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Chapter 1

I ntroduction

With the economic development motorization has beeselerated in developing
countries as well as developed countries, whichdaased not only the pollution
and global warming by the exhaust gas but alsartbreease of public and private
expenses for physical distribution due to congestido cope with these problems
the public transportation systems must be prepanedutilized by as many persons
as possible. For this purpose mass transfer sysgecis as high speed trains,
subways, buses, etc. have been developed and edobyl the central and local
governments all over the world.

Mass transfer by buses is still a major transpioratystem in many small cities
even though the subway systems have become thetraagportation system in the
big cities in many countries recently. However, Seagjers, especially the tourists
and strangers for the city, can not get the infdgionaeasily about the buses and
their routes due to the peculiar characteristicghef bus transportation systems.
Excellent Route Search Systems for Bus Transportaie necessary to reduce the
pollution and expenses due to private cars anddease the utilization of public
transportation systems.

The development of a Bus Route Search System worf@ity, Japan that is a
result of Government-Industry-University Cooperatiwill be described precisely
following chapter.



1.1 Current Situation of Bus Transportation System in Tottori
City

The number of people who use bus transportatioreisys decreasing year by year
in every province of Japan. Especially, almost 760R&ll bus routes operated in
Tottori Prefecture was red bottom line in 1999 atharefore, it became a great
burden to the local government to maintain the trassportation system. To
increase the number of people who will use bussparation it is necessary to
enhance the convenience in several points. Thedkample of inconvenience in
bus system is that it is difficult to get the infaation relating to the bus routes. In
case of railroad transportation system, passerngerget easily the route related
information from route map, timetable, tariff, oy lmaking inquires of staffs at the
station. In case of bus stops, however, there issnough space to notify detailed
route information nor any staff to ask generallyl,aas a result, route information
available from the bus stop is limited considerabtygeneral, railroad stations are
indicated very well on the signpost; however, biops are not clearly indicated on
the guidepost and, therefore, it is very difficidt tourists or strangers to find the
location of bus stops. Furthermore, there are e@llipped route search systems at
railroad stations in general which can show dedarieute information by simply
inputting departure and arrival stations to theeys on the other hand, there is not
any good system available for bus transportatictesy.

The bus companies in Tottori City have recognizesel tirgent need of bus
route search system in order to provide convenietwepassengers and,
consequently, to enhance the utilization of busdpartation system. They have
cooperated to develop a route search system wittorifdJniversity which has
professors and experts in the field. The Tottoria@ber of Commerce and
Industry[1] has participated in this cooperatiorteta which resulted in the
Government-Industry-University Cooperation, andnpoted the development of
the system.



1.2 Route Search System for Bus Transportation

The number of people has been increased who usdstdrnet Service or Package
Software that can show the course information siscbstimated time required, fare,
transfer guide, etc. of the public transportatigatems by inputting the departure
and arrival stations to the software. This kindsefvice has been started in the
railroad transportation system because the rouddiare of the railroad are almost
fixed and accurate. Although the service is expdnithe part to the public bus
transportation system recently, there is no fulilable route search system in
case of public bus transportation service in a @ditg to the peculiar characteristics
of the bus route.

The currently available route search system for fbassportation in a city
utilizes the search system for railroad without ahgnge; however, the bus routes
are very much different from those of railroad atherefore, the search results for
bus route by the system are not sufficient to bézed by the passengers
satisfactorily. One of such differences is that ditance between bus stops in bus
transportation system is much shorter generallyn thfzat in railroad system.
Because of this reason passengers prefer trangf@allt to by bus in some cases,
and this situation is one of the main reasons tkenhe realization of the system
difficult.

This thesis deals with the development of Routerc®e&ystem for Bus
Transportation. Users of this system can get thienopn route that minimizes the
time and cost between two points taking all avéglabeans of transportation such
as transfer by walk, bus, railroad etc. into coasation. Furthermore, this system
enables the users to find optimum route not onlyilhe names of the departure
and arrival bus stops but also the names of lankBnsuch as office buildings,
famous sightseeing spots, etc. This function i/ veuch helpful for tourists and
strangers who do not know the City well.

The route search algorithm has been designed tbdptimum route with 2
steps. The first step is to find the shortest pathime between two points. The
second step is to find optimum route from the ssdrpath in time by considering
other circumstances.



1.3 Support System for Bus Routein Tottori City

The developed system has the following functions:
1) Route Search Function
2) Data Management Function
3) Landmark search Function
4) Timetable Display Function for Each Bus Stop
5) Map Display Function for Transfer by Walk
6) Timetable Display Function for Each Bus Route

The function 1) is implemented with the search atgm proposed in the former
section. The design, loading and assessment dlitietion will be explained in the
later chapters. 2) is a function of data managerfeeublic transportation system
in Tottori City. The data is revised two times ay@enerally and, therefore, the
database shall be amended two times a year as Wedl.function was designed
elaborately to achieve smooth revision of the deabThe function 3) is a sort of
input assistant function that can be used to seedtinput departure and arrival
places in the function 1) not with the names buhwhe landmarks such as nearest
building, memorial monument, public office, etc.elfunction 4) shows timetable
of route buses based on the bus stops. With thigitn passengers can confirm the
time when they use the bus at the specific bus $tojme function 5) users can cut
out and display arbitrary size of map by selec@ingoints on the original map. In
addition this function can show the direction frdnpoint to another, which can be
utilized to offer area maps from the starting pdmtdeparture bus stop and/or
from arrival bus stop to the destination. The fimt®) shows timetable of buses
based on the bus route. With this function passsngen find the time required
between stops and can understand the time zone twbgican use the bus route.

The functions 3) and 5) are support functions fo function 1). And the
function 2) is a management system for public parnsition information. Figure
1.1 shows the taxonomy for functions of the suppgstem.



1.4 Composition of the Thesis

This thesis is composed of 7 chapters.

After this introduction chapter, the characteristid the bus route are explained in
Chapter 2. Specific features of bus route suclhaasfer by walk between bus stops,
direct routes, bus stops with same names, etclediiged and precisely described.

