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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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Starndards
adopted by the technical committees are circulated to the member bodies for voting>yPublication gs an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shgll not be held responsible for identifying any or all such patent rights.

ISO 8721 was$ prepared by Technical Committee ISO/TC 22, Road vehieles, Subcommittee SC 12, Passive
safety crash protection systems.

This second gdition cancels and replaces the first edition (ISO 8724:1987), which has been technically re¢vised.
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Road vehicles — Measurement techniques in impact tests —
Optical instrumentation
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hternational Standard defines performance criteria for an optical data channel used-in in
ehicles, when numerical time and space data are taken from images to analyse impact tes

bjective of this International Standard is to facilitate comparison between tésults obtaing
tories by specifying minimum quality criteria.

esA, B, C and D present a method of measuring several indices like quality p
pcesses of the optical data channel, using a calibration target, reference distances and ang
ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only the edition cited applies. For undated references, the latest edition of th
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d by different
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lysis systems.
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e referenced
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the case of 2D

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

3 Tlerms and definitions

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

31

analysis system

system to measure and-collect the coordinates of target points in image space as a function of tir
NOTE The caleulation results of the analysis system are 3D coordinates in object space, whereas in
analysis, the depth'of the target points is known and considered.

3.2

cell sjze

distanceof meighbourinmg pixets o the sensor of arrinmage Tecording device

NOTE 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

© 1SO 2010 — All rights reserved
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34
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 accyracy

Aioc
desired accurpcy of the object or target being measured

3.7

optical data ¢hannel
system comppsed of one or more image recording devices and a system for analysing-the images, induding
any analysis procedure and data correction that validate and modify the content of the.data

3.8
reference digtance
known distan¢e between a validation target pair

3.9
synchronisn] device
device to idertify the synchronism effect in two or more corresponding image recording devices

3.10
time base system
device allowing determination of the time interval elapsés between any two recorded events for each jmage
recording devjce

3.1
time origin identification device
device to idertify the instant chosen as, the time origin, usually the contact between the test objects

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

NOTE Both of them arevisible during the impact test.

3.13
accuracy valre
a

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

3.14
accuracy value limit

Tavl
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

2 © 1SO 2010 — All rights reserved
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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

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 Only for 2D film analysis.

3.17
contrpl point distribution index
icpd
index [that makes it possible to evaluate whether the distribution of the control-points in the image permits a
reliable orientation of the used images

3.18
distortion index
Iy
index [that makes it possible to evaluate whether the interior otientation parameters of the used camera are
still vglid

3.19
focal Jength index
I
index [that makes it possible to evaluate whethér'the focal length of the used image recording|device is still
valid

3.20
index|value
value that is determined by the index calculation equation

NOTE1 See Annex A.

NOTE|2  The index valdess the result of the index determination and is a floating point number.
3.21
index|condition

condifjon of thesxcheck of the index

NOTE The index condition can be true (value 1) or false (value 0). The condition true means that theg index check is

fulfi"ec and-thae condition-falcamaanc-that tha indawy chanle ic At flfillaA
TSt CoaroTaoCeartotratr e maeXx-orne o oTTormmeas

3.22

intersection index
g
index that makes it possible to evaluate the intersection geometry of the rays from the image recording

devices to the object points
NOTE 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

© 1SO 2010 — All rights reserved 3
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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

3.25
performance value
value that guarantees suitable general conditions for the estimation of the accuracy of the optical data channel

NOTE It is—derived from all indices which describe the pnr‘fnrmnnr‘n of the npfir‘al datachannel

3.26
plane scale index
ips
index that mpkes it possible to evaluate whether there is the possibility to calculate’ the scale in| each
movement plane

NOTE Only for 2D film analysis.

3.27
point motion|index
ipm
index that migkes it possible to estimate whether the selected frame rate is high enough, in orger to
correspond tg the test requirements

3.28
scale index

Is

index that giyes the possibility to evaluate whether there are enough independent reference distanges to
control the system scale

3.29
synchronisn] index
isy
index that makes it possible to estimate whether the data produced in the test can be regarded as
synchronous

NOTE Only for 3D film analysis.

3.30
target detectjon index
Itg
index that makes) it possible to evaluate whether the measuring accuracy of the image coordinates is| small
enough, in order to correspond to the test requirements

3.31

target size index

its

index that makes it possible to evaluate whether the signalized points, used in the test, are large enough, in
order to ensure a reliable point identification and point measurement in the images

3.32
time base index

It
index that makes it possible to evaluate whether the time accuracy of the used time base system corresponds
to the test requirements

4 © 1SO 2010 — All rights reserved
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itoi
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index that makes it possible to evaluate whether the time accuracy of the used time origin identification device

corresponds to the test requirements

4 Symbols
Symbol Definition
At control point formed area
4 image area
a accuracy value of the optical data channel
Ag1aid allowed location accuracy in depth
Agjad current location accuracy (distortion)
Agiaf current location accuracy (focal length)
Agiai current location accuracy (intersection)
Aglaid current location accuracy indepth
Agiat current location accuragy)(target)
Agiath current location aceuracy (time base)
Agiatoi current location:accuracy (time origin identification)
ag distortion aecuracy
ag focal length accuracy
ag frame rate accuracy
Ao location accuracy
Arefdist accuracy value of the reference distance, r
g target detection accuracy
d object distance
e exposure time
r focal length
I frame rate
igpe camera position calculation index
Iepd control point distribution index
ios camera set-up index
ig distortion index
If focal length index
ij intersection index
imb motion blur index
Ipm point motion index
Ips plane scale index

© 1SO 2010 — All rights reserved
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Symbol Definition
ig scale index
sy synchronism index
ith time base index
itg target detection index
itoi time origin identification index
ltg target size index
yAV fengthmmreasurementerrorof theopticatdatacharmet
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
lg, calibrated length of reference distance, r
lep camera base
lemby current motion blur value
lepm current point motion between twa'sequenced images in object sppce
les cell size
letd current target diameter
lyco distance camera base to object
lfpd fix point distance
lin image height
liw image width
I D) meéasured length of reference distance, r, as a function of time
Imdi maximum displacement in image space
Imdo maximum displacement in object space
g required target diameter
lig theoretical target diameter
p 3D performance value of the optical data channel
Pepa control point area
Popd control point distribution
Pdtp,i distance to plane of motion i
Prp number of planes of motion
Prd.r reference distance
Prd.i reference distance in direction i
Prdp,i reference distance in plane of motion i
Psiap scale information in all planes of motion
Psip,i scale information in plane of motion i

6 © 1SO 2010 — All rights reserved
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Symbol Definition
Psyd synchronism index in viewing direction
Psyp synchronism index perpendicular to the viewing direction
Pti target in image section i
Ptpc type of camera set-up
Ptpd type of position determination
0 performance value of the optical data channel
T; 2Dperformmance vatue of theimmrage recording device
Taar allowed accuracy relation
Tavl accuracy value limit
Fear current accuracy relation
ty beginning of the analysed time interval
te user-defined time within the analysed\time interval
tea current asynchronism
titz difference between ty-imagég)and -signal
te end of the analysed time interval
tint time interval
ty time drift
tid total time drift
\J velocity

5 Performance

5.1 |General requirements

The performance of the-optical data channel shall be evaluated initially to establish performange levels. This
evaluation shall be{fepeated whenever the system is modified to an extent which could caus¢ 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 onliné ‘procedure.

