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Introduction of AWC Group at LQDTU

Advanced Wireless Communication Group LE QUYDON
Le Quy Don Technical University @a?/ Technical University

GROUP MEMBERS

* 5 members of LQDTU
* 4 associate members
5 PhD students

RESEARCH AREAS

« Machine learning for communications
UAV communications

In-band full-duplex communications.
Spatial modulation and index modulation.
Non-orthogonal multiple access (NOMA).
MIMO and relay communications

CURRENT RESEARCH PROJECTS

« Unmanned Aerial Vehicle (UAV)-to-X Communications for Future Wireless Systems funded by
National Foundation for Science and Technology Development (NAFOSTED) [2023-2026]

» Rate Splitting Multiple Access for 6G Communications funded by National Foundation for
Science and Technology Development (NAFOSTED) [2024-2026]
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Project Objective

* To develop a real-time, energy efficient, self-
sustainable and long range drought monitoring and
early warning system based on |oT technology to
provide timely warning.

= Specific targets include:

* Design & implement a real-time IoT based drought
monitoring and early warning system to provide a
continuous assessment and support decision
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and communication protocol for the drought
monitoring system.

Project Duration: From June 01, 2020 to March 31, 2022
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Proposed loT Monitoring System

RF ENEGY

Ambient | HARVESTER
RF signal

DATA ANALYSIS
B -' &

RFEH
beat sensor node

GATEWAY

Damage Potential
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= Using beat sensor node with RF energy harvesting to
ensure energy efficiency and self-sustainability.

= Sensing data transmission using LoRA links to provide Drought hazard map
long-range coverage.
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Project Activities

Theoretical study

% l ScienceDirect

AEU - International Journal of Electronics and

Communications
Wolume 133, September 2021, 153505

Regular paper

Combining RF energy harvesting and cooperative
communications for low-power wide-area
systems

Xugn Mam Tran * B, Van-Phuc Hoong ° 2 B, Ba Coo Nguyen® B

Show mare

=2 Share %9 Cite

https:fideiorg/10.1016). aeue. 2021153909 A
Get rights and content A

Abstract

This paper presents the combination of energy harvesting (EH) at the wireless sensor and
cooperative communications for low-power wide-area (LPWA) systems. Firstly, the Interpet of
Things sensor harvests the energy from the power beacon with multiple transmit antennas via
radio frequency signals and then uses the harvested energy to transmit signals to multiple gateways
with multiple receive antennas. Then, the cooperative communications is applied at the server
based on the gateway outputs. By mathematical analysis, we derive the exact closed-form
expressions of outage probabilities (OPs), throughput, and symbol error probabilities (SEPs) of the
EH-LPWA system over Nakagami-m fading channel in the cases without and with cooperative
communications. Our expressions can be considered as the first results applying EH for LPWA
systems with mathematical analysis. Then, we obtain the optimal value of the time switching ratio
that minimizes the OPs and SEPs and maximizes the throughput of the considered EH-LPWA
system, Numerical results have clarified that, the distances, path loss exponent, and data
transmission rate have a strong impact on the OPs, throughput, and SEPs. Particularly, using a half
of transmission blocks for EH can maximize the system performance, Moreover, when the number
of transmit antennas at power beacon is equal to the number of receive antennas at gateways, the
system performance can be improved significantly. Finally, the accuracy of the obtained expressions
is demonstrated via Monte-Carlo simulations.,
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Project Outcomes

Workshops and Meetings
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Project Outcomes

Hardware Development

Having developed and field-tested energy-efficient sensors
for LoORa communications:
— Using beat sensor for LoRa band (933MHZz)
— Communication range: 600 m tested in Tokyo; 1.7 km
tested in Hanoi, 2.5 km in Phu Tho province, Vietham

Field test in Vietham

- Phu Tho province, max range: 2.500 m
Field tested in Chofu-shi, Tokyo, Japan - Hanoi city, max range: 1.700m

- Maximum range: 600 m
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Project Outcomes

Hardware Development and Field Test

RF Energy Harvesting Circuit Multiple-beat sensor node with RFEH
- Beat sensor for LoRa band @ 933MHz - Concurrent triple-band - Temperature beat sensor
- Temperature sensor using thermistor- - Op. frequency: GSM-900, - Humidity beat sensor
defined TDC GSM-1800 and 2.45 GHz - Water level beat sensor
- 0.07mm?, 446nW power temperature - DC output level: 643mV

sensor in 180nm CMOS technology
- Operation range: -20°C to 80°C
- Resolution: 0.06°C

.......................................................................................

Thermistor On-Chip
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Project Outcomes

Articles and Technical Reports: 2 SCIE/Scopus, 2 conference papers, 1 technical report.

