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Policy Overview

rAn emergency on the city's roads automatically triggers an alarm system and infoofghalbartiesconcernedncluding police

stations, bus operatg@ndthe general publicThereattime onsite information obtained through surveiitae cameras enables a swift
response. 0 The Transport Operation and I nformation Seofvic
Se o ul cdnprehersiséransportation system, makes all this possible. It gathers and protelsses ci t yés road t
train informationin realtime to enable the city to efficiently manage the interbatween buses, relieve congestiand take timely
action inthe eventof an accident.

Background Information
- Mounting challengesfacing the pre-existing transportation system

Seoul 6s t r an swassuffeiagtfrono ahronic yprokleensncaused by the growing numbeprofate vehicle ownes, the
deteriorating service quality of int@ty buses, and the inadequate subway system. Despite various leff&asul City, such as the
opening of new subway lines atftte x pansi on of r oad n satunatedrtrensportatioh facilitedere eviealinga | |
serious limitations. Thus, the need for a highly advanced transport information system emerged and its implementatiamiageame
of urgercy.

- Need for an integrated information system seamlessly linkindemand for diverse means oftransportation

Over thepastthirty yearsor sq the city has enforced diverse transportation policies, some of vemighworked temporarily.
Neverthelessan integrated system thabuld connectthe city® various transportation demands. the municipal gvernment,
transportation companies, drivers and citizens, was needed as a more fundamental and affordable solution. This measdtiaz]just
measures such as more exclusive bus lanes and oil subsidies, but also an integrated information systedretiaile comprehensive
managemerthereof

- Absence of a systemapable ofconsolidaing and managng transportation information

Diverse type=f informationrelating totransportation cards, bus operasptraffic volume, speed, emergencisch asaccidents
protest rallieson roads,and expressway conditiongere transmittedby many different sourceiscluding theSeoul Metropolitan
Governmentthe Traffic Broadcasting System (TBS), the Korean Expressway Corporatidheavariougprivate bodiesnvolved. As
each organization and system produced informatemording tdats own formatconsistent and integrated management was critical.

Goals and Objectives

-Realttime informationsharing and management of bus operatitmenhance user conveniencedaattract more passgers totake
public transport

- Collecton oftraffic information to help alleviate road congestion and respond more quickly and efficiently to unexpected situatior
- Analysis ofthe accumulated informatiosith the aim of devisingcientific public transportation policies

Implementation and Expertise

-Realtime monitoring of traffic and information

The Seoul Metropolitan Governmediscloses realime traffic informationon a24/7 basis all year roundy linking the 741 CCTVs
dispersed around the cifycanasses#raffic conditions @ major roads at a glance and share road control and congestion informatior
including the locations adiny accidens, roadworksor protest rallies, with the Seoul Police Agency and the TBSze&Tis can also
checkfor the occurrence afnexpected situatiormnt he ci t y 6s apps,asdiSNSE(Twittencetr.). | e

< AverageNo. of cases reported per day >



Case Roadworks Accidents Rallies Total

No. of cases ofoad traffic | 9 43 1 53
information provisio

- BMS, aBus Management System for more scientific operation of intraity buses

The BMS system,which incorporatesatellite technologyhas revolutionied SeoulC i t hu$ gperations (9,400 vehicles and 610
routes), leading to a significant increasehiapunctuality and accuracy of the operation intervals.

<Provision ofinformation via the BMS >
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- Reattime information on public transportation operation (subway, bus)

Citizens now benefit from redime traffic informationon arrival timeson bus routes andt bus stopsand subway operaticvia
various meandncluding the Internet, mobile devices, BIT, and QR code. As the evignallows private developers to utiéizthe
information, the service has become truly ubiquitous.
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- Completereform of the bus numbering system

To ensure theonsistent management of traffic information, a bus with a particular nunaseexpectetb operate on given route.
However, in Seouthe numbers were allocated as requestdtidlyus companies, causing the system tlebgorganized and confusing.
As such users found it difficult to trace the linkages between old humbers and new ones whenevewageliteinatedor newly
created. To resolve this issue, Beoul Metropolitan Government implemented restructuring of the bus nubybetsch a bus number
indicates the driving directiorenablingusersto easily matcththe stopsand destinations. Buseseanow classified into trunk, feeder,
inter-regional, and circular linegnd arecolor-coded blue, green, rednd yellow respectively.

