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Abstract: In the biometric field, vein identification is a vital process that is constrained by the invis-
ibility of veins as well as other unique features. Moreover, users generally do not wish to have their
personal information uploaded to the cloud, so edge computing has become popular for the sake of
protecting user privacy. In this paper, we propose a low-complexity and lightweight convolutional
neural network (CNN) and we design intellectual property (IP) for shortening the inference time in
finger vein recognition. This neural network system can operate independently in client mode. After
fetching the user’s finger vein image via a near-infrared (NIR) camera mounted on an embedded
system, vein features can be efficiently extracted by vein curving algorithms and user identification
can be completed quickly. Better image quality and higher recognition accuracy can be obtained by
combining several preprocessing techniques and the modified CNN. Experimental data were col-
lected by the finger vein image capture equipment developed in our laboratory based on the speci-
fications of similar products currently on the market. Extensive experiments demonstrated the prac-
ticality and robustness of the proposed finger vein identification system.

Keywords: finger vein; CNNs; batch normalization; SDUMLA-HMT; contrast limited adaptive
histogram equalization (CLAHE)

1. Introduction

Security verification technologies have advanced rapidly in modem society. For ex-
ample, airport check-in systems have advanced from manual to automatic inspections.
With the increasing focus on personal privacy, much attention has been paid to biometric
verification, which utilizes human physiological characteristics, such as features of the
sclera [1], fingerprints [2], veins [1,3,4], and face [5], for identity verification. All these
technologies have three things in common. First, every person has their own biometrics
(ie., “uniqueness”). Second, these features do not change dramatically over time (i.e.,
“stability”). Lastly, users need not bring all their personal keycards with them, and these
biometric features allow accurate identification and are hard to spoof or steal (i.e., “safety
and portability”). With these three advantages, biometrics has become the main trend for
personal identification in modern society.

Finger vein features used in human recognition methods, whether it is image pro-
cessing of photographic devices or finger vein feature recognition algorithms, have been
implemented in various applications that require security, such as ATMs and security
doors [6,7]. The finger vein identification system recognizes the structure of the visible
blood vessel pattern in the finger, which can only be irradiated with near-infrared (NIR)
light wavelengths. Because finger vein patterns are located under the skin, they are

Sensors 2023, 23, 2184. https://doi.org/10.3390/s23042184
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Abstract: Accidents caused by fatigue occur frequently, and numerous scholars have devoted tremen-
dous efforts to investigate methods to reduce accidents caused by fatigued driving. Accordingly, the
assessment of the spirit status of the driver through the eyes blinking frequency and the measurement
of physiological signals have emerged as effective methods. In this study, a drowsiness detection
system is proposed to combine the detection of LF/HF ratio from heart rate variability (HRV) of
photoplethysmographic imaging (PPGI) and percentage of eyelid closure over the pupil over time
(PERCLOS), and to utilize the advantages of both methods to improve the accuracy and robustness of
drowsiness detection. The proposed algorithm performs three functions, including LF/HF ratio from
ﬁge‘f;‘tfg HRYV status judgment, eye state detection, and drowsiness judgment. In addition, this study utilized

i Chiarig, RICE; Wik a near-infrared webcam to obtain a facial image to achieve non-contact measurement, alleviate the

C-Y;; Chen, W-T;; Chiu, C.-D. inconvenience of using a contact wearable device, and for use in a dark environment. Furthermore,
Drowsiness Detection System Based we selected the appropriate RGB channel under different light sources to obtain LF/HF ratio from
on PERCLOS and Facial HRYV of PPGI. The main drowsiness judgment basis of the proposed drowsiness detection system is
Physiological Signal. Sensors 2022,22,  the use of algorithm to obtain sympathetic/parasympathetic nervous balance index and percentage of
5380. https://doi.org/10.3390/ eyelid closure. In the experiment, there are 10 awake samples and 30 sleepy samples. The sensitivity
522145380 is 88.9%, the specificity is 93.5%, the positive predictive value is 80%, and the system accuracy is
Apsdenie Bditee Andids Catalds 92.5%. In addition, an electroencephalography signal was used as a contrast to validate the reliability
of the proposed method.
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iations. 1. Introduction

In 2014, the National Highway Traffic Safety Administration (NHTSA), United States

Department of Transportation [1] recorded 846 fatalities caused by drowsy driving, and this
number is almost equal to the past 10 years. According to Finnish statistics, 16% of the fatal %%