Support System for P ublic Transportatioln

Search and Display
System

Management
System

1. Route Search Function 2. Data Management|

3. Landmark Search Function
5. Map Display Function for
Transfer by Walk

4. Timetable Display Function

for Each Bus Stop

6. Timetable Display Function

for Each Bus Route

Figure 1.1 Taxonomy for functions of the support system



In Chapter 3 database for bus course search systerplained. All kinds of
data for this system are introduced. And the talelgarding special day and
relationship of tables are mentioned. In Chaptdredcourse search technique used
in this system is explained. Network, xml file anohe which is new concept for
this system are introduced. The function whichhis best practical parts of this
study is explained in Chapter 5. These are mapcgefunction, time table service
function as well as course search function. Expenitation and conclusion is
described in Chapter 6 and 7.



Chapter 2

Characteristics of Bus Route

2.1 Movement by Walk

The bus routes are not designed to get the shqatistbetween two bus stops but
to pass the places where as many passengers dslgpass use. As a result, the
routes are very much complicated and the distabheeseen bus stops are rather
short in general and, consequently, a passengegetaoff a bus at a bus stop and
walk to another bus stop of a different route teta bus.

Accordingly, cases that movement by walk becomiexde exist.

At the Fig.2.1, O shows bus stop, a solid line shosute by bus and a dotted
line shows course by walk. The case is that a pemsaves from bus stop A to bus
stop H in the example of Fig. 2.1(a). There arel8es in this example that bus stop
A, B, C, D is one route, bus stop E, F, G, H iseottoute and bus stop D, F is the
other route. If a passenger moves from bus stop A tonly by bus, the only
available path is A->B->C->D->H. However, if he carmove by walk between bus
stops, the path A->B->F->G->H may be available bseaof short distance
between B and F. It becomes possible to includevdnethat a person moves from
A to B by bus, moves from B to F by walk and mofresn F to H by bus in search
targets. At this point, the course including movatrigy walk isn’'t always the best
way. But we can choose which of these two waystades between rail road
stations are too far for passenger to move by weilerally and, therefore, this kind
of problem can be regarded as a unique problemarcking bus routes[2].



| Destination |

~(D) H ©

©
/ (E)
9 - Destination *J
(A)

(a) (b)

() : BusStop
—— : Transfer By Bus

...... » : Transfer By Walk

Figure 2.1 The example of the movement by walk

Besides, in some cases, it can be considered kmatfastest way to a
destination is not necessarily the nearest buststtige destination. In other words,
it may be faster to get off at a bus stop, whichas the nearest one, and move by
walk to the destination. As illustrated in Fig. @) the nearest bus stop to the
destination is E. If we do not consider the movenitsnwalk, the only available
route will be A->B->C->D->E->destination. Howevérthe movement by walk is
considered, the route A->B->destination can beuietl in the target routes for

In the same manner, it must be considered thassepger moves by walk to a

bus stop other than the nearest one and takesat thesstarting point.
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On the contrary to the railroad route search prabl@ which only the paths
between the stations are considered, routes bettheereal starting point and the
real destination must be considered in the busrsearch problem.

Starting bus stop and arriving bus stop are ndacgy the nearest one from
starting point and destination because there aesdie Fig. 2.1(b).

2.2 Direct Bus Service

The numbers of bus stops may be reduced to thetdine even in the same bus
route due to the difference of starting time ordiféerence of the day of a week. In
such a case, the direct line will be treated agw route which differs from the
original bus route. For example, if a bus in aaierbus routar stops at the bus
stops A and C generally except the starting timeezaround 8:00 in which it stops
at the bus stops A, B, and C, it's supposed thatdifferent bus routeg-1 anda-2
exist.

2.3 Plural Bus Sops Having the Same Name

The examples of bus stops arrangement are shothe &ig.2.2. Almost bus stops
are established two bus stops both sides of tketdike as Fig. 2.2(b). But rarely,
bus stop is established one side of the streetalkEig. 2.2(a) or, three or four bus
stops are established near the large intersedkiera$ Fig. 2.2(c) and (d).

Therefore bus stops are indistinguishable fronr theme.



(a) One side of road (b) Both sides of road

e s e e e e e e

-
ool

(¢) T-type cross road (d) Intersection

Figure 2.2 The example of bus stops arrangement
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Chapter 3

Database for Optimum Bus Route Search System

3.1 Tablefor Course Search
3.1.1 Bus stop table

Bus stop table manages the table of bus stopstdles has made by using the data
provided from Iconsamato Company. The record ofetab composed of “ID”,
“name” indicating name of bus stop, “north™ indicaft the north latitude of position
and “east” indicating the east longitude of positio

The example of bus stop table is shown in Fig. 3.1

? alinlieitats il DE R DL it = SR F= SR SRR +
| ID | name | north | east |
it o R e e st e fprrit e v o +
| 201 | iBRJE | 45.16.30.02 | 134.16.29.82 |
| 202 | B&E] | 36.24.86.68 | 144.09.37.78 |
| 208 | Efk-BEiEw | 35.27.84.12 | 134.17.87.62 |
| 204 | & | 86.19.19.70 | 134.12.00.01 |
| 205 | & | a6.26.44.61 | 134.08.32.78 |
[ 208 | = | 45.29.45.81 | 134.07.59.44 |
Framas e i e e et T G et e +

Figure 3.1 The example of bus stop table

11



3.1.2 Connect information table

Connect information table manages the connect nmition between bus stops.
Connect information expresses the contact betwaerstops to compose bus routes.
The record of table is composed of “ID”, “bus_stlipy’ indicating the bus stop to
stop, “connect_ID$next” indicating the next connenformation ID, “time”
indicating the required time from former bus stajest” indicating the destination
of separate bus route and “via” indicating the elgmssed through. “connect
ID$next” is ID of this table record and [-1] is meged the last stop of one separate
route.

