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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 Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

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

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

This second edition cancels and replaces the first edition (ISO 8721:1987), which has been technically revised.
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INTERNATIONAL STANDARD ISO 8721:2010(E)

Road vehicles — Measurement techniques in impact tests —
Optical instrumentation

1 Scope

This International Standard defines performance criteria for an optical data channel used in impact tests on
road vehicles, when numerical time and space data are taken from images to analyse impact test results.

The objective of this International Standard is to facilitate comparison between results obtained by different
laboratories by specifying minimum quality criteria.

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

2 Normative references

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

ISO 6487, Road vehicles — Measurement techniques in.impact tests — Instrumentation

3 Terms 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 time

NOTE The calculation results of the analysis system are 3D coordinates in object space, whereas 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 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 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

Aioc
desired accuracy of the object or target being measured

3.7

optical data channel

system composed 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 data

3.8
reference distance
known distance between a validation target pair

3.9
synchronism device
device to identify the synchronism effect in.two or mare corresponding image recording devices

3.10

time base system

device allowing determination of the timeinterval elapses between/any; two, recordedcevents for each image
recording device :

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

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

NOTE Both of them are visible during the impact test.

3.13

accuracy value

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

control 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 orientation parameters of the used camera are
still valid

3.19

focal length index

I

index that makes it possible to evaluate whether 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

NOTE 1 See Annex A.
NOTE 2  The index value is the result of the index determination and is a floating point number.

3.21
index condition
condition of the check of the index

NOTE The index condition can be true (value 1) or false (value 0). The condition true means that the index check is
fulfilled and the condition false means that the index check is not fulfilled.

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 performance of the optical data channel.

3.26

plane scale index

ips

index that makes 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 makes it possible to,-estimatewhether,-the selectedframe rateyisyhigh enough, in order to
correspond to the test requirements

3.28
scale index

Is

index that gives the possibility: tol“evaluate’ whether sthere‘areenough independent reference distances to
control the system scale :

3.29

synchronism 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 detection 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



3.33
time origin identification index

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 in depth
Agiat current location accuracy (target)
Agiath current’location accuracy (time base)
Agiatoi currentdocation accuracy'(time origin identification)
ag distortion accuracy
ag focablength-accuracy
g frame rate accuracy
Ao location accuracy
Arefdist accuracy value of the reference distance, r
g target detection accuracy
d object distance
e exposure time
f 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
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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
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
lg, calibrated length of reference distance, r
lep camera base
lemby current motion blur value
lepm current point motion between two sequenced images in object space
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) measured 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
Pcpa control point area
Pepd 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

© 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
q; 2D performance value of the image recording device i
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-image 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 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 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 performance of the optical data channel consists of different indices (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 International Standard. The index condition of a certain index is 0O 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

Number per optical
data channel

Comment

Focal length index

one per image recording device

in a suitable image

Distortion index

one“per image recording device

in a suitable image

Target detection index

one per image recording device

worst target used in the analysis

Target size index

one/per image recording device

worsttarget used in the analysis

Motion blur index

one per imagde recording device

at maximum object speed

Point motion index

one per image recording device

at maximum object speed

Control point distribution index

one per image recording device

in a suitable image

Time base index

one per image recording device

Time origin identification index

one per image recording device

Camera set-up index

one per image recording device

Plane scale index

one per image recording device

Intersection index

one

best pair of image recording devices

Synchronism index

b

a

one

worst pair of image recording devices

b

2  Index value is used for the performance value.

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

n is the number of 2D performance indices (2D film analysis: » = 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 Equation (2):

Yk ()

=
1
1M

k  is the 3D performance index number;
¢ is the 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 channél

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

0=q4 (3)
For 3D analysis with only one image recording device, the intersection index and the synchronism index are

not defined. In this case, the performance value of the optical data channel, Q, is equal to the 2D performance
value, ¢.

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

(nxiqi]ﬂpxa) [inqi]+p
i=1 i=1

0=-—= = (4)

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

where
i  is the image recording device number;
g; isthe 2D performance value of the image recording device, i;
u is the number of image recording devices;
n is the number of 2D performance indices (2D film analysis: » = 11; 3D film analysis: n = 9);
m is the number of 3D performance indices (m = 2);

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

© 1SO 2010 — All rights reserved 9
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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 —

Scale index one indispensable index

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, A/,, of the reference distance, r, is the maximum difference between the
measured length, /., .(#), and the calibrated length, /; ,, within the analysed time interval;

— the accuracy value, aeqist - Of the reference distance, r, is the maximum relative difference between the
measured length, lmm(t), and the calibrated length, /, ,, within the analysed time interval.

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

If the index condition of the camera position calculation index,, i.,., of all used image recording devices is
fulfilled, the length measurement error, A/,,"can be'determined. at-a single/time step within the analysed time
interval. If the index condition of only one image recording device is not fulfilled, the length measurement error,
Al,, shall be calculated for every time step within the;@nalysed; time interval. The accuracy value, a,gist ,» Of
the reference distance, r, is the ratio between. the length measurementerror; A/,.and the calibrated length, [ ,.

If every i ; > 1, then the length measurement error, A/, is calculated according to Equation (5):

Al =l (26) =L, (5)
where

Iepe,i is the index value of the camera position calculation index of the image recording device, i;

i is the image recording device number;

r is the reference distance number;

Im?)  is the measured length of reference distance, r, as a function of time;

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 © 1SO 2010 — All rights reserved



ISO 8721:2010(E)

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
Arefdist,r = l_r (7)
c,r

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

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

— The accuracy value of the optical data channel, 4, is the maximum of the accuracy values, a,4gjst ,» Of all
reference distances, r,

AL =max(Al,) (8)
a= max(arefdist,r) (9)
5.6 Types of procedure

5.6.1 General

Conformity with this International Standard can be verified by different types of procedure, depending on the
desired complexity. The different types of procedure are shown in Table 3.

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
AL <a
Online — _ 0>07 loc
a < rayl
Synchronism index
AL <a ) AL <a
Offline 0>08 o isy > 1 S
= Tav (only 3D analysis) = Tavl
Key

Q

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

ape User-defined location accuracy of the optical data channel

© 1SO 2010 — All rights reserved 11
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