TEIE i Sm ir = ing. voL 16, mo. 2, April 2021
hitps://doi.org/10.5573EIESPC.2021.10.2.151 151

JEIE Transactions on Smart Processing and Computin

Inc. J. Electren. Commun. [AEL) 139 {2021} 153509

Energy Efficient Temperature Beat Sensor
for IoT Based Drought Monitoring Systems

‘Gontents lists available at ScienceDirect

An Energy Efficient, Long Range Sensor L)
System for Real-Time Environment it
Monitoring

T

Int. J. Electron. Commun. (AE()

A Van-Binh Dang, Van-Phuc Hoang, and Van-Trung Nguyen
FLSEVIER Journal

A Concurrent Triple-band RF Energy Harvesting Circuit
for loT Sensor Networks

Le Quy Don Technical University, Hanoi, Vietnam

Regular paper 1 a 4 1 ¥
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Xuan Nam Tran®, Van-Fhue Hoang ', Ba Cao Nguyen"
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ARTICLE INFO ABSTRACT

Eepwank: This paper presents the combination of emergy harvesting (EH) at the wircless sensor and cooperative
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1. Introduction finding mew sources of renewable energy, or alternative
sreen energy sousces, helps to protect the environment.

Abstract Vietnam is among the top countries in the world at risk of natural hazards
s that efficient real-tinee enviropiment monitofng s becoming essential. The contin-
uous development in information and communication technology is inspiring the
development of the sman monitering systems for emvironmental management and
protection. This paper presents an encegy efficient, long eange sensof aystemn for
Intermet of Things (ToT)-based smart environment monitoring and early warning. The
progosed system combines the novel energy efficient temperature. Beat sensors inte-
grated with the LoRaWAN communication protocol and web interface. The exper-
imental resulis are achieved 1o clarify the efficiency of the proposed sensor system
and its potential applications in the real systems.

Beal sensor for Internet of Thmgl (1oT) based drou@ll

different sensors are attached to transmitters where each
itter is assigned by one ID code. Unlike conventional

systems by b a new
temperature Beat sensor with long range (I.oRl)
communication protocol. With the compact circuit size and
the low energy consumption, the proposed sensor can be
applied for Intemet of Things based smart monitoring
systems. The analysis and experimental results have
clarified the ady of the Beat
sensor and its potential applications in the real systems.

Keywords: Beat sensor; IoT; smart monitoring

1. INTRODUCTION

The climate change and global waming have been
appeared as an emerging issue in recent decades. Hence,
real time environment monitoring is required to effectively
solve these issues. Recently, Inleme( of Things (loT) isone
of key hes for smart and
becoms a part of the fourth industrial revolution [1]-{3]. In
the past decade, there hnve been a large number of

y focus on related to Wireless

Sensor Networks {(WSNs), Wireless Body Area Networks
(WBANS) and IoT with a variety of different platforms. In

IoT sensors, in Beat sensors, the only ID signals are
transmitted and the interval times correspond to the
physical parameters of the sensor. The receiver obtains the
ID signals, and calcul the physical by the
interval times of the ID signals. Hence, Beat sensors have
many advantages as loT sensors on such as low power, size,
cost, and for energy harvesting also. The data obtained by
the Beat sensors have high accuracy, and the reliability of
the dﬂa could be enhanced by Ihe data correction

[51-16). more 1mp: and

specific opti d are required for
Beat sensors so that th:y could be employed in the wide
range of real systems. Therefore, in this work, we propose
anew method to implement the temperature Beat sensor for
the smart monitoring systems with the long range (LoRa)
communication protocol.

2. PROPOSED BEAT SENSOR DESIGN

Figure 3 shows the structure of the proposed Beat
sensor to be used as an energy efficient temperature sensor
in smart monitoring systems. The photovoltaic (PV) and

Keywords Beart sensor - Drought monitoring - Internet of things

In the era of the dth indusirial revolution, the number  These reasons have led he cmergence of sesearch on
1. Introduction n particular, the wireless devices can harvest the energy fram base of smart-radio devices is energy sources for running these sensor devices
tations [5-10] or powar (1], The s the mumber of wircless stnsars wscd i wirddew sensor  without the need for & battery. Recently, there has been

Recently, energy harvesting (EH) from radio Irequency (RE) g0al8  used 1o derive the expressians in terms of outage probability (OF), networks, smart devices in ToT networks; body-mounted,  sesearch into energy harvesting techniques from vasious

10T systems, energy efficient sensors are highly  solar charger module are used to provide supply source for
demanded. Therefore, many researchers have tried to ¢ Proposed sensor. A thermistor is also used since its
roposed efficient sensor designs for such applications resistance changes with the environment temperature.
ipncluding the drought monitoring system. Figur: ‘l’ presents Unlike the conventional temperature Beat sensor [4], in this

