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[ Architecture design for high efficient perovskite solar cells]
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Hybrid organic/inorganic metal halide perovskite solar cells (PSCs) have emerged widespread
attentions and interesting because of the unprecedented progress of power conversion efficiency
(PCE), which has been regarded as a most-promising for next-generation photovoltaics. Although the
rapid development on PCE, the stability of PSCs is still far behind the industrial application
requirement and the single-time utilization of metal electrode also increase the fabrication cost of
perovskite-photovoltaics, induce environmental pollution and resource waste. Hence, the SnO2 and
Cs-perovskite have been employed into planar PSCs as transport materials (ETM) and light
harvester to replace TiO2 and MAPbI3 perovskite. The stability and PCE have been significantly
enhanced on SnO2 based PSCs compared with that of the typical TiO2 based PSCs. The low
temperature fabrication process of SnO2 has been also introduced into flexible PSCs (fPSCs). The
fPSCs using SnO2 as ETM could achieve a high PCE of 17.1% with an ignorable hysteresis, sustaining
an excellent bending durability of 76.5% even after 2000 bending cycles at bending radius of 4 mm
(Fig. 1 (a)). The improvement of bending durability should mainly come from superior bending
resistance of nanoparticle component of SnO2 ETM film, because the SnO2 nanoparticle can release
the bending stress.

The excessive Pblz of Cs-perovskite precursor has severely limited the PCE and stability of PSCs,
even though the excessive Pblz contribute to form large crystal size perovskite. Thus, the second
solution growth process (SSGP) has been employed into the perovskite crystal growth to eliminate
the excessive Pbls and maintain the large crystal size. The PCE of SSGP PSCs has promoted to 21.6%
with a negligible hysteresis, and kept a much better stability at continuous light soaking and thermal
treatment conditions. The SSGP PSCs have also realized a high PCE of 20.1% on large active area of
1.0 cm? with comparable high fill factor of records.

The single-time utilization of metal electrode fabricated by complicated deposition process of high
vacuum thermal evaporation, which increases the fabrication cost of PSCs and wastes resource, and
also causes ecological environmental pollution and hinders commercial application at the same time.
Thus, the nanoporous Au film fabricated by simple and directly transfer process has been introduced
into the PSCs. The nanoprous Au-PSCs achieve a high PCE of 19.0% with a small hysteresis.
Moreover, the nanoporous Au film can realize more than 12 times reusing for the PSCs with a little
reduction of PCE (Fig. 1 (b)). The nanoporous Au film has also employed into fPSCs and obtained a
high PCE of 17.3% with an excellent bending durability of 98.5% even after 1000 bending cycles at a
bending radius of 5

mm.
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tOW%rd ?ts commercial gig 1(a3) Performance of developed flexible PSCs (fPSCs), (b)
application. Demonstration of concept of recycle-utilization of metal electrode for PSCs.
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[Study on transport and conversion of ac and dc spin current generated by
magnetization dynamics]
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[ Polar-Plane-Free Faceted InGaN-LEDs toward Highly Radiative Polychromatic Emitters]
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[Modeling and Analysis of Interactions in Wireless Resource Allocation]
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[Development of Software-Defined Multichannel Receiver for Equatorial
Atmosphere Radar (EAR) |

(V7 b 7ESEEAVEFEARL —4— (EAR) AZF v > RILZEHDORFR)
SM2FE3 A 23RS

Equatorial Atmosphere Radar (EAR) is a very high frequency (VHF) Doppler radar operated with
an active phased-array antenna system, approximately 110 m in diameter which consists of 560 three-
element Yagi antennas, located at the equator in Kototabang, West Sumatra, Indonesia (0.20°S,
100.32°E). The array antenna is divided into 24 groups where each group consists of 24 antennas
except for eight groups along the periphery which contain one to three fewer antennas. These
design is purposely constructed to produce a quasi-circular array pattern. The EAR had originally
been equipped with a single receiving channel system. This research presents development of a
multichannel receiver system for the EAR using a combination of the Universal Software Radio
Peripheral X300 (USRP X300) and GNU Radio software. There are a number of advantages to have
multichannel receiver system such as to enable spaced-antenna (SA) method and spatial domain
interferometry.

First test observation was conducted on November 2017 to analyze the system reliability, followed
with subsequent tests in March and July 2018. The configuration of the test observation is shown in
Figure 1. Two USRP X300 devices, corresponding to four receiving channels, were synchronized
using 10 MHz reference clocks and a pulse per second (1 PPS) signal. The standard observation
system of the EAR is retained by splitting the received echo signals through directional coupler
which enabled simultaneous observation of the two different techniques, SA and Doppler beam
swinging (DBS). Each receiving antennas for the EAR SA method formed by a combination of two
antenna array groups (aperture size is approximately one twelfth of the whole EAR). The signal for
SA application is fed to the USRP X300s for digital conversion, and then stored on a Hard Disk Drive
(HDD). The ranging of the data is carried out by taking advantage of the leaked transmitted pulse,
before demodulated and coherently integrated. The initial results show the existence of noticeable
fluctuations in the estimated horizontal wind.

Further, performance analysis using

multiple receiving antennas orientation for .

the application of SA method on the EAR has y-axis A

been carried out through multiple p A
experiments over the duration between April !

