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Effort to Convey the Enjoyment of Dyeing Technology through Manufacturing by Textile Printing

Hiromichi MAMORITA Mihoko MATSUDA Kimihito TAKENO

The purpose of this effort was to convey the enjoyment of dyeing technology through manufacturing by textile printing. It was prov:ded 116
participants such as kindergarten children, and elementary students and junior high school students in the "Omoshiro Festa in Sundome Fukui 2023"
organized by the Fukui Prefectural Industrial Hall with the “Let's dye cloth to make original goods" effort (1) (sxlk screen printing experierice) or
effort (2) (simple dyeing experience), and analyzed and evaluated the survey after the efforts.

As a result, 1) It was provided the participants, mainly kindergarten children and elementary students with efforts for manufacturing by textnle
printing, In addition, 2) This effort for participants such as kindergarten children, elementary students, and junior high school students was evaluated
as having a certain effect as a way to convey the procedure and enjoyment of dyeing technology of textile printing.

Keywords : Textile Printing, Manufacturing, Dyeing, Enjoyment
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Abstract—Route recommendation services have been widely
used due to the spread of mobile devices such as smartphones.
However, conventional route recommendation services often rec-
ommend difficult and unsafe routes which require skilled driving
techniques because conventional services aim to recommend the
shortest route considering the travel distance and time. In a
previous study, we proposed the method of route recommendation
that minimizes the accident rate by estimating the accident rate
for each road segment according to the characteristics of the
driver. The Dijkstra algorithm used for route selection could
only consider one link weight, so we obtained some routes that
were unnecessarily increasing the route length. Therefore, in this
study, we applied a genetic algorithm to route selection and set
a threshold for distance in the constraints. In the simulation, it
was confirmed that it can recommend safe routes that reduce the
accident rate satisfying the constraints by changing the thresholds
by parameters and evaluating the results.

Index Terms—navigation, traffic accidents, estimated accident
rates, driving characteristics, machine learning, genetic algorithm

[. INTRODUCTION

With the spread of portable devices such as smartphones and
tablet PCs, many route recommendation services have been
used and studied [1]-[3]. In conventional route recommen-
dation services, the shortest distance or time route is recom-
mended by inputting information about the stating point and
destination point. The recommended routes are the same even
for different drivers because the input information is the same
and the conventional services do not individually recognize
drivers. In these environments, the risk of traffic accidents
increases when low-skilled drivers are recommended difficult
and unsafe routes which require skilled driving techniques.

In recent ten years, traffic accidents tend to decrease in
Japan. The injured people and fatalities in traffic accidents
have also decreased. The reasons include the spread of seat
belts, a decrease in malicious and dangerous accidents such
as drunk driving, and an improvement in vehicle safety [4].
Therefore, route recommendations are additionally expected
to reduce traffic accidents by recommending safe routes that
cause fewer traffic accidents.

With the recent development of information and communi-
cation technology (ICT), services utilizing new technologies
such as telematics have been practically used. Telematics is
a technology that enables real-time collection and utilization
of vehicle-related information, such as vehicle location and
driver operation, by combining a communication system with

TABLE 1
MAIN INFORMATION AVAILABLE THROUGH TELEMATICS

Referential information of drivers

Distance traveled

Travel speed

Driving time, time of day

Area of travel (location information)

Number of times of sudden acceleration and braking
Steering wheel stability (e.g. smoothness in curves)

a moving vehicle such as a car. Table I shows the main
information available through telematics data.

With these backgrounds, this study aims to recommend safe
routes that are less likely to cause accidents according to each
driver’s characteristics [5]. It is thought that the elderly and
novice drivers who are not yet accustomed to driving will want
to choose a safe route, so they are considered to be the users. In
order to recommend such routes, we assume that the accident
rate for users (drivers) is estimated for each road segment, and
consider safe route recommendation that takes into account the
distance and accident rate. Use the genetic algorithm that can
consider multiple weights of the links for the route selection
algorithm [6]. In this study, we call the probability that a driver
will cause an accident on a given road segment the accident
rate.

II. RELATED WORK
A. Route Recommendation Based on User Preferences

Ishizaki et al. proposed the P-UCT method to efficiently
search and recommend highly matching routes for each user
preference [3]. In order to recommend routes to users of
route recommendation services that reflect the preferences of
individual users, Ref. [3] describes the need for a mechanism
to obtain the preferences of individual users and to evaluate
routes after checking the entire route. To obtain individual user
preferences, machine learning with a Support Vector Machine
(SVM) is employed, since a two-class pattern discriminator
is needed to store the route ratings in two levels, like/dislike.
UCT, a typical Monte Carlo tree search, is used to realize the
mechanism of checking the entire route and then evaluating
the route. In Monte Carlo tree search, a large number of
Monte Carlo simulations are performed to find a quasi-optimal
solution, which enables evaluation of the entire path. In order
to apply path recommendation to Monte Carlo tree search, we
propose a new evaluation index, the P-UCT value.

