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This paper discusses the need for an effective 
ice detection system for bridges, and outlines 
an early evaluation program that has led to 
the selection of a spot ice detector for further 
testing. This small detector is installed flush 
with the surface of a pavement and, with its 
associated electronics package, is capable of 
transmitting surface conditions to a remote 
location over a telephone or radio link. The 
advantages of an area ice detector are discussed 
and results to date in the development of a 
microwave radiometer for detection of surface 
condition are presented. 

Introduction 

The highway community has long been aware of 
the hazards presented to motorists by preferential 
icing of bridges versus roads. The driver proceeds 
along a road where he observes no frozen precipita-
tion and drives accordingly. Suddenly the road 
changes to an overpass or a bridge, with possibly 
a curving transition, and the motorist finds his 
vehicle out of control in a situation where leaving 
the road and penetrating the guard rail may result 
in serious injury or death. In addition to the 
personal tragedy associated with an accident of this 
kind, there has been calculated an equivalent cost 
to society for traffic-related injuries and deaths 
that is shockingly high, being evaluated at over 
$300,000 per fatality. 

There is reason to believe that the perpetually 
present signs warning of this hazard lose effective-
ness due to their familiarity and to the fact that 
most of the time their message is not pertinent to 
the immediate driving situation. It is reasonable, 
then, to take a position that a justifiable approach 
to reducing accidents from preferential icing would 
be either the provision of a hazard warning system 
that is highly visible and is activated by the 
occurrence of icing conditions, or a system that can 
enable maintenance personnel to learn of the exist-
ence of hazardous conditions so that they can dis-
patch salting or de-icing trucks to specific sites. 
Modifications or combinations of the above may also 
be taken to achieve the desired result. 

From the above discussion it can be concluded 
that efficient and effective action can be taken 
only if there is available a dependable ice detector 
capable of discerning the presence of bridge ice 
with a high detection probability and a low false 
alarm rate. As a result of this need, the Federal 
Highway Administration initiated a program in 1969 
to select and/or develop a suitable bridge ice 
detector. 

History of the Program 

This first program attempted the initiation of 
contractor-conducted evaluations of the potential 
usefulness of nine different commercially available 
highway ice detectors which operated on a variety 
of physical principles. As a result of a prelimin-
ary. screening, four of the nine candidate systems 
were dropped from further consideration, primarily 
because. they were judged incapable of coping with 
the effects of deicing chemicals. Of the five 
remaining candidate systems, it was found that one 
was not available for purchase, and another (a 
radiometer) was still in the development stage, 
and at the time this pursuit was considered to be 
an excessively costly development program, rather 
than a purchase. 

Two sets of each of the three remaining candi-
date systems were deployed on a 'carefully selected 
bridge near Truckee, California, and an instrumenta-
tion/observation trailer with computer, meteorolog-
ical instruments, traffic recorders, and ice d&- 
tector data recording equipment on board was parked 
nearby. The results of the evaluation program were 
that one manufacturer's product had frequent fail-
ures of its sensing head, a second type of sensor 
was determined to be incapable of operating in the 
presence of heavy snowfalls, and the third sensor 
functioned fairly reliably, but with some false 
and some missed alarms. A new model of this most 
successful commercially available snow and ice 
sensor is manufactured by Surface Systems, Inc. 
(SSI), St. Louis, Missouri, and was purchased for 
installation in a road at the Fairbank Highway 
Research Station, McLean, Virginia, so that its 
long-term performance characteristics under very 
light traffic conditions could be evaluated. 
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Current Evaluation of the 551 Equipment 

Figure 1 shows a general view of the equipment 
as installed at Fairbank Highway Research Station, 
and Figure 2 shows the SSI equipment boxes being 
serviced adjacent to an exoerixaental solar panel. 
Figure 3 shows the relative location of the SSI 
sensor and the local road where it is installed. 

Figure 14  is a closeup view of the sensor. The 
metal conductivity sensing elements are clearly 
visible, as is the epoxy overlay surface of the 
sensor. This rough textured surface was added to the 
previously smooth textured sensor by SSI in an effort 
to obtain a surface that more closely resembled the 
thermal response characteristics of typical roads, 
and also, the new coating spaced any moisture farther 
from the built-in capacitance bridge moisture sensing 
system (to reduce sensitivity). 

