direction
synchronism
index perpendicu- synchronism index perpendicular to the view- ]
lar to the viewing Psyp ing direetion to the object
direction
. sync_hromsr_n synchronism index in viewing direction to the
index in viewing Psyd object —
direction

The functionjal connection is as shownin Formula (A.25):

A3laid = A1pc XTaar

1otV
aep ]
I 1= tca XVXIdCO
ae
ch
a
psyp _ “loc
aep
Psyd = Qalaid (A.ZS)
Iaed
The requirement for the parameter synchronism index, isy, is as shown in Formula (A.26):
Isy =min(psyp;psyd)21 (A.26)
EXAMPLE Ifv=18m/s, tca = 0,2 ms, ajoc = 10 mm, Igco = 8 000 mm, Icp = 2 000 mm; raar = 3, then

dalaid = €10 mm x 3 =30 mm

26
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laep = (0,2 ms x 18 m/s)/2 = 1,8 mm

lzed = (0,2 ms x 18 m/s x 8 000 mm)/2 000 mm = 14,4 mm
psyp =10 mm/1,8 mm = 5,56

Psyd =30 mm/14,4 mm = 2,08

isy = min (5,56; 2,08) = 2,08

isy21v

A.3 [Accuracy imdices

A.3.1 Camera position calculation index, i,

The damera position calculation index determines the influence of the camérna position calculation
meth¢d on the location accuracy.

The camera position calculation index value shall be calculated by Forimilae (A.27) and |(A.28), using
the parameters in Table A.14.

Table A.14 — Parameters to determine camera.pgosition calculation index

Parameter Symbol Definition Unit
. type of the,determination procedure of the
type of position osition'¢fthe image recording device (static or —
determination Ptpd 1P : § &
dynantic)
maximum displace- . maximum displacement of a fix point in image ixel
ment in image space| ™4 |space P
Input
parameters cell size l cell size of the digital image l?ngt.h
& unit/pixel
. . . : . . length
fix point distance Ifpq | distance between the camera and a fix point unit
. . . length
focal length f focal length of the used image recording device unit
Usé¢r-defined 1 ; desired accuracy of the object or target being length
ocation-accuracy Aloc .
values measured unit
yrum clilsplz?ce- maximum displacement of a fix point in object length
Derjved values {/meént of a fix point Imdo A
. : Space unit
in object space

The functional connection is as shown in Formula (A.27):

»d=1 if the position of the image recording device is determined dynamically

=

Pipa =0 if the position of the image recording device is determined only in one image

Ppa =0 if the position of the image recording device is not determined in a 2D film analysis

Lpai X es X1
Imdo= mdi ;s fdp (A.27)

The requirement for the parameter camera position calculation index, icpc, is as shown in Formula (A.28):

if prpg =1, then ig,. =1
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. . al
if pypq =0, then ig, =—<21
mdo

EXAMPLE

The position of the image recording device is determined only in one image.

If Imdi = 1,3 pixel, Ics = 0,016 mm/pixel, Itpg = 5 000 mm, f= 25 mm and ajoc = 5 mm, then

Ptpd=0

Imdo = (1,3 pixel x 0,016 mm/pixel x 5 000 mm)/25 mm = 4,16 mm

Icpc = 5 mm/4,16 mm = 1,20

(A.28)

fcpe21V

A.3.2 Scalg index, ig

The scale inflex determines the existence of the required reference distance in the different

space directions.

For a 2D film
each other (4

at a well-known distance parallel to the plane of motion.

For a 3D film analysis, at least three reference distances which ‘are perpendicular to each

(90° = 10°) shall be placed in the measuring volume.

bbject

analysis, at least two reference distances are required which shetld be perpendicylar to
0° £ 10°). They define a reference plane and shall be placed within the plane of motjon or

other

The scale index value shall be calculated by Formulae (A:29¥ and (A.30), using the parameters in

Table A.15.
Table A.15 — Parameters to determine scale index
Parameter Symbol Definition Unit
Input parame- referenc.e dls.- présence of calibrated reference distances in the
tance in direction| prq; s . . . —
ters i "% |specified object space directions

The functionfal connection is as showimin Formula (A.29):

prq; =1 if at least one referéng€ distance exists in direction i

Pra; =0 if no reference’distance exists in direction i

I =DPrd,1 [ Prd,2Prd,3 A'29)
The require refitfor-the pat ameter-seale illdCA, l.S, is-as-showninformida r|11.3G\|.

for 2D analysis, ig =2

for 3D analysis, ig =3 (A.30)

EXAMPLE

In a 3D analysis, a system scale is specified in the images; furthermore, three more reference
distances are visible in the images and are located in the object area at an angle of in each case 80° to each other.

