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This report details the unusual, as well as the usual, design criteria speci
fied for a discrete-bulb, matrix, speed command sign. Laboratory tests 
and various results are discussed. The interaction effects found among 
criteria meeting design specifications are pointed out. The speed command 
sign m use with the "Traffic Pacer" system m Warren, Mich., is the end 
product of the research. Specifications, sketches, and photographs, as 
well as research data, are included. 

• SPEED COMMAND SIGNS, whether painted or electric, are certainly no new phenom
ena on highway systems, nor are the problems of visibility and legibility new problems. 
However, more advanced highway designs have presented situations wherein the 
painted, reflectorized, bi-message sign is no longer adequate. The traffic-handling 
problem of limited access highways and tunnels has suggested that changeable speed 
commands must be provided for the drivers in the system in order to obtain maximum 
volume handling on these systems. The personnel at General Motors Research Labora
tories found themselves in the "sign business" particularly because of the experimental 
traffic pacing system which the laboratory has installed on Mound Road in Warren, Mich., 
(Fig. 1). The nature of this system is such that the drivers on Mound Road have to be 
presented with frequently changing speed commands. Initially it was not clear just how 
many different messages would have to be presented to drivers. It was anticipated that 
speeds such as 40, 35, 25, 20, and 15 mph would have to be made available. The 
changes must occur instantaneously. It was further ascertained that during certain 
periods of time the speed command signs must blank out completely; that is, no message 
was to be presented. During the early stages of the development of this system the then 
commercially available signs, such as those typically found in sports arenas, were in
vestigated for possible use. It was soon established that they would not meet the criteria | 
that had been set for the speed command signals on the General Motors Traffic Pacer 
system. Consequently, a new design had to be devised. 

The criteria that were established fa l l roughly into three categories: (a) psychophysi
cal, (b) mechanical, and (c) cost. 

The psychophysical criteria fa l l into three subcategories. First, there is the general 
psychophysical criteria. These were (a) the sign must be instantaneously changeable to 
read from blank message through 99, and (b) the sign must present its message with such] 
legibility that there would be a minimum of reading errors. 

The second group of psychophysical subcriteria were those relating to the conditions 
under which the sign would be viewed. It was intended that the sign should be legible 
from a distance of 500 f t (intentional restriction). The exposure time (that is, viewing 
time) was to be approximately 1 sec (for test purposes only). The sign was to be legible 
whether illuminated with high-level lighting directly in front or high-level lighting direct
ly behind. It was further stipulated that the sign must be useful for both day and night 
use without the necessity of electrical or mechanical changes being introduced f rom one 
condition to another. 

Weather conditions were also to be considered. Legibility in rain and snow were to 
be assayed. It was specifically stipulated that as much as Vis in. of solid frost or ice 
must be tolerable on the face of the sign. 
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Figure 1. View of Offi Traffic Pacer system. Mound Road, Warren, Mich. 

Inasmuch as the sign was to be devised of discrete electric light bulbs, it was also 
indicated that the design of the configuration of numerals must be such that some bulb 
failure was permissible. 

The third set of psychophysical subcriteria related particularly to the numeral 
characteristics. They were to be legible almost without error. Furthermore, the 
numbers themselves had to have a chromatic quality somewhere between yellow and 
amber. They had also to be linear; that is, not to be composed of discrete points of 
light, as is the case of the typical matrix-^pe electric bulb sign, but instead, the num
bers were to appear as though they were composed of single broad strokes of light. 
Finally, the sign had to be such that it could be completely blanked out. During certain 
periods the speed command sign must show no numerals of any kind. Incident light fa l l 
ing on the sign must be controlled in such a manner that the reflections from the bulbs 
would not present the driver with an erroneous display. 