Figure 5 shows the SSI equipment mounted in 
the left-hand box, and the VHF TW,  transmitter used 
to convey the coded signals from the SSI electronics 
boards to the receiver and decoder located in a 
laboratory approximately 300 ft away. 

Figure 1. General view of equipment.  

Figure 3. location of sensor in local road. 

- 	 - -- -- -

- 

• 
-5-- • 	c• * 	 S  

- 	 .-.-. ,. --.,- ...• .- S.z• 

	
-. 

-. •_•Y•-*S_• 

- 
- 	 . 	,---.•- -S 

Figure 14. Closeup of sensor. 

Figure 2. Servicing of SSI equipment boxes. 
Figure 5. SSI equipment (left) and VHF 

H1 transmittor (right). 
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Figure 6 was taken in our laboratory and shows 
the VhF receiver on the right, the SSI decoder on 
the left, and three, two-channel strip chart re-
corders that are used to record the performance of 
the ice detector unit. 

Figure 6. VHF receiver (right) and SSI 
decoder (left). 

Operating Principle of the SSI Detector 

The SSI ice detector is a proprietary device 
that determines the condition of a road to be either 
"dry," 'wet," "alert," or "hazard" as follows. 

A capacitance bridge mounted in the 3-in. 
diameter sensor disk determines the presence of water-
containing precipitation. Two closely spaced con-
ductors on the surface of the sensor measure the 
resistance of any material appearing between them, 
and a thermistor mounted below the surface of the 
sensor determines whether or not the temperature 
near the surface is above or below 32°F (0°C). 
The logic of the unit is such that if the temperature 
is above 32°F, warning of Alert and Hazard cannot be 
activated. If the surface is sensed as wet, and the 
resistance is very low, the road condition is inter-
preted as being wet. As water (pure or mixed with 
dc-icing agents) freezes, its resistivity increases 
greatly over that of its liquid state. Therefore, 
as measured resistance increases beyond some low 
threshold value, the Alert condition is announced. 
As freezing continues, resistance increases further 
and the Hazard condition is signaled. If resistance 
becomes still higher than that required for indica-
tion of Hazard, it is assumed that only a light 
frost can be present on the sensor, and the inter-
pretation reverts to ALERT. 

Test Results at Fairbank  

would detect the slight moisture around and in it 
as water, despite the fact that it was dry to sight 
and touch. Under these conditions, with the indi-
cated temperature of the sensor being below freez-
ing, and essentially no conductive material shunting 
the resistance sensor, the unit would indicate 
"Hazard." Missed alarms were usually the result 
of circumstances where there was a light dusting of 
snow, perhaps l/i in. or so deep, and the tempera-
ture was near freezing. Here the snow was able to 
rest on top of a thin coat of water, which would 
shunt the resistance sensor. The instrument would 
indicate "wet," for on the microscopic scale its 
surface was wet. However, a driver would observe 
snow on the surface, and with this set of circum-
stances the unit might lose credibility with motor-
ists. 

Following 6 month's operation the SSI system 
is not only fully operational, but in addition, 
the epory road sensor appears not to have suffered 
at all from its winter of very light duty exposure. 
We plan to continue life testing the unit for at 
least another year, and will continue to collect 
data and observe the accuracy of its condition 
reiDorts. 

Area ice Detection 

From the previous discussion it is clear that 
there are at least three distinct disadvantages of 
the embedded-in-road sensor. 

By being in the road in order to sense the 
condition of the road, it is subject to damage 
from snow-plows, heavy trucks, chains, and 
studded tires. 

2. 	By being beneath precipitation, and due to the 
likely use of de-icing chemicals and subse-
quent imperfect mixing, it is possible that 
the surface of the road in the vicinity of the 
sensor is different from what the driver per-
ceives. That is, the driver may observe snow, 
and the sensor may observe water; both may be 
correct, but due to their different viewpoints, 
the sensor is judged to have called the situa-
tion incorrectly. 

Possibly the most serious shortcoming of any 
"spot" ice detector is its limited sensing 
area. An attempt is made to place the device 
at a location that best tyoifies the condition 
of the bridge with respect to precipitation. 
It is not difficult to speculate that the daily 
and seasonal movements of the sun will cause 
the location of the preferred sampling spot 
to vary. It would apPear desirable to be able 
to hedge on the location of a sensor by en-
larging its sensitive area, or by being able 
to move the area Icing sensed. 

