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Abstract

In this report, we present a model for solving real daily scheduling problem of

Delhi Transport Corporation in crew planning and bus scheduling in selected route with

considering proper allotment of bus in the different mode such as early,afternoon,evening

and late mode. An model is designed for improve the efficiency to minimize the idle time

length, which improve the budget of Delhi Transport Corporation to minimize the cost

of crew and efficiently allot the crew as well as maximize the earning of Delhi Transport

Corporation by joining the inter route of the bus according to waiting ratio of passengers

by 0-1 integer programming problem solution model with the help of Computer Assisted

Software.At last system database management is to be developed.
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Chapter 1

Introduction

The effect of planning frameworks in open transportation has been expanding as sig-

nificant value saving area and are achievable if on the market resources like crews and

vehicles are assigned for efficient use. In particular, in Delhi Public Transit operation de-

signing method, it includes 5 fundamental exercises now and then acted in an arrangement

such as network course style, schedule advancement, vehicle scheduling, crew arranging,

and crew programs.

In the network course allocation stage, the transport stoppage terminals and exchanges

area are generally resolved to adjust the number of routed buses in specific terminal and

interchange areas. Because of the route for every bus line, there are a limited number

of buses, crews, and an indefinite number of passengers are served in a time periodical

frequency for each transit. It is decided to fulfill the Public demand and transport man-

agement administration requirements.

The Timetables(schedule advancement) area is constructed in such a manner that the bus

routing with beginning and finish terminals’ should have the list of departure and arrival

time of the present as well as the destination. Similarly, in the Vehicle Scheduling Prob-

lem, the vehicles are arranged with the routes having periodical every day timetabling

schedules, called vehicle block. the timetable is also characterized by the bus route begin-

ning at a depot, and getting back to an equivalent or a special depot with consideration

of route journey plans.

The crew roasters(crew programs) plan includes the future (long terms) crew designing,

wherever crew roasters generated from crew shifts with constraints such as halting time is

minimum and each shifts transit vehicles should be accommodated with a definite number

of crews as per the scheme of the roaster list.

This stage comprises of the days-off arranging and moves to arrange. The vacation day

arranging manages the task of rest days to the group over a planning skyline, though

proper arranging of the task for the crew in shifts In this investigation, we have taken 2

basic activities such as Vehicle Scheduling and crew Planning.

Crew planning Stage of the look method is taken into account of Delhi Transportation
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Corporation. Crew Planning is short-term crew planning in which daily shifts are formed

for the crews. There is a specified number of steps similar to the vehicle blocks operation

transition. Whereinto complete the sequence of shift wise operations, tasks are allocated

shift wise, keeping in mind that none of the shift overlaps. The crew shifts are build

upon a specified set of rules like the most driving cut-off time, minimum operation cost,

in order to fulfill a given set of tasks and minimizing the idle time length. A task is

outlined as an action performed on one vehicle by limited definite crew members without

any intermission. A task may be a d-trip, shaped by partitioning the journeys at a relief

point; or a deadhead, that could be driving action between 2 relief points with no travelers

in the bus. The relief points are designed locations and times where an amendment of

selective crews could perform the task. The journeys that are the beginning and ending

location for every task in that trips are pre-planned. A task may be allotted to specific

crews reckoning on the preceding task assigned to that crew. Therefore, the traveling

time between task differ from any beginning location to any end location resulting in

sequence-dependent setup times between the tasks

Bus Scheduling task considers only 1 form of bus type and with a fixed number of seats

routing in a selective route within the time slot and from a listed number of buses available

in beginning depot.
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Chapter 2

Literature Review

Fischetti et al. (1987) considering the fixed occupation plan issue with spread time con-

strains and show that is NP-hard, and solve by introducing several lower bounds [1]Fis-

chetti et al. (1989) considering the fixed-job schedule problem with operating time con-

straints and show that is also NP-hard. As these two extraordinary instances of the crew

planning an issue with spread and working time limitations is NP-hard[2].

