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Effectiveness of Walking Assistance by Electric Wheelchair
with White Line Tracking Function

OF EFHW (5 K)

Tsutomu Ozaki (7 B K) ,

r A E A (R R
R (A UKD

Hideaki INOUE, Teikyo University, 1-1 Toyosatodai, Utsunomiya-shi, Tochigi

Naoya TAKAHASHI, Teikyo University, 1-1 Toyosatodai, Utsunomiya-shi, Tochigi
Tsutomu OZAKI, Teikyo University, 1-1 Toyosatodai, Utsunomiya-shi, Tochigi
Shiketsu SOU, Teikyo University, 1-1 Toyosatodai, Utsunomiya-shi, Tochigi

Key Words : Wheelchair, White line tracking, Walking assist, Stumbling, Elderly people
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Fig.1. Configuration of walking assist device
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Fig.2. Example of white line following experiment results
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Michael Melkior Kanugroho" Yuta Nakane? Taizo Otsuki? Akira Kato?

1) Teikyo University, 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

ABSTRACT: COz 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 BEV that will not have enough battery charge to reach their destination, the

purpose of this study is to make a propose for an improved method of energy efficiency of a BEV using traffic flow simulation (SUMO).

The vehicle numerical model was created using Matlab based on the vehicle used in test cycles and real driving tests. The vehicle

numerical model will be connected with SUMO and the eco-driving of BEV will be presented as an energy efficiency improvement

method.

KEY WORDS: EV and HV Systems, Electric Mileage, 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 COz 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, Simulation of
Urban Mobility)©.

In this study, concerning the range of the BEV that will not
have enough battery charge to reach their destination, the purpose
of this study is to make a propose for an improved method of
energy efficiency of a BEV using SUMO. The vehicle numerical
model was created using Matlab based on the vehicle used in test
cycles and real driving tests. The vehicle numerical model will be
connected with SUMO and the eco-driving of BEV will be

presented as an energy efficiency improvement method.

2. EXPERIMENT AND SIMULATION METHOD
2.1. Test Cycles and Real Driving Test
BEV as the specifications in Table 1 is chosen to use in the

experiment. The chosen test vehicle (Nissan LEAF ZE1) has sold
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approximately 167,000 units in Japan since December 2010 and is
representative of domestic BEVs.

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 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. In the chassis dynamometer experiment, the running
resistance value is set based on EPA (Environmental Protection
Agency) data of the used test vehicle. The test vehicle’s weight is
1530 kg and 110 kg (weight assuming two passengers) was added
in order to match the weight of the test vehicle in a real driving
test.

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 target temperature is 25°C, the vehicle 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 being 80%.

For the steady speed, WLTC, and real driving test, 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
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of the BEV by using the HV battery electric power divided by the

travel distances of the vehicle(”.

Table 1 Vehicle specifications

Vehicle Nissan LEAF (ZE1)
Motor Type AC Synchronous Permanent Magnet Motor
Motor Model Code EM57
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
Green: Rural >
Blue: Highway
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Fig. 1 Real Driving Road Test in Utsunomiya City

2.2. Vehicle Numerical Modeling

A 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 Blockset 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. BEV
model parameters are adjusted based on the test vehicle used in
the experiment (shown in Table 2). Therefore, the aim of energy
consumption differences between experiment and simulation is
below 5%. We set a 5% target value because of the chassis
dynamo test accuracy.

The experiment energy consumption results which are used to

compare the simulation results are the steady speed test, WLTC
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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.

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.

] |
[

d

FTP75 (2474 seconds)|

gn==
[

lLongitudinal Drr'ver

Controllers

Fig. 2 Powertrain Blockset

Table 2 Adjustment of BEV model parameters

Parameter Default Adjustment Information
Adjust the
d .
! Control Type Predictive Scheduled PI ynamic
Driver response of the
driver
Motor Torque (Nm) 254 320
Power (W) 80000 110000
i Capacity (Ah) 66.7 114.29 )
Batten Adjustments t
Y [initial Capacity (Ah) 66.7 80 Jm”:trc"he:h: ©
Disc Type Front&Rear: Disc | Front&Rear: Disc e
Wheels Wheel Diameter (mm) 530 631.9 of Test Vehicle
&Brakes| o o Resistance Pressure Rolling Resistance (zE1)
8 & Velocity + Air Resistance
Gear Reduction Ratio 7.9:1 8.520:1
Passenger -
car Adjustment for
Steady Vehicle
1640 Speed Test and
Mass (kg) 1200 P
WLTC Cycles
Vehicle 1710 an‘ver A) | Adjustment for
1699 (Driver B) RDE Test
Adjustments to
Frontal Area (m"2) 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 | 8 | 8 | 8 | 8 | 8 | 8 | 85
1000{71.8|71.8(71.8(78.4| 85 85 | 8 | 85 [ 8 [ 8 [ 8 | 8 | 8 | 8 | 8
2000(71.8|71.8|71.8(79.7(87.5(87.5(87.5(87.5[87.5[87.5[87.5[87.5|87.5[86.5|86.5
3000{71.8|71.8(71.8(80.9| 90 | 90 | 90 [ 90 [ 90 [ 90 [ 90 [ 90 | 83 | 83 | 88
Motor [4000|77.2|77.2(80.9|84.6| 92 | 92 | 92 [ 92 [ 92 [ 92 [ 92 [ 92 | 90 | 90 [ 90
Speed |4500|82.8 |82.8(82.8(82.8(87.9( 93 [ 93 | 93 | 93 | 92 | 92 | 92 | 90 | 90 [ 90
(RPM) [5000{82.8|82.8|82.8(82.8(87.9| 94 | 94 | 94 | 94 | 94 | 94 | 94 | 94 | 94 | 94
6000| 85 [89.2(89.2(89.2(91.6( 94 | 95 | 95 [ 95 [ 95 [ 95 [ 95 | 95 | 95 | 95
7000/ 85 |89.2/90.1/90.9/92.7/93.9| 95 | 95 | 95 | 95 | 95 | 95 | 95 | 95 | 95
8000| 85 |88.8/90.8/92.7(92.7/93.9| 95 | 95 | 95 | 95 | 95 | 95 | 95 | 95 | 95
9000/ 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

2.3. Traffic Flow Simulation (SUMO)

SUMO is an open-source, microscopic multimodal traffic
flow simulation. As a feature of SUMO, the vehicle can be
modeled explicitly, has its own route, and can move individually
through the network. By using SUMO, it is possible to model
intermodal transportation systems such as road vehicles, public

transportation, and pedestrians. It also includes support tools for
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route search, visualization, network import, emissions calculation,
etc.

The Utsunomiya City map downloaded from OpenStreetMap

(OSM) was used in this study as the driving route of the simulation.

In order to reproduce the real driving environment on the
simulation, the data ‘2015 National Road and Street Survey
Schedule”® of the Ministry of Land, Infrastructure, Transport, and
Tourism was used for traffic volume by road and time zone.

The speed limit in SUMO was set according to the legal speed
of the real driving condition. Using one vehicle as a test vehicle,
the designated test route was run and the vehicle speed data was
recorded. The acceleration and deceleration of the vehicle are
adjusted to match the vehicle speed results of the real driving
experiment. In addition, the SpeedFactor was adjusted with the
target of vehicle speed result by SUMO is matched the vehicle
speed result (average vehicle speed) in real driving (urban, rural,
and highway). The adjusted acceleration, deceleration, and
SpeedFactor parameters can be seen in Table 4. The SpeedDev
parameter was adjusted from 0.1 to 0 in order to decrease

oscillation in vehicle speed results.

Table 4 SUMO parameters

Parameter Description Default Adjusted Value
The time step which the vehicle
Depart [s] shall enter the network 0 0
Arrival Speed [m/s] The speed with which the vehicle current |0
shall leave the network
Accel [m/s"2] The acceleration ability of vehicles of this type |2.6 1.25
Decel [m/s"2] The deceleration ability of vehicles of this type [4.5 1.32
Adjusted the SpeedFactor
. - to match
The vehicl ted multiplicat .
SpeedFactor forclavl fc l: i:&‘ﬁ: multiplicator 1.0 the average vehicle speed
P Utban: 0.80, Rural: 1.15,
Highway: 0.97
SpeedDev The deviation of the SpeedFactor 0.1 0

2.4. Combination of MATLAB/Simulink and SUMO

In this study, energy consumption is calculated by connecting
SUMO with the vehicle numerical model built in Matlab (as
shown in Fig. 3). The vehicle speed generated by SUMO is input
to the vehicle model of Matlab as the target speed command. The
vehicle model can drive according to the target speed and calculate

the energy consumption‘!?),

g =

T

Traffic Simulation : SUMO

Vehicle model : MATLAB/Simulink

Fig. 3 Connection of SUMO and Matlab/Simulink

2023 JSAE Annual Congress Proceedings (Spring)

3. RESULT & DISCUSSION

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. Table 5 is a
result of energy consumption on the steady speed test. After
adjusting the motor efficiency map in simulation, the steady speed
test energy consumption shows good results and accuracy as the

differences between experiment and simulation are below 5%.

Table 5 Energy consumption comparison of

steady speed test between experiment and simulation

Speed  |Experiment | Simulation | difference

knmvh 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. Table 6 is the WLTC result of energy consumption
between experiment and simulation in urban, rural, highway, and
combination. Table 6 shows good results and accuracy as a good
calculation was obtained. In the WLTC, the regeneration braking
process can be seen in Fig. 4, Fig. 5, and Fig. 6. The HV battery
electric power shows negative results at certain points, it can be

understood as the regenerative braking process of the BEV.

Table 6 Energy consumption comparison of WLTC

between experiment and simulation

Experiment | Simulation | Difference
WLTC M
CMode |~ Wikm | Wivkm %
Urban 118.21 111.84 -5.69%
Rural 114.91 117.01 1.80%
Highway 136.13 139.16 2.17%
Combine 125.71 126.49 0.61%
60000 200
% 40000 :: _
E 20000 WE
2 120 5
é 0 100 E’%’
E oo o 00 200 3 400 500 80 ﬁ
2 0 g
= 40
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80000 Time(s) 0
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Fig. 4 HV Battery Electric Power Comparison

Between Experiment and Simulation in Urban of WLTC
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Fig. 6 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). The energy
consumption and HV battery electric power of real driving test
results can be seen in Table 7 and Table 8 of Driver A and Table
9 and Table 10 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 difference
between the experiment and simulation is below 5%. However,
the results of energy consumption differences between the
experiment and simulation from urban, highway, and combination
of all phases are above 5%.

