SUBSTITUTING THE AUDITORY AND TACTILE
MODALITIES
FOR THE VISUAL WHEN THE DRIVER’SVIEW
OF THE OUTSIDE WORLD ISOBSCURED

Kathleen A. Harder
University of Minnesota, Minneapalis, Minnesota, USA; hardeO15@tc.umn.edu
JohnBloomfield
University of Minnesota, Minneapdlis, Minnesota, USA
and University of Derby, Derby, England; bloom034@tc.umn.edu
and Benjamin J. Chihak
University of Minnesota, Minneapdlis, MN, USA; chih0007@tc.umn.edu

ABSTRACT

Currently, several techndogies are being integrated into a singe system that provides the driver
of a spedalty vehicle with avirtual representation d the view out the windshield via a kead-up
display (HUD). As part of the devéopment of this s/stem, we are exploring perceptual issuesin
a series of alternating simulation experiments and field studies. Here, we discussa field study
condwted on aclosed track. We used a snowplow equipped with a HUD, a dfferential globd
positioning system, and dgital geo-spatial databases. In the field study we investigated the
effediveness of lane departure warnings given in three modaliti es—visual, audtory, and tactile
(viathe driver's sat). The participarts were exert snowplow operators. During the field study
it became apparent that the HUD was nat useful on sharp corners; rather, the visual andtactile
moddities became the primary means with which operators navigated the wrners. The
information oltained during the field study will feed into the nex field operationd test stage of
the program.

In his foundation work on sychophysics, Fedhner (1860 propcsed the experimental approach
that led to the scientific determination d the relationship between mind and tody. Fechner
devised experimental paradigms for defining the relationships between physicd stimuli and
conscious ensations.  These paradigms were subsequently utilized and refined by the many
scientists that followed. A hunded and forty yeas later, the ramifications of Fecner's work
have spread far beyondthe study of psychophysics and the determination d thresholds.

Amongthe many areas explored by Fechner was that of transference (and interference). In 1858
his observations on the bilateral transfer of motor skills appeared with a longer paper by his
colleague (and krother-in-law) A. W. Volkmann. Volkmann and Fechner conducted experiments



on tadile discrimination. They showed that increases in skin sensitivity in a stimulated areaon
one hand d a subject resulted in similar improvements in the identicd area on the other hand.
Because of the spedficity of the transfer, Volkmann inferred that this was a central effed in the
brain, rather than a peripheral effed in the skin.

Later scientists — like Stevens (1951) — showed that it is pasgble for subjeds to transfer and
match the intensity of stimuli occurringin ore modality to responsesin ancther. There ae many
pradical applications of transfer — like that of White, Saunders, Scadden, Bad-y-Rita and
Collins (1970 who developed a visua substitution system in which images provided by a
television camera scanning a visual scene were cnverted into patterns of vibrating pants on the
skin of the badk of a subject. White & al.’s g/stem, like the red-world application described
here, is a very long way down the road on which Fechner and Volkmann set off in the mid-
eighteenth century.

The airrent work reported here involves developing a driver asdstive system (DAS) that all ows
drivers of specialty vehicles (snowplows, ambulances, and petrol cars) to drive in condtions of
limited visibility (e.g., snow, fog, heavy rain). The DAS operates in three modaliti es — visual,
auditory, and tadile (via the driver's sd) — it delivers visua navigation information, lane
departure warnings, and colli sion avoidance warnings. (Only the visual navigation information
and lane departure warnings developed for the DAS are discussed here.) The objedive of this
study was to determine whether expert snowplow operators could drive in rea world condtions
of zero vishbility, using the DAS interface developed by implementing findings from two
previous experiments conducted in a driving simulator.

In order to test this objedive in the real world, we aked the snowplow operators to drive on
snow-covered narrow roads with their view of the outside environment completely occluded. We
used a snowplow equipped with a head-up dsplay (HUD), a differential global positioning
system (DGPS, and dgital geo-spatial databases. In the field study, we investigated the
eff ectivenessof 1ane departure warnings given in three modaliti es — visual, auditory, and tactile
(viathe driver's a).  Because the driver’s view of the road was completely ocduded, his or
her only source of information was the lane markings on the HUD and the lane departure and
colli sion avoidancewarnings.

