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Abstract Crew Scheduling Problem is a well-known in operational research where the crew 
management is concerned with the work schedule of crew needed to perform the task. In this 
work, the crew scheduling stage is the planning process in schedule bus transportation.  
Therefore, we consider a Crew Scheduling Problem (CSP) of bus transportation with the 
objective of minimizing the cost of crew in covering the set of task. We address a different time 
frame to determine the optimal number of crew members. The maximum total working limit for 
each crew member has been set. A Binary Linear Programming model is developed to obtain an 
optimal solution for the problem. In the case study, we are considering two parts of problem 
which is for part time crew and full-time crew to cover the given set task. We conduct a testing 
and implement it using LINGO software. Results of the computational testing are present and 
show that the proposed model gives the optimum value for the problem. Besides that, we are 
constructing a feasible schedule for driver in covering all set of task. 
 
Keywords (Crew Scheduling;Time Frame;Binary Linear Programming). 
 
 

1 Introduction 
 
 

The basic of Crew Scheduling Problem (CSP) is one of the most widely studied in 
combinatorial optimization. The objective is to determine optimal number of different type 
of crew members (driver) with a minimum cost that covers a given set tasks with different 
time frame. The time frame of task is specified by a release (ready) time and a due time 
(deadline). Each driver has a spread time limit from the start time to the end of his/her shift, 
including the idle time. A task is defined as an activity performed by a single crew (driver) 
on a single vehicle without any interruption. A task can be d-trip, created by dividing the 
trips at relief points; or a deadhead, which is driving activity between two relief points 
without passenger.  

In this study, the crew scheduling stage of the planning process is considered for bus 
transportation in UTM which is the objective of this problem is to minimize the total cost of 
crew to cover the set task. Since, the cost for part time and full time driver are differ we want 
try to minimize the usage of Private bus in term of minimize our cost to pay them. Each task 
has to perform by one crew where in fact each crew perform a roster, defined as a sequence 
of task whose operational cost and feasibility depend on a several rule laid down by crew 
management. 
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The objective of this study is to implement Binary Linear Programming to minimize the 
total cost of crew. Thus, we can construct feasible scheduling of bus schedule with different 
timeframe for each crew.  

In my study focussing on real life crew scheduling problem of a public transportation 
authority and operator, which has several operational constraint. Each driver has a spread 
time limit from the start time to the end time of his/her shift, including the idle time. 
Furthermore, a driver cannot exceed the maximum total working time limit.  

In this field of Operational Research, this research will widen the practically of bus 
Crew scheduling Problem especially in UTM area as this is one of problem in our real life. 
For the Bus Crew Management in UTM, this research will help them to find optimal number 
of crew needed while the cost of crew can be minimized as well. Furthermore, the Binary 
Linear Programming (BLP) is used in solving this problem is giving the better result than the 
other method.  

This chapter provides some general review of the Crew Scheduling Problem, the history, 
method used in solving the CSP problem and application of CSP applied in real life problem. 
Crew scheduling can be defined as the problem of assigning a group of workers (a crew) to a 
set of tasks. The crews are typically interchangeable, although in some cases different crews 
possess different characteristics that affect which subsets of tasks they can complete. Crew 
scheduling problems appear in a number of transportation contexts. 

According to (Gallo, [1]), bus driver scheduling problem is the problem of finding a set 
of duties to be assigned to the drivers in order that the daily service requirement be met at 
minimum cost. In the following we shall assume that the bus scheduling problem has already 
been solved and that the set of blocks defining the bus schedule is known. For each block a 
set of relief times, for example times at which a driver's substitution may occur. 

According to (Ma, Ceder, Yang, Liu, & Guan, 2016,[2]) since the 1960s, many 
computer programs have been developed for solving the bus-driver scheduling problem. The 
earliest of these may be the system developed by Elias in the United States in 1964. Elias’s 
system is mainly based on three steps which is first, cut 8-h straight-run (without a break) 
duties from vehicle schedules second, connect the pieces of work that are left from the first 
step if some of them together could compose nearly to 8-h duty without violating the labor 
rules, and last, to deal with the remaining pieces. Strictly speaking, the Elias’s system cannot 
be classified as an intelligent algorithm. 

Many computer packages, such as Integer Mathematical Programming for Automatic 
Crew Scheduling by Smith, Technique for Running Automatic Crew Scheduling, Computer 
Assisted Crew Scheduling, and the known Techniques for Running Automatic Crew 
Schedules Mark II (TRACEII), have been applied in real bus companies based on the 
generate-and-select method. TRACEII has been considered the best system for solving the 
driver scheduling problem. 

