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DY—=ANATYy FEDEBRI I F5 4 TFEDEKE
Study of eco-driving methods for series hybrid vehicles on real roads

OIE hnfg #&27, R k™, hnfg BRY, $  —Jn
Akira KATO™, Sena FUIISAKA™, Kai KATO™, and YiHong Zhong"!
IRTIRKY  Teikyo University

In this study, we conducted real road tests using a series HV (hybrid) that is popular in Japan, and compared the results with
the analysis results of a series-parallel HV that the authors have previously investigated, with the aim of proposing an eco-
driving method for series HV on real roads. As a result of a comparative analysis of the fuel efficiency of series HV and series-
parallel HV on real roads, we found that the series HV has less change in fuel efficiency in urban areas, rural areas, and on
highways compared to the series-parallel HV. In addition, for series HV, there is no correlation between fuel efficiency and
driving conditions such as frequency of acceleration and deceleration. Therefore, Series HV is considered to be a system that
has little change in fuel efficiency in response to changes in vehicle speed due to traffic flow on real roads and changes in

driving conditions such as the frequency of acceleration and deceleration due to driving operations by the driver.

Key Words : heat engine, spark ignition engine, fuel economy/efficiency, Hybrid Vehicle, Real Driving

Emissions, Eco-driving

1. #

HARBUMNIE 2035 & CICHTHEIRGEZ T X CEBIHE & 3725 Z E0BE L0, EihEIZiEEtre I vy a VE
\Z%, HV (hybrid vehicle) HH 5 A TS, BIfEHARIZIIT 5 HV HZ1E, BATIEIX~ AL A, /Rl
HTEL U —R 8T LLFROHV H (U85 HY) L3 U —XHFRO HV # (&) —X HV) BRFESATH
L. YUNRTHVIIESEN A= b= O E AR L TEITL, Y —XHAVITE—Z N DOHTEIT
T5HTHD. ZNETOETT U NT HV 2RO TRERZITWVO, HifkiH, fRICIEE8 B2k LT
HIRE DEALIN IR BTN T &R0, mi LI 2D 72 < HY 2 AT AT L A RAEEERSM@ ) e 2 LIz,
T ROy T VEFHIC L AHEBEROBIMC LD Y U EI Y GRENMET 5720, ETEEREZ TS
ZEWBREN EIIXEITH D Z E RN oz,

AMFFEIL U — X HV THEEHABRZITV, o U —X HV O, 4%, @l CoMERED %2 ) 35 HV
LT A LIk, ERICBITD2Za NI4T REEZRFT2 22BN ET 5.

2. HEAE
21 HEREM
TN TR 21T T2 BREE A (U /3T HV) BT 5720, BAIZIT 2022 4 O IRFE B EHS
11 75 3390 5O L Bif72ifBREE B () — X HV) Z8E Lz, £ 1ICABRER A & B OHEMETE R~T@0,

2.2 HERHY—V

£— KiABRIZIL, CD (Chassis Dynamometer) % F\ 7=, F£72, EfTHOFMT —X % V) T X A LA Titdkd %
7o DITHNEZ I (HSZ Astemo 2 HDM9000) ©%fEH L7-. 4 [EIDOFER TlL HDM9000 TRHAIL, v ¥ =2
4 BHFRIFR] & EATEERED IR E A T LTz,

[No.24-1] BAHMESR 2024 FEFERKE [2024.98-11, BIEKZFE)
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2+3 CDRB
CD ZHWT, 40, 60, 80, 100, 120km/h D 5 DDFHEFHE TH 5 0T DD 7 — K58k, KON WLTC ikl %

AC (Air Conditioner) 47 TRz To72. BEBRICTRESNIoA vV =7 ¥ ORI EBREN DA V=
Z OFEHE (TIQ) ZFH~, FEEBRIC THM LA ¥ =7 X OB S E 25 H L2, CD RBRick
VB EERET H B ERAREIC fi S QW Il B RS 110kg A NZ 7-EE L7z,

2.4 ERETAR

AL — P EFEETNICEREL, 7433 ATH URFHF ISR Z1T), HDM9000 4 W T FEITT
— B &G K1ICFHETNOETV— F %777, RDE (Real Driving Emissions) MfllZH1F 5 /— MEEZ
ZEL, FRCORTFHE BRI ORIBEEE S0kmvh BL T OHFRy 2 HATHE, i CRd BRIRBRAA Ol FRIEEE 60km/h
LIFO#Esy 228458, & Coacdmdii g GRAL A BiEE) OfIBREEE 100km/h BLF OEY & ik & TN EER L,
BATRRCEATIRRA 1 95, E1TEREER 27km O FERERBR A KFIAT - 72,

Table 1 Test vehicles specifications

A (AQUA) B (NOTEe-
(2020) power)  (2023)
Model NHP10 E13
Drive system FF FF
Length  (m) 4.050 4.050 T aar
i RED:Urban Area morrrees 9 05,’,’:‘1&'.’3}‘,""0
Width (m) 1.695 1.695 Green.Rural Area JGMEEEINT 25T
- o
Full Height  (m) 1455 1.52 Blue:Highway |
Vehicle weight  (kg) 1090 1230 Voo g I
NINI-25T
Engine model INZ-FXE HR12DE-EM47 f
|
In-line 4- In-line 3- o °
Engine type . YAVT
cylinder cylinder & .E#ﬁ
Total  (©) 1.496 1.198 D == |
BorexStroke  (mm) 75.0x84.7 78.0x83.6 ,’ /
Engine maximum output \ I &
54/4800 60/6000 L 17
(kW/rpm) \ I’
N g
Motor maximum output s g £ YTERITEREXE
45 85/2900-10341 N /
(kW/rpm) i | o 9
RaELWQ
Engine maximum torque
111/3600-4400 103/4800
(N + m/rpm) ! | o
(%) WEE @
. A5
Motor maximum torque e | l2kme—
169 85/0-2900
(N + m/rpm)
WLTC Mode Fig.1 Test route of real driving tests in Utsunomiya
272
Fuel consumption rate Urban 27.8
WLTC
(knv/0) Rural 31.1
Mode
Highway 27.1
3. SRERGREW
3:-1 EERHER