From the mechanical standpoint the sign was to be somewhere in the order of 4 by 
2 f t in over-all size with a thickness to about 12 in. The weight was to be held under 
100 lb. The mechanical features of the sign were to be such that a minimum amount of 
dirt could collect on its face. Adequate ventilation was to be provided. Ease of main
tenance and replacement was to be assured for the conditions under which replacement 
might have to take place could be very adverse. As previously stated, no day-night 
bulb voltage changes were to be tolerated. The cost criteria were just what one would 
expect: keep the cost at a minimum, use standard available parts wherever possible. 

GMR SIGN 
In many respects the Research Laboratories sign is not at all unique. Like many 

others it is a discrete-bulb, 5 by 7 matrix sign. Used in pairs it is capable of flashing 
numerals through 99. It is relay operated through a central control system. However, 
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Figure 2. Typical configxjrations tested for numeral 2. 

there are three aspects of this sign that are perhaps unique. The f i rs t of these relates 
to the configuration of numerals employed, the seqond relates to the linearity of the 
figures, and the third to its capability of blanking. 

Numeral Configuration 
Before experimentation a number of commercially available signs were tested. It 

was found that they would not meet the criteria established for the Traffic Pacer system. 
Those tested failed on two primary grounds: legibility at the specified distance and 
lighting condition, and/or too many reading errors when viewed at the criterion distance 
and exposure time. It was decided that a new set of numerals had to be developed. A 
large number of configurations were constructed in printed form (Fig. 2). These were 
tested for legibility and confusion in paper and pencil form. From the results of these 
early tests a prototype sign consisting simply of a bulb matrix was constructed and the 
final set of configurations for the numerals 0 through 9 were selected. 

The prototype configurations were tested under three different conditions: 
1. Bright sunlight, clear sky, with sun incident on the sign face with minimum 

shadow in the bulb cells. 
2. Bright sunlight, clear sky, with sun behind the sign (the sign oriented for maxi

mum brightness behind i t ) . 
3. On a dark, moonless night. 
The test numerals were presented in the same manner in each test condition. (The 

tests were conducted for the author by R. L. Bierley of GMR.) One digit was presented 
at a time to each of the experimental subjects. The sequence of presentations was 
taken from a table of random numbers. In the final test each of the 20 subjects viewed 
each numeral five times. Exposure time was 1 sec. 

During the course of the testing some configuration modification needs became ap
parent. Once these were made the previous test data were discarded and the entire 
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Figure 3. Numeral configuration. 

testing program was renewed. No subject served for testing of the revised figures if 
he had served for any earlier version. 

In a total of 1,000 presentations (final test) there were no errors of identification or 
confusion of the various numerals when presented for 1 sec at a distance of 500 f t under 
any of the experimental conditions: front lighting, back lighting, or darkness. Further
more, random bulb failures were introduced and further testing continued. It was found 
that as many as 5 randomly selected bulbs could be failed in any one numeral before the 
numerals became illegible or were misread. The numeral configurations shown in Fig
ure 3 are those finally selected. Although not all numbers seem to conform with aesthet
ic principles or presumed logic, i t is known that under careful experimentation condi
tions they have tested adequately. 

Figure Linearity 
One of the criteria was that the numerals should not be viewed as the typical discrete 

points of light, but rather that they should present to the viewer the impression that the 
numerals are composed of solid bold strokes of light. This condition has been achieved. 
The GMR sign (Fig. 4) does not have the characteristic cylindrical or conical reflector 
or surround, but rather the bulbs in the GMR sign are located in a honeycomb-like struc
ture of rectangular cells. The linearity achieved is fundamentally a function of this rec
tangular as opposed to circular cell structure. The linearity is further enhanced by the 
use of colored frosted bulbs. The linearity can further be enhanced by the use of lightly 
frosted glass or plexiglass in front of the cells. However, such an addition is in conflict 
with some of the other requirements (especially daylight usage) of the sign. 

Sign Blanking 
The speed control sign for the Traffic Pacer system has one requirement generally 

not found in typical commercial bulb electric signs—blanking. During certain phases 
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of the signaling sequence it is required that no numbers appear on the sign. The diffi
culty encountered arises out of the fact that incident daylight, and especially direct sun
light, will reflect from the bulbs to a greater or lesser degree depending on the type of 
bulb and the type of cover (plexiglass, etc.) m front of the cells. Under some conditions 
the sign appears to be displaying the number 88 (due to bulb configuration) when the 
current is off but sunlight is incident. 

