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CHANGEARBLE HEGHWAYSEGN AND MOTORESTAD 
SYSTEM 

Known changeable highway signs are controlled from a cen 
tral station via radio control devices or via direct communica 
tion channels such as telephone cables. Certain of these 
signals include lighting for illuminating sign indicia when visi 
bility along the highway in the vicinity of the sing is below a 
predetermined lumen level. Other known changeable highway 
signs contain a plurality of predetermined driving conditions 
which are selectively illuminated to inform a motorist of cur 
rent driving conditions. Typically, the highway signs require a 
large amount of front lighting to make them visible during 
nighttime driving times. S 
Such prior art changeable highway signs have several disad 

vantages. Typical disadvantages include high-installation cost, 
high-power requirements requiring external electrical power 
distribution systems, sensing devices for controlling sign illu 
mination and the like. 
The present invention overcomes difficulties of the prior art 

devices by a novel and unique changeable sign which is capa 
ble of displaying to a motorist travelling along the highway any 
one of several predetermined messages during both day and 
night driving conditions. 
The changeable highway sign disclosed herein is capable of 

remote control and can use either analog or digital control at 
the sign for controlling sign operation. In addition, digital con 
trol signals having an address code portion and a command 
code portion can address a selected sign and command which 
predetermined driving message is to be displayed to a mo 
torist. 

Ef desired, a changeable highway sign is capable of including 
a retroreflective member which is located behind a strip of 
transparent material having the predetermined driving 
messages imaged thereon. When driving conditions are such 
that a motorist must use the vehicle's headlights for visibility, 
the headlights are concurrently used as the means for illu 
minating the highway sign by the retroreflective member. 
Thus, front lighting of such a sign is not required and the total 
power requirements of such changeable highway signs are 
substantially reduced. 

In another embodiment, the changeable highway sign may 
be front or back lighted because of existing traffic standards 
and the availability of electrical power. Thus, a retroreflective 
member may not be required. However, such a changeable 
highway signal can be remotely controlled from a central sta 
tion by using the teachings of the present invention. 

It is known to utilize flashing lights in combination with a 
highway sign to attract a motorist's attention. By using the 
teachings of the present invention, flashing light-sign com 
binations utilizing lights and backgrounds of the same single 
color are possible. If desired, the flashing lights can be ar 
ranged in spacial patterns for indicating various caution and 
emergency conditions. 

in one embodiment, the changeable highway sign disclosed 
herein uses a flashing light arrangement wherein the color of 
the flashing lights, arranged in a certain spacial pattern, in 
dicates degrees of dangerousness of a predetermined driving 
condition being displayed. In addition, flashing light patterns 
can be established to cooperate with displayed messages to 
control certain traffic movements such as MERGE and 
CHANGE LANES. 

In the preferred embodiment, an amber flashing light is used 
to indicate to a motorist that caution should be used for the 
particular driving condition being displayed, such as for exam 
ple FIG. Also, in the preferred embodiment, two flashing red 
lights, flashing either sequentially or simultaneously, are used 
to indicate an emergency predetermined highway condition 
being displayed, such as for example DANGER. 
Other known changeable sign units have high-power 

requirements and, of necessity, have been connected to com 
mercial power distribution lines. In such arrangements, the 
sign unit becomes subject to power outages which usually 
occur in severe weather when the sign operation is most 
needed. In locations where the sign units are remotely located 
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from existing power distribution lines, the expense of extend 
ing individual feeder lines for each sign unit becomes prohibi 
tive. 

In some installations, a solar power source is used as an in 
dependent source of electrical power to overcome the above 
disadvantages. However, solar power sources have certain in 
herent disadvantages in that they cannot be used in areas 
where sunlight is prevented from illuminating the solar cell. 
This typically includes areas having high-smog levels, areas 
which are continually shaded and the like. 

In one embodiment of the changeable highway sign of the 
present invention, the power requirements are minimized such 
that a self-contained power source such as, for example, a 
thermoelectric generator can be used as a source of electrical 
power. A thermoelectric generator is capable of operating on 
relatively inexpensive and generally available fuel, such as 
liquid propane, and produces substantially more electrical 
power than solar power sources of comparable cost. if desired, 
such a changeable highway sign can be energized from exist 
ing power lines with the self-contained power source as a 
standby power source. 
A propane-fired thermoelectric generator power source has 

certain other additional advantages besides economy and rela 
tively high electrical power output compared to solar cells, 
The thermal energy produced by the generator in producing 
the electrical power can be transferred throughout the sign 
unit to warm the various components to improve cold weather 
performance, 