Ugur Eliiyi, Deniz T Eliiyi, Levent Kandiller,2016 [3]proved that a genuine crew arranging

of a public transportation authority, where the objective is to work out the best variety

of different kinds of team individuals with a base worth that could be a given arrange-

ment of assignments identifying with working and unfold time impediments such as each

driver features an unfurl cutoff time from the start time to the top season of his/her day

of work, including the inactive occasions(idle times). For sure, a driver can’t surplus the

most extreme all-out working cutoff time. The process times of the work allocated to each

driver are enclosed in his/her operating time, also in light of the fact that the crew sub-

ordinate arrangement times. As our intention is impressed by genuine crew planning, the

works will need different sorts of vehicles that need completely distinct crew capabilities.

Subsequently, there are distinctive team classifications that upheld the skills expected

to utilize bound vehicle sorts incitement qualification limitations inside the issues. We

planned a Tactical Fixed Job Scheduling Problem-based two-fold programming model for

the issue. Inside the planed program, they consider solely process times of tasks as oper-

ating time. To avoid process a further sequence management variable that explodes the

model size and successively ruins resolution performance, we have a tendency to develop

an Associate in Nursing reiterative valid difference generation theme. Which eliminates

task sequences exceeding the entire operating time once arrangement times are enclosed.

The presentation of the created model is researched through complete experimentation

and furthermore,the mathematical outcomes are supposed.

M. Chen and H. Niu 2012, in their study he present an associate approach for finding

the bus crew planning problem that considers early, day, and late duty modes with time

shift and works intensity constraints. moreover, the constraint with the smallest amount

crew variety of a particular duty[4] e.g., day duty has conjointly been thought of. An
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improvement model is developed as a 0-1 integer programming problem to enhance the

potency of crew programming at the minimum expense of total idle time of crew for a

circle transit line. Correspondingly, a heuristic algorithmic program utilizing the tabu

search algorithmic program has been projected to solve the model

Avishai (Avi) Ceder, in chapter 8 and 9 describe the vehicle scheduling problem of differ-

ent sorts such as fleet size required for a single route, depot constraints vehicle scheduling,

Example of an exact solution for multi-route vehicle scheduling, Fleet-size lower bound

for fixed schedules, Fleet-size lower bound for variable schedules, and experience with bus

scheduling
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Chapter 3

Bus Scheduling

3.1 Problem Description

Bus Scheduling in this paper is to arrange the route and bus in Delhi Transport

Corporation Bus Service. I take a single type of Bus in this Paper and the fixed-route

with starting depot which is Bawana Depot. We assumed in this Paper that from Bawana

Depot three routes namely Bawana to Janakpuri, Bawana to Old Delhi, and Bawana to

ISBT. The way from Bawana to Mandan Chowk, at where 3 routes share the common

path. Therefore transit in the different route. We track the Buses start from Bawana to

Janakpuri and their capacity( Capacity of a passenger in Bus) is not more than 25 from

Mandan Chowk But Passenger waiting at Mandan Chowk is more to go to Old Delhi.

Then the Bus Stop at Madan Chowk and shift the passenger to the next coming bus from

Bawana to Janakpuri and start its trip as new trips from Madan chowk to Old Delhi.

Similarly when Bus starts from Old Delhi, at the time Bus coming to Mandan chowk at

passenger capacity is not more than 25 then the bus drop the passenger at Mandan chowk

or shift to another Bus, that comes from either Jankpuri or ISBT to Bawana. Because

the way from Madan chowk to Bawana is same for all 3 Routes, Bus which came from

Old Delhi, Janakpuri, and ISBT.Thus it starts a new trip from Madan chowk.

As we divide a day into 4 mode such as early,afternoon ,evening,late mode.

In early mode, the time gap between two consecutive buses is 10-15 min.

In afternoon mode, the time gap between two consecutive buses is 20-30 min.

In evening mode, the time gap between two consecutive buses is 10-15 min.

In late mode, the time gap between two consecutive buses is 1:30-2:00 hours because at

night , the number of passenger is very less so ,we arrange buses at more time interval

between the two consecutive bus and also decrease the number of buses.

