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Synthesis of State-of-the-Art in Visibility Detection
Systems’ Applications and Research

MOHAMED AHMED,* MOHAMED ABDEL-ATY, SHI QI,
AND MUAMER ABUZWIDAH

Department of Civil, Environmental and Construction Engineering, University
of Central Florida, Orlando, Florida, USA

Visibility is a critical component to the task of driving on all types of roads. The
visibility detection and warning systems provide real-time, automated detection as well
as appropriate responses to counteract reduced visibility conditions due to fog, heavy
rain, snow, smoke, dust, or haze by informing drivers of present conditions and lowering
the speed limits to match the reduced visibility condition. The objective of this research
is to provide a synthesis of visibility detection systems and traffic control techniques
that are developed and/or implemented in the United States and around the world. This
article provides an overview of the best practices of fixed visibility systems at areas of
recurrent dense fog and mobile systems for seasonal visibility reduction for areas of
predicted seasonal fog or smoke from wildfires. Ongoing research efforts of developing
new camera-based visibility detection systems are also discussed.

Keywords visibility detection systems, visibility-related crashes, fog, dust, haze,
smoke

1. Introduction

Fog, snow, dust, smoke, and rain can result in a sudden reduction in visibility on roadways
leading to an increased risk of crash occurrence. Effect of adverse weather conditions on the
operations and safety of transportation is considerably researched these days. According
to the Federal Highway Administration (FHWA) (Pisano et al., 2008), weather contributed
to more than 24% of the total crashes in the last 14 years from 1995 to 2008 based on the
National Highway Traffic Safety Administration (NHTSA) data. This means that adverse
weather can easily increase the likelihood of crash occurrence. Several studies, in fact,
concluded that crashes increase due to vision obstruction during rainfall by 100% or more
(Brodsky & Hakkert, 1988; National Traffic Safety Board [NTSB], 1980), whereas others
found more moderate (but still statistically significant) increases (Andreescu & Frost, 1998;

*Current affiliation: Department of Civil and Architectural Engineering, University of Wyoming,
Laramie, Wyoming, USA.

Address correspondence to Mohamed Ahmed, Department of Civil and Architectural Engineer-
ing, University of Wyoming, 1000 E. University Avenue, Engineering 3055, Laramie, WY 82071,
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184 M. Ahmed et al.

Andrey & Olley, 1990). Sudden reduction in visibility due to fog and smoke was found
to increase severity level of crashes and tend to involve more vehicles. Statistics from the
Fatality Analysis Reporting System (FARS) showed that fatal crashes during inclement
weather events, that is, rain, snow, fog and smoke, are certainly a major problem that
needs to be mitigated. Unsurprisingly, northern states of the United States were found to be
more associated with snowy weather whereas southern states were found to be associated
with rain, fog, and smoke-related crashes. Inclement weather of rain, snow, and fog/smoke
resulted in 31,514 out of 306,135 total fatal crashes (about 10.29%) between 2000 and 2007
in all 50 states, the District of Columbia, and Puerto Rico (National Center for Statistics
and Analysis, 2012).

Koetse and Rietveld (2009) addressed the effect of the climate change on transportation
in general, whereas others discussed the effect of the particular weather condition on traffic
operations, safety, traffic demand, flow and traffic intensity, and operating speeds (Cools
et al., 2008; Edwards, 1999; Maze et al., 2006). Driver behavior based on actual and
forecasted weather has been studied by Kilpelainen and Summala (2007) that indicated that
drivers should be informed locally and more specifically of weather conditions rather than
a forecast of the whole region. Ahmed et al. (2012) utilized real-time weather information
in risk assessment on freeways and showed that the inclusion of weather information is
essential in proactive traffic management systems; their system unlike any other systems has
the capability of detecting hazardous traffic patterns on specific roadway segments in real-
time using traffic data. They confirmed the conclusion that drivers need to have localized
real-time information at the segment level rather than regional level especially during
inclement weather, including pavement conditions, visibility level, snowfall, rain, and fog.

All aforementioned facts depict that the problem descends from the inadequacy of
traffic control techniques to provide guidance for drivers and the unpredictability of loca-
tions and times of reduced visibility on highways. Therefore, the main goal of this review
article is to provide an up-to-date synthesis of visibility systems implemented by different
states and agencies in the area of traffic safety as well as other areas such as aviation.
Also, this research sheds some lights on fixed and mobile visibility detection systems using
sensors as well as in-vehicle and roadside systems using video cameras. Various issues of
system components development, power sources, and communication are discussed in the
following sections.

