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Research Interests

Haptic texture perception and psychophysics

Machine learning for haptic content automation

Wearable and modular haptic interfaces (Hardware and Software)
Soft pneumatics for wearable haptics

Teaching
e (CSE20800 Technical English 1
e (CSE30900 Technical English 3

Honors and Awards

Best student innovation challenge award, World Haptics Conference (WHC) 2019
Outstanding paper award, Ubiquitous Robotics and Ambient Intelligence (URAI) 2019
Outstanding paper award, Korean Computer Congress (KCC) 2016

Doctoral research scholarship, 2016 — 2022

Masters research scholarship, 2014 — 2016

Graduate student scholarship, Kyung Hee University, 2014 — 2022
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Projects
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President Telecomm Society at MCS, National University of Science and Technology 2011 — 2012
Sports prefect at MCS, National University of Science and Technology 2011 — 2012
Undergraduate merit scholarship, National University of Science and Technology, 2008 — 2009

Haptic Modeling and Rendering Technology for Mirror World, Global Frontier, NRF Korea (2014 - 2022)
Perceptual Performance Enhancement of Ultrasonic Haptic Display, ETRI Korea (2016 - 2017)

HD Haptic Technology for Hyper Reality Contents, MSIP, IITP (2017 - 2019)

Drone-Based Haptic Interface with Unlimited Workspace, Basic Research, NRF Korea (2017 - 2019)
Development of Virtual Objects Interaction Techniques in Life-Safety Situations, Ministry of the Interior and
Safety (2019 - current)

Haptic simulation technology for moving interface, Hyundai Korea (2022.03 - current)

Research Highlights

Image Texture and Perception Based Automatic Haptic Model Assignment

Lack of haptic contents is one of the major bottlenecks in current haptics technology. This research aims at
developing a framework for efficient haptic model building based on data from image features of textures
and their perceptual haptic attributes. In this work, we associate data-driven haptic models, for stiffness,
friction, and surface texture, with their image features and construct “The Haptic Texture Contents Library.”
Then, we seek for new perception and image-based techniques to automatically assign the acquired models
into 3D mesh models.

Establishing Haptic Texture Attribute Space and Predicting Haptic Texture Attributes

This project strives to provide a haptic attribute space where texture surfaces are located based on their
haptic attributes. The main aim of the haptic attribute space is to come up with a standardized model for
representing and identifying haptic textures analogous to the RGB model for colors. To this end, a four
dimensional haptic attribute space is established by conducting a psychophysical experiment where human
participants rate 100 real-life texture surfaces according to their haptic attributes. The generalization and
scalability of the haptic attribute space is achieved by training a 1D-CNN model for predicting attributes of
haptic textures. The 1D-CNN is trained using the attribute data from psychophysical experiments and image
features collected from the images of real textures.

Haptic Texture Authoring

It would facilitate contents generation if we could freely edit the perceptual properties of real
measurements, e.g., creating a new haptic texture having a slightly increased roughness from a real surface,
a new texture where the roughness value is inherited from one and hardness from another, and a texture
that can be perceived as lying exactly in the middle of two real textures. Efficiently creating such textures
from real textures is the goal of present work, and we call this as haptic texture authoring. Texture authoring
is achieved by establishing an association between physical attributes of data-driven texture models and
their haptic perception. This association is represented in the form of a 2D space containing real textures
as functions of their haptic attributes. Textures within this space having arbitrary perceptual attributes can
be rendered on various haptic interfaces.

On Demand Haptics

The main aim of this study is to establish wireless wearable modular haptic interfaces designated for specific
haptic feedback. These modules can be stacked together or used individually to provide a multitude of
haptic feedback depending on the application. Currently, the system contains standalone modules for
providing vibrations, pressure, impulse, and thermal feedback.

HapWheel

This project presents a novel steering design that contains ubiquitous haptic displays embedded into a
steering wheel. The haptic displays are used to interact with the different in-car control functionalities. The
main purpose of this design is to reduce sensory demand on the visual and cognitive senses and use haptic



communication for interacting with in-car controls. The steering wheel provides haptic feedback in the form
of associative vibrotactile feedback as positive reinforcement. The designed steering wheel is readily
deployable into all current automobiles without significant overload. The user testing has suggested that
the design is easy to adapt for new users and significantly reduces manual, visual, and cognitive distractions
in an automotive context.
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