< The principles of bus numbering >



1 seeiaenes: (@@

SURSTAY  gusiel« SAAR + YBHS0-9)

73 “i” zzs2xin): () @I

BUAN + TAAN + YRUB(1-99

wzeizenis): ()@@

TER IR
s S PO 3 omeun) gude+ YRHOM-%)
PR
5 - sEmsaceA): 0 1
4 A 1
3’5:35:25 44,82 AAHS + YBHS(1-9)

- Evolution from TOPIS 1.0 to TOPIS 3.0

The Traffic Operation Information Systédma s e v ol v e d duttingedgdét h(eT GRtadpadhesBO)OPIS 2.0), through
to the currenera oféollaboratiod® (T O P. It & nddv.sdkeRing to share its kndww with foreign dies, along with private tech
companies, while bracinigself for future transportation needs such as traffic forecasting systems using big data.

Limitations and solutions
- Fierce opposition from interested parties such as bus companies and street vendors

While setting up th&OPIS, theSeoul Metropolitan Garnmentalso introducedhe exclusive median bus lane system executed
the Quaspublic Bus Operation projedt particular, theadoption ofmedian bus lareewas inevitable to ensure punctuality and even
intervals. Despite its good intentions, howetieg, city faced strong resistance froariousinterested partiescludingbus companies
that wereopposed tdhe quasipublic operatiorof bus servicesand street vendorgho wereagainst the idea of moving bus lanes from
theroadside tdhe cental lanes.

Solution: Active promotion to citizens and consultation withthe affected parties

Faced withstiff resistance from street vendors, Beoul Metropolitan Governmetied to bring them around to its viedhrough
continuous discussianAlong withthelns associ ati on, it organized workshops f ¢
it coordinated conflicting views and guaranteed management rights and reasonable compensation respectively to bus rmdmpani
street vendors. As a resultwiasable to establish @nsensus among them after multiple rounds of negotgtion

- Lack of cooperation betweerthe related agencies

Building a framework for informatiosgsharing and smooth cooperation among all the relevant parties was not easy, #mtd¢husre
constrainton encouragingheir active participation.

Solution: To build a consensus through continausdiscussion

Faced with these obstacles, the city contiritssdiscussionsvith all theinterestegarties including police stations, fiseations, military
bases and nearby local governmentan effortto establish @onsensus on the netmbuild an integrated transportation management
system.

Resources
- Budget: Approximately KRW 200 billion

As the city wa thecountry&first local governmento develop such an intelligent transportation system (ITS), the prajdith began

in 1998- wasentirely financed by the municipal budget, without any supgtoati from the central government. However, the benefits
of the system soon becamedn to other local governments, and the central government came to regtsgnézessityso some of
the cityoés additional proj ecB0basiare now subsidized by the

- Human resources

During the initial stageof the project a total oftwenty-nine professionals in various fielgdanned andieveloped the system. As for
on-site facility management and maintenaatsuch installationas electronic road signs, it has been outsourced or consigned to privat
enterprises.

< Staffing for TOPIS (2008)>
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- Revision ofthe laws and regulations

The ITS is based on the National Transport System EfficiengyaAdithe city continued to ask for the revisidthe Actand succeeded
in ensuring thathe ITSproject wasligible for state subsiésin 2008.

Results and evaluation
- Bus users: Rising customer satisfaction

User s 6 swiththesdbblisservichas nserdue to the provision akattime bus operation information. Thawardechigh marks
to the service quality improvement as theacane more comfortable withheregularintervals and safer drivingndthe fact that they
no longer hd to waitvery longthanks to thgrovision ofaccuratearrival time information.

< User Satisfactionwith Public Transport Information (99.8%)>
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- Bus companiesThe growing number of passengers boosts profitability

The regular intervals and predictable arrival tirhageattracted more passengersakebusesandthere are noviewer accidentdue

to the greatecontrol over drivers' speeding aadgressive drivingesulting inshrinking insurance premiunasd greatr profitability.
Above all, the bus companies are now able to regulate illegal opeyatimm aus drivergpassing by a bus stop without stopping,
and the service quality hagenboosted as well.



- Seoul Metropolitan Government:reinvigoration of public transportation

With bus operatiors becoming more convenient and easily accessible, the city has regfanedblié trust. Theapplicationof
advanced scienand technology téhe system has reinforcétd management in terms a€curacy, objectivity and profitability. The
running of theexclusive median bus lane system in paralli¢h the new system hasdso contributed téhe improvedounctuality of
intra-bus operation, whd t he ci tyds efforts to t akeeersxauiaded drivers toicamply vetlythe n
regulations.

Applicability
- Support for private tech companiesefforts to expand abroad

The municipalgovernment is sparing no effdd supmrt the related businesses in exporting their intelligent transport managemen
technologies. As the city annually receives as many as 1,300 foreign offia@dgear, it has built théT S-Friendshipwhich enables
Korean ITS firmgo connectand socializewith officials fromforeign ciies.

- Standardization of the ITS

Utilizing its wealth oftechnology and experience, Seoul plans to develop a standard platform for an intelligent transport system
apply it to other domestic governmeatswell asharet with foreign citiesThe adoption o standard platform will help many foreign
cities to introducehe ITS withouta heavyinitial investment, even though they might lack the necessary skills and experience.

