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Path Re-planning Design of a Cobot in a Dynamic
Environment Based on Current Obstacle Configuration

This study proposes a path planning algorithm to
generate a collision-free path that avoids static
and dynamic obstacles in real time. Static and
dynamic obstacles are tracked when the
4 manipulator executes a trajectory along a planned
_L___— Wl initig| static path. When a dynamic obstacle enters
the robot’'s workspace, the proposed method re-
plans a collision-free local path to avoid static and
dynamic obstacles. To allow fast local re-planning,
a hybrid method that combines the advantages of
APF and RRT path planning algorithm is
proposed.

AT

Mixed Reality Robot Programming Using Hand Gestures

In this study, we developed a hand
gesture-based robot path generation
system using mixed reality (MR) for
interactive robot programming. A hand-
gesture recognition scheme is proposed to
recognize specific gestures for path
generation and modification. A user can

- dl
. !. intuitively plan a virtual path by hand

b gestures in the actual working space and
a3 send the planned path to the robot
"controller to execute through the MR
A glasses.

HAGrasp: Hybrid Action Grasp Control in Cluttered
Scenes using Deep Reinforcement Learning

Robotic autonomous grasp requires the system to
perform multiple functions such as gripper and robot
control, making it a task with hybrid output nature. To
achieve more effective grasp for novel objects, we
propose a new aufonomous grasp control scheme
termed HAGrasp that considers the complete point

S | cloud of the workspace. The design of hybrid action

<@\ | reinforcement learning module is trained with unified
l latent action space and further improve generalization,

achieving real-time autonomous grasp conirol.

Human-to-Robot Handover Control of an Autonomous Mobile
Robot Based on Hand-Masked Object Pose Estimation

This work presents a human-to-robot handover

| AMR to navigate to a specific person and grasp
the object that the person wants to handover.
We propose a motion planning algorithm for
grasping an unseen object held in hand.
- Through hand detection and segmentation, the
L. hand region is masked and removed from the

s acquired depth image, which is used to
estimate the object pose for grasping.

design for an Autonomous Mobile Robot (AMR).
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RZEATE: ZHIE  ZBERERA RERSZE  ERRIRS
Extensive application engineering: control engineering, intelligent robotics, mechatronic systems, extended reality, etc.

BEITBAGANESES BRE2  EBFHE - £YWNHE - LEEF

Integrating knowledge across non-engineering fields: rehabilitation medicine, sports science, biomechanics, psychology, etc.

Real world [ Virtual environment

Sense of User avatar
PI'L" SCnce

FE = Prospects

MIRAI Lab: MIRAI = & (future) in Japanese
BEMRENRSEEEREZNERIREEE AR AEHBWRERIEERAIRRK

The ultimate prospect is contribution to an ideal future with our intelligent human assistive research using extensive

application engineering technologies. 2025/11/17
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Die Micrograph of the 3-Level Single- P : e
Inductor Triple-Output Converter, L. : L
Chu et at, ISSCC 2017

NYCU nstitute oI Electrical & Control Engineering 2025/11/17




&) 5 # g

81 ~ Al Bk R

. SHMEAEA A TEES

st TIMRIBH R AR BB R
ABEREE

. ENEBSRTEREEE =
Mo BB YR 5% TR o ]
P »: )

. PHERHESEASSY g

B BILPETR

- BRERETEREERR
REIRE 2R

radar point clouds human joints

B g EE e,

NYCU Institute of Electrical & Control Engineering

2025/11/17




HEENRE LR

e g
i) i + - -
".m-_t: il Trmreter & Condis,
T é , o, &t on
o EDCM (4P) 8 B o,
0 Lail Ll Ll
- +
- = ! | fo ¥
L v | HaG £ i 3 L
T kwmg | fwer ' £, == &S
5 Ly i =
g 5 =
Puupessd Hul
Farli | Time H,
Tokpwee | FLls (e
smatege | (Fip 3 =
(g T

—

e 5 I 2 s 00 U v |
TPt
L5 e e e e e P

o0 el S e o 0

CLICERBBE =

2025/11/17

NYCU nstitute of Electrical & Contro ﬂéiﬂéermg



3 R

Automotive Radar & Scanning Radar

Bob Wang

(@BobWangRobots - 741{TiTiEE - 180 5
P TREINRE EE
sites.google comy/site/chiehchihbobwang #1535t 3 N

L BTE v

https://www.youtube.com/chann
el/UC40Rzd2KWiWswwdjC9sfOxQ

NYCU

Pe

Automotive Radar-LiDAR Calibration [IEEE OJ-ITS 2023]:
We develop calibration technigues for aligning 3D radar
and 3D LiDAR in various environments, ensuring accurate
sensor  fusion through spatial and temporal
synchronization.

