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(R) Instrumentation for Impact Test—Part 2: Photographic Instrumentation

RATIONALE

J211-2 has been repffirmed to comply with the SAE five-year review policy.

1. Scope—The purpose of this SAE Recommended Practice is to define criteria of performance for an optical
data channel iwhen numerical time and space data are taken from the images to analyze.impact {est results.

2. References
2.1 Applicable Publications—The following publications form a part of this ‘doecument to the extent specified
herein. The [atest issue of all publications shall apply. In the event of<a conflict between thg text of this
document and references cited herein, the text of this document takes{precedence.
2.1.1  1SO PuBLICATIONS—AVvailable from ANSI, 11 West 42nd Street, New York, NY 10036-8002.
ISO/TC 2p/SC12/WG3—Multimedia Data Exchange Format for Impact Tests

3. Definitions

3.1 Analysis Sygtem—A system for measuring and, collecting the coordinates of image points as |a function of
time and conyerting them into coordinates in object space.

3.2 Average Distortion Error—A quality parameter of the optical data channel that measures symmetrical image
distortion indgpendent of any noise and misalignment present.

3.3 Data Collectipon Error—A quality_parameter of the optical data channel that measures the precision with
which the anglysis system can“locate coordinates of image points. This is often referred to as the “noise” in
the data collegtion process.

3.4 Horizontal Field of \liew (HFOV)—The longer of the two sides of a camera's image.

3.5 Imaging Ratef—The frequency of renewal of information for a given point expressed in renewals|per second.

3.6 Misalignment Error—A quality parameter of the optical data channel that measures the image distortion due
to any camera-to-target pattern misalignment that may have existed when the target pattern was imaged, and
any lens de-centering.

3.7 Optical Axis—A straight line which passes through the centers of curvature of the camera lens surfaces. In a
perfectly aligned camera system, this line would intersect the image plane at the center of the image.
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3.8 Optical Data Channel—A system composed of an image taking device (for example, camera and lenses), a
recording medium for these images (film, disc, magnetic tape), an optical path (for example, fiber-optic cable)
and a system for analyzing the images, including any analysis procedure.

3.9 Overall Error—An overall quality parameter of the optical data channel that quantifies image distortion, noise
and misalignment present in the system.

3.10 Time Base System—A system to enable the determination of the time interval between any two recorded

3.11

3.12

4.1

411

41.2

4.1.4

4.2

4.3

events.

Time Origin Identification—A method for identifying and recording the instant chosen as the time origin,
usually the beginning of impact or other defined event.

Validatiorn

remains constant, and that they are both visible throughout the impact test.

Performa
performan
accuracy

Target Pair—A pair of targets placed in the field of view such that the distance

hces—The performances of the optical channel should be evaluated initig
Ce levels and repeated whenever the system is modified to an extent which could ¢
r whenever indicated by degradation in a validation target pair assessment.

separating them

lly to establish
huse a change in

Optical P¢rformance—The optical performance is determined by%analyzing the variation of apparent

distances
described
errors in tg
if the width

OVERALY
source.

parameter that is appropriate for the intended. application. For reference, the maximum err

typical h

DATA Cd
centers
camera/|

to any camera to target misalignment, careful setup is required in order to make an accurat

AVERAGE

of other
Misalign

between targets on the Target Pattern Drawing and the actual distances according
n the Appendix A, or in an equivalent manner. These/performance parameters prg
rms of a percentage of the HFOV. The error expressed in engineering units may th
of the area to be imaged during the test is known.

ERROR—This parameter is useful in determining the maximum error present, 1
Each standard or specification that references this document should establish an

gh quality system is less than 0.25%:
LLECTION ERROR—This parameter quantifies the random errors that occur when

pf the targets. This parameter’is also useful for comparing the accuracy potentia
hnalysis system combinations. Since the procedure used to derive this parameter

sources. This.can be very useful in evaluating those systems that have a high D
ment Error.

to the procedure
vide the position
en be calculated

pgardless of the
pper limit for this
pr produced by a

determining the
of various lens/
is also sensitive
b assessment.

DISTORTION ERROR—This parameter quantifies the error due to symmetric distorfjon, independent

ata Collection or

bxpected Overall

MENT_ERROR—This parameter is useful in determining the source of a larger than

lar to the Target
b (caused by a

manufacturlng defect in one or both). Since this parameter is also affected to some degree by the Data
Collection Error, it should be compared with it to determine the dominant factor.