It is known to install motorist aid systems along heavily con 
gested highways. Typically, such units are energized by means 
of self-contained solar power sources. In addition to the above 
disadvantages of using solar cells, the low power output of 
solar sources limits operation of such a motorist aid system to 
simple precoded communications of short duration. In such 
systems, the motorist is unable to engage in voice communica 
tion with the central station for the purpose of supplying and 
receiving information concerning the nature of the emergency 
condition. Generally, by using precoded message, the power 
requirements of the motorist aid system are minimal and a mo 
torist, when involved in an emergency condition, is limited to 
pushing a button to summon aid. SUch a motorist communica 
tion system is unable to provide two-way voice communica 
tion between a motorist on the highway and a dispatcher at a 
remote central station when a real emergency condition exists. 
One embodiment of a changeable highway sign of the 

present invention utilizes a radio-telephone system such that 
two-way voice communication can be effected between a mo 
torist and the central station. This arrangement provides a 
dispatcher with the opportunity to determine the most effec 
tive action to be taken in the particular emergency situation, 
together with the capability of informing the motorist of the 
action to be taken. In addition, a motorist voice communica 
tion system provides a dispatcher located at the remote cen 
tral station with the capability to obtain additional information 
from a motorist with respect to traffic control, such as, for ex 
ample, number of blocked lanes, seriousness of traffic 
problem and the like. 
One advantage of the present invention is that a changeable 

sign can be remotely controlled to display any one of several 
predetermined messages. 
Another advantage of the present invention is that a 

changeable sign has a minimal power requirement such that 
the sign may be powered by a self-contained power source for 
operation in areas remote from power distribution lines or as a 
standby for signs operated from power distribution lines. 
A further advantage of the present invention is that a 

changeable highway sign may include a retroreflective 
backing member located behind the displayed predetermined 
driving message or condition such that the same is brightly il 
luminated at night by a motor vehicle's headlights striking the 
retroreflective backing. 
Another advantage of the present invention is that a 

changeable highway sign may incorporate at least two dif 
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ferent arrangements of flashing lights to attract a motorist's at 
tention and to indicate the degree of dangerousness of a 
predetermined driving condition along the highway. 

Still another advantage of the changeable highway sign of 
the present invention is that the sign may include a motorist 
voice communication system to permit voice communication 
between a motorist requiring aid and a dispatcher at a remote 
ly located central station. 
Yet another advantage of the present invention is that this 

novel and unique changeable highway sign uses conventional 
and known traffic signal symbols and known colored 
backgrounds such that a motorist can easily respond to and 
follow commands and instructions displayed by the sign 
without requiring special education and familiarization with 
operation of such signs. 
A further advantage of the present invention is that a 

changeable highway sign can be incorporated as part of a 
computer controlled highway system wherein traffic move 
ment can be quickly and easily controlled in emergency situa 
tions, such as an accident, for emergency vehicles and the like. 
These and other advantages of the present invention will 

become apparent from the following detailed description 
taken together with the following drawing wherein: 

FIG. is a block diagram of a changeable highway sign 
system; 

FIG. 2 is a pictorial illustration of a control console located 
in a central station for controlling a system having a plurality 
of changeable highway signs located along a highway; 

FIG. 3 is a graph illustrating waveforms representing binary 
coded signals which can be assembled by frequency shift-key 
ing techniques controlling a changeable highway sign; 

FIG. 4 is a block diagram illustrating a computerized system 
for controlling a changeable highway sign system; 

FIG. 5 is a perspective drawing of a changeable highway 
sign; 

FIGS. 6A and 6B are diagrammatic representations of sign 
indicia means including a strip of transparent material in the 
form of a scroll for displaying a predetermined driving condi 
tion in an opening defined by the sign housing; 

FIG. 7 is a diagrammatic representation of an actuating 
means for transporting the scroll past the opening in said 
changeable sign; 

FIG. 8 is a schematic diagram partially in block form illus 
trating circuitry for one embodiment of an analog sign control 
means for controlling position of said scroll; 

FIG. 9 is a diagrammatic representation illustrating one type 
of flasher logic means for controlling flashing lights used on 
the changeable highway sign; and 

FIG. 10 is a block diagram illustrating a digital control 
system for controlling operation of a changeable sign. 

Briefly, a changeable sign for visually displaying a selected 
one of several predetermined messages is disclosed. The sign 
includes a housing defining an opening through which any one 
of the predetermined messages can be visually displayed. A 
strip of imaged transparent material is used which has a plu 
rality of sections each of which contains a predetermined 
message. The sign also includes a sign indicia means located 
within the housing and operatively coupled to the strip of 
transparent material for positioning in the opening a selected 
section of the strip of transparent material. An actuating 
means is operatively coupled to the sign indicia means for 
driving the sign indicia means to transport the strip of imaged 
material in a direction to position a selected one of the 
predetermined messages in the opening. A sign position logic 
means is operatively coupled to the sign indicia means for 
determining which of the predetermined messages is posi 
tioned in the opening. A sign control means is operatively con 
nected to the actuating mans and the sign position logic means 
and is responsive to a command signal designating a selected 
predetermined message to be displayed by the sign for pro 
gramming the actuating means to drive the sign indicia means 
in a direction determined in response to the sign position logic 
means to transport the web of imaged material until the 
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4. 
selected predetermined message designated by the command 
signal is positioned in the opening. 

