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SCOPE OF SERVICES 

MnDOT Contract No. 99008 Work Order No. 231 

IN-VEHICLE DYNAMIC CURVE SPEED WARNINGS AT HIGH RISK RURAL CURVES 

BACKGROUND 
Lane departure crashes at horizontal curves represent a significant portion of fatal crashes on rural Minnesota roads. The most 
common method for warning drivers about hazardous horizontal curves is with infrastructure-based systems ranging from 
standard curve warning signs to sensor-triggered dynamic warning displays. Although these methods are effective, their cost 
can be difficult to justify, especially for rural roads with low traffic volumes where hazardous curves are most common. 

One solution that seeks to avoid costly infrastructure-based methods is to use in-vehicle technology to display dynamic curve 
speed warnings to the driver. Such a system would consist of a device located in the vehicle that is capable of providing a visual 
and auditory warning when approaching a hazardous curve at an unsafe speed. This would serve to notify the driver of both the 
curve's presence and that they are exceeding the advisory curve speed. This requires a database storing both the location of 
hazardous curves and their associated advisory speed. 

This project seeks to determine the efficacy of in-vehicle dynamic curve speed warnings as deployed on a smartphone app. 
First, a warning method must be selected that is effective but also does not distract the driver from navigating the curve. This 
will be incorporated into an app capable of displaying the warning to drivers based on their speed and distance to the curve. The 
app will be evaluated using drivers on real roads in a pilot study. Data will be collected to determine how well the system affects 
change in the drivers' behavior. 

OBJECTIVE 
This research is focused on Minnesota Strategic Highway Safety Plan priority areas oflane departure and speed. In-vehicle 
dynamic curve speed warnings have the potential to reduce lane departure crashes at horizontal curves by notifying the driver 
when they are approaching curves at an unsafe speed. This project represents critical first steps in the development of this 
technology whose results will inform later, wide-scale deployments of this type of system which has the capability to reduce 
both fatal and non-fatal run-off-road crashes at horizontal curves. 

SCOPE 
The focus of this project is the development and evaluation of an in-vehicle dynamic curve speed warning system 
implemented using a smartphone app. The app will be capable of displaying appropriate warnings based on curve information 
stored on the phone. This will not require a cellular connection to function thus facilitating rural deployment. Additionally, 
the app will be capable of collecting driver behavior data. It is noted that the collection of driver data is only necessary for our 
study as it will aid in the development and evaluation of the system but would not be necessary in a product to be delivered to 
the public. The app will be built on the existing Teen Driver Support System (TDSS) app which among other functions, 
displays warnings to novice drivers based on their speed. This app was designed to reduce driver distractions and during its 
evaluation was found to not increase the drivers' mental workload. The warning design will be informed by on-going research 
by Nichole Morris focused on in-vehicle warnings for work zones. The app will be developed to leverage findings of these 
past and on-going projects but will also incorporate changes to best match the warnings to the population and scenarios 
associated with run-off-road crashes on curves. 

A controlled pilot test will be conducted to gather feedback about the app's usability, the warnings it provides, and to help 
determine how to set the thresholds for the warnings (i.e. the locations and speeds at which the warnings are displayed). 
Although the method will be based on the accepted, standard advisory curve speed limits, it is likely that the most effective 
warning will be triggered by a speed higher than that speed. This experiment will consist of around 25 participants selected to 
use the app while navigating a number of pre-selected curves. 

The performance of the app will be evaluated based on its ability to affect change in the driver's behavior when traveling 
through the hazardous curves. Baseline driver behavior will be collected without deploying the warnings which will then be 
compared to the behavior when warnings are deployed. Additional information will be collected including driver feedback 
about the app and their perceived safety when using the app. These results will be included in the final report which will 
document the work performed in this project as well as recommendations for future work and deployment. 
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WORK PLAN 

Task Descriptions 

Task 1: Literature Update 
Under this task, the University will review current literature to update their knowledge about visual, auditory, and cognitive 
processes for in-vehicle and infrastructure-based warnings and decision making. This review will include determining 
standardized methods for setting advisory curve speed limits to be used in this study. 

Task 2: Curve Speed Warning Smartphone Application Development 
Under this task, the University will develop a smartphone app using the existing TDSS app as a basis. Building the in-vehicle 
warning app on this existing platform will be efficient, allowing for cost savings, since the TDSS app is already capable of data 
collection and allows unique warnings to be deployed based on Global Positioning System (GPS)-provided location. 
Development will expand the current software to allow for warnings to be initiated upon approach to select curves depending 
on the vehicles approach speed and distance to curve. The design and build will be informed by Task 1: Literature Update and 
Curve Speed Standards; Task 3: Experimental Design; and Task 4: Warning Interface Design. Final modifications will be made 
in a later task, Task 6. The University will beta test the application to ensure proper functionality and data capture. 

