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Abstract 
 

 

The procedure of bus route network design that is a primary phase of public transit planning 

operation has a significant influence on the overall performance of operation.  The design for 

bus passenger’s movement in the real network is a complex non convex problem typically 

being NP-hard involving optimization of several parameters under some complex constraints. 

In reality, efficient procedure of utilizing the resources does not only depend on variations 

related to user's and operator's perspectives but also assessment of available infrastructure, 

analysis of input data, external effects of operation on the users and mathematical modelling. 

Hence, its efficiency and optimum performance depend on the way problem is explained. A 

proposed simultaneous bus route network design and frequency setting procedure is carried out 

in five phases. (1) The input analysis phase has the following sub-phases; (a) multiple objective 

function to minimize user, operator and pollution costs subject to constraints, (b) delineation 

of public transit traffic analysis zones and passenger travel demand matrix for bus stop level 

and (c) generation of operating network that has following sub-phases; (a) non-clustered 

operating network and (b) clustered operating network,  (2) The generation phase has the 

following sub-phases; (a) path generation and filtration where different filtration rules are 

carried out to identify feasible regions within search space. Next, the performance, optimization 

and evaluation phases work all together in assessment procedure. (3) The route performance 

phase assesses generated candidate routes through the following sub-phases; (a) feasibility and 

connectivity check, (b) iterative passenger demand assignment procedure considering 

multipath effects. (4) The optimization phase generates initial solution from generated solution 

space and identifies an optimum set of routes with minimum total operations cost using genetic 

algorithm. A transfer minimization operator is implemented within genetic algorithm 

procedure to further increase the quality of solution and minimize the number of transfers and 



vi | P a g e  
 

randomness of GA. (5) The evaluation phase works in-between the performance and the 

optimization phases. It evaluates optimum route sets according to related service frequencies 

(identified in performance phase). The proposed model is applied to small and large size test 

networks to investigate its efficiency and performance. Mandl’s Swiss network is used as a 

benchmark network. Results confirm the efficiency of the proposed model through set of 

quality indicators. A bus transit network of Vishakhapatnam city as a small and medium sized 

Indian city is selected to further investigate the performance of proposed model for large size 

network. Results indicate improvement over the quality of operations compared to existing one 

on both clustered and non-clustered operating networks. 

 

Keywords: simultaneous bus route network design, bus frequency setting, delineation of 

public transit traffic analysis zones, route generation, genetic algorithm, small and medium 

sized city, transfer minimization operator 
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Notation 
 

(i)    Origin bus stop (node) 

(j)    Destination bus stop (node) 

 

Demand  

 

[dij
bus]    Demand between origin and destination  

[𝑝𝑑𝑖𝑗
𝑏𝑢𝑠]    Potential demand between origin and destination 

[𝑝𝑑𝑖𝑗
2𝑤]  2-wheeler potential demand to shift to bus for origin [i] and destination [j] 

[𝑝𝑑𝑖𝑗
3𝑤] 3-wheeler potential demand to shift to bus for origin [i] and destination [j] 

[𝑝𝑑𝑖𝑗
𝑏𝑢𝑠 𝑡𝑜 𝑜𝑡ℎ𝑒𝑟] Bus potential demand to shift to other modes for origin [i] and destination 

[j] 

[𝑝𝑑𝑖𝑗
𝑐𝑎𝑟]  Car potential demand to shift to bus for origin [i] and destination [j] 

[𝑝𝑑𝑏𝑢𝑠] Total potential demand 

[𝐷𝑖𝑗
𝑏𝑢𝑠] Total passenger demand between [i] and [j] 

[dtrij] Number of transfer passenger demand between origin and destination  

 

TAZ delineation 

 

[𝐴
𝑧𝑃𝑇𝑇𝐴𝑍𝑚
′

𝑇𝐴𝑍𝑛 ] Trip attraction of proposed sub zone (PTTAZ) within particular TAZ 

[𝑃
𝑧𝑃𝑇𝑇𝐴𝑍𝑚
′

𝑇𝐴𝑍𝑛 ]  Trip production of proposed sub zone (PTTAZ) within particular TAZ 

[d
i,j 

PTTAZ𝑇𝐴𝑍𝑛] PTTAZ total demand including existing and potential demand belonging to 

n particular TAZ 

[pdi,j
pd,zone (n)

] Potential demand between origin [i] and destination [j] of TAZ where [n] 

refers to zone 

[di,j 
ed,cell under netowork accessibility

]  
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PTTAZ existing demand under accessibility coverage that aggregated to cell 

grid  

[di,j 
pd,all cells of 𝑇𝐴𝑍𝑛 

] PTTAZ potential demand under accessible and non-accessible area that 

aggregated to cell grid belonging to n particular TAZ  

[di,j
zone (n)

