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ABSTRACT

A pertinent parameter to evaluate the readability of a Changeable Message
Signs’ (CMS) performance is the Contrast Ratio, which is the ratio of the light
intensity of the message area to that of the background area of the sign. Light
intensity in this context implies light illuminance values from the sign as de-
tected by the measuring device. In order to effectively evaluate the Contrast Ra-
tio of CMS signs, a photometric measuring system is needed that can quickly
make light intensity readings under a variety of environmental conditions. This
paper describes research done in developing such a system, concentrating on
the calibration of the digital camera used.

An AppleTM Quicktake 100 digital camera was chosen as the image captur-
ing device for the application. The camera was tested for various parameters
such as shutterspeed, resolution, and spectral response that would be needed
in later areas of the calibration. The response of the camera to changes in dis-
tance and angle were determined to establish the limits of the camera’s effec-
tiveness. The camera was calibrated to a known intensity source resulting in a
transfer function relating the intensity of the source as seen by the camera (il-
luminance) to the digital number output of the camera.

INTRODUCTION

There is much information that can be determined from the light that is ei-
ther radiated, transmitted, or reflected by an object. One such application of
this is in the determination of the visibility and readability of signs from mea-
surements of the light intensity of their various components. In recent years,
one of the most serious attempts to improve highway safety and the effective-
ness in conveying information to motorists is the development of real-time
road-side information displays in the form of Changeable Message Signs
(CMS’s). These CMS’s are used to convey various appropriate messages under
differing conditions without the need to clutter the road side with numerous
confusing signs. The Office of Implementation of the FHWA has published a
report entitled, “Guidelines on the Use of Changeable Message Signs” (Dudek,
1991). This report provides guidelines and standards for various message and
lighting parameters associated with CMS performance. One pertinent parame-
ter to evaluate CMS performance is the Contrast Ratio, which is the ratio of the
light intensity of the message to that of the background area of the sign. For
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sign companies and others interested in this type of information, it can be a
lengthy and expensive process. The equipment needed is expensive and very
sensitive. To facilitate the measurement of the Contrast Ratio parameter during
sign field testing, a different system is needed that quickly can make light in-
tensity readings under a variety of environmental conditions. A solution to this
problem is a digital camera.

A digital camera is like any other camera except that it uses a charge cou-
pled device (CCD) chip in place of film as the image recorder. Digital cameras
store images by associating digital numbers with the light received by individ-
ual CCD pixel elements. Typical cameras store 24 bits of data per pixel; eight
each for Red, Green, and Blue (RGB) channels. Interesting physics is uncov-
ered as one tries to calibrate the results and convert the digital numbers to lu-
minous intensities. This paper reports on these physical properties as they re-
late to an AppleTM Quicktake 100 digital camera.

METHODS

Calibration of the digital camera was broken up into several tasks. These
included benchmarking, data collection, data analysis, interpretation of the re-
sults, calibration, and uncertainty.

Before calibration of the camera could begin, all of the various parameters
of the camera had to be tested or “benchmarked” to determine what effect they
may have on the measurement of light intensity. The first such parameters to
be measured were the shutterspeed and aperture. The shutterspeed was mea-
sured by taking images of a rotating disk with an LED at its edge. By measur-
ing the angle through which the image of the LED passed in the image, along
with measurements of the angular speed and radius of the disk, the shutter-
speed was determined. Measurements were taken at varying light intensities
and it was found that the shutterspeed increased with increasing intensity.
Since the intensity of light incident upon the CCD is dependent upon the ex-
posure time, the shutterspeed has to be controlled. This was accomplished
through an electro-optical circuit that provides a constant input to the sensor
that regulates the shutterspeed. The aperture also was found to vary with the
shutterspeed. The aperture was held constant by covering the light meter that
controlled the aperture.

The spatial resolution of the camera was established. Images were taken
of measuring standards at known distances. The results of this are shown in
Figure 1. This shows the camera’s resolution versus distance in linear units. the
appropriate analysis shows that one pixel encompassed approximately 1.20x10-

6 steradians per pixel. This information was useful in the next section of the
calibration. Images were obtained of a constant light source at different dis-
tances. The results of this are shown in Figure 2. It can be seen from this fig-
ure that the digital numbers obtained from the source remain constant out to
a distance of approximately forty five feet. This data remains consistent with
that obtained from the resolution of the camera. Once again, Figure 2 shows
that for the one inch target used, the maximum distance at which one image
pixel would still entirely encompass one target pixel would be about sixty feet.
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Assuming the probability that an image pixel would likely contain an overlap
of more than one sign pixel at this distance, this data agrees well with the res-
olution versus distance trial. This also agrees with the theoretical evaluation as
can be demonstrated in Figure 3. As the distance between the camera and ob-
ject increases, the area that is captured by one pixel also increases until the
area captured by one image pixel is larger than one sign pixel.

The next aspect of the camera’s performance to be tested was its output at
varying angles to a source. To test this, images of a constant source were tak-
en at varying angles and the digital output was recorded. The results of this
test are graphed in Figure 4. The output remains essentially constant at any an-
gle. The theoretical explanation for this can be shown in Figure 5. Where as
the area captured differs at different angles, the included solid angle remains
the same, producing the same output.

In order to calibrate the camera to a known standard, the spectral response
of the camera had to be determined. An Oriel (tm) monochrometer was used
to produce monochromatic light. Images were taken by the camera at wave-
lengths at increments of five nanometers throughout the visible spectrum. A
plot of the digital number output versus input wavelength is shown in Figure
6 for the red, green, and blue channels. The next step was to compare the dig-
ital output to a known input.