Copyright: © 2022 by the authors.
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accidents involving connected vehicles are caused by fatigued driving [2]. Accordingly,
accidents caused by fatigued driving can be reduced by developing a method to issue
appropriate warnings to fatigued drivers. ?%
it of fie Creative Comiions Several studies have been reported regarding electrophysiological signals that can be
Attribution (CC BY) license (https://  used for drowsiness detection. For example, the HSV and mIIR algorithm was developed %

distributed under the terms and

creativecommons.org/licenses /by / for the realization of the robust heart rate estimation system from webcam based face
10/). color image [3]. Qian et al. proposed a model of Bayesian non-negative CP decomposition
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E ABSTRACT Drunk driving accidents have been rapidly increasing in recent times. Although the statistics
show a decreasing trend in recent years, reports of drunk driving accidents are often seen in the news.
To assess vehicle operators for drunk driving, the police still use breath-alcohol testers as the primary method.
However, a certified instrument to measure alcohol consumption is expensive, and the mouthpiece used in
the instrument is a consumable. Moreover, the breath detection method used involves contact measurement,
which may cause hygiene concerns. To achieve more convenient and accurate detection, many researchers
have proposed methods to replace the traditional breath-lype measurement instruments. The present study
proposes a two-stage neural network for recognition of drunk driving: the first stage uses the simplified VGG
network to determine the age range of the subject, and the second stage uses the simplified Dense-Net to
identify the facial features of drunk driving. The age discrimination stage obtained an accuracy of 86.36%.
In addition, in drunk driving recognition tests among various age groups (18-30, 31-50, and =51 years),
accuracies of 94%, 83%, and 81% were obtained, respectively. The overall system also showed a high
accuracy of 89.62% and 87.44%, which proves the robustness of the system while supporting its practical
application.

ese

INDEX TERMS Alcohol test, artificial intelligence, convolutional neural networks, deep neural networks,

drunk driving detection.

I. INTRODUCTION

Drunk driving is a severe problem in most countries around
the world, and the governments of all countries have estab-
lished punishments and methods to prevent drunk driving
activities, including increasing penalties for driving under
the influence, joint penalties for passengers, revocation of
driving license, and imprisonment, among others. According
to national statistics [ 1], although there is a downward trend in
incidents of drunk driving accidents year on year, the results
are still limited, and the suggested measured have not com-
pletely discouraged drunk driving.

Breath-alcohol meters are still mainly used as the means
to detect drunk driving status; however, there are several
problems with such an exhalate detection method, includ-
ing the high price of the instrument, the mouthpiece is a
consumable, which is not environmentally friendly, hygiene

The associate editor coordinating the review of this manuscript and
approving it for publication was Fan Zhang ™.

concerns, and inconvenient usage. Further, misjudgments are
easily possible with the results owing to residual moisture in
the instrument under continuous use conditions.

To replace the traditional breath-type measurement
instruments, there were researches using thermal infrared
images [2], 3-layered neural network [3], or weighted ker-
nel based on electrocardiogram [4], to detect drunk driv-
ing. Recent studies have shown that deep neural networks
(DNN), such as convolutional neural network (CNN) [5],
visual geometry group (VGG) [6], dense convolutional net-
work (Dense-Net) [7]-[9], and recurrent neural network
(RNN) [10], can achieve a relatively accurate results for
various applications. Therefore, several studies employed
DNN to identify drunk person [11], [12]. Using a CNN to
extract features and classifying it with RNN performs well on
drunk person identification [11]. Since the alcohol test results
may be affected by differences in age [12], the drunk driving
recognition system proposed in this paper uses a two-stage
neural network to first recognize the age and then drunk

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.
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Compensator-Free Li-Ion Battery Charger with Current Window

Control

Robert Chen-Hao CHANG'®), Member, Wei-Chih CHEN', and Shao-Che SU', Nonmembers

SUMMARY A switching-based Li-ion battery charger without any ad-
ditional compensation circuit is proposed. The proposed charger adopts a
dual—current sensor and a current window control to ensure system stabil-
ity in different charge modes: trickle current, constant current, and con-
stant voltage. The proposed Li-ion battery charger has less chip area and a
simpler structure to design than a conventional Li-ion battery charger with
pulse width modulation. Simulation with a 1000uF capacitor as the battery
equivalent, a 5V input, and a 1A charge current resulted in a charging time
of 1.47ms and a 91% power efficiency.

key words: switching-based, Li-ion battery, charger, compensation circuit

1. Introduction

In recent years, Li-ion batteries have been widely used in
electronic products such as digital cameras, notebook com-
puters, smartphones, and tablets because they have high
power density, long life, and high voltage [1]. Higher capac-
ity Li-ion batteries are required to extend these products’ us-
age time, but their longer charging time affects their conve-
nience. Li-ion battery chargers commonly use two different
structures: linear—regulator-based or switching-based [2]-
[4]. A linear-regulator-based charger has the advantage of
simple structure and negligible voltage ripple, but its power
efficiency is affected by a large charge current and dropout
voltage between the input and output voltages. In compar-
ison, a switching-based charger has high power efficiency
with large charge current and wide voltage range (input
and output), but it requires additional off-chip components
that increase cost [3]-[7]. The conventional switching-based
charger usually adopts pulse-width modulation (PWM) to
control the charge current in its trickle current (TC), con-
stant current (CC), and constant voltage (CV) modes. Fig-
ure 1 shows the waveforms of charge current and battery
voltage. However, PWM requires an additional compensa-
tion circuit to ensure system stability, increasing the PCB
area and cost. Moreover, the additional compensation cir-
cuit is hard to design because of the charger’s three charge
modes.

