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Effective Light Source for Illuminating Overhead 
Guide Signs and Improving Roadway Safety

Driver safety is considered an important issue to departments of transportation. One way to increase 

highway safety is to improve the visibility of overhead guide signs for drivers. Visibility improving 

halide (MH), mercury vapor (MV), induction lighting, and light emitting diode (LED). A laboratory 

analysis was performed to compare initial, maintenance, and operating cost components of the 

light sources. Results of the light distribution experiment indicated that HPS was the optimum light 

source followed by MH, induction lighting, MV, and LED. Induction lighting is a promising lighting 

sources considered, induction lighting provided the best overall performance when considering 

initial cost, operating cost, expected maintenance, and sign illuminance. Environmentally, LED 

does not contain mercury, and for those agencies that prefer using sources that are friendlier with 

the environment, the LED can be their best choice.

INTRODUCTION 

Motor vehicles are important modes of transportation worldwide. To safely operate a motor vehicle, 

however, drivers must simultaneously utilize various skills and perform multiple tasks while ac-

Broberg 2012). Based on road statistics, the most important driving skills include the acquisition 

and processing of information and the ability to make appropriate decisions when needed (Dewar 

and Olson 2007).

One primary mission of the Federal Highway Administration (FHWA) in the U.S. is to increase 

-

in the U.S. in 2013 (NHTSA 2014). Statistics show that 25% of all motor vehicle travel occurs at 

Guide signs in U.S. are typically green and are located along a roadway to notify drivers of des-

tinations and exit information. Overhead guide signs, which are essential for driver guidance, have 

the primary objective of providing drivers with information regarding destinations.

materials (FHWA 2009). Departments of transportation (DOTs) in the U.S. must consider whether 

to add light sources to overhead guide signs currently installed on highways, or add modern 

thereby possibly reducing potential accidents due to driver confusion.

This paper consists of three phases to evaluate light sources used to illuminate overhead guide 

and testing light sources for toxic materials contents. The laboratory experiment was conducted 
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mercury vapor (MV), high pressure sodium (HPS), induction lighting, and light emitting diode 

based on initial maintenance and operating costs during the lifespan of each light source. Because of 

the presence of toxic materials in the studied light sources such as lead and mercury, except for the 

LED, which is free of lead and mercury, environmental-related issues were considered as additional 

decision criterion when comparing light sources. The objective of this paper was to determine the 

nighttime. Determination was made based on three decision criteria: light distribution, average 

annual cost, and environmental-related issues of light sources. Light distribution refers to the values 

of the luminous intensities radiated in all relevant directions by the luminaire. Luminaire refers 

to a complete electric light unit. In this paper, the luminous intensities that fall on a sign will be 

 

Visibility issues include driver’s visual acuity, contrast sensitivity, distance judgment, and color 

conditions and geometry of the roadway (Medina et al. 2013). 

Guide signs must be visible and clear for intended drivers in order to allow for suitable driving 

response time. In fact, “overhead highway signs must be highly visible and legible so that drivers can 

detect, read and interpret the information contained on the signs in time to respond appropriately” 

(Amparano and Morena 2006).

Traveling on U.S. roadways can be confusing and challenging for drivers if driving routes are 

not easily understood or clearly marked, especially when the driver is unfamiliar with the driving 

location (Amparano and Morena 2006). Travelling can be challenging for older drivers, age 65 and 

older, especially those older drivers who have cognitive or physical disabilities (Amparano and 

Morena 2006). However, various engineering improvements, such as sign placement, legibility of 

driver will detect signs and comprehend sign messages.

Overhead guide signs can be illuminated from the back, known as back-illuminated, or by 

power into a visible light. Another way of illuminating overhead guide signs is by using luminous 

material by states for overhead guide sign legend is Diamond Grade (type IX followed by type XI), 

and High Intensity (types III and IV) for sign background. Obeidat et al. (2015) in another study 

(type I), High Intensity (type IV), and Diamond Grade (type XI). The comparison was based on 

and consequently increases safety. 
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sources that produce greater short-wavelength (blue), even if the measured light level is similar, 

because of the human eye’s shifted response to light at some nighttime light levels. This is true for 

of light represents the distance between two consecutive corresponding points of one wave. Wave 

Waves are characterized by wavelength, 

frequency, and the speed at which they move. Several light sources used for roadway illuminating 

lighting and new light source generation. Conventional lighting includes incandescent lamps and 

electric discharge lamps, and new light source generation includes induction lighting and LED.