Time Base—A time base is required.

It shall permit the determination of the time between

recorded events

with an error of less than 10% of the reciprocal of the imaging rate or 0.2% of the actual time, whichever is

greater.

Time Origin Identification—The accuracy of the method shall be at least equal to the value expressed in
seconds of the reciprocal of the imaging rate.
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4.4 Imaging Rate—The imaging rate shall be left to the user's initiative, taking into account the intent of the
imaging coverage and the following main four factors:

a. Aliasing

b. The limitations due to the equipment (blur, etc.)

c. The need to combine data from several image taking devices and from electronic recordings of the
impact test.

d. Expected object motion frequencies of interest

4.5 Length Reference

4.5.1 A length calibration shall be performed which permits the determination of lengths within any requirements

set for t
accurac

4.5.2 The acc
distance
separatg
only poi

target pairs should be placed so that they are oriented perpendicular tothe direction of mo

field of v
test, the

distance,.

5. Image File Format—To permit universal access to high-speed images for analysis,

NeiTaccuracy.Eact Standard-or specification that Teferences this documnment Sy

requirement that is appropriate for the intended application.

uracy of length calculations may be assessed for each impact test by comparing
between two points with the actual distance between them. This validation targ
d by at least 1/6 of the horizontal field of view, be fixed with respect t¢-one anothe
hts used for length calibration. When viewed by cameras that do\not travel with

iew during the impact test, and remain visible in all frames ofinterest. When tracke
determined distance between these targets should remain constant and be eq

e, image files should be producible that conform to the requirements of ISO/T
. Data Exchange Format for Impact Tests.

interchang
Multimedia
6. Notes
6.1 Marginal

been madg to the previous issue of the report. If the symbol is next to the report title, it indi
revision offthe report.

6.2 Key Wor
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s—Instrumentation, phetographic, impact test, distortion, error, accuracy, file forms
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the determined
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the test subject,
ion, traverse the
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archiving, and

C 22/SC12/WG3

bl revisions have
cates a complete

—
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A.1

A2

APPENDIX A

RECOMMENDED PROCEDURE FOR DETERMINING THE
PERFORMANCE OF AN OPTICAL DATA CHANNEL

Test Equipment—A Target Pattern Drawing shall be used that is of the appropriate shape for the imager
being tested and has dimensions in conformity with the specifications:

The drawing consists of a target at the center of the FOV, four groups of 3 targets located along the outermost
portion of each diagonal, and a centered circle of eight equally spaced targets. The narrowest dimension of
the imaged area (Target Height) shall be 750 mm. The other dimension (Target Width) shall be as required to
fit the aspect ratio of the camera |mage Frame edge markers (25 mm taII fllled trlangles) are placed at the

mid- point ¢
diagonal sh

The heavy
shall be 25

Each of the

Drawings m
files of the
procedures
based mats
drawing ma

hll be calculated usmg Equatlon A1, then rounded to the nearest millimeter.

Spacing = ({[(Target Height)2 + (Target Width)2]1/2/2} -25)/4

rks along each

(Eq. A1)

border shall be 5 mm wide with its centerline 20 mm beyond the imaged area. The targets used

mm in diameter.
circle targets shall be rotated such that its primary axis is tangent to the circle.

eeting these specifications for 4/3 or square aspect ratios are shown in Figures A

wo drawings are available from SAE. Other targets,as required for specific analy

may be substituted for those shown in the Figures. This drawing must be prin
rial and bonded to a flat surface to avoid dimensional errors. If desired, a sub-s
y be used.

Test ProcTure—The drawing shall be exposed “futihframe” by the camera forming one of the

data chann
targets but
to the drawi

If film or vid

| to be tested. Framing shall be such that the image shows the frame edge marke
not the heavy border. Also, the camera must be aligned such that the optical axis i
hg plane.

o tape is used to store images for evaluation, it shall be of the same type and qua

for impact testing.

The coordin
testing.

The coordin

ates shall be measured with the same analysis equipment and procedures that are

ates of all.targets shall be measured on the same frame.

and A2. CAD
sis software or
ed on a stable
cale size of the

Elements of the
rs and all of the
5 perpendicular

ity as that used

used for impact
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FIGURE A1—4 BY 3 RATIO TARGET PATTERN DRAWING
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FIGURE A2—SQUARE TARGET PATTERN DRAWING
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