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INTRODUCTION

When buying a vehicle, customers consider many vehicle attributes, including safety, ease of use, and comfort.  Design and evaluation of vehicles for these attributes requires human factors expertise and unique tools.  However, most mechanical or electrical engineers may not have this expertise as coursework in human factors engineering/ergonomics is not part of their college curricula or on-the-job training.  Further, minimum human factors expertise is often considered to be a master’s degree in some other discipline (industrial engineering, psychology) with appropriate specialization.  It is rare for engineers to have even completed a 2-week short course, such as the one offered at the University of Michigan (http://www.umich.edu/~driving/shortcourse/index.html), an option for even those not in the United States.  Focused conferences, such as this one, are a good beginning to gain or expand that expertise.
Human factors tools are often specialized for automotive applications and include laboratory devices, mockups, crash sleds, driving simulators, instrumented vehicles, and field operational test instrumentation.  Laboratory devices and mockups can be used to test interior sound and lighting levels, interior temperature and air flow, ingress and egress (1), seat comfort, ease of reach to and preferences for controls (2), display visibility and legibility (3), and so forth.  These tests tend to be the least complex of those conducted by human factors specialists.

At the other end of the spectrum are field operational tests, tests in which a fleet of vehicles (typically 10 or more) is outfitted with instrumentation and then given to the public to use as their personal vehicle for some period of time, usually at least a month (4).  With no experimenter in the vehicle, these tests assess naturalistic driving and the use of new safety systems such as forward collision warning.  Such tests last several years and cost tens of millions of dollars.

Using all of these tools, UMTRI has conducted hundreds of projects over its 40-year history.  Based on that experience, UMTRI has learned a great deal about how to develop and use these tools (e.g., 5, 6).  Because attendees at this conference are likely to have experience with laboratory tests and unlikely to be involved in field operational tests (because they are infrequent), or crash sled tests (to assess impact biomechanics, a very different topic), this paper concentrates on lessons learned for driving simulators and instrumented vehicles.

Driving Simulators – Some Lessons Learned

Lesson 1:  Simulator operational and upgrade costs far exceed the simulator purchase price.  Many assume that once they have funds for a simulator, the most difficult problem has been solved.  However, the largest costs for simulators are for staffing them, followed by keeping the hardware and software current.  A full time engineer and others may be required to operate the simulator (whose real annual cost is 2.2 times their salary) and annual software license/technical support fees need to be paid (often 25% of the software purchase price). 

In addition, roughly every 4 years, the computers need to be replaced as operating system and application software upgrades push the limits of system memory and processor speed, and computers can no longer be upgraded to provide acceptable performance.  Furthermore, old versions of the simulator software may longer be supported.  Also, to be competitive, all of the video projectors may need to be replaced as well.

Lesson 2:  A major portion of the budget to purchase a simulator should be allocated to the audio-video system.  After a simulator study is conducted, the first request is often not for the engineering data collected by the simulator (e.g., plots of speed versus time) but rather for clips showing subjects being tested. More than anything else, the facial expressions and comments (“Where did that car come from?”  “I cannot figure out how to operate this.”) indicate problems drivers experience, which is information engineers find valuable.  Images are needed of the forward scene, the driver’s face (and eye movements), the vehicle interior, and if feasible, the overhead (plan) view of the driving situation.  To obtain the desired audio and visual data, multiple cameras and microphones are required, along with video and audio mixers, and software (such as iMovie) and hardware to produce highlight sequences.

Lesson 3:  A wider field of view may not make a driving simulator better.  For many years, UMTRI had a Macintosh-based single-channel (1 projector) driving simulator that presented simple driving scenes (30 degree field of view) supplemented by force feedback on the steering wheel.  With this relatively simple set-up, scenes updated quickly and there were few instances of motion sickness.

The current UMTRI driving simulator (www.umich.edu/~driving/sim.html) is a 4-channel system (120 degree forward, 40 degree rear field of view) that presents a much more detailed scene.  However, because the scene is more engaging the mismatch between what subjects see and what they feel (there is no significant motion) is even greater.  In some studies, 2 of the 3 the forward channels (that were purchased at great expense), are turned off to reduce the opportunities for motion sickness.  Neither this problem, nor its “solution” is unique to UMTRI.

