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Abstract 
Back of queue crashes on Interstates are a major concern for all state trans-
portation departments. In 2020, Indiana DOT begin deploying queue warn-
ing trucks with message boards, flashers and digital alerts that could be 
transmitted to navigation systems such as Waze. This study reports on the 
deployment and impact evaluation of digital alerts on motorist’s assistance 
patrols and 19 Queue trucks in Indiana. The motorist assistance patrol evalu-
ation is provided qualitatively. A novel analysis of queue warning trucks 
equipped with digital alerts was conducted during the months of May-July in 
2021 using connected vehicle data. This new data set reports locations of 
anonymous hard-braking events from connected vehicles on the Interstate. 
Hard-braking events were tabulated for when queueing occurred with and 
without the presence of a queue warning truck. Approximately 370 hours of 
queueing with queue trucks present and 58 hours of queueing without queue 
trucks present were evaluated. Hard-braking events were found to decrease 
approximately 80% when queue warning trucks were used to alert motorists 
of impending queues. 
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1. Motivation 

Back of queue crashes are an emerging national problem and several states are 
exploring or deploying queue warning trucks to increase the alertness of drivers 
approaching stopped traffic on the interstate [1] [2]. The motivation of this pa-
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per is to report on the evaluation of the deployment of queue warning trucks in 
Indiana to alert motorists to stopped traffic using a combination of signs, lights, 
message boards and digital navigation alerts.  

2. Introduction 

Identifying opportunities for continuous improvement in roadway safety is a 
priority for all transportation agencies. Crash incidents on interstates, mainten-
ance activities or ongoing work zone activities often result in slow traffic and/or 
forming queues. The boundary between free-flow conditions and queue traffic 
results in rapid speed reductions on the interstate that can increase crash risk for 
inattentive drivers. A study conducted in 2014 has shown that the congested 
crash rates at the back of the queue on all Indiana Interstates were found to be 
24 times greater than the uncongested crash rate [3]. Several states are exploring 
or deploying queue warning trucks to provide visual alerts to drivers approach-
ing stopped traffic on the interstate. One such example of the deployed queue 
truck is shown in Figure 1. Queue trucks are deployed ahead of the work zone 
on Indiana Interstates. Message board signs and flashers visually alert motorists 
of the slow-moving traffic ahead. They are also equipped with digital alerts that 
could be transmitted to navigation systems. In-vehicle navigation alerts also provide 
an additional opportunity to improve communication to drivers of modern vehicles.  

3. Study Objective 

The use of queue trucks and in-vehicle navigation alerts can alert drivers and 
draw their attention as they approach slow-moving traffic due to various reasons 
such as crash incidents or ongoing work zone activity. Since both queue trucks 
and in-vehicle navigation alerts are emerging technologies, there are no best 
practices for their use or methods for evaluating their impact. The objective of 
this paper is to introduce the concept of queue trucks and navigation alerts and 
propose a methodology for evaluating their impact. 
 

 
Figure 1. Queue warning truck deployed on Indiana Interstate. 
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4. Literature Review 

In the United States alone, more than 115,000 highway work zone crashes were 
estimated by the National Work Zone Safety Information Clearinghouse in 2019 
[4], of which 762 were fatal crashes involving 842 fatalities. 24% of these work 
zone fatal crashes involved a rear-end collision and 31% crashes had speeding as 
a factor [5]. Other studies have also shown that crash rates on interstate sections 
with construction activity are significantly higher than those in non-work zone 
conditions [4] [5]. Furthermore, a study conducted in 2014 has shown that the 
congested crash rates at the back of the queue on all Indiana interstates were 
found to be 24 times greater than the uncongested crash rate [3]. Sudden speed 
reductions and queuing as a result of a primary crash incident, maintenance ac-
tivity, or a construction work zone create hazardous conditions and a high risk 
for the occurrence of secondary crashes [6] [7] [8] [9]. The study conducted by 
Yang, Hong et al. has also shown that an additional minute increase in the inci-
dent duration will increase the likelihood of secondary crash occurrence by 1.2% 
[10]. Reducing these incidents, particularly the back of queue secondary crashes, 
continues to be an important focus for transportation agencies and other stake-
holders across the country for the safety of motorists as well as construction 
workers. 

