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ABSTRACT

Comprehensive transportation network layout planning should pay more attention to the coordination and
connection of various means of transport. In the course of layout planning, it is very necessary to consider all the
views of experts from different domains. Based on analyzing the procedure and the characteristics of the
comprehensive transportation network layout planning, this paper firstly points out the necessity of setting up an
intelligent group decision support system. For achieving the functions and design requirements, then the logical
structure of the systemis proposed, and the composition of database, model base, method base, knowledge base and
the functions design of each subsystem are described and analyzed in detail. Finally the group inference decision
mechanism and processing flow based on fuzzy evaluation method is illustrated. The system has practical
application value in providing decision support for specific transportation network layout planning.

Keywords: Comprehensive transportation network, Layout plagnintelligent group decision support, System
structure, Fuzzy decision

INTRODUCTION

Transportation is the prerequisite for the norma¢ration and coordinated development of the squriadiuction,
circulation, distribution and consumption, to playery important role in guaranteeing continuotesltmy and
quick development of national economic, improvirepple’s living standard and promoting the modetiraof
national defense. With the further developmentheftransportation industry, all kinds of mode afsportation in
terms of their technical and economic charactesstiave made considerable progress. But as a wiaill@ay,
highway, waterway, aviation and pipeline transpoddes in a certain region must be formed a compitamneg
advantages, coordinated development, matched, ksely linked up of comprehensive transportatiostam,
which can play the comprehensive performance oibuartransportation modes, prevent excessive mdnapo
competition between different transport modes, awdid duplicated construction and irrational usadlag to
serious waste of transport resources, so as td ta#pe basic requirements of economic developrignt

It can be found that the comprehensive transportas the intrinsic request of transportation irtdusleveloping to
a certain stage in countries all over the worldl &rs also the strategic decision and inevitathieice for a country
in the process of modernization constantly adaptingconomic and social development [2, 3]. Sonelses have
carried on the beneficial exploration on the corhpresive transportation planning theories, methodd a
applications. Lu et al. [4] discussed the integigianning ideas and method skeleton from the pafintiew of
sustainable development. Liu et al. [5] proposee tierarchical network layout planning method cdesng
constraints of environment carrying capacity aneérgy consumption.Chen et al. [6] studied the mmulbidal
assignment model for integrated transportation dasenetwork topological structure. Hu et al. [T§alissed the
transport layout method base on nodes importangeedend area location.
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Integrating all the data, methods and models amdbared with experts’ knowledge and experiencesrtvige
scientific and rational comprehensive transportatietwork layout scheme as well as reducing worklaad
improving planning efficiency is worth researchifidnis paper aims to construct a decision suppatesy to assist
the comprehensive transportation network layoutiglzg.

2. Necessity of establishing intelligent group decision support system for comprehensive transportation
network layout planning

The comprehensive transportation system considigexf equipments such as highway, railway and ieais, and
mobile equipments such as vehicles, trains andsb@at lines of all modes of transport composeridmgsportation
network, which is the foundation of passengers #might transportation. The purpose of comprehansiv
transportation network planning is based on in fidhsideration of land planning, social economienaed,
transportation demand, environment resources atedre¥ demand, through overall design and layodesplines,
channels and network of the comprehensive trarepmnt to realize the coordination with social ambnomic and
environmental system, realize the sustainable dpweént of regional economic system, at the same timrealize
the coordination and cooperation between each pgoatation subnet system, so to achieve the maximizaf
transportation efficiency [8]. The base and kel imthe comprehensive transportation network layou

Traffic planning itself needs a large amount ofibasita, such as population, economy, passengefraigtit flow
volume and direction, etc. There are also a Igtlafhning methods and models. If only rely on plagrpersonnel’s
subjective experience to make layout scheme, ionbt lacks of scientific basis, but also diffictidt improve work
efficiency, as well as lack of quality. So on thesis of studying the comprehensive transportatewaork planning
method, it is necessary to establish a comprehemisansportation network layout planning decisiopmort system
to assist to efficiently provide scientific, reaabie and high quality plan for decision-makers. 8awsearchers
have discussed the application of decision sum@tem to traffic and transportation planning [9-11