FIG. 1 is a block diagram of the operation of a changeable 
highway sign system. The system includes a central station 10 
remotely located from a changeable highway sign 12. The sign 
12 is capable of displaying a variety of information to mo 
torists in the form of speed limits and actual driving conditions 
as well as in the form offlashing lights. 
The central station 10 is capable of monitoring and chang 

ing the information displayed by the sign 12. These changes 
are based on information gathered from sources including the 
United States Weather Bureau (USWB), patrol cars, local 
sensing devices and from communications with motorists via 
motorist voice communication systems located along the 
roadway. The central station 10 utilizes a signal communica 
tions 14 to send command signals to a sign control means 16 
within the sign 12. 
The sign control means 16 includes a scroll position logic 

means 18 to control which of a selected one of several 
predetermined messages, such as speed limits, driving com 
mands and traffic condition information, is to be visually dis 
played by the sign 12 in response to control signals from the 
central station 10. The sign control means 16 further includes 
a flasher logic means 20 which activates flashing lights when 
ever a cautious or dangerous driving message is displayed. 
The sign 12 includes a motorist communication means 22 

which may be used by a motorist in an emergency. The mo 
torist is able to communicate with the central station 10 via 
signal communication means 14 to summon help or to alert a 
dispatcher as to a traffic control problem, such as a blocked 
lane and the like. In the preferred embodiment, the motorist 
communication means 22 consists of a two-way voice radio 
telephone 24. 

FIG. 2 illustrates pictorially one embodiment of a central 
display console 26 located at the central station 10. A sign lo 
cation display 28 indicates the location of a for the of signs 12 
along a given highway. A control panel 30 includes means for 
individually controlling each sign 12. The signs located along a 
highway can be grouped into convenient sign groupings of, 
say, four to five signs per group. The predetermined message 
visually displayed by each sign group is displayed as a sign 
status display 32 on the control panel 30 at the central station 
10. In certain preprogrammed situations, it is possible that 
certain of the signs 12 in a predetermined sign grouping may 
display a message other than that generally designated on the 
control panel 30 for the sign grouping. A separate indication 
can be displayed to indicate this condition. 

In the preferred embodiment, the signal communication 
means 14 utilizes the police or maintenance FM radio network 
wherein signal communication is accomplished by means of 
frequency shift-keying techniques. Typically, the police or 
maintenance FM radio networks use an FM modulated 300 to 
3,000 Hertz (Hz.) bandwidth channel for voice transmission. 
Generally, it is known that the 2,635 to 3,000 Hz. portion of 
the channel is not essential for maintaining male voice intel 
ligibility. This 365 Hz. range may therefore be used to carry 
FM modulated digital control signals which may be superim 
posed on voice transmission FM modulated signals. Suitable 
filtering of the compressed voice band will eliminate shift-key 
ing noise therefrom. Such communication techniques are 
known and may be readily assembled by one skilled in the art. 

Frequency shift-keying control is achieved by generating 
positive and negative pulses about the middle frequency 
between 2,635 and 3,000 Hz. FIG. 3 illustrates how these pull 
ses may be used to represent binary numbers. The scheme il 
lustrates a 3-bit binary work capable of representing a binary 
number from 0 to 7, but the number of bits per word may be 
varied according to the specific application. The position of 
positive pulses relative to negative pulses determines the bi 
nary number represented. A person skilled in the art using 
known techniques can design and fabricate encoding and 
decoding logic necessary for implementing frequency shift 
keying. 
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In one enbodiment, an encoded 6-bit 2-work control signal 
is sent to the changeable highway signs. The control signal 
comprises an address signal and a command signal each of 
which comprises a 3-bit 1-word signal. The address signal 
selects which sign is to be controlled while the command 
signal selects which of the sign indicia is to be displayed. It is 
contemplated that the number of signs capable of responding 
to a given command signal may be selected in accordance with 
the specific system. 

It is contemplated that other communication systems could 
be used for controlling operation of a changeable sign. Typi 
cally, other known systems which could be used to accomplish 
the same purpose include telephone pairs, preassigned FM 
radio links and the like devoted wholly to control of changea 
ble signs. 