] Existing demand between origin [i] and destination [j] of TAZ where [n] 

refers to zone number 

[𝑍𝑃𝑇𝑇𝐴𝑍
′ ] Set of proposed PTTAZ (Cell grids) 

[𝑍𝑇𝐴𝑍] Set of existing TAZ 

[𝑧𝑃𝑇𝑇𝐴𝑍𝑚
′ ] Sub-zone of proposed PTTAZ where [m] refers to cell grid (sub-zone) 

number 

[𝑧𝑇𝐴𝑍𝑛
] Sub-zone of existing TAZ where [n] refers to zone number 

[𝛿
𝑧𝑃𝑇𝑇𝐴𝑍𝑚
′

𝐴,𝐵,𝐶,𝐷  %] Population density ratio of each sub-section (A, B, C, and D) of   cell grids 

(PTTAZ) where [m] refers to cell grid (sub-zone) number 

[𝛿𝑧𝑃𝑇𝑇𝐴𝑍𝑚
′ ] Population density proportion of each cell grid PTTAZ 

 

Cost 

 

[𝑇𝑂𝐶]    Total cost of operation 

[𝐶𝑢𝑠𝑒𝑟]    User cost 

[𝐶𝑃𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛]   Pollution cost 

[𝑃𝐶₹./𝑘𝑚
𝑃𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛]   Pollution cost factor in rupees per km 

[𝐶𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟]   Operation cost 

[𝐶𝑜𝑝𝑒𝑟𝑎𝑡𝑜𝑟
𝑅𝑢𝑛𝑛𝑖𝑛𝑔

]   Running costs of operation 

[𝐶𝑜𝑝𝑒𝑟𝑎𝑡𝑜𝑟
𝐹𝑖𝑥𝑒𝑑 ]   Fixed costs of operation 

[𝐶𝑜𝑝𝑒𝑟𝑎𝑡𝑜𝑟
𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒]   Maintenance costs of operation 

[𝐶𝑏𝑢𝑠−𝑘𝑚
𝐷𝑒𝑖𝑠𝑒𝑙 ]   Bus running cost per km   

[𝐶𝑜𝑠𝑡 𝑜𝑓 𝑇𝑖𝑟𝑒𝑠₹./𝑘𝑚]  Cost of bus tires in rupees per km 

[𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛₹./𝑘𝑚]  Fixed cost of bus depreciation in rupees per km 
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[𝐷𝑟𝑖𝑣𝑒𝑟 𝑐𝑜𝑠𝑡₹./𝑘𝑚]  Bus driver’s salary in rupees per km 

[𝐹𝑢𝑒𝑙 𝑝𝑟𝑖𝑐𝑒 ₹.𝑝𝑒𝑟 𝑙𝑖𝑡𝑟𝑒]  Cost of bus fuel in rupees per liter  

[𝑀𝑜𝑡𝑜𝑟 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑡𝑎𝑥𝑒𝑠₹./𝑘𝑚] Motor vehicle tax as a part of operation cost in rupees per km 

[𝑃𝑒𝑟𝑠𝑜𝑛𝑛𝑒𝑙 𝑤𝑎𝑔𝑒𝑠₹./𝑘𝑚] Salaries of operating personnel in rupees per km 

[𝐵𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 𝑎𝑛𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙₹./𝑘𝑚]  

Cost of bus batteries and electrical in rupees per km 

[𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙, 𝑍𝑜𝑛𝑎𝑙 𝑎𝑛𝑑 𝐻𝑒𝑎𝑑 𝑜𝑓𝑓𝑖𝑐𝑒 𝑐ℎ𝑎𝑟𝑔𝑒𝑠₹./𝑘𝑚] 

Charges of operator’s offices in rupees per km 

[𝑆𝑡𝑜𝑟𝑒𝑠₹./𝑘𝑚]   Bus operating store costs in rupees per km 

[𝑊𝑜𝑟𝑘𝑠ℎ𝑜𝑝𝑠₹./𝑘𝑚]  Cost of bus workshops in rupees per km 

[Z1]    User related cost function 

[Z2]    Operator related cost function 

[Z3]    External pollution cost function 

[ W ]    Weighting rate for objective function 

[Wexternality]   External pollution cost related weightage in objective function 

[Woperator ]   Operator related weightage in objective function 

[Wuser]    User related weightage in objective function 

 

Time 

 

[𝑡𝑖𝑗
𝑏𝑢𝑠]    In-vehicle travel time 

[𝑤𝑖𝑗
𝑏𝑢𝑠 𝑠𝑡𝑜𝑝

]   Waiting time 

[𝑡𝑟𝑝𝑖𝑗
𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟

]   Transfer time 

[𝑛𝑡𝑟𝑝]    Transfer penalty 

[𝐴𝑡𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟
𝑏𝑢𝑠 𝑠𝑡𝑜𝑝

]   Access time 

[𝐸𝑡𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟
𝑏𝑢𝑠 𝑠𝑡𝑜𝑝

]   Egress time 

[𝑇𝑡𝑜𝑡𝑎𝑙 𝑟𝑜𝑢𝑛𝑑 𝑡𝑟𝑖𝑝 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
𝑏𝑢𝑠 ] Total round trip time by bus between origin and destination 

