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Disclaimer 
The opinions, findings, and conclusions expressed in this publication are those of the authors and not 
necessarily those of the State of Florida Department of Transportation.  

The contents of this report reflect the views of the authors, who are responsible for the facts and the 
accuracy of the information presented herein. This document is disseminated under the sponsorship of 
the U.S. Department of Transportation’s University Transportation Centers Program, in the interest of 
information exchange. The U.S. Government assumes no liability for the contents or use thereof. 
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Metric Conversion Table 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 

LENGTH 

in inches 25.4 millimeters mm 

ft feet 0.305 meters m 

yd yards 0.914 meters m 

mi miles 1.61 kilometers Km 

mm millimeters 0.039 inches in 

m meters 3.28 feet ft 

m meters 1.09 yards yd 

km kilometers 0.621 miles mi 

AREA 

in2 square inches 645.2 square millimeters mm2 

ft2 square feet 0.093 square meters m2 

yd2 square yard 0.836 square meters m2 

ac acres 0.405 hectares ha 

mi2 square miles 2.59 square kilometers km2 

mm2 square millimeters 0.0016 square inches in2 

m2 square meters 10.764 square feet ft2 

m2 square meters 1.195 square yards yd2 

ha hectares 2.47 acres ac 

km2 square kilometers 0.386 square miles mi2 

VOLUME 

fl oz fluid ounces 29.57 milliliters mL 

gal gallons 3.785 liters L 

ft3 cubic feet 0.028 cubic meters m3 

yd3 cubic yards 0.765 cubic meters m3 

mL milliliters 0.034 fluid ounces fl oz 

L liters 0.264 gallons gal 

m3 cubic meters 35.314 cubic feet ft3 

m3 cubic meters 1.307 cubic yards yd3 

NOTE: Volumes greater than 1000 L shall be shown in m3. 
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Executive Summary 
 

Public transit operators experience a variety of challenges on a daily basis. Though transit crashes are 
low in frequency, they have resulted in fatalities or serious injuries. In 2015, Florida experienced the 
highest state increase (17.8%) in transit fatalities and was ranked the third in the nation. In Gainesville, 
the Regional Transit System (RTS) experienced 13 collisions in 2019 (FTA, 2020), in which 10 people were 
injured, including three passengers, three employees, and four other vehicle occupants (FTA, 2020). In 
addition to crash cost, agencies incur liability expenses. Between 2015 and 2018, the average casualty 
and liability expenses for the Gainesville Regional Transit System (RTS) was $1,274,808 (FTA, 2018). RTS 
provides bus service to almost 40,000 transit trips per day. Advanced driver assistance systems (ADAS), 
also known as collision avoidance systems (CAS), have the potential to decrease crash risks or conflicts 
associated with transit operation which, could result in a more safe, efficient, and economical service. 

The focus of this study was to explore the safety implications of a vision-based ADAS called Mobileye 
Shield+. The goal of this study was to evaluate the effectiveness of the Mobileye Shield+ to reduce 
conflicts between transit buses and pedestrians and bicycles. To achieve this goal, a research plan was 
developed to (1) identify a behavioral and infrastructure condition that leads to incidents or near 
incidents, (2) assess the perceived acceptance and usefulness of the system to drivers, and (3) develop a 
benefit-cost analysis tool to analyze the financial justification of ADAS. 

 

E.1 System Installation, Alerts, and Ituran Visualization  

Mobileye Shield+ was installed on 10 RTS transit buses that operated on the University of Florida’s 
campus circulator routes. The Mobileye Shield+ was installed on buses between Jan. 4 and Jan. 7, 2019. 
The Mobileye Shield+ system includes camera sensors, two exterior sensor housings, and two interior 
windshield-mounted vision sensors. The Mobileye Shield+ system includes three driver alert displays 
that communicate with the driver by visual and audible alerts. 

The system operated in stealth mode for the first two months, between Jan. 5, 2019, and Mar. 4, 2019; 
alerts were disabled, but data were being recorded. The system then operated in open mode for almost 
12 months, between March 5, 2020, and Feb. 29, 2020 (422 days in total); the different visual and 
audible alerts were broadcasted to the driver. The alerts that were in the focus of this study were 
pedestrian detection (PD), pedestrian collision warning (PCW), urban forward collision warning (UFCW), 
forward collision warning (FCW), headway warning (HWW), and aggressive braking (AggBrk).  

Ituran is a Web-based visualization and data repository tool that displays the data from each bus’s 
telematics system in a Web interface. The time and location of all alerts from Mobileye Shield+ are 
displayed, and various reports can be generated. Data of individual conflicts were retrieved for analysis 
from the Ituran interface. 

 

E.2 Data Collection Plan and Challenges 

The data cleaning and quality control checks revealed missing data feed for three buses. Further 
investigation revealed that the missing information was a result of malfunction. The first bus did not 
report any data after March 2019. The second bus had a low number of conflicts recorded, which was 
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unusual. The third bus reported relatively lower data in January and February of 2019 than the rest of 
the year. For data consistency and to avoid any bias, the observations from these three buses were not 
included in the analysis. It was also found that buses changed route sporadically based on agency and 
community needs. However, the data generated by randomizing the buses and the routes aided 
statistical significance by avoiding any route familiarity bias that may have occurred if drivers navigated 
the same route daily for a prolonged period.  

The data analysis task was twofold: first, an aggregate analysis including conflicts from all buses; and 
second, a route-based analysis. For both analyses, the raw Mobileye data were utilized instead of the 
built-in reports from Ituran. In addition to data scrubbing and manually correlating routes to buses, 
there were several challenges faced during the process, and as a result, a comprehensive data cleaning 
and structure integrity task was undertaken. 

E.2.1 Data Cleaning and Structure 
An FTP feed was set up to receive the daily log of all alerts data. The data were read and scrubbed in R, a 
programming language oriented toward statistical computing. Preliminary analysis revealed 
inconsistencies in the number of records in some rows with many containing  ^KEEPALIVE^ error rows. 
These rows were eliminated, and the data were cleaned to develop a consistent and structured 
database.  

E.2.1 Route Data 
For route-based analysis, a visual methodology was devised to determine the route of each bus for each 
day using the footprints of alerts (latitude, longitude). There were a total of 2,954 plots (422 days × 7 
buses). On most weekends. there were not enough data to correlate the footprints with RTS bus routes. 
As a result, only weekdays routes were correlated, which included data for 2,100 days (422 days × 5 
buses). Of the 2,100 days, 707 had no alert to be used for route identification. Overall, the routes for 
1,341 vehicle-days were defined, and 52 were not correlated. 

 

E.3 Performance Evaluation 

E.3.1 Aggregate Analysis 
Data from seven RTS buses were combined to assess the hourly, daily, and monthly distribution of 
alerts. In addition, the developed database was utilized to compare the observed number of alerts in 
stealth and open modes. As expected, there were three peaks in the distribution during the morning, 
noon, and afternoon peak hours. However, all the plots followed a bell-shaped pattern. The data were 
further analyzed by categorizing the conflicts in different speed groups. The distribution of HWW and 
PDZ conflicts with speed more than 20 mph showed conflicts having three distinct peaks in the morning, 
noon, and early evening. As hypothesized, there was a low number of conflicts during the weekends due 
to lower demand. The data analysis results also showed that less than 5% of conflicts occurred on 
Saturdays and Sundays and that the variance of observations for weekdays was about 17%.  

Next, a monthly analysis was performed. The UF semesters were superimposed with the conflict data, 
revealing that the PDZ conflicts were constant throughout the study period. The observed PCWs were 
highest during the fall and at their lowest during the summer semester. In addition, it was observed that 
FCW and HWW followed a trend that was the opposite of UFCW during summer and fall semesters. This 
was attributed to vehicle demand and how UFCW and FCW are defined and programmed. UFCW is a 
collision warning alert with a speed less than 19 mph, and FCW is a collision warning alert for speeds 
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greater than 19 mph. It was hypothesized that with lower vehicular traffic in summer, transit buses 
operated a higher speed, which resulted in higher FCW in summer. The AggBrk distribution had a slight 
decreasing trend during the study course. 

E.3.1.2 Normalized Time Series of the Alerts 
The number of conflicts was normalized to monthly vehicle miles traveled (VMT). All the normalized 
alerts showed a slight decreasing trend during the study period with the lowest normalized aggressive 
braking in September when student demand is highest, and when buses are in their fullest condition. 
This was hypothesized to be due to overcautious driving by RTS drivers due to sudden increase in 
demand during the beginning of fall semester. 

E.3.1.3 Before After Analysis 
In the before-after analysis, stealth mode is considered “Before”, and the rest of the period is “After.” 
The open mode period included summer semester, which had a lower exposure due to the lower 
number of students on campus. Ignoring the effect of varied demand could bias the results; however, 
there was no mechanism to quantify pedestrian exposure for the extended period and for each route 
length. As an alternative, two different approaches were adopted. First, data from the same semester 
period were used. The before data (stealth mode) were from spring semester of 2019, and after data 
(open mode) were from spring semester of 2020. The second approach was to aggregate all after data 
(open mode) and compare with before (stealth mode). 

 Both PDZ and PCW alerts decreased in the open mode. PDZ decreased by 13.3% when conflicts in 
stealth mode were compared with all active data (AAD) for the study period. PDZ decreased by 19.6% 
when stealth was compared to similar dates (SD) in two calendar years. PCW, which is more critical in 
quantifying conflict avoidance, decreased by 38.6% (AAD) and 33.4% (SD).  

UFCW (speed <19 mph) decreased by 26.0% (AAD) and 26.8% (SD). The decreases in FCW warnings were 
12.6% (AAD) and 29.3% (SD). The last rear-end–related warning, HWW, decreased by 26.7% (AAD) and 
48.3% (SD).  

Aggressive breaking decreased by 29.2% (AAD) and 47.6% (SD) in the open periods. All the warnings 
decreased during the open mode period, which shows the drivers’ behavior improved and that the ADAS 
system reduced pedestrian and vehicular conflicts. The average of all reductions (Table 5-10) is 34.17%. 
This translates to an average conflict modification factor (CoMF) of 65.83%. 

The decrease in alerts is greater when stealth mode conflicts were compared to similar dates in active 
mode in 2020 (Table 5-10).  

E.3.2 Route-based Analysis 
The Ituran alerts from Mobileye were correlated with the five selected routes. For this option, day-by-
day data from the Ituran Safety tab were used. This approach was undertaken because the data were 
already aggregated for each vehicle by day. However, the initial analysis showed that the numbers from 
this tab (period summary daily) were about 5% in excess of the data used in aggregate analysis. Using 
the period summary daily data from Ituran could have biased the results. It should be noted that in the 
route-based analysis section, the latitude and longitude of each individual alert was required to define 
each vehicle’s daily route (Table 5-3), and as such, the day-by-day data from the Ituran Safety tab could 
not be used for both aggregate and route-based analyses. 

Finally, the disaggregated alert data were correlated with routes by using key values of date and vehicle 
number. 
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E.3.2.1 Pedestrian-related Alerts 
PCWs in open mode increased by 4.0% and 3.1% for routes 5 and 8, respectively. This is while the other 
routes experienced a reduction of 10.7%, 11.8%, and 25.5%. 

E.3.2.2 Vehicular Alerts 
The vehicular alerts, including FCW, UFCW, and HWW, for the five routes between stealth and open 
modes were analyzed. The number of FCWs in stealth mode for routes 5 and 16 were 3 and 4, 
respectively. The low number of observations for these two routes made conclusions statistically 
insignificant. The other three routes showed reductions in FCW ranging from 7.4% to 27.8%. The UFCW 
on all the routes showed reductions ranging between 3.7% and 35.2%. Routes 1 and 16 experienced an 
increase in HWWs. The other routes experienced reductions between 20.5% and 32.2%. 

E.3.2.3 Aggressive Braking 
The number of FCWs in stealth mode for routes 5 and 117 were 3 and 5, respectively. The low number 
of observations for these two routes makes the conclusions statistically insignificant. The other routes 
showed reductions ranging between 2.3% and 38.0%. 

E.3.3 Summary of Route-based Results 
Most of the alerts (22 of 26) showed a reduction. Alerts showed an average reduction of 19.95%, which 
is equivalent to a conflict modification factor (CoMF) of 80.05%. If one of the highest values was 
excluded as an outlier (due to missing data after May 2019 on Route 16), the average CoMF will be 
73.59%. 

 

E.4 Hotspot Analysis 

The purpose of hotspot analysis was to identify potential risk factors for high conflict locations. Ituran 
includes a visualization tool that shows locations with high conflicts, called hotspots in this study. Most 
hotspots from Ituran were locations with high pedestrian demand but without severe risk factors. As the 
purpose of this study was to find locations with high risk factors in the network, a normalization 
methodology was developed. This methodology focused on finding locations that have a higher ratio of 
PCW to PDZ. Here, PDZ is considered as an exposure measure. Ituran does not have a feature to rank the 
locations with a selected measure. So, an algorithm was developed in R to rank the locations and 
produce graphical output. 

To filter out a final list of hotspots for detailed analysis, the locations with more than five PCWs that 
have PCW-to-PDZ ratio of more than 0.2 were selected. Using the mentioned filters, 21 hotspots were 
found. When adjacent hotspots were combined as one (three clusters with three, two, and two 
hotspots, respectively), 17 hotspots remained for further review. Of these 17 hotspots, three were 
locations with high pedestrian demand and few severe risk factors: the RTS bus depot, Santa Fe College, 
and Walmart. Excluding these three locations left 14 hotspots for further review. The risk factors found 
for these locations were placed in five categories: 

• Alignment: Curves  

• Intersections: Signalized, roundabouts, offsets, Y-intersections 

• Facilities: Bus stops, crosswalks  
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• Land use: Parking, residential, commercial, campus 

• Pedestrian signal timing: Ped phase time. 

 

E.5 Operator Focus Groups 

Five focus group sessions were held to elicit responses from bus drivers who had experienced the 
Mobileye Shield+ ADAS. There were four drivers scheduled for each of the sessions, but for two of the 
focus groups, three drivers participated. 

Major themes of the sessions included the following: 

• Most drivers felt that the alerts are useful, especially if someone was near the bus. Some stated 
that the alerts helped get the driver’s attention. Some said that they felt it improved safety. 
Most drivers preferred having this technology on their bus. 

• Most drivers that found the system useful mentioned that the system was most useful on the 
University of Florida campus where there are many students and increased congestion levels. 

• On average, drivers ranked the alerts from most useful to least useful as follows: PCW, HWW, 
Speed Warning, FCW, and Lane Departure Warning. 

• Of 16 drivers, only one driver was supportive of having an automatic braking system. 

• Drivers often encountered the system without training or preparation. In many cases, they did 
not know the expected functioning of alerts and had to interpret their function from 
observation. In some cases, lack of training – and therefore expectation – made it impossible for 
drivers to detect a dysfunctional alert. 

• Drivers generally reported too many alerts, alerts for no apparent reason (false alerts), alerts for 
stationary objects (false positive alerts), and no alert when pedestrian present (false negative 
alerts). 

 

E.6 Benefit-Cost Analysis 

For any emerging technology, financial justification and cost effectiveness are essential criteria for 
decision makers. This study developed a macro-enabled Excel spreadsheet. This Excel spreadsheet tool 
(ADAS-BC_Analysis.xlsm) is delivered as a supplement to this document. 