2. Visibility Detection Systems in the United States

There are two main mitigation strategies to account for reduction in visibility: active and
passive systems. Active systems comprise visibility, weather, and traffic detection sensors
in combination with driver warning systems, for example, flashing lights, dynamic message
signs, and variable speed limit signs. Active systems may be as simple as flashing lights and
advisory warning fixed signs to warn motorists that the roadway is susceptible to reduction
in visibility due to various weather events or advanced Intelligent Transportation System
(ITS) systems providing dynamic advisory messages based on visibility level and traffic
flow parameters. Passive systems provide measures to help warn and delineate traffic such
as delineators, reflectors, stripping, and so on.

With the help of the Florida Department of Transportation (FDOT) and the U.S.
Department of Transportation, information regarding the state of the practice of visibility
detection systems in the United States have been collected from the literature and confirmed
through an e-mail survey. Eighteen states with visibility detection systems were identified
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Visibility Detection Systems’ Applications and Research 185

Figure 1. Visibility detection systems in the United States.

as indicated in Figure 1: Alabama, Arizona, California, Florida, Georgia, Idaho, Indiana,
Louisiana, Nevada, New Jersey, North Carolina, Pennsylvania, South Carolina, Tennessee,
Utah, Virginia, Washington, and Wisconsin. Other states that were identified with no
visibility systems are shown as well. Table 1 provides detailed information about systems’
components, length, locations, communication, power source, type of system, system cost,
and current operating status.

2.1. Components of Active Visibility Detection Systems

Although some of the active visibility detection systems in the United States vary in their
management strategies, they share similar basic configurations. The main concept of a
successful visibility detection system is the ability of accurately detecting reduction in
visibility and sending real-time information to the traffic management center. The acquired
real-time data can then be used to enact a response, displaying a warning message via
Dynamic Message Signs (DMSs), disseminating advice using Highway Advisory Radio
Service (HARS), text messages to road users’ cell phones and/or adjust the speed limits via
Variable Speed Limit (VSL) signs. Information can also be sent to roadway officials using
e-mail, phones, or cell phones.

Visibility detection systems comprise Road Weather Information System (RWIS),
Visibility Sensors, Traffic Surveillance, Remote Processing Unit, Communication Devices,
Power Source, Dynamic Message Signs, Variable Speed Limits, and Static Message with
Flashing Lights signs.

RWIS station utilizes a combination of technologies that use historic and current cli-
matological data. RWIS’s main elements are (1) environmental sensors to collect air tem-
perature, amount and type of precipitation, visibility, dew point, relative humidity, and wind
speed and direction, surface pavement temperature, surface condition (dry, wet, frozen),
amount of deicing chemical; (2) models and advanced processing systems to develop
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forecast and interpret the information into an easily understood format; (3) transmission
platforms to send information to DMSs/VMSs and to Traffic Management Centers (TMCs)
for decision making. Of these elements, the visibility sensor is the most important compo-
nent to visibility detection systems. There are two main types of visibility sensors, forward
and backward scatter sensors, both sensors can detect the type of precipitation (none, rain,
snow, or drizzle); precipitation intensity (light, moderate, or heavy); precipitation rate,
liquid equivalent (in actual length per time unit, e.g., ft/h), and measurement of visibility.

Remote traffic surveillance is also an important component that has been used in
many states for operational strategies. Close Circuit Television (CCTV), Inductive Loop
Detectors (ILD), Infrared Cameras, and Remote Traffic Microwave Sensors (RTMS) are
among the most common deployed surveillance systems in the United States. CCTV and
still video cameras have been used by many agencies as a visual evidence to confirm current
visibility and traffic conditions. Effective measures for traffic management including hazard
warnings and speed limit reduction can be developed based on the visibility level that is
determined by RWIS or visibility sensors and traffic condition.

All weather and visibility sensors and traffic detection devices connect to a Remote
Processing Unit (RPU) that transmits all sensed information to a server located at the TMC.
The collected data by the server can be viewed by TMC personnel or can be used directly
in an automated management strategy.

