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Haptic feedback provides many opportunities to interact with surroundings
from a remote or virtual scene. Using haptic technology, we can explore
unknown space, rescue in emergency situations and also can apply for
entertainment. Recent developments in the human—computer interaction field
have increased the interest in virtual interaction on the part of
researchers working to realize more realistic sensations for interactions
with virtual objects. Since humans generally use their fingers to feel
things, the concept of “fingertip haptic” was also proposed. At this stage,
most existing devices were proposed through a specific purpose and through
the following five methods to generating fingertip haptic: (1) vibration
can create collision sensation; (2) skin-stretch can enhance stiffness
sensation; (3) platform—extruding and (4) pneumatic-airbag—extrusion can
simulate gravity sensation; (5) shape—-displaying can bring abundant tactile
information. Most of the devices using above methods treat the cutaneous
interactions as a point force rather than as distributed sensations.
Although there existing some devices which can reproduce the distributed
sensations, the capabilities of these devices in rendering execution are

limited because they have low detection range with a large volume. This



researchmainly aims at the deficiencies of the existing tactile interaction
devices, to designing and developing novel tactile feedback devices with
reasonable transmission methods.

In this dissertation, we analyzed the existing tactile rendering methods
and found that shape—-displaying method is the best to bring abundant
information and can provide user with distributed sensations. We proposed
two novel wearable tactile feedback devices combined the shape—-displaying
method with hydraulic transmission and flexible tendon—-driven
transmission, vrespectively. We gave a detailed discussion of them
structures and control methods. The hydraulic transmission tactile feedback
device using a 3 X 3 tactor array arranged in grid and pure water as the
transfer medium to transmit kinetic energy in flexible tube leads to a
compact structure with high performance on transfer of force. The flexible
tendon—driven transmission device using flexible transmission system,
implementing tendons drive 16 individual Pogo pins, arranged ina 4 X 4 grid
as tactors, allows the stable displacement control in a distance. This leads
to a high performance on virtual surface reproduction. We separate the drive
unit from the actuators addressed the ergonomic constraints on previously
device and more suitable for tactile feedback. Easy connectivity and
separated design of driving part and rendering part allows the user’s hand
operation more flexible. Compared with existing similar distributed tactile
feedback devices, these two devices both have large amplitude and a variety
of surface shapes can be presented. This dissertation is divided into 7
sections. The summary of each section describes as follows.

Section 1 is the introduction, which include the background, objectives
and research frameworks. Firstly, we analyze the research status and future
research directions of tactile feedback devices. Next, we summarize the
implement methods of tactile feedback device, and found that
shape—displaying method is the best to bring fingertip haptic. Finally, the
significance and propose of this research are clarified, the research
framework is established, and the outline of this dissertation is described.

Section 2 describes the design of the cutaneous force feedback system using
hydraulic transmission. By analyzing the main factors in designing and using
hydraulic transmission method to separate the 3 X 3 tactor—array module and
driving unit to increase the portability of the device. We gave a detailed
discussion of the structure and control method. The preliminary experiment
proved that the tactors can provide a precise tactile feedback to user’s

finger pad.



Section 3 describes the detection methods of object in virtual
interaction. We use the combination of collision detection and ray detection
to explore the surface characteristics of virtual objects. In order to
feedback the virtual contact force, we use virtual springs to simulate
virtual contact forces in interaction. Through an experiment by squeezing
a user’s finger pad, we determined a quadratic curve approximation of the
relationship between extrusion force and finger pad deformation. By
converting the virtual spring—deformation of the virtual finger pad to this
relationship on user’s finger pad, the virtual contact force can be
reproduced at user’s finger pad.

Section 4 describes the design of tactile feedback device using flexible
tendon—-driven transmission. The whole system is designed with compact
structure, high portability and large amplitude compare with the existing
device. The 4 X 4 tactor—array leads to high performance on surface
reproduction. We described the texture detection method of virtual objects,
and gave the solution of surface penetration in virtual interaction. By
establishing and analyzing the elastic model of the system, the theoretical
output error of the system is eliminated by increasing the input of the
system. By comparing the similar devices, our device achieves a good
combination of amplitude, portability and pin—force which reflect the shape
retention ability.

Section 5 describes the experiments of hydraulic transmission tactile
feedback device. We carried out a shape feedback and shape combine with
contact force reproduction interactive experiments to verify the
feasibility and performance of the device within Unity3D. Results showed
that this device was capable of displaying the surfaces of virtual object
and reproducing the contact forces to a user’s finger pad. The maximum error
of the tactor—array was about 0. 432 mm and mainly occasioned at the beginning
of tactor extending.

Section 6 describes the experiments of flexible tendon—-driven
transmission tactile feedback device. We evaluated the performance and the
application of the flexible tendon—driven transmission tactile feedback
device through a virtual touch experiment and a simulation experiment for
vehicle safety cues. The virtual touch experimental results indicated it
gave a clear enhancement in virtual touch and can provided high-fidelity
3D tactile feedback to the finger for use in virtual environment. The vehicle
safety cues experiment provides further support for the feasibility of the

concept that using tactile cues in vehicle driving.



Section 7 describes the discussions, conclusions and the future works of

this study.
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