METHOD

Participants

Participants were 13 Mn/DOT snowplow operators from the Minnegoli /St. Paul, Minnesota,
USA metropolitan area. Their participation was voluntary.

Apparatus

Visual navigational information inside the snowplow was conveyed via the HUD developed by
the Intelligent Vehicles Lab, at the University of Minnesota. Images onthe HUD were projected
from a 10.4 in (266 mm) Mobhile VU projedor (Litton Systems #4680-1, San Diego) mourted



just to the right of the driver's headrest. The roadway markings were generated by the
Differential Global Positioning System. Ead subjed saw the lane markings (provided by DGPS
viathe projedor) onthe HUD.

The combiner surface used in the HUD was verticaly and haizontaly planar convex. In namal
use, when the driver looked forward, he or she was able to seeboth the imagery onthe combiner
and the outside environment. (In this field study, in al but the familiarization trial, the view out
of the windshield and side windows was occluded.) The combiner was mourted onan adjustable
frame so that it could accommodate drivers of different heights. The combiner measured 115 in
(2949 mm) wide and 6in (1538 mm) high and was framed with clea 0.75-inch (19.2 mm)
pdycaborete.

Test Site

The field study was conducted on a test tradk at the University of Minnesota's Agricultural
Reseach Extension Station. The tradk, shown in Figure 1 below, was 4 mi (6.44 km) long It
consisted of threelegs: the first was a two-lane-wide road; the second was a threelane-wide
road; and the last leg was asingle lane. All threelegs were unpaved. In the first leg, soon after
the start paint, there was a gentle left bend. Between the first and second legs there was an
oblique gproximately 120-deg left turn. Between the second and third legs there was a 90-deg
short radius left turn. Then in the midde of the third leg there were two 90-deg short radius
turns, the first to the left and the secondto the right.

The eperiment was run in Deember 2000 and January 2001 a time during which the
temperature varied between 30 deg and minus 18 deg F with wind chill s that were sometimes as
low asminus 50 ceg F. On all test runs, the tradk was show covered. If necessry, the track was
plowed at the start of each day. Atmospheric visibility was

excdlent onall days.

Design and Procedure

On arrival at the test fadlity participants sgned an informed consent form. An experimenter
drove them from the assembly paoint to the snowplow at the start of the wurse. When seated in
the snowplow subjeds were aked to adjust the HUD combiner by centering its lane markingsin
the middle of the road. They also made an azmuth adjustment to asaure that the vanishing pant
of the HUD lane markings coincided with the vanishing pant of the road. Then they listened to
taped instructions.

Before starting the first test run the experimenters chedked with the traffic controllers to ensure
that no aher traffic was present on the curse and to block any traffic from turning orto it.
Following clearance from all six traffic control points, shown in Figure 1 below, participants
began driving.
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Figure 1. The field study test track showing the course and the six checkpoints for traffic
controal.

Run Number 1:

During the first run the drivers were asked to pay attention to the lane markings on the HUD
throughwhich the adual roadway was clearly visible. They aso were invited to sample the lane
departure warnings. (If the snowplow departed the lane to the right, ared line gpeared ower the
right lane marking onthe HUD, an auditory warning resembling the sound d a rumble strip was
head onthe right side of the @b, and the driver felt a vibration urder his or her right thigh. If
the snowplow left the lane to the left al three warnings were given onthe left side.) At Turn
Number 1, which is an approximately 120-deg oHdique ange they turned left onto the next stretch
of road. During the turn, subjeds were instructed to attend to the HUD and to their speed. They
were told that during the condtions in which their view of the adual road would be mmpletely
ocduded the lane markings on the HUD would dsappea and that they "shoud procee to turn
cautiousy at a speed that did na exceed 3to 4mph." (The reasons for this are discussed below.)
At turn 2, which was a sharp 90-deg turn to the left, onto a single lane road each subjed was
again cautioned to turn slowly and cautiously because on sharp turns the HUD's lane markings
completely disappeared. They were told that the best way to navigate the arve was with afoot
over the brake and nd on the acderator. This guidance was useful to them in preparation for
test runs during which their view of the actua roadway was ocduded by opmque artains