International Awards
2011:Redpient d the PTx2 Showcase Award at the 59 UIPT

2013:Redpient of the Local Government Award

TOPIS
Overview

Seoul TOPIS (Seoul Transport Operation & Information Service) is an integrated traffic management center that operategesnd me
S e o ul 0 situation anfl €ollects traffic information frotraffic-relatedsystems andrganizationsincluding theBus Management
System (BS), traffic card system, unmanned enforcement systems and traffic broadcasting, the National Policy Agenkgraad the
Expressway Corporation.

rSeoul TOPI® (Seoul Transport Operation and Information Services) refers to an integrated traffic center that plans, constructs,

operates Seoul ds Intelligent Transport Sy sotul@raffic(nform&ipn.Cenieh e
However, the English name of Seoul TOPIS is more familiar to the public. The traffic information situation control rodnis ahic
important part of Seoul TOPIS, is sometimes easily mistaken for the entire Seoul TOREveH&Geoul TOPIS actually refers to the
intangible functional organization that manages Sébult I¥S) which applies advanced IT to traffic, as a practical department of
SeoulCity composed ofour divisions and 90 employed3uringits evolution @erthe past 15 years, Seoul TOPIS has conaetire
diversefunctions and equipment. In 2015, the functions of Seoul TOPIS were systeniatmelbrto launch a new platform. Its
components include the six platforms tbe cental platform ¢raffic information control room), the bus platform (BIS/BS), the
unmanned enforcement platform, the freeway traffic management system (FTMS), the advanced traffic management system (Al
and the big data platform (traffic predictions, information support).

Seoul TOPS collects a widarrayof traffic informationon a continuous basis, includimjormationon highways and freeways,(0
buses, current traffic situations from public traffic card systems, vehicle violatiegskparking and stopping, speeding, dinyin

bus lanes), and accidents. Then, basethisrinformation it analyzegraffic demandor the causes of traffic congestion and provides
the reaktime traffic information required by traffic facility users and public transportation operation manslgjgrsrespect to
unmanned enforcement gbmprisesan automatic penalty management system that collectively manages the imposition and collect
of penalties anéines

With the use of advanced IT, detailed informationSmoufs massivetraffic systemcan be collected in reéime, and a remarkable
corpusof data can be gathered and analyzequisythe one center of Seoul TOPISI this iscarried out in ordeto increase the
accuracy of the information. Furthermore, by shatirgresults ofraffic analygs with private corporations and tpablic, it facilitates

the development of variouderivedinformation products. Ultimately, Seoul TOPIS works toward the goal of constructing a traffic
systemthat maximizes usersatisfaction and enharséhesafety of traffic users, as well as minimizing traffic congestion by optimizing
the efficiency of existing traffic facilities.

Figure 1: Seoul TOPIS Platform
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Policy Implementation Period

The following isa summary of the historical processSeoulC i t develwpment and establishmeithe current ITS system. It was
not planned and developed as a single systatmer,each part was graduailytroducedbased on the formation of conditions and needs.
Based on these individual experiences, the entire process and syateimegrated and consequently reconstructed into six platforms.
As a result, the temporary construction of eacthesix platforms wasnadepossible in different geological and spatiahtexts.

- 1998:Institution ofthe Namsan region traffimanagement system (10.6km)

- 2000:Institution and expansion tifie urban highway traffic management system

- 2004:Inauguration of Seoul TOPIS (situation control room) and introductidhedfaffic card system
- 2005:Introduction oftheunmanned enforcement system

- 2008:Pilot installation and expansion of thesinformation terminal (BIT)

- 2009:Launchof themobile traffic information service

- 2010:0Opening of public access taffic data

- 2013: Introduction ofStandard design (VMS, VDS) of the ITS facility

- 2013:Launchof thecombined (traffic + disaster + general affairs) urban management situation control room
- 2014 Launchof the Seoul TOPIS platform (ITS Solution)

Figure 2: History of Seoul TOPIS
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Beninnina of Seoul ITS TOPIS 1.0 Seoul T#PIS
1998: The Namsan region traffic management systemn : = .
(10.6km) constructed 2004: Scoul TOPIS and traffic card systemn adopted

2005: The unmanned enforcement systemn adopted

2000: The urban highway traffic management systemn constructed

TOPIS 2.0 TOQIS TOPIS 3.0 LOAMIS

2009: Traffic information opened 2013: Traffic + disaster + general affairs functions combined
2010: mobile service opened 2014: Seoul TOPE Plaform
2015: Overseas policy sharing friendship concluded with private corporations