These systems’ components are either powered by power lines if available on the
roadway section such in the states of Alabama, Colorado, New Jersey, Ohio, Pennsylvania,
South Carolina, Tennessee, Vermont, and Wisconsin, or fully/partially powered by solar
photovoltaic cells such in Arizona, California, and Maryland.

Different types of communication devices are used depending on the location and
the availability of phone services. For example, Alabama, Georgia, Pennsylvania, South
Carolina, and Tennessee are using fiber optics lines to connect their systems to the TMCs.
Dial-up phone owned or leased lines are also used in other states such in Colorado, North
Carolina, and Wisconsin. Locations where there is neither fiber optics nor dial-up phone
lines, the cellular wireless network is utilized such as in California.

2.2. Management Strategies and Operation

Many agencies in the United States have already deployed automated visibility detection
systems, other states are using visibility detection systems, however, they are not fully
automated and manual control is still needed. Systems in Alabama, California, Georgia,
and Indiana are among the fully automated ones, the type of management strategy is listed
for each state in Table 1. It is worth mentioning that other states with no visibility detection
systems are still relying on actual observation of reduction in visibility by Highway Patrol.

The basic concept of any management strategy is to assess visibility and traffic condi-
tions over a sample period, after enough samples are read, the threshold set inside the RPU
determines if action should be taken. If reduction in visibility was determined, the RPU
will transmit all information about the affected roadway location (mile marker), visibility
reading in feet, direction, traffic parameters by lane if available, and other information to
the TMC for further control/advisory actions. It should be noted that different visibility
thresholds are used by different agencies to determine the necessary countermeasure. Cal-
ifornia has also implemented two fog countermeasures, the highway patrol pacing traffic
through the fog section (PACE) program and the Trucks At Rest In Fog (TARIF) program.
Louisiana used the single-lane concept on the Lake Ponchartrain Bridge. Table 2 shows the
management strategies, control and advisory messages for visibility detection systems for
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different states. Table 3 summarize issues and lessons learned from the implementation of
visibility systems at various states.

2.3. Effect on Traffic Safety and Operation

Many states have reported the effectiveness of the deployed visibility detection systems in
terms of safety and operation. Alabama’s low visibility system was found to be effective
in improving safety, reducing average speed, and minimizing crash risk in low visibility
condition (Goodwin, 2003). Although the number of days with fog increased after imple-
menting the California low visibility warning system (41 days compared to an average
of 26 days), the number of crashes significantly decreased (nine crashes compared to an
average of 34) (Berman et al., 2009; Schreiner, 2000). Liang et al. (1998) conducted a
study to determine the efficacy of using Idaho Visibility Warning System to warn motorists
of inclement weather conditions and to quantify the nature of the speed–visibility rela-
tionship. The results indicated that drivers respond to adverse environmental conditions by
reducing their speeds by about 5.0 mph during the fog events and approximately 12 mph
during the snow events. Also, it was found that the primary factors affecting driver speed
were reduced visibility and winds exceeding 25 mph. Goodwin (2003) reported that the
South Carolina low visibility warning system improved mobility and safety on I-526. No
fog-related crashes have occurred since the system was deployed in 1992. In Tennessee,
after deployment of the warning system in 1994, safety improved significantly as only one
visibility related crash has occurred due to fog (Dahlinger, 2001; Dahlinger & McCombs,
1995; Tennessee Intelligent Transportation System, 2000). Although a study by Perrin et al.
(2002) showed that Utah’s visibility warning system failed to reduce mean speed, it suc-
ceeded in reducing the variation between vehicle speeds by 22% during reduced visibility
conditions.

2.4. Development and Implementation Issues, and Lessons Learned
from Different States

Various lessons can be learned from the deployed and or developed visibility systems in
the United States. For example, the backscatter fog detectors were proven to provide poor
performance especially near water bodies because the reflection from the water’s surface can
distort visibility readings. Also, manufacturers recommend that backscatter fog detectors
should face North to avoid the exposure to direct sun, and hence this will decrease the
detection accuracy. In 2000, Alabama Department of Transportation (ADOT) was the first
to find out that forward scatter fog detectors might be more suitable for such application
on highways. ADOT replaced all backscatter detectors with forward scatter ones; however,
concerns about fog detectors’ accuracy remained as all fog detectors have a 25% margin of
error when it comes to determining visibility distance. This margin of error is considered
too great, especially when it comes to lower visibilities.

