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Commitment of the Faculty of Engineering 
 
The Faculty of Engineering was founded in 1991 and was built upon existing strengths with added 
talent from all over the world. The Faculty has been able to attract some of the best minds. Many 
received their training in leading universities in North America, Great Britain and Australia. Most of 
them have extensive experience in industry and many are leaders in their fields. This team of 
top-notch talent is gathered to nurture local talent through educational programmes, and break new 
frontiers in research through innovative and exciting research endeavours. 
 
The positioning of The Shun Hing Institute of Advanced Engineering in the William M.W. Mong 
Engineering Building is deliberate as a key nucleating point to integrate research endeavours in the 
Engineering Faculty and its neighbours. Our members join hands with their counterparts from the 
Faculties of Science and Medicine in many interesting research collaborations. It is the ambitious 
goal of the Faculty of Engineering that the Institute should become a lighthouse for the local 
technology landscape to herald the migration towards high value-added technology and an 
information economy. 
 
The mission of the Institute is to spearhead, conduct, promote and co-ordinate research in advanced 
engineering. There is no end to the list of areas to be explored and the plan is to give priority to 
research topics that are both exciting and innovative. The Institute also aspires to transferring its 
research results to industry for practical application and to put across to the community at large the 
role of engineering as a driving force for human development through educational activities.   
 
Building on Strength and The Way Ahead 
 
Many of the Institute’s research projects are built upon areas in which the Faculty has already 
achieved outstanding performance. These are areas that have great potential for further 
technological advancement and in line with industrial development in Hong Kong. The Institute 
provides a vibrant R&D environment to spur new discoveries and speed up their translation into 
applications. Since 2012, we have expanded our scope to cover new frontiers in Renewable Energy 
striving to answer tomorrow’s energy challenges. Last year, we further expand the research scope in 
Multimedia Technologies to include Artificial Intelligence, Big Data Analytics and Deep Learning 
as well. 
 
Technology Transfer 
 
Synergy with industry is the ultimate goal of research and development in Hong Kong. External 
experts have been brought in to the Institute to lead research projects that could benefit the 
industrial sector.  
 
The technology transfer arm of the Faculty of Engineering plays an important role in the traffic 
between the Institute and industry. The Institute houses an array of top-notch research and 
development activities encompassing contract research, spin-off companies, and consultancies.  
 
Contribution to Society 
 
The Institute has been making contributions to the progress of Hong Kong through a wide range of 
educational activities like training courses, seminars, symposiums which disseminate the latest 
technologies to promote appreciation of engineering in society and arouse interest of the younger 
generations in engineering.  
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Composition of Management Committee 
(with effect from June 15, 2018) 

 
Chairman:   Professor Pak Chung CHING (ex-officio) 

Director of SHIAE, and Choh-Ming Li Professor of Electronic Engineering  
 

  
Members:   Professor Ching Ping WONG (ex-officio) 

Dean of Faculty of Engineering  
  

Mr. Terrence CHAN  
Managing Director of Shun Hing Electronic Holdings, Limited  
Hong Kong   

 
Professor Jack C.Y. CHENG    
Department of Orthopaedics and Traumatology 

 
Professor Jianwei HUANG 
Department of Information Engineering 

 
Professor Tan LEE 
Department of Electronic Engineering 
 
Professor Wei-Hsin LIAO 
 Department of Mechanical and Automation Engineering 
     
Professor Dennis Y.M. LO    
Department of Chemical Pathology  
(until June 14, 2018) 

   
Professor Raymond Kai-yu TONG 
 Department of Biomedical Engineering   
 

  
Member and  Professor John C.S. LUI 
Secretary:    Choh-Ming Li Professor of Computer Science and Engineering 
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Shun Hing Visiting Scholars/ Fellows 
 
The Institute has launched a Shun Hing Distinguished Scholar Program with an aim to attract 
distinguished scholars to pursue research collaboration with our faculty and to strengthen our 
research profile. The following scholars visited to work either on a short term or on a longer term 
engagement with the Institute between 2017 and 2018. 

 
 

Shun Hing Fellows and Research Associate: 
(in alphabetical order) 
 

Dr. ABBASNEJAD Ghasem 
National University of Singapore, Singapore 
 

2016 - 2017 

Dr. LEE Chinghuan 
National Chung Kung Univesrity, Taiwan 
 

2016 - 2018 

Mr. LEUNG Wing Cheong 
Hong Kong Polytechnic University, Hong Kong 
 

2017 - 2018 

Dr. LI Qiang 
School of Communication and Information Engineering, China 
 

2017 - 2018 

Dr. Wang Jianjian 
Tsinghua University, China 
 

2018 - 2019 
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Financial Status of SHIAE 
 

 
  

  As at 30 June 2018 
HK$ 

 

INCOME    

Start Up Seed Fund            44,500,000

New Funding pledged in Dec 2017  10,000,000

Interest and investment income            7,142,755

Sub-total:           61,642,755

EXPENDITURE  

Research funding granted since 2005-2018 (1) 43,611,200

Committed Research Budget in 2019 (2) 1,515,000

Unspent remaining fund from all completed projects  -3,191,127

Committed staff cost  212,370

Operating cost  4,945,557

Sub-total:  47,093,000

BALANCE as at 30 June 2018  14,549,755
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Note (2) Detail funding level on each batch of projects (in HK$ ’000) 

 
Funding Year 

 

2019  2018 2017 
 

2016  2015  2005 - 2014
/ No. of projects 

 

(committed)    
 

    
  

Year 2005 / 6 Projects  -  - - - - 6,108
Year 2006 / 5 Projects  -  - - - - 3,175
Year 2007 / 7 Projects  -  - - - - 4,146 
Year 2008 / 4 Projects  -  - - - - 3,976
Year 2009 / 5 Projects  -  - - - - 3,306
Year 2010 / 5 Projects 

 

-  - - -  - 2,789.2
Year 2011 / 4 Projects 

 

-  - - -  - 2,476
Year 2012 / 5 Projects 

 

-  - - -  - 1,520
Year 2013 / 4 Projects 

 

-  - - -  - 2,948
Year 2014 / 3 Projects 

 

-  - - -  1,002 1,002
Year 2015 / 4 Projects 

 

-  - - 1,328  1,328 -
Year 2016 / 4 Projects 

 

  - 1,213 1,340  - -
Year 2017 / 4 Projects 

 

  1,447 1,447 -  - 
Year 2018 / 4 Projects 

 

1,515  1,515 - -  - 
WOSP2007  

 

  - - -  - 25 
 

 

1,515  2,660 2,668 2,330 2,330 32,991.20

Accumulated Total: 

 

HK$45,126.20 

 
 

 
 
This table shows the detail amount of SHIAE funding granted to each batch of research projects.  The 
subtotal amount of 1.515 million budgeted for 2019 is committed to support research projects in July 
2019. 
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Renewable Energy Track 
 

 
 
 

Research Reports 
In Renewable Energy 

 
 
 
 
 
 
 
 
 
 

  
 

 Newly Funded Projects 
(2018-2020) 

 
* Development of a Novel CoolingTower with Free Daytime 
RadiativeCooling for Reducing EnergyConsumption in Buildings
 
* Megahertz Current Sensor for Megahertz Renewable Energy 
Converter 
 
* Development of High-Performance Triboelectric 
Nanogenerators for Renewable Blue Energy Harvesting 

   

 Continuing Projects 
(2017-2019) 

 
 

(2016-2018) 
 

 
* Tunable spindle using self-excited vibration for high efficiency 
renewable electric generators 
 
* Robust NiMo–yttria stabilized zirconia (NiMo–YSZ) anode 
materials for solid oxide fuel cells 

   

 Completed Projects  
 (2015-2017) * Experimental and modeling study of biodiesel combustion 
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The following reports are enclosed in “Research Highlights” printed in November 2017. 

 
   

 
 

Completed Projects  
(2013-2015)

 
* Earth-Abundant Metal/Metal Oxide Nanostructures for 
Rechargeable Li-Air Batteries: Catalyst Design and Mechanistic 
Investigation 
 
* Graphene-based asymmetric supercapacitors with high energy 
density for clean energy storage systems 

  
  
  
  
The following reports are enclosed in “Research Highlights” printed in July 2015. 

 
 Completed Projects 

(2012)
 
* Vibration Energy Harvesting Utilizing Multifunctional 
Phononic Meta-Materials and Structures 

  

 Completed Projects 
(2012)

* Understanding Electron and Phonon Transport in Boron 
Carbide Nanowires for Thermoelectric Energy Conversion 

  

 * Ternary Hybrid Polymer/Nanocrystal Bulk Heterojunction 
Solar Cells with Cascade Energy-Level Alignmen 

  
 (Funded Year) 
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PROJECT OBJECTIVES: 
 
1. To propose a novel cooling tower with free daytime radiative cooling. Improving the 

design of cooling towers can increase the energy efficiency of the air-conditioning 
systems. This study will propose a novel cooling tower with free daytime radiative 
cooling. The proposed cooling tower will utilize renewable cooling, thus, it can be 
potentially applied in buildings to reduce the energy consumption.   

 
2. To develop a numerical model for predicting the energy efficiency of the cooling tower. 

To support the design, a model is needed to accurately predict the energy efficiency of 
the cooling tower with radiative cooling. This study will develop a multi-phase 
numerical model on the basis of computational fluid dynamics (CFD). The developed 
CFD model can be used in the future for supporting the design of cooling tower with 
free daytime radiative cooling.   

 
3. To optimize the system parameters using the validated numerical model. The system 

parameters, including fan speed, water velocity, infrared emissivity, etc., can influence 
the energy efficiency of the proposed cooling tower. This study will optimize the system 
parameters using the validated CFD model by testing various combinations. The 
optimized system parameters can be used in the future as a design guideline of cooling 
tower with radiative cooling.  

 
4. To fabricate a prototype and conduct experiments to validate the design. It is important 

to experimentally validate that the proposed cooling tower can achieve the desirable 
energy efficiency. This study will fabricate a prototype and conduct experiments to 
validate the design. The experimental data can be used in the future to support the design 
of cooling tower with radiative cooling.  

 
5. To estimate the energy saving from using the proposed cooling tower. Only if the energy 

saving can cover the initial capital investment within a reasonable payback period, will 
the building owner decide to adopt the cooling tower with free daytime radiative 
cooling. Thus, this study will estimate the energy saving from using the proposed 
cooling tower. The estimation method can be applied in the future to support the decision 
making of whether or not to invest in the proposed cooling towers.  
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PROJECT OBJECTIVES and LONG-TERM IMPACT: 
 
Recent effort in renewable energy generation field has been devoted to improving the performance 
of the power converters, especially in terms of efficiency and power density [2]. To realize these 
goals, WBG device has been recognized as the most promising candidate. However, there are 
multiple barriers to the population of power converters built by WBG devices [3]. Some of the 
well-known barriers include cost and reliability. Another one that gets less press but affects both 
manufacturers as well as end users is high-performance current sensing techniques [4]. Therefore, 
to address the barrier, the overall objective of this project is to develop an ultrafast and nonintrusive 
current sensor with compact size and low cost for next generation power converters. The specific 
research objectives corresponding to the challenges of this project are listed as follows: 
 
1. Ultrafast current sensor: the developed current sensor has a frequency bandwidth up to 10 

MHz, which can well meet the requirement of fast protection in next generation power 
converters. WBG device can switch at extremely high frequency (up to megahertz), which is 
the key to realization of high-efficiency and high power-density renewable energy generation. 
However, in terms of the short-circuit protection of WBG devices, switching current 
measurement becomes a significant challenge, which is unachievable for the widely used Hall 
current sensors that have a bandwidth limited to 250 kHz. For power converters, lack of a 
reliable protection is as if driving without a seat belt, which may cause the breakdown of the 
power converter system under abnormal working conditions. In comparison, the developed 
current sensor, with a frequency bandwidth up to 10 MHz, can well meet the requirement of 
protection for next generation power converters and will contribute a lot to the population of 
WBG devices. 

