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 Western University – Jing Jiang IRC  

 

UNENE/NSERC IRC Program:  Controls, Instrumentation and 

Electrical Systems 
 
 
Overview 
 
This is the fifteenth successful year of operation of the Control, 
Instrumentation & Electrical Systems (CIES) Laboratory at The 
University of Western Ontario.  With support from UNENE industrial 
partners and NSERC, the research lab has become an internationally 
recognized centre of excellence in Control, Instrumentation and 
Electrical Systems for nuclear power plants. In total, over 55 Highly 
Qualified Personnel (HQP) have been successfully trained, many of 
them are now playing important roles in the nuclear industry in Canada, 
as well as internationally.  
 
 
Research Program  
 
The overall research program is summarized in Fig. 1. The research activities have been 
divided into two main themes: (1) Advanced Control Systems; and (2) Performance and Status 
Monitoring for nuclear power plants. 

 

Fig. 1: Research activities under the IRC program 
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The research under the first theme is further divided into safety systems and process control 
systems. Research topics include 1) predictive safety systems, 2) passive safety systems, 3) 
intelligent autonomous control, 4) control for SCWR (Super Critical Water Reactor), and 5) 
adoption of advanced technologies (fieldbus, wireless, FPGA) in plant control systems. Under 
the second theme, techniques for both pre-accident and post-accident condition monitoring 
systems are examined. Topics include: 1) wireless technologies for equipment health 
monitoring within a nuclear power plant, 2) smart sensors for plant condition monitoring, 3) plant 
environment monitoring during normal operation, and 4) plant and environment monitoring 
under severe nuclear accident conditions, where radiation hardened wireless sensor 
technologies are parts of the investigation. In this reporting period, significant efforts have been 
placed on topic 4). 
 
The scope of the research program has also been expanded with supplementary financial 
supports from ORF, CMC, CNL sponsored projects, an NSERC CRD grant, an NSERC 
CREATE grant, and the University Innovation Fund. It is expected that 21 highly qualified 
personnel will be trained through this program over the 5-year period of the third term of the IRC 
program. 
 
 
Research Activities  
 
A significant amount of research work has been carried out in the period from 2017 to 2018.  
Some selected activities are summarized below. 
 
During this reporting period, progress has been made for the design and development of a real-
time monitoring system that can operate effectively under harsh environmental conditions 
caused by a severe accident in a nuclear power plant (NPP). A harsh environment can be 
characterized by elevated levels of temperature, pressure, humidity, and radiation. Monitoring 
systems designed for normal operations may become unreliable or even fail to operate under 
such conditions. An accident in a NPP may also cause gaseous explosions, thus to disrupt 
existing electrical and communication infrastructure (i.e. on-site/off-site power, wired 
communication channels, and/or cellular towers). This may lead to a complete failure of the 
monitoring devices and systems, resulting in a total information blackout, such as what occurred 
during the Fukushima accident. In response to the accident in Fukushima, the Canadian 
Nuclear Safety Commission has developed two regulations in 2014: (a) REGDOC-2.10.1 
Nuclear Emergency Preparedness and Response, and (b) REGDOC-2.3.2 Accident 
Management. These documents provide high-level requirements and guidance for Canadian 
nuclear industry to develop, implement, and validate an 'integrated accident management 
program', known as IAMP. To develop an effective IAMP, a robust communication system is 
necessary to communicate key information about the plant systems and environmental 
parameters to the Emergency Response Centre for effective mitigation. Furthermore, real-time 
rapid assessment of accident severity and environment conditions are critical to minimize the 
impacts of the accident.  
 
The monitoring system that is under development at Western aims to support the needs related 
to severe accident management in nuclear power plants, in particular, the monitoring of key 
systems in a plant and its environment in the immediate aftermath of a severe nuclear accident. 
The proposed system can be pre-deployed in and around a nuclear power plant and can remain 
passive until the system is needed. A conceptual illustration of the proposed system is shown in 
Fig. 2. The proposed system can provide critical information including temperature, pressure, 
water & liquid levels, radiation levels, and hydrogen and other gas concentrations.  
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Fig. 2: The proposed telemetry system for monitoring a nuclear power plant environment 

 

 

The research in this area is also expanded through additional support from an ongoing ORF-RE 
project, entitled “Analysis tools, measurement techniques and systems for mitigating severe 
accidents in CANDU nuclear power plants”. The project is in collaboration with Prof. John Luxat 
from McMaster University, and Prof. Tony Waker and Prof. Ed Waller from UOIT.  
 