Although there are some traffic planning softwahey usually only pay more attention to transporetast, i.e.
four steps method of traffic production, trafficsttibution, modal split and traffic assignment, ard deficient in
network generating and layout scheme evaluatiompliégtions and functions to urban traffic is monarn regional
comprehensive transportation planning. In additauring the actual planning work, various transpiioh modes
each does things in his own way, become a systeesetin with their respective interests, lack of valt
coordination, organic integration of system and ma@ism etc., which increase the difficulty of themprehensive
transportation planning and a waste of resoureeiae the transportation efficiency. So the trartagion planning
and policy formulation should coordinate with irgsts of all departments, and the final document bél the
production of each department harmonic. It is akssults of reference to the experts’ opinion. Nekwiayout
decision is made by decision group through the dolsultation and discussion, and therefore pragidijroup
decision support is very important [12]. So to donst an intelligent decision support system basediecision
group of the comprehensive transportation netwayklit planning is very necessary.

3. System requirements and function analysis

The planning flow of comprehensive transportatietwork layout is on the basis of the investigaton analysis
of regional population, social economy, transp@tademand, analyzing the nodes importance to ahter the
node level, thus further layout channels and hthen according to traffic flow of each modes toduee various
network layout planning schemes [5]. Evaluate aochgare whether the planning schemes are satisired|se
return to above steps, until the recommended schismebtained in the end. The planning procedure of
comprehensive transportation network is a systen@tgineering. From collecting basic data to netwayout
planning scheme coming into being, it is involved transportation demand forecast, nodes selectimh a
classification, terminal nodes determination anditmming, channels direction determination anduatipent,
layout of all kinds of transportation networks, alayout schemes evaluation, comparison and sefecfibe
planning should consider current transport netwamkl future layout development of regional citiesl aowns.
These steps carrying on repeatedly until obtaiisfead result, shown in Fig. 1.

From the figure, it can be seen that some opemtitould be accomplished by computer, such aslatitou of
nodes importance, clustering analysis of nodesraatic generation and adjustment of layout schepasulation
of evaluation indexes. Because of participationplainning personnel, experts and decision-makerdiftérent
fields, so the system should provide basic funstiohautomatic layout as well as manual adjustrfemisers.

In accordance with function requirements of the pmrhensive transportation network layout planniraeess, the

system can provide decision support for transportaplanning personnel with layout schemes germmati
evaluation and optimization of a regional comprefentransport network.
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The system should be able to store relevant plgntéta, through the man-machine interaction arateélmodels
analyze node importance and channel layout, comipiwith the experts’ opinion give the transportwaak layout
scheme. The system should provide the followingfions:

Regional development Survey and forecast of regional social,
planning economic, towns system

i

Transportation demand
analysis and forecast
T

v
‘ Nodes determination }« —————

i i | A |
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L and manual
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Figure 1. Comprehensive transportation networ k layout planning procedure

(1) Implement the map management for visually shgwhe network layout process and result.

(2) Demand analysis and forecast of various moél&suesportation.

(3) Taking the node information as core, realize dynamic management of node data and graphicalagli®f
nodes. Accomplish node importance calculation dustering analysis to classify the node level, ealtulate line
sections importance. Manual management of nodenreton is allowed.

(4) Combined with line sections importance andfitafemand forecast results, determine the diraatiochannels,
which can be adjusted considering special requintsne

(5) Layout and manually adjustment of transportatietwork of all kinds of modes. It can generameadalifferent
network schemes according to different methodsgmads.

(6) Different evaluation models can be chosen fittwn system for different network layout scheme tovjae
decision support for experts.

(7) Determine the scheme of network constructiogqueace according to lines adapting to transportatio
requirements.

4. Structuredesign of the system

A. General structure

In order to achieve above functions and can propigetical assistant, the system should integrateowus data,
models and methods of comprehensive transporti&i@ut planning. The tasks of the intelligent diexissupport
system are to solve the problem of comprehensamsportation network layout, construct network leymodels,
provide network layout schemes to be choosen, ingildvaluation rules, evaluation and optimizatidmetwork
layout. So construct the intelligent group decissopport system (IGDSS) of comprehensive transpontaetwork
layout planning, and Fig. 2 shows the general siracdiagram of the system.
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Figure 2. Framework diagram of comprehensive transportation network layout planning IGDSS

The comprehensive transportation network planni@p3$S consists of database, model base, method base,
knowledge base and their respective base managesystegm. Decision-makers include experts familiathw
certain or some of the modes of transportationrafated domanial experts. The contents of eachibabe system

is illustrated as follows:

