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1.0 INTRODUCTION 

This document is the final report for the ñUse of Blue Lights on Paving Equipment in Work 

Zonesò study. It describes the background, overall objectives, and tasks for the study. In 

addition, it presents the results of all planned and executed research tasks. The report concludes 

with a summary of the observed impact on vehicle speeds in the presence of flashing blue lights 

mounted to pavement equipment during mainline paving operations in work zones, and provides 

recommendations to ODOT and other transportation agencies for further research on the topic. 

1.1 BACKGROUND  

Road construction and maintenance equipment is commonly used within the highway right-of-

way and is equipped with a variety of work lights to illuminate the activity area for the workers 

and warning lights to alert drivers and pedestrians of a potential hazard. The color and 

arrangement of the warning lights are often dictated by legislation. In Oregon, ORS 816.350 

allows for the use of ñpublic vehicle warning lightsò for such equipment, and Section 4 of the 

statute states: 

ñVehicles operated by a police officer and used for law enforcement may be equipped 

with any type of police lights, but only these vehicles may be equipped with blue lightsò 

(italics added). 

However, ORS 816.370 states that road machinery is exempt from the lighting equipment 

prohibitions in ORS 816.350. This exemption leads to a question of the appropriateness of using 

blue lights on road construction and maintenance equipment. 

The research conducted is expected to increase ODOTôs understanding of the effects of using 

flashing blue lights on the paver during mainline paving operations in work zones during night-

time operations. A safe and efficient transportation system is a central component of ODOT's 

mission. In addition, protecting the safety of both the traveling public and ODOT employees and 

other workers who build, operate, and maintain the state's transportation system is one of 

ODOT's core values. This research is intended to help ODOT fulfill its mission by identifying 

the extent to which flashing blue lights on a paver impact vehicle speed, and determining 

whether it is beneficial to use blue lights with maintenance equipment/vehicles on future 

roadway projects. 

Several previous studies have examined the effects of work zone light colors as treatments in 

other states. These prior (and current) treatments are new to the State of Oregon, and operated 

under interim guidance developed jointly by ODOT and other stakeholders. Oregonôs statutes 

and guidance documents, along with the relative novelty of this treatment on the Stateôs roads, 

provides an opportunity to expand our understanding of the use of flashing blue lights on paving 

equipment as a safety enhancement. 
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1.2 OBJECTIVES OF THE STUDY 

The overall goal of this research was to develop additional knowledge regarding the impact of 

using flashing blue lights on paving equipment in work zones. Specifically, this study aimed to 

measure the change in vehicle speed, if any, when flashing blue lights are used on a paver 

compared to when blue lights are not used on a paver. The research focused on high speed 

roadways (e.g., highways and freeways) and on typical nighttime, mobile paving operations that 

occur on such roadways. Given the present use of blue lights on paving equipment during the 

summer 2018 construction season, and the desire to obtain guidance on the research question 

expeditiously, the study was planned to be an initial evaluation of blue lights on three case study 

projects. The research aims to confirm whether an initial investigation of blue lights on 

construction equipment may lead to lower vehicle speeds in work zones, and recommend to 

ODOT whether the use of blue lights is a potentially viable long-term safety treatment that 

should be studied more closely in a subsequent, more comprehensive study. Specifically, the 

objectives of the research were to: 

1. Collect field data on the speed of vehicles passing through the work zone when 

flashing blue lights are both present and not present on paving equipment; 

2. Analyze the field data collected to determine the impact that the blue lights have 

on vehicle speed; and 

3. Support ODOT decision making regarding future statutes, rules, policies or 

guidance related to these lights. 