We restricted that the at the end of evening mode all buses go its starting station. So,

that next day the buses will be starting as same schedule.
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3.2 Definitions and Notations

The following Definition and Notation are use in Vehicle Scheduling Section in the

paper.

i : Number of Fixed Routes.

j: Number of Station.

p: Number of Buses joining i route to j station.

pi,j is binary 0-1 integer which indicates the i route cover j station if 1 then joining is

admissible otherwise not

We define 9 fixed routes such as

Starting Ending

Old Delhi Janakpuri

Old Delhi Bawana

Old Delhi ISBT

ISBT Bawana

ISBT Janakpuri

ISBT Old Delhi

Janakpuri Old Delhi

Janakpuri Bawana

Janakpuri ISBT

Number of Station

Bawana

Madan Chowk

Janakpuri

Old Delhi

ISBT
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3.3 Model Formation

Objective Function :

Maximum :∑
j

∑
i pi,j

Subject to : ∑
j pi,j ≤ 1∑
i pi,j ≤ 1

Objective Function say that Maximum the number of Buses joining i route to j Sta-

tion.

First Constraints say that Each trip may bee joined with t most one successor trip from

fixed route i to j station.

Second Constraints say that, Each trip may be joined with at most one predecessor trip

to station j to variable route i.

3.4 Expression of Solution

Maximum :

p11 + p12 + p13 + p14 + p15 + p16 + p17 + p18 + p19 + p21 + p22 + p23 + p24 + p25 + p26 + p27 +

p28 + p29 + p31 + p32 + p33 + p34 + p35 + p36 + p37 + p38 + p39 + p41 + p42 + p43 + p44 + p45 +

p46 + p47 + p48 + p49 + p51 + p52 + p53 + p54 + p55 + p56 + p57 + p58 + p59

Subjectto :

p11 + p12 + p13 + p14 + p15 + p16 + p17 + p18 + p19 ≤ 1

p21 + p22 + p23 + p24 + p25 + p26 + p27 + p28 + p29 ≤ 1

p31 + p32 + p33 + p34 + p35 + p36 + p37 + p38 + p39 ≤ 1

p41 + p42 + p43 + p44 + p45 + p46 + p47 + p48 + p49 ≤ 1

p51 + p52 + p53 + p54 + p55 + p56 + p57 + p58 + p59 ≤ 1

p11 + p21 + p31 + p41 + p51 ≤ 1

p12 + p22 + p32 + p42 + p52 ≤ 1

p13 + p23 + p33 + p43 + p53 ≤ 1

p14 + p24 + p34 + p44 + p54 ≤ 1

p15 + p25 + p35 + p45 + p55 ≤ 1

p16 + p26 + p36 + p46 + p56 ≤ 1

p17 + p27 + p37 + p47 + p57 ≤ 1

p18 + p28 + p38 + p48 + p58 ≤ 1

p19 + p29 + p39 + p49 + p59 ≤ 1

With the help of computer Assignment software TORA we find the optimal solution of
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this model is 5

in which

p15 = 1

p24 = 1

p33 = 1

p41 = 1

p51 = 1
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Chapter 4

Crew Scheduling

4.1 Problem Description

Crew Scheduling Problem in this report is to arrange the duties of the crew in Delhi

Transport Corporation’s Bus Service. I take a Single type bus line in the report. Each

trip has a fixed departure and arrival time at each Bus Stop. All the trips are arranged

in ascending order according to departure time.

Each Crew ought to be limited to work in a similar vehicle during the Bus Operating time.

Each Crew makes some spread period from the beginning to end the season of his day

of work, This restriction is characterized as an upper bound on the all-out time passing

from the beginning season of the primary undertaking work out to that crew until the

end time of the last task. Each crew has some idle time interval between two trips. The

crew does not exceed the maximum time limit.

In the report,I divide a day into 4 mode such as Early , Afternoon ,Evening and Late

mode

Early mode defines as working time generally from 7:00 a.m to 13:00 p.m.

Afternoon mode defines as working time generally from 11:00 am to 20:00 p.m.

Evening mode defines as working time generally from 15:00 p.m. to 22:00 p.m.

Late mode defines as working time generally from 22:00 p.m. to 7:00 a.m.(Next day) .

