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STUDY OF NUMERICAL MODELING OF ELECTRIC VEHICLE FOR
IMPROVEMENT METHOD OF ENERGY EFFICIENCY

Michael Melkior Kanugroho "

Yuta Nakane ?

Taizo Otsuki?  Akira Kato ?

CO: and exhaust emissions regulations are becoming stricter year by year. Passenger cars are shifting from ICE
Vehicles to BEV (Battery-Electric Vehicles). Concerning the range of electric vehicles that will not have enough
battery charge to reach their destination, by using the test cycles and the real driving test vehicle speed data from
the experiment, the numerical modeling constructed vehicle model is run and the energy consumption result will

evaluate and analyze.

KEY WORDS: EV and HV Systems, State of Charge (SOC), System Technology,
Energy Consumption, Real Driving Emission, WLTC, Numerical Modeling, Traffic Flow Simulation (A3)

1. Introduction

Nowadays, the world has to deal with three matters such as air
pollution, global warming, and the energy crisis"). Concerning
global warming, to reduce the harmful effect of climate change,
COP26 (2021) agreed to maintain the Earth’s temperature rise
below 1.5°C, and to achieve it, the realization of Carbon Neutral in
2050 is necessary, and one of the ways is the CO2 reduction in the
transportation sector such as automobiles®. Passenger cars are
shifting from ICE Vehicles to BEV (Battery-Electric Vehicles),
intending to become carbon-neutral by 2050.

In a previous study, we proposed a fuel efficiency improvement
method for gasoline vehicles® and HEV (Hybrid Electric Vehicles)
® on real roads using vehicle numerical modeling and traffic flow
simulations (SUMO).

In this study, concerning the range of the BEV that will not have
enough battery charge to reach their destination, we created a
vehicle numerical modeling using Matlab based on the real vehicle
used in test cycles and real driving tests. By using the test cycles
and real driving test vehicle speed data from the experiment, the
simulation is run. Energy consumption results from the simulation
will be investigated and analyzed.

2. Experiment and Simulation Method
2.1. Test Cycles and Real Driving Test

BEV as the specification in Table 1 is chosen to use in the
experiment. The test cycles used in experiment on the chassis
dynamometer are steady speed tests (40, 60, 80, 100, and 120 km/h)
and WLTC (Urban, Rural, and Highway). WLTC cycle starts with
the SOC (State of Charge) of the HV (High Voltage) battery from
BEV being 80%. Experiment on the chassis dynamometer was
conducted at room temperatures of 5°C, 20°C, and 35°C with the
AC (Air Conditioner) system is ON (set to 25°C) and OFF at each
room temperature.

The running resistance value of a, b, and ¢ for the chassis
dynamometer experiment is based on EPA (Environmental
Protection Agency) data of the used test vehicle. The test vehicle
weight is 1530 kg, the 110 kg is added to the vehicle weight on the
chassis dynamometer experiment.

For the real driving test, steady speed test, and WLTC, the
external diagnosis tool (HDM9000 made by Hitachi Astemo) is
used for the real-time measurement method, it is connected to the
OBD port of the test vehicle. We calculate the energy consumption
of the BEV by using the HV battery electric power divided by the
travel distances of the vehicle®.

*Presented at the JSAE Kanto International Conference of Automotive
Technology for Young Engineers on March 9, 2023

1) Teikyo University, Department of Integrated Science and Engineering,
Graduate School of Science and Engineering, Division of Integrated
Science and Engineering (Toyosatodai 1-1, Utsunomiya City, Tochigi
Prefecture 320-8551, Japan)

2) Teikyo University, Department of Mechanical Precision Systems
Engineering, Faculty of Science and Engineering (Toyosatodai 1-1,
Utsunomiya City, Tochigi Prefecture 320-8551, Japan)

Also, the real driving tests were conducted on three different
driving roads such as urban, rural, and highway around
Utsunomiya City (shown in Fig. 1) with two different drivers
(Driver A and B). The real driving test was conducted in summer,
autumn, and winter. In the summer and winter, the AC system is
used and the temperature was set to 25°C, the car will adjust the
temperature inside the cabin automatically. In autumn, the AC
system is not used. The real driving test starts with the SOC of the
HV battery from BEV being 80%.

Table 1 Vehicle Specification

Vehicle Code ZE1
Motor Type AC Synchronous Permanent Magnet Motor
Motor Model Code EMS57
Maximum Motor Speed (RPM) 9795
Drive Wheels Front Wheel Drive
Torque (Nm) 320
Power (PS) 150
DriveTrain 2WD
Battery Type Lithium-ion Battery
Battery Cells 98
Battery Capacity (kWh) 40
Battery Voltage (V) 350
WLTC Energy Consumption (Wh/km) 155
JCO8 Energy Consumption (Wh/km) 120
Weight (kg) 1530
Full length (mm) 4,480
Full width (mm) 1,790
Overall height (mm) 1,540
Wheelbase (mm) 2,700
Number of passengers 5
Red : Urban moreress @
Green : Rural e
Blue : Highway I
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Fig. 1 Real Driving Road Test in Utsunomiya City
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2.2. Vehicle Numerical Modeling

Vehicle numerical modeling is constructed using Matlab, which
can perform vehicle modeling, simulation, and analysis in a multi-
domain environment®. The constructed vehicle model using the
Powertrain Blsockset from Matlab as we can see in Fig. 2, is a
model of the automobile powertrain system. BEV model is selected
as a reference model for the test vehicle model. This model includes
a driver model, controller, electric motor, HV Battery, etc. BEV
model parameters are adjusted based on the test vehicle which was
used in the experiment (shown in Table 2).

The experiment energy consumption results from data which is
used to compare the simulation results are the steady speed test and
WLTC during the temperature of 20°C, and the real driving test
conducted in autumn with two different drivers. Regarding the
vehicle weight for the simulation parameter of the BEV, in the
steady speed test and WLTC, the vehicle weight was set to 1640
kg, and in the real driving test, the vehicle weight of Driver A was
set to 1710 kg and Driver B set to 1699 kg to match the driver and
passenger weight.

After matching the parameter to the vehicle specifications, the
steady speed test simulation is run by using the vehicle speed data
from the experiment. Therefore, the aim of energy consumption
differences of the vehicle between the simulation and experiment
is below 5%. We set a 5% target value because of the chassis
dynamo test accuracy.

We can evaluate and analyze energy consumption results at each
vehicle’s speed using a steady speed test. Adjustment is being made
to the parameter of the vehicle model from the simulation to match
the experiment results. The adjusted parameters (such as the motor
efficiency map, gear ratio, etc.) will be used to run the vehicle in
the WLTC and the real driving test. Vehicle energy consumption
results from the simulation will be evaluated and analyzed.

Table 3 is a calibrated motor efficiency map. By using the
steady speed test motor torque and motor speed data, we calibrated
the motor efficiency map in the simulation. The colored columns
in Table 3 are the calibrated motor efficiency in percentage.
Because we only use the steady speed test to calibrate the motor
efficiency map, we can’t calibrate all the columns.

W o] ]
g I e

FTP75 (2474 seconds) N —
Controllers.

Copyright 2015-2019 The MathWorks, Inc.

Fig. 2 Powertrain Blockset

L
lLongitudinal DII'vﬁr Passenger Car

Table 2 Adjustment of BEV Model Parameters

Parameter Default Adjustment Information
Adjust the
— d .
LongIFUde‘ Control Type Predictive Scheduled PI ynamic
Driver response of the
driver
Motor Torque (Nm) 254 320
Power (W) 80000 110000
Maximum Capacity (Ah) 66.7 114.29 "
Batt
attery Initial Capacity (Ah) 66.7 80 Adjmu:tThe:;: to
Disc Type Front&Rear: Disc | Front&Rear: Disc e
Wheel Diameter (mm) 530 631.9 specification
Wheels - of Test Vehicle
& Brakes . . Pressure Rolling Resistance (ZE1)
Running Resistance . . )
& Velocity + Air Resistance
Gear Reduction Ratio 7.9:1 8.520:1
Passenger -
Car Adjustment for
1640 Steady Vehicle
Mass (k) 1200 Speed Test and
WLTC Cycles
Vehicle 1710 (Drl.ver A) | Adjustment for
1699 (Driver B) RDE Test
Adjustments to
Frontal Area (mA2) 2.53 2.585 match the
experiment
— condition
Air Temperature (K) 298 293.15

Table 3 Motor Efficiency Map
Motor Torque (Nm)