The research plan for meeting the study objectives is illustrated in Figure 1.1. The overall plan 

contains two overarching phases: Phase 1 to collect speed data from on-going paving operations 

(Objective 1), and Phase 2 to analyze the data, identify trends, and develop recommendations for 

ODOT (Objectives 2 and 3). The specific tasks in each phase are described in more detail in 

Figure 1.1 and in Section 3 of the report. 
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Figure 1.1: Research plan for data and research activities 

1.3 BENEFITS 

Fulfilling the stated objectives provides ODOT with new information about the impact and 

viability of using flashing blue lights on construction equipment in work zones. The output 

provides quantitative evidence of how speed varies when blue lights, located on a paver, are 

active and inactive. Such information can help determine whether to further pursue the use of 

flashing blue lights for speed reduction in work zones. Each work zone on Oregon roadways 

exposes drivers and workers to risk of injury. Oregon experiences approximately 500 crashes in 

work zones each year (ODOT 2017a; 2017b). Each crash has the potential to cause injury or 

death to a driver and/or worker. The proposed research directly relates to ODOTôs safety goal by 

focusing on reducing crashes through encouraging lower vehicle speed in workzones, 

particularly in areas close to workers, a driving environment that often creates additional risk to 

drivers and impacts mobility. 

1.4 IMPLEMENTATION  

As indicated above, the study output provides evidence to assist ODOT in developing a position 

regarding the interim use of flashing blue lights on construction equipment in work zones on 
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high speed roadways. The study is communicated in the form of this research report submitted to 

ODOT that desicribes in detail the conduct and findings of the study along with a discussion of 

the potential benefits and consequences of the expanded use of blue lights. The report also 

identifies fuure work that may be needed to develop a better understanding of the opperational 

effects, human factors, and short term efficacy of this treatment. 

It is expected that the research outputs be used by the ODOT Transportation Safety Division and 

the Region Transportation Safety Coordinators in each Region as they plan and design traffic 

control for work zones. In addition, the results are expected to be incorporated into the activities 

of the Statewide Construction Office and implemented through communication and education of 

the Construction Project Managers statewide. 

1.5 RESEARCH TASKS 

As described in Section 1.2, the study contained two phases. Phase I of the study entailed initial 

planning and preparation for data collection, along with the actual collection of field data. Three 

(3) case study projects located on high speed roadways in Oregon were selected for the research. 

The projects took place during a portion of the 2018 construction season (July ï September 

2018). ODOT personnel and resources were collaboratively used where possible to minimize the 

need for the researchers to access the right-of-way to collect data. In addition, ODOT and 

contractor personnel assisted with the placement of the speed sensors on the roadway (through 

traffic control) to collect vehicle speed data. 

The outputs of Phase I (i.e., vehicle speed, size, and volume data) were used for Phase II. Phase 

II included an evaluation of the field data to determine the impacts of blue lights on vehicle 

speeds. The results of this task provide information to support ODOT decision-making as to the 

future interim use of blue lights is considered and if additional research is necessary.  

Section 3 provides a detailed description of the experimental design of the study, including the 

tasks undertaken for the data collection, reduction, and analysis. 
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2.0 LITERATURE REVIEW 

Roadway construction and maintenance work in the right-of-way is necessary to expand and 

maintain the roadway system and to ensure safe and efficient operations over time. To perform 

the work, the right-of-way is typically restricted to construction and maintenance activities, most 

commonly by closing individual lanes or segments of entire roadways for the duration of the 

work. Safety and traffic operation issues remain a point of concern in work zones due to atypical 

and unexpected conditions and rerouting of the passing traffic. 

Over the years, researchers and DOT personnel have realized that only a tapered lane closure 

with cones and barrels to enable work to be performed on the roadway is not sufficient on its 

own to maintain safety and mobility through the work zone. Further traffic control measures are 

necessary to maintain driversô attention, manage vehicle speeds, and protect workers on the 

roadway (TEEX, 2011). Many such examples include, but are not limited to, the introduction of 

radar speed signs, variable message signs, speed humps, mobile automated speed enforcement, 

work zone amber lights, presence of law enforcement vehicles, etc. Recently, the use of flashing 

warning lights installed on heavy machinery, e.g., rollers, in a work zone has gained popularity. 