2019 and September 2019. Phase correction is L o L
applied to all channels for a single spectrum : . s s

in the real time signal processing for : -

improving the phase synchronization. Then, a ' ’ ||

comparison of the EAR SA performance Divider and

using five different orientations taking into s Combiner

consideration the aperture size of receiving Attenuator N

antenna and its separation distance has been CPL-OUT

presented, where the horizontal wind profiles prectional QYT E;Zt;g
using Full Correlation Analysis (FCA) were Bandpass | |CPLN Coupler
estimated and compared with the EAR (47iﬁ|;e|:nnz) o

standard observation data. Based on the ‘_ _ P —
results, the configuration with the largest o anm mpiter s s

aperture shows slight advantage over the
other four configurations but with limited Figure 1. The configuration of the EAR multichannel
improvement. receiver for test observation.
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[Single-lon Spectroscopy of Two Electric Quadrupole Transitions in Ytterbium lon
and Excess Micromotion Minimization]
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[Study on Novel Rectifiers for Microwave Wireless Power Transfer System|
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[Mathematical Model of Glucose-Insulin Metabolism and Model Predictive Glycemic
Control for Critically Il Patients Considering Time Variability of Insulin Sensitivity |
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[Reliable Resource Allocation Models in Network Virtualization
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Network virtualization has been introduced as a key role in the next-generation networking
paradigm to fend off the ossification of traditional networks. By leveraging the technologies of
computer virtualization, network function virtualization, and software-defined networking, a platform
with network virtualization provides virtualized resources of computing, functionality, and
networking to users in a dynamic manner. While network virtualization leads to a more flexible and
efficient network, it brings challenges for network management, one of which is how to efficiently
allocate resources with satisfying different requirements. In addition, as the adaptation of network
virtualization in different application archetypes is an increasing trend, the reliability of an
environment with network virtualization has become a major concern. Resource allocation with
protection strategies dealing with the reliability issue is an essential requirement for network
virtualization. This thesis studies five specific problems about reliable resource allocation in network
virtualization, each of which focuses on a typical application scenario.

Firstly, this thesis proposes a primary and backup resource allocation model that provides a
probabilistic protection guarantee for virtual machines against multiple failures of physical machines
in a cloud provider to minimize the required total capacity. The probability that the protection
provided by a physical machine does not succeed is guaranteed within a given number. Providing
the probabilistic protection can reduce the required backup capacity by allowing backup resource
sharing, but it leads to a nonlinear programing problem in a general-capacity case against multiple
failures. This work applies robust optimization with extensive mathematical operations to formulate
the resource allocation problem as a mixed integer linear programming problem, where capacity
fragmentation is suppressed. Secondly, this thesis proposes a backup computing and transmission
resource allocation model for virtual networks with the probabilistic protection against multiple
facility node failures. Thirdly, this proposes a backup resource allocation model for middleboxes with
considering both failure probabilities of network functions and backup servers. This work aims to
find an assignment of backup servers to functions where the worst weighted unavailability is
minimized. This work develops three heuristic algorithms with polynomial time complexity to solve
the problem. This work analyzes the approximation performances of different heuristic algorithms
with providing several lower and upper bounds. Fourthly, this thesis proposes an unavailability-
aware backup allocation model with the shared protection to minimize the maximum unavailability
among functions. Fifthly, this thesis proposes a master and slave controller assignment model against
multiple controller failures in software-defined networks with considering propagation latency
between switches and controllers. Given assigned controllers for a switch, the master controller in
each failure case is automatically specified based on a low latency first policy. This work proves that
the adopted policy achieves the optimal objectives for considered problems.

The five proposed models studied five typical application scenarios of network virtualization with
considering the corresponding properties, respectively. This work provides different approaches with
theoretical analyses in each model. A network operator or service provider can select appropriate
models with suitable approaches according to the specific requirements to achieve a flexible, cost-
effective, and dependable network virtualization environment.
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The purpose of this research is to support the operational behaviors of ordinary users, especially in
daily machine operational tasks. Home or office devices commonly appear in our everyday lives, such
as a printer, rice cooker, coffee maker, sewing machine, DIY tools, and automobiles. First-time users,
typically elderly people, usually need a guide on how to deal with those equipments; even for the
most experienced users, a good guide can help save their physical energy and reduce their mental
workload.

Evolving from textbook manuals and video tutorials, intelligent guidance systems with Augmented
Reality (AR) have recently been developed to efficiently support users in these tasks, aiming at
providing help on both knowledge perception and skill development of operators. In order to meet
various user needs in rapidly changing task conditions, an effective guidance system should (i)
provide a diversity of guidance patterns that is compatible with a sufficient variety of possible users
and (ii) support what is needed by situational awareness during the task execution process. For
instance, novices may require step-by-step instructions and a detailed explanation; concerning
intermediate level users, it may be reasonable to offer more advanced ways of instructions; while
professionals may seek to customize guidance according to their own ways.

To address these issues, we aimed at learning an extensive task model from a diversity of users
and analyze the characteristics of their behaviors with different skill levels. We first introduced a
novel approach for unsupervised hotspot detection from egocentric RGB-D experiences. The purpose
1s to use hotspots as key clues for workflow detection and experience summarization. Modeling the
tasks was achieved by temporal interactions using a probabilistic model (HMM). We then focused on
developing a framework for integrating multiple users’ experiences into a unified operation model.
Beginners’ operational behaviors can provide valuable insights to provide detailed information about
handling difficult task situations, confirmation of results, and common errors. A novel two-step
aggregation framework is proposed to align and integrate experts and beginners experiences into
an extensive task model. At last, we use fine-grained visual features based on the user’s hotspot,
head, hand, and gaze (H?G) for explicitly analyzing their operational behaviors with different skills,
knowledge levels, and interpersonal differences. We observed significant behavioral changes due to
continuous skill improvement. Automatically integrating different operating habits allows developing
a rich, inclusive task model that could flexibly adapt to various user-specific behavior patterns.

In conclusion, we offered new insight into the field of supporting daily machine operations. We
explored novel solutions of capturing experiences with machines and how these can be described,
modeled, and used.
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Figure 1: Recording and integration of operational experiences through egocentric vision.
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