(1) Database. Because the system need to managgeaamount of different levels of spatial and spatial data
and information, the GIS-based database is sughesteluding attribute information such as societgpnomy,

population, length of transportation lines, trafficlume, transport flow direction and transportatietwork linked

with spatial information for convenient query, mgament, analysis, access and display. At the saneeitt should

be able to save planning network layout schemes afadll kinds of transportation modes. The dataaxdes, lines
and zones of transport network are listed in Tdblén addition, there are also present and futaredast data of
economy and origin-destination transportation vaum

Table 1. Data contents of graphical elements of transportation network

Element Spatial data Attribute data
No., Name, Population, National income, GDP, Gindsstrial output value, Gross agricultufe
output value, Total retail sales of social commiedjt Passenger production, Passerger
attraction, Passenger turnover, Freight productibreight attraction, freight turnovef,
Importance degree

Node Coordinates

Start-point coordinates,
End-point coordinates

Zone Coordinates No., Name, Area, Transportation inileage of all modes

Line No., Name, Mode type, Line grade, Length, Sectiopdrtance

(2) Model base. The model base includes all kindmadels of comprehensive transportation netwodnping,
such as traffic volume forecast model, node impmeacalculation model, principal component analysedel,
node clustering model, bi-level programming modetietermining the scale of network [13], modal spfiodel,
channel and terminal layout model, network genenathodel, evaluation indexes calculation model,stmietion
sequence evaluation model and so on. Input datpubdata and parameters related to each modeldedireed.
Users can select various corresponding models glesrery calculation.

(3) Method base. The method base provides netvaytut methods available, intelligent algorithm sashnode
clustering method, genetic algorithm, ant colongoathm, simulated annealing algorithm, etc., ar t
comprehensive transportation network layout metlubdnnel and terminal layout method, rational neftwstale
determination method, optimized importance treehait comprehensive evaluation methods such asuttey f
evaluation, AHP, the matter element analysis, tieeahchical-gray correlation analysis method, étcaddition,
also includes group inference methods, such apghdiP, group qualitative reasoning, reasoning meth@sed on
rough set, etc.

(4) Knowledge base. The knowledge base mainly stexperts knowledge and experiences and knowleuiyeéd
in the applying process, such as railway, highwagterway, aviation, pipeline planning principleggional
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economic development requirements, developmentdtr@hall the kinds of transportation mode, connexti
requirements in one mode and between modes and, sehich makes the system have a certain degraealysis
ability to support the problem solving.

B. Modules design

The system adopts modular design. According to atamalysis, the composition of subsystems of tssesn is
shown in Fig. 3. Every subsystem realizes indepeindanction. The subsystems denote comprehensive
transportation network layout planning stages epstrespectively. The detailed description of tircfion of each
module is illustrated as follows:

Comprehensive transportation network

layout planning IGDSS
\
| | | | | | | | |

=

Project Map Transportation Nodes . Node Channels Transport Comprehensive | Constructio
management | management de management importance managemel network evaluation scheduli
a9 ag forecast g analysis St generation ng
New Insert map| | Transportation | Insertnodel | Node Channels Network Indexes Line
- demand - importance| | generation| | generationgf | calculation| | constructior
Update Scale setting generation, Modify nodel | calculation Channels all modes Scheme scheduling
Delete Display mag distribution | | pejere og | Node grade | adjugement Network evaluation analysis
and assignmen classification ) d sorti
- Channel adjugement and sorting
of all modes Distance i
generation Evaluation
Demand between model Network model
nodes displ
forecast model management Isplay management
management Netwoek
generation
model
management

Figure 3. Subsystem structure of compr ehensive networ k layout planning | GDSS

(1) Project management subsystem. The functiorr@jept management is realizing to create new ptpjgudate
project data, delete project and select preserk warject.

(2) Map management subsystem. The function of mapagement is to realize loading the map, scalengethap
display, and display of node, channel and netwayklit scheme of all transport modes.

(3) Transportation demand forecast subsystem. Whetibn of the subsystem is to analyze currentspart data
and forecast the future traffic demand OD in theaafind out the total traffic demand and split dewh complete
traffic distribution and assignment, which is tleeifidation of network layout. This part can be catee with the
mature planning software such as TransCAD.