For an urban area, the HV battery electric power result of
simulation is lower than experiment. For the HV battery electric
power in the urban area of Driver A, as we can see in Table 8, the
simulation has a difference of -15.12% compared to the
experiment. For the HV battery electric power in the urban area of
Driver B, as we can see in Table 10, the simulation has a difference
of -11.42% 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 the highway area, the simulation

was run using only vehicle speed data from the experiment and

2023 JSAE Annual Congress Proceedings (Spring)

doesn’t encounter the hill and slope (gradient resistance) in the
real driving condition. The gradient resistance can affect the
amount of electric power used by the electric motor to run the
vehicle. As can be seen in Table 8 of Driver A and Table 10 of
Driver B, in the highway area, the vehicle model in 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 the energy from the
gradient resistance is 255.82 Wh. For Driver B, the gradient
resistance result is 84.796 N and the 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 can be seen in Table 11, the
difference between experiment and simulation in the highway area
of Driver A is 1.55% and Driver B is 3.06%. Table 11 shows a
good result since the difference between experiment and
simulation is below 5%.

Since the vehicle numerical model of simulation shows good
results and accuracy in rural and highway areas, we conclude the
vehicle numerical model created this time can be used in our

research work.

Table 7 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 8 Real driving test HV battery electric power comparison

between experiment and simulation of Driver A

Experiment| Simulation | Difference
Phases

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%

Table 9 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%
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Table 10 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%
Highway | 2179.86 | 1994.41 | -9.30%
Combine | 3900.82 | 362641 | -7.57%

Phases

Table 11 Fixed Value using Gradient Resistance of HV Battery
Electric Power 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) =mXgX sin® (4- 1)
Energy (]) = Fgradient resistanceA X Distance (4-2)

3.4. Influence of Acceleration on Energy Consumption

In order to analyze the effect of acceleration on energy
consumption using simulation. The acceleration parameter of
SUMO, which the base is 1.25 m/s?, decreased by 50% to 0.625
m/s? and increased by 50% to 1.875 m/s>. After changing the
acceleration parameter, the simulation was run and the energy
consumption was calculated and shown in Fig. 7 to Fig. 9. The
average speed, time, idle time ratio, etc of each area from the
simulation results can be seen in Table 12 to Table 14.

In urban, as can be seen in Fig. 7, decreasing acceleration by
50% from 1.25 m/s? to 0.625 m/s? increased energy consumption
by 2.29%. The reason for this difference is because during low
acceleration, the adjusted motor efficiency map showed low
efficiency, and the electric motor needs to consume higher electric
power to overcome the acceleration resistance. The total electric
power consumption of HV battery is increased, as can be seen in
Table 15, the total electric power consumption is increased by
2.14%. When acceleration is increased by 50%, the energy
consumption increased by 2.91%. The reason for this difference is
because the vehicle needs to overcome higher acceleration
resistance, and the electric motor consumes higher electric power
to run the vehicle as can be seen in Table 15, the total electric
power consumption is increased by 3.02%.

In rural, as can be seen in Fig. 8, decreasing acceleration by
50%, increased energy consumption by 3.33%. The reason for this
difference is because during low acceleration, the adjusted motor
efficiency map showed low efficiency, which the electric motor
need to consume higher electric power overcome acceleration
resistance. The total electric power consumption of HV battery is
increased, as can be seen in Table 15, the total electric power

consumption is increased by 3.23%. Increased acceleration by
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50%, the energy consumption improved by 5.57%. Even though,
the vehicle needs to overcome acceleration resistance, the motor
efficiency shows higher efficiency during high acceleration. As
can be seen in Table 15, the total electric power consume by
electric motor decreased by 5.80%.

In highways, as can be seen in Fig. 9, decreasing
acceleration by 50% improved energy consumption by 0.23%, and
increasing by 50% improved energy consumption by 0.37%. The
change in energy consumption is small. The reason for small
energy consumption difference is due to there are no traffic lights

on the highway which cause less acceleration and deceleration.
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Table 12 Real driving urban simulation results

in different acceleration

Accel 0.625 (m/s"2) | Accel 1.25 (m/s"2) | Accel 1.875 (m/s"2)

Energy Consumption (Wh/km) 105.01 2.29% 102.60 105.68 | 2.91%
Average Vehicle Speed (km/h) 18.80 | -14.41% 21.51 21.68 0.77%
Time (Sec) 1475.00 | 13.29% 1279.00 1279.00 | 0.00%
Stop amount at traffic light 11 11 11

Idle time ratio 25.50% 21.00% 23.00%
Cruise time ratio 63.80% 59.10% 52.00%
Acceleration time ratio 1.70% 10.90% 12.30%
Deceleration time ratio 8.90% 9.10% 12.70%

Table 13 Real driving rural simulation results

in different acceleration

Accel 0.625 (m/s"2) | Accel 1.25 (m/s*2) | Accel 1.875 (m/s"2)
Energy Consumption (Wh/km) 136.51 3.33% 131.96 124.99 | -5.57%
Average Vehicle Speed (km/h) 29.11 | -24.01% 36.10 39.50 8.60%
Time (Sec) 858.00 | 23.89% 653.00 591.00 | -10.49%
Stop amount at traffic light 7 6 5
Idle time ratio 20.50% 11.47% 8.30%
Cruise time ratio 60.50% 45.72% 48.80%
Acceleration time ratio 3.60% 24.30% 20.10%
Deceleration time ratio 15.40% 18.50% 22.80%

Table 14 Real driving highway simulation results

in different acceleration

Accel 0.625 (m/s"2)| Accel 1.25 (m/s"2) | Accel 1.875 (m/s"2)

Energy Consumption (Wh/km) 167.27 | -0.37% 167.88 167.49 | -0.23%
Average Vehicle Speed (km/h) | 80.75 | -3.68% 83.72 84.63 1.08%
Time (Sec) 526.00 | 3.23% 509.00 506.00 | -0.59%
Idle time ratio 0.20% 0.20% 0.20%
Cruise time ratio 93.40% 87.10% 80.10%
Acceleration time ratio 0.90% 7.30% 10.10%
Deceleration time ratio 5.50% 5.50% 9.70%

Table 15 Real driving HV battery electric power consumption

simulation results in different acceleration

Phase Accel 0.625 nv/s”2 | Difference | Accel 1.25 nvs*2 | Accel 1.875 nvs*2 | Difference
Wh % Wh Wh %
Urban 837.90 2.14% 819.96 845.48 3.02%
Rural 954.56 3.23% 923.78 873.17 -5.80%
Highway 2030.40 -0.34% 2037.31 2032.40 -0.24%

3.5. Influence of Maximum Vehicle Speed on Energy

Consumption

In order to analyze the effect of maximum vehicle speed on
energy consumption using simulation, the SpeedFactor parameter
of SUMO, which the base was 0.80 for urban, 1.15 for rural, and
0.97 for highway, was changed by 10% increase and decrease.
After changing the SpeedFactor parameter, the simulation was run
and the energy consumption was calculated and shown in Fig. 10
to Fig. 12. The average speed, time, idle time ratio, etc of each
area from the simulation results can be seen in Table 16 to Table
18.

In urban, as can be seen in Fig. 10, energy consumption
increased by 0.67% when the maximum vehicle speed decreased
by 10%. The reason for this small difference is because the stop
amount at traffic lights is increased to 14 as can be seen in Table
16 and during low vehicle speed, the adjusted motor efficiency

map showed low efficiency, the electric motor consumes higher
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electric power to run the vehicle. However, the air resistance is
decreased due to lower average vehicle speed. The difference in
total electric power consumption can be seen in Table 19 is small,
the total electric power consumption increased by 0.72%. When
the maximum vehicle speed is increased by 10%, energy
consumption is increased by 6.73%. The reason is because the air
resistance is increased. The electric motor consumes higher
electric power to run the vehicle as can be seen in Table 19, the
total electric power consumption is increased by 6.68%.

In rural, as can be seen in Fig. 11, decreased maximum
vehicle speed by 10% will improve energy consumption by 7.14%.
The reason for this difference because the air resistance is lower
and the electric motor doesn’t need to consume higher electric
power to run the vehicle as can be seen in Table 19, the total
electric power consumption is decreased by 7.76%. Energy
consumption improved by 1.18% when the maximum vehicle
speed increased by 10%. Even though, the vehicle needs to
overcome air resistance, the motor efficiency of the vehicle
numerical model shows higher efficiency. As can be seen in Table
19, the total electric power consume by electric motor decreased
by 1.42%.

In highway, as can be seen in Fig. 12, energy consumption
is improved by 13.34% when the maximum vehicle speed is
decreased by 10%. The reason for this difference because the air
resistance is lower and the electric motor doesn’t need to consume
higher electric power to run the vehicle as can be seen in Table 19,
the total electric power consumption is decreased by 13.57%. The
energy consumption is increased by 12.42% when the maximum
vehicle speed is increased by 10%. The reason is because the
vehicle need to overcome higher air resistance. The electric motor
is consumed higher electric power to run the vehicle as can be seen
in Table 19, the total electric power consume by electric motor
increased by 12.20%.
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140.00
12000 10329 110.01

T 6.73%
100.00

T 0.67% 102.60

80.00
60.00
40.00
20.00

Energy Consumption (Wh/km)
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0.72 0.80 0.88

SpeedFactor (default=0.80)

Fig. 10 Influence of Maximum Vehicle Speed

on Energy Consumption in Real Driving Urban
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Fig. 11 Influence of Maximum Vehicle Speed

on Energy Consumption in Real Driving Rural
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Fig. 12 Influence of Maximum Vehicle Speed

on Energy Consumption in Real Driving Highway

Table 16 Real driving urban simulation results

in different maximum vehicle speed

Speed Factor 0.72 | Speed Factor 0.80 Speed Factor 0.88
Energy Consumption (Wh/km) 103.29 | 0.67% 102.60 110.01 6.73%
Average Vehicle Speed (km/h) 18.76 [ -14.63% 21.51 20.02 -7.41%
Time (Sec) 1487.00 | 13.99% 1279.00 1371.00 | 6.71%
Stop amount at traffic light 14 11 12
Idle time ratio 25.70% 21.00% 30.60%
Cruise time ratio 55.80% 59.10% 46.50%
Acceleration time ratio 10.10% 10.90% 12.30%
Deceleration time ratio 8.40% 9.10% 10.60%

Table 17 Real driving rural simulation results

in different maximum vehicle speed

Speed Factor 1.035 | Speed Factor 1.15 | Speed Factor 1.265
Energy Consumption (Wh/km) 123.16 | -7.14% 131.96 130.42 | -1.18%
Average Vehicle Speed (km/h) 34.44 -4.85% 36.10 35.30 -2.27%
Time (Sec) 684.00 | 4.53% 653.00 662.00 | 1.36%
Stop amount at traffic light 6 6 6
Idle time ratio 15.30% 11.47% 11.16%
Cruise time ratio 52.10% 45.72% 45.70%
Acceleration time ratio 19.00% 24.30% 23.50%
Deceleration time ratio 13.60% 18.50% 19.60%