Most states, including Oregon, have a provision regarding the installation of special lights in 

their bylaws (ORS 816.370) (Wilt, 2018). This chapter briefly discusses attempts to install such 

lights across the country and draws attention to the reported outcomes.  

A survey conducted by the Texas Transportation Institute (TTI) in 1998 reported that 50 states 

were using amber warning lights on construction vehicles in highway work zones. Twelve states 

used additional blue, red, or white hazard warning lights. Even though TxDOT allowed blue 

lights in conjunction with amber lights in work zone at the time of the survey, more recent policy 

documents suggest limited use of this combination (Ullman & Lewis, 1998). 

A study funded through the Florida DOT (Gan, Wu, Orabi, & Alluri, 2018) in early 2018 

evaluated the effect of a stationary police car present in a work zone. The study was extended by 

using wildlife conservation commission vehicles with flashing blue lights. Based on the data 

collected, the researchers report that the presence of the police vehicle reduced average speed 

more than the wildlife conservation service vehicle. For example, for the case study situated on 

I-4, work zone speed was reported to be reduced by 4.4 mph. In both cases, average speed was 

reduced through a stationary work zone. 

According to the National Cooperative Highway Research Program (NCHRP) Report 624 

(Gibbons & Lee, 2008), researchers determined that between amber, blue, red, and white lights, 

the combination of amber and white lights had the greatest impact on speed compliance. As a 

result, the researchers recommend this combination of light colors if additional lights are needed 

on construction and maintenance vehicles operating in a work zone. This study also reported that 

if only one type of light is used, four-way flashers have the highest impact for providing accurate 

information to drivers. Addition of the same light multiple times or changing the light location 



6 

did not have reportable influence on the outcome; drivers seemed to extract the same amount of 

information.  

When measuring speed compliance, a psychological study on emergency lighting previously 

reported that in the daytime, red light has the most significant effect, while during the nighttime 

blue lights are more effective (Howell, Pigman, & Agent, 2019). Amber light falls somewhere in 

between red and blue light in terms of effectiveness (Howell et al., 2019). Another study reported 

that, blue lights are easily detectable during nighttime (Anderson & Plecas, 2010) and that rates 

of braking are higher for flashing blue lights. 

In 2010, psychologists from Fraser Valley University in Canada reported that habituation or 

prolonged exposure to certain types of warning lights impacts rate of compliance (Anderson & 

Plecas, 2010). As a result, the researchers conclude that perennial exposure to amber lights 

mounted on the construction work fleet may prove to have reduced effect on speed reduction 

over a prolonged period of time. It is assumed that a similar reduction in the interventionôs 

impact would be present for flashing blue lights as well. 

The Iowa DOT has recently gained approval from the state legislature to implement flashing blue 

and white lights on their snowplows for a 3-year trial period. The goal of the trial is the evaluate 

the impact of the additional lights on reducing high impact rear-end crashes associated with 

snowplow operation (Curtis, 2018). This decision was based on research finding that attaching 

such hazard warning lights could successfully modify driving behavior to avoid aforementioned 

collision type. The blue and white lights are mounted on the top of the snowplows, shine only to 

the rear of the snowplow, and are turned on along with the rotating amber lights on the 

snowplows. The implementation of the blue and white lights was coordinated with a wide-

ranging public information campaign to inform people of the blue and white lights on 

snowplows. To date, the preliminary data reveals a significant reduction in vehicles impacting 

snowplows when the blue and white lights are flashing. 

The review of prior research reveals that the presence of flashing lights, including flashing blue 

lights, has an impact on speeds and crashes in work zones. With respect specifically to flashing 

blue lights, previous studies have been conducted when the lights are located on law enforcement 

vehicles and snowplows. Prior research has not investigated the impacts of blue lights mounted 

on construction equipment in mobile work zones. The impacts of blue lights on equipment in 

mobile work zones are expected to be different than those observed in prior research studies. 