Traditionally, fixed signs are used for communicating the presence of work 
zones or maintenance activities on highways. Manual on Uniform Traffic Con-
trol Devices (MUTCD) also provides guidelines on the use of temporary traffic 
control zone signs [11]. In the case of emergency response, signs are often in-
corporated onto the vehicle [12] [13] [14] [15]. The impact of these signs, flash-
es, message boards or digital alerts from trucks has not yet been evaluated exten-
sively. Deployment strategies of such queue trucks are also evolving. 

Technologies introduced for improving road safety are often evaluated using 
crash rates [16] [17] [18]. But crashes are often reported with a time lag and un-
derreported due to a variety of reasons [19] [20] [21], including the unwilling-
ness of involved drivers to report a crash [22]. A study conducted on 23 con-
struction work zones that covered approximately 150 centerline miles of Indiana 
interstate roadway in the summer of 2019, found that there was approximately 1 
crash for every 147 hard-braking events in and around a construction site with 
an R2 value of 0.85 [23]. Thus, the new commercially available hard-braking data 
sources provide an opportunity for agencies to follow up with mitigation meas-
ures addressing emerging problems much quicker than typical practices that rely 
on 3 - 5 years of crash data [24]. This study presents a methodology using these 
hard-braking events as a surrogate for crash incidents for impact evaluation of 
queue warning trucks and digital alerts.  

Connected vehicle hard-braking data provides the opportunity for evaluating 
the impact on traffic [25] [26]. The final form of in-vehicle communication will 
likely change considerably over the next few years as market forces determine 
what type of information is directly integrated into the vehicle and what infor-
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mation is integrated via cell phones. In 2016, Li et al. compared counts from a 
loop detector to counts obtained from connected vehicle trajectories. This study 
found an overall market penetration of 1.1% with a range of 0.2% to 2.0% de-
pending on the time of day [27]. Approximately 4.7% of the vehicles on Indiana 
Interstates in 2020 were fully connected to a connected vehicle provider [28]. 
The number of connected vehicles on the road will continue to increase. Almost 
100% of vehicles travelling on interstates have at least one cell phone in the ve-
hicle. Although there is no published data, it is reasonable to assume somewhere 
around 20% of vehicles on roads are running some type of in-vehicle navigation 
applications such as Waze, Apple, Google, Trimble, etc. [29]. This suggests a 
large number of vehicles driving on roadways are using advanced communica-
tion channels such as cell phones. It provides an opportunity to alert all these 
drivers of upcoming hazards, slow-moving or stopped traffic using the naviga-
tion alerts in combination with the visual alerts from the queue trucks. This 
study introduces these digital alerts and proposes a methodology for evaluating 
them, in combination with a queue warning truck. 

5. Data Description 
5.1. Connected Vehicle Trajectory Data 

Commercially available anonymized trajectory data provides a unique waypoint 
with a reporting interval of 3 to 5 seconds. Each waypoint is associated with in-
formation of GPS location, measured on vehicle speed, heading, timestamp and 
an anonymous trajectory identification number. By linking individual waypoints 
by their trajectory identification number, a vehicle’s trajectory can be obtained. 
Each waypoint is also associated with interstate reference points at every 0.1 
miles to create the traffic speed heatmaps. One month of connected vehicle data 
in Indiana alone provides over 10 billion records on average.  

Figure 2(a) shows the example traffic speed heatmap for Indiana Interstate-70 
(I-70) in the westbound direction from mile marker (MM) 43 to MM 59 on 
Thursday, September 24, 2020. The horizontal axis represents the time of the day 
whereas the vertical axis represents the mile marker on the Interstates. The traf-
fic speeds are color-coded by the speed bins. Crashes gathered from Indiana’s 
online crash repository are also overlaid on top of the traffic speed heatmap. 
Callout c points to the location of the primary crash incident that caused the 
slow-moving traffic shown by the pink color and secondary crash incident (cal-
lout s) at the back of the queue. 