 

In incandescent lamps, an electrical current passes through a wire and the wire heats to a certain 

level, causing the wire to glow and emit light (Lopez 2003). According to Lopez (2003), tungsten 

halogen and common incandescent are two prominent types of incandescent lamps. Tungsten 

halogen (quartz iodide) is not used for roadway lighting (Lopez 2003). The common incandescent 

watt) and a short lifespan ranging between 1,000-2,000 hours (BITS 2012). One disadvantage of 

incandescent lamps is that they contain some toxic materials such as lead and mercury, which makes 

them non-environmentally friendly (California Department of Toxic Substances Control 2010).

is produced when an electric current excites the mercury vapor, which works at low pressure to 

produce ultraviolet light. The ultraviolet light strikes a phosphor coating the bulb, which causes 

visible light to be emitted. Fluorescent light sources have a moderate initial cost, long lifespan, and 

environmentally friendly. 

because it contains toxic materials such as lead and mercury (California Department of Toxic 

Substances Control 2010). 

MV light sources contain a quartz arc tube with a mercury arc which produces visible light and 

light (Lopez 2003). Two types of MV are available in the market: clear light and phosphor-coated 

light. MV light sources that include phosphor-coated light are used for sign lighting. Advantages of 

MV is the presence of mercury, consequently causing the MV light source to be non-environmentally 

friendly. The MV is no longer available in the U.S. market because of the Energy Independence and 

Security Act (EISA) of 2007.

In the HPS light source, light is produced by an arc in a ceramic tube containing sodium and 

other elements to improve color rendition (Lopez 2003). Advantages of HPS light include relatively 
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relatively high light output throughout the lifespan (Bullough 2012b). One disadvantage is that 

most HPS light sources contain toxic materials, such as mercury, which makes those HPS types 

non-environmentally friendly (Recycle SD Inc. 2014).

In the LPS light source, light is produced by an arc tube (gas discharge tube) in a long glass 

envelope that only contains sodium in order to produce a yellow light with poor color rendering 

lumens/watt). Most of LPS light sources are non-environmentally friendly because they contain 

mercury (Recycle SD Inc. 2014).

MH light source is similar to the MV light source, but in addition to mercury, it contains various 

metal halides which provide excellent color rendering, resulting in white light (Lopez 2003). MH 

of MH sources, increased the useful life, and improved lumen maintenance (Bullough 2012b). 

Lumen maintenance refers to the comparison between the amount of light produced from a light 

source when it is brand new to the amount produced after using the light source for a period of 

time. New MH light sources that have ceramic arc tubes and modern source starting methods have 

mercury, rendering it non-environmentally friendly.

lighting uses radio frequencies to stimulate lamp material to produce light (Bullough 2012b). 

which excite gases to produce light. Induction lamps manifest the same color as conventional 

conventional lighting (Deco Lighting 2010). 

Induction light source manufacturers claim that induction light sources have rapid start-up and 

limited directionality of light beams  and inability to focus compared with LEDs, hazardous lead, 

sheeting, and delayed adoption of induction-based roadway lighting systems, which is already in 

its peak of improvement because of rapidly improving LED technology (Deco Lighting 2010 and 

GRAH Lighting 2014).

Recent technologies and advances in solid-state lighting have resulted in an LED light source 

that produces white light. This light is produced by short wavelength LEDs that create blue light 

which, when combined with phosphor, converts the blue light into yellow light, resulting in a white 

traditional lighting technologies. Modern LED light sources used for street and sign lighting are 

also free of mercury and are compliant with Restriction of Hazardous Substances (RoHS) (Tri-State 

LED 2012). However, a study performed by Lim et al. (2010) showed that some LEDs contain other 

toxic materials such as lead, arsenic, and phosphorus, which make them not environmental friendly. 

Based on Lim et al. (2010), LEDs that produce white light color are free of mercury, lead, arsenic, 

barium, gadolinium, indium, tungsten, and yttrium. The unique environmental advantage of all LED 

types, no matter the produced light color, is that they do not contain mercury (Lim et al. 2010). 

The LED light source for roadway lighting also meets the American Association of State Highway 

reduction in energy use. An energy savings of 30% to 50% can be achieved by replacing HPS with 
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LED or induction lighting in residential areas, and 35% to 40% by replacing HPS with LED or 

induction lighting at rural intersections where peripheral visibility is essential (Bullough 2012b).

