








The main on-board computer, mowrted in the cab, accepts messages from all of the installed 
equipment, monitors status of vehicle operating parameters, maintains a current estimate of 
vehicle roll stability, monitors vehicle location with respect to any stored hazard locations, 
and maintains a current display for the operator interfuce screen. If current data indicate 
that a warning to the driver is appropriate, the computer presents the warning; the saliency 
of the warning is adjusted to suit the timeliness and importance of the message. If current 
operatioll2l data exceed any established thresholds for severity of maneuver (for example, 
acceleTati.on that indicates swerving or heavy braking), the relevant data including location 
are logged !is a reportable incident. 

During the initial. revenue-service phase of this project, software to implement the driver 
interface was being written under a contract with Tex!iS Transportation Institute. During 
that phase, when no warning to drivers was feasible, "before" data was collected by ad hoc 
software furnished by Volvo. 

3.0 SYSTEM OPERATIONS 

3.1 Route and Schedule 

A potential problem for on-board systems that involve both tractor and trailer is that any 
particular tractor does not normally stay connected with a single trailer - trailers often stay 
at a shipper's site as they are loaded, while tractors are usually in almost-continuous use. 
That problem is addressed in our project by instrumenting vehicles that U. S. Xpress has 
dedicated to a particular customer and route. Three tractors and six trailers are used to haul 
cargo from Atlanta, GA, to a suburb ofDayton, OH, primarily on Interstate 75. Typically, 
a driver will drop a loaded trailer in Ohio to be unloaded; a second already-Ioaded trailer is 
picked up in Ohio and driven to At!anta, where the process is repeated. The usage pattern 
allows several traversals of the corridor and significant data collection along the route by 
each vehicle in a week. 

3.2 Data Collection. Storage and Analysis 

The on-board computer in the tractor collects a variety of data about the vehicle's operation. 
For example, trailer dynamic performance is monitored by the trailer's computer and data 
are sent to the tractor to record suspension torque-tube strain (surrogate fur roll moment), 
suspension air pressure, lateral and longitudinal acceleration, presence ofleft or right turn 
signal voltage, and temperature, all !is a time series data set. 

The tractor's computer both stores these data for later oif"line analysis and immediately uses 
the data to calculate and refine an estimate of the lateral acceleration threshold fur lift -off of 
the inside wheels on a curve. The lift-off threshold calculation is initially performed at the 
start ofa trip as soon !is the vehicle's speed reaches a chosen lower bound (to eliminate 
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spurious data from low-speed artifacts) and is continuously refined throughout the trip. The 
calculation is made with measurements tIllcen on the as-kladed trail.er; this is very significant, 
because the roll threshold can vat)' significantly under different loading conditions. (See 
Wmlder for a discussion of the ca!culations and examples of the convergence of the 
calculations as data collection continues during a trip.) 

In addition to trailer data, the tractor computer collects and stores - as time series -
location data (from the GPS receiver), speed and lIOme engine operating parameters (from 
the vehicle's internal data bus), and the time of occurrence and content of any messages 
received from roadside DSRC beacons. Warnings generated by non-rollover safety systems 
are alllO klgged. 

3.3 Warnings to Driver and Other Uses for the Data 

The immediate objective of the on-board data collection and processing is to allow 
estimation of the risk of rollover as the vehicle (with calctdated roll stability) approaches a 
curve (with just -received or previously-measured lateral acceleration demand) at a imo",'n 
(continuously measured) speed. If estimated risk of rollover exceeds a pre-chosen 
threshold, a warning is presented to the driver in time for corrective braking. [Author's 
Note: That's how it's going to wode. The contract to produce the final aoftware for risk 
estimation and driver warning was to be signed on the day before the submission deadline 
for this paper! 1 

An additional objective of the data collection is to allow later, off-line analysis of the data. 
Each vehicle will collect and store data during a round trip; the stored data will be 
transferred to a removable flash memory card in a PC Card slot in the on-board computer 
which is then transferred to a similar PC Card in a computer at the U. S. Xpress 
headquarters in Cbattanooga. U. S. Xpress staff will validate the data and load them into a 
database for preliminary analysis; any data they consider proprietary will be "cleansed," and 
the data will then be made available -- probably by Internet file transfer - to staff at the 
University of Tennessee - Knoxville (UTK) for storage in the Rollover Warning Project 
central data base. 

Staff at UTK will subsequently analyze the data, looking in particular for geographical 
clustering of instances of emergency acce!erations. Clusters of heavy braking events could 
indicate either highway design features that surprise drivers or perhaps traffic situations that 
require emergency maneuvers. This sort of analysis is particularly interesting to the 
Tennessee Department of Transportation, who are co-sponsoring the project. In addition, 
analysis of the data will allow construction of a relatively complete database of locations of 
high lateral acceleration demand on the route as normally driven. Such a "bad-curve" 
database could materially reduce the need for beacons to broadcast descriptions of curves. 
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4.0 PRELIMINARY RESULTS AND CONCLUSIONS 

[Author's Note: At the submission deadline for papers for this conference, the Rollover 
Warning fleet was in final checkout before deployment into revenue service, and therefore 
there was 00 useful data to report in this section. By conference time, we should have data 
from several months of operation, which. we will present and discuss. Generally speaking, 
we will report on the topics indicated below. We plan to bring a few preprim copies of the 
final paper to the conference for those who may want copies of the results.] 

4.1 Perfonnance offtardware and Software 
(functionality, reliability; phases, changes and upgrades) 

4.2 Observed Influence of Highway Characteristics 
(acce1eration excursions vs location/geometry) 

4.3 Implications for Truck Safety 
(functionality vs requirements; cost - as-built, near-term future, and after a computer­
systems learning curve) 
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