In this letter, a switching-based compensator-free Li-
ion battery charger is proposed that uses current window
control to ensure system stability in all the charge modes.
As the battery voltage increases, the proposed charger
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Fig.1  Waveforms of battery voltage and charge current.

adaptively changes the charge current to switch between the
TC, CC, and CV modes. The charger incorporates a com-
parator to generate a feedback loop; this has a simple struc-
ture and no additional compensation circuit, decreasing the
chip area and cost.

2. Compensator-Free Li-Ion Battery Charger and Op-
erating Principles

Figure 2 shows the proposed Li-ion battery charger
schematic with its mode selector and current window con-
troller. The mode selector detects the battery voltage and
generates the current window control signal to switch the
charge current level in the TC, CC, and CV modes. The
current window control limits the charge current peak and
valley values to ensure system stability. Furthermore, the
feedback loop adopts a comparator to reduce chip area and
cost as mentioned above. The key waveforms of the pro-
posed charger are shown in Fig. 3. The operating principles
of the TC, CC, and CV modes are as follows:

TC Mode (to—t;): In this mode, the mode selector com-
pares the feedback voltage Vg, with the reference voltage
Vief_te and maintains the control signal Vi at a value of 1
while the battery voltage is lower than 2.5V. The current
window control limits the peak and valley value of charge
current with reference voltages Voeak_tc and Vyajiey _tc-

CC Mode (t;—t;): After the battery voltage becomes
equal to or greater than 2.5V, the mode selector changes
Vi to 0 and V. to 1 to switch to CC mode. The

Copyright © 2021 The Institute of Electronics, Information and Communication Engineers
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A 93.4% Efficiency 8-mV Offset Voltage Constant
On-Time Buck Converter With an Offset
Cancellation Technique

Robert Chen-Hao Change, Wei-Chih ChenG, and Jerry Kuei-Shou Huang

Abstract—In this brief a constant on-time (COT) buck
converter with high efficiency and low offset voltage is presented.
It was fabricated with a TSMC 0.18um 1P6M CMOS process. An
additional current feedback path (ACFP) technique was incorpo-
rated to avoid subharmonic oscillation of the converter without
a large equivalent series resistance (ESR) capacitor, thus reduc-
ing the output voltage ripple. However, the ACFP causes an offset
voltage on the converter’s output voltage dc level with load-
ing changes. The proposed offset cancellation can remove the
dc level from current sensor in ACFP. Hence, the offset voltage
can be reduced through a proposed offset cancellation technique.
The experimental results revealed that the offset voltage of the
proposed converter is 8mV under a 0.1A to 1A loading changes.
The converter’s maximum power efficiency is 93.4 %, and its
output voltage ripple is less than 18mV.

Index Terms—Constant on-time (COT), buck converter, addi-
tional current feed-back (ACFP), subharmonic oscillation, offset
cancellation.

I. INTRODUCTION

NTEGRATED power converter is an indispensable block in
Ielectronic products such as smart phones, tablets, and dig-
ital cameras, and even environmental sensors for the Internet
of Things (IoT) applications that add convenience to human
life. A battery is used to supply the power for these products,
so the products enter standby mode when not operating to
extend battery life. Thus, high power efficiency under a wide
loading range is a critical power converter requirement. Pulse
width modulation (PWM) control has high power efficiency
under heavy loading, but high switching frequency cause large
switching loss, degrading converter power efficiency under
light loading condition. In order to improve the power effi-
ciency, a dual mode control implemented with pulse frequency
modulation and pulse width modulation (PFM/PWM) control
has been proposed. PFM control is used to reduce switching
loss by operating in discontinuous conduction mode (DCM)
to improve the power efficiency under light loading [1]-[2].
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In addition, PWM is applied to obtain high power efficiency
under heavy loading. Thus, high power efficiency of the power
converter is achieved under both light and heavy loading. On
the other hand, dual mode control requires two modulation
controllers (PFM/PWM) which use complex control circuit
and occupy more chip area.