Lesson 4:  Before the first experiment is conducted, test and retest to make sure the simulator is reliable, and check that the data obtained are representative of real driving.  Usually, there is great pressure to use a newly delivered simulator as soon as possible.  Consequently, the installation is rushed, and the initial “real” experiments become shakedown tests for the simulator.  All too often there are bad connections, communication links that sometimes lock up, buffers that overflow in long sessions, circuits that overload due to heat build-up, variables that someone forget to save, and many other problems that are not detected if the only acceptance criterion is that the simulator works when turned on.  Accordingly, the first experiment should be one in which subjects drive for long sessions.  Those driving should be encouraged to be somewhat abusive to make sure the simulator will not fail during normal use.  Also, it is very important to check that summary measures (speed variance, standard deviation of lane position, etc.) are representative of real driving (7, 8), and if they are not, to adjust the vehicle dynamics, simulated winds, etc., as necessary.  If not, then engineers are unlikely to believe results from the simulator.  

Lesson 5:  Plan how to get the cab in the simulator room.  In many cases, the simulator room does not have a garage door so that a cab can be wheeled into place and even worse, the simulator room may not be on the ground floor.   If that room is not on the first floor, the cab must be disassembled to fit in an elevator or, even more challenging, carried up some stairs, hoping it can be turned in a hallway to fit through a door.

Lesson 6:  Label, label, label.  This may be an American problem of sloppiness, but often, in the rush to get a simulator operational, equipment is not installed neatly and cables and connectors are not labeled.  Invariably, something fails, and considerable time is spent tracking down the problem.  In the long run, less time will be required to stop and label everything, than just solve the problem.  Usually, there is not just 1 problem, but many problems.

Instrumented Vehicles – Some Lessons Learned

Lesson 1:  Expect to replace the entire data collection system in a test vehicle every 3-4 years, especially the computers (usually laptops) and the operating system software.  The reason is the same as that for driving simulators, obsolete systems are expensive to support and upgrade.

Furthermore, over time vehicle capabilities grow, new features become available, and information is added to the vehicle data bus, data that at one time was collected by dedicated sensors.  Thus, after a period of 6-8 years, replacing both a vehicle and its data collection system may be more cost effective than just upgrading the data collection system.

Lesson 2:  Obtaining adequate power and power distribution is a major problem.  Even though laptops do not draw much power, video systems often do, as do other electronics added to the vehicle.  Those demands may exceed the power provided by the vehicle’s standard alternator or even heavy-duty optional alternators.  However, extra heavy-duty alternators designed to power aftermarket audio systems may be sufficient.  Keep in mind that power added to operate data collection equipment is dissipated as heat inside the vehicle, and that heat can overload the production air conditioner, especially in the summer when tests are typically conducted.

Lesson 3:  Adding mirrors for the experimenter can enhance safety.  In many UMTRI studies, an experimenter sits in the back seat (usually on the passenger side) to monitor and control equipment mounted behind the driver, and to act as a safety observer.  Placing mirrors on the back of the driver’s headrest and on the B-pillars gives the experimenter a greater awareness of the surrounding traffic and reduces the likelihood of sideswipe crashes.

Lesson 4:  Sometimes, a front seat observer may be required to provide adequate safety.  For an extremely distracting task in a difficult situation, such as having novice drivers use a poorly designed navigation system in inconsistently flowing traffic, a safety observer in the passenger’s seat may be needed.  If that is so, the safety observer should not be given any other duties (e.g., recording data) that might distract them from their primary role.  Obviously, having 2 experimenters in a test vehicle adds to the project cost.

Lesson 5:  Provide displays to continually show the status of all sensors in real time.  Tests usually involve prototype, not production hardware and software, and test instrumentation is much more failure-prone than other vehicle equipment.  Sensors can become disconnected or fail, power fluctuations may cause the sensor to pin at minimum, maximum, or last read values.  Some UMTRI test vehicles have displays with real-time bar graphs showing all key values, so experimenters can easily determine that data are being collected and the values are reasonable.  In addition, there are also monitors for all video channels.  If this information were not available, then missing data would not become evident until after the testing of a particular subject was completed, at the earliest.  However, the data may not be plotted after each subject, so missing data is only discovered after all subjects have been tested, when it is too late to collect additional data.  

Lesson 6:  Check to see if construction is scheduled for a test route.  On-the-road tests often occur in the summer, when most road construction occurs.  Therefore, be sure to check with local, county, state, provincial, and federal departments of transportation when and where construction is planned.  Do not expect construction to be completed on time.  Also, realize that water mains can fail, streets will flood in rainstorms, and construction or repair of buildings adjacent to roads may lead to blockage or closure.  If possible, have some alternative routes.

CLOSING THOUGHTS

Doing research is about exploring the unknown.  The more the situation is unknown, the more informative the results.  However, there is no substitute for experience and expertise when exploring the unknown.  It is hoped that the lessons listed here, just a small sample of UMTRI’s expertise, help others conduct human factors studies of driving and develop systems that are safe, useful, usable, and enjoyable to use.
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