 
2. Nonintrusive current sensor: the developed current sensor has a very low insertion inductance 

less than 1nH. High-speed WBG power devices are highly sensitive to parasitic inductances. If 
too many parasitics are around a WBG device, its performance can be reduced to that of a 
mere silicon device, or worse: this scenario can result in circuit instability and application 
malfunction. Therefore, low-level insertion parasitics, especially inductance down to nH range, 
has to be considered in the design of a current sensor for next generation power converters. 

 
3. Compact current sensor: the developed current sensor is extremely compact to enable the high 

power density of a power converter. High power density of power converters is demanded in 
order to enable a good utilization of the energy resources and a low operating cost, which has 
roughly doubled every 10 years since 1970. However, today’s bulky current sensor is a major 
barrier for a continuation of this trend. Recent photovoltaic inverter (from Google little box 
challenge) has achieved 2kW power rating with its volume as two iPhone5s, while the 
industrial applied current sensor for PV inverters is as large as an Apple watch which is 
unsuitable for high power density application. For the power density increase to follow the 
past trend of doubling each decade, the research focus must shift from the classical range of 
power semiconductors, topologies, and control to the new areas of compact current sensors. 
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coastlines that are not suitable for water shipping, electrical generation is the best option to utilize 
them. Additionally, the ocean currents and tropical storms that are common in Hong Kong, provide 
an abundant amount of mechanical energy that could potentially be converted to electrical energy. 
Lastly, developing the blue energy harvesting technology to replace the fossil fuels will also 
decrease the emissions of pollutants and greenhouse gases, which is critical for environmental 
protection. Therefore, developing blue energy harvesting through TENG is beneficial to Honk Kong 
on many levels including the mediating the energy crisis, promoting environmental protection, and 
advancing both economic and social development in Hong Kong. 
 
 
PROJECT OBJECTIVES: 
 
1. To simulate and experimentally demonstrate a TENG design that will minimize the 

air-breakdown effect using controlled high pressure and inert gas environments. 
 
2. To simulate and experimentally develop optimized structural/material designs to minimize 

the influences of the parasitic capacitances brought by the conductive seawater. 
 
3. To determine the optimized designs and produce a TENG that provides maximal available 

output, and to compare with other technologies used in blue energy harvesting. 
 
Long-term impact: 
 
The proposed research will advance TENG technology via two avenues: a) by promoting 
fundamental studies on improving TENG output for use in practical applications; b) by 
addressing the energy and environmental issues in Hong Kong and facilitate related 
economic and industrial developments. The crucial fundamental and technological challenges 
that will be solved include: the mitigation of the electrostatic discharging induced by the 
air-breakdown effect in TENGs; the optimization of the TENG design to prevent the impacts 
of the parasitic capacitances brought by the seawater; and the related mechanism and 
understandings of TENG to reach its maximal output energy in these conditions. This 
research will also be helpful in addressing issues of social development, including 
developing affordable renewable energy sources, promoting environmental protection, and 
lessening our contribution to global warming. Our ultimate goal is to develop TENG as a 
high-output, robust, and low-cost blue energy harvesting technology, which will set 
foundation for the next-generation renewable energy technology, to achieve the long-term 
positive impact on the environment and world energy consumption. 
  



 

RESEARC

TUNA
EFFIC
----------
 
Princip
Depart
CUHK
 
Research
 Ha

Jia
Jin
Ru

 
 (1) Dept. of 

 
Reporti
 
INNOV
 
This pro
frequen
wear. T
reductio
structur
perform
have pla

ABSTR
 
Conside
pollutio
emergin
technolo
renewab
The fri
conditio
design 
tribolog
supporte
vibratio
range. T
perform
not only
electric 

 
1. OBJE
 
This pro
frequen

CH REPORT IN R

ABLE SPI
CIENCY 
--------------

pal Investi
tment of M

K 

h Team Mem
an Gao, Res
anjian Wang
ng Huang, P
u Yang, PhD

f Mechanical and 

ing Period:

VATION A

oject propo
ncy vibration
The propose
on; (2) self
re for a wid

mance of tra
ay an ever i

RACT 

ering the w
on, the use o
ng as an im
ogies is an 
ble electric 
ction coeff

on determin
for renewa

gical perfor
ed by three

on without a
The propose

mance witho
y help the 
generators.

ECTIVES 

oject propo
ncy vibration

RNE

INDLE U
RENEWA
--------------

igator: Pro
Mechanica

mbers:  
search assist
g, Postdoc f
PhD student 
D student (1)  

Automation Eng

: 01 July 20

AND PRAC

ses a novel
n for impro

ed design is
f-excited vi
de operatio

aditional ren
increasing ro

world popula
of renewabl

mportant for
electric gen
generators 

ficient larg
nes the wear
able electric
rmance, hig
e major inn
any extra po
ed design h

out major in
developme

. 

AND SIGN

ses a novel
n for impro

       

USING SE
ABLE EL
--------------

ofessor Pin
al & Autom

tant (1) 
fellow (1) 

(1) 

gineering, CUHK

017 – 31 M

TICAL SIG

l spindle de
oved tribolo
 supported 
bration wit

on range. T
newable ele
ole in the er

ation growt
e resources

rm of clean 
nerator. One
lies in the i
ely influen
r rate of the
c generator
gher energy
novations: 
ower supply
has a high p
ncrease in co
ent of fund

NIFICANC

l spindle de
oved tribolo

      - 23 -

ELF-EXC
LECTRIC
--------------

ng GUO
mation En

May 2018 

GNIFICAN

esign for ren
ogical perfo
by three m

thout any e
This project
ectric genera
ra of clean e

 

th, diminish
s, such as hy

energy. Th
e critical iss
interaction 

nces the po
e shaft and 
rs, which u
y efficiency
(1) vibratio
y; and (3) a
potential fo
ost and des
damental re

CE 

esign for ren
ogical perfo

CITED VI
C GENER
--------------

ngineering

NCE:

newable ele
ormance, hig

major innova
extra power
t, if succes
ators in term
energy. 

hing of fos
ydroelectric
he core func
sue determi
between th
ower gener
bearings. T

utilizes high
y, and redu
on-induced 
a tunable sp
or commerc
sign comple
esearch but

newable ele
ormance, hi

BRATIO
RATORS 
--------------

g  

ectric genera
gher energy
ations: (1) v
r supply; an
sful, will s
ms of effici

ssil fuel sou
c, nuclear, an
ctional part
ning the eff
e spindle sh
ration effic

This project 
h frequency
uced wear. 

friction re
pindle struc
ialization d

exity. This p
t also the a

ectric genera
gher energy

ON FOR H

---------------

ators, which
y efficiency
vibration-in

and (3) a tu
significantly
iency and li

urces, and 
and wind en
t in these re
fficiency and
haft and bea
ciency whil

proposes a
y vibration 
The propo

eduction; (2
cture for a w
due to its m
project, if su
application 

ators, which
y efficiency

HIGH 

--------------

h utilizes h
y, and reduc
nduced frict
unable spin
y improve 
ifetime, wh

environmen
nergy, has be
enewal ener
d reliability
aring surfac
le the cont
a novel spin

for improv
osed design
2) self-exci
wide operat

much improv
uccessful, w
of renewa

h utilizes h
y, and reduc

---- 

 

igh 
ced 
ion 

ndle 
the 

hich 

 

ntal 
een 
rgy 

y of 
ces. 
tact 

ndle 
ved 
n is 
ited 
ion 
ved 
will 
able 

igh 
ced 



 

RE

we
red
str
pe
ha

 
2. 
 
Th
rot
res

1. 

2. 

3. 

3. 
 
3.1
 
We
res
Th
non
res
Un
ma
the
cir
bea
pro
rea
 

Fig
op
and
 

ESEARCH REPO

ear. The pro
duction; (2)
ructure for 
rformance o

ave play an e

RESEARC

his research 
tating-spindl
search tasks i

Propose a 
prolong th
electric gen
Establish a
elements, w
Realize a s
is capable 
friction red
with the re
 

RESULTS

1. Research

e have devel
sonant mode
he shaft levi
n-contact ro
sonant mode
nlike previou
ainly contrib
e air film, du
rcumferential
aring surfac
oduces a co
action force a

gure 1. (a) 
eration princ
d (c) coupled

ORT IN RNE 

oposed desi
) self-excite
a wide op
of tradition
ever increas

CH METH

project w
e-type electr
in this projec

low friction
he lifetime o
nerators. 
a self-tunable
which reduce
self-excited v
of changing

duction effec
sonant one. 

S ACHIEVE

h Progress 

loped a non-c
. It combines
itation is ach
otation is rea
. The mecha
us designs u
uted by the 

ue to the slop
l force acting
e slope ang
unter clockw
applied on th

Design of a
ciple for sha
d mode shap

  

ign is suppo
ed vibration
eration ran

nal renewab
sing role in 

ODOLOGY

will be carr
ric generato
ct: 

n bearing tec
of high-load 

e vibration g
es the extra c
vibration spi

g the resonan
ct will be ac

ED SO FAR

contact journ
s the functio
hieved by c
alized by con
anism of non
utilizing a tra

tangential co
pe angle of th
g in the coun

gle and the 
wise torque 
he shaft has a

a single driv
aft levitation 
es. 

           

orted by thr
n without a

nge. This pr
le electric g
the era of c

Y 

ried out to
ors together 

chnology by
bearings an

generating de
cost for vibra
indle system

nt frequency 
ccessible wh

R 

nal bearing w
ns of an axis

creating a st
ntrolling the

n-contact rota
aveling wave
omponent of
he bearing up
nter clockwis
pressure for
on the shaf

a circumferen

ving unit; (b
and rotation

- 24 - 

ree major in
any extra p
roject, if su
generators i
clean energy

o accomplis
with a high

y the princip
nd increase t

evice withou
ation system 

m accommoda
of the spind

hen the self-

with bi-direc
s positioner, 
table air film
e pressure di
ation can be 
e and viscou
f the levitatio
pper surface,
se direction o
rce change t
ft. For both 
ntial compon

b) 
n; Figure 

nnovations:
power supp
uccessful, w
in terms of 
y. 

sh a prolon
her energy e

ple of vibrati
the power ef

ut extra elect
and simplifi
ated with po

dle. Therefor
excited vibr

ctional drivin
non-contact 

m using nea
istribution w
explained by

us shear forc
on pressure. 
 the net reac
of the shaft. 
the direction
the compre

nent in the sa

2. The relati
an

 (1) vibrati
ply; and (3)
will signific
efficiency a

nged bearin
efficiency. T

ion-induced 
fficiency in 

tric power su
es the overal

osition-adjust
e an optimiz
ation frequen

ng capability 
journal bear

ar-field acou
within the air
y the schema
ce, the rotati
During the c
tion force fro
During the r
n, so the ne
ession and e
ame direction

ionship betw
d phase angl

ion-induced
) a tunable
cantly impr
and lifetime

ng lifetime 
There are th

friction red
rotating-spin

upply or piez
ll structure. 
table-bearing
zed vibration
ency is in ac

 utilizing the
ring, and rota
ustic force; w
ir film using
atics shown 
ional driving
compression
om the air pr
release stage,
et reaction f
expansion st
n. 

ween rotation
le. 

d friction 
e spindle 
rove the 
e, which 

for the 
ree main 

uction to 
ndle-type 

zoelectric 

gs, which 
n-induced 
ccordance 

e coupled 
ary motor. 
while the 
g coupled 
in Fig. 1. 

g force is 
n stage of 
roduces a 
, both the 
force still 
ages, the 

 speed 



 

RESEARC

The no
frequen
The bea
adjusted
the inpu
rotated 
of ±555
setting t
Based o
driving 
function
fabricat
ensure t
units ar
previou
single u
In addi
demons
signals #
a range 
The min
Fig. 4(a
we adju
increme
Finally, 
was 64.
in Fig. 4
 

Figure 3
bearing 
(b) funct
 

CH REPORT IN R

on-contact s
ncy between
aring was ex
d from -180
ut phase an
in the clock

5 rpm at a p
the phase an
on the desig

units was 
nal prototyp
ted from a s
the coaxiali
e placed 12

us sections. 
unit due to th
itional to t
strated. The
#1 – #3, as 
of 18.3 μm

nimal stable
a). In the lat
usted the am
ent could al

the radial r
9 kHz with
4(c), which 

3. Design of 
with six driv
tional prototy

RNE

shaft rotatio
n the two m
xcited at 47
0° to +180°
ngle is plott
kwise and c
phase angle
ngle to 0° o
gn principle

fabricated
pe are sho
single alum
ity between

20° apart. E
The overal
he increased
the levitati
e driving un
shown in F

m, when the
e increment 
teral directi
mplitudes o
lso reach 20
runout was 

h a 75° phas
is a combin

the active no
ving units: (
ype. 