Table 18 Real driving highway simulation results

in different maximum vehicle speed

Speed Factor 0.873| Speed Factor 0.97 | Speed Factor 1.067
Energy Consumption (Wh/km) 147.79 |-13.34% 167.51 191.27 | 12.42%
Average Vehicle Speed (km/h) 75.71 |-10.66% 83.78 91.15 8.09%
Time (Sec) 562.00 | 9.43% 509.00 467.00 | -8.99%
Idle time ratio 0.20% 0.20% 0.20%
Cruise time ratio 88.30% 87.10% 83.80%
Acceleration time ratio 6.60% 7.30% 9.20%
Deceleration time ratio 5.00% 5.50% 6.80%
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Table 19 Real driving HV battery electric power consumption

simulation results in different maximum vehicle speed

SpeedFactor Difference SpeedFactor SpeedFactor Difference
Phase Decreased by 10% % Base value Increased by 10% %
SpeedFactor |  Wh SpeedFactor | Wh [ SpeedFactor | Wh
Urban 0.72 82592 | 0.72% 0.80 819.96 0.88 878.67| 6.68%
Rural 1.035 857.22 | -7.76% 115 923.78 1.265 910.80 | -1.42%
Highway 0.873 1793.86 | -13.57% 0.97 203731 1.067 23204 12.20%

4. CONCLUSION
The BEV numerical model was constructed using simulation
and the accuracy was verified. Furthermore, in combination with

SUMO, the actual driving of the vehicle was reproduced by

simulation, and as a result of changing the acceleration and

maximum vehicle speed, the following was found.

1. The vehicle numerical model shows good results and accuracy
of energy consumption in the steady speed and WLTC test
since the difference between experiment and simulation is
under 5%. Therefore, for the WLTC test in an Urban area, a
decent result was obtained from simulation.

2. The real driving test results in an urban area of Driver A and
Driver B in energy consumption, showed a difference above
5% between experiment and simulation. 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. In
highway areas, the simulation doesn’t calculate the gradient
resistance and 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%.

3. As the result of changing acceleration in the real driving test
of simulation, increasing the acceleration by 50% in rural
areas will improve energy consumption by 5.57%.

4. As aresult of changing the maximum vehicle speed in the real
driving test of simulation, in rural areas, decreasing maximum
vehicle speed by 10%, improved the energy consumption by
7.14%, and in highway areas, decreasing maximum vehicle
speed by 10%, improved the energy consumption by 13.34%.
So, by not unnecessarily increasing vehicle speed would
effectively improve energy consumption in rural and highway
areas.

For the eco-driving of BEV as an energy efficiency
improvement method, in rural areas increasing acceleration and
not unnecessarily increasing vehicle speed will improve energy

consumption. In highway areas, not unnecessarily increasing
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vehicle speed in high-speed driving would be effective to improve

energy consumption.
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ABSTRACT: With the goal of achieving carbon neutral by 2050, passenger vehicles are shifting from Internal Combustion Engine (ICE)
vehicle to Battery Electric Vehicle (BEV). However, BEV has issues, such as limited range, long charging time, lack of charging stations,

and high cost. In this study, we conducted a mode tests on Chassis Dynamometer (CD) and real driving tests in Utsunomiya city using a
BEV under outside air temperature conditions of 5°C, 20°C, and 35°C with or without an Air Conditioner (AC). The purpose of this
study is to analyze the effects of different outside air temperatures and whether AC used or not used to the energy consumption of BEV

on actual road. Therefore, the energy consumption characteristic from experiment will be investigated and analyzed, and the eco-driving

of BEV will be presented as an energy efficiency improvement method.

KEY WORDS: EV and HYV systems, state of charge (SOC), real drive emission (A3)

1. INTRODUCTION AND RESEARCH PURPOSE

Nowadays, the world has to deal with three matters such as
air pollution, global warming, and energy crisis(!). Concerning
global warming, GHG (Green House Gasses) emissions reduction
in transportation sector such as automobiles is necessary®. In
addition, to minimize the harmful effects of climate change. The
Paris Agreement in 2015 aimed to maintain the earth temperature
rise to be below 2°C, but allowing the temperature rise below 2°C
would still be insufficient to reduce the harmful effects of climate
change. COP26 in 2021, agreed to maintain the earth temperature
rise below 1.5°C and to achieve it, the realization of carbon neutral
in 2050 is necessary, passenger vehicles are shifting from ICE
vehicle to BEV®), However, BEV has issues, such as limited range,
long charging time, lack of charging stations, and high cost®.

In previous studies, experiment was conducted using
gasoline vehicle and 2 Motor Hybrid Vehicle (2MHV). For
gasoline vehicle, in real driving of urban and rural areas,
increasing cruise time frequency and decreasing acceleration time
frequency are effective to improve fuel consumption. On real
driving of highway areas, it is effective to improve fuel
consumption by not increasing vehicle speed unnecessarily during
high-speed driving®. For 2MHYV, in real driving on highway area,
it is possible to improve fuel consumption by reducing vehicle
speed as at high-speed driving®.

In addition, the simulation model of BEV was constructed
and the energy efficiency improvement method for BEV on real
driving using vehicle numerical modeling and traffic flow
simulations (SUMO, Simulation of Urban Mobility) was proposed.
For the eco-driving of BEV as an energy efficiency improvement

method, in rural area increasing acceleration and not unnecessarily
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increasing vehicle speed will improve energy consumption. In
highway area, not unnecessarily increasing vehicle speed in high-
speed driving would be effective to improve energy consumption.
By decreasing the maximum vehicle speed in rural and highway
areas, the travel distance of BEV increased by 23 km and a
difference of 8.90% from the calculated WLTC travel distance(?.

In this study, we conducted a mode tests on CD and real
driving tests in Utsunomiya City using a BEV under outside air
temperature conditions of 5°C, 20°C, and 35°C with or without an
AC. The purpose of this study is to analyze the effects of different
outside air temperatures and whether AC used or not used to
energy consumption of BEV on actual road. Therefore, energy
consumption characteristic from experiment will be investigated
and analyzed, and the eco-driving of BEV will be presented as an
energy efficiency improvement method. The eco-driving method
results from experiment will be compare and analyzed with
simulation results from previous study. The differences of eco-

driving method from experiment and simulation will be presented.

2. EXPERIMENT METHOD
2.1. Test Vehicle
BEV as the specifications in Table 1 is chosen to use in the
experiment. The chosen test vehicle (Nissan Leaf ZE1) has been
sold approximately 167,000 units in Japan since December 2010

and is a representative of domestic BEV.
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Table 1 Vehicle Specifications

Drive system FF
Length (m) 4.48
Width (m) 1.79
Full height (m) 1.54
Vehicle weight (kg) 1,530
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 (JCO8 mode)

Energy consumption (Wh/km)

Travel distance per full battery (km)

2.2. Chassis Dynamometer Tests

Mode tests of steady speed and WLTC tests were conducted
using CD. In addition, an external diagnostic device (HDM9000
made by Hitachi Astemo) is used for real-time measurement
method, it is connected to OBD port of test vehicle. Measured
parameters such as High-Voltage (HV) battery voltage, HV
battery amphere, logging time, and travel distance are used to
calculate energy consumption of BEV. We calculate energy
consumption of BEV by using Eq. 2.1 to 2.2.

According to WLTC regulations, the vehicle weight +
100kg + luggage weight multiplied by loading ratio (15% for
passenger cars, 28% for small trucks) are set as weight of the test
vehicle. However, in this CD tests, the vehicle weight + 110 kg
(weight assuming two passengers) used in the JCO8 mode tests

were set as weight of the test vehicle.

n

Pr = Z(Vi X A; X Int;) .1
i=1
P

E,=-L (2.2)
Lt

n : Amount of data measured by external diagnosis device
Pr : Total electric power (Wh)

V : HV battery voltage (V)

A : HV battery current (A)

Int : Logging time interval (h)

Lr : Total travel distances (km)

Ei : Energy consumption (Wh/km)

2.2.1.Steady Speed Test

Steady speed tests were conducted at specific vehicle speed
of 40 km/h, 60 km/h, 80 km/h, 100 km/h, and 120 km/h. As shown
in Table 2, tests were conducted under temperature conditions of

5°C, 20°C, and 35°C while maintaining specific vehicle speed.
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The test vehicle was run on a CD for about 1 minute with a
total of 15 patterns of AC on and off. For AC on, the target
temperature inside the cabin was set to 25°C, and the vehicle will

adjust the temperature inside the cabin automatically.

Table 2 Steady Speed Tests

Outside air temperature Vehicle speed (km/h)
©C) AC
40 60 80 100 120

ON

5 . . . . .
OFF

20 OO;\}I: . . . . .

35 (())[-3\1]: . . . ° .

2.2.2.WLTC Tests

The WLTC tests in Japan are divided into Low, Medium,
and High. Low assumes driving in urban areas where traffic lights
and traffic jams occur, Medium assumes rural areas that are not
much affected by traffic lights, and High assumes driving on
highways. In this test, outside air temperature was set to 5°C, 20°C,
and 35°C with AC system on (set to 25°C) and off at each outside

air temperature.

2.3. Real Driving Tests

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 tests were conducted in summer,
autumn, and winter. In summer and winter, AC system is used,
and target temperature is 25°C, the vehicle will adjust temperature
inside the cabin automatically. In autumn, AC system is not used.
An external diagnosis tool (HDM9000) was used during
experiment for real-time measurement and energy consumption

calculation is same as CD tests.
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Fig. 1 Real Driving Road Test in Utsunomiya City
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3. EXPERIMENT RESULT

3.1. Steady Speed Tests

Table 3 shows energy consumption results of steady speed
tests. At each outside air temperature, higher the vehicle speed,
energy consumption is increased. The lowest energy consumption
result is 74 Wh/km, when outside air temperature is 35°C, the
vehicle speed is 40 km/h, and AC off. The highest energy
consumption result is 268 Wh/km, when outside air temperature
is 5°C, the vehicle speed is 120 km/h, and AC on. Comparing
energy consumption when using AC system, the results show that
energy consumption is higher when using AC on heating mode
(outside temperature is 5°C) rather than when using on cooling

mode (outside temperature is 35°C) at all vehicle speeds.

3.3. Real Driving Tests

Table 5 shows energy consumption for Driver A and B of
real driving tests in summer with AC on (cooling mode). Table 6
shows energy consumption for Driver A and B of real driving tests
in autumn with AC off. Table 7 shows energy consumption for
Driver A and B of real driving tests in winter with AC on (heating
mode). The outside air temperature data was obtained from
information published by Japan Meteorological Agency®.