In Fig. 3.2, a part of connect information tablsl®wn.

s R he e - - B - - =52 T pi +
| 1D | bus_stop_ID | connect _ID$next | time | dest | wia |
Fpmmmemn Frmmeme s n il ARt — ek - - - ol - -~ - - e T el Frmmmes +
| 186 | 57 | 157 | 0 - | - |
| 167 | 52 | 158 | 0| - | - |
| 1858 | 581 | 159 | 0 - | - |
| 189 | 580 | 180 0 - | - |
| 160 | 579 | 181 | 0 - | - |
| 161 | 175 | 162 | 0 - | - |
| 182 | 175 | 183 | 0 - | - |
| 183 | 746 | 164 | 0| - | - |
| 184 | 828 | 185 | 0 - | - |
| 165 | 546 | 166 | 0| - | - |
| 168 | 387 | 187 | 0 - | - |
| 167 | E76 | -1 0 - | - |
| 7656 | 436 | 7667 | 1| EERER(J{248) | I
| 7557 | 81 | 7568 | 1| BERER (JiZ45) | I
| 7658 | 741 | 7559 | 2| BERER(II{2) | I
| 7659 | 363 | 7560 | 1| BERER (1 Z 480 | I
| 7560 | 174 | 7EET | 1| BERER (17480 | I
| 7861 | 387 | 7562 | 2| BEHRER OV {E) | I
| 7682 | B7E | -1 2| EHERERIVA ) | I
| 12377 | 75 | 12378 | 0| E=EEER I I
| 12378 | 215 | 12379 | 8| =EEER I I
| 12378 | 215 | 12380 | 1| =EEER I I
| 12380 | B29 | -1 17| E=EEER I I
Fmzmoors R L R tromrosorsoRTTToEs $rmmmoos trmrooosnomenoos $mzmoos +

Figure 3.2 The example of connect information table

12



3.1.3 Route table

Route table manages the connection of running rolitke record of table is
composed of “ID”, “name” indicating the name of teu“company” indicating the
name of bus company and “connect_ID$first_bus_stopmlicating the ID of

connect information table being the starting point.route table, to know the
running sequence of all the bus stops in one rgnroate, connection information
of running route is managed.

In Fig. 3.3, a part of route table is shown.

3.1.4 Separate route table

Separate route table manages data that runningsreubdivide to separate routes.
The record of table is composed of “ID”, “conne&$first_bus_stop” indicating
the ID of connect information table being startpwnt, “school_closed” indicating
the workday in closure of a school, “school_openticating the workday in
opening of a school, “sun” indicating the Sundaggdd sat” indicating the odd
Saturday, “even_sat” indicating the even Saturdal/“aosen_ID” indicating the 1D
of running route table including this separate eodthe field indicating the running
day is [1] in case of running and [0] in case ofrapning.

In Fig. 3.4, a part of separate route table is show

13



to---- e e e L e et e +
| ID | name | company | comnnect_IDEfirst bus_stop |
tomm - B Lt e L LT tmmmm - fomm e +
| 1| #E - @ERREL) | B+ | 1|
| 2 | mirmEE (L) | H#EZEGE | 58 |
| 3 | #HEEMIE) | BH=*Z8E | 48 |
| 28 | #A - T | B/ | 1064 |
| 87 | PHEB - BIUE(F) | B/ | 1112 |
| 38 | ZFROFD = 1140 |
| 92 | HEERIT( LD | EHERRIT | 31R2 |
| 93 | HEATIT? | BEESTT | 185 |
| 94 | EBHEE( L) | EfEFEE | A1RA |
| 95 | BEEiEE(T) | SHEFEIE | 8181 |
| 98 | EZ=(E) | JREEHA | a0 |
| 93 | A&E(CF) | JEEHA | §2a4 |
to---- oo Fommmmmmoo- e +
Figure 3.3 The example of route table
| II | conwmect_ID$Firet_bus_stop | school_closed | school_open | sun | odd_sat | even_sat | rosen_ID |
| 232 | g246 | 11 11 11 11 11 52 |
| 233 | 15051 | 11 11 0l ol | 52 |
| 235 | 15064 | 11 11 ool ol ol 52 1
| 237 | g221 | 11 11 11 11 11 |
| 238 | 8267 | 11 11 11 11 11 53 |
| 240 | a367 | 11 11 ol ol ol 53 |
| 241 | adot | 11 11 11 11 11 54 |

Figure 3.4 The example of separate route table

14



3.1.5 Departure time table of starting bus stop in a route

Departure time table of starting bus stop manabesstarting bus stop and the
departure time. The record of table is composetragen_ID” indicating ID of
separate route table and “time” indicating the diepa time. “time” is the value
that hours are changed to minutes. In the chahgédjrhe isx hoursy minutes and
the value changed &

Z=X X 60+y
In Fig. 3.5, a part of Departure time table of tatgrbus stop is shown.

frmmmmm - fommmmn +
| route_ID | time |
£ - - 40 -8 1B - 52 +
| 10 | 728 |
| 11| &08 |
| 12 | 470 |
| 12 | 480 |
| 12 | &1 |
| 12 | &0 |
| 12 | &30 |
| 12 | 870 |
| 12 | 430 |
| 13 | 452 |
| 13 | a1n |
| 13 | 940 |
R pommmm- +

Figure 3.5 The example of departure time table of starting bus stop

15



3.2 Landmark
3.2.1 Table design of landmark

First of all, landmark has sorted in large groupgdte group and small group.
And landmark name and position information are ttgmliin the landmark table,
classification name is inputted in classificationformation table, the code
corresponding to classification is inputted in slésation code table and the
landmark corresponding to code in landmark classifon table.

The tables about landmark made newly are explaiedaiv.

3.2.2 Landmark table

Landmark table manages the data of each landmark. récord of table is
composed of “ID”, “name” indicating the name of demark, “yomi” indicating the
pronunciation of the landmark name, “address” iating the address, “north”
indicating the north latitude, “east” indicatingetheast longitude, “frequency”
indicating the frequency of used in search andbies indicating whether to output
the landmark at the search result or not.

In Fig. 3.6, a part of landmark table is shown.

3.2.3 Classification information table

Classification information table manages the cfasgion sorting landmark. The
landmark is divided in [large group], [middle grgugmd [small group]. The record
of table is composed of “ID”, “level” indicating ¢hclassification level, “name”
indicating the classification name and “yomi” inging the pronunciation of
classification name. “level” has one value in thi¢ indicating large group, [2]
indicating middle group and [3] indicating smalbgp.

In Fig. 3.7, a part of classification informatiabte is shown.