The ripple-based constant on-time (COT) control tech-
nique has received more attention in recent years because
of its simple architecture and high power efficiency under
a wide loading range [3]-[5]. For light loading, COT converter
improves power efficiency by means of its variable switching
frequency and DCM operation, resulting in low switching loss.
When COT converter operated with heavy loading, it uses
continuous conduction mode (CCM) control to reduce con-
duction loss, thus obtaining high power efficiency. However,
conventional COT converter requires a large capacitor equiv-
alent series resistance (ESR) to provide sufficient inductor
current information to avoid instability when it operates in
CCM. In order to ensure stability, the Rgsg multiplied by out-
put capacitor Co is required to be larger than half the time
of power MOS turn-on [6]-[8]. Furthermore, a large value
of ESR causes higher output ripple voltage and decreases the
power efficiency of conventional COT converter under heavy
loading. Multilayer ceramic capacitor (MLCC) has a small
ESR and size, which if adopted in a conventional COT con-
verter provides reduced output ripple, high power efficiency,
and reduced PCB area, but causes instability. To decouple
inductor current information from ESR, the ACFP technique
was proposed [9]-[12]. By using a current sensor to sense the
inductor information and inject it into the feedback loop, the
instability issue is resolved for COT converter with a small
ESR capacitor. However, the ACFP technique generates an
offset voltage on the output voltage dc level of the power
converter when the loading changes, thus affecting the power
converter’s accuracy [9].

This brief proposes a constant on-time buck converter with
an additional feedback current path (ACFP) and offset can-
cellation technique. The ACFP technique is incorporated to
overcome the instability due to a small ESR capacitor. The
offset cancellation technique is proposed to reduce the con-
verter output offset voltage for loading changes. Moreover,
the proposed offset cancellation technique employs three dif-
ferential pairs instead of the conventional voltage to current
converter (V=I converter) which improve power efficiency and
reduce the chip area. The proposed COT buck converter chip
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An AC-DC Rectifier With Active and
Non-Overlapping Control for Piezoelectric
Vibration Energy Harvesting

Robert Chen-Hao Change, Wei-Chih Chen, Lin Liu, and Sheng-Hung Cheng

Abstract—This brief presents an ac—-dc rectifier for
piezoelectric vibration energy harvesting application. The
proposed rectifier is designed and implemented with TSMC
0.25 pm 1P3M 5-V CMOS process. Active control is proposed
to eliminate the voltage drop from the traditional diode forward
voltage and the reverse current from the output capacitor
to input source. The simultaneously turn on and oscillation
on power MOS My — My gate signal Vgyp — Vgnz has
been overcome by a 40-ns delay time which generated by
a non-overlapping control. The experimental results indicated
maximum power efficiency 95% and voltage conversion ratio
99% are achieved at 20 k2 and 200 kR loading resistor.

Index Terms—Active control, non-overlapping control, piezo-
eleetric vibration energy harvesting, rectifier.

[. INTRODUCTION

N RECENT years, rechargeable batteries have been widely
Iused as a power supply for microchip devices such as
environmental sensors and biomedical devices, for which the
usage time is limited by the energy of the battery. A major
problem with these devices is that battery required recharg-
ing or replacement. An efficient energy harvesting system is
the solution to this problem. Solar, vibration, thermal, and RF
energy are common sources of energy harvesting. However,
solar and thermal energy are unsuitable power sources for
the microchip device application, because of the lack of
sunlight and temperature at all time. Moreover, RF energy
mainly scavenges radio waves form the surrounding anten-
nas or base stations. Vibration energy is a suitable power
source for microchip applications because it has high out-
put voltage amplitude. Because the output of vibration energy
harvester is an ac voltage, an ac—dc rectifier is required to gen-
erate a usable dc output power. Several studies [1]-[12] have
focused on improving the power efficiency and voltage conver-
sion ratio in this scenario. The conventional rectifiers use diode
switches [1]-[3] to rectify the ac input voltage to dc output
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voltage. However, the diode forward voltage drop reduces the
power efficiency and voltage conversion ratio. Studies [4]-[12]
have proposed using the power MOS instead of the diodes. In
the rectifier operation, the output voltage is nearly identical to
the input amplitude because of the power MOS function as an
active diode [7]-[12], exhibiting the ideal diode characteris-
tic of a voltage drop approaching zero. A small voltage drop
improving the rectifier power efficiency and voltage conversion
ratio.

A small voltage drop during the MOS switch turn on
in an active n-type MOS (NMOS) cross-coupled p-type
MOS (PMOS) improves the power efficiency and voltage con-
version ratio of the rectifier in [7] and [8]. Guo and Lee [7]
use the unbalanced comparator to generate an offset voltage
to eliminate the reverse current when the output voltage is
higher than the input amplitude. However, the offset volt-
age of the unbalanced comparator suffers in process variation
and affects the operation of the rectifier. The offset voltage
with process variation may cause oscillations [8] that affect
the stability of the rectifier and decrease the power efficiency.
Chang et al. [12] proposed fully active control using active
NMOS and active PMOS to ensure that the reverse current
through the PMOS to the input source is zero. However, the
two active NMOS devices may turn on at the same time and
cause the power loss at input source. Wu et al. [11] dis-
cussed the Synchronized Switch Harvesting on Inductor SSHI
and Synchronous Electrical Charge Extraction SECE, which
extracts more energy from the piezoelectric model. Both SSHI
and SECE have an external switch and inductor that form an
LC resonant circuit for oscillation, which transfer the energy
to an output capacitor and a loading when the input amplitude
is at its peak. However, external components and complex con-
trol circuits are required to ensure that the switch is turned on
at an appropriate time, thus increasing the cost of the chip.