Source: Seoul Traffic Information Division (2016)
Background Information Prior to 2004

Inthe 1950san® 0s, bef ore Koreabds ec ono miSeoutraffic éatiliies amd inftastrbcaurd wevefvéry c
weak.Evencatchng abuswas difficult,and the roads had no traffic signalssultingin thedependeneon hand signals. Thisurface
carb(also known aghe streetcar or tram) constructed in the eawgntiethcentury wasasicallythe onlyavailableform of public
transport. In addition to the expansion of the city, the route netwasgradually extended. However, there wdifficulties inhandling
theeverincreasing number of usenssulting fromrapid economic growth. In addition, with the rekelsle increase in the use of motor
vehicles and the introduction of buses, which allowed fre®vement, the surface cavhoseinstallation and expansionererelatively
difficult - inevitaly began to declineresulting in the closure of thast routen 1968

At the time of thediscontinuatioro f t he sur face car, @ssted soklpfsypface ¢taand busesaeach pfo r
which transportedroundhalf of thecityé population. The official growth of Seoul began at this time,thectitybegan to section and
compartmentalizéself by gradually constructing roattem the nearest regioristo the heart of the cityising buses as the main form
of transportation.

Throughout the era afapid urban growththat followedthe 1970s, roaglwere built in order to expand th®us servicesand the
inffras r uct ur e of Swae forméddy constauctingshg Gangbyeonbuknd Hangang bridges asn@ansof expanding
theweak traffic facilities. Furthermore, in 197&new era of trap®rt in Seoul was usheredwith the opening oSeoul SibwayLine
number 1.

However, theonsistently risingncome of Seowd citizensoccasioned byapid industrializatiomesulted in a surge in the use of vehicles.
The increase in road transport facilitiegvitably led to furtheincreases in theseof privatevehicles and thisin turnresulted in a
shortageof roads. At the time, therefore, there was seeminglyradical solutionto the chronicoad congestion.

In a situation where the general role of public transportation was decreabimgwith the ever increasingse ofprivatevehiclesthe
status of the subwegystemrose- compared with that dfuses in the public transportation markettime early 2000swhichwas not
unrelatedo the institutional suppofor establishinghe subway as the main axis of Séptransportatiorsystem However, due to the
excessive use girivatevehicles, the level afoad services declined, and the service conipetiess of buses, which depemthe
sameroads, weakened in relative terms. Timigurn caused an outflow of users to other modetransportand theallocatedrate of
buspassengertell from 30.1% in 1996 to 26% in 2002 (Seoul Statistics 2016).

Figure 3: Trends ofAllocation Passenger$or each Mode of Transport (1983G:2002)
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After 2004

Together with the notion thauilding moreroadswould not resolve traffic problems, particularly the problem of traffic congestion, the
generabpublic came to viewhe role of public transportatiaasever more importanivhile SeoulCity recognized the nedd revitalize
thevisibly decliningbus industryAlthough he city madeseveral attempts to partially improve the basvice the public transportation
systemwas notcomprehensivelyeformed unti2004.

The twoessentiaklementf thesereforms were as follows:

1) The public transportation servieas unified by combining the subway and bus systems in order to reinforce the competitiveness
public transportation.

2) Although the bus industrwas run by the private sectarthattime, a secalled semipublic bus management system was established
to control the market price ithe areas of operati@and management. This wesnsideredibsolutelyessential to meet the strategic
goal of combininghe various modes g@ublic transportation.

In order tosecure theompetitiveness of public transportatjahe qualiy of the city& public transportation servicéadto beimproved
considerablyThe central bus lane, smart traffic card, and the public transportation information system (BMS/BIS) were introduce
elementof the refornationof the public tansportation systemwhich all encompasses Seoul TOPIS

The Importance of the Policy

Seoul TOPIS is a management system that ties @gqmublictransportatiorsystemwith advanced technology and plays two significant
roles in terms of traffic policy. Théirst significant role is that it grants competitivenessptalic transportation by providing
convenience and allows communicatiga bus lanes, smart traffic cards, and the public transportation information systerns. dhis
greathelpin maintainng the allocatednumber of passengers in public transportation at a consistent level. The secauhsisEs in
maintaininga reasonable level of service throughout the entire road traffic systassisgingcommunicatiorwith vehiclesthrough
various roadnanagement systems, automatic illegal parking control systems, and unexpected situatiosysboetnsl The result is a
generally higher level of user satisfactiamrelated to the suitable allocatiohpassengers @he method of transportation.