979-8-3503-2697-0/23/$31.00 ©2023 IEEE
DOI 10.1109/COMPSAC57700.2023.00194
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Tamaki focuses on the process of how drivers become
skilled, and constructs an agent model that takes into account
the degree of skill [7]. Tamaki formalizes the process of skill
in terms of how driving results change as the driver becomes
more skilled, and proposes a framework for a driver model
that can reproduce this process. Furthermore, by constructing
a driver model with parameters corresponding to the degree of
skill and combining it with a vehicle simulator, the proposed
model’s tracking performance and the effect of parameters
corresponding to the degree of skill on driving results are
confirmed by simulating target speed following driving.

B. Utilization of Telematics Data

Based on the AdaBoost algorithm used for face detection
and other functions, Li et al. proposed a method for extract-
ing feature differences between skilled and unskilled driving
maneuvers [8]. The study also envisions the use of telematics
data to analyze feature differences in driving operations. In
the discriminant model proposed by Lee et al., the difference
in behavior such as the smooth operation of a skilled driver
while an unskilled driver wobbles when going through a curve
can be expressed in terms of the frequency of the operation.
Each wavelet-decomposed frequency component is normalized
by distance using linear interpolation, so that the normalized
data corresponds to the company’s position and driving oper-
ation. Then, a window function is applied to the normalized
version to generate candidate features, which are input to
the AdaBoost algorithm to extract features and construct a
discriminative model of driving skills. The accuracy of this
model is examined by the cross-validation method Leave one
out, which examines the discrimination rate of the discriminant
model and shows the locations and operations where advice is
provided to unskilled drivers according to the extracted results.

Ref. [9] demonstrates underlying principles of the technol-
ogy facilitating new billing models in the motor insurance
industry. In recent years, there have been a number of attempts
to analyze telematics data and reflect it in the calculation of
insurance premiums, including “Pay As You Drive (PAYD),”
which reflects the distance traveled in the premiums, and
“Driving Characteristics,” which reflects driving characteristics
such as the number of emergency brakes in the premiums
in addition to the distance traveled. There are two types of
PHYD: Pay How You Drive. Telematics automobile insurance
could enable more accurate and detailed premium rate setting
based on the understanding of personal risks such as driving
behavior that could not be obtained in the past. In addition,
Telematics can be used not only to calculate insurance premi-
ums, but also to prevent and mitigate damage, and to provide
various other services that lead to people’s safety and security.
For example, by recording information on driving behavior,
the driver’s driving habits can be verified after the fact and
improvements can be encouraged. The report also states that
the system can be used to improve the efficiency of damage
investigation work and to appropriately deal with fraudulent
claims (e.g., by confirming information related to the actual
impact on the vehicle).

Collected Data

Leaning
Z X

| Telematics Data | | Other Data |

I 1}
[
v
« >
s
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Accident Rate

i
-
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Characteristic
o=

4

Fig. 1. Process to estimate Accident Rate

C. Previous Stydy

In our previous study, we proposed a safe route recom-
mendation method to reduce the probability of accidents
(accident rate), assuming the use of telematics data obtained
while driving a car [5]. To realize safe route recommendation
based on driver characteristics, two points are considered:
(1) estimation of the accident rate for each road segment
based on driver characteristics, and (2) route recommendation
that minimizes the accident rate from the departure point to
the destination point. The process of estimating the accident
rate is shown in Fig. 1. The estimation of accident rates
for each road segment according to driver characteristics is
based on the assumption that information on drivers who have
traveled each road segment in the past and information on
drivers show make route recommendations are obtained from
telematics data. Using these obtained data, the accident rate
is estimated by machine learning. The route recommendation
algorithm for minimizing the accident rate uses a partial
modification of the Dijkstra Algorithm, which is one of the
algorithms for efficiently solving the shortest route problem.
This route selection algorithm is used to recommend the route
that minimizes the accident rate from the starting point to the
destination point. This method was evaluated by simulation.
the accident rate was estimated from dummy data that imitated
telematics data and machine learning, and it was confirmed
that the method was able to recommend routes that minimized
the accident rate. However, the Dijkstra Algorithm can only
consider a single weight of a link in the road network, and
this raises the issue that some routes take longer detours
than necessary and increase the route length compared to the
shortest route by distance.

III. PROPOSED METHOD
A. Overview

We propose a route recommendation method that reduces
the accident rate, for the purpose of recommending safe routes
that are less likely to cause accidents tailored to the driver’s
characteristics. The road network used in this study consists
of multiple nodes and links as shown in Fig. 2, with the
nodes representing intersections and the links representing
road segments. Moreover, each link holds the distance of its
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Distance : 8
Accident Rate : 0.002

Distance : 5
Accident Rate : 0.005

Distance : 10
Accident Rate : 0.008

Fig. 2. Example of road network

road segment and the accident rate of its road segment. In
this study, a Genetic Algorithm was applied to route selection
in order to consider distance, time, etc. A Genetic Algorithm
is a combinatorial optimization algorithm that simulates the
process of biological evolution. It is able to obtain the optimal
solution by preparing multiple individuals that representing
genes with certain data and repeating operations such as
selection, crossover, mutation, etc. The Genetic Algorithm is
able to select routes considering multiple weights of links in
the road network by setting constraints. Using this method,
it is considered able to avoid unnecessarily increasing the
route length, which is an issue in the previous study. In order
to apply Genetic Algorithms to route recommendation, it is
necessary to represent the route by genes.