FIG. 4 illustrates an alternative embodiment for controlling 
the changeable highway signs 2. Sets of local sensing devices 
3, shown in block form, may be associated within all or some 

of the changeable highway signs within each group to gather 
information concerning driving conditions and the like. The 
sensing devices 13 gather measurements concerning humidity, 
visibility, temperature and traffic density in a format suitable 
for transmission to a computer control system 25 for analysis 
and control functions. 

in the embodiment of FIG. 48, the measurement are trans 
mitted via signal communication means 4 to the computer 
control system 15 located at the central station. The computer 
control system is analyzes the measurements and generates 
an appropriate control signal in response thereto. This control 
signal is transmitted via signal communication means 14 to 
either a single sign 12 or a group of signs, depending on the 
particular system, associated with the set of sensing devices 3 
corresponding to the control signal. A new set of driving con 
ditions are displayed by the signs 12 in response to the control 
signal to inform the motorist travelling within the area of the 
latest driving conditions. The embodiment of FIG. 4 also in 
cludes direct communication between a sign group 17 and the 
computer control system 15. This provides the computer con 
trol system 5 with information concerning the current status 
the the signs 2 within the sign group 17. This information 
provides input data to the computer control system 15 to pro 
vide a basis for controlling traffic when a traffic problem is en 
countered. 
The computer control system 5 is able to display at the 

console 26 the status of the various signs 12 in the system. The 
computer control system 5, however, is also capable of 
receiving information introduced to it by the console 26. This 
information introduced to it by the console 26. This informa 
tion may be obtained from data sources 27, such as police 
patrols and the USWB. Furthermore, the computer control 
system 15 may be bypassed by a computer override means 19 
associated with the scroll position logic means of the signs 12. 
The computer override 9 allows the sign group 17 to be 
changed by a command directly from the central station 10. 

FEG. S depicts a single-changeable highway sign 12 posi 
tioned along a highway. The sign 12 includes a housing 34 
positioned above the surface of the ground by a support means 
36. The support means 36 is solidly embedded in the ground 
by a footing 33. 
A surface 40 of the housing 34 has an opening 42 (FIG. 7) 

facing the flow of motor vehicle traffic along the highway. In 
the preferred embodiment, the opening 42 is covered by a lens 
arrangement 44. The lens arrangement 44 includes a center 
lens 46 of amber positioned over the center area of the open 
ing 42 and adjacent lenses 48 of red covering the remainder of 
the opening 42. In the preferred embodiment, the lens may 
comprise a fresnel lens constructed in accordance with the 
teachings of Appledorn, application Ser. No. 571,639, having 
a common assignee. By using such a fresnel lens, a relatively 
small wattage lamp can be used. The combination of the 
fresnel lens and lamp provides a high intensity, directional, 
low power lighting system for informing motorists of the 
degree of dangerousness of road conditions, 
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6 
Surface 40 also includes an aperture S0 (in FEG. 7) covered 

by a weathertight window 116. A reflective member 52 is 
rigidly mounted within the housing 34 adjacent to the spaced 
from the aperture 50. Rollers 54 and 56 are rotatably mounted 
within the housing 34 above and below the aperture 50. In the 
preferred embodiment, a scroll S8 composed of a transparent 
material 60 containing sign indicia is positioned between the 
rollers 54 and 56. One end of the scroll 58 is wrapped around 
one of the rollers 54 and 56 and the other parallel end of the 
scroll 58 is wrapped around the other roller. The scroll 53 
passes between the reflective member 52 and the aperture 50. 
When ordinary daylight or light from a motor vehicle 
headlight strikes the sign, the light passes through the trans 
parent material 60, is reflected by the reflective member 52 
and is directed back to the motorist in the vehicle. The 
reflected light backlights the sign indicia on scroll S8 thereby 
making the indicia appearing between rollers 54 and S6 in 
aperture 50 visible to a motorist. 
One known reflective surface which is capable of providing 

diffuse reflection by daylight and bright retroreflection at 
night utilizes a cube corner construction with a bright reflect 
ing background as described in a copending application of 
Schultz, Ser. No. 593,948, having a common assignee, now 
U.S. Pat. No. 3,417,959. 

FIGS. 6A and 6B are diagrammatic views of the scroll 58 
showing the possible sign indicia 62 appearing on transparent 
material 60 which may be selected for a particular terrain. The 
indicia 62 to be displayed to motorists are placed on separate 
areas of the scroll 58, each area being designated as one frame 
of motorist information 64. When properly positioned relative 
to the aperture 50, the frame 64 is located adjacent the reflec 
tive member 52. The reflective member 52 is illuminated at 
night by vehicle headlights as described. 
As shown in F.G. 5, both speed limits, caution and dan 

gerous condition warnings may be displayed by the sign. In 
one embodiment, speed limit information is displayed by 
black numerals on a white field, the white field comprising the 
fixed reflective member 52. It is desirable to increase the 
driver's awareness of a dangerous condition, such as FIG. or 
ICE, by using different colored backgrounds. In the preferred 
embodiment, ICE and FOG conditions are displayed as black 
letters on a yellow background. DANGER utilizes clear white 
lettering over a red background. The yellow and red 
backgrounds are attached to the transparent material 60 of 
the appropriate frames 64. It is contemplated that other com 
binations of highway information or indicia and reflective 
backgrounds may be utilized. Also, an alternative embodi 
ment may eliminate reflective member 52 by having all reflec 
tive backgrounds attached to the scroll 58. Yellow and red 
lights are utilized in conjunction with the messages having a 
similar colored background as they are visually displayed by 
the changeable sign to call to the motorist's attention that a 
caution or dangerous condition warning is being displayed and 
the seriousness of the displayed condition. 