(4) Nodes management subsystem. The function oés@danagement is to realize the node data managemen
which provides operations of draw node, and inpptiate, delete node data. Draw nodes and inptesmonding
data in open dialog box, the nodes can be displayéte map. Nodes information is basic data fdwoek layout
planning, the following operations are carried oouad these logical nodes.

(5) Node importance analysis subsystem. The funatfonode importance analysis is to calculate riog®rtance
value and classify the nodes. It can query impagaof every node and which grade it belonging toe Tiode
classification grade can be adjusted on requiremém module can also calculate the distance betywe&s of
nodes and line sections importance degree.

(6) Channel management subsystem. The providedidinof channel management can automatically gémera
comprehensive transportation channel directionlarkdbetween nodes that also can be manually asfjustich as
added, deleted, modified, and shown in the map.

(7) Network generation subsystem. According togplit of the passenger and freight traffic voluraetomatically
generate the network of various transportation repdehich can be manual adjusted. Different mode of
transportation network is stored in different mayper. Form several schemes to be compared andezklec

(8) Comprehensive evaluation subsystem. The fumaifocomprehensive evaluation is to evaluate aradyaa the
comprehensive transportation network layout scheand,sort the schemes. It can manage evaluati@xésd The
system provides some default evaluation indexes. Uder can also choose, redefine, add or delete. thecan
choose any of comprehensive evaluation method geovin the system to evaluate schemes, and shak fin
comparison results as decision basis.

(9) Construction scheduling subsystem. Comparatigablyze on the line construction importance degr@vided

to decision-makers to determine the constructigusece.
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The system offers backing operation, returningaokiward step, and the following data will updatengl with the
modification.

C. System processing flow

After start the system and create a project, onbdsis of transportation demand data, the processlang the
planning problem of comprehensive transportatiotivaek layout and data exchange among modules ig/shio
Fig. 4. The symbols of data flow in the figure dgstrated as follows:

Node importance calculatio

Nodes classification

: (Model base
Model b
Channel direction determinatigf 0cel base
D4 and layou
!

Transportation network
lavout of all kinds of modes

Evaluation indexes
Scheme comprehensive
evaluation and selection

[Knowledge base

| Construction scheduling

Figure4. System processing flow and data transmitting

(1) D denotes data exchanged with database. Dheisnbde data, including node number, node nameg nod
coordinates, social and economic data, transpontdines mileage, passengers and freight trangpmrtaolume
and turnover, and so on; D2 is the node importalate, including node number, node importance degnelenode
classification grade; D3 is the transportation mekndata, including network layout scheme numbet aetwork
layout graph; D4 is the data of evaluation indegalgulation result of layout schemes, includingwek layout
scheme number, evaluation index value and compsalenvaluation value of layout scheme.

(2) K denotes data exchanged with knowledge bases ithe principles of nodes classification; K2hs principles
and knowledge of channel determination; K3 is thimgiples of five transportation network plannings is
knowledge of evaluation and selection.

(3) M denotes data exchanged with model base. Mieisnodel of node importance calculation; M2 is tiodes
clustering analysis model; M3 is the model of alléxes calculation; M4 is the model of constructeguence
determination of network.

(4) ME denotes data exchanged with method base. idEie method to solve nodes clustering analysidet
ME?2 is the method of channel layout; ME3 is the hmétof network layout; ME4 is the comprehensivel@ation
method of planning schemes.

In the layout optimization process, the input datdude basic social and economic data, and tratejan data; the
output data are network layout scheme of all trartsion modes and comprehensive evaluation value.

5. Group decision-making and scheme selection mechanism

Comprehensive transportation network planning Ve complicated problem, and complicated problerigion
must rely on the wisdom of the group. Each deciggpert may be a certain field experts in railwhighway,
aviation, waterway or pipeline, or is the samedfibut different views. Just because of the verydifference in
their structure of knowledge, experience, way afking, decision-making preferences and look atpbiat of view
of the problem, the given inference rules to theesaetwork layout decision problem are not the sarhese rules
are compatible or not, so the conclusion may bfemifit. Group inference system can use the knowlddge to
integrate  more experts knowledge and experiencaptadppropriate reasoning algorithm to solve the
comprehensive transportation network layout problienorder to improve the intelligent level of thgstem, at the
same time, can produce new knowledge to dynamiagilyate knowledge base. Quantitative analysis aitld w
expert knowledge will make network layout schemeersrientific and reasonable.