The tool uses the transit information, historical crashes, and surrogate safety measures (collected by 
Mobileye Shield +). A methodology was developed to convert the surrogate safety measures to a 
predicted number of crashes. Each conflict was correlated to all types of crashes. For each surrogate 
safety measure, a conversion factor, CF, was computed. 

Surrogate safety data in this study were collected in Gainesville, Florida, between Jan. 2019 and Feb. 
2020. The average yearly transit crash count in this city based on NTD for years 2015–2019 was 12.8 
crashes per year. Using the mentioned numbers and the formula above, the CFs were found. 

By a simple calculation from equation E-1 and renaming Avg Yearly Transit Crash to the total predicted 
transit crashes (Total Crash) formula (E-2) is derived (VRM = vehicle revenue miles): 

 



x 
   

Avg Yearly Transit Crash
City Transit VRM

= CF𝑖𝑖 ×  
(Observed Conflicts)𝑖𝑖

ADAS VRM
 (E-1) 

 

Total Crash𝑖𝑖 = CF𝑖𝑖 ×  
(Observed Conflicts)𝑖𝑖

ADAS VRM
 ×  City Transit VRM (E-2) 

 

After finding predictions by using the various numbers of conflicts (i), an average of all predictions is 
considered to be a predicted number of crashes. The system could be in stealth mode or active mode 
while collecting data. The tool can compute the predicted number of crashes using either stealth mode 
data and active mode data. The tool uses VRMs of the two computations to find a weighted average of 
both. By finding the weighted average of predicted crashes and observed crashes, a methodology similar 
to Empirical Bayes, the expected number of crashes will be found. The benefit of the system is the 
equivalent cost of potential reduction in crashes. 

The system cost includes the one-time installation cost, approximately $8,900, and the yearly cost of 
$240, based on the procurement cost for this project. The yearly costs were converted to equivalent 
annual cost (EAC) by the tool. The system finds a lower bound and upper bound for the benefits of the 
system (the details of the process are explained in section 8.3.4, Benefit of the System).  The output is 
based on the life cycle between 5 and 12 years. The tool includes the transit and crash history data for 
28 transit agencies in Florida. The user can choose any agency, and the tool imports the relevant 
information. For the mentioned 28 agencies, the tool was used to compute the cost effectiveness of 
Mobileye Shield+ with a 5-year life cycle. Because there was no surrogate safety collected by these 
agencies, in the tool calculations, only the crash history was used. In nine of the communities, the net 
benefit was positive. A CMF of 0.66 was used in the calculations. Because only the crash history was 
used, the results only depend on the number of observed crashes. 
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Chapter 1 – Introduction 
______________________________________________________________________________ 

 

1.1 Problem Statement 

The Gainesville Regional Transit System (RTS) provides bus service to the University of Florida (UF), 
Santa Fe College (SF), portions of unincorporated Alachua County, and the city itself. The partnership 
between these entities has produced remarkable results over the last two decades. National Transit 
Database (NTD) statistics show the region has the 14th most trips per capita in the nation (Fischer-
Baum, 2014) and the most trips per revenue mile in Florida (FDOT, 2016).  

In Gainesville, the majority of transit trips occur by UF students, staff, and faculty. During fall and spring 
semesters, UF students alone make almost 40,000 transit trips per day. The start and end of these trips 
typically consist of pedestrian or bicycle movements. These activity levels force constant vigilance by 
transit drivers, particularly given the prevalence of smartphone activity, the University’s strong 
deference to pedestrian crossing movements, and student urgency to reach class and other destinations 
on time. While serious safety conflicts are sporadic, they do arise and can have devastating 
consequences, including fatalities (Sarkissian, 2015; Varn, 2014).  

In a nationwide study, Pecheux et al. (2008) reported that the annual frequency of transit pedestrian 
collisions was 27 per 1,000 buses. Based on the National Transit Database in 2019 (FTA, 2020), a total of 
8,858 major transit safety events, including 6,506 transit collisions were reported, 224 people were 
killed, and 9,771 were injured. In 2015, Florida was ranked the third in the nation for the highest 
number of transit fatalities, and Florida also experienced the largest (17.8%) increase in fatalities. In 
Gainesville, RTS experienced 13 collisions in 2019 (FTA, 2020), in which 10 people were injured, 
including 3 passengers, 3 employees, and 4 other vehicle occupants.  

Emerging technologies in transit vehicles have the potential to improve safety and mobility of bus 
drivers and passengers as well as non-motorists, including pedestrians and bicyclists. Currently, the 
collision avoidance systems rely on one of the following four technologies: (1) lidar, a radar-like system 
that functions at near-infrared wavelengths; (2) traditional radar-based systems; (3) ultrasonic-based 
sensors; and (4) computer vision systems (Lin et al., 2010). This study evaluated a computer vision-based 
collision avoidance system named Mobileye Shield+ (Part number part number VQS4560 ; Mobileye, 
Inc., New York, NY). 

 

1.2 Project Objectives 

The goal of this research was to evaluate the effectiveness of an advanced driver assistance system 
(ADAS), specifically, the Mobileye Shield+ collision avoidance system, in an effort to reduce conflicts 
between transit buses and pedestrians or bicycles. The project had three objectives: 

1. Identify and characterize behavioral and infrastructure conditions that lead to incidents or near-
incidents between transit vehicles and pedestrians or bicyclists  

2. Characterize perceived acceptance and helpfulness to transit drivers 

3. Develop a framework to prioritize ADAS investments for small- and mid-size transit agencies.  
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1.3 Stakeholders 

The primary stakeholders in this project included the City of Gainesville and the Florida Department of 
Transportation (FDOT). Specifically, UF coordinated with City of Gainesville and FDOT to procure and 
install the Mobileye solution on 10 Gainesville RTS buses. In addition to the installation of the units, UF 
coordinated with Mobileye and Gainesville RTS to conduct driver training sessions to familiarize drivers 
with the system display messages and warnings. 
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Chapter 2 – Review of Previous Evaluation Studies 
______________________________________________________________________________ 

 

Technological interventions have been adopted in the transportation industry to improve safety for 
several decades. The common purpose of these efforts has been to alert the drivers as early as possible 
that their vehicle is on a collision course with another entity on the roadway. Most technologies use 
simple time-space analysis to predict the time and location of different road users, and based on the 
operational characteristics (speed, heading, acceleration, deceleration, etc.), to predict if more than one 
user would potentially be in the same space at the same time. The evolution of real-time data about 
road users has yielded several detection and warning systems. 

 

2.1 Pedestrian Detection Technology 

Chen et al. (2006) tested various on-vehicle pedestrian detection technologies, including capacitance 
sensing, electric field sensing, computer vision, infrared, laser scanner, radar, and ultrasonic. They 
concluded that computer vision is more appropriate for sign detection and lane configuration. However, 
since 2006, computer vision has improved significantly. Vertal et al. (2015) tested the effectiveness of 
Volvo’s pedestrian detection system and found some limitations, including dark condition, distance to 
pedestrian less than 80 cm, and pedestrian entering the road from the left.  

 

2.2 Pedestrian Warning System (V2P) 

Pecheux et al. (2008) reported that 60% of transit-pedestrian collisions occur while the transit vehicle is 
turning at an intersection. The use of automated and connected vehicle technologies could help drivers 
to better identify pedestrians and bicyclists and reduce the risk of such incidents. The Greater Cleveland 
Regional Transit Authority (RTA) was one of the first transit agencies that tested two different 
pedestrian collision warning systems which gave audible alarms while turning (Burka et al., 2014). The 
first system advised the bus driver to blow the vehicle’s horn, and the second system used the existing 
backup alarm while the bus was turning. These systems were found effective, and RTA continued 
installing automated alarm devices. 

The City of New York Vision Zero Action Plan (City of New York, 2014) included a study on vehicle-to-
pedestrian (V2P) warnings, and infrastructure-to-everything applications were developed for Bluetooth-
enabled cellphones. The goal was to use smartphones to increase the awareness of pedestrians, 
bicyclists, and motorists about their surroundings.  

In this study, a cash reward lottery of $50,000 was announced to motivate people to use the 
applications. 

Other agencies that have used similar V2P technologies to warn pedestrians about turning buses 
(audibly, visually, or both) were Maryland Transit Administration on 10 buses in 2011, Massachusetts 
Bay Transportation Authority on 10 buses in 2014 (Annear, 2014), Southeastern Pennsylvania 
Transportation Authority on 12 vehicles in 2015 (Turnbull et al., 2017), and TriMet in the Portland, 
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Oregon, downtown area on 45 buses in 2014 (Alstadt, 2014). Benefit-cost ratio of devices tested by 
TriMet ranged from 4.6 to 106.6 (Pecheux et al., 2015). 

 

2.3 Cyclist to Vehicle (C2V) and Cyclist to Infrastructure (C2I) 

In 2014, Transport for London tested a system (CycleEye) that alerts the driver when cyclists and 
pedestrians are moving close to their vehicle. The pilot was a six-week test on four buses serving two 
routes with a high number of pedestrians and cyclists (Transport for London, 2014). The University of 
Minnesota Roadway Safety Institute developed and tested a sensor-based system for bicyclists to 
predict bicycle-vehicle crashes and alert the vehicle driver by audible horn alarm (PRNewswire, 2015). In 
this system, the bike is equipped with sensors, electronics, and a small computer. The preliminary 
results showed that the system can predict near misses effectively. Kimley-Horn and the City of Austin 
developed a cellphone application for bicyclists to inform the signal about the approaching bicyclist 
(Kimley-Horn and Associates, Inc., n.d.). 

 

2.4 Vehicle-Based Collision Warning System 

Turnbull et al. (2017) did a pilot study for a bus equipped with the Mobileye Shield+ system that warns 
the transit drivers about possible rear-end vehicular crashes and pedestrian crashes. The pilot lasted 27 
days. There were 41 pedestrian collision warnings (PCW) recorded, of which 37 PCWs had a usable and 
viewable video. Of these 37 PCWs, the system identified all correctly; the accuracy of the Mobileye 
Shield+ for PCWs was 100% with no false alarms. In a follow-up study in 2017 of the 40 PCWs found four 
false alerts, a 10% false alarm rate. 

A London-based study (Mobileye Technologies Limited, n.d.) used Mobileye Shield+ on 66 buses and 
reported that the driver’s behavior changed positively while using the system, with a 60% reduction in 
avoidable crashes. Another study (Spears et al., 2017) reported that the vehicles equipped with this 
system experienced 71.55% fewer forward collision warnings (FCW+UFCW) and a 43.32% reduction in 
pedestrian encounters in the detection zone (PDZ). The decrease in PCWs was 37.03%. The agencies that 
used the system suggested disabling the lane departure warnings as the transit vehicles frequently do. 
This is while another U.S. study (Smart Cities World, 2018) showed this alarm can possibly reduce 
avoidable collisions by 29%. 

Hadi et al. (2019) evaluated the effectiveness of Mobileye Shield+ (a vision-based driver assistance 
system) in reduction of rear-end crashes and pedestrian and bicycle crashes. The research plan was to 
analyze the performance of 10 buses on predefined routes, but Miami-Dade County changed the bus 
routes during the data collection process.  

Hadi et al. (2019) reviewed 60 recorded videos and measured the accuracy of the system for three alert 
categories: headway (HW); urban forward collision warning (UFCW; conflicts where speed is between 
0.6 mph and 19 mph); and forward collision warning (FCW; conflicts where speed is more than 19 mph). 
The accuracy ranged between 80% and 98% for HW, 62% and 98% for UFCW, and 82% and 92% for FCW. 
The system had a positive effect on driver performance. Driver reaction time to rear-end conflicts and 
pedestrian conflicts improved by 13% and 26%, respectively. 
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2.5 Driver Assist System for Shoulder Driving Vehicles 

A driver assist system (DAS) for buses was developed and tested in Minnesota to enhance driver 
confidence in driving on roadway shoulders, especially during adverse weather (Pessaro and Van 
Nostrand, 2011). This system provides lane position feedback to the driver through a heads-up display, 
virtual mirror, vibrating seat, and actuated steering. The DAS helped the driver stay on shoulder 10% 
longer with a 3-mph increase in speed. Figure 1 shows the DAS system heads-up device and virtual 
mirror. 

 

 
Figure 2-1 – Driver assistance system for driving 
on shoulders; HUD: heads-up display (Pessaro and 
Van Nostrand, 2011) 
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Chapter 3 – Existing Condition 
______________________________________________________________________________ 

 

Most transit trips in Gainesville are made by UF students, staff, and faculty. During fall and spring 
semesters, UF students alone make almost 40,000 transit trips per day. The start and end of these trips 
typically consist of pedestrian or bicycle movements. These activity levels force constant vigilance by 
transit drivers, particularly given the prevalence of smartphone activity, the University’s strong 
deference to pedestrian crossing movements, and student urgency to reach class and other destinations 
on time. While serious safety conflicts are sporadic, they do arise and can have devastating 
consequences, including fatalities. 

Given the number of pedestrians, the high-risk population (young adults who are more frequently 
distracted and intoxicated pedestrians), and the density of pedestrians and vehicles, transit agencies in 
university towns and areas could have higher exposure to pedestrian incidents than other locales. This 
appears to be true for Gainesville at least. 

Table 3-1 and Figure 3-1 present National Transit Database (NTD) safety information from 2015–2019. 
RTS experiences higher collisions and fatal and injury rates than the national average. When normalized 
by vehicle revenue hours, RTS is involved in 39.5% more incidents that result in pedestrian and bicyclist 
injuries. This is while the fatal and injury rate (person/million VRH) for RTS is 11.6% higher than the 
national average. 

There is a severe monetary penalty for these incidents. Despite the fact that transit is significantly safer 
than driving, agency liability expenses are increasing at almost 3% per year and average approximately 
$6,000 per bus per year. For an agency the size of RTS, this is a reccurring expense of almost $1 million. 
Mechanisms that reduce this cost even by a small fraction would allow agencies to operate hundreds to 
thousands of more service hours per year.  
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Table 3-1. RTS safety history 

Year Collisions Fatal & Injuries Vehicle 
Revenue Hours 
(million hr) 

Passenger & 
Employee 

Bicyclist Pedestrian Other Total 

RTS 
2015 10 6 1 2 4 13 0.355 
2016 7 10 2 0 2 17 0.340 
2017 14 10 0 1 6 17 0.341 
2018 20 19 0 0 7 26 0.358 
2019 13 6 0 0 4 10 0.358 
Avg 12.8 10.2 0.6 0.6 4.6 16.0 0.347 
N* 36.94 29.43 1.73 1.73 13.27 46.17 ---- 

National 
2015 5,618 7,074 113 343 2192 9,722 215.3 
2016 5,847 6,820 93 310 2386 9,610 219.8 
2017 6,022 6,322 134 290 2384 9,130 222.1 
2018 6,126 6,394 110 284 2278 9,066 223.2 
2019 5,606 5,797 126 256 1940 8,119 223.2 
Avg 5,844 6,482 115.2 296.6 2236 9,129 220.7 
N* 26.48 29.37 0.52 1.34 10.13 41.36 ---- 

 

 
Figure 3-1 – Nationwide and RTS fatal + injury rate 

This section will provide the following: (1) pedestrian and bicycle crash data in Gainesville; (2) RTS routes 
and ridership statistics; and (3) Pedestrian activity around campus. In addition, Appendix A shows the 
RTS bus route maps.  
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3.1 Pedestrian and Bicycle Crash Data Review 

Signal Four Analytics crash data from 2013–2017 were reviewed. The crash data revealed that there 
were about 1,002 total crashes involving pedestrians and bicyclists in the five-year period, including 135 
fatal and serious injury crashes (Figure 3-4). The crash trend indicates a reduction in overall pedestrian 
and bicycle crashes in 2014 (174) and 2015 (179); however, there was a rising trend with increased 
crashes in 2016 (226) and 2017 (219) which is consistent with the national trend. Upon further 
screening, the map below shows the crash numbers by segment and intersection, which helped 
correlate the historical high crash locations with RTS bus routes. 