16



ommenan rmmmmmmm e ommenn oo rmmemmmmnaes SRCEEECEEEEEEt frmmmmmmaaan EREREEEEE +
[ 10 | name | yomi | address | north | east | frequency | visible |
fomomen oo foooes fomommmmoeoceoooooooos oo frmmmmmneoos frommmmoooos froomooons +
| 462 | O-UVBREEE | WL | BMEERFARAE03-55 | 85.30.20.00 | 134.07.10.87 | i 1]
| 718 | BEVRE | NULL | BEVE BRI | 85.30.48.10 | 134.10,30.50 | 0] 1
| 122 | O-w BRAWE | NLL | SRASEHEHLETEL2 110 | 35.30.55.30 | 134.10.36.31 | 0| 1]
| 1781 | BEUBR (A 1%) | NULL | BEREBH B mis T | 96.29.29.79 | 134,13.42.11 | 0 1]
| 1822 | BEUERCU R OLLFEAFER) | NULL | ENMEENHEmisl | 85.28.27.11 | 184.13.43.09 | I 1
pommens RS s SRR LT PR LR P PP frmmmmmmnnaes R CEEECEEERE et frmmmmmmaaan EREREREEE +
Figure 3.6 The example of landmark table

oma Fommaseg e e el SETEEENE e +

| ID | level | name | womi |

L poiulinlE . R fr VPSSR . SRRt gl +

| 152 | 1| g | MWULL |

| 154 | 2] FTOFLs kg SF— ) | NULL |

| 185 | | Zreal s E2EH | WULL |

| 158 | 3| AHF | WOLL |

| 187 | R R | WULL |

| 180 | B FAEtU - | WULL |

| 182 | R o = | WULL |

| 182 | | FaRAANO g e d | WULL |

| 184 | 3| o= | NULL |

Yt omman e T FEm s +

Figure 3.7 The example of classification information table

17



3.2.4 Classification code table

Classification code table manages the number aofsifleation code. All the
positions have one classification code from largeug to small group. The record
of table is composed of “sector_ID”, “subsector_J|Bjroup_ID".

In Fig. 3.8, a part of classification code tablsh®wn.

3.2.5 Landmark classification table

Landmark classification table makes connection$ éaedmark and the number of
classification code. The record of table is compdosé “code” indicating the
number of classification code and “landmark_ID” isating landmark. The ID of
classification number table is saved in “code” &melID of landmark table is saved
in “landmark_ID".

In Fig. 3.9, a part of landmark classification &ld shown.

3.2.6 No-registration landmark table

No-registration landmark table manages the dataiwisi not in landmark table but
which user has searched. The record of table i90sed of “name” field indicating
the keyword. In search of landmark, if user seactme keyword not to be in
landmark, the keyword can be added to landmark late

In Fig. 3.10, a part of no-registration landmatileéas shown.
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R foiammmanas L e Frmimmmiaan +
| ID | sector ID | subsector ID | group ID |
frmmmmn frmmmmmnn- frmmmmmm $rmmmmnmm- +
| 11002 | 152 | 154 | i

| 11008 | 182 | 165 | 1656 |
| 11004 | 152 | 165 | Ty |
| 11007 | 152 | 165 | 160 |
| 11009 | 152 | 162 | 163 |
| 11010 | 182 | 1682 | 164 |
R Y- gioe oy et - T P il +

Figure 3.8 The example of classification code table

fommmm e frmmmmmmm e +
| CODE | landmark ID |
frmmmmmn e o mm +
| 11008 | 337 |
| 11004 | 539 |
| 11004 | 17 |
| 11007 | 1690 |
[ 11007 | 1954 |
| 11010 | 162 |
| 11010 | 482 |
| 11010 | 122 |
[ 11010 | 3459 |
fommmm - frmmmm s mn +

Figure 3.9 The example of landmark classification table

fomm e +
| name |
fommmmm e +
| TEEF |
| A5 EF |
| Hhih ST H S EF

L L +

Figure 3.10 The example of no-registration landmark table
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3.3 Table of Special Running Day
3.3.1 Special running day

Special running day is out of the ordinary day IMew Year’s Day, the end of the
year, Thanks-giving Day etc. The data of speciahiog day is very tiny part of all
transport data. But we cannot ignore the data etigp running day to regard the
practical use.

3.3.2 Special running information table

Special running information table manages a dahefweek doing special running
and route information. The record of table is cosgub of “ID”, “bus_rosen”
indicating the name of running bus route, “trairsen’ indicating the name of
running railroad line, “term_start” indicating thstart of term, “term_end”
indicating the end of term, “start_bs” indicatifgetstarting bus stop, “bus_base”
indicating the time of starting bus stop or thedtiof special running , “tarin_base”

R o PR e L o ERER Y +
| ID. | bus_rosen | train_rosen | term_start | term_end | bus_base |
L AT = A N, = W= T/ A A S < o B A +
|1 MIOLL | 13 | 1| 1| WULL |
| MULL | a3 | 1 1] WULL |
| 2 | 0| -1 2| 2 | 3|
| 4] WULL | 11 3 3 MULL |
| & | MULL | 100 | 3 3 WULL |
A e S PO FoREs T S posmseRinty +

———————————— T e e e Tt

train_baszse | start_bs | start _time | end_time | srase |

———————————— pE R R S B T e e B ey

oo BTE | 448 | NULL | 1]

T 866 | 01 | NULL | 1]

MULL | MULL | MULL | 1080 | 1

2| 29 | 03 | NULL | 1]

2o 186 | 459 | NULL | 1]

———————————— frzsmmnmmn okt s st s s mos ST

Figure 3.11 The example of special running information table

20



indicating the day of the week being train base ‘@mdse” indicating whether add
or deletion. The ID of route table which is changedaved in “’bus_rosen” and
“train_rosen”.

In Fig. 3.11, a part of special running informattable is shown.

3.3.3 Period table

Period table manages the period of special runding The record of table is
composed of “ID”, “type” indicating whether termg special day, “month”
indicating what month, “day” indicating what dayvéek” indicating what week
and “wday” indicating a day of the week.

In “type”, [0] is saved in the case of term and [4]saved in the case of
specially fixed day. If “type” is [0], the valueseasaved in “month” and “day”. If
“type” is [1], the values are saved in “week” andday”’. That Sunday is [0],
Monday is [1], Tuesday is [2], Wednesday is [3]uidday is [4], Friday is [5] and
Saturday is [6] are saved in “wday”.

In Fig.3.12, a part of period table is shown.

3.4 User Management Table

User management table manages the information exftosbe able to change the
data. The record of table is composed of “ID” iradicg the name of user, “pass”
indicating the password and “company” indicating ttompany where the user
works.