The SSI equipment was installed and operating 
by late November 1911,  and since that time has 
suffered no electronic malfunctions. It has operated 
through a wide variety of weather conditions and 
has generally been able to indicate the conditions 
of the surface of the road reasonably well. However, 
there have been several specific occasions when the 
unit has false-alarmed and occasions when it has 
missed alarms. The false alarm condition usually 
followed a period of rain or snow when the surface 
of the road had been wet and had not completely 
dried out when the precipitation ended. If the 
skies were overcast and the weather cold, the sensor 

Area Sensor Resu:ircisenis 

The operational limitations of a spot ice 
detector for highway use made it desirable to in-
vestigate the possible development of an area-
type ice detector. It should then be possible to 
compare the cost-benefit ratios of both by-pes of 
systems for various climatic and traffic situations. 

The development of an area sensor is complica-
ted by the necessity for it to operate over a wide 
range of temperatures, surface textures and colors, 
and be unaffected by the passage of traffic, chem-
icals, dirt, and weather. Furthermore, the system 
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must be relatively issnune from various types of 
interference and, very significantly, it must pre-
sent no hazard to the motorist or his vehicle. 
Eventually, the sensor must evolve into a very 
reliable and low cost device. 

After it was determined that the development of 
an area ice detector would be pursued, a formal 
procurement resulted in the selection of Lockheed 
Missiles and Space Company (LMSc) to build and 
evaluate a microwave radiometer as an ice detector. 
In this process we were pleased to note that LMSC 
had previously developed a 10 GiIz radiometer and 
had even collected some data on its ability to detect 
snow and ice. 

Operating Principle 

It appears desirable to review briefly the 
physical principles by which this type of instrument 
can be expected to detect the presence of snow or 
ice on a roadway. A radiometer is a gain-stable 
radiation receiver having such low internal noise 
that it is capable of detecting the electromagnetic 
radiation of objects occurring as a result of their 
being at a temperature higher than absolute zero. 
If snow and ice have a different radiometric temper-
ature than a wet or a dry pavement at the same 
thermometric temperature, then we have the beginnings 
of an ice detector. 

The selection of the wavelength (or frequency) 
of the radiation to be detected in a given radiometer 
system is a compromise involving object temperature, 
requisite temperature resolution, size of object and 
antenna, attenuation in the atmosphere, cost and 
other parameters. The receiver being built and 
evaluated under this program is configured to operate 
at a nominal center frequency of 10 0Hz, and will 
have a noise figure of 6 and an intermediate fre-
quency bandwidth of about 400 '01z. Post-detection 
bandwidths will be limited to 10 Hz or less in order 
to increase the minimum discernable temperature dif-
ference. This figure is also affected by considera-
tions of the effects of traffic and the possibility 
that the ice detector will be used to detect traffic 
as well as ice. A small horn antenna will provide 
a beamwidth of about 13°, and this will give adequate 
coverage to detect a 2 x 4 ft icy area from the 
vantage point of an existing luminaire on the bridge. 
A larger or smaller area can be obtained from any 
reasonable height by selecting an antenna having 
suitable directional characteristics. However, 
there are limits to antenna directivity. Too much 
directivity will reduce the detected area to the 
equivalent of a spot detector, and an attempt to 
enlarge the viewed area by increasing antenna beam-
width will produce both sensitivity and angle of 
incidence problems. Because the radiometer will 
produce a reading which is the average temperature 
of its field of view, a large viewed area would mean 
that patches of ice in areas where ice is most 
likely to be would not be detected when averaged 
with adjacent non-icy pavement. The other problem 
is that the viewing angle should not exceed about 
200_300  from vertical. The detector will be pro-
tected from the environment by a weatherproof in-
sulated box and a radome covering the antenna. 

Calibration 

Once of the design features of the selected 
ratiometer is its continuous, self-calibrating 
feature (see Fig. 7). Radiometric temperatures are 
determined following a sequence of measurements of  

road temperature, the increment of output produced 
by switching in a calibrated internal source, and 
the internal noise of the radiometer receiver it-
self (when the antenna is effectively disconnected). 
With a well-designed instrument that uses a stable 
calibrating noise source, it is possible to servo-
adjust the gain of the receiver so that indicated 
radiometric temperatures will remain accurate and 
stable. 

Figure 7. Setup for determining radiometer 
performance during outdoor engi-
neering development tests. Shown 
are thermocouple recorder, radiom-
eter internal calibration wave-
form, and radiometer temperature 
indicator and recorder. 