If pra,1 =1, prd,2 = 1 and pr4,3 = 1, then

is=1+1

28
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Inspection record

A.4.1 General

ISO 8721:2018(E)

The inspection record shall document all required aspects which are needed to control and reproduce

the results of the testing procedure in accordance with this document.

The inspection record consists of the following parts:

— performance values (2D/3D);

ain part with results;

— ldngth measurement error and accuracy value;

— indices of all image recording devices; and

— 3

A4.

indices (for 3D analysis only).

Main part with results

In this main part of the inspection record, the main information and the main results of the testing
procedure are represented as shown in the example below:

EXAMPLE Main part

Labor
Labor
Date d
Type
Type
Numb

htory test ref. number:
htory name:

f the test:

f procedure:

fanalysis:

er of image recording’devices:

Time interval:

User-(

Lo

All

ER123456
Crash Inc.
2003-09-10
Online

3D

6

0 msto 140 ms

efined variables:

atign\accuracy: djoc = 10 mm

bwed pointmotion: =18 mm
Allowed accuracy relation: Faar=3
Accuracy value limit: ravli = 0,01

Results and requirements with respect to the type of procedure and type of analysis:.

Scale index:

Performance value:
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Length measurement error:

Accuracy valu

e:

Conformity with this document:

A.4.3 Performance value

AL = 4,43 mm
a=0,003
ok

ok (<10 mm)

ok (£0,01)

In this part of the inspection record, the determination of the 2D/3D performance value is listed in
detail, as shown in the example below and summarized in Table A.16.

EXAMPLE

Performance value

Type of proce
Type of analy{
Number of im
Number of 2D|
Number of 3D
Number of ind

Performance Y

Hure:
is:

hge recording d

ex values <0,5:

evices:

performance indices:

performance indices:

Falue of the optical data channel:

Online

3D

m=2
N=0

Q=0,924

ok (=0)

ok¢(z,70)

Table A.16 — Example of an overview of‘the performance value

2D performaiice Minimum
Name of image value Number of index .
ID . > requirement
recording device values u 0,5 fulfi
qi ulfilled
1 Left_Total.avi 1,00 0 ok
2 Left_Front.avi 1,00 0 ok
3 Top.avi 0,80 0 ok
4 Right_Totdl.avi 1,00 0 ok
5 Right_Rear.avi 0,80 0 ok
6 Front-Top.avi 1,00 0 ok

A.4.4 Leng

In this part
accuracy val

EXAMPLE

Length measurement and accuracy value

rth measurement error and accuracy value

of thecnspection record, the determination of the length measurement error an
le aredisted in detail, as shown in the example below and summarized in Table A.17.

Number of reference distances:

Beginning of the analysed time interval:

End of the analysed time interval:

Time of the accuracy calculation:

Length measurement error of the optical data

channel:

Accuracy value of the optical data channel:

30

i=3
th=0ms
te = 140 ms

tc=0ms

AL =4,43 mm

a=0,003

ok (<10 mm)

ok (£0,01)

d the
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Table A.17 — Example of an overview of the length measurement error and accuracy value

Length
Reference distance | Calibrated length | Measured length measurement Accuracy value
error
Prd,r Ic,r Im,r(t) Arefdist,r
Alr
1 136,79 mm 1139 mm 2,21 mm 0,0019
2 674,43 mm 2 670 mm 4,43 mm 0,0009
861,22 mm 859 mm 2,22 mm 0,002 6

Camera position calculation indices:
The type of camera position calculation is reliable.
The lejngths of the reference distances can be measured at an arbitrary time step.

Examples of camera position calculation indices can be found in Table A.18.

Table A.18 — Example of an overview of the camera positioen’calculation indliices

Maximum displacement
Image recording | Type of position in object space Camera position Res$ult value
device calculation calculation index [
Imdo
1 dynamic — 1,000 ok
2 dynamic — 1,000 ok
3 dynamic = 1,000 ok
4 static 5,607 1,783 ok
5 dynamic — 1,000 ok
6 dynamic — 1,000 ok

Input parameters:

camgra (1): Imgi'="— lipa=—
camegra (2): Lindi = — Ifpd = —
camera (3): Imdi = — Itpd = —
camera (4): Imdi = 0,800 pixel Ifpa =7 600 mm
camera (5): Imdi = — Itpg = —
camegra (6): Imdi = — lfpd = —

A.4.5 22D indices

In this part of the inspection record, all parameters and results of the image recording devices are
represented in summary. For each image recording device, there shall be one paragraph, as shown in
the examples below and summarized in Table A.19.