Task 3: Design of Curve Warning Interface 
Based on the outcomes of Task 1, and results from ongoing research focused on in-vehicle signing for work zone warnings, 
the University will design messages and the warning format (e.g., auditory, visual, vibration). The University will also 
examine approach speeds, distances, and time-distances from curves as these factors may affect the most effective warning 
(i.e. more severe warnings for more dangerous approaches, etc.). 

Task 4: Experimental Design and Participant Recruitment 
This task specifies experimental methods, including recruiting methods, participant screening, experimental treatments and 
groups, and Institutional Review Board (IRB) approval. Potential locations for the Pilot Study will be thoroughly scouted and 
evaluated before selecting the location to be used. IRB approval for the research conducted in Task 5: Pilot Study will be 
obtained prior to the start of Task 5. Based on the work performed in Task 2: App Development and Task 3: Warning Design, 
an experiment will be designed to evaluate the app during Task 5: Pilot Study. 

Task 5: Pilot Study 
Identifying thresholds for warning timing and deviation above the standard/posted curve speed warning will require in-depth 
feedback from road users. This task will obtain a small sample of road users who have volunteered to drive select curve types 
identified as pertinent to the study. The University will measure study participants driving through multiple curves both 
without warning messages and with warning messages. 

W aming presentation will be varied to examine what combination of warning characteristics are most effective and that 
drivers feel are reasonable, appropriate, and useful. The presentation characteristics selected to be tested may include warning 
type, warning message, approach speed, distance to curve, and time-distance to curve. 

The system will collect driver behavior data and additionally, participants will report their acceptance of the warning 
and provide feedback about any modifications which should be made to increase the rate at which they would use the 
warning system on a regular basis. 

Task 6: Data Analysis 
Under this task, the University will analyze the data obtained from the pilot study, using the methods determined in Task 3. The 
University will compare the driver behavior data collected without warnings to the data after warnings are deployed. The 
difference in driver behavior between these two conditions will serve as the foundation for determining the system's efficacy. 
Using driver feedback, and the results of the analysis, the University will identify potential improvements or changes to the 
app. The University will provide a draft summary of the initial analyses will be to the Technical Advisory Panel (TAP) for 
review. 
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Task 7: Compile Report, Technical Advisory Panel Review and Revisions 
Under this task, the University will prepare a draft report, following MnDOT's publication guidelines, to document project 
activities, findings and recommendations. This report will need to be reviewed by the TAP, updated by the University's 
Principal Investigator, to incorporate technical comments, and then approved by Technical Liaison before this task is 
considered complete. Holding a TAP meeting to discuss the draft report and review comments is strongly encouraged. TAP 
members may be consulted for clarification or discussion of comments. 

Task 8: Editorial Review and Publication of Final Report 
During this task, the Approved Report will be processed by MnDOT's Contract Editors. The editors will review the document 
to ensure it meets the publication standard. This task must be completed within the contract time because the editors will provide 
editorial comments and request information from the Principal Investigator. 

Task Deliverables 

Task: Deliverable(s}: 
1: Summary documenting the literature update 
2: Summary documenting the aoolication specs and beta testing outcomes 
3: Srunmary documenting the warning interface designs 
4: Written description of the proposed experimental design and methods; Recruitment plan and progress; IRB 

submission (approval and/or status). 
5: Summary documenting the demographics of participants, descriptions of any issues encountered during data 

collection (e.g., data losses), and the preliminary results 
6: Completed data analysis and summary report of results 
7: A Draft Report and Final Report Approved for Publication 
8: Final Published Report 

PROJECT SCHEDULE 

Schedule 

2016 2017 2018 
Months: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Task 1 x x x x 
Task2 x x x x x x x x x x x 
Task3 x x x x 
Task4 x x x x 
Tasks x x x x x 
Task6 x x x x x 
Task 7~ x x x x 
Task8 x x 

Deliverable Due Dates 

Task: Draft Deliverable Due Date: Final Task Approval Date: 
1: August 31, 2016 October 31, 2016 
2: March 31, 2017 May 31, 2017 
3: October 31, 2016 December 31, 2016 
4: January 31, 2017 March 31, 2017 
5: June 30, 2017 August 31, 2017 
6: September 30, 2017 November 30, 2017 
7: October 31, 2017 December 31, 2017 
8: February 28, 2018 
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Key Milestones 

Key Milestones Target Date Description 

Project kick-off meeting July 18, 2016 TAP meeting to familiarize TAP members with project goals and 
tasks 

IRB experiment approval March 1, 2017 University approval to conduct pilot study experiment using 
human subjects 
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