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1. Scope—Traditional methods of photometry rely on the use of a goniometer to rotate the test item around two
axes at right angles.  This method is satisfactory for most situations but has certain disadvantages:

a. Point-by-point measurements with a goniometer may be slow.  With more advanced requirements,
particularly for headlamps, where the entire beam pattern is of concern, isocandela measurements
are becoming increasingly needed.  Such testing can be very time consuming.

b. For production quality assurance, the speed of a goniometer may not allow testing to keep pace with
the production line if a large quantity of lamps must be sampled.

c. High Intensity Discharge (HID) lamps are becoming commonly used.  Such lamps are orientation
sensitive, changing in both lumen output and intensity distribution when tilted.  This can introduce
significant inaccuracies in test results when testing is performed using a goniometer.

There is a need for alternative test techniques which can achieve very high speed data acquisition, the capture
of full isocandela distribution, and the elimination of lamp tilting.  This SAE Informational Report describes
fundamentals of video-based testing to address these concerns.  Further information is required to provide all
details needed to set up a laboratory using these techniques.

With the video-based system, the lamp is fixed in position and aimed at a receiving screen.  A camera, of
particular type and grade, views the screen and is able to perform measurement of the reflected light
(luminance) at each point on the screen.  Proper calibration of the system can provide the luminous intensity
distribution of the light under test from the measured luminance values.

Numerous factors must be taken into account to produce an accurate measurement system.  Under controlled
conditions, it has been shown that the system can produce measurement of absolute intensity distributions
with good accuracy. (Reference 2.1.1 and 2.1.2.)

The great advantage of this form of photometry is its extremely high speed, allowing the collection of
isocandela diagrams in less than one minute.  There are some accompanying disadvantages which are
discussed later.

This document describes the basic techniques and the controls which are necessary for accuracy.

Comments are also provided comparing video based technology to conventional goniometer methods.
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1.1 Background and History—The measurement of entire light distributions became a topic of research in the
1960’s, when film cameras were used to perform photometry.  (Reference 2.1.3.)  Groundwork was laid which
suggested that photographic photometry would be a viable technique if the chief source of the problem, the film
itself, could be replaced by a more stable and reliable means of collecting the image.  With the advent of the
Charge Coupled Device, (CCD), most of the problems of the film cameras are removed.  To produce an
accurate system of photometry, however, it is essential to understand the characteristics of CCD camera
systems.  Proper calibration methods must be applied and controls must be exercised to ensure accuracy.

2. References

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified
herein.

2.1.1 Lewin, Ian, “Advances in Measurement Technology for Vehicle Lighting Systems,” SAE Congress, Detroit,
Michigan, Feb. 1996, Paper no. 960919, SAE, Warrendale, PA

2.1.2 Lewin, Ian, Lin, K. Frank, Sisson, Charles, “Accuracy Analysis of Video Based Photometry,” SAE Congress,
Detroit, Michigan, Feb. 1997, Paper no. 970231, SAE, Warrendale, PA

2.1.3 Lewin, Ian, and Bell William B., “Luminance Measurement by Photographic Photometry,” Transaction of the
Illuminating Engineering Society, Illuminating Engineering Vol. 63, no. 11, Nov. 1968, Illuminating
Engineering Society of North America, New York, NY

2.1.4 Gallagher, Paul, “Selecting CCD Sensors.” Lasers and Optronics, Vol. 14, no. 7, July 1995, Morris Plains,
New Jersey

2.1.5 “Methods of Characterizing Illuminance Meters and Luminance Meters, Performance, Characteristics, and
Specifications,” Publication CIE no. 69, Commission Internationale de l’Eclairage, Vienna, Austria

3. Definitions

3.1 Barrel Distortion—A form of image distortion where each perimeter edge of the image field bows outwards.

3.2 Bit—A single digit in a binary number system (0 or 1).

3.3 CCD Camera—A type of camera that utilizes a silicon based light detector termed a Charge-Coupled Device
that consists of an array of individual detector elements.

3.4 CIE V(λ)Curve—The sensitivity response curve of the human eye to light of differing wavelengths.

3.5 Digitization—The process by which analog data are converted into numerical data.

3.6 Goniometer—A photometer for measuring the directional light distribution characteristics of sources, usually
consisting of a mechanism for rotating the source.

3.7 Luminance—The ratio of the luminous intensity in a given direction of an infinitesimal element of surface
containing the point under consideration, to the orthogonally projected area of the element on a plane
perpendicular to the given direction expressed in units of candela per unit area. Sometimes referred to as
photometric brightness.

3.8 Pincushion Distortion—A form of image distortion where each perimeter edge of the image field bows
inwards.

3.9 Pixel—Picture element. This is the basic unit of an electronically coded picture image.
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