       

on can be 
modes and a
7.2 kHz with
. The relatio
ted in Fig. 
counter cloc
e of 70°. Th
r 180°.  
e proposed 
d for two-d

wn in Fig.
inum alloy 
n the two s
ach driving
ll operating
d stiffness f
on and rot
nits were g

Fig. 3. In the
e signals #1

could reach
on, the radi
of signals #
00 nm whe
measured a

se shift angl
nation from 

on-contact jo
(a) 3D mode

      - 25 -

achieved a
adjusting the
h a voltage 
onship betw
2. The bea

ckwise direc
he bearing 

in this proj
dimensional
. 3. The m
workpiece 
ets of drivi

g unit functi
g frequency
from the uni
tation cont
grouped by
e vertical di
 and #2 we
h 200 nm w
ial position 
#1 and #2 

en the volta
at a rotation
le. The tota
the shaft fo

ournal 
el and 

Fig
an

and control
e input pha
amplitude 

ween the rot
aring demon
ctions. The 
could be sw

ject, an adv
l radial pos
main body 

using elect
ing units. O
ions similar

of this des
ibody desig
trol, the ra
y their angu
rection, the

ere simultan
when the vol

could be co
in the opp
ge increme

n speed of 5
al indicator r
orm inaccur

ure 4. Active
nd (b) lateral 

lled by exc
se angle or 
of 300 V, w
tation direc
nstrated ide
rotation sp

witched to a

vanced func
sition contr
of a U-sha
rical discha

On each sid
rly as the sin
sign would 

gn.  
adial positio
ular positio
shaft positi

neously vari
ltage increm
ontrolled in
osite direct
nt was 10 V

512 rpm, wh
runout was 
racy and spi

e axis positio
directions; a

rotat

citing the 
r input volta
while the ph
ction as wel
entical perfo
peed reached
a pure levit

ctional proto
rol. The 3
aped bearin
arge machin
de, three ide
ngle unit de
be higher 

on control 
on and con
ion could b
ied from 10

ment was 5 V
n a range of 
tion. The m
V, as shown
hen the driv
within 6 μm

indle runout

on control in 
and (c) shaft 
tion. 

structure a
age amplitu
hase angle w
l as speed a

ormance wh
d a peak va
tation state 

otype with 
D model a
ng frame w
ning (EDM)
entical driv
escribed in 
than that in

capability
trolled by 
e controlled

00 V to 350
V, as shown

f 2.1 μm, wh
minimal sta
n in Fig. 4(
ving frequen
m as indica
t. 

the (a) vertic
runout durin

at a 
ude. 
was 
and 
hen 
alue 

by 

six 
and 
was 
) to 
ing 
the 
n a 

y is 
the 

d in 
0 V. 
n in 
hen 
able 
(b). 
ncy 
ated 

cal 
ng 



 

RE

3.2
 
1. 
We
by 
Ec
Ko
att
 
2. 
We
par
pre
att

Fig
 
 
3. 
 
We
an 
Th
 
4. A
 
We
No
and
 
 
4. 
 
J[1

J[2

C[3

C[4

C[5
of s

ESEARCH REPO

2. Commer

Press Confer
e have made

a number 
onomic Jour

ong Commer
ached for ref

Exhibition a
e have demo
rk during O
esentation of
ached figure

gure 5. Press

Hasbro Prese

e have presen
American-b

he company s

Academic Pr

e have also
orthwestern U
d KTH Roya

PUBLICA

] J. Wang, P. 
ceramic ma

2] P. Guo and 
resonant m

3] S. Gao an
Internation

4] R. Yang, J
Internation

[5] J. Wang, Y
single crystal 

ORT IN RNE 

rcialization

rence 
e a press con
of local me
rnal, Apple D
rcial Daily, 
ference (show

at InnoCarniv
oed our work
ct 21 – 29. 
f our projec

e (Fig. 6). 

s conference 

entation 

nted our rese
based multina
showed some

resentation 

o presented 
University (J
al Institute of

ATION AND

Feng, J. Zhan
atrix composi
H. Gao, “An 

mode,” CIRP A
nd P. Guo, “
nal Symposium
J. Huang and
nal Symposium
Y. Yang, and P
silicon using 

  

 Efforts 

nference at C
edia, includi
Daily, Wen W
Sing Pao, S
wn in Fig. 5)

val 2017 
k, levitating 

It attracted 
ct to Secreta

photo 

earch results
ational toy a
e interest in o

our work i
Jan 29, 2018
f Technology

D AWARDS

ng, and P. Guo
ites: Cutting fo
active non-co

Annals Manufa
“Modeling an
m on Flexible 
d P. Guo, “Fr
m on Flexible 
P. Guo, “Effe
a non-resonan

           

UHK on Oc
ing Sing Tao
Wei Po, Ta K
South China 
). 

actuator usin
some attent

ry for Innov

at the Tech 
and board ga
our technolo

in various a
, USA), Tec

y in Stockhol

S 

o, “Experimen
orce variation
ontact journal 
facturing Techn
nd tool traje
Automation, K
requency dep
Automation, K
cts of vibratio
nt tool,” CIRP

- 26 - 

ct 9, 2017 ab
o Daily, Mi
Kung Pao, M
Morning P

ng near-field
tion from di
vation and T

Fig

Summit of H
ame company
ogy. 

academic se
chnical Unive
lm (May 25,

ntal study on v
n at hole entran
 bearing with
nology, 2018.

ectory monito
Kanazawa, Ja

pendence of l
Kanazawa, Ja
on trajectory 
P Conference o

bout our rese
ing Pao, Or
Metro Daily, 
ost, etc. On

d acoustic, at
ifferent inve
Technology o

gure 6. Prese

Hasbro, Hon
y (which ma

ettings and 
ersity of Den
 2018, Swed

vibration stabi
nce,” Ceramic
bi-directiona

. 
oring of an u
apan, 15-19 Ju
evitation forc

apan, 15-19 Ju
on ductile-to-
on Surface Int

arch outputs
riental Daily

Headling D
ne of the pre

t the Inno Ca
stors. The h
of Hong Ko

ntation at Inn

ng Kong on O
akes the boar

invited pres
nmark (May 
den). 

lity in rotary u
cs Internation
l driving capa

ultrasonic elli
uly, 2018. 
ce in near-fiel
uly, 2018. 
brittle transit
tegrity, Tianji

s, which was
y News, Ho
Daily, Sky Po
ess released 

arnival at th
highlight inc
ong, as show

noCarnival 2

October 18. H
rd game, Mo

sentations, i
22, 2018, D

ultrasonic ma
nal, 2018. 
ability utilizin

iptical vibrat

eld acoustic le

tion in vibrati
in, 11-13 July

s reported 
ng Kong 

ost, Hong 
photo is 

e science 
ludes the 

wn in the 

2017

Hasbro is 
onopoly). 

including 
Denmark), 

chining of 

ng coupled 

ion tool,” 

evitation,” 

on cutting 
, China 



 

RESEARC

ROBU
(NIMO
----------
 
Princip
Depart
CUHK
 
Research

Dr
Mr

 
 (1) Dept. of 

 
Reporti

ABSTR
 

Thi
oxide fu
(commo
municipa
benign, 
change, 
 

The
widely u
anodes, 
performa
fuel flex
materials
experien
promote 
 
1. OBJE
 
       
(commo
environm
in electr
address t
 

Maj
H2 oxida
for ions 
zirconia 
Compare
on hydro
derived 
operation
(i.e., a fu
to produ
 

CH REPORT IN R

UST NICK
O–YSZ) A
--------------

pal Investi
tment of M

K 

h Team Mem
r. Chinghuan
r. Jiazheng R

f Mechanical and 

ing Period:

RACT 

is proposal a
uel cells (SO
nly hydroge
al wastes) an
and their lar
and water co

ere are major
used for pow
carbon dep

ance loss due
xibility. Thes
s to mitigate

nce in study
 the final com

ECTIVES 

Solid oxide 
nly hydroge

mentally ben
ricity produc
the environm

ajor parts of a
ation and O2

(O2- or H+)
(YSZ), Ni–

ed to other f
ogen, but als
from renewa
n conditions
unctional ma

uce hydrogen

RNE

KEL-MO
ANODE M
--------------

igator: Pro
Mechanica

mbers:  
n Lee (postd
Ren (gradua

Automation Eng

: 01 August

aims to deve
OFCs). SOF
en, more im
nd oxidant d
rge scale app
oncerns that w

r technical b
wer generati

position (or 
e to the prese
se problems 
 carbon depo

ying these p
mmercializat

AND SIGN

 fuel cells (
n) and oxida

nign than con
ction may on
mental, clima

a SOFC inclu
2 reduction ta
). Materials-
–YSZ and la
fuel cell type
so on hydroc
able sources,
s, which dict
aterial that pr
n and carbon 

       

LYBDEN
MATERIA
--------------

ofessor Yo
al & Autom

doctoral fel
ate student)

gineering, CUHK

t 2016 – 30
 

elop new ano
FCs are elec
mportantly, f
directly into e
plications in
we are facing

barriers that h
ion. Among
coking) on 

ence of impu
are usually 

osition and su
phenomena i
tion of SOFC

NIFICANC

SOFC) are e
ant directly i
nventional ele
ne day replac
ate change, an

ude anode, c
ake place wh
-wise, state 
anthanum st
es, one advan
carbon fuels 
, such as bio
tate that SOF
romotes a ch
monoxide (t

      - 27 -

NUM–YT
ALS FOR
--------------

ongsheng 
mation En

llow)(1), 
)(1) 

0 April 2017

ode material
ctrochemical
fuels derived
electrical ene

n electricity p
g today. 

have to be o
g them is an

and sulfur 
urities in carb
y dealt with 

ulfur poison
in steam ref
C technology

CE 

electrochemi
into electrica
ectric power
ce the curren
nd water con

cathode, and 
hile electroly
of the art e

trontium ma
ntage of SOF
from variou

omass and m
FC is also a

hemical react
termed “steam

TRIA ST
R SOLID 
--------------

CHEN  
ngineering

7 

ls to improve
l devices th
d from rene
ergy. They a
production m

overcome bef
node degrada

poisoning 
bonaceous fu
separately. W
ing simultan
forming rea
y for power g

ical devices 
al energy. Th
r generation p
nt heat engin
ncerns that fa

electrolyte. A
yte provides 
electrolyte, a
anganite-YSZ
FCs is its fue
us sources, fo

municipal was
steam refor

tion). Inside 
m reforming

TABILIZE
OXIDE F

--------------

g  

e durability 
hat convert c
ewable sour
are energy ef
may address 

fore SOFCs 
ation. For th
of the anod

uels, a price t
We will desi

neously with 
ctions. If su
generation. 

that convert
hey are much
processes. Th
ne based ele
ace us today.