Anecdotal input received regarding the current use of blue lights on pavers over the past couple 

construction seasons in Oregon suggests that the lights help to reduce vehicle speeds. Further 

research is needed to confirm these initial observations and provide quantitative evidence of the 

impacts that flashing blue lights located on construction equipment have on vehicle speeds and 

driving behavior. Such additional evidence is intended to support ODOTôs decisions regarding 

the use of blue lights mounted on construction and maintenance equipment in work zones. 
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3.0 EXPERIMENTAL DESIGN 

Achieving the goals and objectives of this study required a detailed experimental design. In this 

chapter, case study selection, equipment preparation, data collection safety and technical 

training, data acquisition procedure, and methods of data reduction for further analyses are 

described. 

3.1 CASE STUDY SELECTION AND DATA COLLECTION  

As stipulated in the study scope, freeways and highways undergoing mainline paving operations 

were considered for inclusion in the study. The ODOT Research Office, assisted by other ODOT 

staff, sent emails to ODOT project managers across the state to identify potential projects to 

include in the study. Responses to the emails, along with a review by the researchers of the 

current projects being conducted by ODOT that were listed on the ODOT website, resulted in a 

list of potential case study projects. Among the initial list of projects, three projects ï Hassalo, 

Grants Pass I, and Grants Pass II ï were selected to be case studies for the research. These 

projects were selected because they took place on high speed roadways, involved mainline 

paving operations, were conducted by contractors operating blue lights on the paver, had enough 

days of mainline paving remaining on the project schedule to observe at least two days with the 

blue lights on and two days with the blue lights off, and the contractor was willing to participate 

in the study. The researchers contacted the ODOT and contractor personnel on each case study 

project to confirm its inclusion in the study. Once confirmed, the researchers began planning for 

and conducting the data collection in coordination with the project personnel.  

For each case study project, the paving work was performed at night, starting from 

approximately 7:00pm and ending at typically 6:00am the next morning depending on the 

specific project. Prior to the contractor starting the paving operation on each day of data 

collection, the researchers instructed the contractor to either turn the flashing blue lights on or 

leave them off. The case studies were designed such that there were an equal number of days 

with the lights on and off. In each case, efforts were made to turn the lights on every other day. 

However, other factors were also taken into consideration when determining whether to turn the 

blue lights on for a specific day, such as the lane being paved that day, segment of roadway 

being paved, and planned length of paving, which may have altered the initial lighting schedule. 

When on, the blue lights were initially turned on when the paver was moved out to the active 

work area at the beginning of the work shift, and then remained on during the entire paving 

operation on that day. 

Standard patrolling of the roadway by Oregon State Police (OSP) was not restricted. However, 

OSP was instructed by the contractor to not park in the work zone on the data collection days. 

On some data collection days on each case study, OSP vehicles were observed travelling through 

the work zone without their blue lights on. On Case Study 1, OSP and emergency vehicles were 

observed passing through the work zone with their flashing lights on to attend to an emergency 

situation. The speeds of the OSP vehicles were not filtered out from the data since the exact time 



8 

when the vehicles passed over the sensors is not known and their speed is indistinguishable from 

surrounding vehicles in some cases. 

The details for each case study are presented in the subsequent sections below. 

3.1.1 Case Study 1: Hassalo, Portland 

The first case study (Case Study 1), named the Hassalo project, and was located on I-5 passing 

through Portland, Oregon. Land use around this section of the corridor is urban in nature. Data 

collection included four days of northbound active work zone in two segments (August 1-2 and 

August 8-9, 2018). The blue lights were turned on as a treatment for one day in each segment. 

Construction and maintenance operations took place in the northbound C (slow) lane. To 

perform the work, both the B (middle) and C lanes were closed during the paving operation 

while the A (fast) lane remained open to through traffic. The off and on ramps were closed in the 

active work area where paving took place; other ramps outside the active work area remained 

open if they did not interfere with traffic control. Data collection spanned from exit 302 to 306 

during the four days. The posted speed limit is generally 55 mph on this segment of I-5. Table 

3.1 summarizes details of Case Study 1, and Figure 3.1 displays the location of the study.  