  

Figure 3-2 – Pedestrian and bicycle crash numbers by segment and intersection 
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Figure 3-3 – Gainesville RTS weekday routes for spring 2019 

  

Figure 3-4 – Number of pedestrian and bicycle incidents, 2013–2017 
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A previous study pooled the pedestrian and bicycle crashes in Gainesville from 2009 to 2011 (Figure 3-
5). A total of 281 pedestrian crashes with injuries or fatalities were identified at the intersection of 34th 
Street and Archer Road (Figure 3-2, marked “43”). A total of 246 injuries or fatalities were identified at 
all other major intersections. This confirms areas of increased pedestrian and bicycle incidents from 
Figure 3-2 as the main corridors surrounding the UF campus including W University Ave, SW 13th St, SW 
34th Ave, Archer Rd, and SW 20th Ave.  

  

  

Figure 3-5 – Number of pedestrian and bicycle incidents by severity 

Figure 3-6 – Severity of crashes by mode of transport 
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Figure 3-7 – Crashes involving pedestrians and pedestrian injuries and fatalities by intersection, 2009–
2011 

 

  



12 
   

3.2 RTS routes and Ridership Statistics 

This section summarizes the RTS bus routes that circulate or run through the main campus area. Maps of 
all the campus circulator routes are found in Appendix A. The ridership statistics for these campus 
routes from 2014 to 2016 fiscal years are shown in Table 3-3. 

Table 3-2. Three-year average ridership for campus circulator routes 

Route FY 2016 
Pass 

FY 2015 
Pass 

FY 2014 
Pass Total Avg FY Pass 

117 258,656 206,497 138,507 603,660 201,220 
118 325,535 329,518 308,259 963,312 321,104 
119 56,048 61,825 68,506 186,379 62,126 
120 209,557 254,709 271,974 736,240 245,413 
121 51,771 59,843 76,497 188,111 62,704 
122 39,123 40,044 46,581 125,748 41,916 
125 255,822 273,049 277,704 806,575 268,858 
126 84,990 115,920 82,173 283,083 94,361 
127 190,262 189,837 192,638 572,737 190,912 
128 839 858 1,124 2,821 940 
129 15,955 4,876 - 20,831 10,416 

 

In addition to the campus circulator routes, selected city routes that border or intersect campus were 
considered for instrumentation. Maps of these city routes are also provided in Appendix A. The ridership 
statistics for these selected city routes from the 2014 to 2016 fiscal years are shown in Table 3-4. 

 

Table 3-3. Three-year average ridership for selected city routes 

Route FY 2016 
Pass 

FY 2015 
Pass 

FY 2014 
Pass Total Avg FY Pass 

1 651,637 659,422 695,574 2,006,633 668,878 
5 436,851 466,131 510,084 1,413,066 471,022 
8 290,526 312,035 339,621 942,182 314,061 
9 512,119 622,136 662,457 1,796,712 598,904 

10 113,046 130,394 150,725 394,165 131,388 
12 704,775 755,489 824,110 2,284,374 761,458 
13 334,563 355,597 406,937 1,097,097 365,699 
20 1,226,333 1,124,947 1,176,507 3,527,787 1,175,929 
34 277,852 273,582 309,607 861,041 287,014 
38 547,824 527,807 483,332 1,558,963 519,654 
43 197,433 215,228 215,058 627,719 209,240 
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The selected city routes were considered for their interaction with campus, but also for their overlap 
with the four high volume corridors surrounding campus. Figure 3-8 shows the crash frequency for the 
roadways surrounding the UF campus. Within the corridor, a total number of 12,260 crashes were 
identified in the three-year period along all of the major roadways, including Archer Rd, SW 20th Ave, 
SW 34th St, SW 13th Street, and University Ave. 

 

 

Figure 3-8 – Vehicle crashes per road segment mile, 2009–2011 

 

3.3 Pedestrian Activity on and Near Campus 

The UF campus experiences large volumes of pedestrian and bicycle traffic. There are currently no data 
to capture historical pedestrian and bicycle traffic in and around the campus. However, there are 
pedestrian areas that are known for high pedestrian traffic. As the campus sidewalks intersect 
surrounding roadways, the pedestrians and bicyclists often display erratic behavior such as jaywalking 
and crossing signalized intersections on red phases. The goal of this section is to identify high traffic 
areas of pedestrians and bicycles. These areas often coincide with the heart of the UF campus. 

Figure 3-9 identifies mid-block crossings that experience high pedestrian volume on the University of 
Florida campus. Buses that interact with these crossings are likely to experience a higher volume of 
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pedestrian interactions than other buses. Other mid-block crossings are shown on the map. These 
crossings are lower volume in terms of pedestrian movements. 

In Figure 3-9, two roads that border the campus area are highlighted: SW 13th Ave and University Ave. 
W University Ave serves as a barrier between the campus and dining and recreation areas. As this is a 
low speed corridor, this area experiences a large amount of jaywalking. Similarly, SW 13th Ave serves as 
a barrier between the campus and student housing. This roadway experiences jaywalking and surges of 
pedestrian traffic during the school day. Buses that traverse these roadways in addition to the campus 
area are likely to experience unexpected pedestrian interactions. 

In order to maximize the exposure of buses equipped with the Shield+ system, routes must be selected 
that overlap with these high traffic areas. Table 3-5 shows the identified campus routes and the number 
of high traffic mid-block crossings that each route coincides with. 

Table 3-4. Summary of high volume pedestrian interaction 

RTS Bus 
Route 

High 
Exposure 
Crossings 

Additional 
Crossings 

High 
Volume 
Arterial 

117 1 8 0 
118 3 16 1 
119 2 16 1 
120 3 13 0 
121 3 10 1 
122 2 9 0 
125 4 20 0 
126 4 21 0 
127 2 4 0 
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Figure 3-9 – High activity pedestrian corridors bordering campus  
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Chapter 4 – Mobileye System 
______________________________________________________________________________ 

 

4.1 Introduction to the Mobileye Shield+ System 

The following section summarizes timelines for the installation of the Shield+ system and driver training. 
In addition, Appendix C shows the Mobileye Shield+ installation guide, Appendix D shows the photo 
catalogue of the Shield+ installation. Appendix E shows the executed contract between UF and Rosco 
and Appendix F shows the memorandum of understanding executed between UF and the City of 
Gainesville. Appendix G provides information regarding the driver training materials. 

The installation of the Mobileye Shield+ system required coordination between the system vendor 
(Rosco), UF, and the Gainesville Regional Transit System (RTS). The scope of the project required the 
installation on a minimum of 10 RTS transit buses to operate on UF’s campus circulator routes and 
provide the framework for exploring the novel aspects of the deployment. Not only did this equipment 
operate in an area with unprecedented multimodal activity, the study was also the first of its kind to 
attempt to determine whether an agency can develop beneficial products from limited ADAS 
deployment.  

The Mobileye Shield+ system includes three driver alert displays (Figure 4-1). The center-mounted 
display provides alerts for speed limits, lane departure, forward collision, and headway monitoring. The 
two side-mounted displays produce a solid amber indication to alert drivers to pedestrian or bicycle 
presence around the bus, and a red blinking alert is accompanied by a beeping sound to alert the driver 
of an imminent collision. The system consists of two interior-mounted smart sensor cameras and two 
exterior housings with smart sensor cameras. A telematics system is able to log the location and time of 
a triggered warning.  

Figure 4-1 – View of smart sensors and driver displays 
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The installation of the Shield+ system required contracts between Rosco Trucking LLC and UF and 
between UF and the City of Gainesville. Negotiations of both contracts took longer than anticipated due 
to issues regarding data ownership and liability. Both of these contracts were executed on December 12, 
2018. This delay required a no-cost extension amendment to the deliverable timeline. The timeline 
involving contract execution and installation is shown in Figure 4-2. 

 

 
Figure 4-2 – Schedule of installation and activation 

UF submitted procurement documents, and the system was installed on 10 buses during January 4–7, 
2019. The buses and associated routes are shown in Table 4-1. Upon completion of installation on the 
10 buses (manufactured by Gillig LLC, Livermore, CA), there was an observed issue involving a speed-
sensing challenge with the 2018 model years. Rosco had been installed previously on 2018 Gilligs 
without issue; however, the RTS buses required an increase in baud rate from 250K to 500K. Rosco 
coordinated with Mobileye to create a new software profile that reads the speed sensor on these Gilligs 
and completes the software configuration on these four 2018 model buses.  

Table 4-1. Bus information for the installed Shield+ system 

Bus No. Manufacturer Model 
Year 

Route 

701 Gillig 2007 1 
703 Gillig 2007 1 

1016 Gillig 2010 16 
1017 Gillig 2010 17 
1301 Gillig 2013 125 
1302 Gillig 2013 117 
1803 Gillig 2018 8 
1804 Gillig 2018 8 
1805 Gillig 2018 Floating 
1806 Gillig 2018 8 
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Following the installation of equipment on the buses, the research team was trained on the usage of the 
Ituran telematics system (Figure 4-3). The Ituran Web interface is able to create reports about warnings 
generated by the system, such as pedestrian collision and headway monitoring warnings. A full list of 
warnings is provided in Table 4-2. The Web application can also generate heatmaps to identify increased 
areas of pedestrian interaction (Figure 4-4) and a street level view (Figure 4-5) of logged warnings. After 
initially evaluating the data that are being reported, it was determined that there was an issue with 
telematics reporting on buses 1804 and 1017. There was also an identified issue with the center display 
on bus 1805. Both issues were resolved by a visit from Rosco technicians on March 5, 2019.  

 

 
Figure 4-3 – Screenshot of the Ituran Web interface showing active buses 

Table 4-2. Warnings generated and logged by the Mobileye Shield and telematics system 

Warning Code Description 
ME – Forward Collision Warning Master camera inside front of bus detecting forward collision 

with vehicles in front of bus; output is in EyeWatch 
ME – Headway Monitoring 
 

Master camera inside front of bus monitoring the TTC (Time to 
Collison) with vehicles in front of bus; output is in EyeWatch 

ME – Pedestrian in Range 
Warning PDZ 
 

Master camera inside front of bus for pedestrian or bicyclist 
detection resulting in yellow flash of pedestrian display in center 
of bus 

ME – Pedestrian Collision 
Warning PCW 
 

Master camera inside front of bus for pedestrian or cyclist alert 
resulting in red flash of pedestrian display and audio alert in 
center of bus 

PDZ – LF 
 

Left front corner camera inside front of bus for pedestrian or 
cyclist alert resulting in red flash of left pedestrian display and 
audio alert all on A-pillar 
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Table 4-2, continued 

Warning Code Description 
PDZ – LF 
 

Left front corner camera inside front of bus for pedestrian or 
cyclist alert resulting in red flash of left pedestrian display and 
audio alert all on A-pillar 

PCW – LF 
 

Left front corner camera inside front of bus for pedestrian or 
cyclist alert resulting in red flash of left pedestrian display and 
audio alert all on A-pillar 

PDZ – L 
 

Left rear camera outside of bus for pedestrian or cyclist detection 
on left side resulting in yellow flash of left pedestrian display on 
A-pillar 

PCW – LR 
 

Left rear camera outside of bus for pedestrian or cyclist alert on 
left side resulting in red flash of left pedestrian display and audio 
all on A-pillar 

PDZ – R 
 

Right rear camera outside of bus for pedestrian or cyclist 
detection on right side resulting in yellow flash of right pedestrian 
display on right side 

PCW – RR 
 

Right rear camera outside of bus for pedestrian or cyclist alert on 
right side resulting in red flash of right pedestrian display and 
audio on right side 

 

 

 
Figure 4-4 – Screenshot of the Ituran Web interface showing a heatmap of generated warnings 
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Figure 4-5 – Screenshot of the Ituran Web interface showing a street view of logged pedestrian 
warnings 

 

The buses ran in stealth mode to gather baseline data for normal operation without the activating the 
system readouts. The system was actively logging warnings, but the driver did not receive any alerts on 
the displays nor interact with the system. The driver training was scheduled to occur the same day 
maintenance was performed on the system on March 5, 2019. The training involved members of Rosco’s 
team traveling to Gainesville to train experienced drivers and fleet managers. These RTS employees 
were trained in operation of the system through in-vehicle demonstrations and PowerPoint 
presentations.  

In addition to the Ituran Web interface, the data containing information about pedestrian warnings 
were stored by UF. The raw data stream was fed to UF through a TCP connection and loaded into an 
Amazon Web server. UF can control the access credentials, which allows the research team to restrict 
who can access the data. The research team stored historical bus route schedules, anonymized driver 
information, and warning information.  
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Figure 4-6 – Mobileye Shield+ cameras and alert displays (Image: Mobileye) 

 

 
Figure 4-7 – Bus driver blind spots (Image: Mobileye) 
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The center-mounted display provides alerts for speed limits, lane departure, forward collision, and 
headway monitoring. The two side-mounted displays produce a solid amber indication to alert drivers of 
pedestrian or bicycle presence around the bus, and a red blinking alert is accompanied by a beeping 
sound to alert the driver of an imminent collision; as shown in Figure 4-8. The system consists of two 
interior-mounted smart sensor cameras and two exterior housings with smart sensor cameras. A 
telematics system is able to log the location and time of a triggered warning.  

 

 
Figure 4-8 – Mobileye alert displays 

In addition to the installation of the units, UF coordinated with Mobileye and Gainesville RTS to conduct 
driver training sessions to familiarize drivers with the system display messages and warnings. The 
system ran for two months in stealth mode to obtain additional baseline data. After this initial period, 
the units were activated for use by RTS drivers.  

Ten bus routes were recommended to RTS. However, the routes are assigned based on the community 
needs, and the research team had no control over the assignments. Although the buses were assigned 
to different routes, the data generated by randomizing the buses and the routes actually supported 
statistical significance by avoiding any route familiarity bias that may occur by a driver navigating the 
same route every day for prolonged period. This approach helps the robustness of the study to quantify 
the benefits of the system as opposed to driver familiarity with the routes. 

 

4.2 Mobileye Alarms 

Mobileye Shield+ in intended to support better detection of pedestrians and bicycles. The system 
includes four cameras (one center, two side, and one side front bumper) to detect vehicular and 
pedestrian conflicts. Some of the Mobileye Shield+ alerts in the focus of this study are as follows: 

Pedestrian alerts: 

• Visual only - Pedestrian detections resulting in yellow indicator illumination but no audible 
alerts (PDZs)  

• Mobileye pedestrian collision warning forward (PCW)  

Vehicle alerts: 

• Urban forward collision warning (UFCW; speed 0 to 19 mph) 
• Forward collision warning (FCW; speed > 19 mph) 
• Headway warning (HWW) 



23 
   

Other alerts: 

• Aggressive braking (AggBrk) 

Some alerts that were not in the focus of this study: 

• Lane departure warning (Mobileye LDW) 
• Intelligent high-beam control (IHC) 
• Speed limit indicator (SLI) 
• Traffic sign recognition 
• Exceeded speed limits  
• Total audible alerts  
• Total audible alerts related to forward facing events  

Alerts are delivered to the driver through three driver interface displays and one junction unit. One of 
the side indicators shows a yellow light when the time to collision with a pedestrian or bicycle is less 
than 2.5 seconds. If the time to collision is less than 1 second, the other side indicator shows a red light 
along with a sound alarm. Hadi et al. (2019), indicated that the Mobileye Shield+ PCW alert only is 
operational during the day. The center indicator provides the driver with FCW, HWW, LDW, and SLI. 