Anode and c
a separation

anode and c
Z (LSM-YSZ
el-flexibility.
or example, n
stes. This fle
rmer and the
a SOFC, hyd

g”).  

ED ZIRC
FUEL CE
---------------

of the state-
chemical en
rces, such a
fficient and e

the environ

can be comm
he state-of-t
de are respo
that comes w
ign new NiM
the PI havin

uccessful, th

t chemical e
h more energ
heir large sc

ectric power 
. 

cathode are th
n for the gas
cathode are 
Z) composit

y. They can o
natural gas (

exibility is du
e anode serv
drocarbons r

ONIA  
ELLS 
--------------

-of-the-art so
nergy of a f
as biomass a
environmenta
mental, clim

mercialized a
the-art Ni–Y
onsible for 

with the SOF
Mo-YSZ ano

ng several yea
his project w

energy of a f
gy efficient a
ale applicati
generation a

he places wh
ses and a tun
yttria-stabili
te, respectiv
operate not o
(CH4) and fu
ue to the SO
es as a cata

react with ste

---- 

 

olid 
fuel 
and 
ally 

mate 

and 
YSZ 

the 
FC’s 
ode 
ars’ 
will 

fuel 
and 
ons 
and 

here 
nnel 
zed 
ely. 

only 
uels 

OFC 
lyst 

eam 



 

RE

use
thr
the
los
It i
car
SC

ma
H2

cha
 
 
2. 

des
lay
pro
me
con
the
Mo
ref
con
to 
spe

 

 

eva
ref
dea
sul
kin
wh

ESEARCH REPO

There are
ed for power
ree categorie
ermo- mecha
ss due to the 
involves car
rbon deposit

CFC technolo
 
The proje

aterials for m
S content an
aracterization

RESEARC
 
We will d

sign, Ni and
yers on Mo s
oposed resea
echanisms. I
nditions rele
eir deactivati
ong Enginee
forming as s
ntrolled by a
ensure stab

ectrometer an
 

Figure 1
IR spectr

Among a
aluation met
forming cata
activation m
lfur poisonin
netics has ne
hich has two 

ORT IN RNE 

 major techn
r generation.
es: (1) mater
anical mecha

presence of 
rbon depositi
tion and sulfu
ogy.  

ect objective
minimal degr
nd other rea
n techniques

CH METH

develop nick
d Mo will be
surface are ac
arch includes
In other wor
vant to real S
ion mechanis
ering Buildin
shown in Fig
a computer. M
le steam de
nd gas chrom

1  The cataly
rometer with

a few other 
thod that ha
alysts. It is w

mechanisms i
ng is enhanc
ever been m
disadvantag

  

nical barrier
 Among the
rial transpor

anism. Deact
f impurities i
ion and sulfu

fur poisoning

s include th
radation; (2)

action condit
s to determin

ODOLOGY

kel-molybden
e metal nano
ctive for arom
s two tasks: (
rds, we will
SOFC opera
sm. A cataly
ng. The sys
gure 1. Diff
More import

elivery to th
matography (

yst testing sy
h 2-m gas cel

things, one
s the potenti
well known 
in steam ref
ced carbon 

measured exp
ges: 1) low ti

           

s to be over
m is anode d
rt mechanism
ivation and p
n carbonaceo

fur poisoning
g, and if succ

he following:
determine t

tions for min
ne the degrad

Y 

num–yttria s
o-particles, e
matization re
(1) catalyst s
l design bifu
tion conditio
st testing sys
stem is conf
ferent gases 
tantly, a cont
e system. G
(GC). 

ystem. Left: 
ll for gas dete

e promising 
ial to revolu
that carbon 

forming. Our
deposition. 
perimentally.
ime resolutio

- 28 - 

rcome before
degradation. 
m; (2) deact
passivation m
ous fuels, a p

g. This propo
cessful, will 

: (1) find th
the proper fo
nimal coking
dation mecha

stabilized zir
either in sepa
eaction (prod
synthesis and

functional Ni
ons, and use 
stem has bee
figured to c
can be deliv
trolled evapo

Gas analysis 

 
reactor, gas 
ection and qu

developmen
utionize the 

deposition 
r previous w
However, du

y. Moreover, 
on as GC us

e SOFCs can
For Ni–YSZ

tivation and 
mechanism i
price that co
osal aims to 
greatly prom

he optimal co
ormation of N
g and sulfur 
anism in NiM

rconia (NiM
arate phases 
ducing benze
d steam refo
iMo-YSZ ca
materials ch

en installed in
arry out mu
vered to the
oration and m
is carried o

manifold an
uantification

nt in this p
way how sc
and sulfur p

work has sho
ue to techni
the typical 

ually sample

n be comme
Z anodes, de
passivation 

s responsible
omes with SO

tackle the a
mote the com

omposition o
NiMo; (3) d
poisoning; 

Mo-YSZ anod

Mo–YSZ) ano
or in alloy 

ene from CH
rming and (2
atalyst, test 
aracterizatio
n Room 112 
ultiple reacti

system at p
mixing (CEM
out simultan

nd steam gen
n. 

project is to 
cientists and 
poisoning ar
own that a m
ical difficult
method for 

es every 20 m

ercialized an
egradation m

mechanism
e for the perf
OFC’s fuel fl
anode degrad

mmercializati

of NiMo-YZ
determine the
(4) perform

de materials.

ode material
form. The M

H4 or CO and
2) anode dea
them under

on techniques
of the Willi

ions includin
prescribed fl
M) device is
neously by o

nerator; right

 establish a
engineers te

re two major
major contrib
ty, carbon d
r gas analysi
minutes or s

nd widely 
may fall in 

, and (3) 
formance 

flexibility. 
dation by 
ion of the 

ZS anode 
e optimal 

multiple 
 

ls. In our 
Mo oxide 
 H2). The 
activation 
r reaction 
s to study 
am M.W. 
ng steam 
low rates 
installed 

online IR 

 

t: 

a catalyst 
est steam 
r catalyst 
bution of 

deposition 
is is GC, 
o; and 2) 



 

RESEARCH REPORT IN RNE              - 29 - 

complexity in experimental setup and data analysis. Because GC columns usually cannot endure too much 
moisture, so the gas effluent from the reactor needs to pass through a cold trap to remove steam before being 
analyzed by a GC, this is a loss of important information as steam is a major reactant. Another problem is 
that GC measures only concentrations of different gases, however, to determine catalyst conversion and 
selectivity, gas flow rates leaving the reactor are needed. This is a challenge for GC-based analysis. In this 
project, we use a IR spectrometer to measure the concentrations of polar gases present in the effluent. By 
taking advantage of the intrinsic relationship between flow rates and concentrations and the general mass 
balance, we are developing a method to measure the flow rates of major reactants and products including 
H2O and H2 as well as carbon deposition rate. The data sampling rate is 12 sec/point. Thus, this new method 
is going to make a breakthrough in steam reforming catalyst evaluation, a manuscript on this topic is in 
preparation.  

Experimental parameters are chosen to reflect real reaction conditions relevant to SOFC operation. The 
steam-to-carbon ratios in the feed will be between 1~2.5 and the temperature is set at 800 oC; Some N2 is 
co-fed to dilute the reactants achieving high conversion rate of CH4. Three NiO catalysts will be prepared by 
oxidation of commercially available Ni nano-powders with average sizes of 20, 40 and 50 nm.  The 
oxidized temperatures of Ni will be 600~1000 oC for pre-sintering and forming solid solutions with YSZ. 
Two nanosized Molybdenum sources have been ordered. They are 1) metal Mo with a particle size of 40 nm 
and 2) MoO3 with a particle size of 13-80 nm. The raw materials will be mechanically mixed by planetary 
ball milling technique. The atomic ratios of Ni/Mo will be fixed among the different sources. The powder 
mixtures for catalyst tests will be prepared in the Ni/Mo atomic ratios of 160, 20, 10, 3, and so forth. A gas 
mixture of 10 ppm H2S balanced by CH4 will be used to conduct sulfur poisoning tests. Various materials 
characterization techniques will be used to study anode deactivation mechanism. 
 
3. RESULTS ACHIEVED SO FAR 
 
a. Modeling of SMR reactions: 

The total inlet molar flow rate:    Fi = Fi,CH4 + Fi,H2O+ FN2,                        (1) 
where Fi,CH4, Fi,H2O and FN2 stand for the inlet flow rates of CH4, H2O and N2, respectively. It is well 
recognized that there are four major chemical reactions under the reaction conditions: SMR, water gas 
shift reaction (WGS), methane decomposition (MD) and Boudouard reaction (BR). 
The chemical reaction rates of SMR, RWGS, MD and BR are defined as the molar consumption rates of 
CH4, CO, CH4 and the molar generation rate of CO2, respectively. Based on the stoichiometry of the 
four chemical reactions, the total molar flow rate of the effluents is: 

Fo=Fi+2FSMR+FMD-FBR,                         (2) 

where FDRM, FMD and FBR stand for the chemical reaction rates of SMR, MD and BR, respectively. 
Based on the stoichiometric relationships, after the reactions, the molar flow rates of CH4, H2O, CO2, 
and CO in the effluents are:      Fo,CH4 = Fi,CH4- FSMR - FMD                       (3) 

Fo,H2O = Fi,H2O- FSMR -FWGS                       (4) 
Fo,CO2 = FWGS + FBR                            (5) 
Fo,CO = FSMR -FWGS -2FBR,                        (6) 

where Fo,CH4, Fo,H2O, Fo,CO2 and Fo,CO are the outlet molar flow rates of CH4, H2O, CO2 and CO, and FWGS, 
the chemical reaction rate of WGS. After reactions, the molar concentrations of CH4, CO2, CO, and H2O 
in the outlet were analyzed by FTIR. Basically, the concentrations of these components can be 
expressed: 

CCH4 = (Fo,CH4)/ Fo                                                (7)           
CH2O = (Fo,H2O) / Fo                                               (8)           
CCO2 = (Fo,CO2) / Fo                              (9)      
CCO = (Fo,CO ) / Fo                                                 (10) 

 

Substituting Equations 1 - 6 for these related factors in Equations (7), (8), (9) and (10), the four 
equations above form a linear nonhomogeneous equation set in which FSRM, FWGS, FMD and FBR are the 
unknowns: 

(2CCH4 +1) * FSRM +( CCH4 +1) * FMD - CCH4* FBR =(1- CCH4)Fi, CH4 - CCH4*(Fi,H2O+ FN2)  
(2CH2O+1) * FSRM + FWGS + CH2O * FMD – CH2O * FBR =(1- CH2O)* Fi,H2O - CH2O*( Fi,CH4 + Fi,N2) 
2CCO2 * FSRM - FWGS + CCO2 * FMD – (CCO2+1) * FBR = – (Fi,CH4 + Fi,H2O+ Fi,N2) 
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4. PUBLICATION AND AWARDS 
The postdoctoral researcher, Dr. Chinghuan Lee, applied for Research Fellowship Scheme 2016-17 based on 
this SHIAE project and received about HK$190,000 additional funding from the Faculty of Engineering and 
Office of Research and Knowledge Transfer. This frees up some of the Staff costs; hopefully we can 
reallocate some of the funds for general expenses. So far, we have not published journal papers from the 
research, but we are confident that 2~3 manuscripts will be submitted in the following months. 
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tube data for the validation of reduced/detailed kinetic mechanisms for biodiesel fuels. 
4). To understand and interpret the experimental data of methyl oleate pyrolysis and oxidation by detailed 
kinetic modeling. Detailed kinetic modeling using state-of-the-art quantum chemistry techniques will be 
performed to interpret the measured species time-history data during the pyrolysis and oxidation of methyl 
oleate. Meanwhile, individual reaction rate, the core parameter in the chemical kinetic model controlling the 
reaction pathways, can be directly measured by carefully selecting the reactive mixtures. Such reaction rates 
can be directly incorporated into kinetic mechanisms, yielding immediate improvements. These results assist 
further understanding of the mechanisms in terms of improving biofuel combustion efficiency and reducing 
emissions. 
 