R 2IZEKHROK N7 A NOXE Z & OPRE 23 AVKURITRGUTHHEER LT D HP fHHRD SR 720,

[No.24-1] BAREWFER 2024 FEFRKE [20249.8-11, BFEKFE]
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3.2 EHEREIBREORR

THEHIZISIT 5 3 AD KT A NORE DX B E A L= U — X HV & 2 U )T HV Oififkih, 2641,
K OVER O 20 2 (R, itz 1 & L23Ga, s> U — X HV IE ) 113, 2V 237 HV %) 1.31
THY, VU —XHV IS CTHEE VR 13%RER [ ETHDIZx LT, vV /8T HV T 31%M E L TE
0, P URT HV OFNEERKE V. @Itz 1 & Lz5E, vV —XHV T 096, >V /37 HV
T2 095 SIFERLTHS.

F I A R o i L A TIE, U — X HV 1E 0.0108, V%7 HV X 00177 ThH
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Table 2 Fuel consumption of real driving

g 12 g
Driver A B C Average é‘ 1 » .
Day 2023/10/16 | 2023/10/17 | 2023/10/18 5 Z: =
Outside temperature  (°C) 20.59 21.8 018 E U.A
e = Sy Sunmy g o2 eSeries-parallel HV  oSeries HV
Urban (knvL) 25.6 26 27.5 26.4 g 0 00 100 200 300 400 500 600 700 800  90.0
e 22 i 336 299 Average vehicle speed (knvh)
Highway (km/L) 24.6 27.2 23.9 253
Overall (km/L) 25 275 26.8 26.4 Fig.2 Comparison of fuel consumption between series-

parallel HV and series HV

3-3 BEMRBEREOMR
I, WOk, 7A K, 70— XOFEATIREEE HREOMHEBZT~-. SIREORMBIG 2% 3 [TRT.

F7z, BARMEORFRHIBHE &R & OHBIMRE A X 313, B &SRR O BIMRENE 0.20, JEGHARE & 1%
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) —XHV T, BoREHCENEAEZTITH L, = DU ARESROB W D U EER L h L TR
TBEITD 120, RE LB\ RN 2 D LB 2D, L LG, BE LT A ROVHEEOFEA-0.79
CEOMBE R LT, ZHUIT A RARRIZE—X XN TV 2ERT AR EENEHEAT 20, NvyT U0
SOC (State of Charge) ZMET L, ZFODHDEITRHCZ O AFBIBENHIN L2720 L& 2 5.

1.00

Table 3 Driving state time frequency of real driving 050

0.60
0.36

Driver Acceleration (%) | Deceleration (%) Idle (%) Cruise (%) é 0.40 0.20 0280.27 0.22 =

A 13.3 14 333 39.4 D 020 — . =i : [

Urban B 12.2 12.5 33 433 S 000 Al i < L
C 12.8 14.6 304 42.2 -2 -0.20 ]ration Deceleration . [ Cruise
A 122 14.7 27.8 453 B 040 — o

Rural B 9 11.1 25 54.9 - - . .
C 15 17.2 244 424 = i =
A 5.4 79 0.1 86.6 079

Highway B 47 66 0 88.7 HE
C 5.1 5.6 0.1 89.2 ® Sries-parallel HV ~ m Series HV

Fig.3 Correlation coefficient of each driving state
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Fig.4 Vehicle speed, engine speed and Fig.5 Vehicle speed, engine speedand ~ Fig.6 Vehicle speed, engine speed and

torque at urban by driver A torque at rural by driver A torque at highway by driver A
Average . . .

Vehicl Driver A Driver B Driver C Average

cnee %) %) (%) (%)
speed(km/h)

Urban 213 17.3 16.8 15.9 16.7
Rural 29.8 26.0 19.5 16.8 20.8
Highway 80.4 71.7 56.0 70.4 66.0

Table 4 Operating rate of engine at each driving state
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Study on Real Road Eco-driving Methods for BEV
- Effect of One-pedal Driving on Electric Energy Consumption -

Akira Kato Kai Kato

Sena Fujisaka

Zhong Yihong

The number of BEV (Battery Electric Vehicle) is increasing worldwide in order to achieve carbon neutrality by 2050. In this study, we

analyzed the impact of one-pedal driving on energy consumption mainly attached to BEV. We conducted a real road test in Utsunomiya City

using typical BEV in Japan with and without the one-pedal function in urban, rural, and highway. The results of these tests were analyzed in

terms of the frequency of acceleration, deceleration, cruise, and idle, and the effects of one-pedal driving on the energy consumption

characteristics of the BEV were investigated.

KEY WORDS: EV and HYV systems, state of charge(SOC), system technology, energy consumption, real drive emissions, One-Pedal

Driving, BEV (A3)
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Table 1 Test Vehicle Specifications

Vehicle model code ZE1
Drive system FF

Length (m) 4.480

Width (m) 1.790

Full Height (m) 1.540

Vehicle weight (kg) 1490

Battery Type Lithium Ion Battery

Battery Capacity(kWh) 40

Motor model code EMS57

Motor maximum output (kW/rpm) 110/3283~9795
Motor maximum torque (N * m/rpm) 320/0~3283

155 WLTC Mode
120 JCO8 Mode
322 WLTC Mode
400 JC08 Mode

Energy consumption rate (Wh/km)

Travel distance per full battery(km)
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Fig.1 Test Route of Real Driving in Utsunomiya City
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Table 2 Energy Consumption of Real Driving Tests

with One-Pedal OFF
Driver A B C Average
Date 2022/10/31(2022/11/1]2023/10/13
Weather Sunny Cloudy Sunny