This chapter describes how to represent routes by genes.
In addition, we describe safe route recommendation using
Genetic Algorithm on the premise that accident rates have
been estimated using the method of previous study.

B. Route representation by genes

It generates an adjacency list from the road network to be
used and generates individuals based on that list. For example,
when the starting point is node 0 and the destination point is
node 9 in the network shown in Fig. 3, we consider a route
through nodes 0, 2, 7, 5, and 9 in that order. The individual at
this route is represented as shown in Fig. 4, and the numbers
in Fig. 4 represent the node numbers. First, the starting point
is node 0, so we look at the genes with index 0. A gene with
a index of 0 is 2, so it represents a route from 0 to 2. Then,
a gene with index 2 is 7, so it represents a route through 0,
2, and 7. Repeating this process, Fig. 4 represents the route
through 0, 2, 7, 5, and 9 in the road network in Fig. 3.

Generating individuals sometimes generates individuals that
cannot reach the destination point from the starting point. For
example, if the individual in Fig. 4 starts from node 3, it is
represented as a individual that continues to go back and forth
between node 3 and 6. In this case, the gene that ceases to
function as a route is called a lethal gene. In this study, we
consider the following three cases of individuals that contain
lethal genes.

o An individual that does not reach the destination point

from the starting point.

o An individual that selects one link two or more times.

¢ An individual that the route is disconnected.

1281

Destination

Starting

Fig. 3. An example of network
index 0 1 2 3 4 5 6 7 8 9
gene | 2. 5 7 6 2 9 3 5 9 5

Fig. 4. Individual

If an individual that contains a lethal gene is generated, it is
eliminated and a new individual is generated.

C. GA-based safe route recommendation

In this study, we propose a Genetic Algorithm (GA) for
safe route recommendation using distance and accident rates
as weights of links in a road network. We use accident rates
estimated by the methods of previous study using telematics
data and machine learning.

The Genetic Algorithm runs in the following flow.

1y

2)

3)

4)

5)
An individual generated in this study is according to the rules
described in Section III-B. In 1), it generate multiple individ-
uals that serve as the initial population. In 2), it evaluates the
fitness of each individual using an evaluation function. The
following evaluation functions F'itness are used in this study.

1

Generate initial population
Evaluation

Selection

crossover

mutation

Fitness =

1

=

1-— (1—81)

0

s; (I =0,1,..., L) are accident rates that link [ has in the road
network, L is the number of links passed from the starting
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Fig. 5. Crossover

point to the destination point. If an individual’s F'itness value
is high, it means that this individual’s fitness is high, and this
individual’s route is a safe route with a low accident rate. In
3), it decides individuals to keep for the next generation from
the population. There are several methods of selection in this
study we use roulette selection. In 4), it uses the individuals
left over by selection as parental individuals and generates
offspring that inherit the genes of the parental individuals.
Fig. 5 shows an example of crossover of individuals generated
from the network in Fig. 3. First, it generates the first offspring
individuals. It decides the gene with the index O of the
offspring, because the starting point is node 0. Choose at
random one of the genes with index O from the two parental
individuals and copy it to the offspring. In the case of Fig. 5,
the parent individual with gene 2 is selected and copied to
the offspring. Next, it decides the gene with the index 2 of
the offspring. Similarly, choose at random one of the genes
with index 2 from the two parental individuals and copy it to
the offspring. In the case of Fig. 5, the parent individual with
gene 4 is selected and copied to the offspring. By repeating
this process to the destination node, new individuals can be
generated by crossover. Moreover, if the gene that did not pass
the node is randomly decided from the neighboring node. The
second offspring individual will be generated in the same way.
In 5), it changes the genes of randomly selected individuals.
Fig. 6 shows an example of mutation of individuals generated
from the network in Fig. 3. It mutates one individual selected
randomly from the population. Change one of the genes of the
individual to the number of the other neighboring node. The
Genetic Algorithm can obtain an optimal solution by repeating
generations from 2 to 5 until the exit condition is met. In
addition, it refers to the probability of crossing individuals as
the crossover rate and the probability of mutating individuals
as the mutation rate, these are given as parameters. In this
study, the exit condition is to repeat a specified number of
generations.

To avoid increasing the route length unnecessarily, set a

index 1 2 3 4 5 6
gene [2 5 (7) 6 2 9 3 9 5
index 1 2 3 4 5
gene256293595
Fig. 6. Mutation
TABLE II
GA PARAMETER
parameter name value
population size 50

crossing probability 0.2

mutation probability 0.03

number of generations | 30

threshold X times the shortest route length

constraint for the distance. As constraints, we set thresholds
for distances, and individuals are generated in such a way
that their route lengths do not exceed the thresholds. If an
individual that the route length exceeds the threshold of
distance is generated, the gene is treated as a lethal gene, the
individual is deleted and a new individual is generated.