In this brief, a rectifier with active and non-overlapping
control is proposed that overcomes the previously discussed
unwanted operation of the rectifier. The proposed rectifier
uses two active PMOS and two NMOS devices; the unbal-
anced comparator comp| —comp to accurately detect the input
source with output voltage to avoid the reverse current, and
the comparator comps to detect the input source under the
positive or negative cycle to eliminate the oscillation of the
NMOS. The logic gate generates a non-overlapping control
signal of the NMOS devices to ensure the rectification with-
out the simultaneous turn on of the two power NMOS devices.
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A 17.5-t0-21-GHz Current-Folding Frequency Tripler With >36-dBc
Harmonic Rejection in 90-nm CMOS

Ching-Yuan Yange, Member, IEEE, Chun-Hung Lin, Robert Chen-Hao Chango, Senior Member, IEEE,
and Samuel Palermo@, Senior Member, IEEE

Abstract—In this letter, a current-folding frequency tripler (FT) is
presented to convert the fundamental input into the triple-frequency
output. To demonstrate FT operation, we built in a voltage-controlled
oscillator (VCO) to generate the fundamental signal and used a band-
pass stage for harmonic suppression. Fabricated in the 90-nm CMOS
technology, the core consumes 5 mW from 1.2-V supply. When the mea-
sured tuning range of VCO is from 5.83 to 7 GHz, the FT features 36 to
43-dBc¢ fundamental harmonic rejection from 17.5 to 21 GHz. The phase
noise of the FT at 18.96 GHz is —102.8 dBc/Hz at 1-MHz offset while
the VCO is with —112.5 dBc/Hz.

Index Terms—Current-folding, frequency tripler (FT), fundamental
harmonic rejection, voltage-controlled oscillator (VCO).

[. INTRODUCTION

At microwaves and millimeter-waves, a frequency tripler (FT)
after the voltage-controlled oscillator (VCO) allows the synthesizer
to have a lower RF division ratio and allows the VCO to run at
one-third the frequency. The benefit is that there is no need to
use a high-frequency fundamental oscillator with poor phase noise
(PN), limited tuning range, and high-power consumption in CMOS
processes. On the contrary, these factors reduce LO PN, ideally off-
setting the 9.54-dB noise penalty incurred by using an FT. FTs can
be categorized in three main groups: 1) multiphase combiner based;
2) mixer based; and 3) third harmonic extractor based. Combining
multiphase input signals is a simple FT approach remove all but
the desired harmonics, but its harmonic suppression depends on
the precision of phase shift progress between polyphase input sig-
nals [1]. For self-mixing FT approaches, as the VCO exhibits the
fundamental and second-order harmonic components, we can use
self-mixing to produce the desired triple-frequency output from a
bandpass filter (BPF). The self-mixing approach seems simple, but it
has limited suppression of harmonics, especially signal components
at two input frequencies [2], [3], (4], [5], [6]. An alternative to gen-
erate the desired output signal of FT is to overdrive the amplifier and
exploit its harmonic distortion [7], [8], [9]. For example, the tech-
niques employing the third harmonic extraction with clips or deep
cuts [8] from the nonlinear combiner were proposed to generate the
third harmonic frequency output. However, their conversion efficiency
is generally limited by the intrinsic overdriven techniques.

In this letter, a new FT directly converts the fundamental input
into the triple-frequency output via a fully differential current-folding
stage with inherent third-harmonic enhancement [10]. Unlike self-
mixing or polyphase-edge combining techniques, in this letter the
proposed folding architecture can reduce hardware to performs FT
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Fig. 1. Basic concepts: (a) transfer curve of proposed folding FT, (b) FT oper-
ation with the input triangle wave, and (c) ideal third harmonic enhancement
for sinusoidal waveforms.

preprocessing. A built-in VCO is used as the fundamental generator,
and the proposed current-folding stage converts the fundamental input
to the tripled output, which is then injected into a bandpass stage for
harmonic suppression.

II. THIRD-HARMONIC ENHANCEMENT WITH FOLDING
TRANSFER

A. Third-Harmonic Enhancement

The proposed FT adopts a current-folding technique to achieve
inherently nonlinear operation to enhance the third harmonic signals.
Fig. 1(a) shows the simple concept of our proposal FT-normalized
nonlinear transfer curve, including twofold points at +o. The FT
performs two matching fold points for input-output characteristic,
featured by the triangular shape. The folding configuration generates
output node matched at the third harmonic frequency. In Fig. 1(b),
the folding mechanism converts the input triangle wave into a tripled
output waveform. As shown in Fig. 1(c), we expect the fundamen-
tal sinusoidal waveforms to collapse into their shape, resulting in a
significant enhancement of the third harmonic signal. Instead, the fun-
damental wave is reduced, and ideally can be completely removed,
leaving only the third harmonic signal. As a result, the requirement
for on-chip high-Q filters can be alleviated using the enhanced third
harmonic technique. A simple on-chip LC BPF is used for effec-
tive harmonic suppression. The FT adopting the proposed folding
approach easily overcome limitations of conventional polyphase-edge
combining or self-mixing techniques, because only one fundamental
input path is considered and it still retains the original advantage.