As a part of the monitoring system, a radiation-tolerant wireless device has been designed 
using a redundant architecture and diversified commercial off-the-shelf (COTS) components 
[J2]. This system makes use of both radiation shielding and radiation-tolerant design to mitigate 
the impact of radiation and to prolong the life of the electronics components.  
 
The proposed radiation-tolerant architecture includes triple module redundant design with spare 
units, which is further protected by layers of radiation shielding (as illustrated in Fig. 3) to 
increase the radiation tolerance while preventing common-mode damages. There are three 
layers of protection. The first layer (Fig. 3 (d)) encloses the second and the third layers (Fig. 3 
(b) & (c)). Each layer is composed of different materials, which are determined by the type of 
semiconductor devices used on those circuit boards inside the third layer as illustrated in Fig.3 
(a). 
 
The developed radiation-tolerant redundant architecture with diversified elements is shown in 
Fig. 4. This architecture can prolong the life for both devices and systems through the following: 

 independent built-in redundant channels,  

 on-line fault detection,  

 real-time prognostic protection,  

 rapid power off/on recovery, and  

 reduction of modes of common-mode damages.  
 

The architecture consists of an active triple modular redundancy (TMR) (            ) core 
with spare units (            ) for replacement of the potentially failed units. Both 
measurements and self-diagnostic functions are accomplished in the TMR core.     is the input 
of the power supply, and     and     are the power supplies for the active unit and its spare unit. 
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Fig. 3: Multi-layers radiation shielding 

 

 

Fig. 4: The rad-hard architecture 

 

 

Fig. 5: Prototype construction of a severe accident monitoring system 
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Furthermore, progress has also been made for the development of a second set of monitoring 
system that can perform reliably in environment that may also include, in addition to the high 
level of radiation, high temperature, pressure, humidity, gaseous explosion, fire, water (flooding) 
and corrosion. To achieve reliable data communication, this system is equipped with multiple 
diverse wireless channels that include short-range and long-range radio frequency 
transmissions, wired communication channels for connection through penetration, and short-
range underwater acoustic channels to handle potential submerged conditions. The system 
devices will use the concept of radiation hardened system design, harsh environment protection 
enclosures, and radiation shielding to protect the electronic components from environmental 
and radiation damages. Some prototypes devices for both monitoring systems have been 
developed at Western, and are shown in Fig. 5. 
 
Development of an ISA100.11a standard based Industrial Wireless Sensor Network 
(IWSN) testbed 
An ISA100.11a standard based Industrial Wireless Sensor Network (IWSN) testbed that uses 
industry-grade devices and system has been developed. This is done in collaboration with the 
Canadian Microelectronics Corporation (CMC). The main objective of the testbed is to facilitate 
investigation on potential issues of designing and deploying industrial wireless systems in 
nuclear power plant environments for real-time plant status monitoring. The testbed can support 
various research areas, such as advanced control, wireless sensor networks, fault diagnostics, 
smart sensors, and passive safety. 

 

Fig. 6: Nuclear Power Plant Process Control Test Facility (NPCTF) 
 
 

This testbed has been deployed at Western University on the Nuclear Power Plant Process 
Control Test Facility (NPCTF). NPCTF is a physical simulator for the control system of a typical 
CANDU based nuclear power plant (NPP). The NPCTF (see Fig. 6) uses real media (water, air) 
and industry-grade sensors and actuators. The NPCTF simulates the following major systems 
and components of an NPP: 

 Reactor 

 Steam generator (SG) 

 Pressurizer 

 Turbine and generator 
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 Feed water 

 Inventory feed and bleed 

 Shutdown systems 

 Passive safety system: natural flow-ECCS (Emergency Core Cooling System) 

This IWSN testbed includes the following devices and components 

 ISA100.11a Field Router and IO Device shown in Fig. 7 (a) 

 ISA100.11a Backbone Router/Gateway shown in Fig. 7 (b)  

 Analog Input Port Connections shown in Fig. 7 (c) 

 Software development kit with licenses available for purchase by other researchers 

 User interface to the wireless sensor nodes installed on the NPCTF 

 Remote access and database software 

 

   

(a) (b)                    (c) 

Fig. 7 The ISA100.11a devices used in the testbed include (a) Field Router and IO 
Device, (b) Backbone Router/Gateway, and (c) Analog Input Port Connections 

 
 

Self-powered efficiency booster for passive heat removal system 
The essence of the safety system is to shut down the fission reaction and to remove the 
residual heat from the reactor as effectively and quickly as possible. In case of a total station 
blackout, natural circulations are often used to circulate the water through the reactor core and 
take the heat out of the reactor. The natural circulation is mainly based on temperature induced 
density differential of the working fluid (water in this case) in the gravity field. As a result, the 
driving force to initiate and to sustain the circulation can be very small, which makes the passive 
safety system inefficient/ineffective. 
  