FIG. 7 diagrammatically illustrates the changeable highway 
sign 12. Housing 34 includes the scroll position logic means 18 
which is operatively connected to a scroll driving means, 
which in the illustrated embodiment is a reversible DC motor 
66. The reversible motor 66 is operatively connected to roller 
54 and is capable of driving roller 54 in either a forward or 
reverse direction. Upon receiving an appropriate command 
signal from the central station 10, the scroll position logic 
means 18 activates the reversible motor 66 to drive the roller 
S4 in a selected direction. The scroll 58 and frames of infor 
mation 64 are transported across the aperture 50 until the 
desired frame 64 is properly positioned relative to the aper 
ture 50. The scroli position logic means 18 senses this point 
and automatically terminates scroll motion. 

In the preferred embodiment, the scroll 58 contains 8 
frames of driving information or sign indicia 62. Utilizing the 
frequency shift-keying method and a 3-bit binary work 
described hereinbefore, eight different command signals are 
available to properly position each frame 64 of driving infor 
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mation relative to the aperture 50 once a given sign 12 has 
been selected by its appropriate address signal. 
A two-way radio telephone 24 is located within the housing 

34. The sign 12 further includes a self-contained power source 
means. In the preferred embodiment, the power source means 5 
comprises a thermoelectric generator 104 located within the 
housing 34. The generator 104 is operatively connected to a 
storage battery 112 located within the housing 34. The 
generator 104 continuously charges the battery 112 which 
supplies power to the electrical components within the hous- O 
ing 34. In this manner, the generator provides sufficient ener 
gy on a continuous basis to meet the average power needs of 
the total system. 
The generator 104 may utilize a propane fuel in vapor form. 

The fuel is stored as a liquid in a tank 106 located un 
derground beneath the sign. The tank 106 is equipped with a 
pressure regulator 120 which controls the pressure of the 
vapor fed to the generator 104 via fuel line 10. The fuel tank 
106 is equipped with a fuel filling port 108 which is located 20 
just beneath the ground to prevent injury in case of an ac 
cident. The fuel line 110 may be equipped with a self-sealing 
valve 118 known in the trade as an excess low valve. In the 
event of a vehicle collision with the sign, the fuel line is sealed 
off instantly to avoid the danger of an explosion. 25 
A suggested thermoelectric generator unit is Minnesota 

Mining and Manufacturing Company's Model 515. This unit, 
producing approximately 15 watts at 12 volts, will operate for 
6 months on i50 gallons of liquid propane gas costing approxi 
mately $22. The liquid propane gas is stored in tank 106. 30 
Refueling on an annual or semiannual basis may be accom 
plished with a 5-minute stop by a bulk pumping truck. 

In the preferred embodiment, the heat produced by the 
generator 104 is used to warm the components within the 
housing 34 during cold weather. The heat is transferred to the 35 
components via a heat-exchanging system 114. The system 
114 includes a duct 124 for channeling the hot exhaust gases 
produced by the generator 104 through the housing 34 to the 
exterior. THis heating process is important to maintain charg 
ing efficiency of the battery 112 at low temperatures and to 40 
maintain free movement of the lubricant used on the roller 
bearings. The heat further helps to sublime away any snow, ice 
or raindrops which may collect on the weathertight window 
116 and the housing 34. 
The heat-exchanging system i4 further includes a bypass 

duct 122. THe duct 122 automatically conducts the exhaust 
gases directly to the exterior rather than through the housing 
34 when the external temperature rises to a certain level. The 
duct 122 is controlled by a temperature sensitive switch 126. 
This bypass prevents overheating of the sign components dur 
ing warm weather. 