The first attempt to solve the blanking problem was to use shields (sun shades) at the 
top and side of the sign. This solution was not particularly successful. The size of the 
shield required for a complete coverage at all sun angles was too great. 

The second attempt was a combination of cell color and bulb type. The use of black 
cell interiors contributed significantly to the reduction of erroneous readout, especially 
when combined with clear, rather than frosted, bulbs. Clear bulbs did not give the 
linearity (straight-line letter stroke) desired. However, the numbers were now optically 
composed of a series of discrete dots of light. The phenomenon was most pronounced 
under daylight conditions. 

The next attempt was to use front covers of various colors of plexiglass. Although 
dark amber plexiglass covers greatly enhanced blanking, it also presented other severe 
difficulties: reflection and heat generation. Except under carefully controlled conditions 
the reflection of incident daylight on the sign was so great that it tended to obliterate the 
numbers being presented. In an effort to reduce the glare different degrees of sand 
blasting of the outer surface of plexiglass were tried. This did eliminate glare, but a 
new problem presented itself. The incident light now reflected and refracted so that 
the appearance of the sign face was that of a white or grayish surface with more or less 
chroma depending on the degree of sandblasting and/or the basic hue of the plexiglass. 
In itself this is not objectionable. However, this condition reduced the contrast ratio 
between the illuminated cells and the sign face to the point where daylight legibility was 
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not acceptable. Increases in bulb intensi
ty to increase the contrast ratio were un
successful. Too much wattage was re
quired resulting in increased heat genera
tion. Further, some "crispness" of the 
configuration was also lost by this tech
nique. 

The use of plexiglass and glass panels 
of various molded surface textures was 
not successful because of the consequent 
reduction of image definition. The num
bers appeared blurred, particularly at 
night. It might also be pointed out that 
the use of plexiglass or glass front covers 
is not recommended by people producing 
signs of this type commercially. It is 
their contention (though it was not tested 
here) that these surfaces accumulate too 
much road dust and as a consequence re
duce the intensity of the light output to a 
point where it becomes a serious problem. 

The use of "dummy bulbs" to present a 
homogeneous appearance during blanking 
periods of the display was considered, but 
rejected on economic grounds. However, 
it was found that a dual approach could stimulate homogeneity. First of all, the blank 
center sections of the sign were also filled with a cell-like structure similar to the rest 
of the sign. Secondly, the back areas of these cells were painted a color similar to 
that of the unilluminated surface color of the bulbs used in the sign. This solution 
though the best thus far was not totally adequate. 

Completely satisfactory blanking was finally obtained by the use of a screen of Kool-
Shade, type KB, placed directly in front of the cellular structure with the louvers slant
ing downward. This material may be described as a series of horizontal louvers 0. 05 
in. wide and 0.005 in. thick permanently set at an angle of 17° by warp wires spaced on 
0.05-in. centers. The spacing of the louvers in type RB is about 17 louvers per in. 
The denser screen (type LSA) with 23 louvers per in. was also tested but found to be 
insignificantly different for test purposes. Therefore, because the price differences 
were considerable the type RB screen was finally selected as fronting for the speed con
trol sign. This last combination was found to be completely satisfactory for blanking 
purposes even with low angle incident sun. It is true that at very short distances (15 ft) 
it is possible to discern the bulbs as distinct from the blank area in the sign. However, 
at such distances even though the sun be directly incident on the sign it is possible to 
recognize clearly the fact that the sign is not displaying any given numeral (cf., Fig. 5). 

Figure 5. Blanked speed s i g n . 