A new concept of using a self-powered efficiency booster to improve the performance of the 
natural circulation has been developed. The concept of the booster has been analyzed based 
on energy functions. In an earlier work, a booster is designed based on a turbine-generator-
pump configuration using working fluid of a lower boiling point. During the reporting period, an 
efficiency booster has been developed using a thermoelectric-generator-pump arrangement. 
This booster does not require any external power source to operate. The power comes from the 
temperature differential between the heat source and the heat sink by using a thermoelectric 
generator. 
  
A typical thermoelectric generator (TEG) is made of semiconductor or alloy materials with 
unique thermoelectric properties. Whenever there is a temperature differential, TEG produces 
electricity. One major advantage of using a TEG is that the thermal to electricity conversion is 
stationary and no moving parts are involved. This results in distinctive advantages over the 
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turbine-based design, i.e. reduced complexity in design and operation, which leads to higher 
degree of reliability. 
 
Three types of boosters with different mechanical structures and external heat transfer modes 
of heat exchanger tubes have been considered [J 4]. Type #1 contains a heat exchanger made 
of thermoelectric materials, which works as a TEG. As heat transfers from the hot fluid in the 
heat exchanger tubes to the cold water in the heat sink, (i.e. cooling tank), part of the heat 
energy is converted into electricity. The generated electricity is channeled to the pump through 
a power unit, which is used for regulating the output voltage and power distribution in case of 
multiple loads. With the pump, stronger driving force is generated for the circulation flow. 
  

 
 

Fig. 8 Experimental apparatus with the booster 
 

With a Type #1 booster, even though the circulation flow of the loop (and subsequently, the 
heat transfer rate from the heat source to the heat exchanger tubes) has been enhanced, 
external heat transferred from the heat exchanger tubes, however, remains to be natural 
convection. Heat transfer coefficient in this mode is much smaller than that of forced 
convection. To improve the external heat transfer capability, a shell is added around the heat 
exchanger tubes. A second pump (also powered by the TEG) is added at the inlet of the shell, 
which creates a forced circulation of the water in the tank through the shell. In this second 
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design, heat transfer at the outside wall of the heat exchanger tubes is now forced convection. 
The heat transfer capability is thus enhanced at the expense of adding a second self-powered 
pump. 
 
Even though the heat transfer capability of the heat exchangers has been improved in the 
second design, but if the second pump fails, the heat transfer could be suppressed by the shell. 
This can potentially make it even worse than the pure natural convection in the first design. To 
achieve both heat transfer enhancement and being fail-free, a Type #3 booster is developed. In 
the third design, a group of agitators powered by the TEG are installed in the cooling tank. 
External wall of these heat exchangers are cooled by stirred flow.  
 
Modeling and analysis of three different booster architectures have been carried out. 
Furthermore, a lab-scale proof-of-concept experimental set-up has been constructed to validate 
the effectiveness of the design (Fig. 8). Results have consistently demonstrated that the booster 
can potentially improve the heat transfer capability by a factor of four over natural circulation 
loop in a passive residual heat removal system. Heat transfer rate for Type #3 booster is shown 
in Fig. 9 and the performance of loops with Type #3 booster against the natural circulation loop 
in shown in Fig. 10. 
 
For benchmarking purposes, the performance of the developed TEG based booster has been 
compared with that of a previously developed turbine-based booster. Even though the degree of 
heat transfer enhancement of the former is lower than that of the latter, it can still significantly 
improve the heat transfer rate of a natural circulation system. The new design also has several 
unique advantages. The most notable one is that there are no moving components in the power 
generation units, which leads to improved reliability and reduced maintenance tasks.  