The performance of the optical data channel shall be estimated using 2D performance values, or 3D
performance values, or both. These values consist of different performance indices depending on the test
constellation. To verify the estimated performance values, an accuracy value shall be determined using two or
more reference distances.

If a film analysis is carried out using the image sequences of onboard cameras, the used equipment (camera
and lens) shall correspond to the expected shock.

5.2 Reference distance

The reference distances shall be determined ten times more precisely than the desired location accuracy. The
determination of the reference distances should be done before the test.

© 1SO 2010 — All rights reserved 7
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The reference distances shall be located on approximately perpendicular (90 = 10)° lines (see A.3.2). For 3D
analysis, all three directions in space shall be covered.

5.3 Time base system

The time base shall be determined ten times more precisely than the desired time accuracy.

5.4 Performance of the optical data channel

5.41 General
The performince of the optical data channel consists of different indices (see Table 1). The determipation
depends on the application (2D or 3D).
5.4.2 Perfoymance indices
Each index vplue shall be at least 0,5. If this minimum requirement is not fulfilled for-every index, then the
impact test dpes not conform to this International Standard. The index condition of@-certain index is { if the
requirements [for this index (see Annex A) are not fulfilled; otherwise the index condition is 1.
Table 1 — Performance indices

Index 2D 3D Nur::tzrtf:arn%p;tlical Comment
Focal length index a a8 | one per image recording(device in a suitable image
Distortion index a @ | one per image recording device |in a suitable image
Target detectign index a a8 |one per image recording device |worst target used in the analysi$
Target size index a a8 |one per image recording device [worst target used in the analysi$
Motion blur index a a8 | one perimage recording device at maximum object speed
Point motion index a a8 |aqne per image recording device at maximum object speed
Control point distribution index a a ~\one per image recording device |in a suitable image
Time base indgx a @/ |one per image recording device —
Time origin idgntification index % @ | one per image recording device —
Camera set-up index 7 b |one per image recording device —
Plane scale inflex a b |one per image recording device —
Intersection inflex b a |one best pair of image recording deyices
Synchronism index b a |one worst pair of image recording d¢vices
@ Index valuelis used for the performance value.

b

Index value is not used for the performance value.

5.4.3 2D performance value
The performance value for every image recording device is estimated by all 2D related index conditions

(see Table 1). The 2D performance value, g;, is the ratio of the achieved sum to the possible sum of index
conditions with respect to the test requirements, and is calculated as shown in Equation (1):

n
Z X ji
j=1

q; ="

(1)

n

8 © 1SO 2010 — All rights reserved
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where

5.4.4

ISO 8

is the image recording device number;
is the 2D performance index number;
is the index condition of the 2D performance index, j, of the image recording device, i;

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

3D performance value

721:2010(E)

9).

The 3

wherg

5.4.5

For 2
value,

g

For 3l
not dg
value,

For 3l
possik

D performance value of the optical data channel, p, is calculated as shown in Equation(2);

m
k=1

is the 3D performance index number;
is the index condition of the 3D performance index, k, of the eptical data channel,

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

Performance value of the optical data channel

D analysis, the performance value of the optical data channel, Q, is identical to the 2D
¢4, as shown in Equation (3):

D analysis with only one imagérecording device, the intersection index and the synchron
fined. In this case, the performance value of the optical data channel, Q, is equal to the 20

q1-

D analysis, the performance value of the optical data channel, Q, is the ratio of the achiev
le sum of all index conditions, calculated according to Equation (4):

(nxiqi]+(p><u) [inqi]+p
_\ = =]

(nxu)+(m><u) - n+m

()

performance

(3)
sm index are

performance

ed sum to the

(4)

where

is the image recording device number;

g; isthe 2D performance value of the image recording device, i;

is the number of image recording devices;
is the number of 2D performance indices (2D film analysis: n = 11; 3D film analysis: n =
is the number of 3D performance indices (m = 2);

is the 3D performance value of the optical data channel.

© 1SO 2010 — All rights reserved
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5.5 Accuracy of the optical data channel

5.5.1 Accuracy indices

The accuracy indices are shown in Table 2.

Table 2 — Accuracy indices

Index Number per optical data channel Comment
Camera position calculation index |one per image recording device —
Scalg index one indispensable index
5.5.2 Length measurement error and accuracy value of a reference distance

The length m

— the lengt
measure

— the accuf
measure

All used imag

If the index d
fulfilled, the le
interval. If the|
Al,, shall be ¢
the reference

pasurement error and accuracy value of a reference distance are defined as follows:

e recording devices shall be used for the calculation of thereference distances.

N measurement error, Al,, of the reference distance, r, is the maximum_difference between the
i length, /., ,(#), and the calibrated length, /; ,, within the analysed time'interval;

acy value, argqist - O the reference distance, r, is the maximumdrelative difference betwegn the
i length, /,, ,(#), and the calibrated length, / ,, within the analysed time interval.

ondition of the camera position calculation index;xi,,., of all used image recording devices is
ngth measurement error, A/, can be determined-at a single time step within the analysefl time
index condition of only one image recording dévice is not fulfilled, the length measuremeni error,
alculated for every time step within the analysed time interval. The accuracy value, a4
distance, r, is the ratio between the lengthomeasurement error, A/,, and the calibrated length, /

st,r of

’ "C,rt

If every ipe ; # 1, then the length measurement ertor, A/, is calculated according to Equation (5):
Alr:|lmr(tc)_lc,r (5)
where
Iepe,i s the index valye,of the camera position calculation index of the image recording device, 7;
i s the image‘recording device number;
r s the reference distance number;
lmJ.(t) o thU nmreasul Gd :UI Iyth Uf Icfcl CIILC dibtal ILC, 7, do ad ful IbtiUl I Uf tll LLL~ )
l is the calibrated length of reference distance, r.
If any ig,e ; < 1, then the length measurement error, A/, is calculated according to Equation (6):
AL, =max|l, (1) -1,|'® (6)
’ " lp

10
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where
Iy is the beginning of the analysed time interval;
te is the end of the analysed time interval;
to is a user-defined time within the analysed time interval.

The accuracy value, aggqist - IS calculated according to Equation (7):

Al

5.5.3

|
_|

— The accuracy value of the optical data channel, q, is the maximum ofithe accuracy values,
r¢ference distances, r,

5.6

5.6.1 | General

Conformity with this International Standard*can be verified by different types of procedure, dep
desirgd complexity. The different types’of procedure are shown in Table 3.