In Fig.3.13, a part of user management table isvaho
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et SETE e R frmmmm fommm e +
| ID | type | month | dav | week | wdawy |
T fommm - A TR —— TR —— +
| 1 | 0| 12 | a0 | MULL | NUuLL |
| 2 | 0| 12 | 31 | NULL | MULL |
| & 1 0 | NULL | 3 0|
T e A TR — TR ——— +

Figure 3.12 The example of period table

TR ¢ ) e i o +
| id | pazs | company |
TONE, LY ler e A A - +
| nikkaou | bus | B#ZE |
| hinomaru | buz | H. |
[ ir | train | JEEEHAF |
| wakazatetudou | train | EHiEEEE |
| tizukvuukou | train | EHEERTT |
| keizana | mw=al | all |
et e e Pl snnn +

Figure 3.13 The example of user management table

22



3.5 Relationship of Each Table

The relationship of tables about course search isplayed in Figure 3.14,
relationship of tables about landmark is displayied Figure 3.15 and the
relationship of tables about special running peigodisplayed in Figure 3.16[3].

Route Table

ID | name conpany connect ID$first bus stop

A

ID connect_ID$first_bus_stop .school_closedschnol_open

4 Separate Route Tat ' sun odd_sat even sat rosen ID
% Connection Information Table
MAAAN .
ID  bus_stop ID connect [DS$next time dest via
_ v
route ID| time ID name | north east

Departure Time Table of Starting Bus Stop  Bus Stop Table

Figure 3.14 The relationship of tables about course search
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Landmark Table

ID name vyomi = address = north east frequency  visible

Classification Information Table

D level = name yomi

ID  sector ID subsector ID group ID
L ; = |
7

Classification Code Table

CODE  landmark ID| | andmark Classificatiofable

Figure 3.15 Relationship of tables about landmark
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Special Running Information Table

ID bus rosen train rosen term start term_end | start bs

A

start time end time bus base train base erase

Y . :
ID type month day week w_day Period Table
oY N
Change Information Table 1D name north east
ID network Bus Stop Table

A
Special Running Change Table

changeset ID patch ID

Y S
ID ' namecompany connect [D$first bus stop

Route Table

Figure 3.16 The relationship of tables about special running period
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Chapter 4

Course Search Technique

4.1 Making out the Networ k
4.1.1 The order of making network
The network is made for carrying out course searchthe way is shown in Figure

4.1. First, xml files are made from MySQL databaBken, the files displaying
network and time schedule of all bus stops are rbgdesing xml files.

MySQL
Database

Patch for Special Time Table
Running Period for all Bus Stops

Figure 4.1 The order of making network
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4.1.2 Making xml files of all separate routes

The files that indicate network and time table lbbas stops are made by using xml
files after xml files have made. Namely, xml fils®e made to construct the network
and to get time table of all bus stops. In xmldjléhere are bus company name of
all separate bus routes, bus route names, the naimgs stop where the separate
bus route stops, the time required between bus stigstination and the place of
passing through.

In Fig. 4.2, the example of xml file is shown.

{eml version="1.0" encoding="euc-jp" 1>

IRy

<header>

HAEHEBBFETRII A SLE

{EREmURR(LICEREY

</headery

{eml wersion="1.0" encoding="euc-jp* 1>

RHR

<header>

IAEHEBFRTRGIIZ S E

BRENMURELE)CEREY

< header>

<hodyr

B BRM BRI Z BRI ERR GFIERRED TR BRI ()7 2 3T Bl ER I A3
BRI 2B A B R E R PR BRSPS AR (4 2 12 ) TS s Bl B B A {3
BN BRERGI Z AP ERRE G BT BHLER O 23 TR @l BB A E
BN AR AEFN AFEFREREN GREBERE TR BRI A BT ERGERY N F
A BRERZTE I A BRI BN P ES TR B () 2 B ) SITEBER>ERII B
B BREPH G BE R EREAGREREGTEBIE (2 BT EER-GERY IR F>
BN AR EET A A BN GBS GTE B (2 B ATEERERI IR B
AR ABEFRER TR A FE <P BRI/ BT BIER (3 28 ) AT BRI E
A AR BRI AR P ERR BRI R BIER (A B)ITR-ER> BRI B
<:'{ﬁ'7\f$><,lﬂ'Xf?:%),%HEE(HXf?)<f”7\f$:%><ﬁ¥ﬂf}Faﬁ)E(fFﬁEﬂﬁﬁaﬁxﬁ'ﬁ"ﬁ).%ﬁﬂﬁ(”Rf?)qﬁﬁ’ixﬁﬁﬂ></ﬁ§ﬂ§|><f”7\f$>
/body>

/B

Figure 4.2 The example of xml file

27



4.1.3 The network to carry out the course search

To carry through the course search, the networtorsstructed with nodes which
denote bus stops and train stations, arcs whichtdeseparate routes from xml files.
If then plural arcs come out from a node, the comas of lopping off branch
should not be used in search for all routes. Se, dtaps are treated as different
routes in all separate routes.

The weight of arc is the required time from oneentmlthe other node. When we
search the route, the waiting time is added to¢heired time dynamically.

4.1.4 About zone

A zone is made to find an virtual bus stop whicln@vement by walk is possible
from a certain point. It is constructed with theikon which denotes an latitude and
the vertical which denotes longitude and Tottoefecture is divided by it as a
space of 5 minutes walk. When constructing the agtwthe positions of a certain
imaginary bus stop and an accessible imaginarystogsby walk in 5 minutes in its
near 8 zones are connected by zone. In the casmanthing the network, the search
expands as 8 near zones (level 1), 16 near zoeesl @), 32 near zones (level3)
until when an imaginary bus stop is found from toerdinates of a staring point
and a destination. If a virtual bus stop is fout& system searches for one more
level and memorizes all the bus stops in the zhmeovement time by walk to the
nearest bus stop puts as ‘n’, only the accessibg dbops within 5*(n/5 +1) are
connected with a starting point or a destinatiadmer&fore, it becomes easy to find
the reachable bus stop by walk by making “the zone”

4.1.5 Connection between bus stops movable by walk

To build the network, the zone mentioned in forraeapter is used in finding out
the bus stop accessible from a certain bus stdpmmutes by walk. It is enough by
only finding 8 near zones of the zone includingeain bus stop.
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Ta:b, required time(minutes) from bus stop A to Istgp B by walk is as
follow.