Day-Night Legibility 
Next are the problems encountered in providing both day and night legibility without 

voltage changes to the bulbs. It was found that the ideal daylight sign parameters could 
not be used without some modification for nighttime usage. The brightness necessary 
for daytime visibility was too great to use at night. A tremendous halo effect (spill 
light) was encountered. The result was that a sign visible at 1,000 ft in bright daylight 
was not legible at more than 300 to 400 ft at night. 

The most obvious solution to this problem is simple time-controlled voltage reduction. 
This was tried and found adequate. However, two factors encouraged research for some 
other solution: cost and reliability. The latter was of particular consequence inasmuch 
as total reliability is the product of the reliability of the components. The use of reduced 
output bulbs proved unsatisfactory because of loss of brightness contrast for daylight legi
bility. Various colors within the cells of the bulbs were used in an attempt to compensate 
for reduction in light output. 



66 

TABLE 1 
TRAFFIC PACER SPEED SIGN BULB AND CELL COMBINATION TESTS 

SUMMARIZED' 
Bulb Type" 

Cell 
Color 

Nighttime 
Voltage 

(v) 
Clear White 

Frosted 
Yellow 

Frosted 
Clear 

Yellow 
Nighttime 
Voltage 

(v) Night Day Night Day Night Day Night Day 
Black 110 

90 
2 2A 1 IB 3 IC 2 l A 

White 
80 

110 
90 
80 

3 2B 1 
2 
3 

4A 4 
4 
1 

4A 2 2B 

Yellow 110 
90 
80 

2 2B 3 3B 2 4C NT 
NT 
NT 

^All bulbs 25 watts rated at 110 to 120 vj daylight ratings based on 110 v. Test dis
tance = k$0 f t . Al l tests performed with KoolShade 17-in. screen in front of cells . 

Legibility Rating Scale Bright Sun Blanking Rating Scale 
Excellent = k Excellent = A 
Good = 3 Good = B 
Fair = 2 Fair = C 
Poor = 1 Poor = D 
Unusable = 0 Unusable = E 

The final solution correlated well with the need for chromaticity which was cited as 
one of the criteria. General Electric Corporation yellow-enameled bulb 25AY served 
well. The output of this bulb is only 190 lumens compared with the 260 lumens output 
of the frosted white GE bulb of the same wattage. (It wi l l be recalled that frosted bulbs 
enhance linearity as opposed to clear bulbs.) The brightness contrast which is lost be
cause of the reduction in lumens output is adequately compensated for m daylight usage 
by the additional chroma (color contrast) which in itself enhances legibility. Table 1 
summarizes ratings for various combinations of cell colors, bulb voltages, and bulb 
types which were tested. Not al l cells in the table are fil led. It did not seem worth 
while trying; for example, the reduced voltages when 100 VAC was already shown inade
quate. 

ANALYSIS 
The solutions to some of the criteria problems tended to be the converse of the re

quirement of other criteria. Thus, a white-cell sign with white frosted bulbs and a 
cool shade screen was ideal for daylight legibility. It was s t i l l readable for subjects 
with normal vision at 1,000 f t the bright sun directed at the face of the sign. Yet the 
very characteristics that made this sign configuration ideal for daytime use made it un
suitable for nighttime because of the tremendous amount of halo (spill light) produced 
at night. On the other hand, some of the solutions adopted for one specific criteria 
actually presented quite automatically the solution for some other criteria problems. 
For example, the need for chromatic (yellow) numerals was solved by the use of an 
enameled yellow bulb. This, it developed, was precisely the bulb to use for the reduc
tion of the halo at night. Further, the frosted bulb enhanced the linearity desired for 
the configuration. 

At f i rs t it seemed that the final design must be a compromise. It is felt that such 
is not the case. No aspect has been permitted to be degraded for the sake of bringing 
another up to required standards. The specifications recommended ultimately for the 
sign meet the criteria established earlier in this paper. 
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The mechanical criteria cited have 
also been met in the design. Briefly, the 
over-all size of the sign is 38 in. long, 
23 in. high, and 10 in. deep. The numer
als themselves are ISVa in. high by 13 in. 
wide. The over-all weight of the sign is 
79 lb. The use of the cool shade screen 
as opposed to a plexiglass or glass front 
has provided for minimum dirt collection 
probability and has provided maximum 
ventilation. 