. = —
refdist,s /

C,r

AL =max(Al,.)

a= max(arefdist,r )

Types of procedure

Length measurement error and accuracy value of the optical data channel

he length measurement error of the optical data channel, AL, is the)maximum
measurement errors, A/,, of all reference distances, r.

Table 3 — Types of procedure

(7)

bf the length

Arefdist, of all

(8)

)

ending on the

Q

Aloc

performance value of the optical data channel

AL length measurement error of the optical data channel

a  accuracy value of the optical data channel

rav  User-defined accuracy value limit of the optical data channel

user-defined location accuracy of the optical data channel

Type of Before the real impact test During the real impact Test
pracedure Performance value Accuracy value Performance value AccuLacy value
AL < q
Qnline — _ 0>07 oc
d < ravl
Synchronism index
AL <a AL <a
Qfiline 008 = Hloo sy > 1 oo
a < gyl o PN d < Tay
(omy oD aralysrs)
Key

© 1SO 2010 — All rights reserved
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5.6.2 Type of procedure — Online

5.6.2.1 The online procedure is of the highest complexity. All work shall be done for every impact test.
The performance and the accuracy of the optical data channel can be checked during the test.

This procedure can be used, if the equipment of the optical data channel will often be changed essentially
between the impact tests, or if no prior information about the optical data channel is available.

The user has the possibility to evaluate every component of the optical data channel for every impact test.

5.6.2.2 T

asks during the impact test are specified below.

— All descri
— All descri
— The perfd

— The leng

Ajoc-

— The accy

5.6.3 Type

5.6.3.1 Tl

in the preliminary test. The performance of the optical data channel can only be checked in this test. [

the impact teg

This proceduffe can be used if the equipment of the optical data channel will not be changed, or if only

changes will

The user has
test. For ever
channel.

5.6.3.2 T
— The light
an impad
size of th

— All descri

— The perfd

bed performance and accuracy indices shall be calculated during the real impact test.
bed performance index values shall be at least 0,5.
rmance value of the optical data channel, Q, shall be greater than 0,7.

h measurement error of the optical data channel, AL, shall be lower than-the location acc|

racy value of the optical data channel, a, shall be lower than the.accuracy value limit, 7.

bf Procedure — Offline
he offline procedure is of middle complexity. The main-part of the calculation shall be dong

t, only the accuracy can be calculated. For a 3D analysis, the synchronism shall be checke

e done.

the possibility to evaluate every component of the optical data channel once in the prelir
y impact test, the user only has'the possibility to evaluate the overall result of the optica

asks in the preliminary testare specified below.
ng and the frame-rates of the image recording devices in the preliminary test shall be sin
t test. The using\ef a VDI/VDE 1634 Part 1 artefact is recommended (see Reference [2]
e artefact shauld“correspond to the size of the measuring area of the impact test.

bed perfoermance index values shall be at least 0,5.

reaance value of the optical data channel, Q, shall be greater than 0,8.

uracy,

once
During
d.

minor
ninary

| data

ilar to
. The

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

Aioc-

— The accu

racy value of the optical data channel, a, shall be lower than the accuracy value limit, r,;.

5.6.3.3 Tasks during the impact test are specified below.

— For 3D analysis, the synchronism index shall be fulfilled, sy =1.

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

Aioc:

— The accuracy value of the optical data channel, a, shall be lower than the accuracy value limit, 7.

12
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5.7 Conformity statement
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The accuracy value represents the overall accuracy of any point measurement within the optical data channel
when suitable general conditions are valid. This is guaranteed by the performance value.

An optical data channel conforms to this International Standard if the index value of the scale index is 1 and
the accuracy value and the performance value fit the requirements of the used procedure.

5.8 Derived quantities

For derived computed quantities, the requests for the digital signal processing of a data channel shall be

consigersgmaccordance with t SO 6487

5.9 [User-defined variables

The uger is able to influence the results of the testing procedure by the specification| ofuser-defi

hed variables.

The donformity or non-conformity of this International Standard depends on these user-defined variables.
They shall be listed in the inspection record. With these variables, the user specifies his desired neasurement
accuracy.
User-@lefined variables are given in Table 4.
Table 4 — User-defined variables
Variable Symbol Definition Unit
desired accuracy of the“object or target being measured (targe
logation accuracy Aoc detection index, foeal length index, distortion index, motion bluf| length unit
index, length measurement error)
allowed point motion Lo allowed ppmt mothn between two sequenced images in objec length unit
p space (poiht-motion index)
allowédjaccuracy relation between the accuracy perpendicular tg
allowed accuracy relation Taar the camera base in the direction to the object and the accuracy i —
thevother two directions (intersection index)
. desired accuracy relation of the reference distances being
acguracy value limit Favl —
measured (accuracy value)

6 Documentation

For tHe interpretation of the accuracy and performance values, it is necessary to specify the
proceglureN(online/offline), the type of analysis (2D/3D), the number of image recording devices
interval used for the evaluation. All user-specific input values and all index values shall be record

used type of
and the time

If the frame rate is not constant over the time interval, the time vector shall be recorded.

ed.

For the documentation of the performance of an optical data channel, an inspection record is recommended

(see Clause A.4).

© 1SO 2010 — All rights reserved

13


https://standardsiso.com/api/?name=3c52a85aae7b9d01d19b3ea08efc8b23

ISO 8721:2010(E)

A.1 2D performance indices

Annex A

(normative)

Index determination methods

A.1.1 Focallength index, iy

The focal length index determines the influence of an incorrect focal length on the location aceuracy.

The

accuracy of [the determined focal length is calculated by algorithms determining theccamera internal

parameters.

For a 2D film analysis using a perpendicular set-up of the camera with respect io-the 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 length index is 1. Otherwise, the index value shall be calculated by Equatians (A.1) and (A.2), using the
parameters in Table A.1.

Table A.1 — Parameters to determine focal-length index

Parameter Symbol Definition Uhit
focal length f focal length of the,used image recording device length unit
Input parameters object distance d distance between object and image recording device length unit
focal length accuracy ag accuracy.of the determined focal length length unit
User-defingdd . desired accuracy of the object or target being .
. location accuracy Aoc length unit
variables measured
Derived values cur;ecr:;tulgc(i;uon agat | current accuracy of the object or target being measured | length unit
The functiona) connection is as,shown in Equation (A.1):
Aglaf = X af (A.1)
The requirempntAforthe parameter focal length index, i, is as shown in Equation (A.2):
a
ig=—>1 (A.2)
A claf
EXAMPLE If /=16 mm, d =5 000 mm, ¢, =10 mm and a; = 0,02 mm, then

14

Aclaf =

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

v

(5 000 Mm/16 mm) x 0,02 mm = 6,25 mm

© 1SO 2010 — All rights reserved
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A.1.2 Distortion index, i4

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 process of
determining the internal camera parameters. The distortion index value shall be calculated by Equations (A.3)
and (A.4), using the parameters in Table A.2.