Regarding energy consumption, the lowest result is 102
Wh/km at rural area of Driver B in autumn. The highest result is

189 Wh/km at highway area for Drivers A and B in winter.

Table 5 Energy Consumption of Real Driving Tests on Summer

with AC On
Table 3 Energy Consumption of Steady Speed Tests Date 202288 | 2022822 | Average
Outside air temperature (°C) S 20 | 35 Driver A B
AC OFF | ON | OfF | ON | OFF | ON
Vehicle speed Weather Cloudy Cloudy

40 kmv/h
(Wh/km‘) 92 148 81 85 74 128 Outside Air Temperature (°C) 32.1 28.3 30.2
60 km/h
(Wivkm) 120 146 106 106 95 125 Urban (Wh/km) 187 171 179
80 km/h
(Wh'km) 154 168 137 138 126 149 Rural (Wh/km) 159 148 154
100 km/h Highway (Wh/km 166 163 165
Wik 198 209 181 179 169 189 ighway ( )
120 km/h
Wikam) 257 268 241 240 232 248

3.2. WLTC Tests

Table 4 shows energy consumption results of the WLTC
tests. In urban area with an outside air temperature of 35°C, the
lowest result for energy consumption is 109 Wh/km when AC off
and the highest result is 201 Wh/km when use AC on cooling
mode. In urban area with an outside air temperature of 20°C, the
energy consumption is 118 Wh/km rather AC on or off, which was
a same result.

Comparing energy consumption in all areas, when AC off,
the lowest results of energy consumption are obtained when
outside air temperature is 35°C, and the highest results are
obtained when outside air temperature is 5°C. This is thought to
be caused by rolling resistance of tires increased due to the
temperature drop. The temperatures drop also effect battery and
motor temperature, more electric power was used for temperature

adjustment.

Table 4 Energy consumption of WLTC Tests

Outside air 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
Combine (Wh/km) 135 165 126 128 119 164
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Table 6 Energy Consumption of Real Driving Tests on Autumn

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

Table 7 Energy Consumption of Real Driving Tests 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. DISCUSSION
4.1. Average Vehicle Speed and Energy Consumption
In conducting analysis, the unit of energy consumption was
converted from Wh/km to km/kWh by using Eq. 4.1, following
fuel efficiency unit of gasoline vehicles.
Fig. 2 shows relationship between average vehicle speed and

energy consumption in each area of WLTC and real driving tests
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with AC off. We set correlation coefficient at +£0.5, positive
correlation is 0.5 or more and negative correlation is -0.5 or less.
From Fig. 2, the correlation coefficient between BEV energy
consumption and average vehicle speed ranges in urban and rural
areas is 0.74, indicating a positive correlation. In addition, the
coefficicent correlation in rural and highway areas is -0.98,
indicating a negative correlation. From these results, it was found
that BEV energy consumption improves as average vehicle speed
increases in urban and rural areas. Energy consumption increased
as vehicle speed increases at high speed driving in highway area.
From above, it is found that driving in urban and rural areas
at an average vehicle speed of around 30 to 40 km/h is effective in

improving energy consumption of BEV, and lowering vehicle

speed in highway area is effective to improve energy consumption.

_ Lyx1000

E
2 Pr

@1

E> : Energy consumption (km/kWh)
Pr : Total electric power (Wh) from Eq. 2.1

Lr : Total travel distances (km)
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Fig. 2 Energy Consumption of WLTC and Real Driving Tests

4.2. Driving Condition and Energy Consumption

The relationship between acceleration and deceleration time
frequency and energy consumption is analyzed. Acceleration and
deceleration judgement value is set to 0.3 m/s%, when vehicle
acceleration is 0.3 m/s? or more, vehicle is accelerates. When it is
-0.3 m/s? or less, vehicle is decelerates. When brake switch is on
and vehicle speed is 0 km/h was defined as idling. Acceleration
within -0.3 to 0.3 m/s? with vehicle speed over 1 km/h was defined
as cruising. Tables 8 to 13 show time frequencies of acceleration,
deceleration, idle, and cruise in WLTC and real driving tests.

Fig. 3 shows the correlation coefficients between time
frequency of acceleration, cruising, and idling, to the energy
consumption of BEV, and fuel consumption of gasoline vehicle
and 2MHV in WLTC and real driving tests with AC off in urban
and rural areas.

Regarding the correlation between acceleration time

frequency, energy consumption, and fuel consumption, the
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correlation coefficient for gasoline vehicles is -0.65, indicating a
negative correlation, but no correlation for 2MHV and BEV. The
reason for this is thought to be the frequency of regenerative
braking increases relatively with increase in acceleration time
frequency in 2MHV and BEV, and electric power is regenerated
during deceleration.

Regarding the correlation between deceleration time
frequency, energy consumption, and fuel consumption, the
correlation coefficient for gasoline vehicle is -0.75, indicating a
negative correlation, while the correlation coefficient for BEV is
0.57, indicating a positive correlation. For 2MHV, the correlation
coefficient is 0.29 as there is no correlation. From this, it was
found that regenerative braking of BEV has a stronger effect on
energy consumption compare to 2MHYV on fuel consumption.

Regarding the correlation between idling time frequency,
energy consumption, and fuel consumption, there are no
correlation for gasoline vehicles and 2MHYV, but the correlation
coefficient for BEV is -0.85, indicating a strong negative
correlation. The reason for this is presumed to be that electric
power was used to adjust the temperature of the battery and motor
while vehicle was stopped.

Regarding the correlation between cruise time frequency,
energy consumption, and fuel consumption, there was no
correlation for 2MHYV, but the correlation coefficient for gasoline
vehicles is 0.74 and for BEV is 0.91, indicating a positive
correlation between gasoline vehicle and BEV.

Comparing with previous study, for gasoline vehicle, in real
driving of urban and rural areas, increasing cruise time frequency
and decreasing acceleration time frequency are effective to
improve fuel consumption. For BEV, it was found that reducing
idling time frequency, and increasing cruise time frequency are

effective to improve energy consumption in urban and rural areas.

Table 8 Time Frequency of WLTC Tests at 5°C

Temp.| AC Phase |Acceleration (%)|Deceleration (%)| Idle (%) |Cruise (%)
WLTC-L 19.0 18.8 242 38.0
AC OFF | WLTC-M 22.0 20.4 10.8 46.7
WLTC-H 18.2 16.7 2.7 62.4
5°C
WLTC-L 19.0 18.5 242 38.4
ACON | WLTC-M 222 20.3 10.8 46.7
WLTC-H 18.2 17.6 2.1 62.1
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Table 9 Time Frequency of WLTC Tests at 20°C

Temp.| AC Phase |Acceleration (%)|Deceleration (%)| Idle (%) |Cruise (%)
WLTC-L 21.6 15.4 24.0 39.0
AC OFF | WLTC-M 223 222 10.5 449
WLTC-H 17.9 16.2 2.0 63.9
20°C
WLTC-L 18.4 18.9 23.8 39.0
ACON | WLTC-M 232 21.1 10.8 45.0
WLTC-H 183 17.7 6.8 572
Table 10 Time Frequency of WLTC Tests at 35°C
Temp.| AC Phase |Acceleration (%)|Deceleration (%)| Idle (%) |Cruise (%)
WLTC-L 19.0 18.9 24.4 37.7
AC OFF | WLTC-M 21.6 20.4 10.7 473
WLTC-H 18.5 17.4 2.0 62.1
35°C
WLTC-L 18.4 19.4 25.0 37.2
ACON | WLTC-M 22.0 20.3 10.8 46.9
WLTC-H 18.3 16.7 33 61.6

Table 11 Time Frequency of Real Driving Tests on Summer

Driver Phase [Acceleration (%)|Deceleration (%)| Idle (%) |Cruise (%)
Urban 17.5 14.9 327 349
A Rural 13.9 14.2 19.6 522
Highway 4.7 5.8 0.1 89.5
Urban 16.3 14.8 35.0 33.8
B Rural 19.2 14.8 223 43.7
Highway 9.5 15.1 0.1 75.4
Table 12 Time Frequency of Real Driving Tests on Autumn
Driver Phase |Acceleration (%)|Deceleration (%)| Idle (%) |Cruise (%)
Urban 14.4 12.3 37.7 35.6
A Rural 20.6 19.1 13.0 473
Highway 32 4.5 1.4 90.9
Urban 15.6 13.1 32.6 38.7
B Rural 15.0 16.7 10.1 58.1
Highway 7.5 6.6 1.2 84.6
Table 13 Time Frequency of Real Driving Tests on Winter
Driver Phase [Acceleration (%)|Deceleration (%)| Idle (%) |Cruise (%)
Urban 18.3 15.1 34.1 324
A Rural 18.3 17.5 27.9 36.3
Highway 7.1 8.9 0.8 832
Urban 16.3 14.6 35.6 334
B Rural 13.1 11.8 273 47.8
Highway 10.2 8.0 1.1 80.7
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Fig. 3 Comparison of Gasoline, 2MHV, and BEV
Correlation Coefficient in Urban and Rural Areas
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4.3. Effect of Using AC on Energy Consumption

Fig. 4 shows the relationship between the reduction rate of
energy consumption and the outside air temperature. The WLTC
tests energy consumption result with AC off at an outside air
temperature of 20°C in each area is choosed as a reference. In
WLTC tests, the highest reduction rate in energy consumption
when using AC on cooling mode is 41% in urban area with an
outside air temperature of 35°C (shown in Table 14). The highest
reduction rate in energy consumption when using AC on heating
mode is 38% in urban area with an outside air temperature of 5°C
(shown in Table 14). The reduction rate of energy consumption of
BEV when using AC on cooling and heating mode is almost the
same. It was found that the reduction rate in energy consumption
due to the use of AC in urban area is greater than in the rural and
highway areas. The reduction rate in energy consumption when
using AC on cooling mode from the highest are urban, rural, and
highway.

Working principles of AC system on heating mode of
gasoline and Hybrid Electric Vehicle (HEV) are different
compared to BEV. Heating system of gasoline and HEV are using
released heat from engine coolant to warm the vehicle cabin.
However, in BEV different characteristics was shown. When AC
system of BEV is used for heating mode, the PTC heater works
simultaneously in addition with AC compressor. AC compressor
and PTC heater of BEV are directly used electric power from HV
battery, it can effect energy consumption and travel distance
results.