 

4.3 Ituran Telematics 

The Mobileye alarms are accessible for review and download through Ituran telematics. The alarms are 
geolocated and timestamped. Figures 4-9 to 4-16 show different features and tabs of the Ituran 
Telematics website. Figure 4-9 shows the interface of the website. Figures 4-10 and 4-11 show the 
options for reporting alerts and the options of the message report tab, respectively. Figure 4-12 shows 
generated reports while Figure 4-13 depicts the downloaded spreadsheet from the generated report. 

 

 
Figure 4-9 – Ituran Telematic website interface 
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Figure 4-10 – Ituran telematics website report types 

 
Figure 4-11 – Ituran telematics website message reports options to download alerts 
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Figure 4-12 – Sample message report generated by Ituran telematics 

 

 
Figure 4-13 – Sample downloaded report from Ituran telematics website to spreadsheet format 

 
  



26 
   

As shown in Figure 4-14, Ituran provides heatmap of the alerts to show the spatial distribution of them. 
The last feature of Ituran to discuss is the Safety tab, that has various report types as shown in Figure 4-
15. Figure 4-16 shows an example report generated by the Safety tab. 

 

 
Figure 4-14 – Screenshot of Ituran telematics website, showing a Mobileye alerts heartmap 

 

 
Figure 4-15 – Options of the Ituran telematics Safety tab 
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Figure 4-16 – Interan Safety tab, sample-generated report 
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Chapter 5 – Research Approach 
______________________________________________________________________________ 

 
5.1 Data Collection Plan 

The Mobileye telematics system is a vehicle-based system that collects diverse alerts related to 
vehicular and pedestrian conflicts as well as other vehicle operational alerts such as engine on/off. Table 
5-1 shows the list of alerts that are related to safety. Because the focus of this study is to quantify the 
safety performance of transit buses with respect to pedestrians, three main categories were selected for 
analysis: pedestrian-related alerts, rear-end alerts, and aggressive braking alerts. Some of the alerts had 
preconfigured thresholds with respect to speed and time to conflict (TTC). 

Table 5-1. Mobileye alerts 

Alert 
Thresholds 

Abbreviation Speed (mph) TTC (sec) 

These alerts were the focus of the project. 

Pedestrian Detection PDZ   

Pedestrian Collision Warning PCW  <2 
Urban Forward Collision Warning UFCW <19 <2.7 
Forward Collision Warning FCW >19 <2.7 
Headway Warning HWW  <2.5 
Aggressive Braking AggBrk   

The following alerts are available from Mobileye but were not used in our analysis. 

Lane Departure Warning LDW   

Intelligent High-beam Control IHC   

Speed Limit Indicator SLI   

Traffic Sign Recognition    

Exceeded Speed Limits     

Total Audible alerts     

Total Audible alerts related to forward facing events     

 

Table 5-2 shows data on the number of conflicts retrieved from the Ituran webpage (the interface 
provided by Mobileye for data extracted from the telematics system installed in each bus). Based on the 
number of alerts, it was inferred that the Shield+ system on three buses (1017, 1301, and 1804) had 
malfunctioned (highlighted in table). Bus 1301 reported no data for a year of the study period. Vehicle 
1804 data were relatively low in comparison to other vehicles. For vehicle 1017, the data reported in 
Jan. and Feb. 2019 were lower than the rest of the year. Low or no data could bias the outcome; 
therefore, seven buses that had complete datasets were chosen for further analysis. Vehicle 1805 had 
only 1 alert in July 2019, and as such, that one month of data was eliminated from our analysis. These 
exceptions are highlighted in Table 5-2. 
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Table 5-2. Monthly distribution of conflicts, retrieved through Ituran telematics 

RTS Bus 
2019 2020 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb 

0701 11,271 17,138 10,497 12,650 5,270 9,878 8,355 16,424 19,035 17,370 14,805 4,601 14,073 9,644 

0703 6,800 12,894 12,271 11,530 9,254 6,428 6,220 7,317 13,222 10,367 7,970 4,926 9,864 10,544 

1016 7,329 8,351 7,731 7,041 4,750 2,854 3,092 10,905 12,397 8,876 11,306 6,047 10,025 10,230 

1017 701 48 7,336 8,294 3,665 4,533 4,613 8,521 10,658 12,041 8,127 3,521 10,735 8,244 

1301 8,922 2,620             

1302 21,437 20,685 2,281 13,826 7,078 4,786 5,080 14,920 21,663 23,044 16,438 5,365 15,980 18,936 

1803 6,693 9,419 7,364 7,681 5,618 5,984 5,343 8,185 7,375 7,346 4,830 4,295 4,568 3,115 

1804 785 643 30 41 29 36 23 16 8 14 3 37 170 132 

1805 5,133 5,614 7,621 6,406 5,506 4,386 1 5,372 9,103 9,504 8,053 4,939 8,148 8,308 

1806 5,239 6,317 5,137 7,103 4,713 4,613 3,292 7,860 8,667 7,561 5,741 2,011 6,737 8,318 

 

As detailed in the previous task summary (Deliverable 2), ten bus routes were initially selected based on 
RTS input. However, the routes changed sporadically based on agency and community needs. As a 
result, the data generated by randomizing the buses and the routes supported statistical significance by 
avoided route familiarity bias that may have occurred if drivers navigated the same route daily for a 
prolonged period. The analysis in this study was twofold:  

• First, an aggregate analysis was completed that included conflicts from all buses  

• Second, a disaggregate route-based analysis was completed.  

For each of the above, extensive data processing was needed, which is summarized in next section.  

 

5.2 Data Collection and Processing 

Data were collected for 422 days. Data from 7 of the 10 buses were included in the analysis. An FTP feed 
was set up to receive the daily log of all alert data. The data were processed to develop two structured 
databases: Mobileye alert data and route data. The following two subsections explain the process of 
making the structured databases.  

5.2.1 Mobileye Alert Data 
The data received through FTP feed from Apr. 4, 2019, to Feb, 29, 2020, included nearly 5 million rows in 
text format. Because the text data were too large to be imported into Excel, they were read and cleaned 
in R. It was found that the text data number of fields in some rows was inconsistent, complicating the 
data structure and integrity. This challenge was resolved by identifying, screening, and eliminating 
inconsistent rows. In addition, there were observations with the message ^KEEPALIVE^ (Figure 5-1). 
These values were replaced by the text “NOTHING” to indicate that there was no operational 
significance for these data points. This essentially, when imported into R, replaced these rows with 
empty rows. The R function “fread” was used to read the data; however, due to the large number of 
empty rows (“NOTHING” data), the import failed, which necessitated preprocessing to remove empty 
rows. 
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The text data were cleaned and filtered in R and combined with the rest of data, to be used for making 
an all-inclusive alert database. An example of cleaned Ituran alert data is shown in Table 5-3. 

 

Table 5-3. Example of Ituran alert data 

Local Time Vehicle 
Name Heading Address Speed Status  

Name Latitude Longitude 

1/8/2019 8:02 RTS 0701 - Arc . - PDZ-R 29.629673 -82.366941 
1/8/2019 8:19 RTS 0701 E …. 29 PDZ-R 29.644911 -82.338808 
1/8/2019 8:59 RTS 0701 NW …. 10 AggBrk 29.625636 -82.379313 
1/8/2019 9:24 RTS 0701 E …. 6 PDZ-R 29.644833 -82.346853 
1/8/2019 9:06 RTS 1016 - …. - PDZ-R 29.644841 -82.343313 
1/8/2019 9:06 RTS 1016 - …. - PDZ-R 29.644841 -82.343311 
1/8/2019 9:07 RTS 1016 - …. - PDZ-R 29.644841 -82.34336 
1/8/2019 9:07 RTS 1016 - …. - PDZ-R 29.644841 -82.34338 
1/8/2019 9:40 RTS 1302 - …. - PDZ-R 29.637645 -82.365216 
1/8/2019 9:58 RTS 1302 - …. - PDZ-R 29.644828 -82.343645 
1/8/2019 9:58 RTS 1302 - …. - PDZ-R 29.644828 -82.343631 

1/8/2019 10:56 RTS 0701 S …. 32 PDZ-R 29.647231 -82.32238 

Figure 5-1 – Telematics data in text format 
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5.2.2 Route Data 
Gainesville RTS vehicles changed routes frequently during the study period, and Ituran data were bus-
specific and not route-specific; therefore, a manual process was adopted. ArcGIS was used to overlay 
each day’s alerts with RTS routes, which was used to filter data for each route and for each day. The 
alerts of each RTS vehicle were plotted by day using R script; a total of 2,954 plots (422 days × 7 buses) 
was generated. The plots were compared with RTS routes to find the route of each vehicle. As shown in 
Figure 5-2, most of the weekends (highlighted in the figure) have no data or minimal data and thus did 
not allow route correlation. As such, only weekday data were considered in the route data analysis. 

With the above methodology, the routes were correlated to the vehicles. Table 5-4 shows the aggregate 
results of the correlations. Of the 2,100 vehicle-days (422 days × 5 buses), 707 days had no alert to be 
used for route identification. Overall, the routes for 1,341 vehicle-days were defined, and 52 were not 
correlated. 

Table 5-4. Summary of route correlation 

 Open Stealth All 
Defined 1,150 191 1,341 

Undefined 47 5 52 
No Conflicts 609 98 707 

Total 1,806 294 2,100 
 

  

Figure 5-2 –  Example of day-by-day plots of alerts 
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As shown in Table 5-5, using the developed data plots, 32 routes were defined that were used by seven 
buses. Of the 32, only five routes had more than four days of data in both open and stealth mode (Table 
5-6). This criterion was chosen: routes must have at least five days of data in both the before and after 
periods. The routes in Table 5-6 were used for further route-based analysis. The data for these five 
routes includes a total of 1,294 vehicle-days: 185 vehicle-days in stealth mode and 1,109 in open mode. 

Table 5-5. List of defined routes with the number of days observed 

Route Number of Vehicle-Days 

Open Stealth All 
1 135 35 170 
3 2 

 
2 

5 89 5 94 
6 2 1 3 
7 2 1 3 
8 168 60 228 
9 5 1 6 

10 4 
 

4 
11 1 

 
1 

12 95 
 

95 
13 4 3 7 
15 8 1 9 
16 23 26 49 
17 28 

 
28 

20 24 3 27 
21 161 

 
161 

23 1 
 

1 
25 1 

 
1 

34 86 
 

86 
35 4 

 
4 

37 
 

22 22 
39 2 

 
2 

40 91 
 

91 
43 8 1 9 
46 

 
1 1 

75 46 
 

46 
76 22 

 
22 

117 97 25 122 
118 1 3 4 
120 1 

 
1 

122 
 

3 3 
125 39 

 
39 
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Table 5-6. List of routes with more than 4 days observed in both stealth and open mode 

Route 
Number of Vehicle-Days 

Open Stealth All 
1 135 35 170 
5 89 5 94 
8 168 60 228 

16 23 26 49 
117 97 25 122 

 

5.3 Performance Evaluation 

Two different analysis approaches were undertaken in this study: 

1. Aggregate analysis of all vehicle conflicts  

2. Route-by-route analysis.  

Figure 5-3 shows an overview of the data scrubbing process and the associated challenges at every 
stage. The challenges with data volume, false alerts, and data structure were outlined with examples in 
the earlier section. The following sections focus on the challenges and solutions of the aggregate 
analysis and route-based analysis.  

 

Figure 5-3 – Data scrubbing procedure and challenges 



34 
   

5.4 Aggregate Analysis 

For this analysis, all the vehicles’ combined alerts were analyzed to understand the hourly, daily, and 
monthly distribution of alerts and to compare the stealth mode and open mode before and after the 
installation of the driver assistance system.  

Table 5-7 summarizes the total number of observations of various alerts from the seven buses between 
Jan. 4, 2019, and Feb. 29, 2020. The alerts from various cameras were aggregated for each of the 
following six alerts. There were 653,343 PDZ alerts (pedestrian detections). The pedestrian collision 
warning (PCW) alerts were 4.67% of the PDZs. The most observed vehicular alert was the urban forward 
collision warning (UFCW): 159,623. The UFCWs are low-speed forward collision warnings (<19 mph). 
There was a much lower number of high speed forward collision warnings (FCW): 2,370, of which 2,127 
were aggressive braking (AggBrk) alerts that could result from either vehicles or pedestrians. These are 
just aggregate numbers that cannot give a deep insight into the effectiveness of the system. In the next 
subsections, the alerts will be analyzed in more detail, normalized to vehicle miles travelled and 
compared between stealth and open modes. 

Table 5-7. Number of various alerts 

 Pedestrian Vehicular  
 PDZ PCW UFCW FCW HW Warning Aggressive Braking 

Alerts 653,343 30,531 159,623 2,370 14,296 2,127 
 

5.4.1 Time of Day, Weekday, and Monthly Distribution 
The first step to evaluate the alerts distribution was to find the daily, weekly, and monthly distributions 
of the alerts. The alerts are sorted into three main categories: pedestrian related, vehicular alerts, and 
aggressive braking. 

Figure 5-4 shows the hourly distribution of (a) pedestrian-related, (b) vehicular, and (c) aggressive 
braking alerts. Vehicular and aggressive braking follow the same pattern. Pedestrian-related alerts 
between 9 p.m. to 6 a.m. are lower in comparison to the other two categories (vehicular and aggressive 
braking). During 9 p.m. to 6 a.m., the traffic flow and pedestrian demand are considerably lower than in 
the daytime. The UFCW peak is between 4 p.m. to 6 p.m. This is due to the afternoon peak when the 

Figure 5-4 – Hourly distribution of alerts: (a) Pedestrian  
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traffic flow exhibits low speeds. As previously mentioned, the UFCWs are alerts with speed lower than 
19 mph. 

Hourly peaks were expected in each of three periods: morning, noon, and afternoon. However, the plots 
in Figure 5-4 are all bell-shaped. This could be due to the nature of demand in Gainesville as a college 
town. Various conflict speed filters were used to see if there was any different trend for conflicts.  

Figure 5-5 shows the distribution of PDZs and HWWs (headway warnings) with speed more than 20 mph 
(the remaining conflicts were less than 200 observations). As shown in Figure 5, both HWW and PDZ 
have a pattern with three peaks. 

Figure 5-4 – Hourly distribution of alerts: (b) Vehicle; (c) Aggressive braking 

Figure 5-5 – PDZ and HWW with speed more than 20 mph 
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Figure 5-6 shows the weekday distribution of the alerts. The number of alerts on the weekends are 
lower than the weekdays due to lower demand on weekends generally. The nature of Gainesville as a 
college town amplifies the demand difference between weekdays and weekends because the University 
is closed on weekends. The proportion of alerts on weekdays fluctuates between 17% and 22%. 

 

 

 
Figure 5-6 – Daily distribution of pedestrian, vehicular, and aggressive braking 
alerts 
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Figure 5-7 shows the monthly distribution of miles travelled by the buses. 

 

 

On the following pages, Table 5-8 shows the monthly distribution of all alerts and total miles travelled by 
the seven buses. Table 5-9 shows the same data, normalized to row totals. In Figure 5-8, the alert data 
of Table 5-9 are presented in three graphs. The three semesters of the University of Florida academic 
year are indicated in the graphs, and the dotted gray line shows the border between stealth and open 
mode. 