2. RESEARCH METHODOLOGY 

We divide the work into the following three tasks to achieve the goal of this research project. 

Task 1: to develop the advanced shock tube/laser diagnostics for the low-vapor-pressure 
biofuel combustion. 

The next generation of shock tube is under-construction and will be installed in the Laser Diagnostics and 
Combustion Laboratory at CUHK. A novel design of Laval nozzle used in this shock tube makes it suitable 
to study fuels with very low-vapor-pressure (sub-Torr) such as the real biodiesel. In the current work, the fuel 
aerosol/gas mixtures being studied undergo two subsequent shock heatings and compressions. First the 
incident shock (500-800 K) can evaporate any distillate liquid fuel. A visible laser at 665 nm will be used to 
check the complete vaporization of all fuel droplets before the arrival of the reflected shock wave by 
monitoring the droplet-induced laser extinction. Then the reflected shock will bring the purely gas-phase 
mixtures to combustion-relevant temperatures (1000-2000 K) where the chemistry can be observed. The 
large inner dimension of our shock tube (ID: 12 cm) ensures negligible non-ideal effects caused by the 
boundary layer. 

Fuel chemistry and chemical kinetics are then studied in the shock tube with the aid of advanced laser 
diagnostics and pressure sensors. Laser-absorption diagnostics are widely used for shock tube chemical 
kinetics studies, due to their species-specific and non-intrusive properties with fast time response 
(microsecond). Commercial quantum cascade lasers (QCLs) at the wavelengths of 4.3 m, and 4.6 m, and 
5.2 m will be used for the sensitive detection of CO, CO2 and NO. Interband cascade lasers (ICLs) at 2.5 
m and 3.6 m will be implemented for H2O and CH2O diagnostics. These absorption sensors will be 
integrated with the shock tube via five optical windows to achieve simultaneous multi-species detection.  

Task 2: to fully understand the combustion chemical kinetics of biodiesel surrogates. 

Chemical kinetic mechanisms are developed and validated using a combination of complex computer-aided 
computations and experimental data obtained under carefully controlled conditions. These mechanisms are 
built to understand the precise reaction pathways undertaken during fuel oxidation that transforms fuel into 
CO2 and H2O while producing heat. We start the biodiesel study with its surrogates processing relatively 
small molecular size for the validation of previous mechanisms. We expect several elementary reaction rate 
constants controlling the surrogate consumption pathways, such as the initial unimolecular decomposition 
and hydrogen atom abstraction reactions, to be measured using the shock tube/laser absorption technique.  

Task 3: to perform experimental and modeling study of the chemical kinetics of biodiesel 
component. 

Methyl oleate (C19H36O2), the major component of the current biodiesel in use, is selected in this work for the 
fundamental study of its combustion kinetics. First, ignition delay time will be measured during the oxidation 
of MO at varied temperatures, pressures, and equivalence ratio. Ignition delay time is defined as the time 
between the arrival of the reflected shock wave (marked by the 50%-rise point of the pressure) at the 
observation port and the extrapolation of the maximum slope of the emission signal (here OH* emission) to 
the baseline. We will extend these measurements to lower and higher pressures to cover wider experimental 
conditions (1-40 atm) using our advanced shock tube facility. All these data will test the ability of a 
mechanism to simulate the overall combustion reaction of fuel and oxygen combining to form products and 
release heat. Second, the mole fractions of individual molecules (fuel, products, or intermediates) can be 
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Biomedical Engineering Track 
 

 
 
 

Research Reports 
In Biomedical Engineering 

 
 
 
 
 
 
 
 

   
   

 Newly Funded Projects 
(2018-2020) 

 
* Development of Highly SensitiveQuantitative Phase 
Microscopy forLabel-free Imaging of NeuronalNetwork 
Activities 

 

   

 Continuing Projects  
(2017-2019) 

 
* Development of a Novel Robotic Manipulator for Confined 
Space Surgery 

 

   

  * Development of an Inertial Microfluidics Based Approach for 
the Isolation of Mitochondria from Biological Samples 

   

 (2016-2018) * An MRI-guided Robotic System for Breast Biopsy  
   

  * Intention-driven Shoulder Rehabilitation for Targeted 
Meuro-muscular Training using an Exo-musculoskeletal Robot 

   

  * Engineering Antimicrobial Surfaces Based on 
Micro-topography Using a Novel Ultrasonic Machining Method 

   
 Completed Projects  

 (2015-2017) * Development of a Novel flexible Surgical Robot with Haptic 
Sensation 

 

   

  * Development of Injectable Supramolecular Hydrogels for 
Regenerative Medicine 
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  * Developing Optomechanical Devices based on Layered 
Nanomaterials for Single-Biomolecule Mass Spectrometry 
 

  
  
The following reports are enclosed in “Research Highlights” printed in August 2017 

 
  

 Completed Projects 
(2014-2016) 

 
* Development of High-speed Laser Scanning Microscope for In 
Vivo Deep Brain Imaging 

  

  * Mechanism for the Transcytosis of Targeted Nanoparticles Across 
the Blood-brain barrier 

  

 (2013-2015) * Development of the Next Generation Neurosurgical Assistant 
System Based on Functional Brain Mapping 

  

  * Biomimetic scaffold for stem cell based cartilage regeneration and 
drug delivery 

  
  
  
The following reports are enclosed in “Research Highlights” printed in June 2015 

 
 Completed Projects 

(2012) 
 
* Dielectrophoresis Nano-separator for Precision Manufacturing of 
Polymeric Nanoparticles for Tumor-Targeted Drug Delivery 

  
  
   
The following reports are enclosed in “Research Highlights” printed in June 2014 

 
 Completed Projects 

(2011) 
 
* Viewing Biomolecules at the Right Site by Plasmonic Tweezers 
and Surface Enhanced Raman Scattering 

  
  
  
The following reports are enclosed in “Research Highlights” printed in 2013 

 
 Completed Projects 

(2010) 
 
* An inexpensive functional finger prosthesis with rebounded type 
progressive hinge lock 

  

  * Diffusion Tensor MRI Predictors of Cognitive Impairment in 
Confluent White Matter Lesion 

  

  * Lanthanide-impregnated molecularly imprinted polymer 
microspheres as antibody mimics on an optofluidic platform for the 
detection of disease biomarkers 

  

 (2009) * Terahertz probe for in vivo imaging  
  

 
 

* Signal Processing Strategies on Cochlear Implant Devices for 
Effective Speech Perception of Tonal Languages 

  

  * Development of A Robotic Endoscope Holder for Nasal Surgery 
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The following reports are enclosed in “General Report and Research Highlights 2009-2011” printed in October 
2011. 

 
 Completed Projects 

(2008) 
 
* Development of highly sensitive and large throughput surface 
enhanced Raman scattering (SERS) substrates for molecular 
diagnosis 

   

 Completed Projects 
(2008) * Research on Language and Brain Waves 

   

  * Development of an Efficient Locomotion Mechanism for Wireless 
Active Capsule Endoscope 

   

 (2007) * Bio-electromagnetic Modeling and Experiment Setup for Medical 
Electronics RF Safety Assessment 

   

  * Medical Applications of Terahertz Imaging 
   

  * Hybrid Assistive Knee Braces with Smart Actuators 
 

   

  (2006) * RF Radiation Effect and Efficiency of Wireless Medical Devices 
on Human Body 

   

  * Photonic biosensor micro-arrays for screening of common cancers
   
   
   
The following reports are enclosed in “Research Highlights 2005-2007” printed in January 2008. 

 
 Completed Projects 

 (2005) * Cochlear Implants 
    

  * Virtual Anatomy and Dexterous Simulators for Minimal Access 
Cardiothoracic and Neuro-endoscopic Surgeries 

  * Systematic Synthesis of Nano-informatics Chips by 
Nano-Robotics Manipulation 

   
(Funded Year) 
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implemented MEMS-based mirrors and highly sensitive cameras into QPM systems. He recently 
co-developed a theory for understanding the phase noise limit in such systems, which has led to 
achieve 10-4 temporal sensitivity with 10 ms temporal resolution in a QPM system. In order to 
image neuronal action potentials as proposed in this project, we need to further achieve 10-5 
temporal sensitivity and 1 ms temporal resolution. Therefore, we will develop a QPM system that 
integrates the following technical innovations:  
a. A high stable interferometric microscopy design, 
b. A better usage of the dynamic range of a high well-depth camera,  
c. Capability of operating in the reflection-mode QPM system to inheritably provide 10x better 
sensitivity.  
Our system will enable us to image, for the first time, the electrical activities of cultured neurons, 
such as those from induced pluripotent stem cells, without fluorescence labeling. This work will 
promote strong collaborations with the School of Biomedical Sciences at CUHK through the Co-I 
Prof. Vincent Cheung who is a neurobiologist.  By mapping the neural network activities of 
multicellular organisms, e.g., Caenorhabditis elegans, it will establish our technique as an 
important neural imaging tool for revealing functional maps of complex nervous systems in the 
future. 
 
 
PROJECT OBJECTIVES: 
 
1. Develop a high sensitivity and high speed transmission-mode interferometric microscopy system 

The temporal sensitivity of interferometric microscopy systems have been always limited to 10-3, i.e., 1 
milliradiance in phase, which has prevent this microscopy technique for many important biomedical 
imaging applications that involve subtle dynamical morphology changes of a few nanometers, e.g., 
neuron action potential signal across axonal plasma membrane at the voltage-gated ion channels. 
Specifically, to resolve neuron action potential signals requires 10-5 temporal sensitivity, 1 ms temporal 
resolution, and 0.5 μm spatial resolution. Developing an interferometric microscopy system with the 
above performance will greatly benefit neurobiology and neuropathology research.     

2. Apply the developed interferometric microscopy system for optical electrophysiology of mammalian 
neurons 

Highly efficient voltage probes have been recently developed to optically record action potentials, but 
there are still major limitations in those incoherent optical recording techniques, mostly due to the 
photobleaching and the slow kinetics of fluorescence proteins, thus limiting the recording period and 
the resolvability of very closely spaced voltage spikes. Our interferometric microscopy platform that 
will be developed and applied to record action potential signals is fast and noninvasive, and it does not 
suffer from photobleaching. Using our system to examine a single mammalian neuron’s action potential 
signals will help us validate our technique. If successful, this will enable us to extend our microscopy 
system for mapping the whole neural network of multicellular organisms, e.g., C. elegans, and to reveal 
the correlation between the organism’s behaviors and its neural signal distribution due to environmental 
stimulations over an extended period of time.      

3. Extend to a reflection-mode interferometric microscopy system for potential in-vivo neural imaging 
applications 

The transmission-mode interferometric microscopy system is suitable for imaging cultured neurons in 
the dish or brain slices ex vivo. However, in order to be ultimately used it for in-vivo optical 
electrophysiology, a reflection-mode interferometric microscopy system is needed. If developed, this 
system will open new avenues for in-vivo electrophysiology that will enable groundbreaking 
discoveries in neuroscience.     
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1. OBJECTIVES AND SIGNIFICANCE 
 
Robotic Minimally Invasive Surgery (MIS) has been widely adopted in many surgical specialties 
[1][2].  In 2016 alone, over 750,000 surgical procedures were performed world-wide using the da 
Vinci Surgical Robotic System [3].  Nevertheless, existing surgical robotic platforms are bulky in 
size, while their instruments are predominantly straight and rigid with a large diameter (dia.~8mm).  
These system limitations prevent the physicians to provide less invasive diagnostics and treatment 
to patients who have diseases in the hardly accessible anatomical regions (e.g. paranasal sinuses, 
base of skull, larynx, bronchi, and etc.) [4-7].  For example, in endonasal sinuses and skull base 
surgery (Fig. 1), physicians normally use straight and rigid tools to reach the target site through the 
nostril.  Due to the limitations of the instrument dexterity, only a small fraction of patients (below 
20%) are suitable for this surgery [4-7].  Patients with this disease opt to receive more invasive 
treatment that requires creation of surgical accesses through the patients’ forehead or cheek such as 
lateral rhinotomy. These large, traumatic openings can create serious complications including 
double vision, retention of mucus that can lead to infectious complications, brain swelling, seizures 
and cheek disfigurement.   