Relevance with Other Policies

As seenin the platform composition of Seoul TOPI&ch ofthe following policies- which wereprovided as a part of the current
manual seriesis a platform that handles the operation of the-tiwaé traffic system of Seoul TOBI

1) Bus information system (BMS/BIS)
2) Unmanned enforcement system

3) Freeway Traffic Management System (FTMS)



4) Advanced Traffic Management System (ATMS)
Policy Objectives

The goal is to provide a forum for sharing an advanced tgffienandpublic transportation operation management, andsequently
to provide scientific traffic administrative support, réiahe communication management and citizen traffic information serbiges
connecting and combiing traffic information and traffic systems.

Thefollowing specific goals wilbe achievedby optimizing theefficiency of existing traffic facilities, including roads.
1) Improvement ofurban traffic speexby minimizing traffic congestian

2) To reduceraffic accidents

3) To reducenegative effets arising from unexpected situations

4) To predct traffic situations and suppasther traffic policies bhsed oranalyses ofraffic big data

5) To increaseonsumer satisfactidoy guaranteeing theunctuality of public transportation and sharingftcahformation
6) To maximizeroad utilization through unmanned enforcement armanotea civil parking cultire.

7) To increaserofits based on the imposition of penalties and fite®¢ sed for the construction of parking lats)
Main Policy Contents

Seoul TOPIS is an integrated traffic center that plans, constructs, and operates the advanced traffiCiof Sedit operated by 150
employees antbur teams. The main functions of Seoul TOPIS can largelyategorized as follows:

First, a wde variety of information fromurban highways and freeways is collected and analgyedivanced IT devicefollowed by
reakttime traffic surveillance and managemehtraffic situations to increase the efficiency of road use.

In view of the types anscales of IT devices used by Seoul TOPIS, speed information is collectedtimesfibm 1,268 kometers of
roadsthrough 1,181 video and loop detectors installed on site and 35,000 GPS devices installed in taxinofer@32 surveillance
camerasave beernstalled for traffic and disaster monitorirgjpng with326 virtual memory systems (VMS3,600 reattime signal
controllersandlocal control stations (LCShp 33 areasandremote manipw@tor systems (RMSh 13 areasfor the purpose ofoad

communicatiorandinformation collection.

The drawing belovpresers statistics related to the types and quantity of various IT devices obtained by TOPIS.

Figure 4: Current status of Seoul TOPISroad traffic management devices
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Source: Seoul Traffic Infenation Division (2016)

After processing the traffic information collected from these devices, Seoul TOPIS prosafakdata to drivers and manages the
traffic situation.In effect, an arrapf different technologieis employed to colledliverse typesf essential information relatedspeed,
traffic volume, unexpected situations, weatlad so on

Fundamentally, the locational information of tagpuipped with GPS is collected in retiine to calculate the speedn roads. This is
collected through wireless communication between the f@te8 in standard vehicles, wirelesemmunication devices, and rcde



base stations.

Advancedon-site vehicle detection systems, such as loop detectors and video detectorstadierlat intervals 0250m to 500m on
highwaysto collectthetraffic speed anttaffic volumeinformation Surveillance cameras allow the monitoring of communicatowl
unexpected situations, and the road weather information system collects ameprdimate informationncluding conditions
temperatureand visibility on the roadsIn addition information on traffic situations or urgected situations is obtaindédm the
National Police Agency, the Meteorological Administration, and citizeartep

The road and traffic information collected through these channels is gath&ealaTOPIS, processed in réate, and then provided
to traffic users in realime throughdiversemedia channelsuch asnobile apps, ARS, navigation, SNS, the TORI&Dbsite, road
electronic displays, and traffic broadcasts.

In the evenbf an unexpected situation on the roéds detected by a video or automatic detector and automatically displayed on a
electronic display. The road control system contanldoperdes the roadaccording tatheimmediateneeds, and providesformation

on bypass roads orderto regulatethe flow of traffic. Furthermore, the connection road control system is opeaatatding tahe

need to prevent any increase in traffic congestand the signal control system assists in smoothinfijoilveof traffic by prolonging

the duration of green signals and lights on roads with severe congestion.

Seoul TOPIS also has the function of preparing for the full closure of a road due to aecteeégituation, such as a laigmale rally
or bad weather, by carrying out various simulations.

Second, Seoul TOPIS manages approximately 9,000 Seoul busestimeealnd operates a public transportation information system
that provides assistance ipublic transportation information to the users.

Busrelated information is collected in raahe by installing bus information collection terminals thattiisdous management systems
(BMS) and traffic card functionsiountedon all buses in Seoul. Through the combined terminals installed on 9,334 buses, all detail
information related taity buses is collectedincludingthe operatonal status of all busdsom the point of departure to the point of
arrival, reattime speegbus bcatiors; sudden acceleratisfstops bypassingous stops without stoppingoutedeviations;and driving

with the door openThese bus informatiomollection terminals also check traffic card informati@md thus collect passenger
informationin realtime. The terminals collect approximately 85 millivems of traffic card information each day.