IV. EVALUATION

A. Simulation Environment

In this study, a simulation environment was built on a single
PC using Python 3.8. We used a computer that has Windows
10 Education OS, Intel Core i5 CPU (4 cores, 8 threads, 2.4
GHz), 32 GB memory (3200 MHz), and SSD storage.

In this simulation, it is assumed that the accident rate is high
on some road segments on the shortest route from the starting
point to the destination point in a road network. In addition,
accident rates are assumed to have been estimated by the
methods of previous study using telematics data and machine
learning. The Table II shows the values of the parameters of the
Genetic Algorithm used in this simulation. In this simulation,
we compare the results by changing the value of the parameter
X of the threshold in the Table II. The value of parameter X
is 1.1, 1.2, 1.3.

We use Delaunay graph for a road network. The Delaunay
graph is not optimal for road networks, but it is a randomness
and can simulate an increasing number of nodes easily. In this
simulation, we simulate the cases of 50 nodes. Fig. 7 shows
the road network used in this simulation.

We use the Dijkstra Algorithm for each of distance and
accident rate as a comparison method. Then, we compare
the route length, safety (accident rate), run time, and route
recommendation of the proposed and comparison method.
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Fig. 9. GA (X = 1.2)

B. Simulation Results

Table III and Figs. 8 to 10 show the results of using
proposed method with the network in Fig. 7. Table III shows
the route length, safety, run time, and threshold obtained by
the Dijkstra Algorithm (DA) of comparison method using each
distance and accident rate, and by the Genetic Algorithm
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Fig. 10. GA (X = 1.3)

TABLE 111
RESULT
method length safety time[s]  threshold
compared DA (length) 1251.59  7.40 0.001 -
DA (safety) 1716.52  1179.24  0.001 -
proposed  GA (X =1.1) | 1315.02 19.27 11.27 1376.75
GA (X =1.2) | 147041 14241 6.60 1501.91
GA (X =1.3) | 1536.10 374.25 3.01 1627.07

(GA) of the proposed method using the parameter X of
the threshold changes to 1.1, 1.2, and 1.3. Table III shows
the results for route length, safety, run time, and threshold
by the Dijkstra Algorithm of the comparison method using
distance and accident rate and by the Genetic Algorithm of
the proposed method using the parameter X of the threshold
changed to 1.1, 1.2, and 1.3. Route length and run time are
better for smaller values, and safety is better for larger values.
The table shows that the Dijkstra Algorithm that minimizes the
distance has the lowest route length but also the lower safety.
In addition, the Dijkstra Algorithm that minimizes the accident
rate has higher route lengths, but highest safety. In this way,
the Dijkstra Algorithm cannot consider only one weight, such
as distance or safety. On the other hand, the proposed method
using the Genetic Algorithm has a threshold of distance in
the constraint condition. The route lengths of the proposed
method are all lower than the threshold, indicating that it
increases safety when the constraint on distance is loosened.
And the looser the constraint, the shorter the run time. It is
thought that this is because is is no need to generate new genes
when the number of lethal genes is reduced by loosening the
constraint. The constraints in this simulation can be changed
by parameter X, so that the user can decide by oneself how
loose the constraint. For example, if you want to prioritize
distance over safety, you can set the parameter X closer to 1.
If you want to prioritize safety over distance, you can set the
parameter X to a value greater than 1.

Figs. 8 to 10 show the routes using the comparison method.
In addition, Figs. 11 and 12 show the routes using the proposed
method. Figs. 8 to 12 show the routes in red using each of the



Fig. 12. DA (safety)

methods. We can see that the route that minimizes the distance
in Fig. 11, on the other hand, the route that minimizes the
accident rate in Fig. 12 is considerably more detouring. And
we can see that the route using the genetic algorithm changing
the parameter X of the constraint in Figs. 8 to 10 is closer to
the route in Fig. 11 when the parameter X is lower. It is thought
that this result indicates it can recommend a route that matches
the constraint by changing the parameter X of the threshold.

V. CONCLUSION

In this study, we suggested a route recommendation method
that reduces the accident rate based on telematics data and
machine learning for the purpose of safe route recommenda-
tion based on driver characteristics. In the proposed method,
we considered the method that uses a genetic algorithm for
route recommendation, in order to avoid the problem of
unnecessarily increasing the route length, that has been raised
in previous study method. To use the genetic algorithm for
route recommendation, the routes are represented by genes,
setting up an evaluation function that optimizes the accident
rate, and constraint condition on distance. In this simulation,
we confirmed that the route selection satisfied each of the con-
straints when the parameter X of the constraint was changed
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to 1.1, 1.2, and 1.3. If the driver can decides the parameter X,
the driver decide the looseness of the constraint by oneself, so
it is thought that a route recommendation with high versatility
can be made. Moreover, in this study, we used only distance
and accident rates as weights for the links, but in addition
to these, it is thought that vehicle fuel consumption and road
widths can also be considered.