Without using the BPF stage, we directly utilize an ideal FT trans-
fer curve to convert the fundamental sine wave to a folding waveform.
Fig. 2(a) shows the nonlinear FT transfer-function-based generation,
where the folding voltage is V. MATLAB simulation was performed
to verify the folding conversion. The fundament sinusoidal input has
the swing of Vg at wg. Analyzing the folding output in terms of
FFT, we can really find that it is feasible to implement FT using the
folding technique. As the folding voltage is varied, Fig. 2(b) shows
the fundamental (HRR31) and fifth-order (HRR35) harmonic rejec-
tion performances. Obviously, the quality of tripled output depends
on its folding voltage. Since HRR35 is low enough compared to
HRR31, it will not be discussed later. The proposed FT can achieve
the highest HRR31 as the folding voltage is set to around 0.4Vgw.
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Design and Implementation of LoRa-Based Wireless Sensor
Network with Embedded System for Smart Agricultural Recycling

Rapid Processing Factory

Chia-Yu WANG', Chia-Hsin TSAI', Sheng-Chung WANG', Chih-Yu WEN', Nonmembers,
Robert Chen-Hao CHANG, and Chih-Peng FAN™, Members

SUMMARY  In this paper, the effective Long Range (LoRa) based wire-
less sensor network is designed and implemented to provide the remote data
sensing functions for the planned smart agricultural recycling rapid pro-
cessing factory. The proposed wireless sensor network transmits the sens-
ing data from various sensors, which measure the values of moisture, vis-
cosity, pH, and electrical conductivity of agricultural organic wastes for the
production and circulation of organic fertilizers. In the proposed wireless
sensor network design, the LoRa transceiver module is used to provide data
transmission functions at the sensor node, and the embedded platform by
Raspberry Pi module is applied to support the gateway function. To design
the cloud data server, the MySQL methodology is applied for the database
management system with Apache software. The proposed wireless sensor
network for data communication between the sensor node and the gateway
supports a simple one-way data transmission scheme and three half-duplex
two-way data communication schemes. By experiments, for the one-way
data transmission scheme under the condition of sending one packet data
every five seconds, the packet data loss rate approaches 0% when 1000
packet data is transmitted. For the proposed two-way data communication
schemes, under the condition of sending one packet data every thirty sec-
onds, the average packet data loss rates without and with the data-received
confirmation at the gateway side can be 3.7% and 0%, respectively.

key words: IoT, LoRa, wireless sensor network, smart manufacture for
smart agriculture, embedded system

1. Introduction

Development of agriculture is one of the most important
parts for any country’s economic requirement, and the In-
ternet of Things (IoT) based network, which is composed
of various sensor nodes for monitoring soil acidity, tem-
perature, and other variables, has been broadly adopted for
the smart-manufacturing based agriculture related fields. In
[1], to control food quality and quantity, the IoT and sensor
node based technologies were beneficial to promote smart
agriculture, urban farming, agriculture robots, automation,
and future food expectation, etc. In [2], the researchers
developed a smart agriculture system which utilizes
Arduino, IoT, and wireless sensor network to improve yield
of the efficient crops. The system had a duplex communica-
tion link by a cellular-Internet interface that permit for data
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inspection and irrigation scheduling. In [3], the design in-
cluded smart GPS based remote controlled robot to perform
many agriculture tasks, and all of the operations were con-
nected by the sensor modules, the Wi-Fi/ZigBee modules,
the actuators combined with the Micro Control Unit (MCU)
and Raspberry Pi platform. In [4], the system was developed
with many sensor nodes based components, which included
water level, soil moisture, temperature, humidity, and rain
sensors, and the LoRa based technology is used for the data
transmission module. In [5], the IoT based technology sup-
ported crop management, resource management, Crop moni-
toring and field monitoring, etc. The IoT based sensors used
in proposed design were temperature sensor, soil pH sensor,
soil moisture sensor, humidity sensor, water volume sensor,
etc.