0 [10] 15 [ 20 ] 50 [100]120] 140 160 | 180 | 200 [ 220 | 240 [ 260 [ 320
0 [71.8]71.8[71.8[78.4] 85 [ 85 | 85 | 85 [ 85 | 85 | 85 [ 85 | 85 | 85 | 85
1000 71.8(71.8[71.8[78.4| 85 | 85 | 85 | 85 | 85 | 85 | 85 [ 85 | 85 | 85 | 85
1500(71.8(71.8]71.8[79.7|87.587.587.5|87.5]87.5| 87.5| 87.5 | 87.5| 86.5] 86.5 [ 86.5
2000[71.8[71.8]71.8]80.9] 90 | 90 [ 90 [ 90 | 90 [ 90 [ 90 [ 90 [ 88 | 88 | 88
Motor [3000(77.2[77.2]80.9]84.6] 92 | 92 [ 92 [ 92 [ 92 [ 92 [ 92 [ 92 [ 90 | 90 | 90
Speed [4000(82.8]82.8]82.8|82.8(87.9] 93 [ 93 [ 93 [ 93 [ 92 [ 92 [ 92 [ 90 | 90 | 90
(RPM) |4500(82.882.882.8(82.8(87.9] 94 [ 94 | 94 [ 94 [ 94 | 94 [ 94 [ 94 [ 94 | 94
5000| 85 [89.2(89.2(89.2[91.6] 94 | 95 [ 95 [ 95 | 95 [ 95 | 95 | 95 [ 95 | 95
6000] 85 |89.2[90.1[90.9/92.7[93.9] 95 | 95 | 95 | 95 [ 95 | 95 | 95 [ 95 | 95
7000 85 |88.8(90.8(92.7[92.7[93.9] 95 | 95 [ 95 | 95 [ 95 [ 95 | 95 [ 95 | 95
8000[ 85 |88.5(90.2(91.9[91.9(93.5] 95 |95 [ 95 | 95 [ 95 [ 95 | 95 [ 95 | 95
9500[ 85 | 85 [87.5] 90 | 92 [ 93 [ 93 [93 [ 93 [93 [93 [ 93 [93 [93 | 93

3. Simulation Result

3.1. Simulation Accuracy of Steady Speed Test

The accuracy of the vehicle model built using adjusted
parameters of the simulation was verified by comparing the energy
consumption from experiment and simulation results. In Table 4,
the steady speed test energy consumption shows a good result as
the differences are below 5%. Both in the experiment and
simulation, the energy consumption increases when the vehicle
speed is increased. It is caused by the electric motor using more
electric power from the HV battery to run the test vehicle when the
vehicle speed increase.

Table 4 Energy Consumption Comparison of
Steady Speed Test Between Experiment and Simulation

Speed | Experiment| Simulation| difference
knvh Wh/km Wh/km %
40 81.04 81.93 1.08%
60 106.48 106.60 0.11%
80 137.03 137.19 0.12%
100 181.16 181.28 0.07%
120 241.20 241.84 0.26%

3.2. Simulation Accuracy of WLTC

For the WLTC energy consumption results, by using adjusted
parameters, we run the WLTC class 3b simulation in urban, rural,
and highway. In Table 5, the WLTC result of energy consumption
differences between rural, highway, and combination shows below
5% which are a good result. However, the simulation result in the
urban area almost reaches a 5% difference. Because it only has a
small difference of 0.69%, we conclude the result is still acceptable.
In the WLTC, the regeneration braking can be seen in Fig. 3, Fig.
4, and Fig. 5. The HV battery electric power shows negative results
at certain points, it can be understood as the regenerative braking
process of the BEV.

Table 5 Energy Consumption Comparison of WLTC
Between Experiment and Simulation

Experiment | Simulation | Difference
WLTC Mod
°® ] Whkm | Whikm %
Urban 118.21 111.84 -5.69%
Rural 11491 117.01 1.80%
Highway 136.13 139.16 2.17%
Combine 125.71 126.49 0.61%
__ 60000 200
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E 20000 g
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Fig. 3 HV Battery Electric Power Comparison
Between Experiment and Simulation in Urban of WLTC
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Fig. 4 HV Battery Electric Power Comparison
Between Experiment and Simulation in Rural of WLTC
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Fig. 5 HV Battery Electric Power Comparison
Between Experiment and Simulation in Highway of WLTC

3.3. Simulation Accuracy of the Real Driving Test

For the real driving test energy consumption results, by using
adjusted parameters, we run the real driving simulation using
vehicle speed data from experiment. The real driving test is
performed by two different drivers (Driver A and B). Table 6 is the
energy consumption comparison between experiment and
simulation of Driver A and Table 8 is the energy consumption
comparison between experiment and simulation of Driver B.

The results of energy consumption in a rural area of both Driver
A and Driver B show a good result since the differences between
the experiment and simulation are under 5%. However, the results
of energy consumption differences between the experiment and
simulation from urban, highway, and combination of all phases are
above 5%. The regeneration braking process during the real driving
test can be seen in Fig. 6 to Fig. 11, which is the comparison
between experiment and simulation of the HV battery electric
power.

Table 6 Real Driving Test Energy Consumption
Comparison Between Experiment and Simulation of Driver A

Phases Experiment Simulation Difference
Wh/km Wh/km %
Urban 123.86 107.92 -14.77%
Rural 105.08 106.01 0.88%
Highway 142.50 123.06 -15.80%
Combine 127.50 114.23 -11.62%

Table 7 Real Driving Test HV Battery Electric Power
Comparison Between Experiment and Simulation of Driver A
Experiment | Simulation | Difference

Wh Wh %
Urban 977.19 848.88 | -15.12%
Rural 729.98 737.83 1.06%

Highway | 1717.49 | 1488.75 | -15.36%
Combine | 3427.04 | 3075.46 | -11.43%

Phases

Table 8 Real Driving Test Energy Consumption
Comparison Between Experiment and Simulation of Driver B

Phases Experiment Simulation Difference
Wh/km Wh/km %
Urban 127.82 114.47 -11.66%
Rural 102.25 104.06 1.74%
Highway 181.43 166.10 -9.23%
Combine 145.13 134.81 -7.66%

Table 9 Real Driving Test HV Battery Electric Power

Comparison Between Experiment and Simulation Driver B

Experiment | Simulation | Difference
Wh Wh %
Urban 1008.44 | 905.06 | -11.42%

Rural 713.04 726.94 1.91%

Phases

Highway | 2179.86 | 1994.41 -9.30%

Combine | 3900.82 | 3626.41 -7.57%
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Fig. 6 HV Battery Electric Power Comparison
Between Experiment and Simulation in Urban
of Real Driving Test Driver A
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Fig. 7 HV Battery Electric Power Comparison
Between Experiment and Simulation in Rural
of Real Driving Test Driver A
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Fig. 8 HV Battery Electric Power Comparison
Between Experiment and Simulation in Highway
of Real Driving Test Driver A
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Fig. 10 HV Battery Electric Power Comparison
Between Experiment and Simulation in Rural
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Fig. 11 HV Battery Electric Power Comparison
Between Experiment and Simulation in Highway
of Real Driving Test Driver B

4. Discussion

The energy consumption and HV battery electric power of real
driving test results can be seen in Table 6 and Table 7 of Driver A
and Table 8 and Table 9 of Driver B. For urban and highway areas
from the HV battery electric power result of simulation is lower
than experiment. For the HV battery electric power in the urban and
highway areas of Driver A, as we can see in Table 7, the simulation
has a difference of -15.12% and -15.36% compared to the
experiment. For the HV battery electric power in the urban and
highway areas of Driver B, as we can see in Table 9, the simulation
has a difference of -11.42% and -9.30% compared to the
experiment. The concern comes from the motor efficiency map.
Because we use the steady speed test data of motor speed and
torque to calibrate the motor efficiency map, only the colored
columns in Table 3 can be calibrated. We can’t calibrate all
columns in the motor efficiency map.

There is also a possibility in urban and highway areas, the
simulation was run using only vehicle speed data from the
experiment, and doesn’t encounter the hill and slope (gradient
resistance) in the real driving condition. The gradient resistance in
the simulation doesn’t calculate which can affect the amount of
electric power used by the electric motor. The simulation consumes
less electric power compared to the experiment result.

For the highway area (From Kanuma IC to Utsunomiya IC), the
slope has a height of 54.9 m, with a distance of 10,791 m, and an
angle of 0.29°. By using Eq. 4.1 and 4.2, for Driver A, the gradient
resistance result is 85.345 N and energy from the gradient
resistance is 255.82 Wh. For Driver B, the gradient resistance result
is 84.796 N and energy from the gradient resistance is 254.18 Wh.

If the increased energy from gradient resistance is added to the
simulation electric power result, as we can see in Table 10 the
difference between experiment and simulation in the highway area
of Driver A is 1.55% and Driver B is 3.06%. Table 10 shows a good
result since the difference between experiment and simulation is
under 5%.

Table 10 Fixed Value using Gradient Resistance
of HV Battery Electric Power Comparison
Between Experiment and Simulation in Highway

of Real Driving Test
Driver A Driver B
Phases | Experiment | Simulation | Difference | Experiment | Simulation | Difference
Wh Wh % Wh Wh %
Highway | 1717.49 | 1744.57 1.55% 2179.86 | 2248.588 | 3.06%
Fgradient resistance (N) =mXxgX sin® (4~1)
Energy (]) = Fgradient resistance X Distance (4~2)

5. Conclusion
The BEV model was constructed using simulation and the
accuracy was verified. As a result of adjusting the simulation
parameter based on the test vehicle specification and motor
efficiency map, followings are found.

1. The steady speed test energy consumption showed good
results since the difference between experiment and
simulation is under 5%.

2. The WLTC of a rural, highway, and combine phases showed
good results since the difference in energy consumption
between experiment and simulation is under 5%. Therefore,
the simulation result in the urban area almost reaches a 5%
difference. Because it only has a small difference of 0.69%,
we conclude the result is still acceptable.

3. The real driving test results in urban and highway areas of
both Driver A and Driver B in energy consumption, showed
a difference above 5%. The concern comes from the motor
efficiency map, which is calibrated only using the steady
speed test data of motor speed and torque, all columns in the
motor efficiency map can’t be calibrated.