Table 3.1: Description of Case Study 1 (Hassalo, Portland) 

Details 
Blue 

Lights 

Data Collection 

Range 

Data 

Collection 

Day 

Day/Date 
Time 

Frame 

Paving 

Lane 

Travel 

Direction 
On Off Start Point 

End 

Point 

1 
Wed., 

8/1/2018 

23:00 to 

04:00 

C (slow) 

Lane 
Northbound X  Adjacent 

exit 302A 

Killings- 

worth St. 

Overpass 

2 
Thurs., 

8/2/2018 

23:00 to 

04:00 

C (slow) 

Lane 
Northbound  X Exit 302B 

Exit 

305B 

3 
Wed., 

8/8/2018 

23:00 to 

04:00 

C (slow) 

Lane 
Northbound  X 

1,000 ft. 

north of I-

5 and I-

405 

Junction 

near 

Mississippi 

Avenue 

Near 

Exit 

306A 

4 
Thurs., 

8/9/2018 

23:00 to 

04:00 

C (slow) 

Lane 
Northbound X  Exit 302B 

Rosa 

Parks 

Overpass 
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Figure 3.1: Location of case study 1 (Source: Google maps) 

3.1.2 Case Study 2: Grants Pass I  

The paving project in Case Study 2 (Grants Pass I) included repaving in the A (fast) lane in both 

directions of I-5 between Grants Pass and Evans Creek. Data collection for the case study took 

place from August 12-15, 2018, and extended from Grants Pass to Evans Creek, primarily in the 

northbound direction. The first day of data collection was with the flashing blue lights off during 

paving of the A (fast) lane in the southbound direction. Data collection occurred over six hours 

(from 22:00 to 04:00). Data collection on Days 2, 3, and 4 covered northbound paving operations 

extending from exit 48 to 55. Although I-5 is a north-south facility, this particular segment of the 

roadway is oriented in the east-west direction. Based on the location of this particular segment of 

Interstate 5, geometric properties like lane width, number of lanes, shoulder width, posted speed 

limit , etc. and land-use were similar in both directions. In addition, the work zone set-up and 
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construction work process were the same in each direction and performed by the same crews. A 

gradual speed reduction was also kept homogenous for all days. Based on these conditions, 

northbound and southbound direction driving behavior were expected to be similar and not 

impacted by travel direction. The posted speed limit of this section was 65 mph, with a 

temporary reduction to 50 mph during construction. This segment of I-5 would be considered a 

multi-lane freeway. Table 3.2 summarizes details of Case Study 2, and Figure 3.2 displays the 

location of the study. 

Table 3.2: Description of Case Study 2 (Grants Pass I) 

Details 
Blue 

Lights 

Data Collection 

Range 

Data 

Collection 

Day 

Day/Date 
Time 

Frame 

Paving 

Lane 

Travel 

Direction 
On Off Start Point 

End 

Point 

1 
Sunday, 

8/12/2018 

22:00 to 

04:00 

A (fast) 

Lane 
Southbound  X 

1,000 ft. 

north of 

Foothill 

Rd. 

Underpass 

Exit 48 

2 
Monday, 

8/13/2018 

22:00 to 

04:00 

A (fast) 

Lane 
Northbound X  Station 

510+00 

Station 

440+00 

3 
Tuesday, 

8/14/2018 

22:00 to 

04:00 

A (fast) 

Lane 
Northbound  X Exit 48 Exit 52 

4 
Wednesday, 

8/15/2018 

22:00 to 

04:00 

A (fast) 

Lane 
Northbound X  Station 

436+00 

Station 

240+00 

 

 

Figure 3.2: Location of case study 2 (Source: Google maps) 
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3.1.3 Case Study 3: Grants Pass II  