FIG. 8 is a schematic diagram partially in block form illus 
trating analog circuitry and apparatus by which a command 
signal is able to change the sign indicia 62 displayed by the 55 
sign 12. Roller 54 is driven by the reversible motor 66 and is 
mechanically connected by linkage 69 to a sliding contact 70 
positioned on a fixed potentiometer 68. The sliding contact 70 
gives an electrical signal indicating the present location of the 
frames of information 64 relative to the aperture 50. 60 
Upon receiving a control signal, the command portion of 

the signal is decoded by the decoding logic to generate a posi 
tioning signal. The positioning signal is applied to the bases of 
the appropriate combination of NPN transistors 72-86 
switching them into conduction. 65 
When a transistor 72-86 switches, a voltage appears is relay 

switch92. This relay is a double-pole type and is polarized so 
as to apply a voltage B+ (94) to the DC motor 66 in a polarity 
direction corresponding to the polarity of the voltage across 
relay switch 92. The application of the B-voltage 94 causes 70 
the motor 66 to advance the scroll 58 to a new position by 
driving the roller 54 until a zero voltage or a "null' spot is 
produced across relay switch 92 due to the changed position 
of the sliding contact 70 on the potentiometer 68, the system 
is calibrated so that this “null' spot corresponds to the proper 75 
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positioning of the desired frame of information 64 within the 
aperture 50. The direction in which the reversible motor 66 is 
driven depends upon the polarity of the voltage appearing 
across relay switch92. 

Referring again to FIG. 7, the changeable highway sign 12 
includes a system of flashing lights to indicate various driving 
conditions. Individual light sources are located behind each 
lens located over the opening 42. Flasher logic means 20 are 
located within the housing 34 and are operatively connected 
to lighting means 98. Upon the selection of a specific frame of 
information 64 by a command signal from the central station 
10, the flasher logic means 20 selects and activates the ap 
propriate light sources 98 corresponding to the frame of infor 
mation 64 selected. 

FIG. 9 illustrates one technique and means for actuating the 
flashing lights. Certain frames of information 64, such as those 
indicating FOG and ICE, may utilize the activation of the 
flashing lights to heighten the motorist's awareness of these 
conditions. Each of such frames includes a ribbon 100 of a 
conductive material located along one edge of the scroll 58. 
Two switches 102 are located along the same edge of the 
frame 64. The switches 102 are connected to the flasher logic 
means 20. When a specific frame 64, such as the one display 
ing the FOG indicia, is positioned within the aperture 50, both 
switches 102 are in contact with the conductive ribbon 100 to 
complete a circuit and activate the amber indicators. A con 
ductive ribbon 100 could be located on the opposite edge of a 
different frame 64 and could be used in conjunction with 
another pair of switches 102 to activate a different arrange 
ment offlashing indicators. 
FIG.9 also illustrates the frame 64 displaying the DANGER 

indicia activating the red indicators. In the preferred embodi 
ment, flashing amber is used to indicate an intermediate state 
of emergency. Flashing red is used to indicate the situation of 
extreme danger. 

FIG. 10 is a block diagram of the control logic for remotely 
located changeable sign. Communication between a remote 
central station and the changeable sign is accomplished by 
means of a sign communication system, generally designated 
as 200. The transmitter portion of the communication system 
is located remotely at a control station with a receiver located 
in each of the changeable signs to be controlled. 

Also, if desired, each sign can contain its own separate 
transmitter such that the sign is able to communicate directly 
with the remote central station upon command. AS mentioned 
hereinbefore, each changeable sign can be equipped, with 
separate detectors for sensing a local condition and trans 
mitting data thereof via the sign communication system 200 
For example, local sensors generally represented by block 202 
which include such detectors and sensors as traffic density de 
tectors, weather condition sensors excessive speed detector 
alarms, automatic vehicle identification detectors and the like, 
are operatively connected to the sign communication system 
200 for communication with the remote central station. The 
sensors 202 would include the necessary logic and circuitry 
for detecting transmitted interrogation codes and for trans 
mitting the requested data from the local sensors. It is contem 
plated that the sign communication system 200 could commu 
nicate with a remote central station with any known communi 
cation means, such as teletype, telephone cables, FM radio 
signals and the like. 

Generally, the sign communication system 200 is used to 
transmit received information to the sign control system illus 
trated by dashed box 204. In one embodiment, a sign control 
signal is encoded in a binary format and has a station address 
code or address signal portion and a command position code 
or command signal portion. In this embodiment, a 20-bit code 
is used comprising an address signal formed of a first and 
second character each of which comprise 8 bits each and a 4 
bit command signal. Each 8-bit character includes a 3-bit pari 
ty and a 5-bit coded address. In FIG. 10, one embodiment of a 
sign control system 204 includes control logic 206 which is 
operatively connected to the sign communication system 200 
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to receive demodulated sign control signals therefrom. The 
sign control signals are coded and modulated by the radio 
frequency signal by transmission from a remote central station 
to the signs located in the area which is controlled by the cen 
tral station. Each sign simultaneously receives and demodu 
lates the transmitted modulated coded sign control signal and 
applies the demodulated control signal to the control logic 
206, The control logic 206 removes the parity bits from the 
control signals and passes the same to an input register 208 
which is utilized for temporary storage of the received signal. 
Typically, the input register 208 can be formed of a plurality 
offlip-flops, 

