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ABSTRACT

Objective: The aim of this study is to investigate the effects of design parameters of vibrotactile signals on semantic
association with transmitted information conveying different meanings. Background: As information communication relying
on human visual channel becomes excessive, the utility of vibrotactile signals is being interested as a substitute measure of
delivering information. Properly designed hapticons may relieve burden of visual communication by rendering distinct and
meaningfully compatible haptic sensations. Method: A typical Kansei engineering approach was adopted in this study. Ten
most distinctive hapticons were selected among those having different frequencies and amplitudes. Associations between
the hapticons and twenty four pairs of adjectives used to describe the state of automobile in control were gathered from
thirty subjects using semantic differential scales. Results: The selected pairs of adjectives were summarized by factor
analysis into two semantic dimensions named 'Awareness' and 'Directionality’. The experimental hapticons matched with the
semantic dimensions were presented as a haptic emotion map. Conclusion: The results from this study support that frequencies
and amplitudes of haptic signals play important roles in arousing different human perceptions regarding the two haptic
emotional dimensions. Application: Properly designed hapticons with respect to the contents of transmitted information will
increase human operator's situation awareness as well as system performance. The result from this study can be used to
develop standardized hapticons for active haptic communication.
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Figure 1. Structure of haptic handle and haptuator
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2.3 Design and identification of discriminable hapticons
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Table 1. Pairs of adjectives used in this study

Thoughtless-Cautious Empty-Full
Discomfort-Comfort Far-Near
Impossible-Possible Pull-Push
Decrease-Increase Heavy-Light
Important-Trivial Strong- Weak
Dangerous-Safe Left-Right
Unsatisfied-Satisfied Out-In
Abnormal-Normal Off-On
Complex-Simple Close-Open
Hard-Soft Hot-Cold
Stop-Go Bad-Good
Backward-Forward Up-Down
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Table 2. A sample format for semantic differential scale
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3. Results
3.1 Discriminability of the hapticons
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Table 3. Selected hapticons based on their discriminability
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3.2 Factor analysis for semantic association
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Figure 3. Scree plot of factors for pairs of adjectives
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Table 4. Factor loadings of the adjectives reduced
into 2 dimensions

Used abjective Factor 1 | Factor2 | Factor 1 Factor 2
Awareness | Directionality
1 | Thoughtless  Cautious | 0.31353 | 0.21634 | Thoughtless
2 | Discomfort ~ Comfort | 0.71575 | 0.03000 | Discomfort
3 | Far Near -0.32253 | 0.49394 Far
4 | Abnormal Normal 0.58395 | 0.09827 | Abnormal
5 | Off On -0.27249 | 0.12230 | On
6 | Close Open -0.00231 | 0.19423 Close
7 | Out In -0.00746 | 0.48297 Out
8 | Impossible Possible | 0.48889 | 0.33453 | Impossible
9 | Pull Push 0.00586 | 0.18361 Pull
10 | Backward Forward |-0.03140 | 0.31818 Backward

Table 4. Factor loadings of the adjectives reduced
into 2 dimensions (Continued)

Used abjective Factor 1 | Factor2 | Factor 1 Factor 2
Awareness | Directionality
11 | Empty Full -0.50370 | 0.38261 | Full
12| Up Down -0.08260 | 0.29334 Up
13 | Stop Go 0.06078 | 0.16748 Stop
14 | Bad Good 0.57533 | 0.22239 | Bad
15 | Hot Cold 0.23869 | -0.28231 Cold
16 | Important Trivial 0.64046 |-0.33907 | Important
17 | Decrease Increase | -0.47665 | 0.32366 | Increase
18 | Heavy Light 0.64525 |-0.39564 | Heavy
19 | Left Right 0.04427 | 0.25008 Left
20 | Dangerous Safe 0.70272 | -0.00676 | Dangerous
21 | Unsatisfied Satisfied | 0.66976 | 0.20989 | Unsatisfied
22 | Complex Simple 0.63207 | -0.00618 | Complex
23 | Hard Soft 0.69093 |-0.39202 | Hard
24 | Strong Weak 0.63383 | -0.42660 | Strong
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Table 5. Adjectives strongly associated with reduced factors

Factor 1

Factor 2

Discomfort-Comfort

Abnormal-Normal

Impossible-Possible

Empty-Full

Bad-Good

Important-Trivial

Decrease-Increase

Heavy-Light

Dangerous-Safe

Unsatisfied-Satisfied

Complex-Simple

Hard-Soft

Strong-Weak

Far-Near
Out-In
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Table 6. 'Awareness' with respect to the haptic design parameters
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Near Far

Figure 7. Linear arrangement of hapticons on the
axis of 'Directionality’

Table 7. 'Directionality' with respect to the
haptic design parameters

No Vibration
8 2.5V/500Hz
1 4 2V/125Hz
7 2.5V/300Hz
6 3V/125Hz
Directionality 1 3V/75Hz
2 2V/75Hz
10 2.5V/200Hz
3 1.5V/75Hz
! 5 2.5V/75Hz
9 2.5V/125Hz
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