In this calculation, x is difference of latitudejsydifference of longitude, mis
the integer that latitude and longitude are altécedistance[meter], r is the integer
that straight distance are altered to road distamckv is the integer of speed by
walk. We apply that m is (14.0/45), r is 1.25, bk

X= Aon - BIon 4.1
y= Aat - BIat 4.2

TAB:‘w/x2+y2xmxr/v‘ 4.3

4.2 TheAlgorithm of Course Search
4.2.1 The outline of course search algorithm
In course search,

1. Starting position and destination are added to#tevork prepared.

2. By using the Dijkstra’s Algorithm, we can get thieodest time and the
number of switching to destination.

3. The values got from the Dijkstra’s Algorithm methisdused as conditions
of lopping off branch. So, search for all routesdisne by using the
conditions.

4.2.2 Connection between starting position and igstin

At the time of route search, starting position asektination must be added
dynamically to the network prepared. This systemdcets steps by zone as follow.
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1. After calculating the zone including a starting ifoa and a destination,
from the zone until finding the bus stop, the skaggpands as 8 near
zones(level 1), 16 near zones(level 2), 32 neaegtevel3).

2. If bus stop is found, the system searches for oo ievel and memorizes
all the bus stops in the zone.

3. If movement time by walk to the nearest bus stots @s ‘n’, only the
accessible bus stops within 5*(n/5 +1) are conrkaii¢h a starting position
or a destination.

4.2.3 Dijkstra method

The calculation time in Dijkstra Algorithm[4] depeéron the calculation time for
scanning the node of the shortest distance thewhies are connected to a certain
node (Extract-Min operation, hereinatfter).

Currently, the Priority Queue utilizing Fibonaccedps is the fastest one
among the data structures that have been utilzdfiis operation. In the priority
queue, the calculation amount for one Extract-Mperation is O(log n) when there
are n nodes. On the other hand, in this systemdovaot utilize the Fibonacci
Heaps but the data structure called bucket methotij3his method, queues are
prepared for every value which is expected to be shortest path, and the
calculation amount is O(1) for one Extract-Min cgten. However, the memory
consumption by this method is increased with thenlmer of expected shortest
paths; it is useful only for cases where the exggeshortest paths are limited under
a certain number.

The bus route search problem is adequate problenth& bucket method
because the expected shortest path is given iartth@f minutes and, further more,
the maximum time in minutes is limited under thegdest transfer time by bus.

Input data into the system is composed with 3 da@eparture time, starting
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point, destination as the fig.3. The starting p@nt destination are appointed by
land mark. Important 2,085 facilities in Tottorigbhecture are managed as land
marks by MySQL. And staring point can be inputtgd@PS when using the cell
phone with GPS.

The operations corresponding to bucket are,
1. an addition of node

2. a movement of node
3. an elimination of node

Bucket Stack

O : Node (the number(n) is a value of
estimated shortest path)

The longest time to
move by bus or train

Figure 4.4 Bucket Method
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Search is done by the Dijkstra Algorithm improvedallow.
1. Search is ended at the time that the estimatedtestocourse of node
indicating a destination is determined.
2. Search in this system is regarding the dynamic eagarc

4.2 .4 Search for all routes

Search for all routes is an investigation of allites from a starting position to a
destination. The shortest course can be obtainesebsching course of bus routes
network by the Dijkstra Algorithm, but the searché may be too long due to huge
amount of data. And there are many cases that&siaving unnecessary transfer
are found. Therefore the min-time, which is the rgksd time from a starting
position to a destination, is calculated by thekS&iija Algorithm regarding a
required time as a cost. And then search for aite® is done after regarding the
transfer times of the obtained course as the namster. It is possible of finding
more practical course having less transfer times.

We developed a search method which can find thenapt route by search for all
routes of bus again after limiting the search rangh the route obtained from the
preliminary search considering only the shortestre® in time. The system stops
when it finds the limiting conditions during theaseh operation. The limiting
conditions (conditions of lopping off branch[6])tinis system are as follows;

1. The case that the number of bus transfer excesdtiag number should be
excluded.

2. Movement by walk from bus stop to bus stop in saejarate route is not
allowed.

3. It should be excluded if the sum of elapsed timed the numbers of
transfer from a departure to a bus stop of a cegaparate route exceeds
the value of the false case in the past search.

4. It should be excluded if the elapsed time from dleparture to the current
point exceeds the estimated shortest time to cubes stop of the separate
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route obtained by Dijkstra algorithm.
5. It should be excluded if the elapsed time from dleparture to the current
point exceeds the min-time.

4.2.5 Procedures of course search

Course search is conducted by the algorithm ofdiiigkand search for all courses.
The procedures of course search are explained Tieeeprinciple of the procedures
is that the optimum course is found as fast asilpless

In this point, let's describe transfer. Supposé themimum 2 minutes are needed in
a transfer. And transfer has conditions as follow.
1. The movement by walk between bus stops in samedos is not allowed.
2. The movement by walk toward running direction afteis not allowed.
3. The time required in the movement by walk is lirdita 5 minutes. And in
case of movement toward train station, it is limite 20 minutes.

Procedure A
1. A min_transfer, which is the minimum number of sfer from the starting
position to the destination, is calculated by thgdira algorithm.
2. Assume that a bus is delayed 2 minutes from thedsdh.

Procedure B
Procedures of course search is,

1. The courses of the case that movement time by vralhn a starting
position and a destination to a bus stop is limited20 minutes, are
acquired by procedure A.

2. If the courses that movement time by walk is ovemibutes are included in
from a starting position to a bus stop and fronestidation to a bus stop in
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the courses obtained at 1, the courses of the tbasenovement time by
walk from a starting position and a destinatiom tous stop is allowed until
5 minutes, are acquired by procedure A.

3. The rout set of the route search algorithm canlaimed from the rout sets
which are resulted from the above operations 1 2ndvhich has the
minimum numbers of transfer and elapsed time.

According to course search algorithm, the pracicairse that required time is not

the smallest one but people want as well as theseothat required time is the
smallest one and transfer time is the smallest@meboth of all are outputted.

34



Chapter 5

Function of Bus Cour se Search System

5.1 Cour se Search Function
5.1.1 Acquirable course

Starting position is designated as landmark oresurposition through the mobile
phone having GPS function. The system outputsdhieses as follow.

1. The course that the required time from a startiogjtfpn to a destination is
the shortest one, is outputted. If the number efghortest course is plural,
the course that the times of transfer is the ssialbme in the shortest
courses is outputted.