5.2. Connected Vehicle Hard-Braking Events Data 

The hard-braking event data used in this study was made commercially available 
by data providers that worked directly with original equipment manufacturers 
(OEMs). The enhanced probe data from these connected passenger vehicles in-
cluded an anonymized unique identifier with the timestamp, geolocation, speed, 
heading and hard-braking/acceleration as attributes. The provider of this data  
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Figure 2. Traffic speed heatmap developed using trajectory data and overlaid with crash-
es and hard-braking events validated using the camera images. (a) Traffic speed heatmap 
for Indiana I-70 from MM 43 to MM 59 overlaid with crash incidents and hard-braking 
events; (b) Camera image at 4:53 PM; (c) Camera image at 4:56 PM; (d) Camera image at 
5:08 PM; (e) Camera image at 5:14 PM. 

 
defined hard-braking events as any vehicle decelerations with a magnitude 
greater than 8.76 ft/s2 (0.272 g). The hard-braking events are also overlaid on the 
traffic speed heatmap (Figure 2(a)) shown by the red dots (callout h). It can be 
observed that the hard-braking events occurred at the back of the queue resulted 
from the earlier crash incidents. 

Indiana has approximately 350 Intelligent Transportation System (ITS) cam-
eras in its statewide surveillance system. These cameras can be used to validate 
and illustrate the value of connected vehicle data. The images are captured and 
stored every 3 minutes from these cameras. The location of the fixed ITS camera 

https://doi.org/10.4236/jtts.2021.114035


R. S. Sakhare et al. 
 

 

DOI: 10.4236/jtts.2021.114035 566 Journal of Transportation Technologies 
 

around mile marker 55 is shown by the black dashed line in Figure 2(a). The 
back of queue propagation (Figure 2(b)), congested traffic (Figure 2(c) and 
Figure 2(d)) and clearing traffic (Figure 2(e)) can be confirmed with camera 
images captured at 4:53 PM, 4:56 PM, 5:08 PM and 5:14 PM respectively (callout 
t1-t4). 

6. Alerts to Navigation Applications 

Queue warning trucks equipped with digital alerts send navigation alerts to 
drivers. Figure 3 illustrates the high-level network structure of data transfer be-
tween the queue truck on-site and communication delivery to approaching mo-
torists via navigation application alerts. Alerts are sent from the queue trucks or 
any other emergency vehicle such as Hoosier Helpers to the cloud of a digital 
alert provider via onboard telematics. Once the alerts are transferred to the 
cloud, digital alerts are sent via navigations apps to motorists in the vicinity or 
approaching the truck. The data from the cloud is also analyzed to provide 
feedback to queue trucks on deployment location and strategies. 

6.1. Navigation Alert Data from Transponders 

Transponders are installed on the queue warning trucks (Figure 4(a)) and 
Hoosier Helpers (Figure 4(b)). It can be installed on any emergency response or 
driver’s assistance vehicle. Any vehicle equipped with the onboard transponder 
device has the capability of sending alerts to the digital alert provider and then to 
the navigation apps such as Waze. The transponder is wired in such a way that 
the alerts are shown on navigation apps only when the vehicle turns on its strobe 
lights. Data from transponders deployed on 19 queue trucks in Indiana was used 
for analysis during this study. 
 

 

Figure 3. High-level network structure of data transfer for sending navigation alerts. 
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(a) 

 
(b) 

Figure 4. Transponders installed on driver’s assistance and emergency response vehicles. 
(a) Queue Warning truck with onboard transponders; (b) Hoosier Helper with onboard 
transponder. 

6.2. Navigation Alert Data from Telematics Data 

Alerts generated from the vehicles, such as those as shown in Figure 4, can be 
generated using either agency maintained fleet telematics, or navigation alert 
vendor hardware. Alerts can be triggered in one of two conditions: 1) If the 
strobe lights are active; 2) Or if the vehicle is stationary or moving with a speed 
less than 2 miles per hour on Interstate. Currently, telematics data from 15 In-
diana DOT Hoosier Helper trucks are used to send digital alerts using agency 
managed telematics and private sector operated queue trucks transmit alerts us-
ing navigation alert vendor supplied hardware.  

