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Many thermal and fluid processes are distributed parameter systems (DPSs)

N

described by partial differential equations (PDES). The input, output, and process parameters
of the DPS vary in space and time. Time-space separation-based methods have been widely
used for modeling and diagnosis of DPSs. However, the exact governing PDEs and boundary
conditions of DPSs are very difficult to obtain for many practical industrial processes, and
existing data-based methods cannot achieve spatially continuous modeling and precise
abnormality localization. In this report, a novel spatial construction method is proposed to
preserve the spatial information between sensing locations for process modeling of unknown
DPSs. In order to maintain the system dimension structure, the proposed spatial construction
method is improved for the modeling of high-dimensional DPSs. Based on the proposed spatial
construction method, the abnormalities can be detected in time and located accurately, which
has been validated by the experiments on catalytic reaction processes, battery cells, and battery
energy storage systems.
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Generalized neural networks (GNNs) are composed of an enormous amount of connected units
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or nodes called artificial neurons, which are connected to simulate neurons in a biological brain.
As we know, time-varying delays are an inevitable factor in GNNs because of the limited
switching speed and communication bandwidth. Stability is a prerequisite for dynamic system
analysis and application, but time delays may lead to unacceptable dynamic responses or
instability. By considering a new matrix polynomial, the proposed novel reciprocally convex
method leads to a tight bound for integral inequality combination and encompasses several
existing approaches as special cases. The relaxed stability conditions with less conservatism are
developed by employing the proposed reciprocally convex combination and the Lyapunov-
Krasovskii(L-K) functional. Several numerical examples are conducted to show the
superiorities of the stability conditions.
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It is of vital significance to conduct fault diagnosis for gearboxes since it

can prevent gearbox failures. Vibration signals have been commonly used for gearbox fault
diagnosis since they contain abundant fault information. The core of vibration-based gearbox
fault diagnosis is to extract signatures reflecting gearbox health conditions. In the industry, three
major types of factors oftentimes affect gearbox health conditions, including gearbox operating
conditions, gear tooth faults and tooth lubrication. These factors also make gearbox vibration
signals more complex, which undermines the effectiveness of traditional vibration analysis for
gearbox fault diagnosis. To overcome this deficiency, a novel methodology for gearbox fault
diagnosis based on dynamics-guided vibration analysis is proposed, the core of which is to
procure insights into how operating conditions, tooth faults and lubrication affect gearbox
vibration characteristics via gearbox dynamic modelling. Afterwards, the obtained insights are
employed to develop more effective vibration analysis methods which can accurately extract
gear fault information, therefore increasing the accuracy of gearbox fault diagnosis.
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Collecting pixel-level annotation is an expensive process and has been one of the key challenges
in developing deep learning-based image segmentation methods. The problem is even more
challenging for medical images because medical professional is required for annotation and
normally abnormal regions in medical images are relatively small. Existing research works have
been conducted from different angles for annotation-efficient deep learning, and we mainly
investigate the approach based on synthetic data. Synthetic data is cheap to collect without
requiring human labelling, and it is fully controllable. In this talk, I will share three recent
research works by leveraging synthetic data, including: 1) Pseudo-Healthy Synthesis for

Weakly Supervised Liver Tumor Segmentation; 2) Synthetic-to-Real Unsupervised Domain



Adaptation for Liver Tumor Segmentation; and 3) Synthetic Data Augmentation for Semi-
Supervised COVID-19 Pneumonia Infection Segmentation.
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Distributed Photovoltaic Access to DC Distribution Systems is an important form of future
renewable energy grid integration. This new form of grid integration requires photovoltaic DC
converters to have high efficiency, high voltage conversion ratio, high reliability, and the ability
to operate in multiple modes. To meet the requirements of distributed photovoltaic access at
medium and low voltages with multiple ports, research is being conducted on the differentiated
topology architecture of distributed photovoltaic DC converters based on modular combination
and reuse. Additionally, research is being conducted on redundant configuration techniques for
series/parallel module operation to achieve high reliability and port fault self-isolation
techniques. Other areas of research include photovoltaic plant protection techniques,
cooperative control, and fault diagnosis techniques based on spiking neural networks.
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Nowadays, benefiting from its strong capability of nondestructive detection, the ground-
penetrating radar (GPR) has been applied to detect and reconstruct underground targets and has
drawn lots of attention both in military and civilian fields. However, in the processing of GPR
imaging, due to the dispersion errors caused by random distribution of various particles in soil,
conventional imaging methods have disadvantages of low signal-noise ratio (SNR), low
resolution, and unbalanced amplitude. In this work, to achieve high resolution and high veracity
on underground targets’ 3-D reconstruction, we improved the conventional reverse time
migration (RTM) algorithm in perspective of medium constitutive relationship. Besides, we
extended the improved RTM method in 3-D environments and reconstructed the 3-D structure
of several underground targets. To make the RTM algorithm suitable for stepped frequency
continuous wave (SFCW) GPR system, we generated three excitation signal models and
analyzed the effect of different excitation signals on imaging performance. Finally, through the

guantitative analysis of simulation and on-vehicle experimental results, we found that the 3-D



images generated by improved RTM method had higher resolution, smaller measurement error,
and higher veracity than those of conventional RTM method.
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This report concentrates on the neural network(NN) based adaptive
sliding mode control(SMC) for fuzzy fractional order system(FOSs) , a € (0, 1). First of all, a
novel method of optimal SMC approach is developed for fuzzy FOSs by using adaptive
dynamic program(ADP), integral sliding mode and NN with unmatched disturbances and time-
varying delays. Next, to weaken the influence of the nonlinearities, SMC strategy is proposed

for the specific system, which is established on the corresponding SMD to ensure that the FOS



reach the SMS in a finite time. Moreover, it shows that the matrix of SMS can be described by
the linear matrix inequality(LMI). Furthermore, the Hamilton-Jacobi-Bell man(HJB) equation
can be approximated by a single NN method, and Lyapunov stability principle proves that the
weight errors are convergent, further guaranteeing the asymptotically stability of the fuzzy FOS.
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Geodesics are of fundamental interest in mathematics, physics, computer science, engineering
and many other subjects. The so-called Leapfrog Algorithm was proposed in Noakes 1998 (but
not named there as such) to find geodesics joining two given points X, and x, on a path-
connected complete Riemannian manifold. The basic idea is to choose some junctions between
X, and x that can be joined by geodesics locally and then adjust these junctions. It was
proved that the sequence of piecewise geodesics {y*}., generated by this algorithm
converges to a geodesic joining X, and x . In this talk, we will discuss Leapfrog's
convergence rate z; . of i-th junction depending on the manifold M. A relationship is found
with the maximal root A, of a polynomial of degree n—3, where n(n>3) isthe number of

geodesic segments. This talk is based on joint work with Prof. Lyle Noakes (UWA).
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A leak detection is an essential procedure to guarantee reliable functioning during ethane
production and transportation with infrared imaging. However, infrared imaging can't perceive
semantic information about objects, such as colors and textures. Visible imaging can provide
such information but lacks reliability against bad weather. Multi-modal imaging that utilizes
visible and infrared information can be the ultimate solution to compensate for their properties.
Thus, this study proposed an innovative motion-aware multi-modal framework to effectively
and efficiently fuse visible and infrared video frames to detect ethane leaks. Extensive
experiments demonstrate the significant improvement brought by the proposed framework over
detection's accuracy and robustness. Hence, the proposed framework enables reliable ethane
monitoring with multi-modal imaging.
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