In the pedestrian alerts graph of Figure 5-8, PDZ alerts are consistent throughout the observation 
period. The PCW alerts are strongest during the fall semester and show a significant decrease during the 
summer semester. In the vehicular alerts graph of Figure 5-8, alerts show a similar trend in the spring 
semester: low in January and rising in February; however, FCW and HWW alerts rise in the summer and 
decrease to low levels in the fall while UFCW alerts show opposite trends. As hypothesized, FCW alerts, 
activated at speeds under 19 mph, act against UFCW alerts, activated at speeds above 19 mph. In the 
aggressive braking graph of Figure 5-8, there is a decreasing trend in aggressive braking during the open 
alert period. We hypothesize that this is due to improved driving behavior. 

 

 

  

Figure 5-7 – Monthly distribution of miles travelled by the buses 
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Table 5-8. Monthly observed alerts 

Mode Month Alert Miles 
PDZ PCW UFCW FCW HWW AggBrk 

Stealth 
Jan 43,466 2,665 10,999 117 822 182 11,780 
Feb 43,497 3,133 14,990 218 1,524 177 22,597 

Open 

Mar 43,525 1,657 10,486 152 1,080 213 18,235 
Apr 43,556 2,501 9,612 197 1,043 192 22,429 
May 43,586 1,155 9,553 250 1,314 224 20,722 
Jun 43,617 1,027 9,716 284 1,382 165 19,249 
Jul 43,647 954 7,109 215 882 206 17,698 

Aug 43,678 2,286 13,752 173 1,063 105 19,853 
Sep 43,709 3,503 15,513 137 1,031 68 20,549 
Oct 43,739 3,138 13,501 110 868 90 22,029 
Nov 43,770 2,587 12,759 124 952 111 18,809 
Dec 43,800 1,080 7,784 96 814 158 16,283 
Jan 43,831 2,434 11,062 119 696 96 23,197 
Feb 43,862 2,411 12,787 178 825 140 19,916 

Total 611,283 30,531 159,623 2,370 14,296 2,127 273,345 
 

Table 5-9. Monthly observed alerts, normalized to alert totals (percent) 

Mode Month Alert Miles 
PDZ PCW UFCW FCW HWW AggBrk 

Stealth 
Jan 7.1 8.7 6.9 4.9 5.7 8.6 4.3 
Feb 7.1 10.3 9.4 9.2 10.7 8.3 8.3 

Open 

Mar 7.1 5.4 6.6 6.4 7.6 10.0 6.7 
Apr 7.1 8.2 6.0 8.3 7.3 9.0 8.2 
May 7.1 3.8 6.0 10.5 9.2 10.5 7.6 
Jun 7.1 3.4 6.1 12.0 9.7 7.8 7.0 
Jul 7.1 3.1 4.5 9.1 6.2 9.7 6.5 

Aug 7.1 7.5 8.6 7.3 7.4 4.9 7.3 
Sep 7.2 11.5 9.7 5.8 7.2 3.2 7.5 
Oct 7.2 10.3 8.5 4.6 6.1 4.2 8.1 
Nov 7.2 8.5 8.0 5.2 6.7 5.2 6.9 
Dec 7.2 3.5 4.9 4.1 5.7 7.4 6.0 
Jan 7.2 8.0 6.9 5.0 4.9 4.5 8.5 
Feb 7.2 7.9 8.0 7.5 5.8 6.6 7.3 

Total 100 100 100 100 100 100 100 
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Figure 5-8 – Monthly distribution of pedestrian, vehicular, and aggressive 
braking alerts 
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5.4.2 Time Series of the Alerts 
This section focuses on the changes in the normalized trends of various alerts after Mobileye Shield+ 
alerts were displayed to drivers (open mode). The time-of-day, weekday, and monthly distribution of 
miles travelled can be used as an exposure measure to normalize the observations. The results in this 
section are normalized to miles travelled. Figure 5-9 to Figure 5-11 respectively show the VMT-
normalized pedestrian, vehicular, and aggressive braking alerts. The y-axis in each figure shows the 
alerts per 1,000 miles travelled. The dotted line in these figures shows the border between stealth and 
open modes. The University of Florida semesters are also marked in these figures. 

As shown in Figure 5-9, there is fluctuation in the PDZ alerts between spring, summer, and fall semester 
period. Generally, the alerts have been lower in the open period (summer and Fall) when compared to 
the stealth period. The trend line also shows a downward trend longitudinally over the period of 
deployment. 

 

 

 
Figure 5-9 – Monthly distribution of normalized pedestrian alerts 
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The vehicular alerts in Figure 5-10 showed a decreasing trend, as well as pedestrian alerts in Figure 5-9. 
The comparison of decreasing trend slope is possible; however, in the next section, the stealth and open 
mode will be compared. 

Trends in the UFCW and FCW distributions are complementary because the UFCW alerts are for speeds 
lower than 19 mph and FCW alerts are for speeds higher than 19 mph. The maximum of FCW is in June 
(summer semester). 

 

UCW per ,000 miles 

 

FCW per 1,000 miles 

 

HWW per 1,000 
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Figure 5-10 – Monthly distribution of normalized vehicular alerts 
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Figure 5-11 – Monthly distribution of normalized aggressive braking alerts 

In Figure 5-11 there is a considerable decreasing trend in aggressive braking. Interestingly, the lowest 
normalized aggressive braking is in September when student demand is highest and when buses are in 
their fullest condition.  

5.4.3 Before-After Analysis 
This section focuses on the comparison between stealth and open modes to quantify the effectiveness 
of the driver assistance system in enhancing the safety and possibly changing the driver’s behavior over 
time. The ADAS system was operating in stealth mode between Jan. 4 and Mar. 4, 2019. Afterwards, it 
operated in open mode beginning Mar. 5, 2019, and continuing until Feb 29, 2020. In the before-after 
analysis, stealth mode is considered “Before”, and the rest of the period is “After”. 

The open mode period included summer semester that has a lower exposure due to the lower number 
of students attending the university. Generally, neglecting the exposure could bias the results; however, 
there was no mechanism to quantify pedestrian exposure for the extended period and for the route 
length. As an alternative, two different approaches were adopted. First, a comparison was made for the 
same period for two calendar years. In addition, a surrogate exposure measure was considered that is 
explained in a subsequent section.  

Table 5-10 summarizes the before-after analysis of the alerts. The observations in this table are 
normalized by total miles travelled. The percent change in this table was calculated through the 
following formula: 

 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
Stealth− Open

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆ℎ
× 100 (5-1) 
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Table 5-10. VMT-normalized observations of stealth and open modes 

 Number of Alerts Percent Decrease 

Alert Stealth 
All 

Stealth 
Mode 

Open 
2020 only 

All 
Stealth 
Mode 

2020-only 

PDZ 2,530 2,194 2,034 13.3% 19.6% 
PCW 168.7 103.5 112 38.6% 33.4% 

UFCW 756.0 559.2 553 26.0% 26.8% 
FCW 10 9 7 12.6% 29.3% 

HWW 68 50 35 26.7% 48.3% 
AggBrk 10 7 5 29.2% 47.6% 

 

Both PDZ and PCW alerts decreased in the open mode: PDZ decreased by 13.3% and 19.6% and by 
13.3% when conflicts in stealth mode were compared with all year of active data. PDZ decreased by 
19.6% when stealth was compared to similar dates in two calendar years. Pedestrian collision warning, 
which is more critical in quantifying safety, decreased by 38.6% and 33.4%.  

Urban forward collision warning (UFCW: speed<19 mph) decreased by 26.0% and 26.8%. The decrease 
in forward collision warning was 12.6% and 29.3%. The last rear-end-related warning, headway warning, 
decreased by 26.7% and 48.3%.  

Aggressive breaking decreased by 29.2% and 47.6% in the open periods. All the warnings decreased 
during the open mode period, which shows the drivers’ behavior improved and reduced pedestrian and 
vehicular conflicts. The average of reductions in the last column of Table 5-10 is 34.17%. This translates 
to an average Conflict Modification Factor (CoMF) of 65.83%. 

In Table 5-10, the decrease in alerts is greater when stealth mode conflicts were compared to similar 
dates in active mode in 2020.  

5.4.4 Route-based Analysis 
As shown in Figure 5-12, each conflict from the Mobileye Ituran includes all the routes passing through 
that point; however, it does not provide unique route-based data. As an alternative, the methodology 
mentioned in the Data Collection and Processing section was developed to identify the routes of 
vehicles. Five routes during weekdays were selected for analysis. An example of the collected route data 
is shown in Table 5-11. Each row includes the route, travelled miles, and stealth indicator for each 
vehicle on each day.  
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Table 5-11. Collected route data example 

ID Vehicle YYYYMMDD Date Route Miles 
Travelled Stealth Day of 

Week 
Day of  
Study 

70120190108 701 20190108 1/8/2019 1 118.68 Y Wed. 8 
101620190108 1016 20190108 1/8/2019 16 144.8 Y Wed. 8 
130220190108 1302 20190108 1/8/2019 117 126.2 Y Wed. 8 
101620190109 1016 20190109 1/9/2019 16 114.8 Y Thurs. 9 
130220190109 1302 20190109 1/9/2019 117 126.2 Y Thurs. 9 
180320190109 1803 20190109 1/9/2019 8 213.9 Y Thurs. 9 
180620190109 1806 20190109 1/9/2019 8 158.9 Y Thurs. 9 
101620190110 1016 20190110 1/10/2019 16 140.4 Y Fri. 10 

 

The Ituran alerts from Mobileye were correlated with the selected five routes. For this option, day-by-
day data from the Ituran Safety tab (Figure 5-13) were used. This approach was undertaken because the 
data were already aggregated for each vehicle by day. However, the initial analysis showed that the 
numbers from this tab (period summary daily) were about 5 percent in excess of the data used in 
aggregate analysis. Using the period summary daily data from Ituran could have biased the results. It 
should be noted that in the route-based analysis section, the latitude and longitude of each individual 
alert was required to define each vehicle’s daily route (see also Table 5-3) and, as such, the day-by-day 
data from the Ituran Safety tab could not be used for both aggregate and route-based analyses. 

Finally, the disaggregated alert data were correlated with routes by using key values of date and vehicle 
number.   

Figure 5-12 – Routes shown for one conflict 
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In the Status Name column in Table 5-12 alerts are coded for different cameras. These alerts were 
aggregated in the Aggregated Alert column for all cameras. 

After initial data analysis, it was discovered that the Ituran shows zero (or very low) miles travelled for 
vehicles for some days, while there were alerts reported in the system for that specific vehicle on that 
day. Further analysis revealed that the data were aggregated with the vehicle mileage on the next day. 
This was evident since the data showed almost double the average miles travelled of that specific 
vehicle (Table 5-13). This issue does not affect the aggregate analysis because data are aggregated for 
the whole analysis period. However, in the route-based analysis, because the vehicles are serving on 
different routes, this could bias the results – especially because one vehicle can serve on two different 
routes on two consecutive days. To avoid such bias, these observations were filtered, reviewed 
individually, and corrected. Table 5-14 shows the miles travelled on each of the five routes in stealth and 
open mode.  

Figure 5-13 – Example of day-to-day results from Ituran Safety tab 
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Table 5-12. A selection of columns of final database for route-based analysis 

ID Speed Status Name Day of Week Aggregated 
Alert Route Mode Miles 

70320190117 14 ME (Pedestrian In 
Range Warning} 

Thurs PDZ 1 S 164.5 

180620190218 7 PDZ-R Mon PDZ 8 S 159.9 
101620190110 7 PDZ-LR Thurs PDZ 16 S 140.4 
130220190129 12 PDZ-R Tues PDZ 117 S 126.1 
180320190815 37 ME (Headway 

Warning) 
Thurs HW 8 O 175 

180520190328 21 M (Pedestrian In 
Range Warning) 

Thurs PDZ 5 O 226.3 

130220200121 1 PDZ-LR Tues PDZ 117 O 115.4 
70320190226 7 PDZ (Left Front) Tues PDZ 1 S 83.2 
180520191030 29 ME (Headway 

Warning) 
Wed HW 1 O 106.1 

180320190624 21 ME (Pedestrian In 
Range Warning) 

Mon PDZ 8 O 174.1 

180320190130 9 ME (Pedestrian In 
Range Warning) 

Wed PDZ 8 S 0.3 

101620190116 9 PDZ-R Wed PDZ 16 S 110.8 
130220190114 12 PDZ-R Mon PDZ 117 S 126 
130220190422 7 PDZ-R Mon PDZ 117 O 126.1 
180620190227 21 PDZ-LR Wed PDZ 8 S 160.5 
130220191001 15 PDZ-R Tues PDZ 117 O 121 
180620190214 17 PDZ-R Thurs PDZ 8 S 161.2 
180620190218 - PDZ-R Mon PDZ 8 S 159.9 
180620190715 0 PDZ-LR Mon PDZ 5 O 143.8 
180320190611 11 PDZ-LR Tues PDZ 8 O 174.7 
180320190228 6 PDZ-R Thurs PDZ 8 S 214.8 
 

Table 5-13. Example of Ituran mileage malfunction 

ID Vehicle YYYYMMDD Date Route Miles 
Travelled Stealth Day of 

Week 
Day of  
Study 

70120190225 701 20190225 2/25/2019 1 127.44 Y Tues 25 
70120190226 701 20190226 2/26/2019 1 0 Y Wed 26 
70120190227 701 20190227 2/27/2019 1 326.9 Y Thurs 27 
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Table 5-14. Miles travelled on each route in stealth and open mode 

 Number of Vehicle-Days Miles Travelled 

Route Stealth Open Total Stealth Open Total 

1 35 135 170 5,000 16,985 21,725 
5 5 89 94 806 12,732 12,691 
8 60 168 228 11,263 28,542 39,562 

16 26 23 49 3,838 3,239 6,720 

117 25 97 122 3,094 11,772 14,751 
 

5.5 Routes Map and Characteristics 

Figure 5-14 and Figure 5-15 show the five routes that are the focus of this section. Gator Locator is a 
Web interface that shows the location and route of each RTS bus. The next sections focus on the 
evaluation of pedestrian, vehicular, and aggressive braking alerts. 

 

Figure 5-14 – Map of RTS bus routes 1, 5, 8, 16, and 117 
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Figure 5-15 – Gator Locator view of bus routes (https://ufl.transloc.com/) 

5.5.1 Pedestrian-related Alerts 
The purpose of this section is to compare pedestrian alerts between stealth and open modes. Pedestrian 
alerts include PDZs and PCWs. As shown in Table 5-15, VMT-normalized PDZs decreased in all routes, 
ranging from 56.6% to 89.2%. 