 

 
 

Fig. 9 Heat transfer rate for Type #3 booster  

 

Fig. 10 Performance of loops with Type #3 

booster against the natural circulation loop 

 

 
 
Development of an engineering simulator for NPCTF 
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The physical simulator NPCTF (NPP process control test facility) at Western is based on a 
scaled version of real plant processes. It has been developed using physical components to 
support research in instrumentation and control (I&C) of a nuclear power plant (see Fig. 6). 
Even though this facility has proved to be a must-have system for any nuclear I&C system 
research activities, it is not without limitations of its own. Because this facility is made up with 
physical components, many variables are bounded by their safe operating ranges. This 
fundamentally limits the applicability of the facility in studying NPP under accident conditions, 
where excursions of the physical variables, such as pressure, temperature, may suppress the 
safe limits of the physical components. Furthermore, the facility can only be used for one 
experiment at a time. Therefore, an engineering simulator (ES) based on software model has 
been developed to extend the functionalities of the NPCTF to examine accident scenarios and 
to allow multiple users to run different experiments. The ES has been described by the models 
for thermal-hydraulic systems in the NPCTF as well as the corresponding NPP processes. 
 
Since the main objective of the NPCTF is to support I&C research activities, the dynamic 
behavior of the system is tailored to match typical characteristics of a nuclear power plant with 
proper scaling. The sizing of the system components are determined based on analytical 
calculations under different steady-state operating conditions. Similarly, dynamic models have 
to be used in the ES to capture the time-dependent characteristics of the thermal-hydraulic 
systems in the NPCTF. Hence, one of the major tasks for developing the ES has been to 
construct a set of accurate dynamic models.  
 
The models for the ES are developed on component-by-component basis with one-to-one 
correspondence to the elements in the NPCTF. The components and their connecting pipes are 
treated as the simulation objects. These objects are then integrated together to form the entire 
ES. To provide user-friendly graphical user-interface, the graphical editor in Simulink has been 
adopted to form the simulation environment. The main requirements for the ES are defined as 
follows:  

 All the components in the simulator shall be executed free-from numerical instabilities;  

 One can freely assign values and units for the parameters of these components;  

 The responses of the simulator should be identical (or very close) to the responses 
observed from the NPCTF when the same inputs are presented; and  

 All the simulation results can be exported to easily accessible data sets for further 
analysis.  

 
The structure of the ES is similar to the actual P&ID of the NPCTF, in element-by-element form. 
Software models are developed for each element as well as connecting links. The development 
process of the ES can be summarized in three phases:  
 

1) Preparation for the component blocks by configuring the selected built-in blocks of the 

Simscape toolbox, and creating custom-built component blocks based on their 

mathematical relations using Simscape language, if no suitable built-in blocks are found;  

2) Construction of the entire simulator by properly integrating these component blocks; and  

3) Commission of the ES by ensuring data type compatibility and run time sequence. The 

overall organization of the functional blocks in the ES is shown in Fig. 11. 

 
The entire ES is constructed by integrating the selected Simscape built-in and the custom-built 
component blocks. The main loops in the ES are the primary loop, the secondary loop, and the 
pressurized air loop. Feeding and draining water loops are connected to the SG and the 
pressurizer. Since the hydraulic loops work with moving fluids, all the branch components in the 
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loops have to be subject to certain levels of hydraulic resistance in the simulation environment, 
as well as the boundary components that provide pressures. Using the physical network 
approach of Simscape, the connected branches and boundary components form a dynamic 
model for the entire simulator in terms of a matrix differential equation. By employing a robust 
solver, the solution of the matrix differential equation has been solved for different initial and 
operating conditions. The outputs of the ES can then be found from these solutions.  
 

 
 

Fig. 11 Organization and classification of functional blocks in the engineering simulator 
 

 
The performance of the ES has been validated by comparing the simulation results against the 
true measured responses from the NPCTF under similar operating scenarios. The focus of the 
validation is on the dynamic behaviors of the thermal-hydraulic processes. The validation 
process has been a two-step process: (a) individual model validation; and (b) integrated system 
validation. Key steps include 
 

 Collecting and processing experimental data  

 Applying the selected experiment data as inputs to the models 

 Performing simulation on the ES under similar conditions as in the NPCTF operation 

 Comparing the simulation results against those from the experimental outputs on the 
NPCTF  

 Analyzing the differences and modifying the models in the ES 
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This procedure has been performed for each major component in the ES, and several iterations 
was needed to ensure that the simulator can produce similar results as that from the NPCTF.  
 