The collected information is provided to thablic by automatically calculatingus arrival times and returning passengeisagthe
Seoul TOPS$ bus infomation processing technology. The bus operation management records (including various acts that may f
passengesafety) aresystematically stored, analyzeahd managedor useas an important index in the regular evaluation of bus
corporations, and theus route aremanaged by adjusting unreasonable routes and constructing new routes to support the establishi
of anoptimal public transportation policy.

There are diverse means of providing bus information. Fiustjriformation terminals (BlThave leeninstalledat 52% ofSeouts bus
stationgto assispassengers withus arrival timein realtime and provide bus information, as well as subway arrival informa3ios.
passengers are provided with a wealth of informatisnch as the predicted bus arrival time, information related to buses for the
disabled, the last bus of the day, congestion due to accidents, and the predicted time of arrival of the neareshsulnyhlye bus
information terminals installed at thelsas stations.

Furthermore, all information at Seoul TOPIS is 10886essibldy the public, and24 million itemsof informationareprovided to the
public through theopen API method. Private corporations may reprocess this information to suit diffgresitof consumerand to

directly provide public transportation information to the users. Currently, a s@nifnumber of public transparserswho use the
Internet or smart phones receive public transportation information thraighportals, websitesor mobile applications of
communications companies throughmobile apps launched by personal developgssuch the users do ndtave todepend only on
thebus information terminals installed at bus stations, but can plan their use of public trangpdrereanytime.

All of this bus information, as well as the usmistomized information (such ake safe arrival service which helps vulnerable
pedestrianseachtheir destination via text, and an alarm functibat notifies passengers of theirrival atthe desirediestination) can
be provided on smart phones. Detailed information and websites cdtdied by accessinthe QR code attached fodividual bus
stops, as well asy an automatic response servaesignedor bus passengers who are amiliar with smart phones.

The bus information collected and provided througyfithadvanced devices displagsrate ofaccuracy of 98%. The accuracy of this
information isamply demonstratebly thehigh usage rateof the combined public transportatiorformationservice which surpasse

1.4 million hits, anda level ofsatisfactionof around96%. Fig. 4 below displays the number and statistics related to the informatior
collected at terminals by the public transportation information system.

Figure 5: Current status of Seoul TOPIS bus information system
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The electronic payment system, which allquessengers to pdgr a variety ofpublic transportation fares with a single card, is also
linked with SeoulTOPIS. The bus information collection terminal explaiabdveis constructedn such a wayhat it combines the

bus operation information systenith the traffic card system. The traffic card information collected thereby is becoming an importar
elementof the public traffic information system of Seoul TOPIS.

Traffic cards are used by almost all public transportation users, including 100% of subway users and 98.7% of bus passentexs
arealso displaing an increasingendency taisetraffic caids, with the figurecurrently stanthg at 53.5%.

Seoul 8s combi ned el ect r ddistamce poportioresgstemvehin shé reetnopdlian arednvether wonds, a
passenger who is travellirggdistance within 10km caransferto anyothe modeof public transportvithin a time limit of 30 minutes
free of chargeThe distribution of the fare is calculated based on the basic fare for each method of transportation.

Thefunctionof the traffic carchas beenexpanded tincludedistribution, dining, culture, and traffic safety services, and thgeeistly
extendinghe boundary of the electronic payment syst@na payment can also be madkeprepaid card, credit card, or mobile phone.
The traffic card was previously only aladle for use in Seoul, bits useis now permitted and functional in most regions of Korea.
Elsewherethe mobile payment compatibility service is also operated in Singagui¢herare plango introducethe serviceo other
countriesincluding JapanHong Kong, Thailand, and Malaysia.

Seoul TOPIS controls illegally parked vehictesvehicles stoppeith bus lanesthus causingraffic congestionthrough the unmanned
enforcement system.

In 2005, Seoul TOPIBegan constructing artassincebeen operéng an unmanned enforcement systehich automatically controls
illegally parkedvehiclesor vehiclesstopped in bus laneandwhichis notdependentn any labor force.

Currently, the automatic unmanned enforcement system uses two types of :dagicebhe fixed unmanned enforoent system
installed on roadsavhichuses a detectdo automatically control vehiclethat areillegally parked or stopped or vehicles that drive in
bus or bicycle lanes within 200m of the detection de\ace second, e portable unmanned enforoentsystem whichis simply a
cameramountel on buses or monitoring vehicles that recordditemseplates of vehicles thatviolate the traffic codeipon detection
and then transfers ttieformation to Seoul TOPIS.

The fixed unmanned enforcement systeriniéted, however, ihat it is urable to control vehiclesommittingviolations outsideits
point of installationwhereas the portable unmanned enforcement systeralicainatethis weakness as drivers are unawafréhe
point of installation.