4. There is also a possibility in urban and highway areas, the
simulation was run using only vehicle speed data from the
experiment, and doesn’t encounter the hill or slope (gradient
resistance) in the real driving condition. Because the
simulation doesn’t calculate the gradient resistance, the
simulation consumes less electric power compared to the
experiment result. The calculated energy of gradient
resistance has been added to the HV battery electric power of
simulation result. The result of the electric power difference
between experiment and simulation in the highway is under
5%.

6. Future Plan

1. Considering the real driving test results, the motor efficiency
map will be adjusted.

2. The real driving test road will be constructed using SUMO
and the model vehicle constructed using Matlab will be
connected.

3. Theenergy consumption result from a combination of Matlab
and SUMO will be investigated and analyzed, and

represented as an improvement method of energy
consumption of BEV.
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Study on Energy Consumption improvement method of Electric Vehicles by Mode and Real Driving Tests

Yuta Nakane”  Enes Muhammed Kaplan?

Michael Melkior Kanugroho®

Taizo Otsuki¥  Akira Kato®

With the goal of achieving carbon neutrality by 2050, the number of electric vehicles sold worldwide is increasing.

Regarding the popularization of BEVs (Battery Electric Vehicles), there are issues to be resolved, such as the spread of

charging facilities and the amount of power supply.

In this study, we conducted a WLTC mode test and actual road

driving in Utsunomiya city using a BEV under the conditions of 5°C, 20°C, and 35°C outside air temperature and with or

without an AC (Air Conditioner). The purpose of this study is to analyze the effects of different environment temperatures

and whether the AC used or not used to the energy consumption of BEV. Therefore, the energy consumption characteristic

from experiment will be investigated and analyzed, and represent as improve method of energy consumption.

Key Words: EV and HV systems, state of charge(SOC), system technology,

energy consumption, real drive emission, WLTC (A3)

1. FAPRX

2050 FEH—Rr=a2— FTILOERKIZANT, ROEK
HEhEDOMRE A M L T 2. BEV(Battery Electric
Vehicle) D KIZB U CITFRERIFOE LR, E/OMHG R
ERR L2 U7 220N SV, —FRBEITHEHEL K
EREO—DTHB.

ZIVETOWGETH Y U L H, 2MHV (2Motor Hybrid Vehicle)
EHWTRBREZITVOO, Y Y VHETIHAC 4V, 7T
SEJHGHE S IR ISR 5 A3, 2MHAV Gkt SBALC
TP HENZ L L THREDEER L LRNZ L0, I
VY CHETIEY V— X, NGRS LR TAHBE A BT s,
2MHV TIHET X TOESPIRBEDR AR & %8 O BIRICAHES
WHBINIRNT LT ERF Do T2,

AHFFETIL 5°C, 20°C, 35°COREARDIVKIRE, KON AC

(Air Conditioner) i DAFHEDZLMT BEV % VT WLTC
T— FRBR & FHETN TORBE T2/ T2, TORE
b, AKIREERK O ACHERAOHFEIN BEV OEEICMIETE
BIZOWTHRNT L, 2T BEV OEFHM EFELIRT S
ZEEANIEEOR LTS,

*2023 453 H 9 A BB BT S B RETHSAITStE S S TR,
1) « 4) « SFEFRKF(320-8551 HARFEE TS 1-1)
2)Usak University, Graduate School of Mechanical Engineering(Usak,, Turkey)

3R KFRFERE(320-8551 MiARRFEE T EAE 1-1)

2. #EFIE
2.1, FRERHE
RBRENZRETHICHIY, ARICBOCTORGEAEN
2010 4F 12 ALK 16 J5 7000 & & ENO BEV OH TE
B972 BEV Z3E L7c0). £ 1 ICRBREmE A~ @,
22. FHHARY —

E— FiBRIZ1%, CD (Chassis Dynamometer) % iV 7.
Fie, ETTOEET —X% ) TIVEA L TReEkT 5701
AW (A 5L Astemo 5 HDM9000) Z{EfH L7=.  4lnl
OFERTIE HDM9000 Tl L 7= HV(High voltage) /N7 U
— DI TE )& L BT OB A R L7120,

2.3. CD #Er

CD ZHWC, WLTC E£— FllRIZOWTHRUIR % 5, 20,
35°C, FBHARIEETAC A7, AC A GREIRE 25°C,
SVRIEN) DS CRBR AT T 2. BEIT H B ERA I
STV B E B 110kg 2N X 7o EHE CHRIE L7z,

24, FEHEITRER

ABL— N EFEETNICEEL, K748 2 A TR UK
I3 BR 21TV, HDM9000 % W CHFEEITT — & 21537,
1 ZFHE TN OESTV— h%&7/~7. RDE (Real Driving
Emissions) Ml 20— MREZSEZIL, FRCRTTFHL
EERIRBRN ORIFEES 40km/h LU Oy % g, FCoRd
BRARBRAN D HIRREEE 60km/h LU T DEG 22044, & Ty il
JEH GULEEVHGE) OFIFREE 100km/h LT OFB53 % mik

EENEIER L, SITECTEITRIRK 1 FrEes, &7
#27km OEEABREZEF, KF, MOAFAT-T-.
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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)

RED:Urban Area
Green:Rural Area | o

Blue:Highway |
nX925359 s |
| @
@
L M:;:)\,'z
o - /
o
|
; 7
Az
"‘\Ll 7‘/
\ /
h & @ ‘)'!Ullﬁ#l!lﬁ
£ '@ ¢
x50 Q !
o

TR |

Fig.1 Test route of real driving in Utsunomiya

3. FEBER
3.1. CD

7% 2 IZWLTC &— RO EE OfEF 277,
ERIZONT, b RUOER L 725 72 OIVRIRE 35CoTh
o> AC A7 BT 109Wh/km, Fz bIEWFER & 7e o 7= D134t
LIRS 35°CoTifion AC AT 201Wh/km Th-7-. 4t
KIE 20°C OB T, AC AV, A 7R TOBRERIT L
HH b 118Whkm Th D [A UAkR & 72 o7,

# 37 N—RRROBERE OFEREZ R, FIVURE TH
BN EATDIFEBENEYL L2, BRICOWT, Fb BV
Rl Ao loDIIIVKIRIE 35°C, Hl 40km/h, AC A 7HFT
74Wh/km, fx b EWFER LR > 2O AIEE 5°C, HH
120kmv/h, AC A T 268Wh/km Tdh 7. AC i O FE
BT % L, TRTOHERIZIBOTHRER L 0 HIEE
HEFREOIE S NEESEER L 2r o7z,

Table 2 Energy consumption of WLTC test

temperature (°C) 5 20 35
AC OFF ON OFF ON OFF ON
Urban (Wh/km) 120 190 118 118 109 201
Rural (Wh/km) 128 151 115 120 110 151
Highway (Wh/km) 148 164 136 138 141 156

Table 3 Energy consumption of steady speed test

Temperature (°C) 5 - 33
AC OFF | ON | OFF | ON | OFF | ON
(A\‘;\)/hk/kmr/nh) 92 | 148 | 81 | 85 | 74 | 128
gg:/k“r’/rg 120 | 146 | 106 | 106 | 95 | 125
gg:/k“r"g 154 | 168 | 137 | 138 | 126 | 149
x}xg; 198 | 209 | 181 | 179 | 169 | 189
i\z;;hl/‘k“r‘:ll)‘ 257 | 268 | 241 | 240 | 232 | 248
3.2. EREHER

F 4 ICHFEERR (AC 4) , 5 ITHFEEERAR (AC
F7), FOIAFERKRR (AC AV) O KT A RDOKSy
T oBEERE AT, AARIRITRGITHEE L CODEH S
K720,

BERIZOWT, HBBWERERSTZDIFIKED RT7 AN
B BT B4 COEE T, 102Whkm Th 7=, e b HEUOGE
Rl 2ol DIFATFED KT A8 A KO B 1281 5T,
189Wh/km T~ 7=.

Table 4 Energy consumption of real driving test on summer with AC ON

Date 2022/8/8 2022/8/22 Average
Driver A B
Weather Cloudy Cloudy
Outside Air Temperature (°C) 32.1 28.3 30.2
Urban (Wh/km) 187 171 179
Rural (Wh/km) 159 148 154
Highway (Wh/km) 166 163 165

Table 5 Energy consumption of real driving test on autum with AC OFF

Date 2022/10/31 | 2022/11/1 Average
Driver A B
Weather Sunny Cloudy
Outside Air Temperature (°C) 18.1 18.2 18.2
Urban (Wh/km) 124 128 126
Rural (Wh/km) 105 102 104
Highway (Wh/km) 143 181 162
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Table 6 Energy consumption of real driving test on winter with AC ON

Date 2022/12/26 | 2022/12/27 | Average
Driver A B
Weather Cloudy Cloudy
Outside Air Temperature (°C) 6.5 9.1 7.8
Urban (Wh/km) 158 152 155
Rural (Wh/km) 128 120 124
Highway (Wh/km) 189 189 189

4. fEMTAESL

4.1. FHJEGE LB

T 24T 51T b, @%@iﬁ%ﬁyuy$®%%®$
PZAZ72 50y Whikm 238 km/kWh (2454 L 7=, ZAC F7
BEOE— FaBR, B L OFERKRBROKEITIXS @Ii’ﬁa_
R ORRAE Y. FHBEOF MO IEHEE 0.5 1ZEEL, 0.5 LA
J:'C“E@*EE?J 0.5 LUF CROMBNS 5 & ER UIIT 21T -