The travel distance on a single charge is calculated from the
energy consumption result of the WLTC tests using Eq. 4.2. The
travel distance results are shown in Fig. 5 for an outside air
temperature of 5°C, Fig. 6 for an outside air temperature of 20°C,
and Fig. 7 for an outside air temperature of 35°C. The longest
travel distance on a single charge is 367 km in urban area with an
outside air temperature of 35°C and AC off.

Comparing the reduction rate in travel distance on single

charge in all WLTC areas (combination), when use AC on heating
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mode (outside air temperature is 5°C), the reduction rate is 17.7%
and when use AC on cooling mode (outside air temperature is
35°C), the reduction rate is 27.4%. It was found that the reduction
rate of the travel distance is higher when use AC on cooling mode

rather than when use AC on heating mode.

Travel Distance (km) — (BEV Battery Capacity (40 kWh)) (42)

Energy Consumption (Wh/km)

—s—Urban = Rural —= Highway
45%
40%
35%
30%

10%

v
=X

0%

Energy Consumption Difference (%)
=N
w o wun
}E R

0 5 10 15 20 25 30 35 40
Outside Air Temperature (°C)

Fig. 4 Energy Consumption Reduction Rate Using AC
in WLTC and Real Driving Tests

Table 14 Energy Consumption of WLTC Tests at Difference
Outside Air Temperature with AC On and Off

Outside air temperature (°C) 5 Difference 20 Difference 35
AC ON — OFF <t ON
Urban (Wh/km) 190 -38% 118 -41% 201
Rural (Wh/km) 151 -24% 115 -24% 151
Highway (Wh/km) 164 -17% 136 -13% 156
Combine (Wh/km) 165 -24% 126 -23% 164
450
400
36.4%
= 15.9%
£ 350 17.7%
~ 300 9.6%
3 —
< 250
2
a 200
E 150
o
= 100
50
0
Urban Rural Highway = Combination

B 5°C AC/OFF  m5°C AC/ON

g. 5 Travel Distance of WLTC Tests at 5°C
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Fig. 6 Travel Distance of WLTC Tests at 20°C
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Fig. 7 Travel Distance of WLTC Tests at 35°C

4.4. Comparison of BEV ECO-Driving Method between
Experiment and Simulation
4.4.1 Average Vehicle Speed and Energy Consumption
Regarding the relationship between average vehicle speed
and energy consumption of WLTC and real driving tests with AC
off in urban and rural areas. For experiment results, it was found
that in BEV, when average vehicle speed increases except for high
speeds driving, energy consumption improves. Therefore, for eco-
driving method of BEV as energy efficiency improvement method,
it is effective to increase vehicle speed in urban and rural areas.
The experiment results are different compare to the
simulation results. In simulation results, it is effective to improve
the energy consumption by reducing vehicle speed in rural areas.
The different is though to be the vehicle numerical model which
is run in traffic flow simulation have tendency to cruising,

meanwhile in experiment, vehicle speed is always changed.

4.4.2 Vehicle Acceleration and Energy Consumption

Regarding the relationship between acceleration frequency
and energy consumption of WLTC and real driving tests with AC
off in urban and rural areas. For experiment results, there is no
correlation in BEV between acceleration time frequency and
energy consumption.

The experiment results are different compare to the
simulation results. In the simulation results, the energy
consumption is improved during high acceleration in rural area. In
rural area during high acceleration, the electric motor from vehicle
numerical model in simulation has a tendency to operate at high
efficiency areas in motor efficiency map. The vehicle consumed

lower electric power to run.

5. CONCLUSION
As a result of conducting mode and real drivng tests using
BEV, the following things were found.
1. Regarding the correlation between average vehicle speed and
energy consumption in WLTC and real driving tests with AC

off in urban and rural areas, it was found that in BEV,
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increases vehicle speed in urban and rural areas, will improves
energy consumption.

2. Regarding the correlation between acceleration time
frequency and energy consumption in WLTC and real driving
tests with AC off in urban and rural areas, there is no
correlation in BEV between acceleration time frequency and
energy consumption. The reason for this is thought to be that
BEV uses regenerative braking relatively more frequently
when acceleration frequency increases, similar to 2MHV.

3. Regarding the correlation between deceleration time
frequency and energy consumption in WLTC and real driving
tests with AC off in urban and rural areas, the correlation

coefficient between deceleration time frequency and energy

consumption for BEV is 0.57, indicating a positive correlation.

From this, it was found that regenerative braking of BEV has
a strong effect on energy consumption.

4. Regarding the correlation between idle time frequency and
energy consumption in WLTC and real driving tests with AC
off in urban and rural areas, the correlation coefficient in BEV
between idle time frequency and energy consumption is -0.85,
showing a strong negative correlation. The reason for this is
presumed to be that electric power was used to adjust the
temperature of the battery and motor while the vehicle is
stopped.

5. Regarding the reduction rate of energy consumption due to
outside air temperature and use of AC system in WLTC tests,
the highest reduction rate on energy consumption in urban
area when using AC on cooling mode (outside air temperature
of 35°C) is 41% and AC on heating mode (outside air
temperature of 5°C) is 38%. The reduction rate of energy
consumption of BEV when using AC on cooling and heating
mode is almost the same. In addition, the working principles
of AC system on heating mode of gasoline and HEV are
different compared to BEV. In BEV, AC compressor and PTC
heater are directly used electric power from HV battery, it can
effect energy consumption and travel distance results.

6. For the travel distance on a single charge of WLTC tests,
comparing the reduction rate in travel distance on single
charge in all WLTC areas (combination), when use AC on
heating mode (outside air temperature 5°C), the reduction rate
is 17.7%, the travel distances decrease by 52 km, from 294 km
(AC off) to 242 km (AC on). When use AC on cooling mode
(outside air temperature 35°C), the reduction rate is 27.4%, the
travel distances decrease by 92 km, from 336 km (AC off) to
244 km (AC on).
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Therefore, for the eco-driving method to improve energy
efficiency of BEV using mode and real driving tests, in urban and
rural areas, it is effective to increase vehicle speed and reduce idle
time frequency. In highway area, lowering vehicle speed is
effective to improve energy consumption. It is also effective to

refrain from using AC system to improve energy consumption.
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Fig.1 Spruce beams

Fig.3 3D scanner (top plate)

Fig.2 Maple beams

Table.1 Stiffness value and Poisson’s ratio of maple and

spruce Fig.4 FE model of violin top plate
Property maple spruce
Young's module Ey/Ex 0.147 0.078
EA/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
Poisson’s ratio  pxy 0.424 0.372
uyz 0.774 0.435
Uxz 0.476 0.467 Fig.5 FE model of violin back plate
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Fig.6 FE model of violin side plate
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Fig.7 FE model for neck and figure board

Fig.8 FE model for violine
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Fig.10 Setup of clear resin violin
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Fig.1 Test piece of acoustic metamaterial
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Fig.2 Sectional drawing of test piece

a. Metamaterial

b. Panel + Felt + Metamaterial + HL

c. Panel + Metamaterial + Felt + HL
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d. Panel + Felt + Metamaterial + Felt +HL
Fig.3 FE model for test piece
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Abstract
Production technology that produces high-quality products is essential for the continuation
of Japan's development, and for this reason, it is important to systematically train young
engineers with high technical skills. Therefore, it is very meaningful for science and
engineering university students to experience the machining of machine parts during
practical training and graduation research while they are in school. At Teikyo University
Faculty of Science and Engineering, teacher offer classes on the design and processing of
mechanical parts. We hope to improve the technical skills of the students and develop
human resources with high technical skills. Therefore, in order to acquire the skills to
process complex parts, teachers at Teikyo University educated students on machining
techniques in classes and after-school circle activities, and students learned how to use
machine tools. We are challenging the skill proficiency test based on the technology.
The mechanical skill proficiency test not only contributed to the improvement of students'
processing skills through manufacturing. For example, students make full use of the skills
they have acquired in the machining process to create autonomous robots, which have
achieved great results in global robot contests. It is one of the factors that made it possible
to demonstrate the achievements of these world-class robots is the ability to process robot
parts with high precision. Efforts for skill proficiency tests have also had a tremendous effect
on career education. The students who participated in the certification exam were able to
tell the recruiting staff of the company specifically what they had done during their school
days in job hunting, so they were able to get a job at a company with a higher ranking than
other students. It is also a big advantage that you can decide to find a job earlier.
Student’s ability to work in groups and communicate is also a great appeal to Japanese
companies. This is because it will be a great advantage when interviewing and clarifying your
motivation. Many students who have taken the skill proficiency test have shown the
surprising effect of finding employment. In this study, we report the practice and effect of
manufacturing education through the skill proficiency test of machining in Teikyo University
Mechanical Engineering Department.

Keywords: testing skill proficiency, manufacturing education, lathe, autonomous robot
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1. Introduction

Japan, which has few resources, has become one of the world's leading economies by
manufacturing highly reliable industrial products with its excellent industrial technology.
Production technology that produces high-quality products is essential for the continuation
of Japan's development, and for this reason, it is important to systematically train young
engineers with high technical skills [1]. Therefore, it is very meaningful for science and
engineering university students to experience the machining of machine parts during
practical training and graduation research while they are in school. It is necessary to provide
technical education in which students actually experience the operation of CAD/CAM and
machine tools, in addition to the conventional design and production centered on classroom
lectures at universities. Furthermore, the placement of excellent faculty members who guide
these students and the establishment and practice of technical instruction methods will lead
to the improvement of the educational capabilities of the university itself.

At Teikyo University Faculty of Science and Engineering, the Department of Mechanical and
Precision Systems Engineering and the Robot and Mechatronics Course of the Department
of Information and Electronic Engineering offer classes on the design and processing of
mechanical parts. In addition, among the student circle activities, there are circles that build
robots and formula cars, and there are many students who are highly interested in
manufacturing. Many of these activities involve machining, and by designing and
manufacturing the parts designed by the students themselves, we hope to improve the
technical skills of the students and develop human resources with high technical skills. can
have Therefore, in order to acquire the skills to process complex parts, teachers at Teikyo
University educated students on machining techniques in classes and after-school circle
activities [2], and students learned how to use machine tools. We are challenging the skill
proficiency test based on the technology [3 * 4]. In this study, we report the practice and
effect of manufacturing education through the skill proficiency test of machining in Teikyo
University Mechanical Engineering Department.

2. Skill proficiency test and mechanical education facilities practiced at Teikyo
University Faculty of Science and Engineering

2.1 Skill proficiency test

skill proficiency test is "a national test system that tests the skills of workers according to
certain standards and certifies them as a country of Japan"[3]. This skill proficiency test is
conducted for 137 occupations, and those who pass the skill test receive a high evaluation at
each workplace. Support for students is provided by 6 technical staff members and 1
professor belonging to the Department of Mechanical and Precision Systems Engineering
and the Department of Information and Electronics Engineering. In addition, all of our

technical staff are qualified as 1st grade machining technicians, and 3 of them are special
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grade machining technicians. We also hold certification exams at our facilities. As a result of
recent educational guidance for certification exams, 2 students passed the 3rd grade in 2020,
1 student passed the 3rd grade in 2021, and 1 student passed the 1st grade and 2 students
passed the 2nd grade in 2022.