Although it is better to place the fog detectors as close as possible to the roadway,
Tennessee had to move all sensors back off the road by 50 to 60 feet because the rain splash
from passing trucks were registering false reduced visibility conditions.

Source of power for the Fog Detection System on I-68 in Maryland was a huge
challenge because of the infeasible AC power to operate the radio and warning signs,
therefore solar power was used to operate the flashing beacons, radio spectrum, and solar
control panel.
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The Laser Detection and Ranging (LIDAR) system consists of a special laser/radar
visibility sensing system that covers a larger area was tested by Idaho Department of
Transportation (IDT). The LIDAR system was not considered in their final system due to
extensive technical and reliability problems (Schreiner, 2000).

Problems with the system’s communications have been reported by Caltrans in Cali-
fornia: the system used dial-up lines to notify the TMC of reduction in visibility that are
maintained by a local phone company, the dial-up lines malfunctioned multiple times, the
system was upgraded in 2008 and utilized Proxim wireless devices to communicate between
different components along the 13-mile corridor, the main backhaul communication to the
TMC was performed via Verizon Wireless Evolution Data Optimized (EVDO) modems.
The main reason of using all wireless communication systems was due to the rural nature
of the project area and the instability of dedicated wire-line communications.

Communication and power problems were reported by IDT because of poor power and
phone lines in extreme rural areas. High water table could be a challenge and may double
the cost of fiber optics communications as reported by Louisiana DOT. Alabama DOT had
a major upgrade to their system in 2008 when they changed the communication system to
a point to point of Ethernet. North Carolina DOT reported some difficulties in interfacing
software with the VMSs.

Also, University of Central Florida and FDOT faced challenges connecting their
portable detection systems with the DMSs due to incompatibility in the interface between
the implemented XTEND 900 MHz radio they used and the radio system in the DMSs.

Hot weather and humid environment could be a problem for electronic components;
South Carolina DOT SCDOT had to install an air conditioning unit in the cabinet where the
electronics were stored because of the extreme heat inside. Also, the microwave commu-
nication system was replaced with fiber optics because it was struck by lightning. SCDOT
paid more than expected for maintenance cost to clean the lighted markers and the fog
detectors once a month (Goodwin, 2003).

It is worth mentioning that the DOTs and transportation agencies sometimes upgrade
their systems because of the availability and affordability of newer technologies. During
the last decade, new nonintrusive detection devices were deployed as alternatives to ILDs,
such as video, microwave, and laser radar; passive infrared; and ultrasonic and acoustic
sensors. Nowadays, nonintrusive detection devices have improved in terms of accuracy, cost,
and ease of use. Installation and maintenance are relatively easy than the loop detectors
because the nonintrusive detection devices can be mounted above or alongside the roadway
and hence enhance and increase reliability. Although the inductive loops are expected to
continue to function for several years, many transportation agencies seem to be shifting
attention to nonintrusive alternatives, for example, Alabama DOT in 2008 upgraded their
fog system by installing Radar Vehicle Detection every third mile of the roadway.

Caltrans is going to enhance the performance of their system through utilization of
latest technology such as colored Matrix VMS, full RWIS, thermal cameras, pulsing in-
pavement, and the integration of incident detection system (Berman et al., 2009).

2.5. Fixed vs. Mobile Systems

Site selection to install a visibility detection system depends on historical crash and mete-
orological records, however, when location can vary such as in cases of wild fires, mobile
systems could be a substantial alternative. In 2010, the researchers at University of Central
Florida (UCF) developed an Early Detection System for Reduced Visibility. This system can
detect any reduction in visibility below certain acceptable levels and respond accordingly in
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real time to convey specific warning messages to drivers in an effective way and report this
information to the appropriate TMC. The innovation in this system is that it was developed
from components that are inexpensive and available commercially. Also, this system can
be employed as a portable or fixed system. A fixed system might be useful in areas that
tend to have dense fog (e.g., rural sections of freeways). However, the portable system can
be used every time a wildfire occurs close to a highway. Furthermore, the system uses radio
and cellular communications and can be powered using regular car batteries so it does not
depend on power lines that make it more suitable for rural areas. Although a preliminary
testing was conducted to test the performance of the different system components, a field
study is necessary to reach a final conclusion about the effectiveness of the system in real
fog and/or smoke conditions.