. B2 v i, ARSI T o BEV O &

LMHE?J 3074 THY, BELVHEIETEOHBENA LI
T FEiz, MREL, SO TOMBNE-098 THY, AD
FEARAZS 2 LT, Z DFEFRDNS, BEV [k 2 by 72 sk ek
TP HEN EH9 2 L BERNE LT 503, @mlE TR
S ERHAB EEERPK T A Z RN ot ZhuTiis
\ZRER A AT o720 Y ) v HL LR T TH S, LvL, 2MHV
\ZDWT, mEAETTIRHE R A & 72 o 7o 3 ThATHE & 2R 40T
BT EGHE & OfRBINA B> 7=72%, BEV &
ALY (NI PR Ay

PLEDZ e, i O%4NCld BEV OEL %M £ &

DI EH 30~40km/h (HECTHEITT D Z ENATH
D, EECOETTIIERE FFHZENATHEZ &N
o7z,

© Urban(A) ®Urban(B) WLTCL e Rural(A) e Rural(B) ¢ WLTC-M e Highway(A) e Highway(B) & WLTC-H
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.
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6.0 Correlation coefficient T
Correlation coefficient ]
0.74
a0 v =0.0755x+ 6.7451 -0.98

Energy consumption[km/kwh]

y=-0.0804x + 12.237
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Average vehicle speed[km/h]

Fig.2 Energy consumption of real driving tests and mode test

42. ETIRIE L B

URAZHMBEHRFEEEE & B2 D BAFRIC DN TRRNT L 7=, I
BOHEFFEL, ZHE TORETEOD & [ IEEE A 0.
3m/s? L EGAIEINE, -0.3n/s? LT &0k, 7 L—F% AL v T
WA TH 0 BHEAS Okm/h DIFAIET A Kb, JGEREEH
0.3~03m/2 LINTH Y, BED 1km/h L EDOBFAIE 7 —X
LEF LT,

3\CH Y VUL, 2MHV, BEV ® AC A4 7R S
ARz — RiBREs L OFERRBRCoME, 7 1—X, 7
A RIVENZI ORI & B K O E OFIBIRS 2 R~

DEHAREE & A, R OFRBIZOWT, TV Y CEIZEBIT D
FHRAFREE-0.65 T W ADIBEN A HATZ)Y, 2MHV, BEV
TITHHER DN -T2, ZOEKE LT, 2MHV & BEV
B W TR 238 2 5 & XA EIAE T L —F O
FENEL 720, WEIHCE ) A S5 2 ENREE &S
Z5.

TR & B, R OBIRICOWT, BV U B!
FHBEIRENE-0.75 TdH 0 ADOMHEINR A HLTZAY, BEV (2 7‘5
FEBIREN L 0.57 TH W EEOMENA BNz, £72, 2MHV (IZ
BOCITHEBIREIE 029 T WAHBIN A LN o7 2D
ZLMB2MHV &l L C, BEV OIE 9 3 aAET L—F |2 &
LR, B ASOEEPIRNZ L3507,

T A ROV &, %%@%%_owf Y HE,
2MHV TIIAHBEIA A DR h > 7248 BEV 1281 HAHBIHREL
12-0.85 TH Y, FRNADHBEANRA LI, ZOFKE LT,
EHFEPII Ny T Y & —F OREFFICE NN SNz
D ERHET D,

7 — R L B, REOBIRIZOWT, 2MHV TidAH
BN I BRI T2, H Y VHIZET DB 0.74,
BEV T 091 THY, VY H L BEV TIEOFHREA AL
niz.

uLfD EM DI, K OSRSNCIE BEV OB A1 |- &

(s R LM 2 S L, —EHLE TET T2
Z <E BHNTHD Z Lmhole.
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Fig.3 Correlation coefficient of each driving state

43. AC D

412487 = — RTHIT DHMKIRE 20C, AC 7]‘75%0)
WLTC RO ERE A2 AL Uiz L7z & & D AC fEHIC

B O T EAVRIRE ORRE R~ %E{iﬂ%ﬂ#@@
DI KK FERITAVKIR 35CO WLTC O i T 41%TH Y,
W8 5 0 FH R D de KA R 3134V 5°C D WLTC Oififih ¢
38% T o7z AW\, i & i L it co AC EHIZ &

LEBDIRTRERPREND LG T-.

F7z, WHEEHARHITEE O TITMHE, B56, ERo
NETHRE < 2podehd, EHEHEARHCITR R 2 FEA /R LTz, &
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DO & LT, BEV IZBWTIEEMHEHENZIZ AC D27 L
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Fig.4 Energy consumption reduction rate using AC
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Tomoya Okamoto Yoshio Kurosawa

(Teikyo Univ.)

(Teikyo Univ.)

3D AX ¥ FTTEHELIZT 744V L ORKOIIRT — & ZHWT 3D 7Y & THRIK
EERR L, IREWMENTAZ1T . £, UrA 4 o OREIEEMNT 2 AIRERETITH -
O, AOMELT—% (Yo 7Z, BERE) X, 121 20/3—=YORT —4% ORS
Z{To7z. FE BT VORISR & BT — FRTHE R & OS2 RN T 5.

Key words: ANEAMEL, EAHE— K, EERMENT, €— N,
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FEEE DA OMEYT — 2 %, FEEEOE5 &R L
TeBROMR DB G ZAERL L, CHE®WZ 55
ICEBRAER & FE 7 /L O RN SFE L.
F72, 3D AX ¥ FEHANTT 74 4V U OFER
DICRREZAT, AREFRET NV EA(ER LTz, ¥
7 ALV U DFM B O EERTE — REATHER &
FE £7 VOEAEFEEROMBREZBENTT5. S
DI, Ur A4V v OFEWEE 3D 7Y & E T
AMOHDERRTIER LT, 20—V DR
BEBR ATV, K OERM & OFE RO 728 % b
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WIOIZ, T7A AV O s ZAFER LIzt (X
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RBEYE L - 3 ITRT@Y, REHMLE

Lb o, REICEAZRS O A), £ L T
M OA B J518 & w7 ot 4 oGz 2
KSOEWE L2, O TROFOLENRL, B0 4
ROEENZ L—H— Ny 77 —IREE 42 VW CEF
U7X 4). FHANCEIXX 5 (29, FEBRTED
NTAREERE A VT, =X VRN 21TV, —IR
HhiF, =AY, “RiF OROEEEERE L
7o, BROFEILER LVITRT.

Altair HyperMesh (2T, %0 FE €7 /L& AERL
L(X 5), FRLO®@M 5437 spruce, maple ORI
B OFEEIT o7z, SO STV DM
EORERICSEIZ LIEAR 2 12”7, maple
DY VR Ex 1LFaX®L 0, 12.6GPa % v 7z,
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SfulHz] : HE F 7213 HREE WAL, [ [m] - 387 o
SIETHEE, himl : BX, plkgmd] : BE,

O IRENTE— B & — FIREUZ & - TIRTET D475
Thb.
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Fig.1 Spruce beams

Fig.2 Maple beams

Fig.4 Beam vibration experiments

Fig.5 FE model of beam

Table.1 Specifications of beams

bzgg;?nr; Pt::iz Sezzigzg width|  length| thickness|  weight| denSigy

() () () (m) (m) (m) (kg)| (kg/m”)

maple@z 1040 3370 5920| 1.51.E-02| 9.03.E-02| 3.01.E-03| 2.52.E-03 615
maple@z 453 3010 2610| 1.50.E-02| 8.98.E-02| 3.09.E-03| 2.49.E-03 598
maple®y 1090 4820 6240| 1.01.E-02| 9.01.E-02| 2.93.E-03| 1.62.E-03 607
maple@x 444 2410 2700| 1.00.E-02| 8.99.E-02| 2.97.E-03| 1.68.E-03 626
spruce@z 1430 2680 6020| 1.51.E-02| 9.04.E-02| 3.15.E-03| 1.83.E-03 425
spruce@z 428 2050 1650| 1.52.E-02| 9.00.E-02| 3.05.E-03| 1.67.E-03 400
spruce®y 1610 4120 5700| 1.01.E-02| 9.00.E-02| 3.01.E-03| 1.21.E-03 440
spruce@x 484 1330 2200| 1.02.E-02| 8.96.E-02| 3.11.E-03| 1.15.E-03 405

Table.2 Stiffness value and Poisson’s ratio of maple and

spruce®

Property maple | spruce

Young's module Ey/Ex 0.132 0.078
E/Ex 0.065 0.043

Rigidity modulus Gxy/Ex 0.111 0.064
Gy/Ex 0.021 0.003
Gxz/Ex 0.063 0.061

Poisson’s ratio pxy 0.424 0.372
Wyz 0.774 0.435
UXZ 0.476 0.467
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Table.3 Values for Orthotropic properties for setting in

numerical simulation

Property maple spruce
Young's module Ey/Ex 0.147 0.078
EJ/Ex 0.072 0.043
Rigidity modulus Gxy/Ex 0.124 0.064
Gy/Ex 0.023 0.003
Gxz/Ex 0.091 0.052 Fig.7 FE model of violin top plate (452972noods)
Poisson’s ratio  pxy 0.424 0.372
Wyz 0.774 0.435
UXZ 0.476 0.467
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Fig.10 FE model for neck and figure board (986854noods)