In addition, each sign has a permanent storage memory 210 
into which a preassigned address signal has been stored. The 
address signal for the particular sign is applied as one input to 
a logic comparator 212 while the other input to the logic com 
parator 212 is the address code portion of the control signal 
from input register 208. The logic comparator 212, which 
functions as a logic translator, determines if the address code 
portion of the control signal matches the permanent address 
code stored in the permanent storage memory 210. The result 
of this logic comparison is applied by the logic comparator 
22 to the control logic 206 to determine if the particular sign 
should execute the command portion of the control signal. If 
the logic comparator 212 determines that the address code is 
for the particular sign, the control logic 206 then activates a 
counter 214 and a drive motor logic 218 to execute the com 
mand code portion of the sign information signal. The com 
mand code portion of the sign control signal stored in the 
input register 208 is applied to a direction logic 220 so that the 
appropriate sign direction can be determined in order to ac 
tivate the drive motor logic 218. The position of the scroll be 
fore execution of the command code is determined by a sign 
position logic 224. A digital code representing the sign posi 
tion is generated by the sign position logic 224 and applied to 
the direction logic 220, the input register 208 and a flasher 
logic 226. The direction logic 220 then determines he 
direction in which the drive motor logic 218 is to program a 
drive motor control 228 for actuating a control motor 230 for 
driving the scroll mechanism 232 to transport the strip of 
transparent material 60 in FIG. 6B. By use of a sign position 
logic 224, the drive motor control 228 can actuate the control 
motor 230 in either the forward or reverse direction such that 
the scroll mechanism 232 is properly driven to position the 
desired sign indicia in the opening of the sign housing. 
As illustrated in FIG. 6B, the more dangerous conditions are 

shown to occur toward the bottom of the strip of transparent 
material 60. In this manner, as road conditions worsen, it takes 
less time to advance from a less dangerous driving condition to 
a more dangerous driving condition. For example, if normal 
driving conditions exist, the maximum speed limit, such as 70 
m.p.h. illustrated by area 64 on the transparent strip 60 in 
FIG. 6B, can be displayed advising a motorist of the maximum 
speed limit. As the driving conditions become less favorable, a 
slower speed can be shown, such as a 60, 50 or 40 m.p.h. indi 
cation. If a SLOW, FOG or DANGER condition is shown, it 
takes less time to advance the strip of transparent material 
from, say, 40 m.p.h.. to DANGER than it would take to ad 
vance the sign from 70 m.p.h.. to DANGER, 
As discussed hereinbefore, when a caution or dangerous 

condition is displayed by the sign, the flasher logic 226 is 
responsive to the sign position logic 224 to actuate the flashing 
lights, generally designated as 234 in FIG. 10. In this manner, 
the sign control system is responsive to the sign communica 
tion system 200 to control the sign apparatus which includes 
the drive motor control 228, the control notor 230, the scroll 
mechanism 232 which in turn controls the sign position logic 
224, and the flashing lights 234. 

It is contemplated that the sign control logic could be con 
structed of solid-state components using known resistor 
transistor logic (RTL) integrated circuits which are well 
known in the art. Since RTL is well known in the art, a 
detailed description of the circuits forming the sign control 
system 204 is not deemed necessary. 
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1 
I claim: 
1. A changeable sign for displaying a selected one of several 

predetermined messages comprising 
a housing defining an enclosure and having means defining 
a window through which any one of several predeter 
mined messages displayed in alignment with the window 
can be observed; 

sign indicia means within said housing for providing the 
messages and for rapidly changing the visible message on 
demand and including 
a first roller positioned within said enclosure near said 
window, 

a second roller positioned within said enclosure near said 
window and spaced from said first roller to support a 
message area in alignment with and adjacent said win 
dow, and 

a web of light transmissive material having a plurality of 
predetermined message areas each with a message 
imaged thereon in a programmed sequence, said web 
being supported by said first and second rollers and 
movable upon rotation thereof to align a said predeter 
mined message with said window; 

actuating means operatively coupled to said sign indicia 
means for driving said sign indicia means to transport said 
web of imaged material in a direction to position different 
selected messages in alignment with said window; 

a stationary retroreflective member positioned in parallel 
spaced aligned relation with said window to permit said 
web of light transmissive material to pass therebetween, 
said retroreflective member forming a retroreflective 
background for each message bearing area of said web to 
display said predetermined message, said member having 
retroreflective areas interspersed with diffuse reflective 
areas; 

sign position logic means operatively coupled to said sign in 
dicia means for determining which of said predetermined 
messages is positioned in alignment with said window; 
and 

a sign control means operatively connected to said actuat 
ing means and said sign position logic means and respon 
sive to a command signal designating a selected predeter 
mined message to be displayed by said sign for pro 
gramming said actuating means to drive said sign indicia 
means in a direction determined in response to said sign 
position logic means to transport said web until a selected 
predetermined message designated by said command 
signal is positioned in alignment with said window. 

