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Contribution
Viscous friction or damping for rotatory switches
is a mechanical parameter for the torque caused
by the angular velocity and crucial to human
haptic perception. The detection threshold (DT)
and just noticeable difference (JND) for this mechanical parameter was measured. The JND was
determined for a standard stimulus of 2 mNms,
this feels like rotating a pen in warm honey. The
DT and JND were investigated for two knob
sizes and under the presence or absence of an

Aims
additional task. In the single-task experimental
setup the haptic experiment was the only task.
In the dual-task experimental setup the Lane
Change Test (LCT) was used as additional task.
The results indicate that both the DTs and the
JNDs do not depend on the presence or absence
of an additional task. Surprisingly, the JNDs are
not affected by the used knob diameters, as one
would expect, whereas the DTs clearly do.
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• Investigating the influence of the presence or absence of an additional task
(Lane Change Test)
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The LCT is an ISO-standardized procedure for
driver distraction evaluation. It is a simple
driving simulation which consists of driving
along a straight road with 3 lanes at a constant
speed. Lane change signs appear on both sides
of the road to indicate a required lane change.
The driver has to maintain the car in the center
of the indicated lane.
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In the boxplot on the right it can be seen
that the JNDs do not clearly depend on the
knob size or on the distraction condition. Statistical analysis indicates, that the JNDs are
surprisingly independent of the knob size!
The JNDs are also independent of the presence or absence of an additional task. The
found W EBER fractions JND/S are about 20%
for a standard stimulus of S = 2 mNms.

– D1 = 20 mm
– D2 = 36 mm
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Detection Thresholds

Knob size and distraction condition

In the boxplot on the right it can clearly be seen
that the knob size has an influence on the detection threshold. Statistical analysis indicats, that
the DTs are clearly affected by the knob size.
Detection thresholds do not seem to depend on
the presence or absence of an additional task,
or at least the effect is very small. For a knob size
of D1 = 20 mm, the DT is about 0.13 mNms and
for a knob size of D2 = 36 mm, the DTis about
0.27 mNms.

• Determining the DTs and JNDs of damping for rotatory switches
• Investigating the influence of the knob diameter

Haptic experiments are often done as a singletask experimental setup, i. e. the haptic experiment is the only task for the subjects. But in real
life there are always other tasks or distractions
respectively.
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In a nutshell, the study had the following aims:
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(Standard stimulus S = 2 mNms)

Procedure

Apparatus

Experimental Setup

The 26 participants were divided into two
groups:

The experimental apparatus is a single degree
of freedom (DOF) haptic display. Its main
components are

The picture shows the experimental setup. Not
shown: The monitor for the Lane Change Test,
the headphones with music the participants
were wearing during the experiments and the
input device for choosing yes/no and damping
A/B.

• Group A began with the single-task experiments and
• group B started with the dual-task experiments.

•
•
•
•

a knob,
a torque sensor,
an incerental encoder and
a DC motor.

Two knob sizes
• D1 = 20 mm and
• D2 = 36 mm
were used, the order was randomized. The DTs
and JNDs were determined using a non-forced
up-down adaptive staircase procedure.
The participants had to indicate whether they
feel a difference in damping and were instructed to turn the knob at a normal speed.
The participants had an input device to select
damping A or damping B and to enter their decision.
The JNDs were determined for a standard stimulus S of 2 mNms – roughly speaking, this feels
like rotating a pen in warm honey.

It is controlled by a PC-based real-time operating system at a sampling rate of 20 kHz.
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