Fault detection and identification of systems in nuclear power plants: optimal fault 
classification 
Fault detection and identification (FDI) techniques have been used in nuclear power plants 
(NPPs) to monitor conditions of equipment and to detect abnormalities in systems. Early 
detection of potential problems can prevent costly breakdowns and improve the plant safety. 
Many FDI techniques for sensors have been proposed with diverse applications to NPPs. 
These techniques have not only improved plant availability and operability, but also have 
become trusted aids to plant operators for making effective and timely decisions, thereby 
enhancing overall plant safety. 
 
In model-based FDI, analytical redundancies among system variables are often used to create 
residual signals (i.e., the difference between the measurement and its estimate of a system 
variable). The residuals would be zero or near zero when there are no faults. When a fault 
occurs, the residuals will diverge from zero. One way to generate the residual signal is by a 
parity space approach. With appropriately constructed parity space, faults can be identified 
directly based on the univariate statistical analysis of the residuals. 

 
 

Fig. 12 Architecture of the FDI system for the feed-water heater control loop 
 

To achieve optimal separation among fault classes in the parity space, a Fisher discriminant 
analysis (FDA) based method has been developed. For fault identification using FDA, the data 
collected from the system under specific fault conditions are first categorized into classes. The 
FDA scheme determines a set of linear transformation vectors. These vectors are ordered in 
such a way to maximize the scatter among different classes, while minimizing the scatter within 
each class. In the parity space, the proposed FDI approach determines the optimal projecting 
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directions using these FDA vectors. The projected data will form scattered clusters 
corresponding to the fault classes.  
 
The NPCTF is used to validate the proposed FDI method in an online and real-time 
environment. The hardware architecture for the FDI system is shown in Fig. 12. The residual 
generator routine is implemented in NI’s LabVIEW environment. Examples of FDA 
classifications with simulated faults on the NPCTF are shown in Fig. 13. 
 
 

 
 

Fig. 13 Examples of FDA classification 

 
 

Other Activities 
 
In addition to the above, the Chair and his research team have organized and/or participated in 
several technical and research activities, both in Canada and internationally. In Canada, the 
13th Annual UNENE Nuclear I&C Workshop was organized, which was held on October 10th, 
2017 at Bruce Power, Ontario. Several representatives from UNENE industrial partners as well 
as other local and international organizations attended the workshop. In the summer of 2017, 
the Chair also visited SLAC National Accelerator Laboratory at Stanford University (Fig. 14).  
 
The Chair and three other principal investigators of the ORF-RE project, Prof. John Luxat from 
McMaster, Prof. Tony Waker and Prof. Ed Waller from UOIT met in UOIT on October 27, 2017 
for the 2nd Project Meeting, and at Western April 26th, 2018 for 3rd Project Meeting, 
respectively. During both meetings, all parties presented their activities and current progress, 
and also laid out their plan for the future. The project manager, Dr. Xinhong Huang and key 
project staff, Dr. Ataul Bari, both from Western team, also attended the meeting along with other 
key project staff from Western, McMaster and UOIT.  
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Prof. Jiang receives Distinguished University Professorships (DUP) Award 
 
Prof. Jiang has been named as one of the recipients of Distinguished University Professorships 
(DUP) Award by the Western University. The Distinguished University Professorship Award 
acknowledges sustained excellence in scholarship over a substantial career at Western. A 
picture of Dr. Jiang receiving the DUP award is shown in Fig. 15. 
 

  

Fig. 14 Visit to SLAC National Accelerator 

Laboratory at Stanford University 

Fig. 15 Dr. Jiang receives 2018 

Distinguished University Professorships 

(DUP) Award 

 
 

The 13th NSERC/UNENE nuclear I&C workshop on I&C systems for nuclear power plants 
 
The 13th annual UNENE nuclear I&C workshop was held on October 10th, 2017 at Bruce 
Power. Over twenty-five participants from the Canadian and US nuclear industry attended the 
workshop, including distinguished guests such as Marcel de Vos from Canadian Nuclear Safety 
Commission (CNSC), Mike Brett from CANDU Owners Group (COG), Don Hayter from Ontario 
Power Generation (OPG), Robert Holmes from Canadian Nuclear Laboratories (CNL), John 
Harber from Candu Energy Inc., Steve Yang from Doosan HF Controls (HFC), as well as Adam 
Forystek , Scott Hilts, Randy Long , John Bird and Patrick Desbiens from Bruce Power. A group 
photo of the attendees is shown in Fig. 16. 
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Fig. 16 The 13th Annual UNENE I&C Workshop at Bruce Power. 