The calibration of the incoming light illuminance with the digital number
output proved to be the most troublesome of the calibration tasks. From initial
trials it was found that the relation between incident light illuminance and re-

Figure 1. Graph showing the relationship between pixel relationship and ob-
ject to camera distance.
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sulting digital number is
not a linear one. The first
step in resolving this situa-
tion was to determine the
cause of the non-linearity.
It was found that the cam-
era’s internal circuitry was
involved in producing in-
ternal image processing of
the data. Repeated calls to
the manufacturer did not
lead to a resolution be-
cause of the proprietary na-
ture of the way in which
the camera handles the im-
age. Intensive literature
searches lead to informa-

tion on how digital images are stored and the necessary processing to produce
aesthetically pleasing results. Following is a list of typical image adjustments
possible under such circumstances:

Figure 2. Graph showing digital number dependence upon distance from sub-
ject to camera. Data taken “inside” under artificial lighting.

Figure 3. Figure illustrating the change in the
detector area with changing detector to target
distance.
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Gain and Bias Modifi-
cation: Electronic gain is
controlled to maintain de-
sirable contrast while a bias
is altered to control the
brightness. This results in a
“clipping” of high lumi-
nance values. The values
not clipped will have a lin-
ear relationship between
recorded digital number
and light luminance falling
on a CCD pixel (Niblack,
1986).

Mean and Standard
Deviation Adjustment:
This yields results very sim-
ilar to the gain and bias
modification above. The difference lies in the method whereby the gain and
bias are determined. This method determines the gain and bias from the mean
and standard deviations of the obtained digital number data (Waldman, 1993).

Figure 4. Graph showing the relationship between digital number obtained and
the angle between the object’s surface and the camera.

Figure 5. Figure illustrating the change in the
detector area with changing detector to target
angle and also the constancy of the included
detector solid angle.
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Logarithmic: The dynamic range of camera sensitivity is enhanced by log-
arithmical transforming the captured data. This has the effect of spreading out
the low pixel values while compressing the high. In this way, details in dark
areas are made visible at the expense of detail in the light areas (Schreiber,
1986).

Histogram Matching: This is a transformation based on the idea that one
can control the number of luminance levels in the various grey levels. A
“lookup” table is then constructed to evaluate the appropriate digital number
based upon the actual pixel value.

These are only a select few of the possibilities that are available for image
processing. It is difficult to ascertain the particular transformation used by the
circuitry of the camera used of study. Knowing that a transform, or series of
transforms, exist within the camera enables one to develop a function which
will allow the evaluation of the respective original light intensities from their
resulting digital number outputs. This can be accomplished by realizing that
any transforms that occur during the data acquisition and analysis can be com-
bined into an overall transfer function which relates the final digital output to
its original light illuminance input.

Figure 7 shows data from the initial calibration test. To obtain inputs of dif-
ferent illuminance values, a calibrated source was used with filters of different
transmissions. Analysis of this data indicates the possibility of some form of a

Figure 6. Graph showing monochrometer effects on RGB digital numbers.
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logarithmic transformation. Assuming this form of the function one can math-
ematically manipulate the expression to arrive at a relationship, between the
existing data and the known input, in the form of a polynomial.

Using calibrated reflectance standards along with calibrated absorption fil-
ters enabled one to obtain digital numbers over a large range of intensities. The
results of this portion of the study are shown in Figure 8. It is possible to eval-
uate the constants of the polynomial up to the fourth order by fitting the ex-
perimental data from a large sample of experimental values. The size of high-
er order constants are small and contributions from the higher order terms are
small allowing truncation of the series to a second order polynomial. The re-
sulting equation can be seen at the bottom of Figure 8.

The next step was to realize that the resulting equation is in terms of the
filter transmission and not the actual incoming luminance. This was rectified by
looking at the manufacturers data on the source output. The source bulb illu-
minance was 10987 lux or lumens/cm2. The source also included a reflector in
series with the bulb that had a multiplicative luminance conversion constant of
0.1. This resulted in the luminance from the reflector to be 1098.7 lumens/m2sr.
To obtain the incident illuminance on a camera pixel it is only necessary to
multiply by the solid angle of the pixel. The resulting final calibration is shown
in Figure 9. Once a digital number is obtained from an image, the calibration
equation is used to obtain the illuminance on that pixel which can then be con-
verted to the initial luminance from the source by dividing by the solid angle
of the detector’s pixels.

Figure 7. Graph showing digital numbers versus percent of transmitted light
through calibrated filters for different calibrated reflectance panels.
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The final step in calibration is to use the light luminance from various por-
tions of the message on a CMS to evaluate the Contrast Ratio.

Contrast Ratio = Lm/LB

Thus in determining the Contrast Ratio for a message on a CMS, the lumi-
nance values can be determined from the digital number output of the camera
by the polynomial calibrated transformation and inserted into the above equa-
tion for calculation.

RESULTS AND ANALYSIS

Statistical analysis of the calibration data shows that the deviation of the cal-
culated light illuminance values varies from two to five percent depending on
the digital number range evaluated. This corresponded to a maximum uncer-
tainty in calculation of Contrast Ratios of approximately five percent. While this
may be a large variance for many precise procedures, it is suitable for the ap-
plication of the digital camera to the present problem. In the field testing of
changeable message signs, environmental factors introduce more significant er-

Figure 8. Graph showing relation between digital number and the fraction of
an object’s luminance incident on the camera detector.
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ror than does the detector.  The calibrated digital camera system of this study
would effectively provide satisfactory accuracy.
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