2.2 Educational facilities in mechanical training factories

The practical training factory of the Faculty of Science and Engineering of Teikyo University
was established in 1989, and is mainly used for practical training using machine tools, classes
such as experiments, graduation research, and the production of samples and parts for
student circles. Figure 1 shows the main machining equipment. We have approximately 30
machine tools, including machining centers, NC lathes, and ultra-precision surface grinders,
and we can use the CAD/CAM system to provide consistent education for students, from

design to production.

(d) Machining center (e) CAD/CAM (f) Welding machine

Fig. 1: Machine tools and equipment that support educational activities

3. Practice of manufacturing education through Skill Proficiency test of machining
3.1 Description of lathe mechanism and processing principles
Some of the students who take the skill proficiency test of machining have experienced
machining at technical high schools, but for most students it is almost their first time
machining. Therefore, teachers started to teach the types and mechanisms of NC lathes and
ordinary lathes, as well as applications such as machining examples (see Fig. 2 and 3). After
that, as shown in Fig. 3, students actually experience machining such as simple outline

cutting and end face cutting, and learn the basic operation method of the lathe.
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Fig. 2: Simple Engine lathe in the Department Fig. 3: Machining experience such as
of Information and Electronics Engineering contour cutting and end face cutting
using Engine lathe

3.2 Guidance on handling measuring instruments
One of the important factors in the skill proficiency test is how to use measuring instruments
to complete products with higher processing accuracy. As shown in Fig. 4, in mechatronics
classes, students learn basic measurement methods using vernier calipers, micrometers, and
height gauges. Students who challenge the skill proficiency test experience how to use
measuring instruments during machining, which is even more difficult.

When performing measurement in lathe work, the workpiece is clamped in the chuck, so
the measurement is mostly done while bending down a little. Therefore, it is much more
difficult than sitting in a chair and measuring in an easy-to-measure position, and
measurement errors are more likely to occur. In fact, when the outer diameter and inner
diameter are measured with a vernier caliper by tightening the workpiece on the lathe,
there is a measurement error of 0.2 to 0.3 mm even though the same point is measured.
When such errors occur, it is almost impossible for a student to process a product that
passes the skill proficiency test.

Therefore, higher-dimensional measurement techniques are required for higher-precision
machining. Students were instructed repeatedly to measure the outer diameter, inner
diameter, depth, etc. according to the situation. Fig. 5 shows the state of measurement with
a vernier caliper with the workpiece mounted on the lathe. From Fig. 5, it can be seen that it

is difficult to measure due to the influence of the measurement posture and space
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(a) Measurement with vernier calipers (b) Basic measurement with height gauge
and micrometer

Fig. 4: Basic measurement methods for vernier calipers and height gauges

o — ) : i '.'_- .
= e Tla_ ey | i L i
(a) Measurement with vernier calipers (b) Measurement with a micrometer

Fig. 5 : Accurate measurement of the workpiece attached to the lathe

4. Guidance plan for examination tasks

4.1 Important teaching method for passing

In order to pass the test, students learn not only how to use measuring instruments, but also
the machining process, selection of tools, cutting conditions, conditions of the material to be
processed, and placement of tools. The time limit for the certification test is 3 hours for the
2nd grade and 2 hours for the 3rd grade, and the product must be manufactured with the
required accuracy within these time. Therefore, it is important to make quick measurements,
operate machine tools quickly, select appropriate cutting conditions, and reduce the number
of times workpieces are clamped, and select and replace tools. The important point is to
shorten the time when not cutting. If that time can be shortened, it will be possible to
carefully process areas with strict dimensional tolerances, and more accurate processing will

be possible.

4.2 Creation of processing process chart

Since it is difficult to create a processing process chart for the 2nd grade skill proficiency test,
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a staff member who is qualified as a 1st grade skill proficiency technician provided materials,
and the students created it themselves. By creating the process chart by themselves,
students will be able to simulate the processing of test assignments. There is a limit to the
machining time, and when machining is performed to meet the required accuracy, it is
important to know how to perform machining efficiently and how to perform machining
effectively. Students are free from hesitation when moving to the next process, which greatly

reduces thinking time and shortens work time.

4.3 Test subjects and their guidance

Students will be guided by an experienced teacher in understanding the tasks of the
certification exam and in the actual processing experience. Fig. 6 shows the manufacturing
drawing of the 3rd grade skill proficiency test of Lathe.
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Fig. 6: Manufacturing drawing of the 3rd grade skill proficiency test of Lathe.

Using a Engine lathe, perform cutting such as inner/outer diameter cutting, taper cutting,
thread cutting, knurling, and eccentric cutting for one $60x150mm S45C material and one
$65x80mm S45C material. Perform the work test with a standard time of 3 hours and 30
minutes and a cut-off time of 4 hours.

In 2nd grade skill proficiency test of machining (Engine lathe work), machining is
performed based on the manufacturing drawing shown in Fig. 7. Using a Engine lathe,
perform cutting such as inner/outer diameter cutting, taper cutting, thread cutting, and
eccentric cutting for one S45C material of $60x150mm and one S45C material of
$60x57mm. The standard time was 3 hours, and the censoring time was 3 hours and 30

minutes.
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Fig. 7: Production drawing of skill proficiency test lathe 2nd grade

In the initial stage of machining instruction, the instructor instructed students one-on-one,
explaining the flow of the process chart and making them memorize the tools to be used,
cutting conditions, etc. When the students reached the stage where they could understand
the order of processing, we measured the time used for processing. In 2022, it took about 5
hours 2nd grade skill proficiency test and about 3 hours for 3rd grade skill proficiency test.
After that, the students were instructed to think about important methods for shortening
the time and to process the assignment several times [5] (see Fig. 8).

(a) Teaching 3rd grade skill proficiency (b) Teaching 2nd grade skill proficiency
test tasks test tasks

Fig.8: Guidance for skill proficiency test lathe work

At the point when the skills were cultivated through the students' own efforts, the skills of
the students improved dramatically by showing them how the skilled staff processed the
examination tasks within the time limit. While the students themselves strongly felt what
was necessary to clear the examination tasks, the educational effect of increasing their

understanding and motivation was obtained. Gradually, all the students were able to
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complete the machining within the time limit in the machining practice, and it was thought
that the education on machining was able to be put into practice. Fig. 9 shows the works for
the 2nd and 3rd grade skill proficiency test produced by the students who received
systematic guidance from the teacher.

(a) 2nd grade skill proficiency test (b) 3rd grade skill proficiency test
assignments assignments
Fig. 9: 2nd and 3rd grade skill proficiency test tasks

5. Educational effects of trade skill proficiency tests on other fields

The mechanical skill proficiency test not only contributed to the improvement of students'
processing skills through manufacturing. For example, students make full use of the skills
they have acquired in the machining process to create autonomous robots, which have
achieved great results in global robot contests. The student robot circle supervised by
Professor Yuichi HASUDA, one of the authors, participated in the Youth Manufacturing
Competition [6, 7] and the robot division of the Skills Competition for the first time in Japan
as a student [8] (Fig. 10). See (a)), World Robot Olympiad (WRQ) Japan representative from
2015 to 2018 and 2020 to 2022 won the Japanese tournament and has also participated in
the world tournament [9]. Placed 10th at WRO 2015 Qatar, the first time it participated, 3rd
at WRO 2017 Costa Rica (see Fig. 10(b)), and 6th at WRO 2019 Hungary (see Fig. 10(c)). It is
one of the factors that made it possible to demonstrate the achievements of these
world-class robots is the ability to process robot parts with high precision.

Another educational effect of the skill proficiency test is the jump-up award in the 2019
Japan competition and the design award in 2022 at the Japanese Formula Car Championship
(see Fig. 10 (d)). It is the result of applying machining technology to the design and
production of formula cars while making use of group work and communication skills.
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(a) Design and manufacture of automatic (b) WRO 2017 Costa Rica  3rd place
transport robots

(c) WR02017 Hungary 9th Place Robot (d) Making parts for formula cars
Fig. 10: Educational effect of skill proficiency test

Efforts for skill proficiency tests have also had a tremendous effect on career education.
The students who participated in the certification exam were able to tell the recruiting staff
of the company specifically what they had done during their school days in job hunting, so
they were able to get a job at a company with a higher ranking than other students. It is also
a big advantage that you can decide to find a job earlier.

While making formula cars and autonomous robots, student’s ability to work in groups
and communicate is also a great appeal to Japanese companies. This is because it will be a
great advantage when interviewing and clarifying your motivation. In Japan, job hunting
begins in the latter half of the third year of university, and many students who have taken
the skill proficiency test have shown the surprising effect of finding employment by the end

of their third year.

6. Summary and outlook
In the 2022 certification exam, unfortunately, there were no passers for the 2nd grade skill

proficiency test, but all 4 students passed the 3rd grade skill proficiency test. By taking on
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the skill test, the students learned the necessity of communicating and working together,
which seems to have played a major role in improving their qualities as engineers [10]..As an
instructor, we realized how difficult it is to teach an amateur student who has never used a
lathe from scratch, and how difficult it is to find the right points in the flow of instruction.

In the future, we would like to make efforts to provide more efficient guidance and support
to students who wish to take the skill proficiency test. We will pursue the following four
items. Specifically, i) improve work process charts and check sheets, and effectively check
and instruct students on processing skills using the PDCA cycle, ii) film processing work and
use videos Easy-to-understand explanations for beginners, analysis of students' skills, and
safety education, iii) Efficient guidance for dealing with written exams, iv) Guidance that
leads students to grow as engineers as human beings rather than results. In addition, we are
planning to extend the guidance to skill proficiency tests in the fields of electrical/electronic
and mechatronics in the PBL subjects, in addition to the mechanical technology test [11,12].
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Abstract

Automatic driving technology, where systems control cognitive processes, judgments, and
operations performed by humans during driving, is rapidly becoming more prevalent and
familiar to our world. The system drives automatically by analyzing the surrounding
information collected by cameras and sensors. Deep learning is essential for collision
avoidance and safe autonomous driving. In order for university students to experience these
technologies in their lectures, it is necessary to introduce teaching materials on autonomous
using simple models. In this study, we developed teaching materials on autonomous driving
of robots using Deep Learning with Al then verified its functionality in lectures and contests.