Table A.2 — Parameters to determine distortion index

Parameter Symbol Definition Unit

focal length f focal length of the used image recording device length unit

object distance d distance between object and image recording device length unit
Inpuf parameters distortion accuracy a accuracy of the determined distortion parametgrs pixel

d | (maximum residuals)
. . C length
cell size les cell size of the digital image unitipixel
User-defined . desired accuracy of the object or target being .
location accuracy o length unit

v@riables measured

Derived values acgﬂ:;ir;t (lccj)i(;?(tjlr(;ir:)n) aglad | current accuracy of the object or target being measuned | length unit

The fynctional connection is as shown in Equation (A.3):
d
Aclad =7><ad XICS (A3)

The requirement for the parameter distortion-index, iy, is as shown in Equation (A.4):

Aloc

| - o (A.4)

4clad

~.

EXAMPLE If =16 mm, @=5-000 mm, a,, = 10 mm, a4 = 1 pixel and /., = 0,016 mm/pixel, then

4 =/(5-000 mm/16 mm) x 1 pixel x 0,016 mm/pixel = 5 mm

Aela
ig 40 mm/5 mm =2,0

ig=1 Vv

A.1.3-TargetdetectiominmdeXx; 75

The target detection index determines the influence of the target detection accuracy on the location accuracy.
The worst target used in the analysis shall be used for the determination of the target detection index. The
target detection index value shall be calculated by Equations (A.5) and (A.6), using the parameters in
Table A.3.
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Table A.3 — Parameters to determine target detection index

Parameter Symbol Definition Unit
focal length f focal length of the used image recording device length unit
object distance d distance between object and image recording device length unit
Input parameters | target detection target detection accuracy (e.g. determined by measurement ixel
accuracy d on similar target type and target size of known location) P
. . Co length
cell size Ies cell size of the digital image unitipixel
User-defined location docired fhe-obiectortaraetbet o } h unit
Variableq accuracy u|0c UTolitu albulaly Uluic UDJTULLl UT lalytT Ul UTITTy 1T1TCaouircu Ty
Derived vallles current location agat | current accuracy of the object or target being measured lengih unit
accuracy (target)
The functional connection is as shown in Equation (A.5):
d
aclat =—><atd XZCS (A5)
J
The requirement for the parameter target detection index, iy, is as shown in‘Eguation (A.6):
a
itg =—2% > 1 (A6)
dclgt
EXAMPLE If /=16 mm, d =8 000 mm, g, = 10 mm, a;y = 0,1-pixel and /., = 0,016 mm/pixel, then
Agjaq = (8 000 mm/16 mm) x 0,1 pixel x 0,016'mm/pixel = 0,8 mm
iig=10 mm/0,8 mm = 12,5
ig=1 Y
A.1.4 Target size index, i
The target size index compares_thie current and the required diameter of the targets in object space. The worst
target used ir] the analysis _shall be used for the determination of the target size index. The target size|index
value shall bg calculated byEquations (A.7) and (A.8), using the parameters in Table A.4.
Table A.4 — Parameters to determine target size index
Parameter Symbol Definition Unit
focal length f focal length of the used image recording device length unit
object distance d distance between object and image recording device length unit
required target / required target diameter in image space (required by ixel
Input parameters diameter rtd the analysis system developer) P
. . L length
cell size Ios cell size of the digital image unit/pixel
current target . . . .
diameter Iotd real target diameter in object space length unit
Derived values theo(;?atlrzaeltée:rget lig theoretical target diameter in object space length unit

16
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The functional connection is as shown in Equation (A.7):
d
It :7Xlrtd><lcs (A7)
The requirement for the parameter target size index, i, is as shown in Equation (A.8):

=G (A8)

1
® 7 Iy

EXAMPHE

£ L oL L I~ aYa¥al L 4.0 H | L o040 Lo ] L 2L ko
T = Z0 =9 OUU T, T qq™= TU PIACTalG T -™= U U TO T PTACT AT T ™= IO T UTCTT

lyg = (5000 mm/25 mm) x 10 pixel x 0,016 mm/pixel = 32 mm
iy = 35 mm/32 mm = 1,09
its =1 v

A.1.5 Motion blur index, i,

The mpotion blur index determines the influence of the motion blur)on’ the location accuracy. The motion blur
index value shall be calculated by Equations (A.9) and (A.10), using the parameters in Table A.5

Table A.5 — Parameters to detérmine motion blur index

Parameter Symbol Definition Unit
maximum speed of the object perpendicular to the length
object speed v . . unit/time
Inpuf parameters optical axis unit
exposure time é exposure time of the used image recording device time unit

User-defined

Vhriables location accuraey: a,. |desired accuracy of the object or target being measured | length unit
Derived values currentvg}atelon blur lemoy | CUrrent motion blur value at the object length unit

The fynctional connection is as shown in Equation (A.9):

by =0:5XvXe (A.9)

The requirement for the parameter motion blur index, i.,,,,, is as shown in Equation (A.10):

= foc_ - 4 (A.10)

EXAMPLE If v=18 m/s, e=0,4 ms and g, = 5 mm, then

/ =0,5x 18 mm/ms x 0,4 ms = 3,6 mm

cmbv
imp = 9,0 mm/3,6 mm = 1,39

>1 Vv

Imb =
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A.1.6 Point

motion index, iy,

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 Equations (A.11) and (A.12),
using the parameters in Table A.6.

Table A.6 — Parameters to determine point motion index

Parameter Symbol Definition Unit
maximum speed of the object perpendicular to the length
object speed v S unit/time
Input paramefters OpLCarais dnit
frame rate e frame rate of the image recording device during the test_|\1/time unit
User-defingd . . allowed point motion between two sequenced images in .
. allowed point motion| /I m ; length unit
variables] P! object space
Derived valles | current point motion leom current point motion between two sequenced images in length unit
P object space
The functional connection is as shown in Equation (A.11):
1
lcpm =VK— A.11)
Jr
The requiremgnt for the parameter point motion index, Ipm is as\shown in Equation (A.12):
. la;m 1 A.12
fom = > 12)
cgm
EXAMPLE If v=14 m/s, f, =1 000 Hz and lapm =715 mm, then
lcpm =14 mm/ms x 1 ms =44 mm
ipm =15 mm/14 mm=.1507
ipm >1 v
A.1.7 Control point distribution index, i.q
The control point distribution index determines the number of control points in the different image sgctions

(see Figure Al1)-and the percentage coverage of the control point area over the image.

2

Figure A.1 — Sections of the image (specifications in accordance with Clause A.12 and Figure A.2)

18
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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 Equations (A.13) and (A.14), using the parameters in Table A.7.