A digital navigation alert example is shown in Figure 5. Callout i points to the 
location of Hoosier Helper responding to a crash scene on digital alert providers 
dashboard (Figure 5(a)), Waze navigation application (Figure 5(b)) and camera 
image (Figure 5(c)). Callout c points to the crash incident that the response ve-
hicle is serving to. 
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Figure 5. Alerts sent to Waze navigation application using the telematics data. (a) Digital 
alert provider’s dashboard; (b) Alert on Waze navigation application; (c) Hoosier Helper 
responding to crash scene on Indiana I-70 around MM 89.8 at 12:57 PM, Thursday, June 
24, 2021. 

7. Case Study Showing Impact of Queue Truck with  
Navigation Alerts 

A case study is presented using the traffic speed heatmap showing the impact of 
queue warning trucks with navigation alerts. Figure 6(a) shows the traffic speed 
heatmap for the stretch of Indiana I-65 from MM 168 to MM 185 in the south-
bound direction on Thursday, May 27, 2021. A crash incident that occurred 
around 6 PM resulted in a queue for roughly 3 miles and lasting over 5 hours. 
This queue caused 29 hard-braking events (callout h1) at the back of the queue. 
This incident was compared with similar traffic conditions on the previous day. 
Figure 6(b) shows Indiana I-65 from MM 135 to MM 155 in the same south-
bound direction of travel on Wednesday, May 26, 2021, during a similar time 
period of the day. The cause of this congestion was the ongoing work zone activ-
ity around MM 144. In this case, a queue warning truck (callout i) with an on-
board transponder was present shown by the solid purple line. The queue truck  
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Figure 6. Comparison of hard-braking events on I-65 in southbound direction during the 
absence and presence of queue trucks and navigation alerts. (a) Hard-braking events 
during the absence of the queue truck; (b) Hard-braking events during the presence of 
queue truck and navigation alerts. 

 
was alerting motorists visually as well through navigation alerts. In this case, 
even though the congestion started from 6:30 PM only 3 hard-braking events 
were observed up until midnight. Figure 7 confirms the presence of a queue 
warning truck (callout i) around MM 146 on I-65 from the camera image at 7:27 
PM on Wednesday, May 26, 2021. 

The reduction in hard-braking events from 29 to 3 was attributed to the use of 
queue warning trucks and digital alerts. This establishes a strong case for using 
queue warning trucks with on-vehicle navigation alerts to aide in reducing the 
number of hard-braking events and improving the safety of motorists and con-
struction workers. 
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Figure 7. Camera image around MM 146 on I-65 confirming the presence of Queue 
warning truck at 7:27 PM on Wednesday, May 26, 2021. 

8. Longitudinal Analysis of Queue Warning Truck Impact 

This study inspected traffic speed profiles to look for queuing conditions for the 
months of May-July in 2021. Multiple queuing incidents on Indiana I-65 with 
and without the presence of queue warning trucks and navigation alerts were 
identified.  
 Table 1 summarizes the hard-braking events during 58 hours of observed 

queuing with no queue trucks. 620 hard-braking events occurred in the 4195 
trajectories approaching the queue i.e., 14.8% of the motorists experienced 
hard braking while approaching the queue.  

 Table 2 summarizes the hard-braking events for 370 hours of queues when 
queue warning trucks were deployed with digital alerts. The trucks were 
deployed for ongoing work zone activity at MM 145 on I-65 during the 
evening hours. Only 2.6% of the trajectories experienced hard braking out of 
6240 trajectories. 

Comparing these two tables, hard-braking events were found to decrease ap-
proximately 80% when queue warning trucks with digital alerts were used to 
alert motorists of impending queues. 