In this study, we tried to develop teaching materials on autonomous driving of robots using
Deep Learning. Using Raspberry Pi 4 as the controller and implementing Deep Learning
programming with Python, the prototype teaching material was able to recognize and avoid
the two types of obstacles used while driving through the obstacle course. The prototype was
able to accurately recognize the randomly placed obstacles on the 3m x 3m obstacle course

and avoid them by turning left or right without making any contact with the obstacles.
Keywords: Deep Learning, Autonomous Driving ,Teaching Material, Al, robots

1. Introduction
Automatic driving technology, where systems control cognitive processes, judgments, and
operations performed by humans during driving, is rapidly becoming more prevalent and
familiar to our world[1.2]. The system drives automatically by analyzing the surrounding
information collected by cameras and sensors. [3-5] - In Japan, under the guidance of the
Ministry of Economy, Trade, and Industry, the three major car manufacturers, Toyota, Nissan,
and Honda conducted public road demonstrations and experiments showcasing their
autonomous driving technologies back in 2013. Deep learning is essential for collision

avoidance and safe autonomous driving. In order for university students to experience these
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technologies in their lectures, it is necessary to introduce teaching materials on autonomous
using simple models. Therefore, in this study, we developed teaching materials on
autonomous driving of robots using Deep Learning with Al, then verified its functionality in

lectures and contests.

2. Prototype of Autonomous Driving Model teaching material using myRIO
Figure 1 shows the prototype of the robot used as teaching material. The design incorporates
a steering mechanism on the front wheels and involves analyzing images sent from the
camera located at the front of the robot to the myRIO controller. The ultimate objective is for
the robot to identify the shapes and colors of the obstacles, enabling the robot to avoid them
autonomously. [6] (Refer to Figure 2). Ultrasonic sensors are installed on both sides of the

vehicle’s main frame to prevent collisions with walls.

(a) Overview of the model car (b) Steering of the model car

Fig.1: Overview of the model car and the steering installed on the front wheels

L,

(a) Camera in front of the model car (b) Ultrasonic sensor on the side

Fig.2: Camera and Ultrasonic sensor installed to the model car
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As shown in Figure 3, the obstacle models are square columns with dimensions of 50mm
width, 50mm length, and 100mm height, in green and red. Images of these obstacles were
pre-trained and programmed using LabVIEW to avoids obstacles by turning left when
encountering a green obstacle and turning right when encountering a red obstacle[7] (Refer to
Figure 4).

The prototype teaching materials were able to recognize and avoid two types of obstacles
using Deep Learning while driving through the obstacle course. The robot was able to
recognize obstacles and avoid collisions using both myRIO and LabVIEW, albeit at a low
speed[8]. However, the production cost of a single unit amounted to approximately
200,000yen, which is relatively high. The vehicle weight also exceeded 2.5kg. We concluded
that it is necessary to supply the teaching materials inexpensively.

L

(a) (b)

<~

Fig.3: The two types of obstacle models used on the course

Fig.4: LabVIEW used in programs
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3. Development of Teaching materials on Autonomous Driving Robot using

RaspberyyPi4

3.1 Overview of the Autonomous Driving robot

In order to reduce the overall production cost of the teaching material, Raspberry Pi 4 was
used as the controller (Refer to Figure 5). The Raspberry Pi 4 analyzes the images sent from
the camera at the front of the robot. Based on the analysis, the Raspberry Pi 4 determines the
positions and colors of the obstacles and enables the robot to avoid them according to their
characteristics. This approach allows for cost reduction while maintaining the functionality
required for obstacle avoidance.

By using Raspberry Pi 4 as the controller and optimizing the design, it was possible to
reduce the production cost for one unit to approximately 30,000 yen, which is a cost
reduction of about six times compared to the original prototype. The motor and steering are
also reduced to two. Furthermore, instead of attaching ultrasonic sensors to both sides of the
car’s body, only one is attached at the left side of the car to prevent collisions with walls. The
weight of the robot has been reduced from myRIO-type’ s 2.5kg to 0.8kg, which is less than
one-third of the original weight.

Switch 8
Y,
"~ |Raspberry
SR g
Build Hat =1 Pi4
o ‘l'\
Camera %
Steering Ultrasonic sensor

Fig.5: Autonomous driving robot teaching material

3.2 Formula and Equation

By using OpenCV, the robot was pre-trained using the obstacle model shown in Figure 3.
The robot is programmed to avoid obstacles by turning left when encountering a green
obstacle and turning right when encountering a red obstacle. The image recognition program
was created using Python’s OpenCV to process the images sent from the camera. The robot

was able to obtain information about the obstacles by performing binary thresholding on the
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image with red and green colors. Figure 6 shows the program for binary thresholding.

def binary_threshold(frame, color="red'):
hsv = cv2.cvtColor(frame, cv2.COLOR_BGRZHSV)
if color == "red':
lower_red = np.array(lower_R)
upper_red = np.array(upper R)
lower red2 = np.array(lower R2)
upper_red2 = np.array(upper R2)

maskl = cv2.inRange(hsv, lower_red, upper_red)
mask2 = cv2.inRange(hsv, lower_red2, upper_red2)

mask = maskl + mask2
else: # green
lower green = np.array(lower G)
upper_green = np.array(upper_G)
mask = cv2.inRange(hsv, lower_green, upper_green)

return mask

Fig.6: Program for binary thresholding

When binary thresholding is being performed, noise due to light reflection, which could
hinder the process. Therefore, additional processing to remove objects within a certain area is
added (Figure 7).

def remove small objects(mask, min_size):
num labels, labels, stats, = cv2.connectedComponentsiithStats(mask, connectivity=8)
for 1 in range(1, num labels):
if stats[1][-1] < min_size:
mask[labels == 1] = @
return mask
Fig.7: Program to remove small area

The object’s center coordinates, area, and minimum value of Y-axis is calculated from the
binary threshold image. It is possible for multiple contours to exist within the image.
Therefore, information is obtained from the object with the largest area from the binary

threshold image (Figure 8).
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def get largest object center(mask):
contours, _ = cv2.findContours(mask, cv2.RETR_EXTERMNAL,
cv2 .CHAIN_APPROX_SIMPLE)
bottom most = (8, @)
if contours:
1 contour = max(contours, key=cv2.contourfrea)
moments = cv2.moments(l_contour)
if moments['méa’"] != &:
center = int{moments[ 'mle’] / mnments['maa']}J
| int({moments['m@1"] / moments[ 'm@a"])
else:
center = (168,8)
max_area = cv2.contourdrea(l contour)
# get the bottom most point
bottom _most = tuple(l contour[l contour[:,:,1].argmax()][e])
else:
center = (166, 8)
max_area = @
return center, max_area, bottom most

Fig.8: Program to obtain the object’s information

4. Deep Learning program
GoogleColaboratory, a cloud-based platform was used for the Al training process. Images
and data of the objects are sent to the PC from Raspberry Pi 4 to create the training model.

Figure 9 shows the system diagram for image analysis and autonomous driving.

Transmission of image

date .| Google
ek Colaboratory
+ Trained Model
Transmission of
image data 1
RaspberryPi4 - BuildHAT
i Program execution
image l
Camera Motor Control

Fig.9: System diagram of image analysis and autonomous driving

In Deep Learning, it is necessary to adjust the parameters such as dropout rate, learning rate,
weight decay, mini-batch size, and number of epochs before starting the training process.
Figure 10 shows the configuration values used for the training process and results obtained

from the process.
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model loss
g ~—— |oss for training
loss for validation
Dropout rate 05 '’
Learning rate 001 °
95
Weight decay 0.000001 =
4
Mini-batch size 64 ,
Number of epochs 100
0 2 a0 60 80 100
epoch
(a) Configuration values (b) Leaning result

Fig.10: Deep Learning results

The horizontal axis of the graph represents the number of training iteration, while the
vertical axis represents the error between the predicted values generated by the training
model and the actual values. As the number of training iterations increases, the data error

decreases, allowing for the development of a more accurate training model.

5. Conclusion

In this study, we tried to develop teaching materials on autonomous driving of robots using
Deep Learning. Using Raspberry Pi 4 as the controller and implementing Deep Learning
programming with Python, the prototype teaching material was able to recognize and avoid
the two types of obstacles used while driving through the obstacle course. The prototype was
able to accurately recognize the randomly placed obstacles on the 3m x 3m obstacle course
and avoid them by turning left or right without making any contact with the obstacles.

In the future, we aim to enhance the capabilities of the robot to include features such as
parking assistance, detecting potential dangers and slowing down or stopping accordingly and
implementing automatic deceleration before collisions. The goal is to improve the robot to a

level where it can be practically introduced and used in educational settings in lectures.
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Abstract

Handrails at public places have been one of the objects that help spread COVID-19.
Touching handrails alone does not lead to virus contraction. However, if people touch their
faces or eyes, without washing their hands between them, they are at high risk of contracting
the virus. This therefore highlights the importance of sanitizing handrails, especially in
hospitals or medical facilities, where sick or elderly people often visit. Our study aims to help
sanitize handrails in medical facilities, by creating an autonomous mobile robot that can
sanitize handrails efficiently while minimizing the cost of production. We want to make sure
that the handrails are always sanitized even when humans are too occupied to sanitize them.

The sanitizing robot has several components, including a brush to sanitize the handrails
along with a container supplying alcohol-based disinfectant to the brush, magnetic sensors
for navigation, NFC tags for location verification, and a camera for real-time tracking. By
reading the NFC tags, users are able to access a screen displaying the robot’s current location
along with the footage of the camera through a smartphone or computer. The robot was able
to sanitize a handrail that had been marked by a non-permanent marker without leaving any
stains. We equipped our robot with brushes to sanitize handrails instead of spraying
disinfectants or UV sterilizations. This is because spraying disinfectants when someone is
nearby, especially children, is very dangerous if the disinfectant enters their eyes, while UV
sterilizations might harm the human body and is very costly. By introducing our robot, we
hope we are able to reduce healthcare worker’s burden and ensure cleanliness of medical
facilities.

Keywords: virus contraction, autonomous mobile robot, sanitizing robot, handrail

1. Introduction
Due to the global spread of COVID-19, cases of infections and death are still occurring even
to this day [1], and measures to prevent further spread of COVID-19 are being reconsidered
by medical institutions and research facilities across the world [2,3]. It is important to maintain
a hygienic environment in places where elderly people and people with underlying health

conditions often visit, such as hospitals or care facilities. Handrails, in particular, are very likely
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to become a medium to spread COVID-19 as they are frequently held by countless people
every day. The virus can survive on hard surfaces such as plastic and stainless steel for up to
72 hours, if not sanitized properly [4]. Therefore, regular sanitizing of handrails is necessary
[3]. In hospitals where patients have contracted COVID-19, healthcare workers require
protective suits, most commonly PPE (Personal Protective Equipment) to protect themselves
while working, which is quite troublesome and time consuming. Besides, due to the cluster
infection, the number of available healthcare workers may decrease, which can affect regular
tasks such as sanitizing handrails. Shortage of healthcare workers has become a major issue
in the healthcare industry because healthcare workers themselves are also getting infected by
COVID-19 [5-7]. Hospitals are becoming overcrowded because of the lack of hospital beds,
and are unable to allocate healthcare workers to properly carry out sanitization throughout
the hospital. Therefore, the need to develop robots that are able to sanitize the environment
automatically in place of healthcare workers has become necessary.