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

Parameter Symbol Definition Unit

target in image

section i Dt presence of targets in the special image sections —
image width L width of the digital image pixel
Input parameters
image height In height of the digital image pixel
control point formed area which is formed by the control points((e.g. p| . .
At . . . pixel x pixel
area triangle, if three points are used)
control point o .
distribution Pepd | Parameter for the distribution of the control points —
Der|ved values control point area Pcpa | Parameter for the area of the control points —
image area Aj area of the digital image pixel x pixel
The fynctional connection is as shown in Equation (A.13):
At; =1 if at least one target exists in image section i
At =0 if no target exists in image section i
Bepd = Pt t P2t P13+ Pia
4 =l %lin
| 4
if| = >10%, then pgpq = 1
|
i e <10% , th =0 A13
[ 7< o, thenpysa = (A.13)
|
The rg¢quirement for-the parameter control point distribution index, Iepds is as shown in Equation (A.14):
. Pcpd X Pcpa
i S >1 A.14
Cpd 3 ( )
EXAMPLE During the exposure, five control points are visible in the image: one is in section 2 (pty2= 1), one in

section 3 (pt3 =1), two are in section 4 (pt4 =1) and one is in the centre of the image in section 0 (no effect).
If 1, = 768 pixel, I, = 512 pixel and 4 = 122 290,3 pixel?, then
Pepg=0+1+1+1=3

A; =768 pixel x 512 pixel = 393 216 pixel?

Ay 122290pix*

— — 0, o/ - —
" 03 216m =0,311=31,1%>10% : popq = 1
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igpg = (3% 1)/3 =1

icpd =1 v

A.1.8 Camera set-up index, i (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.

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 allgwed 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 apd the
focal length irfdex shall be calculated and fulfilled.

The camera $et-up index value shall be calculated by Equations (A.15) and (A.16), dsing the parameters in
Table A.8.

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

Parameter Symbol Definition Unit
type of camera type of the set-up of the*camera with respect to the plane .
set-up Ppc | of motion (perpendic¢ular or non-perpendicular)

index value of the

Input paramdters | focal length index if all parameters-for the focal length index (see A.1.1) —

index value of the - .
. . all parameters for the camera position calculation index
control point icpd —

distribution index (seelA.1.7)

The functional connection is as shown in Equation (A.15):

Ptpc =1 |f the camera set-up is/perpendicular to the plane of motion
Pipc =0 if the camera set*up is non-perpendicular to the plane of motion A.15)
The requirempnt for the-parameter camera set-up index, i, is as shown in Equation (A.16):

iﬂ >1 and ide >1

lcs =Ptpc+(iﬂ><icpd)>1 (A.16)

A.1.9 Plane scale index, i,g (only for 2D film analysis)

The plane scale index describes the requirements to the scale information in each plane of motion. If not all
objects are moving in one plane of motion, the scale information shall be determined in each additional plane
of motion.

Then the scale information can be obtained by the use of an additional reference distance in that plane. The

other possibility is to use the precise distance between the additional plane of motion and the reference plane
to obtain the scale information.
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The plane scale index value shall be calculated by Equations (A.17) and (A.18), using the parameters in

Table A.9.
Table A.9 — Parameters to determine plane scale index
Parameter Symbol Definition Unit
number of_planes of P number of additional planes of motion —
motion ne
reference distance . . .
Input parameters in plane of motion i Drdp,i | Presence of a reference distance in the plane of motion —
distance to plane of ~[distance between the additional plane of motion and the|
motion i Pdtpi | reference plane
scale information in | parameter for the availability of the scale inforpationfin the|
plane of motion i Psip,i plane of motion
Derived values
scale information in _ parameter for the availability of the sgale informatior) in all{
all planes of motion Psiap planes of motion
The fynctional connection is as shown in Equation (A.17):
Ardp,i =1 if a reference distance is present in the plane of motion
Ardp,; = 0 if no reference distance is present in the plang, of motion
Hdtp,i =1 if the distance between reference plang and plane of motion has been measured
Hdtp,i =0 if the distance between reference plane and plane of motion has not been measufed
if Prdp,i =1or Pdtp,i = 1, then Psip, i =1
if| Prap,i =0 and pgyp; =0, then pg,; =0
Pnp
Asiap = Z Psip,i (A.17)
i=1
The requirement.forthe parameter plane scale index, Ipss is as shown in Equation (A.18):
il LLs2p g (A.18)
Pnp
EXAMPLE Using 2D film analysis, two object points are measured which move in two planes parallel to the

reference plane. In the plane in which the first object point moves, a reference distance is placed. In the plane in which the
second point moves, no reference distances are available, but the distance to the reference plane is measured precisely.

If Pnp =2, Prap,1 =1, Pattp,1= 0 Prap 2 = 0. Pap 2 = 1. then

Psip1 = 1’psip,2 = 1'psiap =2

© 1SO 2010 — All rights reserved

21


https://standardsiso.com/api/?name=3c52a85aae7b9d01d19b3ea08efc8b23

ISO 8721:2010(E)

A.1.10 Time base index, i,

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 Equations (A.19) and (A.20), using the parameters in
Table A.10.

Table A.10 — Parameters to determine time base index

Parameter Symbol Definition Unit
frame rate of the image recording device during the .
frame rate 7r f7tMe unit
test
lemgth
Input paramdters object speed v maximum speed of the object unif/time
unit
time interval tint analysed time interval of the test time unit
frame rate accuracy ag accuracy of the frame rate —
User-defingd . desired accuracy of the object*or target being .
location accuracy o length unit
values measured
current location current accuracy of the~webject or target being .
: Aglath length unit
accuracy (time base) measured
Derived valyes time drift tg time drift of each time‘step time unit
total time drift tig time drift of the entire time interval time unit
The functional connection is as shown in Equation (A.19):
ld =~ 1o
Jr
ttd = td T Lint X fr
Aelatb = g XV A.1 9)
The requirempnt for the parameter time base index, iy, is as shown in Equation (A.20):
a
ity =—F->1 A.20)
Acldto
EXAMPLE Iff.=1000 Hz, v=18 m/s, a,,.= 10 mm, ¢, = 140 ms and a; = 0,003, then

t,g = 1/1 000 Hz x 0,003 = 0,003 ms
tig = 0,003 ms x 140 ms x 1 000 Hz = 0,42 ms
Aeatp = 0,42 ms x 18 m/s = 7,56 mm

i, = 10 mm/7,56 mm = 1,32

=1 v
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1 Time origin identification index, i;

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 Equations (A.21) and (A.22), using the
parameters in Table A.11.