EXAMPLE

2D indices of image recording device 1
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Table A.19 — Example of an overview of 2D indices of an image recording device

Index Index value Rﬂ::lie' colr?(;ii‘tei)i)n
1 Focal length index 1,078 >1 1
2 Distortion index 1,348 >1 1
3 Target detection index 13,480 >1 1
4 Target size index 1,078 >1 1
5 Motion blur index 3,210 >1 1
6 Point motion index 1,011 >1 1
7 Control point distribution index 1,333 >1 1
8 Time base index 1,338 >1 1
9 Time origin identification index 5,618 >1 1
Results:
Sum of the index conditions s=9
Number of 2D performance indices n=9
2D performpnce value of image recording device 1 q1=10
User-defined vpriables:
location acduracy dloc = 10,0 mm
allowed poipt motion lapm = 18,0 mm
Input parameters:
focal length f=17,254mm
object distance d=8000 mm
focal lengthlaccuracy ar = 0,02 mm
cell size Ies = 0,016 mm/pixel
distortion gccuracy aq =1,0 pixel
target deteg¢tion accuracy ayq = 0,1 pixel
required tafget diameter Irtq = 5 pixel
current target diameter Ictd = 40 mm
object speefl v=178m/s
exposure tine e=0,350 ms
frame rate fr=1000Hz
target existp in sectien\l pt,1 = true
target existp in se€tion 2 pt,2 = true
target existp ifi.section 3 pt,3 = true
target existsin section & Dt.4 = true
width of the digital image liw = 512 pixel
height of the digital image Iih = 384 pixel
control point formed area Acf=58530,7 pixel?
time interval tint = 140 ms
frame rate accuracy afr =3 ppm
time difference between tp-image and tp-signal tatz = 0,100 ms
2D indices of image recording device 2
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A.4.6 3D indices

In this part of the inspection record, the 3D indices are listed in detail. This part of the inspection
record is only needed if the type of analysis is 3D, as shown in the example below and summarized in
Table A.20.

EXAMPLE

3D indices of the optical data channel

Table A.20 — Example of an overview of 3D indices of the optical data channel

Index Index value | Requirement | Index condition
Intersection index 4,676 >1 1
Synchronism index 4,242 >1 1
Resulfs:
3D|performance value of the optical data channel P=2
Number of 3D performance indices m=2
User-defined variables:
locption accuracy djoc = 10,0 mm
allpwed accuracy relation Faar =3
Input parameters:
disftance camera base (4 - 5) to object ldco =8 000 mm
camperabase (4 - 5) Icb =2 014 mm
cuffrent asynchronism (4 - 5) tca=0,10 ms

A.5 (Examples

A.5.1 Type of procedure —0Online/3D

A.5.1]1 Test description

A 3D [film analysis of @yehicle impact crash test shall be verified for conformity with thjis document.
Imag¢ sequences of six digital high-speed cameras in a circular set-up are used for the 3D [film analysis
of the frontal crash test.

The ulser-defined variables for this analysis are as follows:

— ldcation accuracy: dloc = 10 mm
— allowed point motion: lapm = 18 mm
— allowed accuracy relation: Faar =3

— accuracy value limit: ravi = 0,01

The input parameters of the six digital high-speed cameras are listed in Table A.21.
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Table A.21 — Example of an overview of the input parameters of six digital high-speed cameras

Input parameters Camera 1|Camera 2 |Camera 3 |Camera 4 |Camera 5|Camera 6
focal length f mm 8 10 16 17 16 17
object distance d mm 2500 5000 8000 8000 8000 8000
focal length accuracy as mm 0,02 0,02 0,02 0,02 0,02 0,02
cell size les g:xme{ 0016 | 0016 | 0016 | 0016 | 0016 | 0,016
distortion accuracy aq pixel 1,0 1,0 1,0 1,0 1,0 1,0
target detection accuracy| aiq pixel 0,1 0,1 0,1 0,1 0,1 0,1
required target diameter | Irtq pixel 5 5 5 5 5 5
current target diameter lctd mm 40 40 40 40 40 40
objectgpeed v m/s 17,6 17,6 17,6 17,6 17,6 17,6
exposufe time e us 250 250 250 250 250 2650
framd rate fr Hz 1000 1000 1000 1000 1000 1000
target exists|in section 1 | p¢1 — true true true true true tijue
target exists|in section 2 | pt2 — false true true true false tjue
target exists|in section 3 pt,3 — true true false true true tifue
target exists|in section 4 | pta4 — false false true true true tjue
width of the digital image| [ pixel 512 512 512 512 512 5[12
height of the ¢ligital image| [in pixel 384 384 384 384 384 384
control pointfformed area| Acf pixel2 | 58530,7 | 58 520,% 58 540,7 | 58 510,7 | 58 550,7 | 58 $60,7
time interval tint ms 150 150 150 150 150 1550
frame ratg accuracy afy ppm 3 3 3 3 3 3
time diffgrence tg tdtz ms 0,1 0,1 0,1 0,1 0,1 0,1

A.5.1.2 Determination of the test results
The determihation of the conformity chéck can be subdivided into three main parts.
a)

Calculatjon of the performance ofthe optical data channel (see 5.4).