The future work is to evaluate the proposed method using
actual telematics data and road networks to estimate accident
rates and confirm its usefulness. Moreover, in the proposed
method of route recommendation by genetic algorithm, it
is thought necessary to consider methods to reduce the run
time, because the run time increases as the constraints became
stricter. In addition, it is thought that we consider the weights
except distance and accident rate that it was used in the
proposed method and setting constraints that consider these
weights.
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32T, HEMHEBEEIRE R Ly Ialb—Ya
YETV, BRETNLOBMEERESCHAME S VICHY T2
RT R —=RPEFRERICE X 2 HERHERL TV 5.

22 TLIYTAIRAT—RDEH

513, EMRHERER IV STV S AdaBoost D
TATY X LER=RE LT, B L REEE OFEIRE
DOFHAEOMHTFELREL T2 [13]. F£iz, HEIEERE
OFRHYER TN T 272D T VT 4 VAT —XDiEA%
BELTWS. ZH0RETZHGFIET VTR, H—T%
T DR, BHED R L — R IHERITS IR L, &K
B IZIRIEN S D DL W o EH O EFRIED F T
BTREDZ WO A0 5, HKHEDFHERKRER &M &0
D ETHIR U 7B E T — 212X U T wavelet 77 %
TV, BRI S, F OESEREORMERT 2 R L
TW5. wavelet 7R SN2 BN 7L, SEREIC
X OB CIERLS 2 Z 2T, IERL L7 —XIZEHAL
BRI 5. 2L T, EFLLZdDITRL
TR Z WU 2TV, EMREEZ AR L &,
AdaBoost D 73 ) XL AN L, Fioe it U COElx
Z2FNLOHPIEFLEFEELTWS., £/, ZOETILD
FEEE % Leave one out & W5 RAMEHFIEIC & - THIFIE
TOLDFANREMET L, I NAERICHE-> T, KA
FDORIANZT FAL RE1REET 25 e B2 R LT
w3,

£TE, ERNDEREHICOWT, TLYT 4 7 AT —
R 7z ia Y — B R IR LRI A R IO 72 F B B D Al
APTHORUTVBRICOWTHB L T3 [14]. EE, 7
LT 4 7 AT —RESH U TRBEREEIC KM X & 53
APREERETED, i, EfTHEREE RRENCK
MeXxg3 ETHEGESE (PAYD: Pay As You Drive)
¢, EfTHEEZ TR, A7 —FEREFOERREE
REERNC I X & 2 DEERREEE)T (PHYD: Pay How
You Drive)] D 28N H 2. TL~T 1 7 AHBHERR
T, PEREUS T 2 2 & 23T Z 7o o #En 22 8 E o @A
VR 7 OEEICHEDS <, KD IERETHR» R E D
AJEEE 2D S5 2 L TW5. %/, HIEENTL~YT 47
AW E-oTHLDODHADEEEZF 2 v 7E3NTWVWEZ L
2L, 2o, HIEEEADH 4 O#EERZEE) D X b E#HE
ANCRERNI KM X B2 Z 2 IZik 2 D THIUE, HIEEIZ
&, BREREOHNTI A4 ey T4 THLDBIEL
LITRY, ZRUC K o TEREEHDTHAUSH RN X ) »
MZRBELTWS. TLvT 4 7R, REREHIZE
Cx 63, HERFEOTH, B, Zofl, AxDLD -
BRZOBRDZIEIERY—LRBIEHLS5 LT
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W3, Bz, HEIREENCR T 2 EmE L TB
Tk, HEEEE OO R FRANCHGEE L, SR
TN TEZZ L, HEOMBEREIET 2 22T,
B S EERF O BB B AR SR RE L 22 B L, e
A S OIS AU RIS BEE R IR LTRSS 2
CHAREL BB, X LIHEEFEEBOMELP, R
IEFERA DB 72 0L (BTN D EIROEEEIR 2 [HH %
MR T 2%) FICHIEHAL D 3 b ibRTWV 3.