Besides, the smart manufacturing technologies com-
bined with IoT and big data analysis were applied to im-
prove the production performance of smart agriculture re-
lated domains. In [6], the researchers reviewed the [oT re-
lated technologies and systems which are the foundations
of data-driven innovations for smart manufacturing, and the
evolution of IoT based networks connected many manufac-
turing things, which included materials, sensors, equipment,
people, products, and supply chain to emerge the effective
cloud computing architecture. The time-sensitive proper-
ties of sensing data generated the challenges of the real-time
collection, processing, and decision making. In [7], the pro-
posed design described how the adoption of IoT in manufac-
turing by considering sensor based systems and mobile de-
vices to generate industrial big data. In [8], the effective and
smart factory solution was proposed to verify the real fac-
tory environment by the NB-IoT based network to get the
economical implementation. For the smart agriculture re-
lated applications, in [9], the effective IoT applications with
the LoRa based wireless sensor network designs were intro-
duced, and the IoT technology was utilized to monitor the
condition of air quality levels, which contains temperature,
air humidity, CO, and CO2. The system used ATmega328P-
AU as a controller, and employed the LoRa module for data
transmission, and applied Antares to be a cloud service for
data storage. In [10], the real-time LoRa based standalone
air quality monitoring system was developed to remotely
measure PM 2.5, carbon monoxide, carbon dioxide, tem-
perature, humidity, and air pressure. The data from different

Copyright © 2021 The Institute of Electronics, Information and Communication Engineers
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The role of government policy in the building of a
global semiconductor industry

With careful planning and a focus on developing expertise, government policy has helped Taiwan become a centre

for semiconductor innovation.

Meng-Fan Chang, Ching Lin, Chang Hong Shen, Sung Wen Wang, Kuo Cheng Chang,
Robert Chen-Hao Chang and Wen Kuan Yeh

=1

|7 orty years after adopting rudimentary
|~ technology from the US, Taiwan now
! holds a 30% market share of the world’s
semiconductor industry. It leads the world
in semiconductor foundries and integrated
circuit (IC) packaging and testing with a
global market share of more than 70% and
50%, respectively, and is ranked second
only to the US in chip design with a global
market share of more than 18%. Its science
parks support a complete semiconductor
industry, from IC design to manufacturing,
packaging and testing, as well as the
supporting industries that produce wafers,
masks and chemicals. And it is home to
the world’s largest semiconductor foundry,
Taiwan Semiconductor Manufacturing
Company (TSMC), and the largest IC
packaging and testing firm, Advanced
Semiconductor Engineering, Inc. (ASE).
The success of Taiwan’s semiconductor
industry can be largely attributed to ongoing
investment in research and development
at the industry level, and the government’s
unwavering commitment to cultivating
engineering skills and talent. These
accomplishments can be traced back to
the Integrated Circuit Project that was
initiated by the government of Taiwan in
1974 (Table 1). The project established
a foundation for the development of the
semiconductor industry and the reshaping
of the broader economy.

The foundations for development
(1974-1979)

In the 1970s, much of the world was
experiencing economic recession and
inflation, and Taiwan was importing
nearly all of the IC chips used in its
growing electronics industry. However,
the government recognized this as an
opportunity to transform and accelerate
Taiwan’s industry. In 1974, the minister of
economic affairs, Yun-Suan Sun, looked to
bypass cumbersome government channels
and to develop and recruit electronic
engineering talent by establishing the
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Electronics Industrial Research Centre
(later known as the Electronics Research
and Service Organization (ERSQO)) of
the Industrial Technology Research
Institute (ITRI).

ITRI-ERSO played a crucial role in
developing semiconductor technologies
between 1976 and 1979 when it
implemented phase I of the publicly
funded Electronics Industry Development
Project (EIDP; Table 1). In March 1976,
ITRI-ERSO signed a 10-year contract with
the US manufacturer Radio Corporation of
America (RCA) to acquire semiconductor
technologies, and by the following month,
ITRI-ERSO was sending personnel to
RCA for training. Just three months later, a
ceremony was held for the opening of the
first IC demonstration plant at ITRI, which
in the fall of 1977 produced Taiwan’s first
3-inch silicon wafer. Despite these critical
early advances in developing a domestic
semiconductor industry, private enterprise
did not initially share the government’s
enthusiasm, preferring to limit investment
to IC packaging for foreign firms such as
Philips, Texas Instruments and Motorola.

Nurturing semiconductor companies
(1979-1989)

Phase II of the EIDP was implemented
between 1979 and 1983 (Table 1). The
Taiwanese government established the
Hsinchu Science Park, which became known
as the Silicon Valley of the East', in 1980.

A corporate spin-off of ERSO — United
Microelectronics Corporation (UMC) —
was then created in 1980. This was jointly
funded by the government and a number of
investors, and marked the starting point of
semiconductor manufacturing in Taiwan.

In 1983, the government sponsored
phase III of the EIDP in response to the
development of very-large-scale integration
(VLSI) technologies, which was being driven
by leading overseas firms. The resulting
VLSI Circuit Technology Development
Project (1983-1988) was given a budget

of approximately US$74.5 million and a
specific agenda to develop in-house IC
technology know-how, a complete IC supply
chain, and a support centre for the domestic
electronics industry. Over the course
of this project, ITRI-ERSO oversaw the
transfer of leading technologies, including
1.25-pm complementary metal-oxide-
semiconductor (CMOS) manufacturing
from the US company Vitelic Technology.
Researchers at ITRI-ERSO also developed
proprietary 1.5-pm 256-K CMOS dynamic
random-access memory (DRAM)
technology.