Outside air temperature (°C) 18. 10 18.20 22.25 19.52

Urban (Wh/km) 123. 86 127.82 130. 35 127. 46

Rural (Wh/km) 105. 08 102. 25 106.79 | 104. 61

Highway (Wh/km) 142. 50 181.43 169. 61 175. 20

Table 3 Energy Consumption of Real Driving Tests

with One-Pedal ON
Driver A B C Average
Date 2023/10,5|2022/10,3 | 2023, 10,6
Weather Cloudy Sunny Sunny

Outside air temperature (°C) 19.14 24. 96 23.23 22. 44

Urban (Wh/km) 119.13 111.03 114. 49 116. 06

Rural (Wh/km) 98.18 97.11 120. 65 113.32

Highway (Wh/km) 139.78 152.48 174. 27 162. 73
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Fig.2 Comparison of Energy Consumption of One-Pedal by Driver A
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Fig.3 Comparison of Energy Consumption of One-Pedal by Driver B
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Fig.4 Comparison of Energy Consumption of One-Pedal by Driver C
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Fig.5 Comparison of Energy Consumption between One-Pedal
ON/OFF
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Table 4 Time Frequency of Real Driving Tests with One-Pedal

ON/OFF by Driver A
One-Pedal Phase Acceleration (%) | Deceleration (%) Idle (%) Cruise (%)

Urban 13.91 12.52 38.44 35.12

OFF Rural 20.26 17.88 14.61 47.24
Highway 313 4.50 1.47 90.90

Urban 16.67 14.22 2822 40.89

ON Rural 12.28 14.74 18.76 54.22
Highway 4.72 5.09 0.03 90.15

Table 5 Time Frequency of Real Driving Tests with One-Pedal

ON/OFF by Driver B
One-Pedal Phase Acceleration (%) | Deceleration (%) | Idle (%) Cruise (%)

Urban 14.93 13.23 33.55 38.29

OFF Rural 14.68 15.62 12.72 56.98
Highway 7.41 6.65 0.20 85.75

Urban 17.41 18.13 24.93 39.53

ON Rural 1427 15.07 8.57 62.09
Highway 5.95 7.36 0.20 86.49

Table 6 Time Frequency of Real Driving Tests with One-Pedal

ON/OFF by Driver C
One-Pedal Phase Acceleration (%) | Deceleration (%) Idle (%) Cruise (%)
Urban 14.41 14.29 43.72 27.58
OFF Rural 15.41 18.07 23.79 42.73
Highway 4.72 5.09 0.03 90.15
Urban 17.32 18.63 32.58 31.46
ON Rural 17.24 17.73 27.99 37.04
Highway 4.72 5.09 0.03 90.15
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Fig.6 Correlation Coefficient of Each Driving States
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Fig.7 Correlation Coefficient of Each Driving States using
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Sound insulation analysis of soundproofing materials made by laminating felt and rubber layers on acoustic

metamaterials

Yoshio Kurosawa Ibuki Kitamura Kanata Morie Keita Ishibashi Hiroyuki Itou Keisuke Suzuki

(Teikyo Univ.)
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Fig.1 Kelvin cell by FE model

Fig.2 Cylindrical stacked Kelvin cell FE model

3. EBAERLEHERRE
X 312 L& T 4 —LOWEROFHAGER &
FE =7 VOFEREREOE 273, KPR G
RS B, FRRAY RS 0.08mm(ZFLIE 0.821) D FH
TR ISR AL 0.16mm(ZFLE 0.832) DEFE
WRTH D, AEOTT /L CILE RN (KR 22°C)
E LT, ZER0OEFHIT 343.5m/s, X

1.205kg/m3 5445413 0.001 & L7=. £7-. QO
K1 39.4% & L. BIORE L, =V Rl LT
LA T — AOEEHOHE I D I
DL THD. TR ERELSTDHEE—7 HK
HosEERANCBE L, v— 7 BEECL EoEK
Bl TR RN K E R Y EHAFE RIES< 2 &
DHER TE T2,

4 \ZZER DI IARE A B LT R RS R AR
T K E RS FHARE R, 2SR J0% %2 0.001,
PEVERRA 0.01, #RERAS 0.1 OFEMETHS.
TELRDBRR A RKELTDH L, B—7 DOREFHR
N =R ALY N (MY CANDYE b2 (DL G=EViINTN
LB EERTE T,

5 (B RALEE U3 R A2 R, XM
ERDSEHAE R, AAEBAB AR 39.4%, HUWE
RS 48.5%, TEWVEHRAN 53.4% Th5h. FAORE
K& T5E, BETTIELA20—7 BEEN S
<720, FHAFERIZIT S Z LD MERTET-.

X 6 ([ZBZ/VOBEDIE X 28 W Uit a2
I R ERRDEHARE R, KA 25.0um, 4L
VUM 5.3um Thh D, BEOESZM T AL,
FHTTIEHINE—7 BN G < 720, S
BT T ED R TE 7=,

1.0

0.9

0.8
20.7
§O.6
$0.5
©0.4
€03
Z0.2

0.1
0.0

—Experimental results
—Hole diameters 0.08mm
—Hole diameters 0.16mm

0.0 3000.0 6000.0

Frequency [Hz]
Fig. 3 Comparison of calculation results with changed

9000.0  12000.0

hole diameters

1.0
0.9
=038
207
o
0.6
172
£05
20_4 —Experimental results
50.3 —Air loss factor 0.001
<02 —Air loss factor 0.01
0.1 —Air loss factor 0.1
0.0
0.0 3000.0 6000.0 9000.0 12000.0

Frequency [Hz]
Fig. 4 Comparison of calculation results with changed air

loss factor



WK ABESAN > ¥ — W B 3% 33

1.0
0.9
<038
207
Q.