3. Passive Visibility Detection Systems

As mentioned earlier that there are several passive systems that are implemented in the
United States, Connecticut has static signs located on the approach to certain fog-prone
bridges. Maine, Massachusetts, Mississippi, Montana, and Wisconsin also have static signs
to warn motorists that they are entering a fog area. Missouri implemented a static flashing
light sign warning drivers of fog, the sign flashes continuously. Vermont has a fixed sign
with flashing lights warning drivers to reduce speed during fog or snow that is activated by
remote dispatch. West Virginia DOT has installed fog delineators on US 19.

4. Active Visibility Detection Systems in Europe

In 1990, an automatic fog warning system was designed by the Traffic Control and Com-
munications Division of the Department of Transport, London. This system was installed
on the M25 London orbital motorway to warn drivers about formation of fog by displaying
a “Fog” legend on roadside matrix signals. The Transport Research Laboratory (TRL),
United Kingdom, evaluated the effectiveness of the system in reducing the variation in ve-
hicles’ speeds during inclement visibility conditions due to fog. The results indicated that
there is about a 1.8 mph reduction in mean vehicle speeds when the signals are switched on
based on data measured from six test sites. The speed reductions indicated that drivers are
alerted to the presence of fog ahead together with a credible automatic system means that
drivers are more likely to respond more quickly to the hazard itself. Control office staff are
notified of the presence of fog but are relieved of the difficult task of operating motorway
signals in response to fog whose density and location is likely to be continuously changing
(Cooper & Sawyer, 1993; MacCarley, 1999).

The Austrian Motorway Administration (ASFINAG) is considered one of the leading
agencies to equip a large portion of their motorway network with an advanced traffic
management system (Intelligent Line Control System) that combines variable speed limits
for congestion, incident detection and warning system, and weather information (i.e., black
ice, fog, etc.). Moreover, to prevent mass pile-ups as a result of quickly developed thick
fog, a pilot fog warning system was installed on the A1 West motorway in the area around
the Upper Austrian lakes. Five visibility sensors were installed in each direction on a 6.2-
mile section (one sensor every 0.62 mile). In addition to the variable speed limits based
on visibility levels, a further measure to reduce fog-related crashes was the introduction
of fog reflectors. The fog-prone roadway sections were equipped with fog reflectors to
delineate the roadway edges for better visibility. These sections were selected by motorway
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organizations, meteorologists and operating personnel. The system was proven to reduce
19% of injuries and up to 25% of fatal crashes based on 3-year crash data.

The Dutch Ministry of Transport implemented an automatic fog warning system to
elicit safer driving behavior during adverse visibility conditions along 12-km (7.4 mile)
section of the A16 Motorway in the Netherlands. The system consists of 20 visibility sensors
to continuously measure the visibility range. This system warns drivers of reduced visibility
due to fog by displaying an explicit fog warning on overhead matrix signs together with
a maximum speed limit that depends on the actual measured visibility distance. Hogema
and Horst (1997) evaluated the Dutch fog warning system in terms of driving behavior
for a period of more than 2 years after implementing the system. Using inductive loop
detectors at six locations (four experimental and two control locations), continuous traffic
measurements for individual vehicles were obtained. Data on the local visibility conditions
and on the messages displayed on the matrix signs were available on a 1-minute basis. The
results showed that the system has a positive effect on speed choice in fog as it resulted in an
additional decrease of speed of about (4.9–6.2 mph) on top of a lower mean speed caused
by the reduced visibility (Hogema & Horst). For A16 in the Netherlands, the displayed
speed limits are based on the visibility conditions captured by 20 visibility sensors along
the road. If the visibility drops below 140 m (456 ft), then the speed limit would drop to
80 km/h (49 mph). If visibility drops below 70 m (228 ft), the speed limit drops to 60 km/h
(37 mph). Besides, if an incident is detected, 50 km/h (31 mph) on the first sign upstream
and 70 km/h (43 mph) on second sign upstream will be displayed.