Advantages of LEDs include low energy consumption, long lifespan, high color quality, 

retina there are two types of photoreceptors: rods and cones), instant lighting, small compact size, 

directional light, light pollution reduction, environmentally friendly characteristics, dimming 

capabilities, free of mercury and vibration, and breakage resistance. However, LED disadvantages 

conversion rate (LEDs have a higher rate of electric power to heat conversion), issues in obtaining 

white light, and problems associated with the LED module arrays such as increasing failure chance 

of a component when the number of used LED chips (a semiconductor chip) increase, individual 

LEDs overdriving in the array when LEDs start to fail (when an LED fails, the remaining LEDs 

will be driven harder, therefore, the temperature will be increased and the life of the system will 

be reduced), and leading to multiple shadows (Avrenli et al. 2012). LEDs can be used to illuminate 

roadways only if numerous LED chips are incorporated together into a module of LED, and then 

several LED modules are incorporated into an LED module array (Avrenli et al. 2012). Additional 

details of LED’s advantages and disadvantages can be found in Avrenli et al. 2012.  
 

Table 1 shows a comparison summary of the light sources included in the literature review section, 

and can be used to illuminate overhead guide signs on roadways.

-

egory

-

mens/watt)

Toxic Materials 

Contents

Common incandescent Conventional Low Short Lead and mercury

Conventional High Moderate Mercury 

Conventional High Long lead and mercury

MV Conventional High Long Mercury 

HPS Conventional High Long Mercury

LPS Conventional High Long Mercury

MH Conventional High Long Mercury

Induction lighting New generation High Very long Lead and mercury

LED New generation High Very long None

illumination. The purpose of the experiment was to determine optimal light distribution for each of 

sign. The optimal light distribution of a luminaire is the best distribution of light intensity on a sign. 

was used in this experiment was producing white color and designed for sign’s lighting. 
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The 250 watt MH
distribute light through a borosilicate glass refractor. Borosilicate 
glass is a low-melting glass produced from a mixture of boric oxide 

prisms direct the light onto the billboard.

The 250 watt MV
distribute the light through clear and tempered glass which is 
resistant to heat and shock, along with convex-shaped glass lens 
made from borosilicate.

The 250 watt HPS
It has clear thermal and impact resistant tempered glass, and convex 
borosilicate glass lens.  

lighting source to distribute light through a borosilicate glass refractor. For 

light onto the billboard.

The 62 watt LED Consists of three adjustable arrays, each containing eight LEDs. 

rod where the LEDs are attached can be adjusted or rotated.

initial cost, operating cost, and maintenance cost. In the last phase, the presence of toxic materials 

in the light source and its energy consumption were considered as environmental issues. Finally, 

results of the light distribution experiment are corroborated with results of the cost analysis and 

guide signs to increase illuminance on the sign, which contributes to better sign visibility for drivers 

and consequently better roadway safety.

The current experiment was conducted in the workshop of the Industrial and Manufacturing Systems 

Engineering Department at Kansas State University, Manhattan, Kansas. Black cardboard covered 

white sheet of paper, 15 ft. wide and 9 ft. high, mounted to the wall represented an overhead guide 

sign of similar size. The Kansas Department of Transportation (KDOT) had established a standard 

horizontal distance between the light source unit and sign to be 5-6.5 ft. In this experiment, the light 

white sheet on the wall to the nearest edge of the light source. 

A grid of 1-ft. increments was marked on the sheet of paper, as shown in Figure 1. At a height 

named row “A” and the line at a height of 1 ft. was row “H.” Similarly, the vertical line at the left 

side of the paper was named column “1” and the vertical line on the right side was column “14.”
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 Light distribution of the 250 watt MH light source at four angles is shown 

o down. 

Light distribution at 15o down appeared to be uniform and illuminance values range between 200-

600 lux, approximately. These illuminance values are comparatively high and might cause light 

the night sky from street lights and other light sources, which inhibits the observation of stars and 
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 Light distribution of the 250 watt MH light source at four angles is shown in 

o 

down. Light distribution at 10o down appeared to be uniform, and illuminance values range between 

70-160 lux, approximately.
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 Light distribution of the 250 watt HPS light source at 0o angle is shown in 

Figure 4. Light distribution for HPS at 0o angle was considered the optimum because measured 

illuminance values were very high, consequently allowing motorists to see the guide sign because of 

increased illuminance on the sign. Light distribution appeared to be uniform and illuminance values 

and might cause a light pollution.

o Angle

watt induction light source occurred when the angle between the bottom of the light source unit and 
o down. Light distribution appears to be uniform at 15o down and illuminance values 

range between 110-300 lux, approximately.

. The 62W LED light source was placed in front of the white paper at 0o angle 

because the design of this LED includes independent and adjustable LED arrays. By rotating 

these arrays, LED light can be focused toward any direction on the sign. The manager of this LED 

manufacturer asserted that this LED was ready for installation because the LED array angles were 

distribution of the 62 watt LED light source at 0o angles is shown in Figure 6. The optimum light 

distribution of the 62W LED light source occurred when the angle between the bottom of the 
o. Light distribution appeared to be uniform and illuminance 

values range approximately between 20-165 lux. Light distribution of the 62 watt LED light source 

demonstrated low illuminance values. 
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o Angle
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To determine which light source was most advantageous to illuminate overhead guide signs, the 

sources. Figure 7 shows light distribution at each row on the sheet of paper (A to H) for the sources. 