In 1987, TSMC was spun off from
ITRI using capital from the government,
private investors and Philips Inc. Crucially,
the foundry services provided by TSMC
freed IC design houses from the burden
of investing in expensive manufacturing
facilities and helped to stimulate faster
growth in the global IC design industry.
In the same year, a number of companies
established facilities in the Hsinchu Science
Park, including Mosel Vitelic Inc., the
Hualon Microelectronics Corporation and
the Winbond Electronics Corporation.
By the end of this period, there were
25 domestic IC design houses and 8
semiconductor manufacturing companies
operating in Taiwan.

Handing off control (1989-2000)
Beginning in the early 1990s, the
government gradually changed its

support strategy for the semiconductor
industry from government oversight

and subsidization to tax incentives and
investment. The 5-year Development Project
of Submicron Manufacturing Process
Technology was launched in 1990 with

a budget of US$280 million. Organizers

in the Ministry of Economic Affairs put
together an alliance comprising UMC,
TSMC, Winbond Electronics Corporation,
Mosel Vitelic, Macronix International Co.
(MXIC) and Advanced Microelectronic
Products, Inc. Companies providing supply
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University of Southern California

The Trustees of the Moiversity by virtue of the authority uested
in them and on the recommendation of the faculty of

The Graduate Schonl
hauve conferred the degree of

Buoctor of Philosophy
Electrical £ngineering

on

Robert Chen-Hao Chang

®iven at Tos Angeles, California, on the thvelfth day of May, in the pear
ome thousand wive humbred and ninety-five

St L

Board of Trustees
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& IEEE

Advancing Technology
for Humanity

IEEE hereby expresses its appreciation for
Notable Services and Contributions
towards the advancement of
IEEE and the Engineering Professions to

Chen-Hao Chang
Chair

Circuits and Systems Society Chapter
Taipei Section

2011-2012
Fred Mintzer Howard E. Michel
Vice President, Technical Activities Vice President, Member and Geographic Activities
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Outstanding Electrical Engineering Professor Award
This citation is presented to the member of CIEE
Dr. Robert Chen-Hao Chang
to recognize his excellent contributions

to education of electrical engineering

é The Chinese Institute of Electrical Engineering

?@%ﬁéh

President
Dec, 18, 2020
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Fellow of IET #:Eifi 4o :

IET Fellow

Forward Thinking

Institution of Engineering a
Ref: FIET10F/1100219812 Technology
26 September 2011 Michac! Faraday House
Six Hills Way
Professor R Chang FIET ks
Hertlerdshira SG1 2AY
Iﬂﬂ;hw T +44(0)1438 767254
: . . F+44 {0) 1438 765526
R
Taiwan, Republic of China B el L i
www.thelet.org

Dear Professor Chang

| am delighted to inform you that your application for admission to Fellowship of the
Institution of Engineering and Technology (the IET) has been approved, with effect from
the date of this letter.

| hope that your Feflowship will be a source of salisfaction to you as well as a benefit to
the profession and the community we serve. Fellowship is recognition of your
professional achievement and | hope that you will be able to share this experience
through your participation and contribution to the IET's activities. The IET has a global
membership and your support for your local region will be most welcome.

| would particularly encourage you to identify, motivate and support your colleagues and
assaciates who you believe would be suitable candidates for Fellowship.

The |ET promates newly elected Fellows on the website www.theiet org/newfellow, the
month following election and also in the next edition of Members' News. A twice yearly
listing also appears in The Times and you will be notified of this nearer its publication. If
you do not wish to be included please contact pdinner@theiet.org for removal from
these listings.

A new card, showing your Fellowship to the IET, will be automatically ordered and sent
to you. Fellow ties can be purchased for £25.00 by contacting Member & Customer
Service on telephone number +44 (0)1438 785678.

| welcome you as a Fellow and look forward to working with you to promate the IET as
the professional hame for life for engineers and technicians.

Yours sinceraly

el

Nigel Fine BSc MBA CEng FICE FIET
Chief Executive and Secretary

The ntieston of Er@ress g #no Terhooiogy & rentened as a Canty A Englanc & Wales Irm 2110040 ane Seatand (ng 500385280,
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Distinguished Teaching Award

This Award is Presented to
@rof./Dr./Mr./Ms. CHEN—-HAQO CHANG

A Faculty Member of
DEPARTMENT OF ELECTRICAL ENGINEERING

In Recognition of his /her Great Dedication and

Outstanding Achievement in ®Pedagogic Work,

President
National Chung-Hsing University

Date :___May 6 2004
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