2.3 FTLIYITAIVRT—REZAVERELRIREE

HE S OETHATIE, BEHOEERICEONS T L
RTAZAT—XOERAEHEEL, FRORET BHER
(FHCRAR) 2RI 2 REDRBHEFEEZRELTY
% [16], [17]. JEEERHECIE U e BRI 2 520 3
%712, HEERERHEIIG U 7 S X o R ER D
Hez v, HiFEHD S B E TCOHRBBER PR T 218
FEHEFE D 2 ARG L TWa. HRFEREHE T 2N
Z LIORT. EEEEREICIE U 7 558 8 X [ o SR A%
DHEEIE, FBRXE % BEICENT L@ RS OER e,
REEHEE 21T O EIEE DEME T LY T 4 VAT =X 05
B3 2 2 2MEL TV, HHFELERIBT 2R
HETIX, HROXGEEERT LI TE BRI TV
TV RLZHEALTVWS. ZORBSER7 LT Y XA &
h, HFEMID S BAYH E T OO T 2572 L oD%
RAEREPERT 2REHE 2T RoTWS. ZOFEEY
Ral—ryaYIZEDFHiiL., TVRTART—R%
LRI =7 — X B8 0 & EHSEEREHE L,
RS ORI 32 LEWEEZZREL, L EWEDIT 2
72 Lo OHMFEERERFT 2REOPHETETTWE L
Mo, BBOXEEEE L -RERRBHEEITZ TN
e EMRLTWS. LrL, HESORITHILTIE,
BOFL~YT 4 VAT —RTWRRL, BI—T—2%%E
F—Xe LTHWT, Ery hV—21ZEFetr—%y
F7—2FHVTWE 00, EBEOTLYT 4 7R
T—XREEE A v bV — 2% AW TIREFEE FHli$ 2 4
ERH2 ey LTETFohTWw3.
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Travel Time : 8
Accident Rate : 0.002

Travel Time : 5
Accident Rate : 0.005

Travel Time : 10
Accident Rate : 0.008
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3.1 #E
HEHLE RIS IE U2 SN 2 D 12 WR SRR O
ErHNE LT, HBCRERL T 2 R HEE TR
55, AMETHEATZ2EEAY PV —21FK 2D &
SUHBEHD ) — PV v 71Tk THREIRTEBY, /—
RIERER, VY ZI3EBXEERLTWS. £, &Y
Y2 FOEBXEOBITICHh L BTERRE Y, Z0ME
%Eﬁ@%ﬁ%é%@ﬁ%ﬁ%?é $MWTH XDHE
WKWiEWy 2 a2l —y a3y, HERKRSHD
Bﬁﬁéhﬁﬁ#%®*ﬁﬂﬁ@TV7747xT R
&, OpenStreetMap 5 HHE L /zBHK Ay b7 — 2 & ff
HE2. BBEOFTL<T 4 727 —ZDOIEH L EWFE
kD, FD U ITFEBRCED 2 R TE O R MR 2
ET S, FHEHT2T—ROMEEET LT 4 7 A
TR HEONZEREITCICHE T 5. £z, EBOE
Bty by —2 ETHBREREHEL, EEN 7L
AL EHCTIRBHEEZITS. ZOFEESI 2L —Ta
N E DS S

3.2 1HHEDER

AT, BEtShET LT 4 2 2AF— X E2ERL
TR DOHEE D72 OMEET W 228 57— &
DOFHRIZOVTHRETT 5. BT L TV A RHHRICOWT
R2AWXELDHE. TLIT A Z7AT—XIZE, 22— 1D
REAT L7z HIR, R I TED, Z20H05
H, K, BH#, HOEREZHMH T 2. HNZEERME,
AL —FREYDERIC O ZEHTEOERY LTV
5. £z, TURT A AT =X oHHLIZREED A
TEEETFT—X e LTA T TH 2 eE X, HEHEEHRE
HHETH 22— EFT L HIE, FBEIEIZBT 2 KRl
BOEHRERMEL LGB 2. HEIHEERZHNE TH
Za—YFDBERIE, TLT 4 7RATFT—RIZEENTVD
2—H ID TEMXN TV 22—V HEDMAERE W
32 RMET S, WSS 2 RBEIXER, R, Eig
FOMEERERFI LTV 3. KIEDOERIZ, FL~7F 4
AT — RIERINTWBET LA BRSNS, Z
D HIRFRP R G0 U TR, Rk, B, KROR &L
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xR 2 ¥ET-XONHE

R B 7 — & i
age i 10, 20, ...
sex 14 B, 2tk

licensed_years  $uFF R EFL 1,2, ..

month H 1,2, ..., 12
time 153 0,1,..,23

weekday MEH 0,1, ...,6
vehicle_speed B R 0.0, 0.001, ...
road_type JE A EEGE, EhE, ..
lanes B 1,2, ..
temperature ERi! ., 0.1, 0, 0.1, ...
precipitation Rk & 0.0, 0.1, ...
wind_speed JE# 0.0, 0.1, ...
weather K& Eh, 2 W, F
target HZ% 0,1

KETHOEIIET 5. EBROBERIE, 7L T4 AT —
ZIZFIER I N TV BT U7 FERE D &, BT U728 & 5
E L CEBEER, BEREE OpenStreetMap 70 H5HUF T 5.
IS OFHETHEWEE 21TV, BRI O HHRTE
ERPHET 3.

3.3 GA ZRAV-EWREXRZERT IRRIEE
AFFETIE, B Y PV =27 DV 7 DEAMIFTER
M HRREREANT, Bl 7L XLEHANTE
BIREHERTS . EHCRAERE, 32fio@hicT L
XT 4 7 AT —ROIEH L EREEC & D HEncHEE S
TW3r¥5%.
BEN7LTY XLIEIRD XS B TEITEINS.