Inspired by nature, we know that dexterous flexible robot will be the technological pathway 
to address this fundamental clinical and robotic problem. There is a need to have a tiny flexible 
robotic manipulator that can navigate through the tortuous natural orifices and also offer superior 
dexterity and surgical capabilities to perform surgical tasks in a confined space.  To achieve this 
goal, we focus on the development of the hardware design and intelligent kinematic-based control 
algorithms for dexterous flexible manipulator.  These enabling technologies will be integrated 
together to set out a robotic platform for accessing and navigating tortuous, narrow spaces that are 
not accessible using existing methods.  The platform should be versatile for the use in many 
minimally invasive procedures demanding for flexible access to confined anatomical areas, such as 
sinuses, base of skull, esophagus, bronchi, ureter, kidney, urinary bladder.   

 
This success of the project will enable surgeons to provide more accurate, effective, and less 
invasive procedure even for the complex cases in the anatomical regions, which are currently 
difficult to treat even with the state-of-the-art robotically assisted surgery.  The proposed 
technology can allow more patients suitable for and can benefit from MIS in these regions, 
ultimately, improving the quality of life of patients. 
 
 
1. D. B. Camarillo, T. M. Krummel, and J. K. Salisbury, “Robotic technology in surgery: past, 

present, and future,” The American Journal of Surgery, 188, pp. 2S-15S, 2004. 
2. G. D. Hager et al., “Surgical and interventional robotics: Part III [Tutorial],” IEEE Robotics 

and Automation Magazine, vol. 15, issue 4, pp. 84-93, 2008.  
3. Intuitive Surgical Annual Report 2016 

(http://www.annualreports.com/HostedData/AnnualReports/PDF/NASDAQ_ISRG_2016.pd
f)  

4. P. Castelnuovo, I. Dallan, P. Battaglia, and M. Bignami, “Endoscopic endonasal skull base 
surgery: Past, present and future,” Eur. Arch. Otorhinolaryngol., vol. 267, no. 5, pp. 649–
663, 2010. 

5. L. M. Cavallo, F. Esposito, and P. Cappabianca, “Surgical limits in transnasal approach to 
opticocarotid region and planum sphenoidale: An anatomic cadaveric study,” World 
Neurosurg., vol. 73, no. 4, pp. 301–303, 2010. 

6. J. Burgner et al. “A telerobotic system for transnasal surgery,” IEEE Trans. Mechatron., vol. 
19, no. 3, pp. 996–1006, Jun. 2014.  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7. J. S. Chneider, J. Burgner, J. R. Webster, and P. T. Russell, “Robotic surgery for the sinuses 
and skull base: What are the possibilities and what are the obstacles?,” Curr. Opin. 
Otolaryngol. Head Neck Surg., vol. 21, no. 1, pp. 11–16, 2013. 

 
 
2. RESEARCH METHODOLOGY 
   

The proposed project consists of four main aims: 
a. Aim 1: Modeling of flexible instrument with coupled tendon drive. In this phase, we 

will establish a framework of mechanics-based modeling for coupled tendon driven 
flexible instruments. 

i. Task 1.1: Develop Kinematics Models We will derive and explore different 
kinematics model for tendon-driven flexible instruments and investigate 
pros/cons and practicality for these models  

ii. Task 1.2: Analyze the effect of cable friction and compliance. We will extend 
the proposed models to consider the frictional and compliance effect in the cable 
transmission.  We will analyze the corresponding performance degradation and 
hope to use that information for the design of feedback compensation in the 
future development. 

iii. Task 1.3: Simulation and experimental validation We will conduct simulation 
and experiments to validate our proposed models.  We will characterize the 
instrument and identify the necessary model parameters experimentally.  

b. Aim 2: Design and fabricate complex hybrid-flexible robotic instrument This aim is 
to investigate and fabricate different flexible instrument designs.  During the design 
process, the PI and the Co-PI, Dr. Philip Chiu will establish a set of relevant design 
requirements.  The PI will also seek the expert knowledge from collaborator, Dr. Zheng 
Li for instrument design and fabrication. 

c. Aim 3: Design a closed-loop controller for instrument control, based on the fusion 
of the measurement of the distal sensors, proximal motor encoder, and cable 
tension. In this aim, we will develop a control framework that allows us to achieve high 
performance servo control as well as stable interaction with environment based on the 
fusion of sensing measurement.  

d. Aim 4. Evaluate the clinical efficacy of the proposed system This aim is to evaluate 
the overall instrument system performance.  We will integrate the proposed 
manipulator-instrument system with the da Vinci Research kit (dVRK) robot and setup 
the software to support the tele-operated instrument control.  Co-PI, Dr. Philip Chiu 
and other physicians will be invited to evaluate the clinical efficacy of the system on a 
human phantom.  

i. Task 4.1: Construct an experimental actuation unit for flexible instrument 
prototypes. We will build and develop a computer-controlled actuation unit for 
testing the flexible instrument. The system will be capable of handling coupled 
tendon drive and supporting high bandwidth, output torque experiment and 
testing.   

ii. Task 4.2 Develop a proof-of-concept surgical robot system, integrating with the 
dVRK robot We will integrate the flexible manipulator system to our dVRK 
robot to offer tele-operated control for clinical evaluation.  
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3. RESULTS ACHIEVED SO FAR 
 For Aim 1: We has been performed and various kinematics models have been developed and 

verified in both simulations and hardware of our initial flexible instrument. We also 
developed a novel friction model to explain the performance degradation in the tendon 
driven flexible instrument and initial experiments were performed to verify the results. 

 For Aim 2: We has designed and constructed initial hybrid flexible instrument prototypes for 
investigation.  More design iterations will be required to further improve the instrument 
performance. 

 For Aim 3: Initial closed-loop kinematics control study of flexible instrument was 
performed. Significant performance was observed. More advanced closed-loop controller 
will be designed in the next phase of development. 

 For Aim 4:  We have constructed the experimental actuation unit for flexible instrument 
prototypes. We also integrated with a basic flexible instrument with dVRK and the 
corresponding kinematics model was implemented into the same software framework. Basic 
tele-operated control for the initial flexible instrument was performed. 

 
 
4. PUBLICATION AND AWARDS 
 
[1] X. Y. Chu, T. Y. Chung, and K. W. Samuel Au., “A Systematic Modelling Approach for 
Motor-Cable-Joint Kinematics of Coupled Tendon-Driven Surgical Instrument,” Hamlyn 
Symposium on Medical Robotics, June 2018 (Accepted) 
[2] K. LU, H. B. Lin, C. W. Vincent Hui, and K. W. Samuel Au “A Case Study of Gravity 
Compensation for da Vinci Robotic Manipulator: A Practical Perspective,” ICRA18 workshop on 
Supervised Autonomy in Surgical Robotics, May 2018. 
[3] K. C. Lau, Yuanpei Cai, Y. Yam, and K. W. Samuel Au, “Comparison Study of Geometric 
Representation for Continuum Manipulator,” ICRA18 workshop on Supervised Autonomy in 
Surgical Robotics, May 2018. 
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Figure 1. (a) Schematic showing the design of the chip. (b) Optimization of flow rates using purified 
mitochondria. 
 

2.2. Task 2: Characterization of the Isolation Performance 
As a parallel effort of Task 1, we have established relevant characterization techniques to evaluate (1) the 
isolation efficiency, (2) the isolation purity and (3) the mitochondrial functionality. 
 
(1) The isolation efficiency: As a fast method to quantify the amount of retrieved functional mitochondria 
isolated by the microfluidic chip, the active mitochondria are stained with a commercially available 
fluorescent dye, MitoTracker™ Red FM. This red-fluorescent dye accumulates in mitochondria with a 
membrane potential - a hallmark for functional mitochondria. We have established the protocols by 
measuring the total fluorescence intensity (ex. by a fluorimeter). 
 
(2) Isolation purity: Western blotting analysis will be performed to check the purity of the isolated 
mitochondria. The Ku86 protein will be used as the marker for the nuclei, while Tom20 will be used to 
identify the mitochondrial specific protein. The isolation purity will be determined by comparing the 
fractions of the two proteins from samples retrieved from the two outlets. 
 
(3) The mitochondrial functionality: To further validate whether the retrieved mitochondria retain their 
biological functionality, mitochondrial generated reactive oxygen species (ROS) from unsorted and sorted 
mitochondria will be measured by a fluorescently labelled probe 2’,7’-dihydrodichlorofluorescein (DCFH) 
which emits an intense green fluorescence upon deacylation and subsequent oxidation. ROS, as a typical 
product of cellular metabolism, are mainly generated by mitochondria. Therefore, the measured fluorescence 
intensity of DCFH may serve as an indication of the mitochondrial functionality after isolation. 

2.3. Task 3: Optimization of the Chip Design for Crude Biological Samples 
Due to its large diversity, isolation of mitochondria presents a tangible challenge when it comes to separating 
this organelle from other cellular components. The subsequent task is to optimize and validate the chip 
design for handling biological crude sample. Human embryonic kidney cells (HEK293) are used as a model 
cell line. Crude cell lysate will be prepared following standard protocols. Briefly, the cells will be 
homogenized by lysing the cell membranes in a hypotonic buffer followed by mechanical disruption with a 
Dounce glass homogenizer. Samples from the two individual outlets are collected without further 
post-processing and then analysed by the characterization techniques developed in Task 2. Based on the 
MitoTracker™ Red FM staining, current isolation efficiency is around 75% from crude cell lysates. Further 
investigation will be conducted using other cell lines of high metabolic requirements, such as mouse muscle 
cells (C2C12). 
 
3. RESULTS ACHIEVED SO FAR 
3.1. Isolation of mitochondria from crude cell lysates 
Through pre-processing, namely cell lysis by Dounce homogenization, current chip design is able to isolate 
75% of functional mitochondria with 200 microliters of crude cell lysates in 20 minutes (Figure 2a). In the 
second year, this project will focus on the characterization of isolated mitochondria by validating the 
isolation purity and further investigation of the functionality of isolated mitochondria as discussed in Task 2.  
 
As observed in Figure 2b, the isolation efficiency decreases as the cell concentration increases. This is not 
surprising because the excessive cellular contents may affect the flow profile, rendering less optimal sorting 
(i.e. 3540 cells/μL). Therefore, further emphasis will also be placed on improving the isolation yield (i.e. the 
total amount of isolated mitochondria) by enabling the processing of higher concentration of samples.   
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muscle-specific training by only providing assistance to particular muscles of the system. 
b) Compare the effectiveness of intention-driven rehabilitation (IDR) with the assist-as-needed 

approach (AAN) performed on another group of 10 healthy human subjects. 
c) Finally, a pilot study of the system will also be performed on a group of 15 stroke patients. 

Shoulder pain and impairment is a severe problem that affects the quality of life of the impaired subject and 
inhibits the motion of the arm even in performing even simple daily tasks, such as reaching for objects and 
feeding one self. Causes of such impairments include stroke, muscle weakness and shoulder subluxation 
(instability of the shoulder). Furthermore, shoulder subluxation is a common cause of pain for post-stroke 
patients (between 16-72% of stroke patients). The treatment of such impairments places significant burden 
on the health system. Successful completion of this project is expected to provide a new approach for 
performing effective shoulder training to patients with shoulder pain and impairment. Effective treatments 
would not only improve the quality of life of the patient and also decrease the burden on the Hong Kong 
health system.  
 
