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Introduction
Vibration feedback in a mobile device is another sensory 
channel for information presentation. 

Would it be possible to use the vibrotactile channel to 
deliver “richer” information than the simple ring tone? 

Given an application, we need to determine what the best 
way is to encode information in the vibrotactile channel. 

This requires fundamental knowledge about the perception 
of vibration signals emanating from the mobile device, but 
such data have been significantly lacking.  
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Overview of Presentation

For mobile device vibration, we will see its
– Physical characteristics,
– Absolute detection thresholds, and
– Perceived magnitudes.

A concept of “perceptually transparent rendering” 
of mobile device vibration will be also introduced. 

posVibEditor: A graphical vibration editor with 
perceptually transparent rendering. 
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PHYSICAL 
CHARACTERISTICS

• J. Jung, J. Ryu, and S. Choi, “Physical and Perceptual Characteristics of 
Mobile Device Vibrations,” Submitted to ACM Transactions on Applied 
Perception, 2007. 
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Vibration Motor
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Widely used as a vibration actuator for mobile devices

Structure of a coin-type vibration motor



I/O Characteristics

Input
– Voltage applied to a vibration 

motor

Output
– Sinusoidal vibration with correlated 

amplitude and frequency
– Vibration direction is omni-

directional
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Cellular phone used in the study



Vibration Example
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Vibration acceleration (v=2.5V) Power spectrum (v=2.5V)



Vibration Frequency and Amplitude
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Voltage vs. Frequency Voltage vs. Acceleration Amplitude



Vibration Amplitude and Power 
Consumption
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Voltage vs. Position Amplitude Voltage vs. Power



Summary
The frequency and amplitude of mobile device 
vibration are correlated, limiting the class of vibration 
waveforms that can be generated.

The vibration frequency increases with applied voltage.

The vibration amplitude remains a constant regardless 
applied voltage. 

The power consumption rate can be as high as that of a 
CPU or LCD in a mobile device.  
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ABSOLUTE DETECTION 
THRESHOLDS

• J. Jung, J. Ryu, and S. Choi, “Physical and Perceptual Characteristics of 
Mobile Device Vibrations,” Submitted to ACM Transactions on Applied 
Perception, 2007. 
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Related Concepts

Absolute Detection Thresholds (AL)
– The stimuli intensity that is barely perceivable
– Corresponds to “zero” in the perceptual dimension

Sensation Level (SL)
– A measure that indicates how large a signal is 

compared to its detection threshold
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Apparatus
A vibration motor 
cannot be used for 
measuring ALs.

The shaker system, 
despite the many 
advantages of the 
shaker system, cannot 
create stimuli identical 
to those by a vibration 
motor. 
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Mini-Shaker System



Measured ALs
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Sensation Levels
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Summary

The ALs of vibration transmitted through a 
mobile device well agreed to the previously 
published ALs of vibrotactile stimuli.

The measured sensation levels tended to 
become saturated after certain voltage 
(v=3.5V).
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PERCEIVED MAGNITUDES

• J. Jung, J. Ryu, and S. Choi, “Physical and Perceptual Characteristics of 
Mobile Device Vibrations,” Submitted to ACM Transactions on Applied 
Perception, 2007. 
• J. Ryu, J. Jung, and S. Choi, “Perceived Magnitudes of Vibrations 
Transmitted Through Mobile Device,” To be presented in the 16th 
Symposium on Haptic Interfaces for Virtual Environments and 
Teleoperator Systems, 2008.
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Related Concepts

Perceived magnitude (intensity)
– The magnitude of sensation perceived by the observer 

from a proximal stimulus

Psychophysical magnitude function
– A relationship between stimulus intensity and judged 

perceived magnitude

Absolute magnitude estimation
– A subjects tells a number of stimulus intensity without 

any standard stimulus (modulus).
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Psychophysical Magnitude Function 
Measured with the Cellular Phone
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The increasing pattern well matches to that of the SL curve. 



Power Consumption vs. 
Perceived Magnitude
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Psychophysical Magnitude Function 
Measured with the Shaker
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Comparison of Perceived Magnitudes 
Between the Cellular Phone and Shaker
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Cellular Phone

Mini-Shaker

This indicates that the perceived magnitudes measured with the mini-
shaker can substitute for those of mobile deices, eliminating the need 
of repeated psychophysical experiments for new mobile devices.



Summary
The perceived magnitude of mobile device vibration shows 
a similar trend with the sensation level.

A trade-off between power consumption and perceived 
magnitude can be clearly appreciated with the presented 
graphical curve. 

The psychophysical magnitude function of mobile device 
vibration was measured at various frequencies and 
amplitudes using the shaker system.

The two psychophysical magnitude functions measured 
with the cellular phone and the shaker system, respectively, 
exhibited a very similar trend. 
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PERCEPTUALLY 
TRANSPARENT RENDERING

• J. Ryu, J. Jung, S. Kim, and S. Choi, “Perceptually Transparent 
Vibration Rendering Using a Vibration Motor for Haptic Interaction,” In 
Proceedings of the IEEE International Symposium on Robot & Human 
Interactive Communication (RO-MAN), pp. 310-315, 2007.
• J. Ryu and S. Choi, “Benefits of Perceptually Transparent Vibration
Rendering in Mobile Device,” Submitted to Eurohaptics, 2008.
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Related Concepts

Perceptually Transparent Rendering

Can we do this for vibration rendering in a 
mobile device with perceived magnitude as a 
target perceptual variable?
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Inverse of Psychophysical 
Magnitude Function
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Pairwise Discriminability of Vibrations 
Driven with Two Voltages

Averages of All Levels
Averages of Adjacent Levels 
Only
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Summary
The concept of “perceptually transparent rendering” has 
been proposed for vibration rendering in mobile 
devices.

We have been investigating its benefits.

Perceptually transparent rendering is quite effective for 
pairwise discrimination. 

At present, we are testing the performance of absolute 
identification with perceptually transparent rendering. 
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POSVIBEDITOR

• J. Ryu, J. Jung, S. Kim, and S. Choi, “Perceptually Transparent 
Vibration Rendering Using a Vibration Motor for Haptic Interaction,” In 
Proceedings of the IEEE International Symposium on Robot & Human 
Interactive Communication (RO-MAN), pp. 310-315, 2007. 
•류종현, 최승문, “posVibEditor:모바일기기에서진동촉감패턴의
디자인저작도구”, 한국 HCI 학회발표예정, 2008.
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posVibEditor

posVibEditor is a graphical authoring tool for 
vibration patterns, which supports
– Drag-and-drop,
– Save and reuse of designed vibration patterns using 

XML,
– Multi-channel vibration patterns,
– Integrated test of vibration patterns, and
– Perceptually transparent rendering.

We are planning to open posVibEditor to the 
public. 
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Appearance and Structure

31



32

Thank you!

Questions and comments can be addressed to:
- Seungmoon Choi, Ph.D., choism@postech.ac.kr
- Jonghyun Ryu, fall@postech.ac.kr

More information is at http://hvr.postech.ac.kr. 

mailto:choism@postech.ac.kr
mailto:fall@postech.ac.kr
http://hvr.postech.ac.kr/
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