Figure 8 shows the scatter plot between hard-braking events and trajectories 
approaching queue without and during the presence of queue warning trucks 
and navigation alerts. Hard-braking events without and during the presence of 
queue warning trucks are denoted by hollow black circles and purple cross 
marks respectively on the scatter plot. Hard-braking events during the presence 
of queue trucks with digital alerts have shifted towards the lower side and 
grouped tightly. Linear regression estimates are shown by dotted lines for each 
of the groups with respective line equations and coefficient of determination (R2) 
values. Every 100 trajectories approaching the queue without any alerts will have 
approximately 12.73 hard-braking events (coefficient 0.1273 with R2 of 0.7297) 
compared to only 2.66 hard-braking events if the queue warning truck with  
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Table 1. Summary of hard-braking events without any queue warning trucks or navigation alerts. 

Date 
I-65 MM, 
direction 
of travel 

Start 
time of 
queues 

Duration 
(hours) 

[a] 

Number of Trajectories 
approaching queues 

[b] 

Hard-braking events 
approaching queues 

[c] 

Hard-braking events 
per hour of the queue 

[c/a] 

Hard-braking events 
per trajectories 

[c/b] 

5/21/2021 165, SB 21:00 1 47 10 10 21.3% 

5/27/2021 176, SB 18:00 5 235 29 5.8 12.3% 

5/28/2021 177, SB 6:30 4.5 283 33 7.3 11.7% 

6/2/2021 131, NB 15:00 5 386 16 3.2 4.1% 

6/4/2021 125, SB 19:00 2 76 10 5 13.2% 

6/10/2021 103, NB 16:00 1 179 19 19 10.6% 

6/10/2021 131, SB 16:00 1 149 15 15 10.1% 

6/11/2021 178, NB 13:30 2.5 131 33 13.2 25.2% 

6/11/2021 190, NB 12:30 8 91 55 6.9 60.4% 

6/11/2021 189, SB 12:30 6 407 41 6.8 10.1% 

6/18/2021 128, SB 18:00 1.5 152 14 9.3 9.2% 

6/25/2021 158, SB 14:00 2.5 219 37 14.8 16.9% 

7/1/2021 151, NB 13:00 1.5 138 21 14 15.2% 

7/1/2021 190, NB 14:30 1.5 154 33 22 21.4% 

7/2/2021 161, NB 17:30 1 110 46 46 41.8% 

7/2/2021 166, SB 15:00 2 172 26 13 15.1% 

7/5/2021 177, NB 12:30 2 206 45 22.5 21.8% 

7/5/2021 176, SB 12:30 3 238 53 17.7 22.3% 

7/9/2021 176, NB 14:00 2 305 41 20.5 13.4% 

7/9/2021 181, NB 19:00 2 106 13 6.5 12.3% 

7/16/2021 134, SB 14:00 1.5 220 16 10.7 7.3% 

7/23/2021 167, SB 13:00 1.5 191 14 9.3 7.3% 

Total 58 4195 620 10.7 14.8% 

 
Table 2. Summary of hard-braking events during the presence of queue warning trucks and navigation alerts. 

Date 
I-65 MM, 
direction 
of travel 

Start 
time of 
queues 

Duration 
(hours) 

[a] 

Number of Trajectories 
approaching queues 

[b] 

Hard-braking events 
approaching queues 

[c] 

Hard-braking events 
per hour of the queue 

[c/a] 

Hard-braking events 
per trajectories 

[c/b] 

5/18/2021 144, NB 18:30 10.5 126 1 0.1 0.8% 

5/19/2021 144, NB 18:30 10 134 2 0.2 1.5% 

5/20/2021 144, NB 19:00 10 134 9 0.9 6.7% 

5/21/2021 144, SB 19:30 9.5 178 5 0.5 2.8% 

5/24/2021 144, SB 18:30 11 147 5 0.5 3.4% 

5/25/2021 144, SB 19:00 8.5 123 5 0.6 4.1% 

5/26/2021 144, SB 18:30 11 180 4 0.4 2.2% 

6/1/2021 144, SB 18:30 9.5 123 2 0.2 1.6% 
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Continued 