Radar Missing Dimension Reconstruction [IROS 2023]:
To address the limited vertical resolution of automaotive
radars, we estimate elevation angles by leveraging relative
and radial velocities. This method enhances the 3D spatial
representation of the environment improving object
localization without additional hardware modifications.

Radar Localization: We encode radar intensity data onto
LIDAR maps and apply NDT-based scan matching for
reliable localization in challenging weather conditions.

rception

Scanning Radar Moving Object Segmentation: Our
model uses LiDAR-generated pseudo labels to segment
moving objects from radar scans, improving accuracy with
minimal manual labeling.

Scanning Radar-based Object Detection: We extend a
two-stage, anchorless detection framework with position
encoding to accurately detect objects using 360° radar
data.

Moving Object Tracking with Radar and LiDAR: By
combining radar velocities and LiDAR spatial data, we
improve object tracking, ensuring robust performance
even in occluded or dynamic scenes.

Machine learning

Motion Prediction [IROS 2024]: \We integrate maneuver-
based intention embedding with trajectory prediction to
capture driving behaviors like lane changes and turns,
resulting in more accurate and reliable forecasts in
interactive traffic scenarios.

To further enhance motion prediction and decision-

making, we incorporate large behavior models that leverage
multimodal sensor data, improving adaptability in complex
environments.

Automotive Radar-LiDAR
A LR
Calibration

Radar Missing Dimension
Reconstruction

A Radar Localization Scan.m‘ng Radar Mo!n'ng A Scannlmg Radar—lf)ased
Object Segmentation Object Detection

() M Model (0 Me)

A Moation Prediction /1 1/17
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An Evaluation Framework of Human-
Robot Teaming for Navigation among
Movable Obstacles via Virtual Reality-
based Interactions

An High-level Task Planner using LLM-
Generated Behavior Tree for Aerial
Navigation and Manipulation
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BT-Prompt: Hierarchical Behavior Tree Generation for High-level '

Task Planning wsing Large Language Models

Efficient Embodied Transfer of Robot
Navigation using Deep Reinforcement
Learning
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PVA-CaP bio-hydrogel ITO nanowire
force sensor synaptic transistor
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mmWave Radar

in radar applications, a sparse array of N antennas can
construct a virtual array of size O(N*) through fourth-order
coarrays and cumulants, which holds when the sources are
not Gaussian. This paper considers AoA estimation for
mmWave channels using fourth-order coarrays. While
mmWave and radar share similar angle estimation
appma!:hes an mmWave system typically has many
antennas but few RF chains, and its path gains are
modeled as Gaussian rather than non-Gaussian Source
symbols. By using a submatrix of a banded Toeplitz matrix
for analog combining, the non-Gaussian assumption is
met asymptotically, enabling a virtual array of size D(N*)
when thare are N AF chains.

Channel Estimation for
mmWave Systems

Compressive sensing (CS) techniques are effective for
mmWave channel estimation. With uniform planar arrays,
four dictionaries—two for angles of departure (AoD) and
two for angles of arrival (AoA}—lead to a four-dimensional

C5 formulation, whose sensing matrix (Kronecker product

of four dictionaries) is extremely large, making orthogonal
matching pursuit (OMP) very complex. We treat mmWave
channel estimation as a generalized Kronecker compressive
sensing (G-KCS) problem and solve it via successive
recovery, one dimension at a time. Each one-dimensional
recovery greatly reduces the sensing matrix size and OMP
complexity. By using decisions from previous dimensions in
successive decision-aided recovery (SDAR), the recovery
condition is relaxed and complexity is further lowered.
Simulations show that, for hybrid mmWave systems,
SDAR-OMP achieves estimation errors comparable to
convantional OMP at much lowar complexity,

* ¥ -PLinand T. -M. Yang. 2022, "AoA Estumation Based on Fourth-Order Coarrays and Cumulants for

Mmwave Systems," JEEE Signal Processing Letters, vol 29, pp. 2387-2391.
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Fig. 1. More targets can be identified with four-order coarray.

* ¥ -T.Chiewand Y -P. Lin, 2024, "Channel Estimation for Hybrid mmWave Systems Using

Generalized Kronecker Compressive Sensing (G-KCS) With Successive Decision-Aided Recovery.”

IEEE Transactions on Signal Processing, vol. 72, pp. 2970-2982.
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art method with a much lower complexity.