The requirement of Vie in. frost on the 
sign has been also tested for and it has 
been found that the numerals are still per
fectly legible even with this amount of ice 
on their face. 

The ease of maintenance and replace
ment have been provided for by incorpora
ting into the mechanical design typical 
maintenance characteristics specified by 
the principles of engineering psychology. 
The sign is modular in character. It is 
color-, shape-, and size-coded for ease 
of installation of replacement parts. (For 
example, the entire honeycomb structure can be removed by a one-quarter turn of two 
fastening devices. All bulbs may then be readily changed.) The entire numeral units, 
of which there are two in each sign, can be removed by loosening four quarter-turn 
fastening devices. They are coded so that the probability of replacing a left-hand (tens 
digit) with a right-hand (units digit) assembly is not possible. 

The use of the yellow lamp has precluded the necessity for incorporating a voltage 
change system. 

The cost criteria have been met to satisfaction. However, the bids received from 
commercial organizations for the construction of this sign varied considerably. The 
lowest priced bid received was approximately Vs of the highest bid received. 

Figure 6. Il l u m i n a t e d speed command sign. 

Summary of Sign Specifications 
1. The sign (Fig. 6) consists of a 5 by 7 bulb matrix composed of rectangular cells 

2% by 2% in. square inside dimensions by 4% in. in depth. The cell matrix interiors 
are painted reflective white with the exception of those cells which do not have bulb 
sockets, these have a yellow background (sides and edges white) of the same shade of 
yellow as the bulbs in unilluminated mode. The bulb sockets (ceramic) are on 2y2-in. 
centers (cf., Fig. 4). 

2. The numeral configurations shown in Figure 3 have been found most suitable. 
3. The recommended bulb is GE 25AY, the yellow enameled 25-watt bulb rated at 

130 volts. 
4. Bulb-operating operating voltage is 110 volts for greater bulb life. Bulb life vs 

percent rate of operating voltage is calculated as 

in which 
^ V v J 

Li = increased expected life; 
= life at rated voltage; 

V i = reduced voltage; and 
v̂  = rated voltage. 

The rated life of the specified bulb is 1, 000 hr. At 110-volt operating voltage the life 
is increased to 9,340 hr well within the 3,000-hr replacement schedule practice by the 
highway department maintaining the signs. 
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5. The face of the sign is equipped with KoolShade screen, type RB. This screen 
is mounted so that it is immediately adjacent to the front edge of the matrix cell. Care 
must be taken that the angle of the louvers are slanted downward. The screen as well 
as the rest of the sign is painted flat black. 

Specifications just listed provide a sign that meets the following requirements: 
1. Legible at 500 ft with 1-sec exposure time when viewed under the following con

ditions: 
(a) Bright sunlight, clear sky with sun incident on sign face with minimum 

shadow on the bulb cells. 
(b) Bright sunlight, clear sky with sun behind the sign. The sign-oriented 

maximum brightness behind it. 
(c) Dark rainy, moonless night. 
(d) When sign face is covered with V 1 7 in. of ice. 
(e) When as many as five bulbs have failed. 

2. Numerals have definite chromatic (yellow) hue in both daylight and night conditions. 
3. Nighttime legibility is as adequate as daytime legibility without the necessity of 

components designed to reduce bulb voltages with lower ambient lighting. 
4. Blanking of sign face when power is removed from the bulbs so that under these 

conditions no spurious numeral is visible under either day or night viewing. 

CONCLUSION 
It is not to be assumed that the particular sign described by the previous specifica

tions IS the absolute optimum for this particular device or the service for which it is 
intended. However, the requirements set forth for the speed command signs in the 
General Motors Research Laboratories Traffic Pacer System on Mound Road in Warren, 
Mich., have been met satisfactorily by the sign described. 