: ; wearsble radic devices; and wircless sensors for  sousces in the environment, including thermal energy [1, P work, we propose th 3 low-d (1LDO)
has been widely used to satisfy the energy an=rn of wheles and symbal errar pi ity (SEP) of the EH commumni- monitoring drought, natural disasters, raffic sensors, eic, 2], solar energy [3, 4], and mechanical energy [S]. 1 Introduction :m:‘;"m fm‘:’:fl,;’ge:’: dmm!\"“l m” 1'", ';":5 having t\\Pn 'r’:les Firstly, it ptovldnx regulated v‘vluga
communication systems. Hence, it becames a promising fortheoming  uypion grsipmg [5,11], It was shown that for a certain EH system, there They are all low-power radie devices that are deployed  However, these energy sources depead lurgely on the oo > e supply for microcontroller (MCU) and radio frequency
technioe to be deployed in the G generation (5G) and beyord ookt e of the time switching ratio wehich can minimize the with high density in the networks. One of the most critical  weather, and they are hot continuous. Although solar the key components. (RF) circuits (LoRa module). Moreover, it controls the
e o i e e B (e, ¥ OF/SEP. Ak, sing il aneans fo th power bescon remmain i wninterrupted operation wves Tong periods. This  whs the wun 55 . Wind power s difis for ‘body Vietnarn is among the top countries in the woeld at risk of water-related threats supply for these parts. A comparaior with the threshold
mabile devices, and extremely remole area commumications. In agdi. 0 Breatly mprone the pecformance of EH systems because of & is becanse these radio devices are deployed in complex  mounied radio devices fo access, and wind is not including drought, fleed, storm, coastal and agriculiure hazards, Among water- P, -~ 0oL ] voltages of Viy and Vi is used for this supply switching
tiom, wireless devices can transmi the R signals over the air fora long  Senificant inerease abaut the amount of harvested energy. In addition, locations, such as inside the human body; in remote and continuous or stable. Heat energy and ascillation power are " A N -~ — / technigue. This scheme results in the more stable supply

re ths, EH. from R signals can be applied for many cevices that  Ehe numlinear chiracteristics of energy harvesters cause the pawer inaccessible areas, such as riverbeds; in complex terrains,  small and not conti The biggest d 10 these related disasters, droughts are highly complex, frequently occurring natural hazards g’,\a - o voltage for MCU and RF circuits than that in [4). In this

; . - : guch as offshore seas and iglands; or in the mountains, renewable energy sources ig the discomtinuity. In addition . - . - . - R work, the MCU performs 1D assignment and controls the
are Iccated in the restricted areas, where the traditional energy grid is  ceiling for the harvested energy Jeading to a emar Aoer of OB/SEP in whers sccess to alactrical power ponrces or the o thesa pources, radio frequancy (RF) energy has racemtly in Southeast Asia including Vietnam [1]. Droughts severely impact on the economy = -— — opem-m of the proposed Beat sensor. The operation
extremely difficult to be deployed. For example, RF EH power supply  EH system. [12). Furthermore, EH techaique is combined with various replacement of DC power sources such as batteries is. become a promising renewable energy source due to the and directly affect infrastructure cties and peonle in o ical iong s s P e B ’_u Boat sena0r can be
is very pramising for baT based systems  pew technigues such as full-duplex (FD), cognitive mdio (CR), spatial impossible of complicated. Besides, the DC batery has a increasing pumber of wireless signal sousces in the » prope peop lﬂ" imﬂ”l"“ regl " ’ described hmﬂy as follows. From the battery (3.7V), the
with energy efficient Beat sensors and LoRaWAN s (3]. dulstion (5M), and hogonal multiphe aceess (NOMA) for cerain lifespan, and replacoment camnot be made  environment, incloding mobile base stations [6], Wi-Fi [7], for extended periods. Due to the characteristics of drought, real-time measuring and capacitor is charged via the thermistor, when V.. = 2/3V,
Consequenly, the researches ard about BH are d in both energy and spectral efficiencies [8,11-14], In immediately or when facing stringent challenges if the radio and television transmitters [8-10], Bluetooth, laptops, I - . ! . . *- dz‘ tor L ides the EN signal m"m HIGH
quikdy s0 that we could apply this teehaique for the currentand furure gt o analysls, the devices ase deployed in hard-to-reach and remote loeations.  and mobile phones [11-14), These RF encrgy sources are monitoring of full impacts of drought are complicated; hence, it requires research, . comparator provides the EN signal wi
wireless systerns socm [4-5]. ! or inside the buman body, In terms of the environment, 3 mof only confinuous but highly condensed in the tensive data and sential evide F . aki This leads T value, then the LDO gives the supply voltage for MCU and