50.6
2

205
T 0.4
£

503
<02
0.1
0.0

—Experimental results
—Aperture ratio 39.4%
—Aperture ratio 48.5%
—Aperture ratio 53.4%

0.0 3000.0 6000.0

Frequency [HZ]

9000.0  12000.0

Fig. 5 Comparison of calculation results with changed
aperture ratio

—Experimental results
—Wall thickness 25.0um
—Wall thickness 5.3um

0.0 3000.0 6000.0

Frequency [Hz]

9000.0  12000.0
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Sound absorption Analysis of felt laminated with CNF
R RKRT, O
Yoshio KUROSAWA™
"L ARURS: Teikyo University

In recent years, the number of sound-absorbing materials used in automobiles and other devices has been increasing,
in which several materials are laminated instead of one material in order to reduce weight and improve sound absorption
performance. In this study, cellulose nanofibers (CNF) were laminated on felt, which is generally used in automobiles, to
improve the sound absorption performance. Three types of felts of different thicknesses and densities were laminated with
CNF to measure the flow resistance and sound absorption performance. The results of the analysis of the amount of CNF

and the changes in flow resistance and sound absorption coefficient are reported.

Key Words : absorption, felt, CNF, impedance tube, flow resistivity
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a. Felt laminated with CNF

Fig.1 CNF (TC-01A) b. Felt before CNF lamination

Fig.2 Test piece used for sound absorption coefficient measurement
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Fig. 3 Sound absorption coefficient measurement results (felt thickness 19.8mm)
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Fig. 5 Sound absorption coefficient measurement results (felt thickness 9.8mm)
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Development of Anomaly Detection System
for Flight Data using Al
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Abstract— 1t is essential for flight safety to support pilot in flight
from the ground by air traffic controllers with high reliable IT
systems. But such IT system needs huge budget, long developing
period, and lacks some flexibility. We developed Al system which
automatically configure normal flight pattern by learning the
daily flight data, then automatically configure abnormal flight
pattern. It can operate independently of existing IT systems.
With this system, outlier pattern will be flexibly identified, then
you can effectively detect some outlier data with less costs.

Keywords— anomaly detection, flight data, CARATS, machine
learning)

I. INTRODUCTION

It is essential for flight safety to support pilot from the ground
staffs and ground systems. Currently, these support from the
ground is being carried out by the well-trained air traffic
controllers 24 hours a day 365 days a year, using various air
traffic control information processing systems [1].

Although these IT systems have very high reliability and many
functionalities, it is huge in scale and quite complicated so that
it requires long period to develop. In addition, it cannot detect
abnormal behavior unless it is pre-defined or pre-programmed
it in advance. On the other hand, human can monitor with great
flexibility and can detect anomalies which are not detected by
such systems. But there are some differences in personal skills,
and human errors such as oversight cannot be perfectly
eliminated.

In this study, we will try to develop a system which utilizes Al
to learn flight data and detect abnormal pattern. It
automatically learns normal flight data and detects abnormal
flight patterns. It will complement the functions and roles of
both humans and IT systems with great flexibility, then
improves surveillance capabilities.

II. ANOMALY DETECTION BY MACHINE
LEARNING

A. Data for Machine Learning
We have utilized CARATS (Collaborative Actions for
Renovation of Air Traffic System) [2] Open Data as nominal
flight data for our machine learning. It is the data sets
published by the MLIT (Ministry of Land, Infrastructure,
Transport and Tourism) Japan for R & D purpose and are used
by many researchers.[3] This data consists of both regular (b) After linear interpolation
airline flight data and weather data. Fig.1 CARATS Open Data Example
(April 20,2020 00: 00: 00 ~ 00: 59: 59 JST)

(a) Unprocessed data

IJERTV1315080016
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However, since the data interval can be extremely large in
time over ocean area (Fig.l (a)), we linearly interpolate the
data and use them so that the data interval becomes 1 second
or less (Fig.1 (b)).

B. Algorithm for Machine Learning
When performing abnormal detection in machine learning,

there are mainly two ways in terms of the attributes of learning
data you can use as described below.

1) both normal and abnormal data sets with labels.
2) normal data set only.

In most cases, including our research, you can obtain and
utilize only normal data. So, it is necessary to learn only from
the normal data set then determine abnormalities.

There are some methods for purpose including a method based
on Support Vector Machine, a method based on a clustering,
and a method based on the nearby distance.[4]

Here, we select four types of algorithms that seems to be
applicable for flight anomaly detection and applied them to
CARATS Open Data. The selected algorithm names and the
application results are shown in table.1.

Table.1 Results of four Machine Learning Algorithm.

Name of Outline Judgment result
algorithm
One Class | Abnormal Overall abnormal
SVM [5] | judgment judgment is possible to
algorithm based | some extent. But it is not
on support vector | suitable for the judgment
machine. of the flight data which
includes the long and
parallel shape.
Isolation An algorithm Same as above. In addition,
Forest [6] | that detects an the area range determined
isolated value to be normal tends to
using a spread further than One
determined tree. | Class SVM.
Local An algorithm It shows relatively good
Outlier that determines characteristics, but you
Factor [7] | outlier from the need to be careful when
density of local applying, because the result
data, not overall | is strongly affected by the
distribution. density of the learning
data.
K Nearest | It detects outliers | A good judgment is
Neighbors | from the number obtained, and it doesn’t
[4] of nearby data, affect too much against
not from overall density changes in learning
distribution. data. In addition,
adjustment of the
parameters is
straightforward and easy.
IJERTV131S080016
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Fig.2, Fig.3, Fig4, and Fig5 shows the normal and abnormal
area judgement diagram based on the results of learning flight
data by using each four algorithms. The green area shows the
region which is judged to be normal, and the red area shows
the region which is judged to be abnormal. The main
parameters set for four machine learning algorithms are shown
in table.2.

