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Haptic displays are expected to be used for information presentation in whole-body 

experiences such as haptic feedback in VR, assisting rehabilitation, and presenting 

motion. However, because conventional haptics devices for displaying force use a 

"physical force" for directly driving the body with an actuator, such devices become 

expensive, large, and consume a large amount of energy. In addition, conventional force 

displays have been developed for general applications with multiple degrees of freedom 

and strong forces that are presented by a single device. As a result, depending on the 

application, the performance of such devices is unnecessarily high and expensive. 

Therefore, the application of conventional force presentation devices has been limited to 

research applications and fields in which larger scale devices such as medical training 

devices are acceptable. 

 In the haptics research field, approaches have been proposed that present a 

"perceptual force" to the user through human perceptual characteristics. Because these 

approaches do not need to reproduce a "physical force," the device can be realized on a 

relatively small scale. A representative method of this approach is skin deformation. It 

is reported that a force sensation occurs when skin deformation is presented as 

compression or rotation. This phenomenon can be applied to various parts of the body 

such as the fingertips, wrist, and upper arm. In particular, the "hanger reflex" 

phenomenon occurs when a wire hanger is attached to the head. It presents such a strong 

rotational force sensation that the head is rotated involuntarily. Previous research has 

clarified that this phenomenon is caused by compression and the lateral skin stretch 

caused by a wire hanger attached on the head. Using skin deformation, it is hence 

possible to present a strong force sensation with a small device. 

To present force sensations using perceptual characteristics with small and energy 

efficient devices, there are also methods based on vibration. When the user grips a 

vibrator with an asymmetric acceleration, a pulling force sense is generated. According 

to previous studies, this phenomenon is caused by perceptual nonlinearity. The user 

perceives a strong stimulus of short duration more strongly than a weak stimulus of long 

duration. Because this method employs a transducer, the time required to present the 

stimulus is shorter than that required for skin transformation, and the output is also 

easy to adjust. 

This research aims to simplify haptic devices by utilizing the haptic illusions of "skin 

deformation" and "vibration superimposition." Moreover, it aims to provide compact and 

energy efficient haptic presentation to the whole body. The developed devices have been 

used in many fields. In detail, to simplify the device, the adjustments of the direction 

and output of the force sense were simplified, devices optimized for each body 

presentation site were developed. With respect to the applications of the device, the 

device was used to teach body posture in medical treatment, present information on 

mobile devices, and teach body movement in sports. 
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(sensory trick)
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 7.1 [52] 

A: sensory trick ,  
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7.1.1 

Toronto Western Spasmodic 

Torticollis Scale (TWSTRS)[53]

Severity, Disability, 

Pain 3  

TWSTRS Severity TWSTRS Severity
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A1-A3 3 A4-A5
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TWSTRS Severity
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C-B-A
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(BN: Belt scrolling with No feedback)
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feedback)

 

1 10 24
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1 t ( =50) BC(t=5.75, df=5, p=0.002<0.01), 
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