The third case study project (Grants Pass II) took place on a similar portion of highway as the 

second case study (Grants Pass I). The difference between the case studies is the paving lane (A 

lane vs. B lane), as well as the dates of data collection and data collection ranges. On the first day 

of data collection, with the blue lights off, paving operations took place in the B (slow) lane in 

the southbound direction extending from exit 53 to 48. On the other three days of data collection, 

paving operations took place in the northbound B (slow) lane with the blue lights on and off on 

alternate days. This segment of road had a posted speed limit of 65 mph (temporarily reduced to 

50 mph during construction) and was relatively rural in character. Table 3.3 provides detailed 

information about this case study. The location of the case study is the same as that of Case 

Study 2, displayed in Figure 3.2. 

Table 3.3: Description of Case Study 3 (Grants Pass II) 

Details 
Blue 

Lights 

Data Collection 

Range 

Data 

Collection 

Day 

Day/Date 
Time 

Frame 

Paving 

Lane 

Travel 

Direction 
On Off 

Start 

Point 
End Point 

1 
Monday, 

8/27/2018 

22:00 

to 

04:00 

B (slow) 

Lane 
Southbound  X Exit 53 Exit 48 

2 
Tuesday, 

8/28/2018 

22:00 

to 

04:00 

B (slow) 

Lane 
Northbound X  Exit 47 

1,000 ft. 

south of 

Foothill 

Rd. 

Underpass 

3 
Wednesday, 

8/29/2018 

22:00 

to 

04:00 

B (slow) 

Lane 
Northbound  X 

1,000 ft. 

south of 

Foothill 

Rd. 

Underpass 

Exit 55 

4 
Thursday, 

8/30/2018 

22:00 

to 

04:00 

B (slow) 

Lane 
Northbound X  Station 

268+00 

Station 

64+00 

3.2 EQUIPMENT  

Data acquisition required a variety of equipment. Two kinds of sensors were used: portable (in 

roadway) traffic analyzers to gather traffic data, and GPS sensors to track the paver location with 

respect to time and to record the locations of the portable traffic analyzers. 

An attempt was made to use a portable intelligent transportation system (ITS) trailer, provided 

by ODOT, in the work zone to supplement the data gathered from the in-lane sensors. The trailer 

captured video of the roadway, along with vehicle count and speed data, and sent the data to 

ODOT for storage and processing. A sample of the data was then sent to OSU for possible 
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inclusion in the analysis. Upon review of the data, the format of the data and the location of the 

trailer relative to the other sensors and paving operation limited the value of the ITS data for use 

in the present study. Therefore, the data was not used in the analysis. However, use of the ITS 

trailer has merits, especially for longer-term applications and where placement of in-lane sensors 

is not possible or unsafe, and the ITS trailer should be considered for future studies. 

3.2.1 Traffic Sensors  

3.2.1.1 Product Description 

Portable traffic analyzers were used to accumulate vehicle volume, speed, and 

classification data. The sensors used for this study were produced by MH Corbin Inc. 

Highway Information System. Two sensor models were placed on the road surface: NC-

200 and NC-350 (Figure 3.3 and Figure 3.4). In terms of precision and accuracy, there 

are no differences between sensor models. However, the NC-350s have Bluetooth 

connectivity (not used for this study) and a longer battery life. 

For their placement on the roadway, a cover made of visco-elastic material is placed over 

the sensors as a protective buffer from vehicle impacts. To adhere the sensors to the road 

surface, adhesive tape is then placed over the cover. First figure shows an example of the 

type of cover used along with the sensor. In Figure 3.4, provided by MH Corbin, a cross-

sectional view of the NC-350 set up can be observed. 