By adjusting the parameters on each algorithm, the
characteristic and shape of the area shown in Fig.2, Fig.3, Fig4,
and Fig5 changed to some degree, but there were no major
changes in the tendency shown in Table.1.
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Fig.2 Area Judgment by One Class SVM
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Fig.4 Area Judgment by Local Outlier Factor
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Fig.5 Area Judgment by K Nearest Neighbors

C. Evaluation of each algorithm for regional judgment

Both One Class SVM and Isolation Forest are not suitable for
this decision because the shape of the boundary between the
normal area and abnormal areas are not desirable. Further it is
difficult to predict and/or control the border shape from the
main parameters in advance. Local Outlier Factor changes the
shape of normal area depending on the density of the learning
data, so care must be taken when using it for this judgment.

On the other hand, K Nearest Neighbors has a desirable
characteristic because the shape of the normal area is like the
flight pattern. Furthermore, it is ideal for this judgment
because it is not greatly affected by the density of the learning
data, and you can directly control the width of the normal area
by adjusting the main parameters.
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Table.2 Main parameters for four Machine Learning

Name of algorithm Main parameters

kernel = RBF

nu=0.1/gamma = 0.1

One Class SVM

n_estimators = 100
Isolation Forest o
contamination = 0.1

n_neighbors = 200
Local Outlier Factor
contamination = 0.0027(3c)

n_neighbors =5
K Nearest Neighbors

radius = 0.5

III.  COST PERFORMANCE S

The main ground IT-Systems are TAPS for around airport,
TEPS for enroute, and TOPS for ocean area.[1] The estimated
cost for these IT-Systems exceeds about 23.8 billion yen for 10
years from 2015. [8][9][10] On the other hand, this system can
be configured using only one standard PC and open-source
software, The cost of this functionality is extremely small.

IV.  CONCLUSION S

Since regular airline flights goes almost the same pattern, it is
considered possible to automatically judge the abnormal flight
data, by comparing data at the same time on the previous day
or on the previous week and detecting the deviation from there.
In this study, it was up to the two-dimensional area decision
between normal region and abnormal areas by using machine
learning. But in the future, we will try to perform outlier
detection by using ADS-B broadcast message receiving from
aircraft by using K Nearest Neighbors, which were optimal for
our machine learning, then try to three-dimensional machine
learning including altitude.
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Abstract
Stink bugs are pests that damage crops such as soybeans, cruciferous vegetables, and eggplant. When
fruit is sucked by stink bugs, the fruit may deform and fall. In addition, it occurs new leaves, stem
bending, and perforation of leaves. Damage to beans and fruit trees occurs every year. Farmers are
therefore uncomfortable with stink bugs, and there is a need for early detection of damage caused by
stink bugs and early countermeasures. In this study, a pattern recognition model was generated using
YOLOVS, a type of deep learning software, and successfully detected stink bugs individually by
pesticide spraying robot. Once the robot recognizes the target pest, it sprays chemicals and tries to

prevent damage caused by stink bugs.
Keywords: pattern recognition, pesticide spraying robot, stink bug, YOLOvVS

1. Introduction
Stink bugs are known as pests that cause damage to various crops such as beans, Brassicaceae, and
eggplant !
off. According to the aggregated data from Ministry of Agriculture in Japan, Forestry and Fisheries,

I In case of fruit is sucked by the stink bug, the fruit deform the shape and may even fall

a total of 35 prefectures have issued stink bug advisories for farmers by the end of August 2022, and
the damage is spreading widely ™). Furthermore, damage to crops caused by stink bugs is out of
Japan, where they breed and spread by mixing with overseas exports. It causes extensive damage to
crop in exporting countries. New Zealand and Australia have introduced new import quarantine
measures for vehicles and machinery exported from Japan as of September 1st, 2018, imposing
seasonal pest inspections on Japan . It is necessary to develop a system to detect and eliminate
stink bugs attached to crops and machinery products to be exported.

In this study, we attempted to develop an automated and efficient stink bug detection system and a
chemical spraying robot by using YOLOVS to learn the antenna, head, abdomen, and legs of stink

bugs, which are pests of agricultural products, and to create a recognition model to detect stink bugs
[7.8]

2. Detect pests using YOLOVS



46

It is desirable to be able to detect stink bugs not only on the surface of fruits and leaves of crops, also
on the antenna, head, abdomen, and legs of stink bugs since they are often in the shade or only a part
of the stink bug body is exposed. We used YOLOVS, an object detection technique, to detect stink
bugs by classifying them into classes according to their parts. For training, we prepared 100 images
of stink bugs attached to mandarin leaves, and each image was annotated with a stink bug, a fig leaf

stink bug, and a red-throated stink bug using Labellimg (Figure 1).

[_J difficunt

() Use default labtel

Figure 1. Labeling of brown marmorated stink bug

As mentioned above, stink bugs are often found attached to the underside of leaves or exposed some
part of their body, so images of stink bugs were classified according to each part of the body, as
shown in Table 1. Forelegs, mid-legs, and hind legs were not treated here; all were treated as "legs".
These labeled data were trained with 250 epochs and 4 batches to generate a recognition model that

detects the species name from each region of the stink bug. Japanese names are used for clarity in

research.
Table 1 Class name of each part of stinkbug's body

antenna leg head abdomen

Halyomorpha kusagi antenna kusagi leg kusagi head kusagi
halys abdomen
Piezodorus ichimonji_antenna ichimonji_leg ichimonji_head ichimonji
hybneri abdomen
Poecilocoris akasujikin akasujikin akasujikin akasujikin
Lewisii __antenna _leg _head _abdomen

Figure 2 is a photograph taken by the robot's CCD camera from the front of a Piezodorus hybneri
attached to a mandarin orange branch. Figure 3 shows an example of the detection in Figure 2. The

"1 110"in" ichimonji_kamemushi:1 110 : 3" at the top of Figure 3 represents, from left to right,
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"the number of antennae of the recognized Piezodorus hybneri","the number of legs of the
recognized Piezodorus hybneri,","the number of heads of the recognized Piezodorus hybneri," and
"the number of abdomens of the recognized Piezodorus hybneri. The "3" in the last ": 3" represents
the total number of each part of the stink bug recognized. The detected class names of the head and

antennae indicate that the stink bug is very likely to be a stink bug.