) WIHAE R D4 R

) i

) SRR

) ZX

) ZEIRA B

AR CER SN B AKX 28I CTHBI L 72— Wit - T
AT 5. FIE 1T, PIHER L &2 @B OFEKEE
S 5. FIE 2 T, FHERBIENC XD, SR DBEIDE
FAHES 2. AWZECHER 3 2 FHlBIEK Fitness % LI RIC
N

N

(1
(2
(3
(4
(5

1
Fitness = ——— (1)

1-— (1—51)

=

0

st (1=0,1,...,L)IZEBEAY VUV —=2ZBIF2V Y710
FEOSHRAER, LIS S BIS TR T
527 DTH%. Fitness DIEDBEHWIZY, ZOfEK
DHFSENE L, BUFERPBNRELERTHE L
#RY. FIE 3 T, £EOHF D5 ROERAKRTMEIKE
RET S, BIREIKOFEEIL—Ly MEIRRPF—F X >
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index | 0 1 3 7 8 9
HEH!gmeC)S 6 5 () 5
index| 0 1 2 3 4 5 6 7 8 9
HEH!gm 2 6 @7@1 4(@® 7 8
g
: index @ 1 @ 3 @ 5 6 @ 9
gene@6@6@14@8
: index| 0 1 2 3 4 5 6 7 8 9
gene [ 2 5 7 6 2 9 4 8 7 5
B3 =Xof
index 1 2 3 4 5
gene | 2 5 @ 6 2 9
index 1 2 3 4 5
gene | 2 5 @ 6 2 9
B4 ZERZEEOH

FEIRZE WL ODFET 205, RFFZETIEL—L v &
REMANE. FIH 4T, Fo@EREEMEKE LT, B
ERDBILF 25 ERE O FREEE AR T 5. AkERR
XHEHERK 3R, 31 OHOTEEKEAERT 5.
HFHSIZ ) — R0 TH 270, FEEDHETD 0 D#EE
TERRET 2. 2 OOBMEERDI SIFFD 0 DEETEED
L0 VX MGERY, THEkicar—33. X3 0Ha,
EETFH 2 OBEAKRE RS, FEKIcar—3hs. v
TFHEERDORTD 2 DBETERIRET 5. [k, 200
HEARD SIRFH 2 DBIETEED DT V& LSEY,
Tk —3%. K 305G, BT 4 OHELE
B, FEKcavr—xhs., ZhzHBMED, — R
THRDIBETZIZED, R X2 H k4T
3. £, Wokh ot/ — FOBEGRFIIOWTIE, BE
VRAMDPE T YR MGEBTFPRESINS. 2 OHD T
KB FEBICAERT 2. FlE 5 T, 7YX aBRaNTz
EADBEEFEZ RS, BRERDOH 2N 41RT.
RIS BTN DTS 5 0 & 2IBEN T 1 DDfERIC
MLUTITS. ZOMEKDBERLETD 1 DRBHEST 2t ) —
FOBRBICEETS. FlE2,5 5%, RTEBRIET
FTCHREZEDRT 2T, REREZESZ 2 TE3.
T SMEFHME A R B B O ER O FHifE 2 2 b L A it
ROBEARTRA-Z LTHREL TR 5. %7, k%
RN XY B EHRE XX, EREEAERIEIHRE
FERERFER L VW, THHIE ARSI X—&Z e LTHZ 3.
EDL EOFTER OB R Z T 2 72012, FrER e
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IHHHE'.HE§=4#EQ
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5 ALZERAY PY—2

X UTHIFIZRRT 5. #lfGMAF e LT, FERfHo L 2w
EEFEL, ERIIFTERESZOLEWEEZBZ RV X
IWERT 5. b ULATERMD L & WEEREZ TV
PEBRINGE, ZOBEETEEELR T L TR,
ZOERICRF VT 14 &5 2 TRIREIKTROMARATE S
fERIE T K T 5.

4. FFE

41 YZal—-YavEE

AWFE T, Python 3.8 L, 15D PC Eicv I a
L—a VERIBERMEE L. AWz PCIE, OS2 Windows
10 Education T, CPU X Intel Core i5 (4 27 /8 AL v
F, %K 4.2GHz), XV X 32GB (3200MHz), A +L—
P13 SSD TH 3.

AL THOWZHBERBER > SR Ih 7T L ~T 4
I AT =R, BHEMNED 4 AL 2021 F10 A 1
H25 2022 % 1 H 31 HIZET LT — 2Rt ah T
W3, ZDTLYT 4 VAT —REIERAL, &2 ORHE
THWAE 21T 2 L THERAERZHET 5. BiNEE
FIEIIIERTE L FREIC XGBoost W3, HEEE v
Py =202, M5 EHAWTED, BHIENO R
% OpenStreetMap 2> 5HIGF L TW5. 5 DER v b
T— 2703/ — FEDI 609, VU rBH 835 TR IATW
3. REGER7 LY X LGEEN 7 3 Y 8%
5. BEHATZALIY ZLDRT XA —Z%2FR JITRT. #ilK
MRS X AT 2T e L, RIX—&
X % 1.2,1.15, 1.1, 1.05 e Ak TR ZNLIKT 5.