The performance of the optital data channel shall be calculated using the following workflow:
— calcfpilation of all 2B performance indices of each camera (see 5.4.2 and A.1);
calcpilation of thie 3D performance indices for the test (see 5.4.2 and A.2);
calctilationrof the 2D performance value of each camera (see 5.4.3);
calctlation of the 3D performance value for the test (see 5.4 4);

calculation of the performance value of the optical data channel (see 5.4.5).

b) Calculation of the accuracy of the optical data channel (see 5.5).
The accuracy of the optical data channel shall be calculated using the following workflow:
— calculation of all accuracy indices (see 5.5.1 and A.3);
— calculation of the length measurement error and the accuracy value of each reference scale
(see 5.5.2);
— calculation of the length measurement error and the accuracy value of the optical data channel
(see 5.5.3).
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c) Conformity check for the impact test.

The decision of the conformity check for the impact test shall be made with respect to the limits of
the online procedure (see 5.6.1 and 5.6.2).

A.5.1.3 Documentation of the conformity check results

The results should be documented in an inspection record (see A.4). Extracts of the inspection record
of this conformity check are shown in A.4.

A.5.2 Type of procedure — Offline/3D

A.5.2

The s
is car
const

The |

The input parameters of the six digital high-speed-¢ameras are listed in Table A.21.

A.5.2
The c

a)

b)

lo

allowed point motion: lapm = 18 mm

allowed accuracy relation: Faar =3

a(

C
T

1 Test description

ser-defined variables for this analysis are as follows:

cation accuracy: dloc = 10 mm

curacy value limit: ravi = 0,01

2 Determination of the results of the preliminary test
bnformity check of the preliminary test can be subdivided into three main parts.

palculation of the performanceof the optical data channel (see 5.4).

ame impact test as described in A.5.1 is analysed using an offline proceduxé.A preliminary test
ried out acquiring a test artefact as described in Reference [2]. The equipment andl the camera
bllation used in the impact test shall be the same as in the preliminary €est.

he performance of the optical data channel shall be calculated using the following workflow:

calculation of alk:2D performance indices of each camera (see 5.4.2 and A.1);
calculation‘ef'the 3D performance indices for the test (see 5.4.2 and A.2);
calculation of the 2D performance value of each camera (see 5.4.3);

caleulation of the 3D performance value for the test (see 5.4.4);

calculation of the performance value of the optical data channel (see 5.4.5)

Calculation of the accuracy of the optical data channel (see 5.5).

The accuracy of the optical data channel shall be calculated using the following workflow:

— calculation of all accuracy indices (see 5.5.1 and A.3);

— calculation of the length measurement error and the accuracy value of each reference scale

(see 5.5.2);

— calculation of the length measurement error and the accuracy value of the optical data channel

(see 5.5.3).
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c) Conformity check for the impact test.

The decision of the conformity check for the preliminary test shall be made with respect to the
limits of the offline procedure (see 5.6.1 and 5.6.3).

A.5.2.3 Determination of the results of the impact test
The conformity check of the impact test can be subdivided into three main parts.
a) Calculation of the synchronism index (see A.2.2).

b) Calculation of the accuracy of the optical data channel (see 5.5).

The accyracy of the optical data channel shall be calculated using the following workflow
— calctplation of all accuracy indices (see 5.5.1 and A.3);

— calcplation of the length measurement error and the accuracy value of each reference|scale
(see]5.5.2);

— calcplation of the length measurement error and the accuracy value ofithe optical data chiannel
(see]5.5.3).

c) Conformlity check for the impact test.

The decision of the conformity check for the impact test shallkbe made with respect to the |imits
of the offfline procedure (see 5.6.1 and 5.6.3). For a conformity check of an offline procedure, the
preliminary test and the impact test shall fulfil the confoxmity requirements.

A.5.2.4 Dofumentation of the conformity check results

The results of the preliminary test and of the impatt-test should be documented in inspection records
(see A.4).

A.5.3 Type of procedure — Online/2D

A.5.3.1 Test description

A 2D film anglysis of a vehicle infpact crash test shall be verified for conformity with this documenit. The
movement of the steering wheel during a 0° passive frontal crash shall be measured. Only one cagmera
with the totdl view from thie left side was analysed for this test.

The user-deffined varjables for this analysis are as follows:

— location accuracy: dloc = 10 mm
— allowed peintmotion: lapm =35-mm
— accuracy value limit: ravl = 0,01

The input parameters of the digital high-speed camera are listed in Table A.22.

Table A.22 — Example of an overview of the input parameters of a digital high-speed camera

Input parameters for the indices Camera 1
Focal length f mm 36,1
Object distance d mm 8360
Cell size les mm/pixel 0,012
Distortion accuracy aqd pixel 0,099
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