 

Figure 3.3: Components of traffic sensor 
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Figure 3.4: NC-350 portable traffic analyzer (M.H. Corbin 2017) 

3.2.1.2 Sensor Calibration 

A calibration procedure was implemented to confirm the accuracy of the recorded vehicle 

volume, speed, and classification values from each sensor. In the controlled environment 

of the Corvallis Municipal Airport, sensors were placed on a roadway and used to collect 

data relative to multiple vehicles passing over the sensors at preselected speeds. Control 

speeds of 20, 30, 35, 40, 45, 50, 55, and 60 mph were selected. Test vehicles were driven 

over the sensors four times at each selected speed after which an analysis using linear 

regression was performed. In this regression, control speed was considered an 

independent variable and the observed speed recorded by the sensor was considered a 

dependent variable. This analysis led to an equation relating the recorded speed to the 

actual speed. However, while using this equation to calibrate the case study project data, 

the equation was solved to determine the x value as y is the observed speed value 

recorded by the sensor. Figure 3.5 demonstrates an example calibration for sensor 101, 

and Table 3.4 lists all of the sensors and their calibration equations. Note that in the 

equations shown in Table 3.4, the variable x represents the speed recorded by the sensor 

and the dependent variable y represents the actual speed of the passing vehicle. 
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Figure 3.5: Linear regression of calibration data for traffic  sensor 101 

Table 3.4: Calibration Equations for Sensors 

Sensor ID Adjustment Equation**  

101 y=0.7786x+2.1786 

102 y=1.4604x-11.467 

103 y=0.7183x+3.0464 

104 n/a*  

105 y=0.6523x+2.486 

106 y=0.8313x+.0006 

107 y=1.4241x-11.508 

108 y=0.7387+2.6598 

216 y=0.9337x-1.1303 

379 y=0.7613x+2.5902 

687 n/a*  

748 y=0.9274x-1.4305 

774 y=0.852x-0.834 

816 y=0.7971x+0.7769 

305 y=0.9811x-2.0514 

317 y=1.2979x-8.067 

318 y=1.03732x-3.5645 

325 y=1.1856x-6.1153 

* n/a = Inactive sensor 

**  x = speed recorded by the sensor; y = actual speed of the vehicle 
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3.2.1.3 Sensor Preparation and Data Downloading 

Each traffic sensor requires between 2 to 10 hours of charging based on residual battery 

life. Using the HDM 9.3.0 software package, sensors were programmed for each field 

installation day to gather data for a particular window of time. After the sensors were 

removed from the road surface, collected data was downloaded and archived in password 

protected cloud storage (OSU BOX) for further analysis. After each data collection 

period, HDM software was used to save data in .mdb format and sequential time stamped 

data was downloaded in .csv format. 

3.2.2 GPS Tracker and Handheld GPS 

During each data collection period, two iTrail GPS trackers Figure 3.6 were placed on the light 

bar of the paver to record the trajectory of the paver during the nighttime paving operation. The 

GPS data was instrumental in determining the proximity of the paver to the traffic sensor 

locations where driver speed selection was being collected. GPS Tackers were placed on the 

paver before each data collection period while it was parked in the yard, and then removed after 

the data collection period to download the data for analysis. Figure 3.6 also shows a hand-held 

GPS device used in the data collection process. This device was used to record the longitude and 

latitude of the traffic sensors placed on the road. These values were later used during the analysis 

after the study period to provide a location of the sensors on each day. However, a 5 to 10 ft. 

deviation in accuracy was reported in several records. The researchers corrected the location 

using Google maps after sensor placement on each day.  

 

Figure 3.6: Handheld GPS device (left), and GPS tracker and casing for GPS tracker 

(right)  

Figure 3.7 shows the GPS sensor placement on the paver. The 1.5òx1.5ò devices were protected 

using a casing with magnetic attachment that attached to the metal light bar on the paver. 

Attachment to the light bar ensured that the sensors would not interfere with or get damaged 

from the paver operations, and that there would be a continuous clear signal to the tracking 
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satellites. After retrieving the GPS trackers from the paver, time stamped GPS data (longitude 

and latitude) was downloaded using the iTrail software in .csv format for analysis. 

 

Figure 3.7: GPS sensor installation (left), and location on the paver light bar (right)  

 








































































