B FE e LT, BRI e R ER O 22D
WCXA AN 7N XALZEHAL-FEEZHVS.
REFEL BT EORBHEEICOWT, TRE (FilFE
AR, FREIRERE, SEATRER, ROV THRT 3.

4.2 YIal—va VR

X 5 OEHE Sy V=2 HWT, IREFEL HKRFIE
PHMALEZ ZEORRER 4K 6- 121TRF. £ 413,
RS FIR DO FTER R & FHERD RN 25 X4 7 R b
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K3 CGADNRTA—&

NI RX—& fili

ER%L 200

R X% 0.3

JERAERAER | 0.01

HEOE e AR X DUR

T &AMF B EWVAHEAs 100 HAAZ LR L

FT7NAY ALY, MBFEOHIIZMED T X -2 X %
1.21.05 TE(L X8 7z L THERELR 2R T 28607
NIV XL K PREHEELS I 21— a v LEEBOR
2R (HRCRAER), FERME, fIREtFo L EWE, ET
FEEZ R LTED, 10EETLLEFEHOETHS. K4
Mo, MMERMEERNETEZEA AT TATY XL
X B IRESHEEE T, PTERRNZDNZ VD, BEEDB/NEL
BoTWBIeBoh5. %, FHRERERNETS
RA AT 7L3) XL K BRHIMEETIE, ZEER
KEL 230, iERMEbREL RS, RLT, BB 7
LT XA K BREBHEE T, FIRIStE T H 2 FTERRY
WS35 LEWEERRZ LODOEZE2ENKREL LD LS R
REEHEESTETED, HNERED 21 REEIREL
HoTWBIehnhs. LiL, foREErET L
Y ALK BIEEHEEOFRERTIX, REMTHIXA
AMTTNITY XL X BREHEHEED & 5 BIEREE S 2
LIBEEL L, RAZRA S TATY X LORBHEEIZ LA
TREEI/NE L, FTERBARE L RoTWw5. fHil#gk
DT X—& X=12D ¥ TDFERETIX, L EWHEOMED
RAZAPF 703 XL K BEHOMERB LD &K
XRMETHZH, REEIINE S Rotz. ZAUIFTERRY
EHEIILIEZ2ICE > T, &Y REEDRKENEHIHIEX
NleldTHBeEZ LN, REFIEOFETREENICOW
T, HOREICh b S FTRBRMEICK 572, AW
WBFEYIalL—yarTiR, BEFEOEZEHN 7 LT
) X L DFFIGEEDRTA—R X ITX o TELXEZ
HAEETH 2720, 2—F MR DREOHINEZHET 25
FHETRET 2 ZHARETHS. FIZIX, BEEXD
BRI 2B L WIEEIE T X —&Z X 2 1 1320
WRL, FrERE L D ZEEZBIELIWGEIERT X —
XX %1 XD REREITRERY. Fi, EEM7LT
YALTRIRXA—RZX=11T>Ial—>aryLiED
AT 2 EHIED 25 72X 131RT. X 13 13
AR, MR oMl LT, HREERD
COUICEHE{ENRKREL BRoTWB Z BTN 5.
HMRFEDOX A Z A RS 7TV XA X A HEERE *
M6, 7R, L TREFEOBENT LIV X LI
X BHEERREN S - 12 1R T. MHOREBTREINT
W3 I RENENOFETHE I NREEZRLTWY
5. EBTFEOR 70K, K60 LThL
mE D E LEREAHE SN TWE e 9h 5. BETF
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R 4 Simuration Result

method safety travel time  threshold run time
DA (travel time) | 30.5096 221.5665 - 0.0244
DA (safety) 97.8708 258.3876 - 0.0264
GA 83.3382 293.5452 - 30.6407
GA (X =1.2) 70.8758 252.8133 265.8798 28.9903
GA (X =1.15) 59.4689 243.1641 254.8014 30.3819
GA (X =1.1) 55.3566 235.9342 243.7231 29.6781
GA (X = 1.05) 48.3109 229.53 232.6448 32.4083

7 DA (safety)

EDOK 8 - 12 DFEEETIX, FrERRIC S 2 I DREE
WX o THEE SN R L, FziL < §51x
X 6 DREFRITAEDE, HIRZHED 2I1ZEK 7 DFEEKIZED
WTWBZERTD5. ZNLDRPS, (T RX—-XX
PRI E D Z 21T XA HIROREICIS U AR A HEE T
ETWBeEZOLNS.

5. ¥

ARRFZETIZ, EEREREICEED R ERERIEE 2 BN
L LT, HERREMD SRS g RN o — R it
DTVLXT 4 7 AT —REEM LIHEE T -2 OREEE
AL, BERFEC & o THEE U - HHCEAERZER T 2
BIEH 7 LT XL K BB TEZRR L. Fl
REREZHTET 2DDFET—XORHEBEL LT, 71
RTAZAT—=RESHL, 2—¥PKRIE, EEROFEHZ
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BiEE  AWZEo—ENZ JSPS BHFE 22K12009 B X U1E
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