Decision of layout scheme ultimately land on thaleation of plan. For technique evaluation of coahgnsive
transportation network layout schemes, construéghteindexes, namely transport network connectivity
transportation network reachability, line efficiencycs, transport network adaptability, line saturation degres,
load uniformityce, transport network densityy and transport mode coordination These indexes reflect the layout
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and meeting the demand situation of the transpetivark. With applying group fuzzy evaluation decisimethod
[14], there aren decision-makersd;, d», ... ,d,} to evaluatem possible planning schemés= {a,, a, ... ,a}. Each
decision-maker will be based on their choice ailattes {; andc,, ...,c,} for each independent evaluation scheme.
Herec; is theith evaluation index of abovewq, w,, ... ,wy} denotes each attribute importances.{ w,, ..., wn}
denotes decision-maker’s personal evaluation efix& importance. Decision-makers may use the réiffescheme
evaluation indexes and different weights, so ittheggregate all the individual evaluation results.

The steps of sorting and selecting schemes are:

(1) Standardize the fuzzy judgment mathA% =(a¥) ., according to index different type, which consisschemes

and their subjection degree of relative attribuvdsereaij O[01] denotes thgth index subjection degree of tita

scheme,k =1, ..., n denotes thekth decision-maker. The cost index, effectivenestexnand fixed index are
standardized respectively:

expt— ), | = 268
maxa,
y 1
3, ={1-expt— ), = 1347 @
maxa;
_laij - 08|, . _
eXpW),J =5

(2) Construct fuzzy complementary matf = (rijk) mxp according to different decision-maker pairwise canipy
the importance of evaluation indexes, then convéotfuzzy consistent matrix [15], i.e. to ahythere is:

r,=r,—r, +05 2

The convert method is:
p

r,=(r —r)/2p+05(r,=>'r) (3)
i-1

(3) Calculate the priority vectoW* = (Wlk,W'ﬁ,"',W'g) according toRk for different fussy consistent matrix
with applying eigenvalue method.

(4) To every scheme, apply WAA operator to integitiie indexes subjection degree. lﬁ% denotes the possible
degree of scheme ai regarded as the best choiweArahen:

~ -~ p i
j=1
(5) Combine different decision-maker’s evaluatiesudt:
n
Hg, = 2 WM )
k=1

(6) Sorting the m schemes according to the compshe subjection degree. The maximum subjectiorreteg
TDaAX,Ugi (&) will be selected for the best solution as a recemded scheme.

The scheme selection and decision flow chart isvehia Fig. 5.

2054



Qiao Xiongand Ting Ren J. Chem. Pharm. Res., 2014, 6(5):2048-2056

Determine number of decision-makarand o ¢

v
‘ Select evaluate indexes‘

i

‘Determine fuzzy judgement malri)«‘

1

k= k+1 ‘ ‘ Input fuzzy complementary matriR® ‘

1

Calculate index weighw*

1

‘ Calculate subjection degree of shemés‘

" a
Y
‘ Aggregate sorting vecmr‘

‘ Output sorting result of schem es‘

End

Figure5. Flow chart of scheme evaluation and decision process

If the decision-makers use uniform evaluation ireteand index weights, it can firstly aggregate xedevalue of
different experts, and then convert it to singleisien problem of multiple attributes. While if thaise different
evaluation indexes and weights, it should solvesitteemes sorting decision problem in respectivaly iategrate
the results of different experts.

CONCLUSION

To solve the actual comprehensive transportatitwari& planning problems should rely on professida@wledge

in addition to quantitative calculation. Establishistandardized and unified sharing comprehensif@mation
database and knowledge system, and in decisiondesimg different experts’ opinions become inevigablhe
paper proposes constructing IGDSS for comprehensigasportation network planning and analyzes the
composition and functions. The system should be @blong time failure-free operation, using graphinterface
operation mode, give full consideration to the fatmeeds to modify, and adopt modular design tddammass
program modification when demand changes. Becatise karge amount of data, the system should ensure
preferable fault freedom, which should can cheek itiput data and calculation result. The systenh pyvibvide
efficient and quality decision support for compmesige transportation planning. In the system, thewdedge
representation of planning expert and generatiomfgfrence rules are very important and also difficMore
evaluation and decision inference model and methdx provided need further research.
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