The effects of weather-controlled speed limits and signs for slippery road conditions
on driver behavior on the Finish E18 were examined (Rama & Luoma, 1999). Weather and
roadway conditions were automatically monitored by two RWIS stations. Variable speed
limits were utilized during adverse weather and road conditions, and in some cases signs
for slippery road conditions were displayed as well. Speed and headway data were obtained
from loop detectors. The results showed that the weather-controlled system decreased the
mean speed and the standard deviation of speeds and increased the homogeneity of driver
behavior especially during adverse weather conditions.

5. Visibility Detection Systems in Aviation, Maritime, and Railway

It is worth to mention that visibility is a vital component not only in road transportation
but also in other transportation modes, such as aviation, maritime, and rail. In modern
aviation, visibility detection is core to the management and operation of airports. Automated
airport weather stations are designed to serve weatherforecasting. Three major automated
weather detection systems are in application, namely are the Automated Weather Observing
System (AWOS), Automated Surface Observing System (ASOS), and Automated Weather
Sensor System (AWSS) (Federal Aviation Administration, 2013). All of these systems are
equipped with similar forward scatter visibility sensors to provide visibility information.
The principle for visibility measurement behind the sensors is determining the amount of
light scattered by particles in the air that passes through the optical sample volume. The
airport visibility sensors are not made to distinguish between finer gradations of fog, and
hence the margin of error might be quite large in highway applications.

Visibility is also a major concern for maritime traffic. National Oceanic and Atmo-
spheric Administration (NOAA) and State Port Authorities are working together to identify
locations susceptible to heavy fog. Recently, multiple visibility stations were installed at the
U.S. ports, for example, Mobile Bay in Alabama. Maritime uses forward scatter visibility
sensors similar to those used in aviation (NOAA, n.d.).

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

yo
m

in
g 

L
ib

ra
ri

es
],

 [
D

r 
M

oh
am

ed
 A

hm
ed

] 
at

 0
7:

16
 0

5 
Fe

br
ua

ry
 2

01
5 



202 M. Ahmed et al.

Inclement and foggy weather conditions exert a major impact on railroads; precip-
itation and fog lead to decreased visibility of signals. Railway systems utilize different
measures that are not applicable to highways to overcome the reduction in visibility such
as laser signaling systems, radio frequency (RF) signaling systems, positive train control
(PTC) technology, electronically controlled brakes, intelligent grade crossings, automatic
equipment identification, and automated scheduling systems (Rossetti, 2007).

6. Roadwayside and In-Vehicle Camera-Based Visibility Detection Systems

Optical transmission and scattering techniques are prevalent visibility detection methods
nowadays. Scattering sensors are widely employed at airports and weather stations. These
instruments are expensive for installation; however they are relatively accurate in adverse
weather and can handle the night visibility. Recent years have also seen a trend in researches
exploring the feasibility of utilizing cameras as road visibility detecting tools. Roadside
cameras have long been a vital component in the ITS, and their number is still growing.
In-vehicle cameras, though not currently common, appeal to researchers due to the superior
mobility. The commonly used roadside cameras and the promising in-vehicle cameras, if
utilized for visibility detection, can have a major impact on traffic safety at a marginal
cost.

The basic issue with camera-based visibility detection is that images compress the
road and environmental information from a 3-D space to a two dimensional space. As a
result, the depth information is lost. To obtain visibility distance from images, researchers
made tremendous effort in restoring the depth information through image processing and
developing visibility distance algorithms. For roadside cameras, edge detection is normally
conducted to keep the necessary information for visibility calculation. Wavelet algorithm
(Busch & Debes, 1998), Sobel edge detection (Babari et al., 2011, 2012; Bäumer et al.,
2008; Chen et al., 2009; Hallowell et al., 2007; Kwon, 1998), and Canny edge detection
(An et al., 2010; Hautière, Labayrade, et al., 2006) are most commonly applied.