2. RESEARCH METHODOLOGY 
 
In the proposed project, an exo-musculoskeletal IDR robot for the shoulder will be developed. The cables 
will be arranged in parallel to the subject’s muscles and will provide assistance to a particular muscle group. 
Using EMG feedback, an intention-driven scheme will be employed to perform muscle-specific training. The 
proposed project combines experiences of cable-driven robot development and musculoskeletal analysis 
skills of the PI with the experiences in intention-driven rehabilitation of the co-I. The research plan will 
consist of three main tasks: 1) design and prototype of the exo-musculoskeletal robot; 2) intention-driven 
control using EMG; 3) pilot study on healthy subjects to demonstrate the effectiveness of this method. 

I. Design and prototype of the exo-musculoskeletal robot 

In this project, the PI proposes to develop a new type of exo-musculoskeletal robot that has cables arranged 
in an anthropomorphic manner. Six muscle groups identified as the major contributors to shoulder motion 
and are also situated closer to the surface will be used to design the arrangement of cables for the robot: the 
pectoralis major, deltoid, teres major, teres minor, infraspinatus and supraspinatus. 

The cable actuators that will be used in the proposed prototype are the Myomuscle units developed by the 
Myorobotics project consortium who the PI collaborates with. In the design and development of the system, 
the robot should: be easy to attach onto the patient and wear, allow for reconfiguration of the pulley locations 
on the frame such that cables can be arranged to be in parallel with the muscles, and be safe for the subject to 
use given the high maximum cable force of the myomuscles.  

The arrangement of cables in an anthropomorphic manner is one of the keys to allow the system to provide 
targeted muscle-specific training. By arranging cables in parallel to specific muscles, the force applied to a 
particular cable can be controlled to promote strengthening of the corresponding muscle. This is a key 
difference between the proposed system and existing rehabilitation robots that only assist in producing the 
gross motion.  

II. Intention-driven control using electromyography (EMG) signals 

After the development of an initial prototype, the intention-driven control system for the 
exo-musculoskeleton will be implemented and tested. With the co-I’s experience in EMG and IDR control, 
the placement of the EMG electrodes such that signals from the six muscle groups can be obtained will be 
properly considered. These signals will be used to control the cables through a simple intention-driven 
scheme, where 

                               ( ) ( )p EMGt K tf V                               (1) 

The vector EMGV contains the EMG readings and f is the forces that the cables should execute. The gains pK

correspond to the amount of assistance after considering the effort from the subject. As observed in [16], it is 
anticipated that the IDR approach will promote the subject to improve their neurological signal and muscle 
training in order to complete the set task, for example, the lifting motion of the arm.  

III. Pilot study of the exo-musculoskeletal robot on healthy subjects 
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The findings from this project will help guide the design and promote the clinical translation of injectable 
hydrogels for cartilage repair.  Hydrogels developed in this study will not only enhance cartilage repair but 
will also be instrumental to the development of minimal invasive therapies for repairing connective tissues 
including bone, meniscus and intervertebral disc.  
 
 
2. RESEARCH METHODOLOGY 
Objective 1: To fabricate and characterize the supramolecular gelatin hydrogels 

i.Synthesis of mono-functional acrylated host molecule β-cyclodextrins (mono-Ac-β-CD) 

Ac-β-CD (or mono Ac-β-CD) will be synthesized as reported previously. Briefly, β-cyclodextrin will be 
dissolved in 100 mL anhydrous DMF at room temperature followed by the addition of trimethylamine. The 
mixture will be cooled to 0 °C on ice. Acryloyl chloride will be added slowly. The reaction will be kept at 
room temperature for 12hr before being dripped into acetone. The precipitate will be washed with acetone 
and dried in vacuum. The degree of acrylation will be controlled to be around 1.0 and confirmed by 1H 
NMR. 

ii.Hydrogel fabrication, and rheological and mechanical testing 

Typically, a mixture of gelatin, Ac-β-CD, photoinitiator (I2959) will be dissolved in PBS and exposed to UV 
light (10 mW/cm-2, 10min) to form the hydrogels. The effect of additional monomers such as poly (ethylene 
glycol) acrylate on the hydrogel mechanical properties will also be examined. Dynamic viscoelasticity of the 
hydrogels will be measured by a rheometer using a plate-plate setup. The mechanical properties of the 
hydrogels will be measured on a MACH-1 Micromechanical.  
Objective 2: to examine the hMSC chondrogenesis in the physically crosslinked supramolecular hydrogels 

i.hMSC encapsulation in ECM hydrogels and chondrogenic induction 

hMSCs (Lonza) will be expanded to passage 3 in a growth medium consisting of α-MEM with 16.7% FBS 
(fetal bovine serum). hMSCs (20 million/ml) will be encapsulated in hydrogel constructs (Ø5mm, 2 mm 
thickness). Constructs will be cultured in chondrogenic media (DMEM, 1% ITS+Premix, 50 µg/ml L-proline, 
0.1 µM dexamethasone, 50µg/ml ascorbate) supplemented with transforming growth factor (TGF-β3, 
10ng/ml). 

ii.Gene expression analysis  

RNA will be extracted using Trizol according to the manufacturer’s instructions, and the RNA concentration 
will be determined using a spectrophotometer (Nanodrop). Obtained RNA will be reverse transcribed into 
cDNA using a reverse transcription kit (Invitrogen). The real time polymerase chain reaction (qPCR) will be 
performed using Taqman primers and probes specific for GAPDH (housekeeping gene) and other genes of 
interest (type II collagen, Aggrecan, Sox9). The sequences of the primers and probes are listed in a previous 
publication [2]. The relative gene expression will be calculated using the ΔΔCT method.  

iii.Statistical and power analysis 

Statistica (Statsoft) will be used to perform statistical analyses using two-way ANOVA, followed by Tukey’s 
HSD post hoc testing to allow for comparison between groups. Statistical significance will be set at p < 0.05. 
A statistical power analysis indicates that n=8 samples per group should be sufficient for obtaining a study 
power of 0.85 with significance set at p<0.05. 
 

Objective 3: To assess the controlled release of hydrophobic chondrogenic small molecules from the 
supramolecular hydrogels 

i.Incorporation of small molecules and release analysis 

The chondrogenic small molecule, kartogenin, will be dissolved in ethanol and mixed with an ac-CD 
aqueous solution overnight under stirring. The complexation of kartogenin with ac-CD will be verified by an 
FT-IR spectrometer. The ac-CD solution will then be used for the fabrication of ac-CD-HA hydrogels. The 
obtained hydrogel will be incubated in PBS. The concentration of kartogenin released from the hydrogels to 
the PBS will be monitored by UV-vis at selected time points.  To evaluate the effect of the carried 
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Multimedia Technologies Track 
 

 
 
 

Research Reports
In Multimedia Technologies 

 
 
 
 
 
 
 
 

  
 

 Continuing Project 
 (2017 - 2019)

 
* Achieving Simultaneous Spectral-Spatial Super-Resolution via 
Reconstruction from Multispectral and Hyperspectral Images 

   
 

  
  
The following reports are enclosed in “Research Highlights” printed in August 2017 

 
 Completed Project 

 (2014 - 2016)
 
* Managing and Analyzing Big Graph Data 

   
  
  
The following reports are enclosed in “Research Highlights” printed in June 2015 

 
 Completed Project 

(2012)
 
* Face Recognition Across Ages Through Binary Tree Learning 

   
  
  
The following reports are enclosed in “Research Highlights” printed in June 2014 

 
 Completed Projects 

(2011)
 
* Semantic Analysis for Image Resizing 

  

 * Time Critical Applications over a Shared Network 
  

 * Amplify-and-forward Schemes for Wireless Communications 
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The following reports are enclosed in “Research Highlights” printed in 2013 

 
 Completed Projects 

 (2010) * FADE: Secure Cloud Storage with File Assured Deletion 
   

  * Security and Detection Protocols for P2P-Live Streaming 
Systems 

   

 (2009) * An Opportunistic Approach to Capacity Enhancement in 
Wireless Multimedia Networks 

   

 
 

* Computer-Aided Second Language Learning through 
Speech-based Human-Computer Interaction 

   
   
   
The following reports are enclosed in “General Report and Research Highlights 2009-2011” printed in October 2011.

 
 Completed Projects 

(2008) 
 
* Pattern Computation for Compression and Performance Garment

   

 (2007) * Real-time Transmission of High Definition (HD) 3D Video and 
HD Audio in Gigabit-LAN 

   

  * High Dynamic Range Image Compression and Display 
   

  * Multimedia Content Distribution over Hybrid Satellite-Terrestrial 
Communication Networks 

   

 (2006) * Automatic Video Segmentation and Tracking for Real Time 
Multimedia Services 

   

  * Information Retrieval from Mixed-Language Spoken Documents
   

  * Wireless Networks and Its Potential for Multimedia Applications 
   
   
   
The following reports are enclosed in “Research Highlights 2005-2007” printed in January 2008. 

 
 Completed Projects 

 (2005) * Mobile Wireless Multimedia Communication 
   

  * An Automatic Multi-layer Video Content Classification 
Framework 

   

  
 

* Automatic Multimedia Fission, Categorization and Fusion for 
Personalized Visualization in Multimedia Information Retrieval 

(Funded Year) 
 



 

RE

AC
SU
AN
---
 
Pr
De
 
Re
Qi
 
(1) D

 
Re
 
 
 
 
IN
 
Th
rec
the
thi
an
fun
the
tac
(w
to 
sup
 
Mo
em
me
inv
top
 
 
AB
 
Ple
ma
 
Hy
rec
low
app
off
res
pro
stu

ESEARCH REPO

CHIEVIN
UPER-RE
ND HYPE
---------------

rincipal In
epartment

esearch Team
iang Li, Dr. 
Dept. of Electron

eporting Pe

NNOVATIO

his project a
covery of a
eory and fu
is context h

nd are unab
ndamental r
e standard p
ckle much m

which is top-
be signific
per-resoluti

oreover, th
merging topi
edical imag
vestigate th
pic and the 

BSTRACT

ease state the
anuscripts mu

yperspectral 
construct a s
wer spatial r
plications in
fering an im
solutions. It 
oject is to in
udy perfect r

ORT IN MMT 

NG SIMU
ESOLUTI
ERSPEC
--------------

nvestigator
t of Electr

m Members: 
(1), Ruiyuan

nic Enginnering, C

eriod: 1 Jul

ON AND P

aims to dev
a hyperspect
urther under
have shown 
ble to answ
research vie
path of the 
more challe
-down with
ant as it wi
ion algorithm

he PI shoul
ic with grea

ging, art con
is timely to
far-reaching

T 

e abstract of
ust be in Eng

super-resolu
spectral-spati
resolution, i

n areas such a
maging soluti

holds great 
nvestigate ke
reconstructio

ULTANEO
ION VIA 
TRAL IM
---------------

r: Professo
ronic Engi

 
n Wu, Mr. (

CUHK 

ly 2017 – 3

RACTICA

velop a theo
tral super-r
rstanding ho
successful 

wer the qu
ewpoint. Th
current res

enging theo
h an emphas
ill lead to th
ms and cam

ld emphasi
at potential 
nservation, t
opic, seeing 
g implicatio

f the project 
glish. 

ution (HSR)
ial super-res
s expected 
as computer 
ion that can 
potential an

ey fundamen
on condition

OUS SPE
RECON

MAGES 
--------------

or Ken MA
ineering, C

(1), Qiong W

1 May 2018

AL SIGNIF

oretical fram
esolution im
ow we can 
results by e

uestion of 
he innovativ
search trend
retical prob
sis on askin
heoretical g

meras, which

ize that hy
and many p
to name a f
the substan

ons in many

in this part.