Various companies have been developing robots for sanitization [8-11], but the robots are
only able to spray the disinfectant instead of a wiping mechanism [12-14]. It is dangerous for
the robot to spray the disinfectant especially when the disinfectant is highly flammable, just
like alcohol-based disinfectants. In this study, we have devised a robot that sanitizes handrails
by wiping them with alcohol-based disinfectant. We aim to reduce the burden of healthcare
workers by designing a robot that is able to patrol while sanitizing handrails.

2. Development of the sanitizing robot

2.1 Overview of the sanitizing robot

Figure 1 shows the robot that we have developed. The robot is 870mm tall, 260mm long
and 250mm wide. The upper part of the robot consists of the sanitizing brush and the DC
motor. We also use omni wheels so that the robot will be able to move freely across hospital
hallways. We also used aluminum alloy to ensure the robot’s structural components are light
and rigid for sanitizing. We have installed an ESP32 microcontroller to control the movement
of the DC motor and the sanitizing brush. ESP32 is capable of connecting to Wi-Fi, so we can
pinpoint the robot’s exact location in the hospitals by reading IC tags installed in the hallways.

The sanitizing brush installed at the upper part of the robot grip and wipe the handrails.
The container filled with sanitizing alcohol is installed in the center of the robot. The alcohol
inside the container is supplied to the brush through a hose by pumping air into the container
[14]. It is necessary to design the brushes used for sanitizing to fit the shape of the handrails
because there are different shapes and types of handrails used by various hospitals. Therefore,
we used a 3D printer to create designs that are not only made up of lightweight materials but
can fit the size and shape of the handrails. The sanitizing brush has 10 holes in it, allowing the
brushes to be soaked by the alcohol pumped through the hose from the alcohol container to

sanitize the handrails (Refer to Figure 2).
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Figure 1: The sanitizing robot Figure 2: Design of the sanitizing brush

2.2 Movement around the hospital hallways

The robot must move precisely along the handrails to sanitize them efficiently. To make sure
the robot is able to move precisely even in areas where handrails are intermittent such as
bathrooms, we have placed magnetic tapes directly under the handrails so that the robot is
able to move accordingly by line tracing. In hospitals, white tiles are commonly used to
maintain cleanliness, so using light sensors for navigation can be problematic due to changes
in floor color and light reflection, which can affect line tracing. Therefore, through the
combination of magnetic tape (Refer to Figure 3) and magnetic sensors, the robot is able to
navigate through the hallways regardless of floor color or time of day.

The magnetic sensors might not be able to recognize the magnetic field if there is a distance
of more than 3mm between the magnetic sensor and the magnetic tape. To address this issue,
we designed a mechanism to maintain proper distance between the magnetic sensor and the
floor by placing springs to allow the sensor to move up and down to accommodate uneven
surfaces (Refer to Figure 4). We also used the 3D printer to design a mount for the magnetic

sensor so that we can fix the sensor onto the robot.
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Figure 3: Magnetic tapes on the floor Figure 4: Sensor mount

2.3 Location verification system

As mentioned previously, it is necessary to accurately grasp the location of an autonomous
mobile robot navigating through hospital hallways. Therefore, we have installed a Sony RC-
S620/S NFC tag reader in front of the robot [10-12]. The robot is able to acquire and transmit
its location by reading the NFC tags attached to the walls as shown in Figure 5. The medical
staff are able to check the robot’s current location while staying inside the reception or nurse
station through this location verification system. As shown in Figure 6, by looking at the images
captured by the camera attached to the robot, the medical staff are able to check the

surroundings of the robot.
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Figure 6: Display of the robot’s current location
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3. Software design of the sanitizing robot
3.1 Libraries and the programs used by the sanitizing robot

Figure 7 shows libraries of the servomotor used to control the robot’s brush opening and
closing, the DC motor for the robot’s movement, and the NFC tag to track the robot’s location.

Table 1 shows the details of each library used.

//DCE—HS A F5 VDB
2 #include <Wire.h>
3 #include <PRIZM.h>

e SRTIERT S5 177 )%EEN
$include <RC5620S.h> //NFCRJHRAIABDIH0OS 4T3
& $include <inttypes.h> //BlLE
finclude <string.h> //FL
0 #include <stdio.h> //[6]F
| #include <stdarg.h> //[EL

12 RCS620S rcse20s;//THTES
13 int ID[8];//9 FIDEIENT B HOTEEES
3

1 =
4 int tagSticker([] = {13, 17, 21, 29, 33, 41, 45}: //V—LASOEEES
5 int IcCard No[] = {151, 35, 57, 99, 226, 93, 128}://H— F&+ FJONrCcHIADES

$define ppp 25 //H 07

s —RE—4 BRER Sy oo
20 #include<Servo.h>
1 Servo arml:
2 Servo armZ;

Libraries and Functions

Figure 7: Libraries and functions used

Table 1: Details of libraries

Library name Details
PRIZM.h TETRIX motor controller
Wire.h connection with the motor controller
Servo.h servomotor’s control
RCS620.h NFC tags’ reading

We used Arduino to program the sanitizing robot’s line tracing and turning movements.
Line tracing, turning and other actions are based on the values obtained from the magnetic
sensor and the NFC tag reader. Since the two magnetic sensors return values when they detect
magnetic fields, if one of the sensors does not return a value, the robot will correct its
direction. The NFC tags will not have the same number because they are assigned unique
numbers of their own. Therefore, NFC tags are attached onto the walls of places where turning
is required, such as the bathrooms and patient rooms. We can then check whether the

number on the tag matches the predetermined number using the NFC tag reader.
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3.2 Program of the location verification system

Figure 8 shows the transmission system of how the sanitizing robot sends the information
of its location to its users. We can obtain the information on the robot’s location by reading
the NFC tags attached to the walls. The information obtained is then sent to the HTTP server
in Raspberry Pi through ESP32. Users are then able to access the robot’s location through
smartphones or laptops by accessing a specified address[10-12]. We used P5.js, a JavaScript
library specialized in animation to create animation on the robot’s location screen on the web.
We also created an Arduino program for sending and receiving the robot’s location, and
another program to display the web page.

Displays the info through webpage

Sanitizing robot I

NFC tag reader

=5

Smartphone

Sending tag info
(UART)

Sending tag info
(HTTP)

Figure 8: Details of the sending and receiving of the robot’s location information

3.3 Experimental demonstrations

As shown in Figure 9, a circular handrail with an outer diameter of 32mm has been fixed at
a height of 80mm in the hallway of our university to create a similar environment to that of a
hospital or nursing facility. The robot is placed on the floor facing the handrail, and by reading
a specified IC tag, the robot moves towards the magnetic tape attached to the floor directly
under the handrail, then stops at a position suitable to start sanitizing the handrail. The brush
opens up, and once the brush grips the handrail, the saniziting alcohol is pumped from the
alcohol container. The brush and the handrail is soaked by the alcohol through holes in the
inner part, then the robot moves along the handrail to begin saniziting the handrail.
Afterwards, the robot continues to wipe and sanitize the handrail as it moves along the
handrail (following the direction of the arrow), as shown in Figure 10.

During the sanitizing process, the robot reads a tag that indicates it is near a door, and issues

an audio or visual warning to people in the room to alert them of its presence. This allows the
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robot to avoid contact with people and mvoe safely along the hallways[2,8,10]. By reading IC
tags while sanitizing handrails, the robot can turn and face the other handrail on the opposite
side, autonomously performing a series of tasks without stopping. We used a non-permanent
marker and marked the handrail, then observed if the robot was able to wipe and sanitize the
handrail (Refer to Figure 11). We can confirm that the robot was able to clean the dirty
handrail without leaving any stain (Refer to Figure 11(b)).

Figure 9: Handrails installed at the hallway

(a) Before sanitizing (b) After sanitizing

Figure 11: Verification of sanitization
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4. Discussions and future prospects

In hospitals and nursing facilities, it is very important to maintain a hygienic environment
because there are many elderly people and people with underlying medical conditions. This
especially applies to handrails as they are frequently held by a large number of people every
day, therefore becoming a medium to spread infectious disease. In this study, we have devised
a system in which a robot wipes and sanitizes handrails with an alcohol-based sanitizer.
Conventional sanitizing robots are usually unable to sanitize the inner handrails facing the wall.
Ultraviolet light is also another method of sterilization [8-12,15], but this requires long
exposure towards the targeted area, therefore takes a very long time for extensive sterilization
[16]. Moreover, UV sterilization affects the human body negatively [3], so the time of usage is
limited. However, while there are a few issues with using UV light for sanitizing, there are
advantages of using it. For example, no power source or mechanism is required to spray
volatile liquid, which helps lower the cost of sanitization and makes it easier to function.

When it comes to practical use in hospitals and nursing facilities, it is necessary to reduce
the size of the robot due to factors such as the width of the hallways and the need to navigate
around corners. In this study, we sought to achieve that by using a printed circuit board to
construct the circuits more efficiently. In order to construct the printed circuit boards, we
designed the circuit diagram (refer to Figure 12), placement of the components using the
open-source board CAD software, KiCad.
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Figure 12: Circuit diagram

We aim to design a robot that autonomously patrols the hallways and sanitizes handrails,
aiming to prevent the spread of infection and reduce the burden on healthcare workers. We

have been working on practical applications by showing the robot and its videos to staff at
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nearby hospitals,while gathering opinions from them. In the future, we plan to proceed with
installations while considering factors such as individual rooms and bathrooms in actual
facilities and bring it to the level where our robot can be practically implemented in medical
institutions. Moreover, it is necessary to verify the effect of sanitization [9,11]. We plan to
evaluate the sanitization effect by using the ATP swab test (A3 method), which is commonly
used in medical facilities. Finally, a part of this research received the Chairman’s Award, which
is the highest award at the 2021 Invention and Innovation Contest for university students
sponsored by The Japan Society of Technology Education and was presented at the 2022
Student and Corporate Research Presentation held in Tochigi Prefecture, Japan, where it
received the “Kaname Creative Challenge Award”.
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