Table 5-15. Route-based analysis of PDZ 

 Observed 1,000 VMT-Normalized  

Route Stealth Open Stealth Open Percent Reduction 

1 16,713 14,500 3,342.6 853.7 74.5% 
5 939 6,430 1,164.7 505.0 56.6% 
8 18,114 7,267 1,608.2 254.6 84.2% 

16 8,294 1,428 2,161.1 440.8 79.6% 
117 25,529 10,500 8,250.3 892.0 89.2% 

 

Table 5-16 summarizes the route-based analysis of PCW alerts for stealth and open mode. The PCW in 
open mode increased by 4.0% and 3.1% for routes 5 and 8, respectively. This is while the other routes 
experienced reductions of 10.7%, 11.8%, and 25.5%.  
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Table 5-16. Route-based analysis of PCW 

 Observed 1,000 VMT-Normalized  

Route Stealth Open Stealth Open Percent Reduction 

1 760 2,278 15.0 134.1 11.8 
5 36 561 44.7 43.4 −4.0 
8 533 1,393 47.3 48.8 −3.1 

16 357 269 93.0 83.0 10.7 
117 2,020 5,723 652.8 486.2 25.5 

 

5.5.2 Vehicular Alerts 
This section compares the vehicular alerts, including FCW, UFCW, and HWW, for the five routes 
between stealth and open modes. The results of these alerts are in Table 5-17, Table 5-18, and Table 5-
19, respectively. The number of FCWs in stealth mode for routes 5 and 16 in Table 5-17 are 3 and 4, 
respectively. The low number of observations for these two routes makes the conclusions statistically 
insignificant. The other three routes showed reductions in FCW ranging from 7.4% and 27.8%. As shown 
in Table 18, the UFCW on all the routes showed a reductions ranging between 3.7% to 35.2%.  

Table 5-17. Route-based analysis of FCW 

 Observed 1,000 VMT-Normalized  

Route Stealth Open Stealth Open Percent Reduction 

1 48 151 9.6 8.9 7.4 
5 3 156 3.7 12.3 −229.3 
8 65 119 5.8 4.2 27.8 

16 4 15 1.0 4.6 −344.3 
117 20 63 6.5 5.4 17.2 

 

Table 5-18. Route-based analysis of UFCW 

 Observed 1,000 VMT-Normalized  

Route Stealth Open Stealth Open Percent Reduction 

1 4,431 14,500 886.2 853.7 3.7 
5 438 6,430 543.3 505.0 7.0 
8 4,426 7,267 393.0 254.6 35.2 

16 1,911 1,428 497.9 440.8 11.5 
117 4,157 10,500 1,343.4 892.0 33.6 
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Routes 1 and 16 experienced an increase HWWs, as shown in Table 5-19. The other routes experienced 
a reduction between 20.5% and 32.2%. 

Table 5-19. Route-based analysis of HWW 
 Observed 1,000 VMT-Normalized  

Route Stealth Open Stealth Open Percent Reduction 
1 323 1,363 64.6 80.2 −24.2% 
5 80 1,001 99.2 78.6 20.8% 
8 332 669 29.5 23.4 20.5% 

16 104 212 27.1 65.4 −141.5% 
117 285 735 92.1 62.4 32.2% 

5.5.3 Aggressive Braking 
The number of FCWs in stealth mode for routes 5 and 117 in Table 5-20 are 3 and 5, respectively. The 
low number of observations for these two routes makes the conclusions statistically insignificant. The 
other routes showed reductions ranging between 2.3% and 38.0%. 

Table 5-20. Route-based analysis of AggBrk 
 Observed 1,000 VMT-Normalized  

Route Stealth Open Stealth Open Percent Reduction 
1 25 83 5.0 4.9 2.3% 
5 3 55 3.7 4.3 −16.1% 
8 35 55 3.1 1.9 38.0% 

16 131 108 34.1 33.3 2.3% 
117 5 28 1.6 2.4 −47.2% 

5.5.4 Summary of Route-based Results 
Table 5-21 shows the summary of results for all the warnings. The empty cells in the table are the ones 
with a low number of observations in stealth mode. Most of the alerts (22 of 26) show a reduction in 
Table 5-21. Alerts show and average reduction of 19.95%, which is equivalent to a conflict modification 
factor (CoMF) of 80.05%. If 141% is excluded from the calculations as a possible outlier (due to missing 
data after May 2019 on Route 16), the average CoMF will be 73.59%. 

Table 5-21. Percent reduction in various alerts 

Route PDZ PCW FCW UFCW HWW AggBrk 
1 74.5% 11.8% 7.4% 3.7% −24.2% 2.3% 
5 56.6% −4.0% ---- 7.0% 20.8% ---- 
8 84.2% −3.1% 27.8% 35.2% 20.5% 38.0% 

16 79.6% 10.7% ---- 11.5% −141.5% 2.3% 
117 89.2% 25.5% 17.2% 33.6% 32.2% ---- 
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There are two alerts on four routes that showed increase in before-after analysis. The only increases are 
PCW on routes 5 and 8 and HWW on routes 1 and 16. Table 5-22 shows the number of observed days 
for each month. As can be seen, Route 5 has five days in stealth mode. Route 8 observed days decrease 
during the study period. In last 4 months, there were only 12 days of observed data for Route 8. 

Table 5-22. Number of observed days on each route in each month 

Route 
2019 2020 

Total 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb 

1 21 12 28 31 4 ---- ---- 8 17 17 14 14 4 ---- 170 
5 1 4 1 6 27 28 13 8 1 ---- 1 3 1 ---- 94 
8 27 32 25 35 18 16 16 16 15 16 8 3 ---- 1 228 

16 14 12 8 14 1 ---- ---- ---- ---- ---- ---- ---- ---- ---- 49 
117 14 11 ---- 8 1 ---- ---- 8 15 18 13 6 13 15 122 

Mode Stealth Open  
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Chapter 6 – Hotspot Analysis 
______________________________________________________________________________ 

The purpose of this section is to identify potential risk factors for high conflict locations. Ituran includes 
a visualization tool that shows locations with high conflicts, called hotspots in this study. Figure 6-1 
shows the hotspots from the Ituran Web interface. In this figure, locations with highest conflict alert 
observations are indicated with pink color and lowest with yellow. 

 

It was observed that most of the hotspots were locations with high pedestrian demand but not with 
severe risk factors, and because the purpose of this study is find locations with high risk factors in the 
network, we developed a normalization methodology. This methodology focuses on finding locations 
that have a higher ratio of PCW to PDZ. Here, PDZ is considered as an exposure measure. Ituran does not 
have a feature to rank the locations with a selected measure. So, an algorithm was developed in R to 
rank the locations and produce graphical output. 

 

6.1 PDZ-normalized Hotspots 

The purpose of the normalizing methodology was to find locations with severe risk factors that also have 
high demand. For this goal, the Gainesville map was divided into 400 horizontal and 400 vertical bins 
(160,000 bins). In each bin, the numbers of PCWs and PDZs were found, and the ratio of PCW to PDZ 

Figure 6-1 – Ituran hotspots 
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was calculated. This ratio is named PCW density. For visualization purposes, a heatmap of the PCW 
density was plotted, as shown in Figure 6-2. It is obvious that the locations highlighted are scattered all 
over the map. So, these locations are not the ones with just high demand. 

Figure 6-3 shows PDZ, PCW, and PCW density heatmap using a grid of 100×100 bins. As shown, PCW and 
PDZ heatmaps are similar. The density risk heatmap shows the hotspots that possibly have more risk 
factors – significantly more locations are identified using the heatmap. 

 

Figure 6-2 – PCW density heatmap 

Figure 6-3 – Density heatmaps (100×100): (a) PDZ 
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Figure 6-3 – Density heatmaps (100×100): (b) PCW; (c) PCW 

 

6.2 Hotspots 

The hotspots in this section are locations that (1) have more than five pedestrian collision warnings in 
the data collection period and (2) have a PCW density more than 0.2. Using the mentioned filters, 21 
hotspots were found. When adjacent hotspots were combined as one (three clusters with 3, 2, and 2 
hotspots, respectively), 17 hotspots remained for further review. Of these 17 hotspots, three were 
locations with high pedestrian demand and few severe risk factors: the RTS bus depot, Santa Fe College, 
and Walmart. These three locations are shown in Figure 6-4. Excluding these three locations left 14 
hotspots for further review.  
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The 14 hotspots exhibited obvious risk factors. As indicated in Figure 6-5, three of these locations were 
roundabouts. Two of the roundabouts, 1-1 and 1-2, are in residential areas, implying relatively high 
pedestrian demand. The next hotspot in Figure 6-5 is close to Shands Hospital and also has high 
pedestrian demand. This location is a 3-leg intersection that is close to three curves on its legs. From 
field review, it was evident that there was a surge in pedestrian exposure due to the parking lot SW of 
this intersection.   

Figure 6-4 – Hotspots with high pedestrian demand and few severe risk factors 
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Figure 6-6 shows the next six hotspots. At hotspot 2-1, indicated in Figure 21 and shown in an aerial 
view in Figure 6-7, there is a bus stop between two closely located intersections. At Hotspot 2-2, there is 
a bus stop on a curve that is located close to parking lots on both sides of the road. An aerial view of 
hotspot 2-2 is shown in Figure 6-8. 

  

Figure 6-5 – Hotspots 1: three roundabouts and Shands Hospital 

Figure 6-6 – Hotspots 2: Set of 6 hotspots 
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Figure 6-8 – Aerial view of hotspot 2-2 

Figure 6-7 – Aerial view of hotspot 2-1 
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Hotspot 2-3 is at a skewed intersection, as shown in Figure 6-9. This hotspot is the aggregate of three 
hotspots. There is a long waiting time for the pedestrians who want to cross Archer Road. Hotspot 2-4 
(aerial view in Figure 6-10) is located close to 2-3; its risk factors are similar to 2-3.  

 

 
Figure 6-9 – Aerial view of hotspot 2-3 

 
Figure 6-10 – Aerial view of hotspot 2-4 
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Hotspot 2-5 (aerial view in Figure 6-11) is the aggregation of two hotspots. This location is a low speed 
road, but with high pedestrian demand. There are four bus stops close to each other in adjacent of a 
parking lot. At hotspot 2-6, there are two bus stops adjacent to an intersection on curve, as shown in 
Figure 6-12. 

 
Figure 6-11 – Aerial view of hotspot 2-5 

 
Figure 6-12 – Aerial view of hotspot 2-6 
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Figure 6-13 shows the last four hotspots. The aerial views of these hotspots are shown in Figure 6-14 to 
Figure 6-17. Hotspot 3-1 is located at an intersection with speed limits of 35 and 45 mph. These speeds 
are higher than its vicinity on campus. Hotspot 3-2 is on campus with high demand. There is a bus stop 
on a reverse curve adjacent to a parking lot. Hotspot 3-3 includes a bus stop in between of two 
intersections. There is a change in the road geometry from undivided to divided. Hotspot 3-4 is close to 
a branch of Shands Hospital, a gym, and a parking lot.  

 
Figure 6-13 –Hotspots 3: Set of four hotspots 

 
Figure 6-14 – Aerial view of hotspot 3-1 
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Figure 6-15 – Aerial view of hotspot 3-2 

 
Figure 6-16 – Aerial view of hotspot 3-3 
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Table 23 summarizes the risk factors and information about the 14 hotspots. The overall observations 
are as following: 

• Alignment: Curves  
• Intersections: Signalized, roundabouts, offsets, Y-intersections 
• Facilities: Bus stops, crosswalks  
• Land use: Parking, residential, commercial, campus 
• Pedestrian signal timing: Ped phase time 

 

  

Figure 6-17 – Aerial view of hotspot 3-4 
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Chapter 7 – Operator Focus Groups 
______________________________________________________________________________ 

 

Five focus group sessions were held to elicit responses from bus drivers who had experienced the 
Mobileye Shield+ (MS+) advanced driver assistance system (ADAS). There were four drivers scheduled 
for each of the sessions. The table below provides the schedule of focus group interviews. 

Table 7-1. Focus groups with drivers of ADAS-equipped drivers 

Focus group number Date Time Number of 
participants 

1 7/10/2020 8:00 am 3 

2 7/10/2020 9:00 am 4 

3 7/10/2020 11:00 am 4 

4 7/13/2020 1:00 pm 4 

5 7/13/2020 2:00pm 3 
 

The facilitator invited responses to a series of nine anchor questions: 

1. How familiar are you with the Shield+ system? 

2. What positive and negative experiences did you have while operating the vehicle with the 
Shield+ system? 

3. What visual and audible alerts of the Shield+ system did you find to be most helpful? 

4. Did you feel that the Shield+ system improves safety? 

5. Have you experienced any false alarms where there were no risk factors like pedestrians or 
vehicles around? If so, explain the situation and how frequently it happened? 

6. What would you think of a system that automatically applied the brakes during an emergency 
situation? 

7. If you could make one change that would make the system better, what would you suggest? 

8. What was your comfort level with the system? 

9. Would you prefer driving a bus with Shield+ system? Why? 

The questions provided opportunities for the drivers to report many aspects of their experience with the 
MS+ system. Generally, drivers seemed relaxed, cooperative, and talkative in the focus group sessions.  

Major themes of the sessions included the following and are detailed in the summaries below: 

• Drivers encountered the system without training or preparation. In many cases, they did not 
know the expected functioning of alerts and had to interpret their function from observation. In 
some cases, lack of training – and therefore expectation – made it impossible for drivers to 
detect a dysfunctional alert. 
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• Drivers generally reported too many alerts, alerts for no apparent reason (false alerts), alerts for 
stationary objects (false positive alerts), and no alert when pedestrian present (false alerts). 

 

8.1 – 1. How familiar are you with the Shield+ system? 

Familiarity: 

Drivers were very familiar with the system, and many had 8–12 work weeks of experience with the 
system. Some drivers in the last session reported a lack of training and a lack of knowledge of specific 
MS+ functions or a general overview of the system. This occurred in the last session; training was not 
discussed in other sessions. 

Routes mentioned: 

RTS Bus routes: 1, 20, 34, 46, 35, 10, and 38 

Drivers clarified that that they were usually assigned to a route, but the bus for that route might differ 
from day to day. 

 

8.2 – 2. What positive and negative experiences did you have while operating the 
vehicle with the Shield+ system? 

Positive: 

Most drivers felt that the alerts are useful, especially if someone was near the bus. Some stated that the 
alerts helped get the driver’s attention. Some said that they felt it improved safety. 

Some drivers found the system most useful on the University of Florida campus where there are many 
students and increased congestion levels. 

Negative: 

Some drivers seemed to have encountered the system without any preparation. They reported that they 
did not know what it was at first; they just heard the beeping and figured it out from there.  

Many drivers reported that system sometimes gave alerts for no apparent reason or that they could not 
tell what the system was responding to. 

Some drivers felt that the alerts were very loud. One driver described the alerts as “scary.” 

Drivers had mixed experience with the visual pedestrian warning. For some, the warning never changed 
color, and they could not understand its purpose. Several drivers reported that they did not see red, 
yellow, and green pedestrian warnings. Some drivers saw only a green warning; some drivers saw only 
green or red, never yellow.  

Some drivers reported that the system gave no alert when a pedestrian or bicyclist was too close to the 
bus. Some drivers reported that they received no alert when a pedestrian crossed in front of the 
stopped bus. 

Some drivers were concerned that the system does not operate in the dark at a time when they felt it 
might be most useful. 
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Many drivers reported that the system provided alerts too frequently, especially on campus, to the 
point that it became unhelpful or distracting. 

One driver felt that the system alert sounds were too similar to other bus alarms. 

 

8.3 – 3. What visual and audible alerts of the Shield+ system did you find to be 
most helpful? 

The following table shows the approximate ranking given by the respondents. Not all respondents 
ranked all five warnings. Respondents were not asked about the speed warning; they volunteered that it 
was helpful. Respondents did not distinguish between high speed and low speed collision warnings. 