Fig.6 3D scanner (top plate)
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a.modal analysis (173Hz) b.eigenvalue analysis (167Hz)
Fig.13 Vibration mode® of top plate

Fig.11 FRF measurement using laser Doppler vibrometer

and shaker

a.modal analysis (261Hz) b.eigenvalue analysis (259Hz)
Fig.14 Vibration mode® of top plate

a.modal analysis (98.1Hz) b.eigenvalue analysis (98.4Hz)
Fig.12 Vibration mode@ of top plate

a.modal analysis (132Hz) b.eigenvalue analysis (126Hz)
Fig.15 Vibration mode@) of back plate
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a.modal analysis (211Hz) b.eigenvalue analysis (201Hz)
Fig.16 Vibration mode®) of back plate
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Fig.17 Modal Analysis of Back board

10 500 1000 1500 2000

-20
-30

-50

FRF[m/s/N[dB]]
5

-60

-70 ——Clear resinv4 ——spruce

-80
frequency[Hz]

Fig.18 Transfer function of point 10

0 500 1000 1500 2000

FRE[m/s/N[dB]]
S B8

B g

-80 ——(Clear resinv4 ——spruce

frequency[Hz]

Fig.19 Transfer function of point 102

4. BV

77 A AV CREICHW G L7 spruce, maple
ORMEEEZFRIEL, VrAAY) v EHRERET
I LTz, FEERDFRMR - T D FRE— NATRE R
& FE £7 VOEAMEEREFERL Y, EAHREE -
REE— N3k Lt —ET&7/. £/, 3DV
AT ERERYEL, RIR THER R ST
BB OAGERS A Lol U=, ZOFER, BRI
EOFENTREFEBDRE B D Z LR T
x7-.

AENIREBI O TH o728, 5% IIMELFIC
K AIREYDO AL ZIT E D X 5 1B 2 )iy
ZITO TETHD.

it 33
ASEERIEH LIV 744V v OEamE, 5
LR T 7 A AV TEICERRTEV =, % < it
W LET.

b's ik
1) BRER, UrAF) o DORRASN—FEIZ L
% IRE) - HAORE, HlE TSRS 2017
Bifizsi @ rkE SDT17023.



32

@)

®3)

(4)

(®)

BIRER, UrA4V o2y 7 ORBRNT,
Hil R 7R 9E 2 2021 H T A i 2 & Bh4E
SDT21004.

BILUETED, AAREE PSSR TS
ZHE Vol.39, No.5, MA2020-27.
Gough,C.E. ”A violin shell model:
vibrational modes and acoustics” The
Journal of the Acoustical Society of
Americal37.3(2015):1210-1225.
Green,D.W., Winandy, J.D., and
Kretschmann, D.E. "Mechanical properties
of wood. Wood handbook: wood az an
engineering material” Madison, WI:USDA
Forest service, Forest Products
Laboratory,1999. General technical report
FPL; GTR-133: (1999): 4.1-4.45, 133.

(6) FHEERERIEDY, 7 T3 v 7 XX —0O8fEE
F L OREFEHER T 31T DAPBHERE D EBREY
[FE), HAE T4 D&D2021, No.311.

KR L7842 2022 BT AR XL 0

TR T2 e & 35 5 O KGR & A CHE



TN FHEEEM L > ¥ — 4l 14 33

BEARZITYTIIZIZIL L EBEBLI-HEHOEBIEL
wIE kH BR A%

(T HR)

(7 HR)

Sound transmission loss analysis of soundproofing material with felt laminated on acoustic metamaterial

Daichi Iwai

(Teikyo Univ.)

Yoshio Kurosawa
(Teikyo Univ.)
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Fig.1 Test piece of acoustic metamaterial

Film (PP,PE,PP)

Air  Honéycomb (PP)

Fig.2 Sectional drawing of test piece

a. Metamaterial

b. Panel + Felt + Metamaterial

c¢. Panel + Metamaterial + Felt
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d. Panel + Felt + Metamaterial + Felt
Fig.3 FE model for test piece
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a. Experimental results
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Fig.4 Comparison of experimental results and calculated
results for transmission loss by upper felt
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b. Calculated results
Fig.5 Comparison of experimental results and calculated
results for transmission loss by lower felt
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Fig.6 Comparison of experimental results and calculated
results for transmission loss by both felt
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Fig.7 Comparison of experimental results and calculated
results for transmission loss by no hole
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Fig.8 Comparison of experimental and calculated

results for transmission loss by output side holes
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Fig.9 Comparison of experimental and calculated results
for transmission loss by input side holes
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Fig.10 Comparison of experimental and calculated
results for transmission loss by both side holes
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Robot design by incorporating mechatronics in information science classes.

Muhammad Syahir bin Abdul Ramad!, Yuichi Hasuda!, Nurul Ain Shalihah binti Ismail'
I Teikyo University, Japan

Abstract

The Department of Information Electronics Engineering at Teikyo University proposes and
implements Project Based Learning (PBL)-style classes in the robotics and mechatronics
curriculum, in which students collaborate to find and solve problems in their lives. Students
enter contests corresponding to the curriculum of laboratory exercises on robotics and
mechatronics, and some of their works have been successful in winning prizes in programming
contests and university student invention and ingenuity contests. Opportunities for third-party
evaluation, such as at academic conferences, appear to foster problem-solving skills and
technological capabilities. For example, the handrail sterilization robot developed by students
in a mechatronics-related class has gained attention in the prevention of nosocomial infections,
and its ability to sterilize patients and medical personnel alike safely and autonomously has
demonstrated significant educational effects. Furthermore, since students present their research
results on the development of robotics and mechatronics learned in PBL-type classes at
academic conferences and international meetings, this robotics and mechatronics curriculum is
contributing to the development of engineers with a global perspective.

Keywords: programming, mechatronics, robot, Project Based Learning (PBL), problem-
solving.

education, and instructors lack interest in
skills, resulting in fewer manufacturing
experiences for children. In September
2000, the "Basic Plan for Core
Manufacturing Technology" [4] was
formulated based on the "Basic Law for the
Promotion of Core Manufacturing
Technology" [3]. The "Basic Plan for Core
Manufacturing Technology" introduces the

1. Introduction

In Japan, high schools and universities
continue to draw away from manufacturing
field, making it difficult to train and secure
excellent skilled workers who have been
active in the fields of machinery, electrical
and electronics, and architecture [1].
Japanese technical high schools are
advancing manufacturing education based

on theory and practice in the fields of
machinery, electrical and electronics, civil
engineering, and  architecture, and
universities are shifting from teaching
education to education in which students
themselves think and learn [2]. However,
the number of hours of experiential
education at universities is not much, and

enhancement of manufacturing education
and plans for universities and other
institutions to upgrade their educational
content in response to the advancement of
technology for the enhancement of science
and engineering education. Project Based
Learning (PBL) type classes have already
been proposed and implemented at some

universities [5], where students can seek
paths to solve problems and enhance their
abilities through manufacturing based on
their own thoughts and ideas [6,7].

the awareness of manufacturing among
university students seems inadequate.

One of the reasons for this may be that
there is a tendency to emphasize grades
based on written examinations in childhood

Biennial  International ~— Design  and  Technology = Teacher’s  Association  Research — Conference (DATTArc). 7-10  Dec.2022.
collaboration with the International Conference on Technology Education (ICTE) — Asia Pacific, Technology Education New Zealand (TENZ), International
hnology Engineering Education Association (ITEEA), and 2022 Venue Host, Southern Cross University, Gold Coast Campus, QLD.
itors: Adj. Prof. Kurt Seemann and Prof. P John Williams.



48

On the other hand, classes utilizing
programming will become compulsory in
elementary schools in 2020, and
information is also being studied as a
compulsory subject in junior high and high
schools [8,9]. At universities, classes using
disassembling and assembling robots have
been proposed in engineering departments
so that university students can acquire
problem-solving skills through
manufacturing based on their own ideas
[10,11].

As the world faces a declining birth-rate,
an aging population, and a shortage of IT
engineers, universities must strive to
develop human resources through problem-
solving,  hands-on  education. = The
Department of Information and Electronic
Engineering at Teikyo University has
created a problem-solving course in the
robotics and mechatronics curriculum,
specializing in the training of embedded
engineers [12]. Three students in the class
collaborate to create a work using LEGO
MINDSTORMS and give a presentation.
Some of their works have been entered in
contests, and one of them won the grand
prize in a programming contest as well as
the Japan Society for Industrial Technology
Education's Invention and Invention
Contest for University Students [13-18].
We report on the practice and outcomes of
our efforts to create robots that improve
people's lives using mechatronics in this
study.

2. Production of works in mechatronics
experiments

From the Table 1, in the first year, students
learn the fundamentals of programming as
well as the design and fabrication of
autonomous robots, and they compete in an
in-class robot competition that is always
judged by a third party. Beginning in the
second year, students conduct basic
experiments, and in the third year, they take
classes specialized in developing embedded
engineers who can develop problem-
solving skills through manufacturing.