ichimonji_kamemushi :

5 ®

4’7‘- ol

ichimonji_head 0.31

; ichimonji_leg 0.77

Figure 3. Pattern recognition of a Piezodorus hybneri taken from the front

Figures 4 and 5 show a side view of a stink bug and an example of detection, respectively. The stink
bug can be detected when photographed from any direction, and the species name of the stink bug
can be identified even when part of the stink bug's body is hidden by leaves.
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Figure 4. Piezodorus hybneri observed from the side

ichimonji_abdomen 0.g0W0d 053
9 0.75

“Impirmani |
ichimon)i_leg 0.88

Figure 5. Pattern recognition of a Piezodorus hybneri taken from the side

Figure 6 shows the developed chemical spraying robot ', A CCD camera mounted on the
chemical spray robot takes pictures of crops and sprays chemicals. If stink bugs are attached to the
crops. The spraying status of the chemical was visually observed, and it was confirmed that the
chemical was sprayed on the stink bug and surrounding crops when the stink bug or other insects
were detected.
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Figure 6. Developed pesticide spraying robot

3. Discussion
Study of Binarize stink bugs to identify by size, shape, and other characteristics can monitor the
presence and distribution of pests in real time. Furthermore, once set up, image processing and
machine learning models can be used continuously and cost-effectively for effective pest
management. However, low image quality and resolution from binarization can result in missing
information. This can reduce the accuracy of shape and size, also affect identification accuracy. In
addition, even within the same species of stink bugs, there is variation in shape among individuals.
Therefore, a method of identification using five characteristics such as shape and size has been
adopted. However, stink bugs are usually exposed not only on the surface of fruits and leaves, but
also in shaded areas or only in some parts, and conventional methods can only detect the entire stink
bug. To increase the chances of detecting stink bugs, it is necessary to identify stink bugs by parts.
In this study, using YOLOVS to achieve fast and efficient site-specific detection of stink bugs.
Furthermore, it able to reduce the amount of chemicals to use stink bugs when the robot detects and
spray. When stink bugs were detected, farmers were able to know the status of their crops and the
appearance of stink bugs in real time from their homes without having to go to distant greenhouses
via screen displays and voice notification functions. This research can make a significant
contribution to the problems of Japanese agriculture, which is facing an aging population and a

decrease in the number of workers, by utilizing Al to automate and save labor.

4. Conclusion

Create a recognition model by using YOLOVS. The robot learned the head, abdomen, and legs of
stink bugs, which are pests of agricultural crops. Furthermore, we developed a robot that can spray
chemicals when it detects a target stink bug attached to a crop and can exterminate the bug. Since the
damage to crops caused by stink bugs is not only Japan, but also spreads overseas, we will continue
to develop a system to detect and eliminate stink bugs attached to crops and machinery products to
be exported.

Finally, we would like to express our deepest gratitude to Mr. Shunsuke Ohgane of JA Utsunomiya
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Eastern Fruit Sorting Station, Abe Orchard, and Isao Akutsu of Akutsu Farm for their cooperation in
this research. We also thank Ms. Tomoyo Ogawa and Mr. Naoya Oide of Teikyo University

Utsunomiya Campus for capturing stink bugs and providing them as research materials.
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Abstract
Stink bugs are known as pests that cause damage to various crops such as pears, peaches, beans, etc.
When fruit parts are sucked by stink bugs, the fruit is deformed and sometimes dropped. The damage
caused by stink bugs to agricultural products is out of Japan, where they breed and spread by mixing
with overseas exports. It causes extensive damage to crop in exporting countries, causing extensive
damage to agricultural products in the countries to which they are exported. Using object detection
technology attempting to develop a system that automatically patrols farmland and detects crop pests.
When a stink bug is detected, the image, time, and the number of stink bugs are sent as a text

message to the user's smartphone or other terminal using Chatbot.
Keywords: object detection, pattern recognition, stink bug, YOLOvVS

Introduction

141 and

Stink bugs are known to cause damage to various crops such as pears, peaches, and beans
when fruit sucked by stink bugs, the fruit can become deformed and even dropped. According to an
aggregate data by the Ministry of Agriculture, Forestry and Fisheries (MAFF) in 2022, a total of 35
prefecture. Japan had issued stink bug warnings for farmers by the end of August, but damage is still
expanding ). Furthermore, damage to crops caused by stink bugs is out of Japan, where they breed
and spread by mixing with overseas exports. It causes extensive damage to crop in exporting
countries. New Zealand and Australia adopted new import quarantine equipment to check vehicles
and machinery exported from Japan to imposing seasonal pest inspections in September 20181,
There is a demand for the development of a system to detect and eliminate stink bugs on machinery
products to be exported and agricultural crops. In addition, farmers need to regularly visit their farms
to detect pests and spray pesticides at an early detection and improve the product value of
agricultural products.

In this study, we attempted to develop a system that automatically patrols farmland and detects crop

pests using object detection technology.

Damage caused by stink bugs to fruit trees
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Pears, apples, peaches, and other fruit trees sucked by stink bugs cause discoloration and
deformation of the fruit. It leads to decline the value of the product. Pears sucked by stink bugs have
small uneven deformations (Figure 1), and as shown in the cross-section of the sucking area in
Figure 2. The deformed area is more than 5 mm in diameter and farmer has to disposal, which is a
serious damage to farmers.

Figure 1. Sucking marks of stink bugs

Figure 2. Cross section of a stink bug sucking scar

Stink bug detection methods and notification
3.1 Summary of Detection Methods
The model was trained to detect stink bugs on pears by YOLOvS. The training data consisted of
about 150 images taken in the pear orchard and about 400 images of stink bugs taken in the
laboratory. Therefore, the Raspberry Pi was used to control the robot and send images and detect
stink bugs from the camera to PC using MJPG-Streamer.