Table 7-2. Mobileye Shield+ alerts ranked by bus drivers 

 
ADAS 

 warning 

Rank 
(Rank 5 indicates most helpful) 

Weighted 
rank 

5 4 3 2 1 ---- 

Pedestrian  13 2 3 ---- ---- 4.6 

Headway  1 5 8 1 ---- 3.4 

Speed 2 1 3 ---- 1 3.4 

Lane 
Departure 

1 2 ---- 5 3 2.4 

Collision ---- 5 ---- 1 1 3.3 

 

8.4 – 4. Did you feel that Shield+ system improves safety?  

Respondents were asked to answer yes or no. Not all respondents answered. 

Table 7-3. Bus driver attitudes about whether Mobileye 
Safety+ improves safety 

Respondent answer Number of answers 

Mobileye Shield+ 
improves safety 13 

Mobileye Shield+ does 
not improve safety 4 
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8.5 – 5. Have you experienced any false alerts where there were no risk factors 
like pedestrians or vehicles around? If so, explain the situation and how 
frequently it happened?  

Most drivers reported false alerts; some had many. The false alerts were in two categories: system alerts 
when no apparent object and system alerts for stationary object (trash can, trees, signs, the curb). 

One driver reported that the speed readout on the MS+ did not agree with the bus’s speedometer, i.e., 
the MS+ gave the wrong speed. In another group, two drivers reported defective speedometers on their 
buses and found the MS+ system helpful. 

Drivers reported that receiving an alert when no apparent object was present was especially distracting 
because of the attention needed to search and verify that there was no object along with other 
mechanical warnings already installed on the bus. 

 

8.6 – 6. What would you think of a system that automatically applied the brakes 
during an emergency situation? 

Respondents were asked to answer yes or no. Not all respondents answered. In some groups, there was 
a lively discussion of the pros and cons of automatic braking. In some cases, these discussions led drivers 
to imagine a system they would accept. Several drivers referenced automatic braking to similar systems 
in their cars or the cars of friends. Drivers in one session discussed a current feature of their buses, the 
retarder, that actively slows the bus when they driver removes their foot from the gas pedal – a feature 
they generally liked. A concern of many drivers was the danger to passengers if the bus was braked too 
abruptly. One driver had medical issues that would be aggravated by sudden stopping. In one session, 
drivers discussed the option of avoiding objects at the last second, which would not be possible if the 
bus was braked automatically – drivers in other sessions had hinted at this without expressing it so 
clearly. Drivers were concerned about automatic braking on roads like Archer Rd, a congested multilane 
road, where they are frequently cut off by drivers seeking to make turns; they felt that this would lead 
to excessive braking. One driver supported an automatic braking system because it would prevent 
crashes.  

Some drivers, considering passenger safety, suggested that such a system could be tested in a low speed 
setting like the campus where the speed limit is 20 mph; other drivers were concerned that the system 
would activate too often, considering the number of bicycles and pedestrians. Drivers referred to the 
need to move forward very slowly through crowded crosswalks to protect pedestrians while still making 
headway. 

Table 7-4. Bus driver preferences regarding automatic braking systems 

Respondent answer Number of answers 

I do would like an automatic braking system in my bus. 1 

I do would like an automatic braking system in my bus if it 
worked a certain way. 3 

I do would not like an automatic braking system in my bus. 13 
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8.7 – 7. If you could make one change that would make the system better. What 
would you suggest? 

Most comments concerned false alerts and the sensitivity of the MS+ system.  

Drivers were also concerned with the failure to alert – on one hand, the system might give alerts for 
stationary or nonexistent objects; on the other hand, it might fail to alert if a pedestrian, bicyclist, or car 
was too close to the bus. In general, drivers reported false positive alerts much less frequently than false 
negative alerts.  

One driver suggested that the system should be more sensitive in the front than the back so that 
pedestrians or bicycles that were attempting to cross in front of the bus could not be missed. 

Some drivers suggested that the system would be more useful if it worked in the dark. Some drivers 
begin their routes at 5 AM, and the system does not work until daylight. 

Several drivers commented on the need for the system to give better information about why it is giving 
an alert. Some drivers wanted the system to give better information about the location of the 
pedestrian or bicyclist causing an alert. Others mentioned an interest in a better camera system so that 
they could see what the system was responding to. These comments corresponded to driver concerns 
that an alert would force them to spend time looking for a cause, and that process should take less of 
the driver’s time and attention. 

One driver wanted the system readouts to be mounted in a higher location in the bus. The system was 
mounted on the dash, out of the driver’s general field of vision. The driver mentioned that taking eyes 
off the road to look down at the dash at critical moments was not safe. 

A few drivers referred to the lack of training or not knowing the features and capabilities of the MS+ 
system. In sessions where this came up, even drivers without this concern could not confirm that they 
had received any training or informational material. Therefore, drivers in all sessions may have been 
responding from very uneven understandings of what they were seeing and hearing from the system. 
Combine this with the variation in system repair and operation that some drivers reported, which are 
otherwise not documented.  

 

8.8 – 8. What was your comfort level with the system? 

Most drivers were generally comfortable with the system, once they got used to it, and found it helpful. 
A few drivers did not like the system or preferred not to rely on this technology. Many drivers again 
discussed the sensitivity problem of not receiving alerts when they should or receiving alerts when they 
should not. 

Drivers also discussed where the system is most useful. A limited number of drivers felt that the system 
should not operate in very congested pedestrian environments like the University of Florida campus; 
more commonly, drivers wanted to use the system on campus where foot and bicycle traffic volume is 
greatly increased, in the words of one driver, as “another pair of eyes.” Some drivers felt that the system 
was less useful on community roads where the bus is less likely to encounter a pedestrian or bicyclist; 
others saw this as the reason to have the system on community roads. 

A few drivers felt that the system was more of a distraction. One used the word “erratic.” Some drivers 
gave a conditional response: “if they could fix what’s wrong with it”, “if they could work out the kinks,” 
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etc. The few drivers with the conditional responses were referring to the false alerts of inanimate 
objects on the roadway, sidewalks, bus loops, and infrastructure that does not move.  

 

8.9 – 9. Would you prefer driving a bus with Shield+ system? Why? 

Most drivers preferred having the MS+ system on the bus. They repeated that the system has sensitivity 
problems. One driver was concerned about having more alarms in the loud environment of a bus where 
there are already a number of systems that sound alarms. Some drivers commented that they like the 
extra sense of safety that the system provided. 

Some drivers were definitely opposed to having the MS+ system on their bus. One said that the system 
was too “aggressive.” Others said that it depended on the bus route. 

Most drivers agreed that the system needs improvement, mainly associated with false alarms. However, 
majority of drivers interviewed prefer to drive a bus with the system installed, as is.  
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Chapter 8 – Benefit-Cost Analyses 
______________________________________________________________________________ 

 

This section documents the benefit-cost analysis tool that was developed based on the data gathered on 
the advanced driver assistance system. The tool was developed in a macro-enabled Excel spreadsheet. 
This Excel spreadsheet tool is delivered as a supplement to this word document: “ADAS-
BC_Analysis.xlsm.” 

 

8.1 Tool Inputs and Outputs 

The tool input parameters include transit data, safety information, and monetary values of crash and 
investments. Using the input information and predefined values for conflict conversion factors, the tool 
computes the net benefit and benefit-to-cost ratio. The output is per bus with ADAS system installed. 
Figure 8-1 shows the user interface of the spreadsheet-based tool. 

The tool also provides two visual outputs: net benefit and benefit-to-cost ratio diagrams as shown in 
Figure 8-2. The lower bound (LB) and upper bound (UB) are shown in these two diagrams, based on the 
life cycle of the system. As with every investment, the longer the service life, the higher the return. 
Practically, the true values fall in between the LB and UB, and these bounds assists the analyst in using 
their engineering judgement to decide if the investment is warranted. 

 

  

Figure 8-1 – Benefit-cost analysis tool’s user interface 
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8.2 User Input 

There are two user input sections: transit information and safety analysis section.  

8.2.1 Transit Information 
In this section, the user supplies information about the number of transit buses and total yearly vehicle 
revenue miles (VRM) travelled. This information is used as input in the subsequent sections to estimate 
the surrogate predicted number of crashes and estimating the expected number of crashes. In the tool, 
the user can select any of the 28 transit agencies in Florida. These 28 agencies were selected based on 
the data available from the National Transit Database (2019). When the user selects the transit agency, 
the tool imports the transit information and the five-year history of crashes for further calculations.  

8.2.2 Safety Analysis 
The safety analysis includes utilizing the historical crashes, surrogate safety measures collected by the 
Mobileye Shield+ system, and estimating the expected number of crashes.  

8.2.2.1 Historical Crashes 
In order to quantify the safety performance, the historical crash data are critical. In this tool, if the user 
has the crash data available, the user can input the yearly average of transit crashes for the past 3–5 
years. If the user does not have the data available, the user can select the city from available options to 
import the average yearly transit crashes between 2015 and 2019. These crash data were prepopulated 
using the NTD database.  

8.2.2.2 Surrogate Safety Predictions 
One of the major limitations for a robust transit-related crash analysis is the low crash numbers, which 
decreases the statistical significance because a slight change in number skews the results considerably. 
As an alternative, this study adopted safety risk analysis based on exposure data collected in the field. 
This study developed a platform to use the exposure from the Mobileye Shield+ system to estimate the 
predicted number of transit crashes. Table 1 shows the total number of alerts recorded by the Mobileye 
system for the study period.  

  

Figure 8-2 – Visual output of the tool 
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Table 8-1. Total alerts data compiled using Mobileye Shield+ through 14 months 

Year Month Alert Miles 
PDZ PCW UFCW FCW HWW AggBrk 

2019 

Jan 43,466 2,665 10,999 117 822 182 11,780 
Feb 43,497 3,133 14,990 218 1,524 177 22,597 
Mar 43,525 1,657 10,486 152 1,080 213 18,235 
Apr 43,556 2,501 9,612 197 1,043 192 22,429 
May 43,586 1,155 9,553 250 1,314 224 20,722 
Jun 43,617 1,027 9,716 284 1,382 165 19,249 
Jul 43,647 954 7,109 215 882 206 17,698 

Aug 43,678 2,286 13,752 173 1,063 105 19,853 
Sep 43,709 3,503 15,513 137 1,031 68 20,549 
Oct 43,739 3,138 13,501 110 868 90 22,029 
Nov 43,770 2,587 12,759 124 952 111 18,809 
Dec 43,800 1,080 7,784 96 814 158 16,283 

2020 
Jan 43,831 2,434 11,062 119 696 96 23,197 
Feb 43,862 2,411 12,787 178 825 140 19,916 

 Total 611,283 30,531 159,623 2,370 14,296 2,127 273,345 
 

8.2.2.3 Conversion Methodology from Surrogate Safety to Predicted Crashes 
In the absence of long term high frequency crash numbers, the objective is to identify a surrogate safety 
assessment method. The purpose of this step is to find conversion factors (CFs) between the observed 
conflicts from the buses, including ADAS and observed crashes. For this goal, all transit crashes were 
normalized to the total vehicle revenue miles (VRM). The correct way of finding the CFs is to correlate 
each type of conflict to the same type of crash. However, the National Transit Database does not define 
the crash type (vehicular, pedestrian, etc.). As a result, each conflict was correlated to all types of 
crashes. For each surrogate safety measure, a CF was computed through the following formula: 

 

Avg Yearly Transit Crash
City Transit VRM

= CF𝑖𝑖 ×  
(Observed Conflicts)𝑖𝑖

ADAS VRM
 (8-1) 

 

i = Conflict number 
Avg Yearly Transit Crash = Yearly average of transit crashes in the city 
City Transit VRM = The city transit network vehicle revenue miles 
CFi = Conversion factor to convert conflicts to equivalent crashes 
Observed Conflicts = Number of observed conflicts of type i 
ADAS = Advance driver assistance system (Mobileye Shield+) 
ADAS VRM = VRM travelled by ADAS from data collection 
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The numbers in Table 1 were collected in Gainesville, Florida, between January 2019 and February 2020. 
The average yearly transit crash in this city based on NTD for years 2015–2019 was 12.8 crashes per 
year. Using the mentioned numbers and the formula above, the following CFs were found, Table 2. This 
table includes CFs for both stealth and active mode of Mobileye Shield+ system for various conflicts. 

Table 8-2. Surrogate safety to predicted crash conversion factors (CFs) 

Alert Stealth CF Active CF 
PDZ 1.1927E-06 1.3751E-06 
PCW 1.7889E-05 2.9152E-05 

UFCW 3.9910E-06 5.3955E-06 
FCW 3.0962E-04 3.5431E-04 

HWW 4.4212E-05 6.0336E-05 
AggBrk 2.8892E-04 4.0781E-04 

 

Consider a situation that collected data needs to be used for predicting crashes using the collected 
conflict data through Mobileye Shield+. By using formula (8-1), with simple calculations formula (8-2) is 
achieved: 

Avg Yearly Transit Crash = CF𝑖𝑖 ×  
(Observed Conflicts)𝑖𝑖

ADAS VRM
 ×  City Transit VRM (8-2) 

Formula (8-2) can be used to predict the number of crashes based on the collected data through ADAS. 
So, Avg Yearly Transit Crash is renamed as total predicted transit crashes (Total Crash) in formula (8-3): 

Total Crash𝑖𝑖 = CF𝑖𝑖 ×  
(Observed Conflicts)𝑖𝑖

ADAS VRM
 ×  City Transit VRM (8-3) 

Total Crashi = Predicted crash using Conflict 𝑖𝑖 

After finding predictions by using various number of conflicts (i) an average of all predictions is 
considered as predicted number of crashes (C). The system could be in stealth mode or active mode 
while collecting data. If an organization decides to use the ADAS system in both modes for collecting 
data, the tool accepts both collected data. The tool computes the predicted number of crashes using 
stealth mode data (C_S) and active mode data (C_A). The tool uses VRMs of the two computation to find 
a weighted average of both. 

𝐶𝐶𝐶𝐶 =
𝐶𝐶S × VRMS + 𝐶𝐶A × VRMA

VRMS + VRMA
 (8-4) 

 Cr = Final predicted number of crashes for the city transit network 

S = Stealth mode 
A = Active mode 
CS = Predicted number of crashes using the system in Stealth mode 
CA = Predicted number of crashes using the system in Active mode 
VRM = Vehicle Revenue Miles 
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8.2.3 Expected Number of Crashes 
The predicted number of crashes (Cr) in the tool was calculated. There is also a historical crash input 
from the user (HC). These two measures should be combined for further calculations. There is a 
suggested value that says if 12 months of surrogate data (Mobileye Shield+) were collected, the weight 
between historical and predicted crashes is 50% each. However, the user has the option to choose the 
weight. 

8.2.4 Safety Improvements 
By considering a linear relationship between the conflicts and crashes, it is possible to use the 
reductions in the conflicts for the expected reduction in the crashes. The reduction in the conflicts, 
including all data, is 0.66 (crash modification factor, CMF). The user can enter a desired quantity. By 
multiplying the expected number of crashes to the suggested or introduced CMF and reducing it from 
the expected crashes, the reduction in the crashes is found.  

 

8.3 Economic Justification 

This section explains the process of finding the system costs and benefits, along with the tool outputs. 
The user can use this tool to understand the economic justification of the Mobileye Shield+ system. 

8.3.1 Dollar Value of Crashes 
Dollar value of crashes in this tool is considered $121,332 for crashes on urban undivided roadways, 
from FDOT Design Manual as shown in Table 3. Urban undivided roadway was chosen as most of the bus 
routes in the City of Gainesville are on this road facility type. However, the user can select a value in the 
tool. 