For onboard cameras, because of the always-changing background, researchers
used numerous approaches to reconstruct a 3-D road surface in their studies (Hautière,
Labayrade, et al., 2006; Pomerleau, 1997). Kidono and Ninomiya (2007) instead of do-
ing the image processing used a multiband camera and took advantage of the difference
between wavelength bands. Visibility distance algorithms do not vary due to the camera
location. Two general approaches are often seen: the first is to detect a selected object at the
maximum distance based on the definition of visibility, the second method correlates the
contrast in the scene with the visual range estimated by additional reference sensors, and
a learning phase is necessary (Babari et al., 2011). Several studies were conducted around
the world following the two approaches. The first approach was researched in China (An
et al., 2010; Chen et al., 2009), France (Boussard et al., 2008; Hautière et al., 2008; Hautièr,
Labayrade, et al., 2006; Hautière, Tarel, et al., 2006;), Germany (Bäumer et al., 2008; Busch
and Debes, 1998), Japan (Kidono & Ninomiya, 2007), and the United States (Hallowell
et al., 2007, Xie et al., 2008), whereas the second one was researched in France (Busch
et al., 1998, Babari et al., 2012), Japan (Hagiwara et al., 2006), and the US (Hallowell et al.,
2007; Xie et al., 2008).

Koschmieder’s and Duntley’s equations (Middleton, 1952) are normally adopted by
the first approach. With the development of machine learning techniques, some detection
methods involving a reference and a learning phase are raised.

Encouraging as it may be, camera-based visibility still have to cope with some chal-
lenging difficulties. As mentioned above, visibility detection during adverse weather is

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

yo
m

in
g 

L
ib

ra
ri

es
],

 [
D

r 
M

oh
am

ed
 A

hm
ed

] 
at

 0
7:

16
 0

5 
Fe

br
ua

ry
 2

01
5 



Visibility Detection Systems’ Applications and Research 203

crucial. The existing studies have successfully dealt with daytime fog visibility; however,
visibility at night and in glare are not sufficiently addressed and are much more difficult for
evaluation. Night visibility detection requires constant light source but easily interfered by
the headlight of passing vehicles. Kwon (1998) developed a diffusion model that fitted into
the image well. Kidono and Ninomiya’s (2007) multiband camera also offered a solution
for night-time visibility determination. The source of glare is often the sun or the vehicles’
headlights. When the camera looks toward the sun, aperture is automatically decreased
(Bäumer et al., 2008). Visibility detected in glare by camera will then be low (Pomerleau,
1997). A camera with back light compensation feature can minimize the impact by glare
(Kwon, 1998).

7. Conclusion

The information relevant to driving is predominantly visual (Sivak, 1996). Reduction of vis-
ibility poses serious safety hazard for drivers. Adverse weather conditions like fog, smoke,
haze, or rain and snow can all deteriorate the visibility. This synthesis study is intended to
provide a review of current transportation agencies practices of visibility detection systems
and ongoing research efforts of developing new visibility detection systems. Information
used in this study was acquired through a review of the literature and email communications
with the states’ DOTs with the help of USDOT and FDOT.

To prevent pile-up crashes during limited visibility, countermeasures are needed that
ensure drivers proceed through adverse weather conditions at uniform reduced speed. A
comprehensive limited-visibility countermeasure system should include visibility sensors
and traffic flow detectors that automatically activate traffic control and provide advisory
and warning messages. The credibility of visibility detection and warning systems is es-
sential to ensure the drivers’ compliance with the system. Although visibility detection
systems in the United States share similar basic configurations, that is, components, power
sources, communications, and so on, they vary in their management strategies. The dis-
parity among states could cause driver confusion and result in nonhomogeneous driver
response.

Measures to reduce fog-related crashes in different states have demonstrated that morn-
ing broadcast on radio and TV were successful in increasing public awareness (Goodwin,
2003). Other means of informing the drivers about reduction in visibility in real-time are
the use of bulb matrix displays of the portable CMSs and LED DMSs that are visible even
during dense fog, the use of the portable HARs, which can provide additional information
to motorists, the use of highway patrol PACE units such as in California, and the single-lane
concept on the Lake Pontchartrain Bridge in Louisiana.

There is a major focus on the development of new visibility detection systems from
existing affordable technologies such as roadway side cameras. Camera-based visibility
detection is still in its infancy stage. Image processing and algorithm construction are the
focus points. Different types of weather can result in different requirements for the visibility
detection system. Nevertheless, the idea of a low-cost and mobile real-time camera-based
visibility detection system is so appealing that we will surely see more novel and advanced
techniques and models in the future.

This synthesis is an immediately useful document that records the practices that were
acceptable within the limitations of the knowledge available at the time of its preparation.
As progress in research in the area of utilizing new technologies for visibility detection
systems continues, new knowledge should be added.
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