3.2 Configuration of stink bug detection system

This system detects stink bug based on images from a camera mounted on a farmland patrol robot [’
and notifies the user of the results using a LINE Bot. LINE Bot is chat bot of SNS called LINE. As
shown in Figure 3, the video from the camera connected to the Raspberry Pi is distributed via the PC

using MJPG-Streamer and received by OpenCV. The image or video of the inference result is
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uploaded to Google Drive using YOLOVS, and the file URL on Google Drive is obtained by a
Webhook server built on Google Cloud, and then the LINE Bot is activated, and the user is notified.

Web
Streaming
\ EE
WJPG-! Streamer OpenCV
E ‘ / \ % uitralytics | +——
YOLOvS
Raspberry Pi Google Drive
Camera I
Farmland Patrol
Robot
User

Google Cloud

LINE bot

Figure 3. Diagram of the stink bug detection system

3.3 Pretreatment and notification of stink bug detection

Detecting small objects is generally difficult. In the past, when attempting to detect stink bugs, leaves,
and branches of plants in the background were mistakenly detected as stink bugs, and the stink bugs
themselves were sometimes not detected. To address this problem, we restrict the detection to fruit
area. The reason is that the fruit part is close to a monochromatic color, so it is easy to extract the
features of the detection target, and the possibility of false detection is low.

Figure 4 shows an example of the image and text message sent to the user when a stink bug is
detected. When a stink bug is detected, the information of image, time, and the number of stink bugs

are sent to the farmer's smartphone or other terminal as a text message.
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18:08:32
1stink bug is detected.

Figure 4. Example of stink bug detection notification to user

4. Discussion

In order to prevent damage caused by stink bugs, which are a major enemy of crops, research is
being conducted to eliminate stink bugs and prevent damage to crops 'l Table 1 lists research
methods and their advantages and disadvantages. In addition, the research using fungal and bacterial
strains, various pheromones can efficiently attract and eliminate stink bugs but may attract other
pests. They affect the ecosystem of the subject area.

Both methods of attracting and capturing stink bugs have their drawbacks, and different countries
applies different ways. The stink bug detection and eradication system employed in this study
focuses on the early detection of stink bugs attached to crops. Leaves and branches of crops are often
mistakenly detected as stink bugs but can’t detect pests. So the detection was confine to fruit parts.
This is because the fruit is close to a monochromatic color, making it easy to extract the features of
the detection target and reducing the possibility of false positives. The system identifies the area
where stink bugs are detected and sprays chemicals around the area to exterminate. The advantage of
this system is that the amount of chemicals used can be significantly reduced compared to the case

where chemicals are sprayed for pest control on a constant or regular basis.



WU BB BN £ v 7 — R 5 3B

55

Table 1

Advantages and disadvantages of research methods for each paper

Research Interests

advantage

disadvantage

Utilizing fungal and bacterial

strains to control stink bugs

Reduction of
resistance

Eco-Friendly

Affects plants and
other organisms

Various pheromones are used

to attract and control stink

Eco-Friendly

Reduction of

Attracts

non-inducement

bugs resistance targets
Changing local
ecosystems
Increasing crop resistance Decrease using Collapse of
and preventing damage pesticides Resistance

Preventing the spread

High resources and

of pests costs
saving resources
Vibration-based behavior Reduction of Difficult to
control and pest management resistance implement
Eco-Friendly vibration
Identify the stink bug from Improved efficiency Effect of image
binarize by using size, shape, of stink bug quality
and other characteristics. management Shape Variation

Cost effective is

expensive

Furthermore, as shown in Figure 4, when a stink bug is detected, an image and text message are sent
to the user, and the date, time of the detection, and the number of stink bugs detected are sent to the
farmer's smartphone or other terminal as a text message, so that the farmer can perform
extermination appropriately according to the stink bug occurrence situation.

Farmers would be relieved of the arduous task of patrolling under sun and regularly patrolling vast
tracts of farmland, which would greatly reduce the need for patrols. With the aging of farmers
worldwide, automatic Al-based detection of crop pests will not only increase the value of crops as a
commodity, but also improve the working conditions and health of farmers. Farmers can know farm
conditions from the comfort of their homes while performing other tasks and it possible to promote

to attract agricultural industry.

5. Conclusion
When a stink bug is detected using YOLOVS, an image and text message are sent to the user, the

farmer automatically, the image, time and the number of stink bugs are notified to the farmer's
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smartphone or other terminal as a text message. In the future, we plan to improve processing speed
of system. We would like to thank Mr. Shunsuke Ogane of JA Utsunomiya Eastern Selection Station,

Abe Orchard, and Akutsu Farm for their cooperation in this research.
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Abstract
Teikyo University's Department of Information Electronic Engineering students develop new
products that enrich our lives through a robotics and mechatronics curriculum. Some of the products
have won the President's Award eight times in the Invention and Ingenuity Division of the Invention
and Ingenuity Contest hold by the Japan Society for Industrial Technology Education (JSTE). The
invented stroller recognizes Braille blocks by using a color sensor and camera to analyze image. If
stroller recognize a Braille block is identified while the stroller's hands are off the handlebars, an
audible warning alerts the user to the danger and the brakes are applied at the same time. We also
devised an anti-lost-and-found device that uses distance and weight sensors to alert the user if he or
she forgets an item in a private toilet room. It is a device that alerts the user to the presence of

forgotten items by means of light and sound.
Keywords: project-based learning, invention and ingenuity contest, mechatronics, robotics

1. Introduction

Active learning has been incorporated into university education in recent years, irrespective of the
department [1]. PBL (Project-based Learning) is a learning method that aims to help students acquire
the qualities and abilities necessary to solve problems through the process of problem solving.
Unlike SBL (Subject-based Learning), which is a teacher-led class, students can find problems and
learn by themselves. PBL is originated in medical education and "often involves learning to solve
problems that are currently occurring in the present situation," whereas PBL originated in
engineering education and "often involves learning to solve social problems for the future. These are
some of the differences between the two types of learning [2].