Table 8-3. Crash cost from FDOT Design Manual 
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8.3.2 Mobileye Shield+ Cost 
The system includes two type of investments: installation cost and yearly cost. The one-time installation 
cost was considered $8,900, and the yearly cost was $240 based on the procurement cost for this 
project. 

8.3.3 Equivalent Annual Cost 
For the benefit-cost analysis, all the benefits and investments need to be consistent in present value or 
future value. This study converts all the present investments to future value by considering a discount 
rate of 0.07. The formula for the equivalent annual cost (EAC) is as follows: 

EAC =
Asset Price × Discount Rate

1 − (1 + Discount Rate)𝑛𝑛  (8-5) 

where asset price is the present value of the investments and n is the future year. The tool considers the 
life cycle of the Mobileye Shield+ up to 15 years and computes the yearly benefits and costs of the 
system up to 15 years. 

8.3.4 Benefit of the System 
The yearly benefit of the system is found through multiplying the monetary value of crashes by the 
yearly expected reduction in crashes using the ADAS system. In the Safety Improvements section, the 
expected reduction in the crashes through using CMFs was explained. This is considered a lower bound 
for the benefits of the system. In an ideal world, we can consider that there will be no crashes by using 
the system. This is considered as the upper bound of the benefits.  

It is noteworthy that the expected reduction in the crashes was calculated by considering that the entire 
transit network uses ADAS technology. However, at the end, the benefits were divided by the total 
number of buses in transit network. 

Table 4, below, provides the output for the Gainesville RTS deployment. As can be seen, considering the 
lowest lifecycle of the ADAS equipment (5 years), the BC ratio was 1.51 for LB and 4.41 for UB. For a 
maximum life cycle of 15 years, the BC ratio was 2.98 for LB and 8.73 for UB which signifies a benefit in 
terms of rate of return for the ADAS investment.  
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Table 8-4. ADAS Tool output for Gainesville RTS 

Life 
Cycle 

LB Vehicle 
Yearly 
Benefit 

LB 
Present 
Value 

of 
Benefits 

Annuity 
Factor 

Present 
Value 

of Cost 

LB Net 
Benefit 

LB BC 
Ratio 

UB 
Vehicle 
Yearly 
Benefit 

UB 
Present 
Value of 
Benefits 

UB Net 
Benefit 

UB BC 
Ratio 

5 $3,631 $14,886 4.100 $9,884  $5,003  1.51 $10,625 $43,566 $33,682 4.41 

6 $3,631 $17,306 4.767 $10,043  $7,262  1.72 $10,625 $50,646 $40,603 5.04 

7 $3,631 $19,567 5.389 $10,193  $9,374  1.92 $10,625 $57,263 $47,070 5.62 

8 $3,631 $21,680 5.971 $10,332  $11,347  2.10 $10,625 $63,447 $53,115 6.14 

9 $3,631 $23,655 6.515 $10,463  $13,192  2.26 $10,625 $69,227 $58,764 6.62 

10 $3,631 $25,500 7.024 $10,585  $14,916  2.41 $10,625 $74,628 $64,043 7.05 

11 $3,631 $27,225 7.499 $10,699  $16,526  2.54 $10,625 $79,676 $68,977 7.45 

12 $3,631 $28,837 7.943 $10,805  $18,032  2.67 $10,625 $84,394 $73,588 7.81 

13 $3,631 $30,344 8.358 $10,905  $19,439  2.78 $10,625 $88,803 $77,898 8.14 

14 $3,631 $31,752 8.745 $10,998  $20,754  2.89 $10,625 $92,924 $81,926 8.45 

15 $3,631 $33,068 9.108 $11,085  $21,983  2.98 $10,625 $96,775 $85,690 8.73 
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Chapter 9 – Conclusions 
______________________________________________________________________________ 

 

RTS experienced a higher transit crash rate (per VRMs) in 2017 and 2018 on average between the years 
2015 and 2019. Gainesville experienced a 39.5% higher transit crash rate and an 11.6% higher fatal and 
injury rate in comparison to the National Transit Database. This study provided an opportunity for the 
city of Gainesville and RTS to experience the ADAS system. In addition, it allowed the study team to 
collect longitudinal data to understand the potential safety implications over an extended period. 

The Mobileye Shield+ system was installed on 10 RTS buses; however, three units malfunctioned shortly 
after the install date. A before-after analysis was conducted, and the data were collected for over a year. 
The raw data were collected from the Ituran Web interface, which is an extensive visualization and data 
access tool; critical training on several reporting features was provided by the vendor. For individual 
route-based analysis, it was essential that the data were retrieved based on routes; however, upon 
detailed analysis and follow-up discussion with the vendor, it was found that the interface failed to 
associate individual routes with unique conflicts because no agency had requested it previously. As such, 
manual data processing was adopted for route-based analysis. The preliminary results revealed that the 
vehicles changed routes during the study period. As a result, a manual methodology was developed to 
correlate each vehicle alert to a route. The collected data were scrubbed and fused to make one 
inclusive database including the alerts and route numbers. 

Two before-after analyses were conducted in this study: aggregate analysis and route-based analysis. 
The aggregate analysis compared the entire collected data between stealth and the open mode 
regardless of the routes of buses. The route-based analysis compares the stealth and open mode on 
each route.  

The aggregate analysis compared all collected data between stealth and open modes regardless of bus 
route. The route-based analysis compared the stealth and open modes on each route. When the stealth 
(Jan. and Feb. 2019) mode was compared with only Jan. and Feb. 2020 (same time period, STP), the 
conflict modification factor (CoMF), including all data using the aggregate data, was 75.60%, and for the 
STP, it was 65.83% (equivalent to 34.17% reduction in the conflicts). For the route-based analysis, there 
was not enough data to do STP analysis. The CoMF from this analysis was 80.05%, and by dropping an 
outlier, it decreased to 73.59% (equivalent to 26.41% reduction in the conflicts). This translates to a 
reduction of 26% to 34% in the conflicts. In the aggregate data analysis (STP), the three largest 
reductions were for HWW, AggBrk, and PCW: 48.30%, 47.60%, 33.40% reduction, respectively. These 
data indicate that with the introduction of ADAS, the number of conflicts were reduced.  

The hotspot analysis focused on finding the locations with higher risk factors. With the Ituran interface, 
the reports generated do not eliminate redundant conflicts nor does the system normalize the data sets. 
As such, most of the locations identified were locations with high pedestrian demand. A weighted safety 
risk methodology was implemented to find the locations with higher risk factors. The main risk factors 
that were found included intersection vicinity, roundabout, parking, and high-density residential areas. 

From the bus driver focus groups, it was concluded that most drivers (about 75%) found the system 
useful, especially on the UF campus. Despite the overall usefulness, many drivers reported alarms with 
no reason (false positives), which was annoying to the drivers and reduced their trust in the system. 
Some drivers mentioned that the system does not show alarms in dark conditions. This system is visual-
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based and relies on installed cameras. As such, the system alerts are not applicable in dark conditions. 
This needs to be emphasized when drivers are initially trained because none of the drivers recalled 
having been informed of this limitation of the system. 

Most drivers participating in the focus groups mentioned a preference for having this technology on 
their bus. Based on the focus group results, the system needs improvements to gain higher trust from 
the drivers. Among the 16 drivers who were asked about the automated braking system, only one 
wanted such technology. 

For any emerging technology, financial justification and cost-effectiveness are essential criteria for 
decision-makers. This study included a benefit-cost analysis tool for assessing the economic justification 
of using this technology. This tool could be used by users to figure out the benefits of using such 
technology in various routes. This tool was designed to get the collected ADAS data and combine them 
with the historical crashes to develop the expected number of transit crashes. The surrogate safety data 
were collected in Gainesville, FL, only. This decreases the transferability of the tool where traffic 
characteristics are different and the Gainesville-based surrogate safety assessment parameters might 
not apply. To resolve this, agencies could collect data in their region and update the models. Also, the 
data of 28 transit agencies are embedded in the tool and the user can choose among them. The tool can 
be used to perform a benefit-cost analysis of Mobileye Shield+ for these transit agencies. These nine 
agencies had a positive net benefit: Orlando, Plantation, West Palm Beach, St. Petersburg, Tampa, 
Miami, Jacksonville, Gainesville, and Fort Myers. One can observe that these nine agencies have 
experienced higher crash frequency and have higher average VRM. The model indicated that agencies 
with higher crash history, relatively larger transit fleet, and high VRM could lower the potential conflicts 
with the installation of ADAS units.  

 

Table 9-1. The benefit of ADAS system in various Florida cities 

Community Lower Bound 
of Net Benefits 

Lower Bound 
Benefit-to- 
Cost Ratio 

Upper Bound 
of Net Benefits 

Upper Bound 
of Benefit-to- 

Cost Ratio 

Orlando $74,996  8.59 $238,521 25.13 
Plantation $69,677  8.05 $222,953 23.56 
West Palm Beach $48,630  5.92 $161,360 17.33 
St. Petersburg $44,930  5.55 $150,530 16.23 
Tampa $41,923  5.24 $141,731 15.34 
Miami $33,828  4.42 $118,041 12.94 
Jacksonville $26,427  3.67 $96,382 10.75 
Gainesville $4,918  1.50 $33,435 4.38 
Fort Myers $2,606  1.26 $26,666 3.70 
Bradenton ($401) 0.96 $17,867 2.81 
South Daytona ($2,020) 0.80 $13,129 2.33 
Port Richey ($2,483) 0.75 $11,776 2.19 
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Table 9-1, continued 
Community Lower Bound 

of Net Benefits 
Lower Bound 

Benefit-to- 
Cost Ratio 

Upper Bound 
of Net Benefits 

Upper Bound 
of Benefit-to- 

Cost Ratio 
Fort Pierce ($5,027) 0.49 $4,330 1.44 
Pensacola ($5,027) 0.49 $4,330 1.44 
Lakeland ($5,258) 0.47 $3,653 1.37 
Sarasota ($5,721) 0.42 $2,300 1.23 
Cocoa ($6,183) 0.37 $946 1.10 
Punta Gorda ($7,571) 0.23 −$3,115 0.68 
Tallahassee ($7,802) 0.21 −$3,792 0.62 
Fort Lauderdale ($8,496) 0.14 −$5,822 0.41 
Naples ($8,958) 0.09 −$7,176 0.27 
Fort Walton Beach ($9,421) 0.05 −$8,530 0.14 
Stuart ($9,421) 0.05 −$8,530 0.14 
Tavares ($9,421) 0.05 −$8,530 0.14 
Pompano Beach ($9,652) 0.02 −$9,207 0.07 
Vero Beach ($9,652) 0.02 −$9,207 0.07 
Bunnell ($9,884) 0.00 −$9,884 0.00 
Ocala ($9,884) 0.00 −$9,884 0.00 
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 – RTS Bus Route Maps 
_____________________________________________________________________________
_ 

 

Figure A-1 – Campus route 118 information 

Figure A-2 – Campus route 117 information 
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Figure A-4 – Campus route 120 information 

  

Figure A-3 – Campus route 119 information 



84 
   

 
Figure A-5 – Campus route 121 information 

 

 
Figure A-6 – Campus route 122 information 
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Figure A-7 – Campus route 125 information 

 

 

 
Figure A-8 – Campus route 126 information 
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Figure A-9 – Campus route 127 information 

 

 
Figure A-10 – City route 1 information 
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Figure A-11 – City route 5 information 

 

 
Figure A-12 – City route 8 information 
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Figure A-13 – City route 9 information 

 

 
Figure A-14 – City route 10 information 
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Figure A-15 – City route 12 information 

 

 
Figure A-16 – City route 13 information 
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Figure A-17 – City route 20 information 

 

 
Figure A-18 – City route 34 information 
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Figure A-19 – City route 38 information 

 

 
Figure A-20 – City route 43 information 
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 – Informed Consent Document 
____________________________________________________________________________ 

 

The following is the text of the informed consent that all participants in ADAS focus groups were 
required to complete, in accordance with University of Florida Internal Review Board procedures. 

 

Informed Consent 

Protocol Title 

University of Florida (UF) Testbed Initiative Alternative Transportation Safety Systems 

Please read this consent document carefully before you decide to participate in this study. 

Purpose of the research study 

The purpose of this study is to examine the usefulness of the Mobileye Shield+ driver assistance 
system. 

What you will be asked to do in the study 

Time required 

1 hour 

Risks and Benefits 

We do not anticipate that you will benefit directly by participating in this experiment. 

Compensation 

You will receive a $20 gift card as compensation for participating in this research. 

Confidentiality 

Your identity will be kept confidential to the extent provided by law. Your information will be assigned 
a code number. The list connecting your name to this number will be kept in a locked file in the 
principal investigator’s office. When the study is completed and the data have been analyzed, the list 
will be destroyed. Your name will not be used in any report. 
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Voluntary participation 

Your participation in this study is completely voluntary. There is no penalty for not participating. 

Right to withdraw from the study 

You have the right to withdraw from the study at any time without consequence. 

 

Who to contact if you have questions about the study 

Clark Letter, Research Assistant Professor, University of Florida Transportation Institute, 321-298-4360, 
clarklet@ufl.edu. 

Nithin Agarwal, PhD, Safety Engineer, University of Florida Transportation Technology Transfer Center, 
352-273-1674, nithin.agarwal@ufl.edu. 

Who to contact about your rights as a research participant in the study 

IRB02 Office 

Box 112250 

University of Florida 

Gainesville, FL 32611-2250 

phone 392-0433. 

Agreement 

I have read the procedure described above. I voluntarily agree to participate in the focus group and I 
have received a copy of this description. 

Participant: ___________________________________________ Date: _________________ 

Principal Investigator: ___________________________________ Date: _________________ 
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 – Mobileye Shield+ Installation Guide 
_____________________________________________________________________________ 

 

The following pages display the Mobileye Shield+ Installation Guide. This information is proprietary and 
is presented with written approval from the vendor to share it with the Florida Department of 
Transportation. We have advised the vendor that all reports submitted are subject to public record law 
and they have acknowledged it, as shown in the following email correspondence.  
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 – Photo Catalog of Mobileye Shield+ Installation 
_____________________________________________________________________________ 

 

 

Figure D-1 – Placement of master sensor 
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Figure D-2 – Curbside rear sensor placement 
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Figure D-3 – Left pedestrian display placement 
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Figure D-4 – Street-side rear sensor placement 
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Figure D-5 – Right side pedestrian display placement 
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Figure D-6 – Curbside rear sensor routing 
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Figure D-7 – Junction box under shelf 
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Figure D-8 – Left corner sensor placement 
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Figure D-9 – Master sensor and creator display 
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Figure D-10 – Midpoint box 
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Figure D-11 – Roadside rear sensor harness routing 
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 – Executed Agreement between UF and Rosco 
Trucking LLC 

_____________________________________________________________________________ 

  



184 
   

  



185 
   

  



186 
   

  



187 
   

  



188 
   

  



189 
   

  



190 
   

 

  



191 
   

  



192 
   

 – Executed Memorandum of Understanding 
between UF and the City of Gainesville 

_____________________________________________________________________________ 
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 – Gainesville RTS Driver Training Material 
Provided by Rosco Trucking LLC 

_____________________________________________________________________________ 

 

The driver training material was executed using a PowerPoint format containing video lessons. The 
project final report is accompanied by a supplemental file that contains this PowerPoint with the 
filename “Shield+ Operator Training.pptm”. 
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 – Benefit-Cost Analysis Tool 
_____________________________________________________________________________ 

 

The project final report is accompanied by a supplemental file that contains this spreadsheet tool with 
the filename “ADAS-BCAnalysisTool.xlsm”. 
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