Manual checkout and adjustment of the calibra-
tion of the instrument can be simply made at two 
known values. Pointing the antenna to the sky pro-
vides a radiometric temperature of about 10 K. 
The other calibration value is obtained by placing 
a block of microwave absorbing material in front 
of the antenna. This material acts as a black 
body source, and therefore provides a temperature 
reading equal to ambient air temperature. 

What the Radiometer Sees 

The temperature indicated by the radiometer is 
simply a DC voltage proportional to the intensity 
of the 10 GHz radiation of the roadway multiplied 
by the spatial sensitivity of the antenna pattern. 
Fortunately for us, radiation measured from differ-
ent surfaces at the same thermometric temperature 
will vary, being a function of the emissivity of 
the material (see Fig. 8). The reason for this 
is that when radiation from any source impinges 
on some object, some of the energy is transmitted 
through the object, some is reflected from the 
object, and some is absorbed by the object, raising 
its temperature, and causing it to become a radiator 
in its own right. It is also true that the better 
absorber an object is, the better radiator it is. 

For our purposes, no radiant energy is trans-
mitted through the roadway; it is either absorbed 
and reradiated at the temperature of the pavement 
surface, or the pavement acts as a reflector of 
incident radiation. If we were to have a radiometer 
view a nearly perfectly reflecting surface (such as 
a metal sheet) at the proper angle, we would measure 
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Figure 8. Block diagram of microwave radiometer 
showing provision for continuous cal-
ibration and resulting form of 
measured power levels. 
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the radiation temperature of the sky, which is about 
10 K. If we were to look at a perfect emitter (or 
absorber), the radiometric temperature would be 
identical to its temperature as measured by a 
thermocouple or a thermistor. 

Experiments have revealed that the emissiVitv 
of test samples of dry road surface ranges between 
about 0.85 to 0.90. For these high values, we can 
conveniently ignore the radiation added by the 0.1 
to 0.15 reflectivity and the very cold sky, and we 
will find the uncorrected radiometric temperature 
of a road at, 25°C to be about 261 K or -12°C. 
Laboratory and field measurements with our bread-
board radiometer have revealed that large (80°C) 
radiometric temperature differences are observed 
as a highway surface goes from dry to wet. The 
radiometer is, therefore, a superb detector of wet 
pavements. 

Field tests reveal that the presence of ice 
or snow always produces a higher temperature that 
the dry roadway at the sense temperature (see Fig. 9). 
The presence of sand on the road seems to have no 
effect on radiometric road temperature, while the 
presence of salt on a dry pavement increases temper-
ature readings by about 5°C. However, the addition 
of salt on snow or ice almost immediately converts 
the frozen precipitation into slush, which has a 
radiometric temperature somewhere in the wide range 
between the value of a wet pavement and an icy pave-
ment. Although the radiometric temperature of a 
snow-or-ice-covered pavement fluctuates in a sinu-
soidal manner as the thickness of the snow increases, 
the initial effect on perceived temperature is 
always to raise it, and the variations never cause 
the perceived temperature to return to as low a 
value as a dry pavement (see Fig. 10). 

From analysis of the data and reasoning applied 
as above, it has been possible to build a status 
and alarm system that can indicate pavement condi-
tions using only the radiometer and a single thermo-
metric temperature sensor inthedded in the roadway. 

Summary of Status of the Radiometric Ice Detector 

At the present time a breadboard 10 0Hz radiom-
eter has been fabricated and subjected to laboratory 

Figure 10. Preliminary engineering test of 
radiometric measurement of the 
temperature of frost and ice on 
an artificially cooled asphalt 
test slab. 
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and limited field tests. Overall, these tests are 
very encouraging. The radiometer operated in good 
conformance with theoretical predictions, and 
appears capable of detecting the presence of ice of 
1 ems or greater thickness. It can easily and very 
sensitively detect wet conditions. However, frost 
and very thin layers of ice are not detectable 
without awciliary equipment. The presence of salt 
or sand appears not to disturb detection criteria. 
However, the unit as presently configured does re-
quire the use of a single temperature sensor in or 
just below the roadway surface. 

Future Plans for the Radiometric Sensor 

The contractor is scheduled to deliver a proto-
type sensor that will be tested and evaluated over 
the next winter. It is hoped that following these 
tests, improved, next generation evaluation sensors 
will be built and will be evaluated by several 
interested States. 