covering the inside of the windshield and side windows. They were told that when rnegatiating
the sharp 90-deg turns they would need to rely on the auditory and active sea warnings for
guidance. At turns 3 and 4 a sharp 90-deg left turn and sharp 90-deg right turn, respedively,
subjeds were ayain cautioned to proceed around the turns "at a speed of approximately 3 to 4
mph." They were ggain told that the lane markings on the HUD would disappear on the tight
turns. At the end d the mourse they were asked to stop at the point on the trad where they would
be asked to stop onsubsequent runs. Subjeds were encouraged throughout the run to comment
ontheir perception d the HUD and lane departure warnings.

Runs Number 2 - 5:

During the second through fifth runs, subjeds drove with opaque aurtains drawn across the
windshield and side windows. They were aked to drive the murse by using orly the lane
markings projeced onthe HUD combiner and the lane departure warnings. Asin run Number 1,
subjeds were encouraged throughou the run to comment on their perception o the HUD and
lane departure warnings.

RESULTSAND DISCUSSION

The field test was treated as an expert knowledge extradion task. As mentioned earlier, the test
sessons began with atrial runin which each snowplow operator familiarized himself or herself
with the test track. Then, for the remaining runs, the operator drove the snowplow with the
outside view of the ewironment completely ocduded, so that their main source of external
information was the DAS Interface(i.e., the HUD, the auditory display andthe adive se&).

As mentioned above, when sharp turns were negatiated, the lane markings on the HUD and the
red line warning bah dsappeaed, and nd surprisingly the operators indicated that they had
problems with the way in which turns were depicted onthe HUD (p=0.061, Binomia test; Siegel
& Castellan, 1988. This is because the lane markings $own onthe HUD match the normal
view of a driver with the windshield view, but this conformal view fails when the vehicle is
negatiating sharp turns. When negatiating turns, all drivers need to look ou the side window at
some point in order to succesgully complete the turn. At the moment, we have not determined
how shallow a turn must be before it is possble to use only information oliained throughthe
windshield. However, it is clea that for the 120-deg turn as well as the three 90-deg short radius
turns that the snowplow operators experienced when driving the test track, it was necessry to
look ou the side window to complete them.

Everyday drivers may believe that he or she aquires the information recessary for taking sharp
corners throughthe windshield and never throughthe side windows, but this view isincorrect —
anyore who doults this doud try to drive his or her vehicle with the side windows occluded.
The reason for such an erroneous belief may be that driving is a highly over-leaned and over-
pradiced skill, that expert knowledge is difficult if nat impossble for the expert to articulate, and
that there is, as Howarth (1988 points out, “a surprising degree of dislocation [...] between
conscious verbally expressed behavior and tadt knowledge which guides ill ed behavior.”



Although umble to use the HUD on sharp corners, the magority of snowplow operators
successfully navigated the corners while using the mmbined auditory/adive sea signal as a turn
advisory (p<0.00001 Binomial test; Siegel & Castellan, 1988. With regard to the auditory
warning and the tadile warning that was delivered via the adive sedt, it was clea that the
operators perceved the two warnings as a single perceptua unit; in some caes, the operators
were dealy unaware that the signals were separate & al. It islikely that the signal presented by
the two modalities merged into a single perceptual entity because they bath oscillate. The
subjeds were &le to use this dual-modality stimulus, which provided spatial information, instead
of the virtual, visual information presented onthe HUD. Further, they were able to transfer from
this virtual display to the spatialy presented dual-modality stimulus. Clealy, thisisin line with
Fechner’s origina findings — although if he were to look davn on this gudy it might be with
some surprise and trepidation.
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