Figure 6: Seoul TOPIS unmanned enforceent system
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The unmanned enforcement system not only exposes vebai@witting violations, but isalsot he wor | d 6s  haltyr st
management systecapable obutomaically transfering a penalty notice to the ownera¥behicle in violatiorof the traffic regulations

First, whenthe system detectsvehiclecommitting aviolation, the registratioplateof the vehicle is searched to automatically record
thename of th@wner and address of the vehicle. It then sends a penalty ceptainingphotograplt evidence andehicleownership
informationto the post office in electronic form. The electronic gdgnnotice is then automatically delivered to the address of the
owner of the vehicle. All processes from the detection wblation to the delivery of penalty notice ar@erformedautomatically
within justtwo to three dayswhich represents a graéatprovement upon th&0 to 15 dayd usually took toacompletethe process prior

to itssuccessfuautomationThus,automation has evidently reduced #mount of laboand resourcesonsumed by the process

Figure 7: Seoul TOPIS automatic penalty imposibn system
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Source: Seoul Traffic Information Division (2016)

Seoul TOPIS operates 308 unmanned enforcement syatetoentrolsapproximately 1.8 million illegally parked stoppedvehicles
as well as vehicles in bus lanes through this system.

Fourth, Seoul TOPIS is constructing and operating a traffic prediction system that prevents traffic congestion. Cudfently, tr
prediction is conductedn 157 km of highwaysand is scheduled to expand to the main freeways.

In addition tothesereattime traffic information serviceghe data related tahe traffic flow on each road, weather, and accidents
accumulated over the past five years is analyzed to predict the traffic situateatio road in 1Bninute, Xhour, and iday units.
Furthermore, ifor when an unexpected situation arises, such as an accident, traffic simulation is used to predict the outcome c
situation and acongestion alarm isiggeredto inform the driving publieof boththe regios and times ofraffic congestion in advance
therebyhelpingdriversto avoid using certain roads at certain tirasswell agroviding other importanbenefits.

The traffic prediction technologwhichwas developed by the Korea Transport Institskewsa verified predictioraccuracy of 90%
on uban highways. Seoul TOPIS intends to expand the traffic prediction systém main roads of Seotb allow citizens to use
traffic predictions in a similar way to how they use weather fsexineveryday Ife.

Furthermore, the traffic prediction sgst can be used to prevemtentialaccidents based on comnication between vehicles, i.e. the
V2V technologyand bilateral wireless communication can be used between a vehicle and commubasgiimfrastructure (V2I) to
provide roadside assistancéeeting reaitime road situations, signal changes, and the prediction of croslewations

Seoul TOPIS: Organization and Operation

Seoul TOPIS is an organization that plans, constructs, and opthitgglligent trafficsystem, ands composed of 32 public servants
in four divisions.Seoul TOPIS has ttal of 150 employeewho are dedicated tmonitoiing, controling, maintiningand manaing
the traffic situation.

The operation of Seoul TOPIS requires an annual bud¢@®wf 17 tillion, mostof whichis used for site facilities arfdr maintenance
and management of the labor force.

Fig. 8 below provides a summary of the statistics related to the operation of Seoul TOPIS, the unmannetkatdpstem and other
related aspects.

Figure 8: Seoul TOPIS organization and operation, and other related statistics
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Technical Details
1) Main system of Seoul TOPIS

The centralsystem which is equivalent téhe brain of TOPIScollects, combines and processestalinformation in reatime and
thenenablesan immediate response by providing information to the operator.

The operator is supported and able to control all traffic and disaster situations from the center hygpifewvidecessary information
to citizens and taking athe appropriatgrecautions such asdetecting the symptoms of unexpected situations and disasters by
monitoring all information, and controlling esite equipment such asffic signals and electric displays.

Furthermore, the system is constructed so as to allow rapid contact and cooperatibareittted organizations.

Figure 9: Seoul TOPISCentral system
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2) Bus Information System

Figure 10: Seoul TOPIS bus information system



Data collection Information processina

1) Real-time bus location (GPS coordinates) and speed

2) Bas stop amival times and departure times

3) Operation data (nonstop, sudden stop, sudden
acceleration, running with an open door)

&) Passengers on and off cach bus stop

5) Various unexpected situations

1) Interval of buzes and l2st running times

2) Bus arrival times

3) Analysi= of bus operation

4) Analysiz of bus users

5) Total driving distance and time (use of bus profit)

Source: Seoul Traffic Information Division (2016)

The @eratioral status ofall 9,334 buses in Seoul, from the point of departorarrival, is collected in redime through the Seoul
TOPIS bus information system. Eabusis fitted with an integrated bus terminttiat combiresbus operation information and the
traffic card function. It collects all bu®lated informatiomelated topassengers arttie running of the bus (includinguchfactors as
sudden acceleratiommdstops, and passirgjops without stoppingn addition to reatime speeds and locations.

