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1. SCOPE:

This SAE Aerospace Recommended Practice (ARP) defines the test set-up requirements, general
analysis procedures, and test report documentation for impact tests where photometric analysis of the
high speed film or digital video will be required to obtain target paths (typically the Anthropomorphic
Test Dummy (ATD) head path and knee path). Such tests support the requirements of AS8049 -
Performance Standard for Seats in Civil Rotorcraft, Transport Aircraft and General Aviation Aircraft.

These setup and analysis procedures are applicable to conventional, geometry based, two-
dimensional analysis. If a more sophisticated technique that allows cameras to be installed at oblique
angles for two or three-dimensional analysis is used, then the specific procedures required by that
technique supersede any conflicting procedures contained herein. Some of the requirements that
could be superseded include camera placement, optical data channel evaluation, camera to subject
measurements, and scaling procedures.

2. REFERENCES:

2.1 Applicable Documents:
The following publications form a part of this document to the extent specified herein. The latest
issue of SAE publications shall apply. In the event of conflict between the text of this document and
references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been
obtained.

2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J211-2 Instrumentation for Impact Tests - Part 2: Photographic Instrumentation
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2.2 Definitions:

AIRCRAFT SEAT COORDINATE SYSTEM: An orthogonal XYZ axis system fixed to a known point
on the seat. The axis orientation is X parallel to the local seat forward-aft direction, Y parallel to the
local seat lateral (left-right) direction and Z parallel to the local seat vertical (up-down) direction.

ANALYSIS SYSTEM: A system for measuring and collecting the coordinates of image points as a
function of time and converting them into full scale coordinates in object space.

DATA COLLECTION: The process of measuring and recording the digital XZ location of target
centers when viewing or processing the images on an analysis system.

FIELD OF VIEW (FOV): The area of the test set-up that is recorded by film or video.

FOCAL LENGTH: The distance measured along the lens axis from the rear nodal point to the plane
of best definition of an object located a long (infinite) distance from the lens. It also indicates the
angular coverage of the lens. For a given picture size, wide-angle lenses have short focal lengths,
and narrow angle lenses (e.g., telephoto lenses) have longer focal lengths.

FRAMES OF INTEREST: The film or digital video frames beginning at the initial impact event and
continuing as long as required to adequately assess the interaction between the occupants and the
airplane interior representation.

IMAGE PLANE COORDINATES: For analysis of film, the coordinate system of the digitizer tablet or
digitizing scanner. For analysis of digital video, the pixel coordinates of the video screen containing
the image being analyzed. Image Plane Coordinates are mathematically interpreted to yield full
scale coordinates.

LENS CORRECTION: The process of mathematically displacing the measured position of targets
from their original location in the image plane to the location where they would have been if there
was no lens distortion present in the system.

MOTION PLANE: A plane parallel to the Sled XZ plane.

OPTICAL AXIS: A straight line that passes through the centers of curvature of the camera lens
surfaces. (In a perfectly aligned camera system, this line would intersect the image at the center of
the image.)

OPTICAL DATA CHANNEL: A system composed of an image taking device (for example, camera
and lens), a recording medium for those images (film, disc, magnetic tape), an optical path (for
example, fiber optic cable), and a system for analyzing the images including any analysis procedure.

PARALLAX: The apparent displacement of objects located in different motion planes (related to the

angular displacement of the objects from the optical axis) caused exclusively by the separation of the
motion planes.
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2.2 (Continued):

PERSPECTIVE: The apparent difference in the size of the image of an object as it is positioned
closer to or further from a camera. [For the same initial image size, a lens having a short focal length
(wide-angle lens) produces a greater perspective effect than a lens having a long focal length
(telephoto lens)].

SCALE FACTOR: The actual distance between two targets in a motion plane divided by the distance
between the two targets measured in Image Plane Coordinates.

SCALING TARGETS: Targets within the FOV that are attached to a rigid fixture either on or off the
sled. Used to determine the scale factor for converting the collected data into full scale coordinates.

SLED: The vehicle holding the seat, restraint, anthropomorphic test dummy, aircraft interior
features, targets, and any other items necessary for the impact test.

SLED COORDINATE SYSTEM: An orthogonal XYZ axis system that moves with the sled. For
horizontal sled systems, the axis orientation is X horizontal and parallel to sled motion, Y horizontal
and perpendicular to the sled motion, and Z vertical.

SLED REFERENCE TARGETS: Targets within the FOV that are attached to a rigid fixture on the
sled. Used to normalize the collected data to the Aircraft Seat or Sled Coordinate System.

VALIDATION TARGET PAIR: A pair of targets placed in the field of view such that the distance
separating them remains constant, and such that they are both visible throughout the impact test.
Used to assess overall analysis accuracy.

3. TEST EQUIPMENT AND SETUP:
3.1 Cameras:

3.1.1  Camera Placement and Coverage: To simplify analysis, the camera should be placed such that its
optical axis is parallel to the Sled Y axis. If the camera is not oriented in this manner, the analysis
procedure must compensate for that angularity. Note that this alignment’s effect on overall
accuracy increases when a wide-angle lens is used.

The recorded image of the sled, seat, and ATD should fill the FOV as fully as possible consistent
with coverage of the impact event.

3.1.2 Optical Data Channel Evaluation: The performance of the optical data channel shall be evaluated
per SAE J211-2, and after application of any lens corrections, the Overall Error calculated shall not
exceed 1%. If a zoom lens is used, the evaluation shall be performed with the same focal length
setting as used in the tests requiring photometric analysis. Alternatively, if a zoom lens can be
shown to meet this requirement (without lens correction) at any two focal length settings, then the
lens can be considered to meet the requirement without further evaluation at any focal length
setting within that range.
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