Problem-solving classes specializing in nurturing embedded systems engineers are taught in the
curriculum of electronics course of the Department of Information and Electronic Engineering,
Teikyo university [3.,4,5]. In classes, students work together on creating a product using
microcomputers such as Arduino and having a presentation [5]. Some products have been submitted
to a contest: the creation world of technology education in department of invention and Contrivance
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in Invention and Contrivance Contest hold by the Japan Society of Technology Education(JSTE).
As a result, the students made achievements: winning first prize in the contest eight times [6]. In this

paper, mention about the apply and achievement of creatively education through PBL.

2. The apply and achievement of creativity education
2.1 Technical education at Teikyo university
Table 1 shows examples of classes on robotics and mechatronics course. First-year students learn the
basics of programming and designing and making an autonomous robot, and they also enter
programming contests. Students will take basic experiments starting from the second year to raise
their expertise. In 3rd year, classes specializing in nurturing embedded systems engineers and

developing problem-solving skills are taught through previous experiments.

Table 1: The curriculum about electronic control

Term Course Title (content)

Ist year Programming 1 * 2 (Processing)

Project Exercises (Line trace)

Laboratory in Fundamental Engineering
2nd year | (How to use measuring instruments and measurement of AC voltage,

phase, and frequency)

Basic Electronics Experiment

(Design of electronic circuits system)

Electronics Experiment 1 * 2
3rd year (Application of microcomputer such as Arduino
and utilization of ESP32)

Robotics and Mechatronics Experiment

(Design of electronic circuits system)

For Practical of microcomputer in Electronics Experiment 1 * 2, a ray gun using LEDs and
photodiodes and experiments using Arduino are carried out. Furthermore, in Robotics and
Mechatronics Experiments, around 3 students work together on creating a product using

microcomputers such as Arduino and ESP32 and having a presentation.

2.2 Experiments of problem-solving

In 2nd year, the knowledge and the techniques that will be needed in the future are acquired, and
reconfirming what they have learned from previous lectures through the fundamental experiments
(Fig. 1). Students work on the given experimental problem, and the students work together on
checking the operation of the electronic circuits and programming. Each student evaluates what they

have learned.
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(a)Electro circuits with the oscilloscope (b) Arduino

Fig. 1: Operation check of electronic circuits

In the 3rd year experiment, students spontaneously decide which electronic elements and electronic
circuits to use and program the system. By making use of the knowledge and the techniques that
students acquired, they create a product by trial and error. At the end of the experiment, the product

is evaluated not only by the teacher but also by students for a better quality.

3 The examples of the achievement of creativity education

By utilizing the knowledge and techniques learned from 1st year to 3rd year, A CCD camera and a
color sensor were attached to a stroller, and a system was the emergency stop function using
solenoids works when braille was detected. These products were applied to the 10th and 11th
Invention and Contrivance Contest.

We devised an anti-lost-and-found device that uses a distance sensor and a weight sensor to alert the
user when an object is left in restroom stall. We developed a device that alerts the user with light and
sound when a person leaves an object placed on the device. As a result, the students won the first

prize in the contest eight times.

3.1 Title of the product: Stroller equipped with emergency stop

There have been 14 stroller accidents at railway platforms and bus stops within 5 years between 2011
to 2015. A CCD camera and a color sensor were attached to a stroller, and the system was the
emergency stop function using solenoids works when braille was detected (Fig. 2). The

characteristics are shown as follows [5].

Characteristics 1 The system can lock the rear wheels completely by using the solenoids
Characteristics 2 The system can Detect braille by using the color sensor and the CCD camera
When the CCD camera and the color sensor detect braille, solenoid cores are inserted between the

spokes on the rear wheels to stop the stroller.
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Characteristics 3 It is not necessary to hold the brake releasing lever by using the illuminance
sensor
By attaching the illuminance sensor to the handlebar, the users do not need to keep holding the brake

releasing lever. However, reliability is greatly impaired on black dirty braille.

,; detects holding of the brake
releasing lever by using the
illuminance sensor

locks the rear wheels
completely by using
the solenoids

Detects tactile
paving by using |
the color sensor

3.2 Title of the product: Lost-and-found device using light and sound

The number of forgotten items in Tokyo in 2023 is about 4.09 million [7]. To reduce the number of
forgotten items in restroom stall, we have developed a device to prevent forgotten items by alerting
the user. A weight sensor is used to determine if an object is placed on the device, and a distance

sensor is used to detect a person. When a person leaves from the device with an object placed on it,
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the system notifies the user with light and sound (Fig. 5,6). The characteristics are shown as follows.

;.:.. LED
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Fig. 5: Internal structure of the developed product Fig. 6: Lost-and-found device in operation

Characteristics 1 Enables detection of thin and light objects

Conventional products used infrared sensors, which made it difficult to detect objects thinner than
about 10 mm, but the use of a weight sensor solved this problem.

Characteristics 2 Compact enough to be installed in any location

Can be powered by commercially available 9V batteries and can be installed in existing public and
commercial facilities.

Characteristics 3 Alerts users with light and sound

When an object is placed on the device, an LED light will turn on to attract the user's attention. When

the user moves away from the device, a sound alerts the user.

4. Conclusions
Project based learning classes specializing in nurturing embedded systems engineers are taught in the
curriculum of electronics course of the Department of Information and Electronic Engineering, in

Teikyo university. The main results obtained from this paper are as follows.

1) Through the curriculum on electronic control from 1st year, the technics and the ability for making
new products, and great achievements can be obtained in contests such as invention devised contests.
2) Through Project based learning classes, the ability to do trial and error and work together on

creating a product are cultivated.

In the future, we intend to conduct further awareness-raising campaigns to motivate students to
participate in contests that enable them to demonstrate their own abilities, and to enhance their ideas,

ingenuity, and other skills that are applicable to society.
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