 
Adam Forystek delivered the opening remarks, in which he discussed the uniqueness of the 
UNENE collaboration with the nuclear industry. He also explained how UNENE can help to 
improve the nuclear industry by challenging the status quo, facilitating exchange of ideas, and 
serving as a vehicle between academics and industry to explore new ways to improve safety 
and operation of nuclear power plants. 
 
During the workshop, experts from the nuclear industry shared their knowledge and experience 
on advanced instrumentation, control, and measurement technologies as well as recent 
activities on cyber-security. Keynote speakers include Scott Hilts, Marcel de Vos, Robert 
Holmes, John Harber, Mike Brett, and Steve Yang. Furthermore, Dr. Jiang and the members of 
UWO team also presented their latest research progress. 
 
One of the highlights in this year’s workshop was a tour of the Bruce Power Fire-fighting 
Training Facility. Physical mock-ups of equipment models and realistic plant layouts as well as 
real fire and smoke are used to effectively train fire fighters to deal with emergency situations. A 
live demo was also conducted to show the harsh reality associated with an industrial fire and 
the importance of fire safety. 
 
 
Research Facilities  
 
Over the last fifteen years, the established a suite of state-of-the-art research facilities to 
support research activities in the IRC program and to create a hands-on training environment 
for highly qualified personnel (HQP). The facilities have been upgraded to support the on-going 
research needs. The NPCTF has been instrumented with WirelessHART, ZigBee and ISA 
100.11a based sensor nodes. DeltaV DCS system has been implemented to operate the 
NPCTF. A summary of the major facilities is listed below:  
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 Darlington NPP simulator  

 Tricon v9 safety system  

 HFC 6000 safety system  

 HFC non-safety DCS  

 FPGA development systems  

 Siemens PCS 7 redundant DCS 

control system  

 Honeywell C-300 DCS  

 Emerson DeltaV DCS with full 

fieldbus connectivity  

 Hardware experimental test bench  

 Wireless monitoring nodes based on 

WirelessHART, ZigBee, and 

ISA100.11a standards  

 Smart sensor development systems, 

and 

 Nuclear Power Control Test Facility 

(NPCTF) 

 
Current Members of Research Team (as of December 31st, 2017)  

 Dr. Jin Jiang (IRC Chair)  

 Dr. Xinhong Huang (Research 

Engineer)  

 Dr. Ataul Bari (Research Engineer)  

 Dr. Sungwhan Cho (Postdoctoral 

Fellow) (Training completed on 

October 31, 2018)  

 Dr. Dongqing Wang (Postdoctoral 

Fellow) (Training completed on March 

15, 2018) 

 Mr. Binggang Cui (Research 

Assistant) (Training completed on 

August 31, 2018) 

 Mr. Drew Rankin (PhD Candidate) 

(Training completed on August 31st, 

2017) 

 Ms. Xirong Ning (PhD Candidate)  

 Mr. Qiang Huang (PhD Candidate)  

 Mr. Yongqiang Deng (PhD Candidate) 

 Mr. Long Ding (Visiting PhD Student) 

(Training completed on August 31st, 

2017)  

 Mr. Ning Pan (MESc Candidate) 

(Training completed on August 31st, 

2018) 

 Mr. An He (MESc Candidate) 

(Training completed on August 31st, 

2017)  

 Mr. Madison McCarthy (MESc 

Candidate) 

 

Employment of Completed HQPs Currently Working in Canada 

 Dr. Drew Rankin  ----Bruce Power (Tiverton, Ontario) 

 Mr. An He   ---- DMAC Automation Ltd. (St. Thomas, Ontario) 

 Dr. Sungwhan Cho  ---- CNSC (Ottawa, Ontario) 
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Theory, Elsevier, Vol. 71, pp. 83-101, 2017 
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Refereed Conference Papers 

1. J. H. Lu, G. R. Zhu, J. Jiang, W. J. Li, and B. Li, “Load-independent transconductance and 
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2. Q. Huang and J. Jiang, "Radiation-Tolerance Assessment of a Redundant Wireless 

Devices," International Conference on Advancements in Nuclear Instrumentation 

Measurement Methods and their Applications (ANIMMA), Liege, Belgium, 19-23, June 2017. 

 
  