R R

Hyperspectral Al Technology for Biomedical and

Agrifoods
_ Coaxial 4D
Microscope HIS heter?_ﬁeneous “hyperspectral Portable MIS
S imaging system

| B
3

Phenotyping for

Bacteria Disease Fruit quality crop breeding

Component Develog

Sun sensor
;

Bim Sensor

atellite

ment of Low Earth Orbit

Sun sensor

Annlog Signal

\ I

Digital Packet
—

Solar Simulater Rotating Plaiform

—_—
Maotor Control

'

T —— g ©
N B \V
e

DAQ

NI Compurer

Application-Specific Integrated Circuit Design

Multi-channel Pre-amp IC R,
W
| eisismsmmmnssssiaer, Lead &‘: sﬁm ?
é Electiode fj' : !."cl:l.:l::r
Lz wine I-Jn;‘_x

—[Nrurostimulatoy]  emarke!
[LF®; &P, ECDG, BEGY
A A TR 3 TR PRI Y NS RO BA L

" & / ”
{ Sewaing chip o
= & [ ——
] ek
3 )
— 8
3

= ‘Bt
BT AES ELTEEES PRI v P

:
‘I

M N R R
|
h e En B

Precision Robotics Component and Control

High precision and resolution optical encoder
Loy 7 L TR,

Light somrce

Encoder sensor

Encoder

——

2025/11/17



TH stk 88 F i

Varcable Structure confrol Lab-

BAA%: Ricd HEhik

FTEBSURTEDEIE  EEIESERTFER
PR lEEASETEIL - BTEMr - BELME
EHEL - B ERETERR A OSABERE AIIEE
EBRExRREZ ESIEG¥ARE BEIERREE
HERESE RN EIERER -

I" l' . . = I‘

MAESE-ERNERFGENERE

EEERZHEREETERZHER  UEEESR
EREZ BN IUSREnERBIBTERRR -
TRrEStzs A NEER  HEERE TEH
SEOOWENAFEER -

PasaiE e

i
Sirerulatian resali

Ceemmand

Command | | Videno

Rasp by Pi
Recording

HEAE-EHERER :
EERSETEFHESl st BaEsHERY
GEEdsmtiEE IEcERLIEIEEF 288
BE - ER=EIEHYABERANELEERES
(Maximum pewer point tracking, MPPT) i SEE=

22 (Reinforcement Learning) - B # E8 125 (Fuzzy] |
Legic Control) - 1B &E==(Sliding Mode Control)] | &8

EESERNT  EFEExgE BEER 2

HELE-SSEERNESY .

N ERBFRFAESS BV ARSSE8FERET
CEESIIRGE  RRASFENSE EERE A
HERmEnERE R -

H a3 il = =




=
=
/\

P

- ERIBHAR P AIKARFEFIR R
BTz B =

- BB EZEER
- BEARGREEPEER
- NERABIEREREREE

- BB BE R SRR AR
2 LEEARTASERAH

- WA SRR R & A R AT

L L " 88 LI A )
L & & & 8 ; o+ =
LRI .l-'}.anc
] - @

Eiaiy B L) i Cass 3 il dhanag beain

8

MFNNERFLSHE VMET - MEENNELSE NROUERRATSE  EERENEAR R A
i 28GHz B8 UPA BEANEF—BRASEABERT SASERERSERS . ABREEREREENT -

BREGERFENERRENET

_ REREGENAREEQHREERN RS S A '

« BRAE el ~ualie
- HiE— EARREREEhEEER
+ L= ERWEE (RF chain) &1 WA muttpls Fgars) FE (beam) SR H SR

» WENE ] EHERNINEGEET, SRR SENE JRENARET, DU RN EERR

« % 1 Chia-Hsin Yu, ¥an-¥in Ha, Shang-Ho Tzai and Jen-Ming W 'Beamfu_vnu%[:‘esngns fior BER
Minimization in LEQY Satefiite Communscations with NOWA™ | in A6 VTE-Spring A4 Singapare.

+ B 2:Yan-Yin He, Shang-Ho Tsas and Ien-MiS? W, “Move! Smart Secloning and Beamn Desigrs in
mmWave Brosdcast Charmels” | in APSIPA ASC 2022 Chiang Mai

- HEIHEHRENERST
R EL BTl PR L TR s ]

EMATEEMEEE R (71> 60)

WEAREmER R RN R (BERD10-5) AEEN NS T

EARTEHB BRI HEBELREPEER

. PRug:

- WiE, SREE, SEnERMeREE FEESNTEaNEs
BRI
— i PR TR 4 L R MR

BLEPLL Reinforced Learning SEElat A WA RAIOE, RITRAESLIE




AR L U Sy

RIS, J7 (A

Machine learning can be used to analyze
bio-molecular data for health and disease
monitoring. By combiming sensors and deep
learning techniques, we can gamn further insight
mto a subject’s health status We wall target
various  physiological  information  from
biosensors. such as metabolites. electrolytes.
xenobiotic molecules. and hormones, as well as
physical parameters such as bedy temperature,
skin humudity, heart rate, and sensonmotor
responses. to understand the connections between
a person’s physiological and pathological states
with various biomarkers. The goal 15 to generate
predictive algonthms that allow wearable sensors
to provide early alarms for potential health nsks
for an individual
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202502, 12 Presentation at Google. Mountain View CA TUSA

2025.01.10 Best Dissertation Award from IEEE Taipei Section (left)

2024 02.19 Dinner with senior faculty (right)
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