Table 1: Experimental Exercises on
Robotics and Mechatronics
Year Lecture Topics (Content)

Fundamental Programming

First (Processing)

Year Project Exercise (robot building
using LEGO MINDSTORMS)
Fundamental Engineering
Experiments

(How to use each measuring
instrument and measurement of

Second AC voltage, phase, and
Year frequqncy) '
Experiments in Fundamental
Mechatronics (Rectification of
diodes, amplification circuits of
transistors, design of
autonomous robots)
Electronics Experiment
(Application of  various
microcomputers such  as
Arduino)
Third | Robotics and mechatronics
Year experiments
(Planning,  designing, and

presentation of making things
that enrich our lives using
electronic circuits)

Students collaborate to create and present
works using microcomputers such as LEGO
MINDSTORMS and Arduino in the
Robotics and Mechatronics Experiment,
with the theme of making things that enrich
our lives. Students create their works with
the help of not only the teachers in charge
of the experiments, but also the teachers of
the laboratory to which they are temporarily
assigned.

As a result, it is common for students to
improve their work from the second half of
their third year at the laboratory where they
are assigned for graduation research in their
fourth year, and then submit it to contests
sponsored by universities and other
organizations.

The class instructors prepare and distribute
microcomputers such as Mindstorm and
Arduino, sensors, and circuit boards
required for the development of works.
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Students use their newly acquired
knowledge and techniques to create their
own products through a trial-and-error
process. Students’ works are evaluated not
only by the teacher but also with other
students.

3. Development of works in
mechatronics experiments

As shown in Figure 1, third-year students
temporarily assigned to the robotics and
mechatronics experiment take the lead in
designing and building their own works.
Since many of the students are designing
robot for the first time after entering
university, they start by designing robots
using LEGO MINDSTORMS. NXT and
EV3, a type of microcontroller, were used
in the design and construction of the robot
to understand the functional requirements
and the general shape of the robot. Since
input and output ports are pre-installed and
a battery is built in, connecting the
corresponding sensors and motors has the
advantage of enabling immediate operation
without soldering or other work. In addition,
by using LEGO parts together, each part of
the robot can be assembled and
disassembled. These advantages make it
possible to develop and test systems quickly
and easily.

Figure 1: Robot design using LEGO
MINDSTORMS in the basic
mechatronics experiment

Visual-based programming software is used
to control the operation of motors and
acquisition of values from each sensor by
means of programming blocks and is also
used in educational settings. This section

describes the background of the
development of some of these works, their
innovations, and a review of their
production.

3.1 Mail transport robot design and
production

People with disabilities and the elderly have
difficulty getting to the front door to pick up
their mail. They also don't know when the
mail will be delivered, so we created an
autonomous robot that uses sensors to
alleviate the burden on the elderly by
eliminating the need to walk to the front
door several times to pick up the mail (see
Fig.2).

Figure 2: Overview of an autonomous
robot that receives and transports emails

Ultrasonic sensor

(a).Email detection and sound emition
by mail robot

(b) Robot with mail stocked.
Figure 3: Robot storing mail

h

Biennial

International ~ Design  and  Technology  Teacher’s

itors: Adj. Prof. Kurt Seemann and Prof. P John Williams.

Association
collaboration with the International Conference on Technology Education (ICTE) — Asia Pacific, Technology Education New Zealand (TENZ), International
:hnology Engineering Education Association (ITEEA), and 2022 Venue Host, Southern Cross University, Gold Coast Campus, QLD.

Research ~ Conference ~ (DATTArc). 7-10  Dec.2022. |




50

The robot is placed directly beneath a house

or room's mail delivery area, and mail falls

onto a tray equipped with ultrasonic sensors.

The mail is delivered to the resident after

the resident is notified that it has been

delivered using the process outlined below.

1) Ultrasonic sensor on top of the robot
detects mail: see Fig.3(a)

2) A speaker inside the robot emits a sound
to notify the resident that the mail has
arrived: see Fig.3(a).

3) Stock emails until the sound sensor
detects a resident response (sound): see
Fig.3(b).

4) Convey the mail to the resident's room
and use the ultrasonic sensor to detect
when the resident removes the mail from
the box :see Fig.4.

5) Backtracks the way it came and waits for
the mail again at the location of the
residence's entrance: see Fig.4.

For this mail-transporting robot to play an
active role in housing, it must accurately
receive mail and improve the transportation
route to the resident. Given the rapidly
aging society and declining birthrate, the
students' perspectives were highly valued.

When the sound sensor detects
a sound with a volume of 35 dB
or more, it emits a sound and
moves backward.

Ce - ] ) | ) | |
sl MAd LB CTLT G NIRRT, ©.l¥ v 0.8t 000 LRNAY Oad
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- Repeatedly detect
gzgﬁgl;ailsezz%: Ultrasonic sensor used to move mail with ultrasonic
the robot  forward until sensor

the sound sensor
detects a sound

of the robot.

something is within 5 ¢cm in front

louder than 25 dB.

Figure 4: Operation program of the mail transport

3.2 Sanitizing spray robot design and
production

Since many students and users enter and
exit schools and commercial facilities, hand
sanitization is necessary. Due to the recent
new coronavirus, special attention has been
paid to this issue in the prevention and
spread of infections in these facilities.
Although alcohol sterilization sprays are
installed at school entrances and classrooms,
human hands are frequently used to activate
the pumps.

As a result, we created a sterilization robot
that uses a motor to activate the pump when
a sensor detects an object in the position
where a hand or finger is held out.

As shown in Figure 5, the robot
configuration is simple, with only one DC
motor and one ultrasonic sensor each
installed in the NXT controller. An arm
with a motor is installed on top of a
commercially available sprayer, and when a
hand is inserted on a plate with a hand shape
printed on it, the motor moves 30 degrees
based on information from the ultrasonic
sensor, and the sterilizing solution is
sprayed.

As shown in Figure 6, the robot was
installed at the university's entrance and in
front of lecture and other event rooms, and
it received extremely positive feedback.
Especially during the rapid spread of the
new coronavirus in Japan, the automatic
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sterilization system was not widely used
and contributed significantly to infection
prevention at the university in the six
months before the company developed and
marketed the system.

The bottle of
sterilizing solution

Inserted hand

MRV BT LDy

Figure 5: Hand and finger sterilization
by sterilization spray robot

There is a Sterilization
| spray robot machine
‘| at the entrance.

Y’ I

Sterilization spray
robot machine

Figure 6: Sterilization

machine

spray robot

3.3 Handrail sterilization robot design
and production

Handrail sterilization in hospitals and
nursing homes is critical for maintaining a
sanitary environment [19]. However,
allocating manpower to sterilize handrails is
a significant burden for healthcare workers,
especially when nosocomial infections
occur, and response is difficult due to a lack
of manpower.

Although security and sterilization robots
have been developed, they are insufficient
for sterilization due to the lack of a wiping

mechanism. As a result, as illustrated in
Figure 7, we have begun development of a
robot capable of wiping and sterilizing
handrails while moving autonomously
throughout the hospital [20].

Figure 7: Handrail sterilization robot
3.3.1 Handrail sterilization robot
developed and its innovations

The prototype produced in this research
includes a motor for the drive part for
running the robot and a motor for rotating
the brush to wipe off the handrail.

There are two types of EV3 motors: the L
motor, which has high torque and is suitable
for moving heavy objects, and the M motor,

which has low torque but is lightweight [16].

Considering the characteristics of each, the
L motor is used for the running part of the
robot, while the M motor is used to rotate
the brush for sterilization.

Two color sensors are needed for line
tracing. The color sensors used are from
Hitechnic. This color sensor has an effective
range of 10 mm [17], so it can detect even
if the sensor is mounted far from the floor,
and it is easy to mount on EV3.

LEGO MINDSTORMS Education EV3
Educators Edition was used to create the
control program for the handrail
sterilization robot. Alcohol is supplied to
the upper brush (Fig.7 (1)) from an alcohol
tank (Fig.7 (2)) attached to the robot.

As shown in Image 9, the M-motor rotates
the upper brush while the robot runs to
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sanitize the handrail. For the robot to run
along the handrails on the wall, silver tape
is laid on the floor and a light sensor (Fig.7
(3)) is used for line tracing [17].

To sterilize the handrail, a sterilizing brush
was used with a single motor and gear to
wipe from the top and bottom (Fig.8). The
brush could not reach the wall side of the
handrail, and there were areas where the
brush could not reach, so the sterilization of
the entire handrail was insufficient.

Figure 8: Sterilizing handrails with a
sterilizing brush

3.3.2 First Innovation: Avoid contact
with people and use sound and light to
alert people

A handrail was installed in the laboratory
and the handrail was checked for operation
of the sterilization robot (see Fig.9).
Through the operation checks, the functions
necessary for actual use in the facility
became clear.

[

=
P
[ 22"
5

Figure 9: Checking the operation of the
sterilization robot on the handrail

To avoid contact with people or objects near
the handrail during sterilization, the robot

stops when it detects a person or object in
the direction of travel using an ultrasonic
sensor and warns the user with sound and
light using LEDs and speakers.

We have also added a system that allows the
robot to be stopped urgently by pressing an
emergency stop switch by a medical worker
in the vicinity.

3.3.3 Second Innovation: Notification of
location information and images as a
patrolling robot

A camera was installed so that medical
personnel could monitor the robot's
surroundings and movement  status.
Furthermore, an IC tag is installed on the
wall beneath the handrail that can be read
by a tag reader to obtain location
information.

Images of the surrounding environment and
location data can be transmitted to the user's
various terminals via a Wi-Fi router. As
shown in Fig.10, the information is
displayed in conjunction with a hospital
floor plan and can be used as a patrol robot
capable of determining the status of the
robot's surroundings even from a distance.