2. The changeable sign of claim 1 wherein said sign position 
logic means is coupled to said sign indicia means for produc 
ing a position signal designating which of said predetermined 
messages is positioned within said window; 

direction logic means operatively connected to said sign 
position logic means and said actuating means for com 
paring said command signal with said position signal to 
determine in which direction said web must be trans 
ported to display the predetermined message designated 
by said command signal in said opening and for con 
trolling said actuating means to drive said sign indicia 
means to transport said web in a determined direction 
until said sign position logic means produces a position 
signal indicating said selected one of said predetermined 
messages indicated by said command signal is positioned 
in said window. 

3. The changeable sign of claim 1 further comprising 
a communication means operatively coupled to said sign 

control means adapted to receive a control signal having 
an address signal and a command signal transmitted from 
a remote station and apply said received control signal to 
said sign control means; and 

wherein said sign control means includes decoding means 
for separating said address signal from said command 
signal. 

4. The changeable sign of claim 1 wherein said sign control 
means includes 



3,614,727 

control logic means operatively connected to said decoding 
logic means for responding to said command signal to 
program said actuating means; and 

translating logic means including means for storing a preas 
signed address code operatively coupled to said decoding 
logic means for receiving said address signal and compar 
ing said received address signal to said preassigned ad 
dress signal, said translating logic means upon determin 
ing said received address signal equals said preassigned 
address signal being operative to enable said control logic 
means to actuate said actuating means in the direction 
determined by said direction logic means and as pro 
grammed by said command signal. 

5. A changeable sign for displaying a selected one of several 
predetermined messages and adapted to be mounted along a 
highway and capable of visually informing a motorist by cur 
rent driving messages upon said sign receiving and responding 
to command signals from a remote control station, said sign 
comprising 
a housing defining an enclosure having means defining a 
window through which a message positioned in alignment 
therewith may be observed, 

sign indicia means within said housing for visually displaying 
information in the form of sign indicia and including a 
light transmissive web having a plurality of message bear 
ing sections which may be displayed by alignment with 
said window; 

a stationary retroreflective member positioned in spaced 
parallel alignment with said window to permit said web of 
transparent material to pass therebetween, said 
retroreflective member forming a retroreflective 
background for each message bearing section of said 
transparent material to display said predetermined 
message, said member having retroreflective areas inter 
spersed with diffuse reflective areas; 

actuating means operatively coupled to said sign indicia 
means for positioning a selected one of said message 
bearing sections in a position to be visually displayed; 

a sign control means operatively coupled to said actuating 
means and responsive to a said command signal for pro 
gramming said actuating means to position a selected one 
of said sections bearing sign indicia for visually displaying 
the sign indicia; 

a thermoelectric generator operated by the use of a 
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12 
vaporized propane fuel; 

a fuel tank located adjacent said sign and beneath the 
ground for storing liquid propane which may be 
vaporized for use by said generator, said fuel tank includ 
ing connecting means to said generator for transporting 
said vaporized propane fuel between said fuel tank and 
said generator, said fuel tank further including a fuel 
filling port readily accessible for filling of said tank; and 

means connecting said generator to said sign control means 
for powering said sign control means and said actuating 
means and for supplying heat generated by consumption 
of said fuel to said sign. 

6. The changeable highway sign of claim 5 further including 
a storage battery located within said housing and connected 

to said thermoelectric generator in an arrangement 
whereby said storage battery may be charged by said 
generator, said storage battery being connected to said 
sign control means and said actuating means to supply 
power thereto. 

7. The changeable highway sign of claim 5 wherein said 
means for supplying heat to said sign includes 

heat-exchanging means connected to said sign to cooperate 
with said thermoelectric generator to transfer heat 
produced by the exhaust gases of said generator to other 
components located within said sign to improve the per 
formance of said components in cold temperatures. 

8. The changeable highway sign of claim 7 wherein said 
heat exchanging means includes 

a first duct capable of being selectively connected to said 
generator when the ambient temperature drops below a 
predetermined value to vent said exhaust gases through 
the interior of said sign to the exterior thereby warming 
the components within said sign; 

a second duct capable of being selectively connected to said 
generator when the ambient temperature rises above said 
predetermined value to vent said exhaust gases from said 
generator directly to the exterior of said sign; and 

a temperature sensitive switching means capable of selec 
tively connecting said first duct with and disconnecting 
said second duct from said generator when the ambient 
temperature drops below said predetermined value and 
vice versa when said temperature rises above said 
predetermined value. 
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