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

Parameter Symbol Definition Unit
frame rate fr frame rate of the image recording device during the tJast 1/time unit
length
Inpuf parameters object speed v maximum speed of the object unit/time
unit
difference between . . . . . .
. . tsz | time difference between the #p-image ‘and the zy-signgl time unit
to-image and -signal
Uspr-defined | . desired accuracy of the¢ object or target being .
ocation accuracy oc length unit
values measured
current location . . .
Der|ved values accuracy (time orig.) agatoi | current accuracy of the object or target being measuned | length unit
The fynctional connection is as shown in Equation (A.21);
Aelatoi = Ldtz XV
If z4, I8 unknown
Aclatoi = XV (A.21)
r
The requirement for the parameéter time origin identification index, i, is as shown in Equation (A{22):
a
i = —C > 1 (A.22)
A clatoi
EXAMPLE If¥'=1000 Hz, v=18 m/s, a,,. = 10 mm, and 74, = 0,2 ms, then
Agaio = 0,2 Ms X 18 mm/ms = 3,6 mm

isi = 10 mm/3,6 mm = 2,78

21 v
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A.1.12 Sections of the image

For the distortion index and the control point distribution index, the image shall be divided into five sections.
The arrangement of these sections of the image is shown in Figure A.2.

[\W
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Figure A.2 — Definition of the image sections

formances indices

A.2.1 Intergection index, j;

The intersecti
The worst trig
constellation

The intersect
Table A.12.

on index compares the current and the allowed location accuracy in the direction to the ¢bject.
ngulation configuration for one object point should be used for index calculation. If this| worst
onsists of three or more cameras, the\ pair with the best configuration should be used.

on index value shall be calculated by Equations (A.23) and (A.24), using the paramefers in

24
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Table A.12 — Parameters to determine intersection index

Parameter Symbol Definition Unit
distance camera lsco distance between the object and the middle of the camera length unit
base to object base
camera base I length of the camera base length unit

target detection accuracy (e.g. indicated by the developer
ayy of the detection algorithm and/or effect of compression — pixel
decompression)

target detection
accuracy

Input parameters
object distance of

camera 1/2 d4ldy, |distance between object and image recording devices length unit
foc:::rlnlgrnaggf}zof f1lf, | focal length of the used image recording devices length unit

cell size of . S length
camera 1/2 les 1/lcs 2 | cell size of the digital images unitipixel

allowed relation between the accuracy perpendicular to the
Useér-defined allowed accuracy raar | Camera base in the direction to the object-and the accurdcy —
relation
Values in the other two directions (worst case)

location accuracy ape | desired accuracy of the object ortarget being measured length unit

current relation between the’ aceuracy perpendicular to the
camera base in the direction to the object and the accurdcy —
in the other two directions

current accuracy
; Tcar
relation

current location
accuracy agai | current accuracy ofithe object or target being measured length unit

Deriyed values (intersection)

allowed location

accuracy in depth agpiq | allowed aceuracy in the direction to the object length unit

current location

accuracy in depth | claid current'accuracy in the direction to the object length unit

The fynctional connection is as shown jn~Equation (A.23):

_ 2><ldco

>

Car
l cb

d d
clai = ma){[ﬁjx(“td Xles 1 );(f_;jx(atd chs,Z)}

Aclaid = kear ™ dclai

S

Aafaig = %loc X Taar (A.23)

The requirement for the parameter intersection index, i;, is as shown in Equation (A.24):

j, = 2alaid - 4 (A.24)
Aclaid
EXAMPLE If d;=8000mm, f; =16 mm, i ,=0,016 mm/pixel, d, =7 800 mm, f, =20 mm, lcs’2 = 0,016 mm/pixel,

aq = 0,1 pixel, @, = 10 mm, /., =7 900 mm, [, ~'1 500 mm and Foar = 3, then
Fear = (27 900 mm)/1 500 mm = 10,533
gy = Max[(8 000 mm/16 mm) x (0,1 pixel x 0,016 mm/pixel);

(7 800 mm/20 mm) x (0,1 pixel x 0,016 mm/pixel)] = 0,8 mm
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dgaig = 10,667 x 0,8 mm = 8,427 mm
Aglaig =10 mm x 3 =30 mm

i; =30 mm/8,427 mm = 3,56

i =1

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 asymchronism—Thenthe—currentasynchronisnis—the—accuracy of the—catcutated—asynchromism. At
least the worgt pair of image recording devices shall be used for the determination of the synchronisminfex.
The synchrorlism index value shall be calculated by Equations (A.25) and (A.26), using the paramefers in
Table A.13.
Table A.13 — Parameters to determine synchronism index
Parameter Symbol Definition Unit
. . . length
object speed v maximum object speed unit/tinde unit
current current asynchronism between the image recording . .
. lca . . . time junit
Input parameters asynchronism devices (e.g. measured with a time base system)
distance camera / distance between the, object and the middle of the | .
. dco ength unit
base to object camera base
camera base Ieh length of the camera base length unit
location accuracy dloe desired accuracy of the object or target being lengtt} unit
. measured
User-defingd " drel 5 . Sodl
values allowed relation between the accuracy perpendicular
allowed accuracy Taar teithe camera base in the direction to the object and -
relation . o
the accuracy in the other two directions (worst case)
allowed location . N . .
accuracy in depth azaig | allowed accuracy in the direction to the object length unit
asynchronism effect . . _—
perpendicular to the Lo a;ynthonlsm eff_ect perpendicular to the viewing lengt unit
S Y P direction to the object
viewing directiob
Derived valyes "?SV'?ChF°”'S'T“ effect laed asynchronism effect in viewing direction to the object | length unit
in viewing-direction
Sg?g::;gfgr |tr:)dtehxe synchronism index perpendicular to the viewing H
perpet S Psyp | direction to the object
viewing direction
iynchrcinﬂls:n '”‘ﬂe’f Psvd synchronism index in viewing direction to the object —
LLIL} VIGVVIIIu Uunmrcouunrt

The functional connection is as shown in Equation (A.25):

Qalaid = %loc X Taar

/ _ teg XV

aep 2

/ _tea XvXlgeo
aed —

26
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q
Psyp = / o
aep
a .
Psyd = alaid (A25)
laed
The requirement for the parameter synchronism index, lgy» is as shown in Equation (A.26):
isy =Min(peyp;Psya) =1 (A.26)
EXAMPLE Ifv=18m/s, t.,=0,2 ms, a,,, = 10 mm, /;., =8 000 mm, [, =2 000 mm; r,, = 3, then
Agizig = 10 mm x 3 = 30 mm
laep =(0,2 ms x 18 m/s)/2=1,8 mm
lgeq = (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
i, = min (5,56; 2,08) = 2,08
gy > 1 v
A.3 Accuracy indices

A.3.1] Camera position calculation‘index, i.,.

The camera position calculation index-determines the influence of the camera position calculatipn method on
the logation accuracy.

The damera position calculation index value shall be calculated by Equations (A.27) and (A.

8), using the
parameters in Table A.14.