), a recentl
solution imag
to become a
vision, art c
identify obj

nd we expec
ntal problem
ns of HSR—

- 86 - 

CTRAL-
STRUCT

--------------

A 
CUHK 

Wu, Ms. (1)

8 

FICANCE:

mework for 
mage from 
build better

empirical m
why hyper
ve part of t
ds (which a
blems arisin
ng why, and
guidelines o
h is presentl

yperspectral
possibilities
few. The PI
ntial impact
y application

. The abstrac

ly emerged 
age from ima
a key techn
conservation
jects that ar

ct the topic w
ms that arise 
—which is an

SPATIAL
TION FRO

--------------

hyperspect
low resolut
r systems. W

means, they 
rspectral su
his project 

are somehow
ng from this
d not just ho
on designing
ly unavailab

l super-reso
s in applica
I sees that n
ts a theoreti
ns. 

ct should ap

image proc
ages with ei

nology soon.
, food safety
re hard to se
will see sub
in this timel

n open theor

L 
OM MUL

--------------

tral resolutio
tion images
While curre
are practice

uper-resolut
is that the P

w bottom-u
s relatively 
ow). The im
g provably 
ble in the lit

olution is c
ations such a
now is the g
cal framew

ppear at the t

cessing tech
ither lower s

HSR can s
y, geoscience
ee by human
stantial grow
ly topic. Spe
retical quest

LTISPEC

---------------

on, address
s can be po
ent developm
e or intuitio
tion works 
PI will dep

up) and end
new resear

mpacts are e
good hyper

terature. 

currently a
as compute
great opport

work can res

top of the re

hnique that 
spectral reso
significantly 
e and remote
n eyes and w
wth. The goa
ecifically, th
tion that non

TRAL 

---------- 

sing why 
ssible in 
ments in 
n-driven 
from a 

part from 
deavor to 
rch topic 
expected 
rspectral 

a rapidly 
er vision, 
tunity to 
hape the 

eport. All 

aims to 
olution or 

enhance 
e sensing, 
with fine 
al of this 

he PI will 
ne of the 



 

RESEARCH REPORT IN MMT  - 87 - 

existing literature has been able to answer. Addressing this question satisfactorily will lead to guidelines on 
how to build provably correct HSR solutions, rather than relying on empirical experience which is currently 
the case. Furthermore, the PI will study a unified optimization framework for HSR, which is important in 
establishing a computationally efficient algorithmic toolset in this context. 
 
 
1. OBJECTIVES AND SIGNIFICANCE 
 
Please state the objective and significance of the project in this part. 
 
1. to analyze conditions under which perfect recovery of a super-resolution image is guaranteed, and to 
identify good low-rank models and provably correct formulations under such analyses 
 
2. to establish a unified optimization framework for low-rank matrix factorization in HSR 
 
The first objective of this project is particularly innovative. All the current developments in HSR 
demonstrate feasibility via empirical experiences, and the designs are intuition-driven. A theoretical 
framework that pins down whether and how super-resolution is possible is still missing—and the PI intends 
to challenge that piece of uncharted water. The outcomes, if satisfactory, will provide theory-guided designs 
for HSR, which has much significance from a fundamental research viewpoint and will reshape how 
practical researchers think when designing an HSR algorithm. The second objective is important in bringing 
new and computationally efficient tools for practical implementations. 
 
 
2. RESEARCH METHODOLOGY 
 
Please state the research methodology of the project in this part.  
 
We consider low-rank matrix factorization for HSR---which is a widely adopted approach in the current HSR 
literature---and investigate two key aspects.  First, we aim to answer an open theoretical question, namely, 
whether and under what conditions low-rank matrix factorization methods can guarantee perfect recovery of 
the true super-resolution image. Being able to address this question satisfactorily will lead to substantial 
impacts on developing good algorithms for HSR and on the designs of multispectral and hyperspectral 
camera. Currently, none of the existing literature is able to show that the low-rank matrix factorization 
problem can guarantee perfect recovery of the super-resolution image. 
 
Second, we intend to establish a unified optimization framework for low-rank matrix factorization in HSR. 
The aim is to provide computationally efficient solutions for HSR. The problem size in HSR is large; e.g., a 
super-resolution image with 200 spectral bands and 1,000x1,000 pixels amounts to 200,000,000 unknowns. 
Careful designs that exploit problem structures are essential, and the framework should be flexible in being 
able to accommodate various forms of problem structure-exploiting regularizations. The outcome, if 
successful, will lead to a powerful computational toolset for practical implementations. 
 
 
3. RESULTS ACHIEVED SO FAR 
 
Please state the project achievement and highlight (if any) on potential for commercialization and technology 
transfer in this part. 
 
Achievement 1: Efficient Optimization Schemes for HSR 
 
In C[1], we developed novel optimization schemes for low-rank matrix factorization in HSR. The proposed 
schemes run many times faster than the state of the art, as our extensive numerical studies showed. We 
achieve this by considering a hybrid inexact alternating minimization framework. Existing studies often 
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employ exact alternating minimization, which incurs high computational costs at each iteration. Our idea is 
to replace the exact updates with inexact proximal gradient or conditional gradient updates, thereby reducing 
the per-iteration computational costs substantially. The proposed schemes are not just based on engineering 
intuitions. As a preliminary result at this moment, we showed that these schemes are equipped with 
theoretical guarantees on convergence.  
 
C[1] achieves Objective 2 very well. As an ongoing work, we are consolidating our findings in C[1]. We are 
aiming at establishing an optimization framework—which generalizes the current hybrid inexact alternating 
minimization schemes—that flexibly covers a broad range of low-rank matrix factorization problems in HSR. 
Under this unified framework, we will provide theoretical analyses that give evidence on why the proposed 
framework can converge faster than the state-of-the-art. We expect that this will lead to a new standard for 
low-rank matrix factorization algorithm designs in HSR, and hence this will be one of the key investigations 
in the second year of this project. The eventual outcome will be submitted as a journal article. 
 
Achievement 2: Guaranteed Perfect Recovery of HSR Images in Polynomial Time 
 
In C[3], and as another signature research output, we were successful in showing a sufficient condition under 
which we can guarantee perfect reconstruction of the true super-resolution image. Simply speaking, our 
sufficient condition suggests that if the spectral resolution of the multispectral camera and the spatial 
resolution of the hyperspectral camera are not too coarse, then HSR perfect reconstruction is possible. This 
result is significant because it is the first reported result on solving the HSR perfect reconstruction problem 
in polynomial time—which is surprising as HSR was previously thought to be a computationally intractable 
(NP-hard) problem. Furthermore, our result suggested that we can, in principle, use very efficient 
(polynomial-time) algorithms to attain such an HSR perfect reconstruction guarantee.  
 
While preliminary, the theory presented in C[3] is a vital milestone for Objective 1 and beyond. As an 
ongoing work, we are further analyzing how robust our newly developed theory is under modeling errors. 
This presents new analysis challenges that are unique to HSR and not seen in the current literature. Also, we 
are studying what new insights our result shows in terms of algorithm designs. If successful, the 
aforementioned studies will lead to a major breakthrough in HSR theory. 
 
Achievement 3: A New HSR Formulation by Tensor Factorization 
 
This is a fruitful outcome from international collaboration. The PI and his international collaborators 
developed a new HSR framework using tensor factorization. The existing works often treat the HSR problem 
as a (2D) matrix factorization problem, and none considered it as a (3D) tensor problem. Yet, 
super-resolution images are (3D) tensors by nature. The international collaborators are experts in tensor. The 
PI shared his insights and experience with the HSR problem, and by tapping on the collaborators’ expertise 
the two sides successfully built a coupled tensor factorization framework for HSR. It is a framework not seen 
before (neither HSR nor tensor factorization theory), it is equipped with perfect reconstruction guarantees 
(like that in Achievement 2), and it was empirically found to outperform several existing matrix factorization 
solutions. 
 
This part of the work leads to two accepted conference papers C[2], C[5] and one submitted journal paper 
J[1]. 
 
 
Achievement 4: HSR by Convex Optimization 
 
As a variation on the theme of the main research undertaking, we also considered a low-rank HSR 
formulation using nuclear norm regularization, which led to the research output of C[4]. The idea is different 
from those of the previously mentioned achievements in that we adopt a convex optimization formulation. It 
should be noted that all the previous achievements, as well as the existing works, adopt non-convex 
formulations. The advantage of using a convex formulation is that it does not suffer from local minima, and 
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more consistent reconstruction performance may be yielded by pursuing such a formulation. Our empirical 
study indicated that the proposed method is more robust to noise than some state-of-the-art algorithms. 
 
Our latest investigation reveals that the convex HSR formulation mentioned above has several advantages 
that deserve our further attention. Simply speaking, it works on a more relaxed model compared with the 
commonly adopted matrix factorization model in HSR. Hence, in practice the former may stand a better 
chance when the multispectral and hyperspectral images exhibit strong variabilities against the nominal 
model. We are currently investigating such possibilities.  
 
 
Before finishing this report, the PI would like to express his gratitude to SHIAE for funding this project. The 
PI could not have accomplished any of the above reported results—which he believes hold much promise in 
immediate significance and long-term impacts—without the support of SHIAE. 
 
 
4. PUBLICATION AND AWARDS 
 
Please list out and number all the publications and/or awards produced under the funded project. All 
these publications must be directly acknowledged the SHIAE funding support and stated the 
affiliation with the Institute. The list can be numbered in alphabetic order. When referring to them 
for the submission in CD, name the file with corresponding reference number in square brackets as 
“81150xx-J[1].pdf”. 
 
C[1] R. Wu, C.-H. Chan, H.-T. Wai, W.-K. Ma, and X. Fu, “Hi, BCD! Hybrid Inexact Block Coordinate 
Descent for Hyperspectral Super-Resolution,” IEEE International Conference on Acoustics, Speech and 
Signal Processing (ICASSP), IEEE, Calgary, Canada, pp. 2426-2430, April 15-20, 2018.  

 
C[2] C. I. Kanatsoulis, X. Fu, N. D. Sidiropoulos, and W.-K. Ma, “Hyperspectral Super-Resolution via 
Coupled Tensor Factorization: Identifiability and Algorithms,” IEEE International Conference on Acoustics, 
Speech and Signal Processing (ICASSP), IEEE, Calgary, Canada, pp. 3191-3195, April 15-20, 2018. 

 
C[3] Q. Li, W.-K. Ma and Q. Wu, “Hyperspectral Super-Resolution: Exact Recovery in Polynomial Time,” 
IEEE Statistical Signal Processing Workshop (SSP), IEEE, Freiburg, Germany, June 10-13, 2018. 

 
C[4] R. Wu, Q. Li, X. Fu and W.-K. Ma, “A Convex Low-Rank Regularization Method For Hyperspectral 
Super-Resolution,” IEEE Statistical Signal Processing Workshop (SSP), IEEE, Freiburg, Germany, June 
10-13, 2018. 
 
C[5] C. I. Kanatsoulis, X. Fu, N. D. Sidiropoulos, and W.-K. Ma, “Hyperspectral Super-Resolution: 
Combing Low Rank and Matrix Structure,” to appear in IEEE International Conference on Image Processing 
(ICIP), IEEE, Athens, Greece, October 2018. 
 
J[1] C. I. Kanatsoulis, X. Fu, N. D. Sidiropoulos, and W.-K. Ma, “Hyperspectral Super-Resolution: A 
Coupled Tensor Factorization Approach,” submitted to IEEE Transactions on Signal Processing, April 2018, 
online available at https://arxiv.org/abs/1804.05307.  



 

 

Shun Hing Distinguished Lecture Series 
 
To achieve the Institute’s mission to promote appreciation of engineering in society through 
education programs, the Institute has organized a Shun Hing Distinguished Lecture Series. So far, 
forty-five distinguished lectures have been presented by renowned scholars. These lectures all were 
very well received and we will continue to line up and invite outstanding researchers to visit CUHK 
and to deliver distinguished lectures for the Institute.  Here to show the distinguished lectures 
between 2017 and June 2018. 
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