For each row, the 250 watt HPS light source provided highest illuminance values, meaning that 

it provides overhead guide signs with highest illuminance. The 250 watt MH light source provided 

and the 62 watt LED. However, higher illuminance does not mean better visibility. At some point, 

the visual performance reaches a plateau as a function of light level, and higher levels of light do 

not meaningfully increase visibility. Based on the previous fact, we excluded both the 250 watt HPS 

and the 250 watt MH since they produced high illuminance values. The MV is no longer available 

in the U.S. market because of the EISA of 2007; however, some other countries still use this source. 

light source to increase visibility and safety.

Various companies were contacted to ask the prices and the costs associated with the 250 watt 

light sources studied in 2013. Cost calculations were based on light source use for an average of 

11 hours per night (average daily operating hours), and the price of electricity was assumed to be 

kWh was suggested by a KDOT engineer in charge of signage lighting. Labor and equipment costs 

comparison.

comparison period was selected for cost comparison in order to include maintenance factors for the 

light sources over time. Cost analysis shown in Table 3 includes initial, operating, and maintenance 

cost components of each light source. Data of initial light source cost and lifespan in hours for each 

source were obtained from the manufacturers.
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For calculations in Table 3, life in years was calculated by dividing the light source life in hours 

by average daily operating hours (11 hours) and then dividing by 365 (days per year). For example, 

each light source by daily operating hours. For example, daily power consumption for the 62 watt 

daily power consumption by 365 (days per year). For example, yearly power consumption for the 

multiplying yearly power consumption for each light source by its life in hours, dividing by average 

operating hours per day, and then dividing by 365 days per year. For example, power consumption 

The amount of required maintenance during a 50-year period was calculated by dividing the 

50-year period by the lifespan in years for each light source and subtracting one. One was subtracted 

because the assumption was made that at the time of installation, no maintenance is required and 

the light source was ready for use. For example, for the 62 watt LED during the 50-year period, 

based on light source type. For the 62 watt LED, required maintenance means replacing the entire 

maintenance along with replacing ballast. LED maintenance cost is equal to the initial installation 

cost with the assumption that the cost remains constant over time. For example, three maintenance 

Total power consumption in 50 years was calculated by multiplying power consumption per 

year times 50. For example, power consumption for the 62 watt LED per 50 years is 12,446.5 

calculated by multiplying daily operating cost by 365 days per year. For example, for the 62 watt 

multiplying annual operating cost by the light source’s lifespan in hours, dividing by daily operating 

hours, and then dividing by 365 days per year. For example, life operating cost for the 62 watt LED 
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The total cost for each light source over 50 years was calculated by adding the initial cost of the 

light source, operating cost over 50 years, and maintenance cost over 50 years. For example, total 

source was calculated by dividing the total cost during 50 years by 50. For example, the average 

annual cost for the 62 watt LED is $67.91 ($3,395.7/50 years).

HPS, 250 watt MV, and 250 watt MH. 

Based on annual power consumption for each light source, the 62 watt LED was found to be 

induction lighting was the next in energy consumption. In regards to environmental issues related 

to the presence of toxic materials in the light source, all light sources except the LED contained 

some amounts of lead or mercury or both, except for the 62 watt LED used in this experiment, 

which was the friendliest to the environment. In addition, the 62 watt LED has the minimum power 

Five light sources were compared to determine the optimal light source to illuminate overhead guide 

signs, consequently increasing their visibility and safety. These light sources were the 250 watt 

including light distribution, average annual cost, and environmental issues, were considered in order 

to compare light sources.

According to the light distribution experiment, the 250 watt HPS light source had the highest 

62 watt LED. Based on the fact that higher illuminance does not mean better visibility, both the 

250 watt HPS and the 250 watt MH produced high illuminance values on the sign, which led us 

to conclude that both of them might not increase visibility. The MV is no longer available in the 

induction, which provided the average illuminance values, could be the best light source to increase 

visibility and safety. 

Considering environmental issues that are related to the presence of mercury in the light source and 

electric power consumption, the 62 watt LED was the most environmentally friendly light source 

because it is free of mercury and consumed the minimum electric power, thereby saving a large 

amount of electric energy.

Overall, merging the result of the light distribution experiment with the cost analysis, the 

on the sign and contributes to better sign visibility to the driver, and consequently higher safety. For 

those agencies that prefer using sources that are friendlier to the environment, the LED could be a 

good choice.
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