The collected information is provided to citizens by automatically calculating the number of returning passengers aral timeearr
of buses based on the $®3OPIS bus processing technology. From this, varami®nswith the potential tdhharm passengesafety
are stored and analyzed for use in the evaluation of bus corporations.

Bus Management System (BMS)

With the construction of the BMSenter for reatime public transportation operation managemewgrall bus competitiveness was
improvedby enhancing bus punctuality, impiog operation orders, providing a wider range of bus information, and promoting a
rational public traffic policy bill based on hisical operationaprecedents. The combined bus contoam is in charge of the role as
the main bodyo come up withthe majority of strategieandstandsatthe center of all bus operation management strategies. The BMS
collects bus operation informati using location tracking technologynd processes the informatiomo bus operation policy data in
order to providet to operators, bus companies, and drivers.

Bus Information System (BIS)

This system collects bus location information to process bivapredictions using algorithms and to provide the information to users
and related organizations. To achieve tipisrsonal information servicesich adnternetwebsites, ARS and mobile services were
introdued andbus information terminals (BlTipstalled thus enablindgpus informatiorto befully disclosed to the public. This led to
the introduction of various products focusedlo® Interneind mobile applications, and a selection of services that better suit the neec
and preferencesf consumers

3) Unmanned enforcement system

The advanced unmanned enforcement systsablishedor management of the communicative situation by Seoul TOPIS detects an
punishewners ofillegally parked or stopped vehicles on urban highwagswvell as vehicles dfing in bus laneghrough the use of
unmanned enforcement cameras.

The unmanned enforcement cameras cover all vehicles within a 200m radius in all directions on dlheodd&ection of aehicle
committing aviolation by anunmanned enforcement camé&aonfirmed in as little as five minutes.

Portableandbusmountel unmanned enforcement systems have the advantage of detecting vehicles on aefi egzdsnroute. Of
the four camerasiountedon buses, two camerastat a 48 angle detect illegallparked vehicles on the shoulder of the road.

Currently, fixed enforcement cameras are installed in all regions of Seoul, and tmelmisd cameras are able to detect vehicles on
main freeways in redime.



Enforcement can also be confirmed by the publiealtime.

When avehicleownersearch is performeghdapenalty is imposetased onhelicenseplate and photograph sent to the traffic violation
management system, the notice is printed and sent to the postwifereit is automattally connected to theranchpost officenearest
to the addressf the owner of the vehicle and duly sent out.

Al phases of Seoul 6s u peniamedastamateally foom endoroemerit to eegeipttofepenalty. r e

A sum of approximatel)XRW 120 billion accruingfrom 3 million cases of enforcement each yeaused for the maintenance and
operation of public parking lots. Accordingly, the unmanned enforcement system contribaliesitding urban traffic congestion
while mitigating thelack of parking spaces.

Policy Effects

Figure 11: Current usagestatus of Seoul TOPIS information

2006 2010 2012 2014.9

Source: Seoul Traffic Information Division (2016)

2008

The use of the combined public transportation informatasireached.4 million caseperday. The total ecuracy of bus information
is approximately 98%while publicsatisfactionwith public transportatiostands af6%.

Traffic cards are used by almost all public transportation users, including 100% of subway users and 98.7% of bus passentexs
arealso displaing an increaimg tendency taise traffic cardswith the figure currently standing 89% (Seal Urban Traffic Division
2016)

Increase in the BusAllocation Rate

Table 2: Increasing Rate of Public Transportation Use Each Year, 1992014

2004 2005 2006 2007 2008 2009 2010
Subway 4,567 4,540 4,533 4,532 4,577 4,730 4,835
Bus 4,782 5,451 5,662 5,603 5,647 5,681 5,719
Total 9,349 9,991 10,195 10,135 10,224 10,411 10,554

Source: Seoul City 2016
4.6% increase in the accuracy of bus arriiraks (from 87.3% in 2006 to 91.4% in 2013)
26% increase in the average speed of buses (15 km/h to 19 km/h)

2.6% increase in the averadaily No. of bus passenger@ncrease ofl50000 passengerdrom 5.6 millionday in 2007 to 5.75



million/dayin 2013)
Source: Seoul Traffic Information Division (2016)

Challenges and Solutions

At the time of policy implementain, there was an increasetlive general understandirgf, andinterestin, thelTS due to the national

introductionof the ITS project. With respe to the policy plan and implementation process, there were no obstacles or technic
difficulties related to thse interest groupwhich may beregardedasthe direct beneficiaried,e. SeoulCity, bus companies, drivers,
andbus passengers.
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