6/3/2021 144, SB 18:30 11.5 195 6 0.5 3.1% 

6/4/2021 145, SB 19:00 11 310 4 0.4 1.3% 

6/7/2021 144, NB 20:00 10 110 4 0.4 3.6% 

6/7/2021 142, SB 19:00 11 129 3 0.3 2.3% 

6/8/2021 144, NB 19:00 6 95 0 0.0 0.0% 

6/11/2021 144, NB 20:00 9 150 4 0.4 2.7% 

6/21/2021 146, NB 19:00 9 146 3 0.3 2.1% 

6/22/2021 146, NB 20:00 9 101 4 0.4 4.0% 

6/23/2021 146, NB 22:00 7 47 0 0.0 0.0% 

6/28/2021 145, SB 20:30 8 108 0 0.0 0.0% 

6/29/2021 145, NB 20:00 5 77 2 0.4 2.6% 

7/1/2021 144, SB 19:00 10.5 279 9 0.9 3.2% 

7/8/2021 146, NB 19:00 8 178 4 0.5 2.2% 

7/8/2021 144, SB 19:00 11 204 5 0.5 2.5% 

7/9/2021 147, NB 20:00 8 182 4 0.5 2.2% 

7/9/2021 144, SB 20:00 8 208 8 1.0 3.8% 

7/12/2021 147, NB 19:00 9 145 0 0.0 0.0% 

7/12/2021 144, SB 21:00 7 82 0 0.0 0.0% 

7/14/2021 147, NB 19:00 9.5 142 1 0.1 0.7% 

7/19/2021 147, NB 19:00 10.5 150 5 0.5 3.3% 

7/19/2021 146, SB 18:30 11.5 193 4 0.3 2.1% 

7/20/2021 146, NB 19:00 6 89 1 0.2 1.1% 

7/20/2021 146, SB 19:00 10.5 167 5 0.5 3.0% 

7/20/2021 141, SB 20:00 6.5 122 4 0.6 3.3% 

7/21/2021 147, NB 19:00 10 140 4 0.4 2.9% 

7/21/2021 147, SB 19:30 9 174 4 0.4 2.3% 

7/21/2021 141, SB 19:30 4 155 5 1.3 3.2% 

7/22/2021 145, NB 18:30 11 195 11 1.0 5.6% 

7/22/2021 146, SB 19:30 10.5 240 8 0.8 3.3% 

7/23/2021 146, NB 20:00 7 150 5 0.7 3.3% 

7/23/2021 146, SB 20:30 9 182 4 0.4 2.2% 

7/26/2021 146, SB 19:00 10 126 4 0.4 3.2% 

7/27/2021 146, SB 19:00 7 124 5 0.7 4.0% 

Total 370 6240 163 0.44 2.6% 

 
alerts was present (coefficient 0.0266 with R2 of 0.8162). A high R2 value suggests 
the linear trendline is able to explain most of the dataset. Past studies have indi-
cated a strong relationship between hard-braking and crashes [23]. This clear 
reduction in hard-braking events for queue warning trucks with alerts is antic-
ipated to reduce crashes by a similar proportion. 
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Figure 8. Scatter plot comparing the hard-braking events and trajectories approaching 
queues without and during the presence of queue warning trucks and navigation alerts. 

9. Conclusions 

Several states are exploring or deploying the queue warning trucks to alert mo-
torists approaching stopped or slow-moving traffic and provide them with 
in-vehicle navigation alerts. The final form of connected vehicles will likely 
change considerably over the next few years as market forces determine what 
type of information is directly integrated into the vehicle and what information 
is integrated via cell phones. In-vehicle notification will be complementing road-
side signs moving forward. A methodology was described using connected ve-
hicle hard-braking events for evaluating the impact of these queue trucks. 

Navigation alerts can be sent by using agency maintained fleet telematics, or 
navigation alert vendor hardware. A case study on I-65 showed the reduction of 
hard-braking events from 29 to 3 while using the queue warning truck with dig-
ital alerts. This paper reports on the novel use of connected vehicle data to assess 
the impact of queue warning trucks. A longitudinal comparison of queueing for 
370 hours with the presence of trucks and 58 hours without trucks was con-
ducted during the months of May-July in 2021. Hard-braking events were found 
to decrease approximately 80% when queue warning trucks were used to alert 
motorists of impending queues. Encouraging results support the deployment of 
queue trucks and integration of digital alerts for reducing the risks of secondary 
crashes on Interstates. 
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