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

Parameter Symbol Definition Unit
type of position type of the determination procedure of the position|of .
determination Pod | the image recording device (static or dynamic)
maximum
displacement in Ingi | maximum displacement of a fix point in image space pixel
Input parameters Image space
cell size I} cell size of the digital image length
cs unit/pixel
fix point distance lipd distance between the camera and a fix point length unit
focal length f focal length of the used image recording device length unit
User-defined location accuracy e desired accuracy of the object or target being length unit
values measured
maximum
Derived values | displacementofafix | [,qo |mMaximum displacement of a fix point in object space length unit
point in object space
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The functional connection is as shown in Equation (A.27):

Ptpd =1
Ptpd =0

Ptpd =0

/

mdo —
The requirem

if Ptpd =

if Ptpd =

EXAMPLE

A.3.2 Scale

The scale ing
directions.

For a 2D film
other (90° £ 1
known distan

For a 3D film
shall be place

if the position of the image recording device is determined dynamically
if the position of the image recording device is determined only in one image

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

lmdi chlefdp

S

(A.27)

ent for the parameter camera position calculation index, igp,

, then gy =1

D, then gy, = l“'°° >1

mdo

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

If Igi = 1.3 pixel, [, = 0,016 mm/pixel, /g4 = 5 000 mm, /=25 mniand g, = 5 mm, then
Pipd = 0

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

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

icpc> 1TV

index, ig

ex determines the existence of the required reference distance in the different object

te parallel ta:the plane of motion.

d in‘the measuring volume.

is as shown in Equation (A.28)):

A.28)

space

analysis, at leastiwo reference distances are required which should be perpendicular tg each
0°). They define“a reference plane and shall be placed within the plane of motion or at ja well

analysis, at least three reference distances which are perpendicular to each other (90° = 10°)

The scale index value shall be calculated by Equations (A.29) and (A.30), using the parameters in Table A.15.

Table A.15 — Parameters to determine scale index

Parameter Symbol Definition Unit
reference distance presence of calibrated reference distances in the specified
Input parameters T Drd.i ; L —
in direction i ' object space directions
28 © 1SO 2010 — All rights reserved
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The functional connection is as shown in Equation (A.29):

Prg,; =1 if at least one reference distance exists in direction i
Pra.; =0 if no reference distance exists in direction i

Is = Prd1t Prd2 t Prd,3 (A.29)

The requirement for the parameter scale index, ig, is as shown in Equation (A.30):

fc 2D analucic : 2
mZoTararty S5, g™ = &

—h

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

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

|fprd,1 = 1,pm|,2= 1 and Prd3 = 1, then
ig=1+1+1=3

A.4 |nspection record

A.4.1] General

The inspection record shall document all requifred aspects which are needed to control and feproduce the
result$ of the testing procedure in accordan¢e with this International Standard.

The irfspection record consists of the following parts:

|
3

ain part with results;

— pgrformance values (2B/3D);

oy

ngth measurement error and accuracy value;

irdices of alliimage recording devices;

— 3P indices (for 3D analysis only).

A.4.2 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
Laboratory test ref. number: FR123456
Laboratory name: Crash Inc.
Date of the test: 2003-09-10
Type of procedure: Online
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Type of analysis:

Number of image recording devices:

Time interval:

User-defined variables:

Loca

Allowed point motion:

Allowed accuracy relation:

Accu

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

Scalg
Perfd
Leng

Accu

Conformit

A.4.3 Performance value

In this part of
shown in the

tion accuracy:

3D
6
0 ms to 140 ms

index:

rmance value:

Facy value:

racy value limit:

h measurement error:

ig=3
0=0,94
AL =4,43 mm

a=0,003

with this International Standard:

ok (=3)
ok (= 0,7)
ok (< 10 mm)

ok (< 0,01)

ok

the inspection record, the determination. of the 2D/3D performance value is listed in defail, as
pxample below and summarized in Table-A.16.

EXAMPLE Performance value
Type of p:[ycedure: Online
Type of analysis: 3D
Number of image recording devices: u=06
Number of 2D performance indices: n=10
Number of 3D‘performance indices: m=2
Number otindexvalues < ﬂ,f\' AN—0Q ok (— ﬂ)
Performance value of the optical data channel: 0=0,924 ok (> 0,70)

30
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Table A.16 — Example of an overview of the performance value

2D performance Minimum
Name of image value Number of index .
ID . - requirement
recording device values < 0,5 fulfilled
q;
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_Total.avi 1,00 0 ok
5 Right_Rear.avi 0,80 0 ok
6 Front_Top.avi 1,00 0 ok

A.4.4

In this| part of the inspection record, the determination of the length measuremeént error and the a

Length measurement error and accuracy value

are listed in detail, as shown in the example below.

EXAMPLE

-

>

umber of reference distances:

N
Beginning of the analysed time interval:
Ehd of the analysed time interval:
T|me of the accuracy calculation:
bngth measurement error of the optical data'channel:

Ccuracy value of the optical data channel:

Length measurement and accuracy value

i=3

=0 ms

te=140 ms

t.=0ms

AL=443mm ok (< 10 mm)
a=0,003 ok (< 0,01)

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

ccuracy value

Refdrence distance Calibrated length Measured length measquZ?r?t::t error Accuracy value
Prd,r le,r I /(1) Al drefdist,r
1 1136,79 mm 1139 mm 2,21 mm Q0,001 9
2 2 674,43 mm 2670 mm 4,43 mm 0,000 9
3 861.22 mm 859 mm 2.22 mm ,002 6

Camera position calculation indices:

The type of camera position calculation is reliable.

The lengths of the reference distances can be measured at an arbitrary time step.

© 1SO 2010 — All rights reserved
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Table A.18 — Example of an overview of the camera position calculation indices

Maximum displacement

A.4.5 2D indices

In this part of
in summary. |

EXAMPLE

2D indices of image recording device 1

32

Image re_cording Type of po_sition in object space Camera_ pos_ition Result 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
3 dynamic — T,000 OK
5 dynamic — 1,000 ok
Input pargmeters:

camgra (1) [ 4i=— lﬂwI =—

camgra (2): [ 4i=— lﬂwI =—

camgra (3): [ 4i=— lipg =—

camgra (4): /4 = 0,800 pixel lﬂwI =7 600 mm

camgra (5): [ 4i=— lipg =—

camgra (6): [ 4i=— lipg =—

the inspection record, all parameters;and results of the image recording devices are repres
For each image recording device; there shall be one paragraph, as shown in the examples

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

ented
below.