2. If there are the courses reducing transfer timesigh the required time
lengthens to maximum 30 minutes,

3. At the case of courses gotten from 1 includinggfanwithin Sminutes, the
courses having a surplus time over 5 minutes insfe, are outputted
together even though the required time lengthemsabamum 30minutes.

4. At the case of courses gotten from 1 including nnoset over Sminutes by
walk from a starting position to the first bus stopl from the last bus stop
to a destination, the courses that movement by walthin 5 minutes, are
outputted together even though the required tinngtleens to maximum
30minutes.

5. If to do walk from that position to a destinationtivout the last transfer is
faster than doing transfer, courses including these are outputted.

Search time is very shortened and any course searche finished within 1 second.
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What the courses of 1~5 are acquirable practi¢alshown at the experimentation
in chapter 6.

5.1.2 Departure time search & Arrival time search

Departure time is appointed as any day, any time@ months or any minutes after
from present time. The example case of appointptgonal day and time is shown
in Figure 5.1 and the example case of 10minutes atiw is shown in Figure 5.2.

If user is connected with the bus course searctesysvery first, the screen
that user appoint day and time is shown as Fig.Hete, the next screen is shown
that user click#% &’ (setting) after inputting the data of day anddinAnd if ‘o %
TIZEIFET 5’ (arrive by the time) is chosen anfft#1£5%’ (course search) is
clicked, use can get the course searched. Additiomarses are presented in the
below of screen of course searched. These areotlrsec having sufficient time to
transfer or having time shortened to move by watk 8o, user can choose the

course he wants.

If people appoint the day and time to arrive bytihee, it is possible to search
the arrival time. In Figure 5.3, the example ohairtime search is shown. Fig. 5.2
Is same to Fig. 5.1. Arrive time is indicated ingFb.1 and departure time is
indicated in Fig. 5.2. If user decidé;%%’ (what minutes after ) andDIZ Hi%&
%’ (departure), the course he wants is searched.
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Figure 5.1 The example of departure time search (a designated day and time)
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Figure 5.2 The example of departure time search (10minutes after now)
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Figure 5.3 The example of arrival time search
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5.2 Data Management Function

Data management function is what renews the datthéosystem. Data renewal is
largely divided 2 kinds as running diagram renewaatl landmark data change.
MySQL database is used.

5.3 Landmark Search Function

In this system, currently, rapidity of position anmation is high and a name of
position is almost accurate. So, practical valugeisy high. If people does input
nothing, the system display all the search wordsifmm name) in the order form
search time is the largest one to the last on€ign5.4, the example of landmark
search is shown.

5.4 Map Service Function for Movement by Walk

This system offers map service for movement froartisig point to the first bus
stop, from the last bus stop to destination by wakd it also offers map service for
movement by walk between bus stops during totatssouf Fig. 5.5, the example
of map service for movement by walk is shown.

5.5 Time Table Service Function of All the Bus Stops

People can select time table search at the topeoséarch system screen and can
get the time table of riding bus. In Fig. 5.6, #gxample is shown. Furthermore,
time table is displayed to divide each hour as dock zone, 8 o’clock zone for
convenience to see.
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Figure 5.4 The example of landmark search
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Figure 5.5 The example of map service for movement by walk
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Chapter 6

Experimentation

6.1 Environment

The calculator in this experimentation is that CBWPentium 4, 3.0GHz of Intel

company, memory is 1GB and OS is turbolinux10 Degskt

6.2 Validity of Lopping off Branches Conditions in All the

Cour ses Search of Algorithm

Whether lopping off branches conditions is validnot has experimented. A party
of the time required at the time of arriving at thes stop of any separate route and

transfer times excesses the value of failed inratharch.

We compare the search time of the case having nditaans with the case having

lopping off branches conditions. In Table 6.1, tbgult is shown.

Without With
Setting

Conditions | Conditions
2/3 10:00 dep. Tottori city hal> Tottori city AOYA 149.49[s] 0.67[s]
2/3 13:00 dep. Tottori city hal> Tottori city AOYA 34.90[s] 0.19[s]
2/3 13:00 arr. Tottori city hall> Tottori city AOYA 277.53[s] 0.53[s]
2/3 1:00 dep. Tottori University> Chizu police station 3.99[s] 0.40[s]
2/3 1:00 dep. Tottori University> Chizu police station 2.72[s] 0.41[s]
2/3 13:00 arr. Tottori University> Chizu police station 13.49[s] 0.35[s]

Table 6.1 Search time comparison “without conditions” with “with conditions”

44




The result of experimentation shows that the cas#sconditions are 7~500 times
faster than the cases without conditions. And $edirme of the cases without
conditions is not regular. But search time of tlsec with conditions is nearly
regular within 1 second.

According to this experimentationhe validity of lopping off branch conditions
has confirmed.

6.3 Validity of Transfer Conditions
In here, the transfer conditions are :

1. Itis not allowed to walk to bus stops of the same toute.

2. ltis not allowed to walk forward the advance dir@t of bus route.

3. The time of movement by walk is allowed to 5 mirsutBut, in case of
movement forward railroad station, it is allowed®tminutes.

6.3.1 Validity of the condition that people can &lowed to walk only to
20minutes to the railroad station

In Fig. 6.1 and 6.2, the example of comparing thsechaving a condition that
people can walk only to 20minutes to the railrotatien with the case having no
condition are shown.

Fig. 6.1 is the course gotten of the case that mewt forward railroad station
by walk is also limited within Sminutes and Fig26s the course gotten of the case
that movement forward railroad station by walkimited within 20minutes in the
same conditions. Te course of Fig. 6.1 includestitéuesfer and the course of Fig.
6.2 includes the movement by walk instead of trem$§o, the latter method is more
efficient because there is no bothering of transfer

Consequently, it is more valid that the case of emoent forward railroad
station by walk is limited within 20minutes is know
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Figure 6.1 The example that movement forward railroad station by walk is also
limited within Sminutes
(3" February 13:47 ##H (/X 2 5%) dep. FHER(JR) arr.)
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Figure 6.2 The example that movement forward railroad station by walk is limited
within 20minutes
(3" February 13:47 ##H (/X 2 5%) dep. FHER(JR) arr.)
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6.3.2 Validity of conditions that movement by waikward the advance
direction of bus is limited.