TAG NUMBER:[2]

TAG AREA:[1F-B]

Robot's current
osition

IS UHIAERCAML

Display of corresponding
information on the created map

Figure 10: Robot's surroundings
information confirmation screen

3.3.4 Preparing handrails and moving
the robot

In hospitals and other facilities, handrails
are often intermittent due to the presence of
doors to patient rooms and toilets.
Therefore, the robot adopted a line tracing
control system in which a sensor recognizes
a line placed on the floor directly below the
handrail. Since many hospitals and facilities
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have white floors to keep them clean, we
used silver tape surrounded by black tape
for the line tracing tape, as shown in Fig. 11,
to make it easier for the sensor to recognize
the tape [21].

Figure 11: Line installed on the floor

3.3.5 Test run of the handrail sterilization
robot on the line

In the campus, a vinyl chloride pipe
handrail was installed at a height of 800 mm
from the hallway floor, emulating the
condition of handrails installed in hospitals
and nursing homes. The robot is placed on
the floor and disinfection begins by reading
an IC tag.

The robot then moves along a line trace,
reading the IC tag as it approaches a door
and alerting the people in the room via voice
and electric board. When the robot reads the
IC tag while moving, it performs a series of
disinfection operations in the facility, such
as turning around and heading for the
handrail on the opposite side of the room.
We are conducting demonstration tests in
hospitals to confirm the effectiveness of
sterilization and the ease of use by medical
personnel, and we are improving the robot.
The cost of production, including the
microcontroller and sensors, was around
50,000 yen.

4. Discussion

As shown in Table 1, the curriculum of
robotics and mechatronics experiments and
exercises where each student finds a
problem to enrich his/her life and clarifies
the problem to be solved in the project
exercise in the second semester of the first
year and the robotics and mechatronics

experiment in the second semester of the
third year.

Teachers assist students in coordinating
schedules and opportunities for
presentations (see fig.12), but students are
expected to research the technologies
required for manufacturing on their own.

student

Second Year
delivering a presentation

Figure 12:

In the project exercise, a robot contest is
held in class, and the top group in the
contest is awarded. By providing an
opportunity for students to evaluate each
other's works, the contest motivates
students to create better works and supports
the creation of better works. Some of the
works are improved based on evaluations
and feedback from students and faculty and
are entered in programming contests
sponsored by the department, where they
are presented along with senior students.

We believe that the works created in the
problem-solving classes are evaluated and
improved, and that this fosters the students'
technical skills and ability to create things.
Furthermore, students are encouraged to
enter various contests and present papers at
academic conferences. As an example, the
students who developed the work for the
2018 (13th) Invention and Invention
Contest won the top prize in the robot
contest of the project exercise and the
programming contest sponsored by the
department in their first year. The students
also participated in the World Robot
Olympiad in their second year [22], and in
their third year, they presented a paper at the
ICTE2021 International Conference [23].
In their fourth year, they developed a
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disaster mitigation system linked to
earthquake early warning systems and
participated in the International Innovation
Contest World Competition [24].

Thus, the opportunity to enter contests that
correspond to the curriculum of laboratory
exercises related to robotics and
mechatronics and have them evaluated by a
third party is one of the factors that may
contribute to the development of problem-
solving skills and technological capabilities
[25]. In the future, we would like to conduct
further educational campaigns to motivate
students to participate in contests in which
they can demonstrate their abilities, and to
enhance their socially acceptable abilities
such as ideas and ingenuity.

5. Conclusion

In this study we deal with robot design by
incorporating mechatronics in Information
Science classes. Our proposes in this class
are implements Project Based Learning
(PBL)-style classes in the robotics and
collaborate to find and solve problems in
their lives. The main conclusion of this
study as follows:

1) Students enter contests corresponding to
the curriculum of laboratory exercises on
robotic and mechatronics, and some of their
works have been successful in winning
prizes in programming contests and
university student innovation and ingenuity
contests.

2) Opportunities for third party evaluation,
Such as at academic conferences, appear to
foster  problem-solving  skills  and
technological capabilities.

3)The handrail sterilization robot developed
by students in a mechatronics-related class
has gained attention in the prevention of
nosocomial infections, and its ability to
sterilize patients and medical personnel
alike safely and autonomously has
demonstrated  significant  educational
effects.

4) Students present their research results on
the development of robotics and
mechatronics learned in PBL-style classes
at academic conferences and international
meetings, this robotics and mechatronics
curriculum is  contributing to the
development of engineers with a global
perspective.
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Proposal and effects of problem-solving lessons using autonomous
robots
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Abstract

Recently, the shortage of engineers also has been reported in all over the world. It is
estimated that there will be a shortage of up to about 800,000 human resources for IT
engineers in Japan by 2030.In addition, not only in IT but job market growth in the
mechanical, robotics and electronics industries is also expected worldwide. In the United
States, it is expected for much growth in STEM occupations, in engineering occupations and
computer and information technology occupations by 2030. The robotics industry in China
is also projected to grow, the importance of securing IT human resources becomes clearer.
As one of the measures to cultivate IT talent among young people, particularly in Japan, each
school type is required to develop qualities and abilities that form the basis of programming
thinking through programming education. Therefore, in this research, we planned and
implemented problem-solving lessons focusing on designing, manufacturing, and
programming of assembly and disassembly type robots in the Department of Electronics and
Information at the university. In class, students collaborate to create autonomous robots that
enrich people’s lives and use Scratch-based programming to move the robots. Through this
class, students will acquire “abilities to take action”, “analytical skills” and “teamwork
skills”, as well as gaining communication skills, presentation skills and group discussion
experiences. From the results of the questionnaire conducted in class, it was observed that
there were educational effects such as increasing students’ interest in robots and fostering
students' programming thinking through robot production.

Keywords: Autonomous robot, problem-solving lessons, programming education, skills
improvement, educational effects

1. Introduction

The shortage of engineers also has been
reported in European countries, such as the
United States and the United Kingdom. In
addition, not only in IT but job market
growth in the mechanical, robotics and
electronics industries is also expected
worldwide. It is expected for about 10.5%
growth in STEM occupations in the United
States [1], with approximately 6% growth
in engineering occupations [2] and 13%
growth for computer and information
technology occupations by 2030 [3]. The
robotics industry in China is also projected
to grow by an average of 20% by 2025,
which is the demand for robotics engineers
could be expected to grow in China [4].

From this, the importance of securing IT
human resources becomes clearer [5].

It is estimated that there will be a shortage
of up to about 800,000 human resources for
IT engineers in Japan by 2030. As one of the
measures to cultivate IT talent among
young people, particularly in Japan, each
school type is required to develop qualities
and abilities that form the basis of
programming thinking through
programming education. Programming
class has been a compulsory subject starting
from 2020 for elementary school education,
from 2021 for junior high school education,
and from 2022 for high school education.
Like language skill, information literacy is
also positioned as "qualities and abilities
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that form the basis of learning" [6].
Therefore, every school is required to
develop the qualities and abilities that form
the basis of programming thinking through
programming education [7-10]

In this study, we planned and implemented
problem-solving lessons focusing on
designing, manufacturing, and
programming of assembly and disassembly
type robots in the Department of Electronics
and Information at the university [11,12]. In
class, students collaborate to create
autonomous robots that enrich people’s
lives [13] and use Scratch-based
programming to move the robots [14,15].
Through this class, students will acquire
“abilities to take action”, “analytical skills”
and “teamwork skills”, as well as gaining
communication skills, presentation skills
and group discussion experiences. From the
results of the questionnaire conducted in
class, it was observed that there were
educational effects such as increasing
students’ interest in robots and fostering
students' programming thinking through
robot production.

2. Outline of the proposed class and
implementation method

2.1 The main method of the proposed class

In the beginning of the class, students will
be explained about robots that have been
created and will be asked to examine the
programming contents and watch the videos
of the actual movements of the robot. The
flow of the lessons is shown in Table 1.

Table 1: Flow of the lessons in Project
Exercise subject

Lesson group A proup B3

| st orientation

2nd - Sth programming Robot design

and production

Oth - 15th | Robot design programming

and production

In the first lesson, 120 students were given
an overall explanation about the class flow
and were divided into group A and group B,
where each group had 60 students. Group A
will write program using Scratch and group
B will build robots in the first half of the
semester. In the second half of the semester,
group A will build robot and group B will
write programs using Scratch. In addition,
every student will work in pair to develop
communication skills through collaborative
work. Using the provided lesson guide as a
reference, each pair was asked to create a
robot that will enrich people’s lives (see
Figure 1) [16,17].

ROBOT DESIGN AND PRODUCTION TASK FLOW

Learning how to use LEGO Lesson 1
=]
Theme setting 5
Robot design Heseon: 2
]
Robot operation Lessf)n 2
Operation inspection Lagions
i)
Robot Contest Lesson 6
Presentation Lesson 7

It is allowed to continue in Lesson 2 if the student could not finish
in Lesson 1

Understanding the task in the contest, design and build the robot
that could solve the task

4

All students will prepare a presentation document and present it
in class (online or face-to-face undecided and will be done
individually)

N

Figure 1: Flow of the lesson of robot design and production
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In addition, a questionnaire was conducted
before and after each lesson to observe the
changes in students’ interests in robot
design and programming.