1n the Lieraruse, the linear and non-linser energy barvessers have " "L20 Uoed 10 investigaie the amaunt of harvested energy and the battery is a chemical source that can be harmful. Hence,  environment. These supericr advantages make fhis type of EXIENAIVE experiential evidences for decision-making processes. This Fig. 1: Proposed 10T system model for real time drought ~ RF circuits in 2 period so that the corresponding ID is
been propased to apply the EH technique for wireless devices [1,7),  Periormance of B communication systems in practice [7,15,16] monitoring transmitted. When V-— |/3Vn the comparator sets the EN

signal with the LOW
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Project Outcomes

Prototype System Implementation
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= Continuous monitoring water level, temperature, humidity.
= Display sensing information on monitoring computer.
* Provide warning for extreme conditions

25 September 2025 Celebration and Collaboration -- ASEAN IVO 10th Anniversary 12



Post Project Activities

Further Deployment of Test-bed

« Plan to extend of test-bed system to
build a nationwide water resource
monitoring system

« Total: Expected 731 monitoring wells

I. North East

I1. Red river delta

I11. North West

IV. North of Centre

V. Coastal area of South of Centre
V1. Highland

V1. Mekong river delta

13
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Post Project Activities

Further Deployment of Test-bed Jighee LoRa _
-------------------------------------- Node 2 U . Node 1 l'g,Ra I\?oodlza2
- Build loT gateway for environment Iiifief 2 \‘\\IoT W //’ _LoRa
monitoring by combining multiple e L device 7
communication protocols (LoRa, Wi- d
Fi, Zigbee, 4G/LTE). -7 4
. Add tiny ML functions for lightweight -barm A
Al applications. Q W TAGLIE

Embedded Computer
Platform (Raspberry Pi)

........
ase

LoRa SX1276
Transceiver Module
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Post Project Activities

Extension to Al-loMT Applications

Sensor fabrication The proposed Secure AI SoC ch|p

 To fabricate medical sensors with CTTTTY T | 0T cloud
energy harvesting/Self-power |
sensors for Internet of Medical '.. Doy, A c Gl o |’ --5-9:?°.“I?d.?%t?-. ﬁ
Things (IoMT) applications. Ny | =
» To fabricate secure Al System-on- Patient MedicalSensori | \earable/ Analytics g ¥
. . Enerngarvesturg | Edge Device processing | Patient |1 ‘
Chip (SoC) chip for lIoMT. 3elf-powerSensdrs | ?:F?:: } Dlagnast
.+ Japan-Vietnam collaborate project e e I S ;
(NEXUS) on semiconductor 9
)
Doctor

3 NEXUS 25 iR

Networked Exchange, United Strength for Stronger Partnerships between Japan and ASEAN

Database or Data
sources

* Project “Implementation of Secure Al System-on-Chip based on Multi-

2255
@ | Ei %{nx% &'"{f‘;%’ ﬁjt*% core RISC-V CPU and Al Accelerator for Al-loMT devices and

S THIOOMIET  rongku  TOHOKU UNIVERSITY Applications” funded The Japan Science and Technology Agency (JST)
and the Vietnam Ministry of Science and Technology (MOST).

P LEQUYDON & ﬁqjoaﬁo% H c M U S @ * Duration: 10/2025 — 3/2029

\ £ Viet Nam National University
i Technical University Ho Chi Minh City

DHQG HCM University of Science Ho Chi Minh City
University of Technology

_@.‘UdNG
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Conclusion and Future Outlook

Conclusions

Successfully developed and field-tested an loT-based drought monitoring and early
warning system.

Demonstrated long-range, energy-efficient, and self-sustainable sensor operations.
Produced significant academic outcomes: SCIE/Scopus journal papers, international
conference presentations, and technical reports.

The project was sponsored by ASEAN VO and greatly benefited from strong
collaborations with international and local research partners.

Future Outlook

Scale up into a nationwide water resource monitoring system.
Integrate multi-protocol gateways with lightweight Al for intelligent monitoring and
decision-making.

Extend applications towards healthcare and loMT through international collaborations.

Continue fostering research partnerships to leverage complementary expertise and
ensure impactful outcomes.

Celebration and Collaboration -- ASEAN IVO 10th Anniversary
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25 September 2025

Celebration and Collaboration
--- ASEAN VO 10th Anniversary ---

Thank you for your attention.

Prof. Tran Xuan Nam
Advanced Wireless Communications Group
Le Quy Don Technical University
Website: http://awc.lgdtu.edu.vn
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