[𝑇𝑢𝑠𝑒𝑟]    Passenger total travel time 
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[𝑉𝑂𝑇]    Value of time 

Constraints  

 

[nk
Max number of bus stop

 ] Maximum allowable number of bus stops serving through route [k] 

[nk
Min number of bus stop

] Minimum allowable number of bus stops serving through route [k] 

[𝑙𝑘
𝑀𝑎𝑥 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑖𝑛𝑘𝑠

]  Maximum allowable number of links serving through route [k] 

[𝑙𝑘
𝑀𝑖𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑖𝑛𝑘𝑠

]  Minimum allowable number of links serving through route [k] 

[fk
max]    Maximum allowable service frequency 

[fk
min]    Minimum allowable service frequency 

[Fmax fleet size]   Maximum allowable fleet size 

[RLk
1st shortest path

]  Route length of first shortest path   

[RLk
Max Route length

]  Maximum allowable route length 

[RLk
Min Route length

]  Minimum allowable route length 

[trnpij
maxTransfer] Maximum allowable number of transfers between origin [i] and destination 

[j] 

[𝑑𝑢𝑛 ]    Unsatisfied demand 

[Froute k]   Required fleet size on route [k] 

[C]    Capacity of transit vehicles 

[F]    Available fleet size  

[α]    Load factor 

[𝛾𝑘]    Route k that is below the minimum allowable number of bus stops 

 

Network design and frequency setting 

 

[𝑓k
route]    Service frequency on route [k] 

[froute k
𝑜𝑓𝑓 𝑝𝑒𝑎𝑘 𝑡𝑖𝑚𝑒

]   Service frequency on route [k] in off peak time operation 

[froute k
𝑝𝑒𝑎𝑘 𝑡𝑖𝑚𝑒

]   Service frequency on route [k] in peak time operation 

[𝑓𝑖𝑗]    Frequency between origin [i] and destination [j]. 



xxi | P a g e  
 

[𝑓𝑗𝑖]    Frequency between origin [j] and destination [i]. 

[fij
 route k]   Frequency between origin [i] and destination [j] of route [k] 

[qmaximum load section]  Maximum load section 

[trnpij
𝑟𝑜𝑢𝑡𝑒 𝑘]   Number of transfers between origin [i] and destination [j] of route [k] 

[trpij,N,k
Transfer] Number of transfers imposed for origin [i] to destination [j] in candidate 

route [k] 

[𝑅𝐿k
Route length

]   Route [k] length  

[𝑅𝑖,𝑗,𝑘
𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒]   Set of candidate routes [k] for all origin [i] and destination [j] 

[𝑘𝑆𝑃𝑑𝑖𝑟𝑒𝑐𝑡𝑒𝑑 𝑔𝑟𝑎𝑝ℎ]  Number of k shortest path for directed graph 

[𝑘𝑆𝑃𝑢𝑛𝑑𝑖𝑟𝑒𝑐𝑡𝑒𝑑 𝑔𝑟𝑎𝑝ℎ]  Number of k shortest path for undirected graph 

[𝑙k
Route′s number of links]  Number of links serving through route [k] 

[𝑤𝑡𝑡𝑟
𝑘,𝑘′

] Waiting time at transfer point from route [k] and exchange to second route 

[k’] 

[𝛾]    Direct and indirect demand satisfaction ratio 

[𝛾𝑑𝑖𝑟𝑒𝑐𝑡 𝑟𝑎𝑡𝑖𝑜]   Direct passenger demand satisfaction ratio 

[𝛾𝑖𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝑟𝑎𝑡𝑖𝑜]   Indirect passenger demand satisfaction ratio 

[𝑛k
Route′s number of bus stops

] Number of bus stops serving through route [k] 

[RL]    Trip route length  

[∑𝑑]    Total operation satisfied passenger demand 

 

Genetic algorithm 

 

[𝑑𝑣𝑖]    Substring [i] in genetic algorithm coding  

[n𝑠
k]    Node [s] of particular [k] route of population [N] in genetic algorithm 

[𝑙𝑖]    Length of substring [i] in genetic algorithm coding  

[𝛾Nm
𝑖𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝑟𝑎𝑡𝑖𝑜] Indirect passenger demand satisfaction ratio of population [N] with size [m] 

in genetic algorithm 

[Nm] Initial random population in genetic algorithm where m is population size 
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[𝑁𝑚
𝑘 ] Initial random population in genetic algorithm where k is number of 

individuals 
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