2.2 Created robot for class guidance
Students were explained about a
smartphone tilting robot, a tabletop cleaning
robot, and a robot that picks things in the
gaps that were prepared for guidance in
class in the first lesson. The smartphone
tilting robot is a robot that allows users to
comfortably watch animations and videos
by tilting the smartphone to their liking
when it is placed in a horizontal position
(see Figure 2).

SMARTPHONE

= ULTRASOUND SENSOR

Figure 2: Smartphone tilting robot

The program is based on Scratch, as shown
in Figure 3. By pressing the touch sensor, it
will rotate by 7 degrees upward, and by
holding your hand over the ultrasonic

sensor, it will rotate by 5 degrees downward.

Students will gain experiences regarding
various sensors, loop functions and

x>
 ® @ 2
«axr=»

Y A

Figure 3: Example of SPIKE Prime
programming

switches by observing this robot and
experiencing programming [18].

3. Educational practice through robot
design

3.1 Design and manufacture of transport
robot

After learning how to use and program
various sensors, the students were asked to
build a transport robot as shown in Figure 4.
A line tracing robot contest will be held.
The transport robot can control the drive
motor with rotary encoders, detect obstacles
with ultrasonic sensors, and perform two-
point reading line tracing using light sensors

Ultrasonic sensor

Obstacle

(a) Robot detecting obstacles by using
ultrasonic sensors

(b) Robot running by line trace using
light sensors
Figure 4: Example of created transport
robot

As shown in Figure 5 and Figure 6, the first-
year students who is taking the Project
Exercise subject class, deepened their
interest in robot design and programming
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while building line tracing robot. In
addition, a line tracing robot contest was
held in class, the score and time were
evaluated, and the winning groups were
awarded.

Figure S: Line tracing robot contest

gure 6: Picture of students enjoying the
robot contest

3.2 Presentation and mutual evaluation
among students

Students gave presentation in the class at the
end of the semester. The presentation
should include purpose, the outline of both
program and built robot and the summary of
the project. A good example of the
presentations is as shown Figure 7.

2. BHETOTS A

Figure 7: A good example of the presentations

3.3 Awards ceremony

An awards ceremony was held after the
robot contest, and certificate  of
commendation were given to the students
according to the result from evaluation. In

addition to the 1st to 3rd place winners,
there were also design award, idea award,
and department award. As shown in Figure
8, it was found that the award ceremony
increased the student motivation.
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Figure 8: Picture of awards ceremony for
the winners

4. Results and considerations
4.1 Observation of educational
effectiveness through questionnaire

Students' interests in robot design and
programming were surveyed using the four-
point scale method before and after each
lesson, and the effectiveness of the
educational program using assembly and
disassembly type robots was evaluated. The
list of questions in the questionnaire is as
follows.

Question 1: I have an interest in building robots
Question 2: I understand about robots

Question 3: Building robots is fun

Question 4: I want to build more robots
Question 5: I have an interest in programming
Question 6: I understand about programming
Question 7: Programming is fun

Question 8: I want to do more programming

56.3% in the final lesson. This effect can be

seen from the change of the mean value
shown in Table 2, with question 1 shows a
significant increase from 1.98 to 2.71 and
question 3 shows an increase from 3.22 to
3.46.

(a) Questionnare results at the beginnimg ot the class
Question 1: I have an interest in building robots

240 [ 62.0} 12020
-

Question 2: I understand about robots

Question 3: Building robots is fun

Question 4: I want to build more robots
20.0 56.0 220 20

(D) Questionnarre results at the end ol the class

Question 1: I have an interest in building robots
m o

Question 2: I understand about robots

L

Question 3: Building robots is fun ~

Question 4: T want to build more robots

Figure 9: Example of questionnaire
results conducted before and after a
lesson

Table 2: Average value of student

The result of the questionnaire is as shown questionnaires
: : Question Mean value of Mean value of
mn Flgure 9 group B in before group B in after
From the four options, [Strongly agree] is class class
quantified as 4 points, [Agree] as 3 points, (50 respondents) | (48 respondents)
Disagree] as 2 points, and [Strongl Question 1: I have an 3.08 3.13

g p ) gly

disagree] as 1 point. From the questionnaire,
the number of students who chose [Strongly
agree]| in all questions related to robots
showed a significant increase, especially for
question 2, which is [I understand about
robots] increased from 0% to 16.8%, and
the number of students who chose [Agree]
also increased significantly from 20% to
41.7%.

The number of students who found it is fun Question 7: Programming 3.3 331
to build robots in question 3 also increased Guesion S Toano @ 5 v

significantly from 32% in the first lesson to

interest in building robots

Question 2: I understand 1.98 2.71
about robots

Question 3: Building 3.22 3.46

robots is fun

Question 4: I want to 2.94 3.08

build more robots

Question 5: I have an 3.62 3.46

interest in programming

Question 6: T understand 2.44 2.73
about programming

more programming
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On the contrary, from the results of the
questionnaire related to programming, the
mean value for the question 6 showed an
increase from 2.44 to 2.73. However, there
was no significant change could be seen in
other questions.

4.2 Free description

The following are some of the answers
given by the students in the free description
box in the questionnaire. There were many
opinions with almost the same content as; |
have become more interested in
programming. Even if | failed, I tried many
times, and when I succeeded, 1 felt
rewarding. Most of the answers given have
shown good results from robot production
and programming.

e [t deepened my interest in programming.

Even if I failed, I did not give up and
tried many times, and when I succeeded,
I felt rewarding.

e | was deeply moved when I finished

building the robot because the robot did
not work well, and I had failed many
times during the production.

e Of course, it is important to make

improvement by repeating trial and error
process, but I think it is also important
look back on the program and improve it.

e [ felt a great sense of accomplishment

since | created the program from scratch
by myself.

e It was a lot of fun to make better things

by repeating trial and error process in
robot production.

5. Discussion

We planned and designed problem-solving
lessons focusing on the design, production,
and programming of assembly and
disassembly type robots, conducted a
survey about students' interests in robots
and programming through questionnaire,
and inspected the effects of educational
programs using assembly and disassembly
type robots.

In all questions related to robots, an increase
of the number of students who chose
[Strongly agree] can be seen, and in
particular, [Question 2: I understand about
robots] was increased from 0% to 16.7%
and a significant increase could be seen for
the number of students who chose [Agree]
which is from 20% to 41.7%. From this, the
effect of robot production experience in
increasing students’ confidence with their
understanding of robots can be seen.
Furthermore, the number of students who
chose [Agree] for the [Question 3: Building
robots is fun] increased significantly in the
final lecture compared to the first lecture,
which is from 32% to 56.3%. These effects
can be seen from the changes in the mean
values shown in Table 2, with a significant
increase from 1.98 to 2.71 for question 1
and from 3.22 to 3.46 for question 3.

There were some difficulties for students
who are learning robots for the first time but
the fun and excitement of collaborating and
communicating with each other through the
process of building robots can be felt. There
are also impressions in the free description
such as the enjoyment could be felt when
the robot moved even the process of
building robots was difficult, and it is
thought that the problem-solving lessons
using the autonomous robot proposed in this
research is effective. In addition, it is
thought that giving certificate of
commendation to the students at the awards
ceremony according to the results of the
robot competition held in the class has
increased student motivation.

As a countermeasure against the shortage of
human resources in the IT industry, which
is demanded around the world, several
plans have been considered such as
improving the working conditions of
engineers and importing engineers from
foreign countries, but training engineers in
each country to develop high-level IT
engineers is very important. Therefore, high
expectations for educational institutions
such as universities are increasing, and there
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is an urgent need to build an education
system to meet those expectations. I think
one of the major causes of the shortage of
engineers is that educational institutions
could not keep up with the rapid changes in
the IT industry. As technologies around the
world develop rapidly, educational
institutions such as universities need to
adopt new technologies quickly.

It may be possible to alleviate the shortage
of engineers by firmly educating unskilled
engineers at educational institutions such as
universities as a strategy against the
shortage of human resources in the IT
industry [19]. It is thought that producing
great quality engineers is possible if the
university provides appropriate education
with systematic knowledge. In addition, it is
expected that students will be able to
respond to requests and issues from clients
by wusing the knowledges, skills, and
communication skills acquired at the
university when they become members of
society.

It was found that the problem-solving
lessons proposed in this study which is
centered on robot design, production, and
programming not only enable students to
acquire the “abilities to take action”,
analytical skills and teamwork skills, but
also another educational effects such as
communication skills, presentation skills
and group discussions experiences.

6. Conclusion

In this study, we designed a programming
education plan for first year university
students and implemented practical
approaches in problem-solving lessons

using assembly and disassembly type robots.

The main conclusion of this study are as
follows:

1) We conducted a questionnaire about
students' interests in robot design and
programming before and after each lesson
and observed the impact of an educational

program using assembly and disassembly
type robots.

2) We built robots for class guidance and
conducted practical lessons including
methods of using sensors, motors, and
programming.

3) The number of students who chose

[Strongly agree] and [Agree] in all
questions related to robots in the
questionnaire increased.

4) The number of good answers for [I
understand about programming] has
increased but there was no significant
change in other questions related to
programming in the questionnaire.

5) It was found that the problem-solving
lessons proposed in this study help
students to acquire various educational
effects such as “abilities to take action”,
analytical  skills, teamwork  skills,
communication skills, presentation skills
and group discussions experiences.
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