4.1.1 Assumptions:

1. Delay and Cancellation isn’t permitted.

2. An Assignment should be performed by a single crew .

3. Only full time crew are included in this model.

4. Each crew has a fixed cost (day by day).

5. A 30- min. Break can’t be cover in idle time.

6. No Overtime is allowed.

9



4.2 Model Formation

4.2.1 Model 1

The objective of this modal is minimum the total cost of the crew subject to the

all task are covered, eligible task is assigned to crew or not and total working hours of

crew is less than or equal to the working limit of the crew

4.2.2 Modal 2

The Objective of this modal is minimize the time length of idle time subject to the

number of crew with specific duty is less than or equal to the number of crew available

in a day, number of crew with duty mode is greater than or equal to the least number

of crew required with day duty,total working hours of the crew is less than or equal to

working limit of the crew
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4.3 Expression of Solution

In a Delhi Transport Corporation at Bawana Depot, there is 176 trips in a day. The

Departure time is mention in above table. The Depot provide 34 Crew in which 9 crews

of Early duty, 11 crews of Afternoon duty, 10 crews of Evening duty and 4 crews of late

duty.

The Optimal solution of Modal is

Crew 
Number 

Mode Trip Number First Trip 
Departure 
Time 

Last Trip 
Departure 
Time 

Total Idle 
time during 
whole 
day(minutes) 

1 Early 13-24-33-41-61 07:00 12:15 50 
2 Early 14-22-32-40-48 07:02 10:35 45 
3 Early 15-23-31-42-63 07:10 12:25 48 
4 Early 16-25-36-45-50 07:17 10:45 52 
5 Early 17-27-35-43-62 07:25 12:20 50 
6 Early 18-26-34-47-66 07:30 12:40 39 
7 Early 19-29-38-46-65 07:35 12:35 40 
8 Early 20-28-37-44-64 07:40 12:30 42 
9 Early 21-30-39-49-67 07:45 12:45 43 
10 Afternoon 51-71-85-112-124 11:00 17:45 40 
11 Afternoon 52-69-83-103-123-134 11:05 18:55 55 
12 Afternoon 53-70-80-111-133 11:08 18:53 35 
13 Afternoon 54-72-84-106-127 11:10 18:00 30 
14 Afternoon 55-74-82-104-125 11:20 17:50 40 
15 Afternoon 56-76-97-108-128-135 11:35 19:05 55 
16 Afternoon 57-73-81-102-126-136 11:40 19:10 60 
17 Afternoon 58-75-86-109-130-137 11:45 19:15 55 
18 Afternoon 59-78-98-107-131-140 11:52 19:30 65 
19 Afternoon 60-77-101-105-129-138 12:00 19:20 50 
20 Afternoon 68-79-100-110-132-139 12:52 19:15 57 
21 Evening 87-115-144-152-161 15:00 21:19 40 
22 Evening 88-113-143-151-163 15:03 21:22 45 
23 Evening 89-116-143-153-162 15:10 21:20 50 
24 Evening 90-114-141-154-167 15:12 21:42 38 
25 Evening 91-117-146-155-165 15:15 12:32 40 
26 Evening 92-119-145-158-168 15:20 21:50 55 
27 Evening 93-121-148-156-164 15:25 21:27 49 
28 Evening 94-118-147-157-166 15:27 21:37 50 
29 Evening 95-120-150-160-169 15:30 21:55 35 
30 Evening 96-122-149-159-170 15:35 21:57 40 
31 Late 171-176-3-8 22:07 06:32 360 
32 Late 172-2-7-11 22:50 06:50 330 
33 Late 173-1-6 23:30 06:15 300 
34 Late 174-4-9-12 00:35 06:52 280 
35 Late 175-5-10 01:45 06:40 90 
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Chapter 5

Computational Results

I develop a database for managing Crews and Buses in depot with the help of

Computer Assisted Software which is Microsoft Visual Studio 2019 and Microsoft SQL

Serve for front-end and back-end respectively.

5.1 Code

5.1.1 Screen and Code for Login Page
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5.1.2 Screen and Code for MDI Form
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5.1.3 Screen and Code for Add Crew
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5.1.4 Screen and Code for View Crew and Update its Informa-

tion
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5.1.5 Screen and Code for Add Buses
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5.1.6 Screen and Code for View , Update and Delete details of

Bus
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