Index Index value | Requirement colrr:gi(:;(on
1 Focal length index 1,078 >1 1
2 Distortion index 1348 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
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Results:
Sum of the index conditions s=9
Number of 2D performance indices n=9
2D performance value of image recording device 1 q1=1,0
User-defined variables:
location accuracy a5 = 10,0 mm
allowed point motion lapm =18,0 mm
riput parameters:
focal length f=17,254 mm
object distance d=8 000 mm
focal length accuracy ag=0,02 mm

cell size

distortion accuracy
target detection accuracy
required target diameter
current target diameter

object speed
exposure time

frame rate

target exists in section 1
target exists in section 2
target exists in section<3
target exists in section 4
width of the-digital image
height. ofithe digital image
coftrol point formed area

time interval

l.s = 0,016 mm/pixel

aq=1,0pixel
a4 =0,1 pixel
litg = O pixel
letg =40 mm
v=17,8 m/s
e=0,350 ms
f=1000 Hz
Py =true
Pyo =true
Py 3 =true
Pra=true

Ly, = 912 pixel
Iy, = 384 pixel

A =58 530,7 pixel?

tii = 140 ms

frame rate accuracy

time difference between #;-image and #,-signal

2D indices of image recording device 2

© 1SO 2010 — All rights reserved
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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.

EXAMPLE

3D indices of the optical data channel

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

trctex: :lldmu‘e__Req'U'i'm‘eﬂt__hdeA condition
1 Intersection index 4,676 >1 1
2 Synchronism index 4,242 >1 1

Results:
3D pgrformance value of the optical data channel =2
Number of 3D performance indices =2
User-defirled variables:
location accuracy s =A0,0 mm
allowed accuracy relation NS
Input pargmeters:
distapce camera base (4 - 5) to object l4co =8 000 mm
camgra base (4 - 5) lgp=2014 mm
current asynchronism (4 - 5) tea=0,10 ms

A.5 Examples

A.5.1 Type [of procedure>~ Online/3D

A.5.1.1 Test description

A 3D film ana
Image sequen
frontal crash test.

ysis of a vehicle impact crash test shall be verified for conformity with this International Stgndard.
bedigi i i i e c D-film-anatysis! of the

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

— location accuracy: a1oc = 10 mm
— allowed point motion: lapm =18 mm
— allowed accuracy relation: Yaar =3

— accuracy value limit: 0,01

Favl =
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The input parameters of the six digital high-speed cameras are listed in Table A.21.

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 2 500 5000 8 000 8 000 8 000 8 000
focal length accuracy aj mm 0,02 0,02 0,02 0,02 0,02 0,02
cell size los mm/pixel 0,016 0,016 0,016 0,016 0,016 0,016
d|stortion accuracy aq pixel 1,0 1,0 1,0 1,0 140 1,0
targgt detection accuracy ag pixel 0,1 0,1 0,1 0,1 0,1 0,1
reqyired target diameter g pixel 5 5 5 5 5 5
curfent target diameter lotd mm 40 40 40 40 40 40
object speed % m/s 17,6 17,6 17,6 17,6 17,6 17,6
exposure time e us 250 250 250 250 250 250
frame rate f Hz 1000 1000 1000 1000 1 000 1000
target exists in section 1 Dt 1 — true true true true true true
targget exists in section 2 Dt2 — false true true true false true
targget exists in section 3 Dt3 — true true false true true true
targget exists in section 4 Dta — false false true true true true
width of the digital image Lw pixel 512 512 512 512 512 512
height of the digital image In pixel 384 384 384 384 384 384
contfol point formed area Act pixel2 58 530,7 | 58 520,7 | 58 540,7 | 58 510,7 | 58 550|7 | 58 560,7
time interval tint ms 150 150 150 150 150 150
frame rate accuracy ag ppm 3 3 3 3 3 3
time difference ¢ tats ms 0,1 0,1 0,1 0,1 0,1 0,1
A.5.12 Determination/of the test results
The determinationyef the conformity check can be subdivided into three main parts.
a) Galculation of the performance of the optical data channel (see 5.4).
The-performance of the optical data channel shall be calculated using the following workflow:

— calculation of all 2D performance indices of each camera (see 5.4.2 and Clause A.1);
— calculation of the 3D performance indices for the test (see 5.4.2 and Clause A.2);

— calculation of the 2D performance value of each camera (see 5.4.3);

— calculation 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).
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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 Clause 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).

c) Conform

The deci
online pr

A.5.1.3 Dog

ty check for the impact test.

sion of the conformity check for the impact test shall be made with respect to the limits
pcedure (see 5.6.1 and 5.6.2).

umentation of the conformity check results

The results should be documented in an inspection record (see Clause A.4). Extracts of the inspection

of this conforr

A.5.2 Type

hity check are shown in Clause A.4.

of procedure — Offline/3D

A.5.2.1 Test description

The same im
carried out
constellation

The user-defi

— location 3
— allowed g
— allowed 3
— accuracy
The input par

A.5.2.2 Det

pact test as described in A.5.1 is analysed using an offline procedure. A preliminary
cquiring a test artefact as described in ;Réference [2]. The equipment and the c
sed in the impact test shall be the same as.in‘the preliminary test.

ned variables for this analysis are as.follows:

ccuracy: Ao = 10 mm
oint motion: Laprg=-18 mm
ccuracy relation: Phoar = 3

value limit: gy = 0,01

hmeters ‘of.the six digital high-speed cameras are listed in Table A.21.

prmination of the results of the preliminary test

of the

record

est is
amera

The conformity check of the preliminary test can be subdivided into three main parts.

a) Calculation of the performance of the optical data channel (see 5.4).

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

— calculation of all 2D performance indices of each camera (see 5.4.2 and Clause A.1);

— calculation of the 3D performance indices for the test (see 5.4.2 and Clause A.2);

— calculation of the 2D performance value of each camera (see 5.4.3);

36
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— calculation 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 Clause A.3);

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

Vi L L O\
S€e- 070z,

— calculation of the length measurement error and the accuracy value of the optical [data channel
(see 5.5.3).

N2
@)

onformity check for the impact test.

—

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

(o]

A.5.283 Determination of the results of the impact test
The cpnformity check of the impact test can be subdivided into thtee main parts.

a) Qalculation of the synchronism index (see A.2.2).

A2
@)

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

—

he accuracy of the optical data channel shall be calculated using the following workflow:
—t+ calculation of all accuracy indices(see 5.5.1 and Clause A.3);

— calculation of the length_measurement error and the accuracy value of each relerence scale
(see 5.5.2);

—+ calculation of the length measurement error and the accuracy value of the optical [data channel
(see 5.5.3).

o
@)

onformity cheek-.for the impact test.

—

he decision of the conformity check for the impact test shall be made with respect to the limits of the
fline procedure (see 5.6.1 and 5.6.3). For a conformity check of an offline procedure, the preliminary
gst and the impact test shall fulfil the conformity requirements.

o O

A.5.2.4 Documentation of the conformity check results

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

A.5.3 Type of procedure — Online/2D

A.5.3.1 Test description

A 2D film analysis of a vehicle impact crash test shall be verified for conformity with this International Standard.
The movement of the steering wheel during a 0° passive frontal crash shall be measured. Only one camera
with the total view from the left side was analysed for this test.
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