The results of that searches are done by usingett@nd transfer condition that it is
not allowed to walk forward the advance directidrbos route and by transfer by
walk as possible are shown in Fig. 6.3 and Fig. BH4e course of Fig. 6.3 is

practical. But the course of Fig. 6.4 is not preatdti Because the course of Fig. 6.4
includes the unnecessary transfer at the bus $tofa 4.

= > LR
= - EHE(T)
= ﬁﬁg
4 -q' = = ]
-l [
(kAL Hh
@510 tE- 22705 P |
0 -
18 5 e -
[ S LEhs R0 inEiTaaRazyy | AEAERT )
18335 W bRt O |
| (3%iF) . .
©1546% (BETIE) S
| 5.4, Brel 48 v 2 30T OFF, 1349 &R
S1516% RIS
= [6657, FH1DOL iF5175] ’1:\;/

Figure 6.3 The example that it is not allowed to walk forward the advance direction
of bus route and to do transfer by walk as possible

(3" February 18:10 Jbfl==—% 7 (/X Z2%) dep. BEUKE: arr).
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Figure 6.4 The example that it is not allowed to walk forward the advance direction
of bus route and to do transfer by walk as possible
(3" February 14:55 b & ~fifi dep. H4HR arr.).

The results of that searches are done by usingett@nd transfer condition that it is
not allowed to walk forward the advance directidrbos route and by transfer to
bus as soon as possible are shown in Fig. 6.5 @nd®. The course of Fig 6.6 is
practical. But in the course of Fig. 6.5, we cam$fer at any bus stop ofi |t b,
fHAH] and #5791, But doing transfer to the bus stop as soon asilplesprevents to
make detour and reduces the fare. The course of6Fgs not practical owing to
the above reasons.
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Figure 6.5 The example of a course gotten by the second transfer condition and
transfer to bus as soon as possible
(3" February 18:10 Jtfl==—% 7 (232 55) dep. BEKE: arr.).
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6.4 Practicality of Acquirable Coursesin This System

6.4.1 Experimentation outline
The acquirable courses described in chapter 5ré&:1 a

6. The course that the required time from a startiogjtpn to a destination is
the shortest one, is outputted. If the number efghortest course is plural,
the course that the times of transfer is the ssialime in the shortest
courses is outputted.

7. If there are the courses reducing transfer timesigh the required time
lengthens to maximum 30 minutes,

8. At the case of courses gotten from 1 includinggfanwithin S5minutes, the
courses having a surplus time over 5 minutes insfe, are outputted
together even though the required time lengthemsabadmum 30minutes.

9. At the case of courses gotten from 1 including moset over 5minutes by
walk from a starting position to the first bus stopl from the last bus stop
to a destination, the courses that movement by walthin 5 minutes, are
outputted together even though the required tinmgtleens to maximum
30minutes.

10.1f to do walk from that position to a destinationthout the last transfer is
faster than doing transfer, courses including these are outputted.

The experimentation is done to see whether theaepiscticality in the acquirable
courses or not.

6.4.2 Practicality of the course that the requitetktis shortest and transfer
times become reduced
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Figure 6.7 The required time is the shortest course.
(3" February 13:47 f#iJ (23 2 =%) dep. FHER(JR) arr.)
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Figure 6.8 The times of transfer is the smallest course.
(3" February 13:47 ##H (/X 2 5%) dep. FHER(JR) arr.)
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6.4.3 Practicality of the course that the requiigek is shortest and the time
required in transfer is sufficient
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Figure 6.9 The required time is the shortest course.

(3" February 10:00 ST dep. BHisz di =44 arr.)
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Figure 6.10 the time required in transfer is sufficient
(3" February 10:00 JSIRUET dep. EHHiSzdid =448 arr.)
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6.4.4 Practicality of the course that the requiredetis shortest and the
course to reduce movement time by walk
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Figure 6.11 The required time is the shortest course.
(3" February 12:00 &b - dep. WILIERAT(-S 2 ) arr.)
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Figure 6.12 The course to reduce movement time by walk
(3" February 12:00 J&Huid - dep. #IILERAT(/S 2 ) arr.)
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6.4.5 Practicality of the course to move by waktéad of the last transfer
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Figure 6.13 The course to move by walk instead of the last transfer.
(3" February 10:00 Jtfl==—% 7> (/3255 dep. BT AL arr)
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6.5 Search Time

The present system has accomplished through miamag tof revision work during
the study period to develop the more efficient prattical algorithm.

When the first time, only the shortest course fiDikstra’s Algorithm is pursued,
the course gotten by Dijkstra’'s Shortest Path Atgor was incongruent in use
actually. And what method of search is effectivedéal with the huge data of bus
routes and landmarks, etc. has studied. As a reksilich effort, transfer conditions,
conditions of lopping off branch and the concepsay ‘Zone’, etc. were introduced.
Now, output the usable course actually and shortermf search time become
possible.

All kinds of courses searched from this system loaroutputted to computer
screen or mobile phone screen in 1 second.
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Chapter 7

Conclusion

A bus route search of practical speed becomes lpesaiter that we improve
Dijkstra’s Algorithm to calculate a weight of theca corresponding with arrival
time at the arcs and to select high-speedily thet aec which has the value
estimated as the shortest path.

Accordingly, we have developed the system havirtgrapn bus route search f
unction, data management function, landmark sefarattion, map service for mov
ement by walk and time table service for all the oute. Possibility to print the m
ore practical path that required time is shortecoysidering movement by walk be
tween bus stops in the search algorithm and taaster time is much smaller by us
ing lopping off branches conditions is known. Tisato say, in this system we can g
et the courses of several types which the usersvélvé can choose any method am
ong the shortest course, comfortable one wittelitthnsfer times and the course of
small waiting time, etc. The user can choose tlie pa wants in accordance with g
etting path not the shortest but intended for prattse including the shortest path.

Although the using the public transportatioméxessary, bus routes are neglec
ted because of the inconvenience of using bus. AUssoute search system seeks t
o the convenience of using bus and will provideukefulness to the users. Further
more the system is considered to be used in pahticsolve the problem of insuffic
iency of public transportation.

After this, the research about optimum bus roustesy will be accomplished
to the more detailed parts. For example, the platepassing through, the
information about fare, etc may be reflected t@ gystemCurrently, this system is
opened to the public (http://mwww.ikisaki.jp/).
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