 In the literature, the solution of this problem consist of two methods which is 
mathematical programming and heuristic method. Linear Programming (LP) method was 
introduced by George Dantzig in 1947 and many other scientist also made contribution to 
improve the LP method. He proposed an algorithm for solving LPs which is simplex 
algorithm. Simplex algorithm remains a primary computational tool in linear and mixed-
integer linear programming (MILP). Mixed-Integer Linear Programming (MILP) models 
with a quadratic objective but without quadratic constraint are called Mixed-Integer 
Quadratic Programming with quadratic constraints are called Mixed Integer Quadratically 
Constrained Programming (MIQCP) problems. 
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Column Generation introduced by (Desrochers, Gilbert, Sauvé, & Soumis, 1992 ,[3]), 
where the master problem is a set partitioning/covering problem. The problem is divided into 
two different problems, making use of the column generation approach (Barnhart et al. (1998)). 
One of the problems consists in a set partitioning (or set covering, depending on how 
deadheads are considered) where a subset of duties covering all the tasks at a minimum 
cost is determined. 

Next, (Pour, Drake, Ejlertsen, Rasmussen, & Burke, 2017, [4]) solving railway network 
in railway signalling system where it is an essential component of a railway network, responsible 
for ensuring safe and efficient train operation. This problem was solved using the first model 
which is Mixed Integer Linear Programming (MIP) and the second model using hybrid 
Constraint Programming and Genetic Algorithm (GA).  

While, (Borges,[5]) proposed a Binary Integer Programming model to handle a real 
instance of the courses-to-professors timetabling problem. The optimization criterion is the 
preferences of professors by courses and schedules.  

 A large variety of application of the Crew Scheduling Problem (CSP) is 
extensively used in real world problems for example timetabling problem of crew of an urban 
transit line, crew scheduling for airline crew and crew scheduling problem in rapid transit 
network. The urban bus crew scheduling has received much attention have been many models 
and solution methods. According to (Chen & Niu, 2012, [6]) this problem can be solved using 
Integer Linear programming by problem formulation of set covering task. (Cynthia Barnhart & 
George L. Nemhauser,[7]) solved crew scheduling problem related to airline which is focused on 
airline planning. While, (Fuentes, Cadarso, & Marín, 2015, [8]) proposed a new approach for the 
crew scheduling problem in rapid transit networks with providing a different way of facing this 
problem which makes integration with other planning problem easier than the traditional 
approach based on column generation for solving set covering/partitioning problem. (Valdes, 
2010,[9]) solved the Integrating Crew Schedulling and Rostering problem with goals to 
determine a schedule where crew fatigue, which is depends mainly on the quality of the rosters 
created, is reduced. 

 
 
 
2 Problem Definition and Mathematical Model  
  We formulate TFJSP-based using binary programming model for the real life 
problem in UTM with goals to find optimal number of crew while minimize the total cost. 
Before presenting the mathematical formulation, we state our problem notation and assumption 
briefly. 
2.1  Assumption and Notation 
 Each driver has spread time limit from the start time to the end time of his/her shift. This 
limitation defined as upper bound of the total elapsing from the start time of the first task 
assigned to that driver until the end time of the last task. The driver can have the idle time during 
their shift where the idle time are also included in the spread time. 
Furthermore, the driver cannot exceed the maximum total working time limit. The processing 
time of the task assigned to the crew.  

Our CSP problem can be defined as TFJSP, where the ready time and the deadline of the 
task are fixed in advance, and the objective is to minimize the total cost of crew to cover the task. 
The notation for the problem formulation is given. 

 
 
 



 243 

Sets 
N   Set of tasks 
Q   Set of crew members (driver)  

   Set of incompatible task for task  
Parameters 
   Ready time of task   
   Deadline of task  
  Setup time between tasks ,  N 
  Working time limit 

  Spread time limit 
  Fixed cost of driver  

Decision Variable 
  1 if eligible task  is assigned to driver, 0 otherwise 

  1 if driver  is used, 0 otherwise 
 
For this problem, we have a several assumption need to follow. It has made to ensure the 

crew scheduling problem is solve daily and assumed to be solved in advance. The vehicle 
scheduling is assumed to be solved advance. Hence the ready time and dateline of the task are 
fixed known. Task pre-emption is not allowed. Its mean no interruption is allowed when the 
driver performing the task. A task must be performed wholly by a single crew member. Next, 
delay and cancellation is not possible.  

We define an incompatibility set (Ii) for each task in order to handle the spread time 
constraint and avoiding the overlaps happened. The sets of task that cannot be performed by the 
same driver are determined through these set. There may be two reasons for any task pair (i,j) 
not to be assigned to the same crew. The first reason is that time windows of the two tasks are 
overlap ( ) to each other or a crew cannot perform the two task consecutively due to 
the setup time in between ( ). The second reasons is may be that the 
difference between the ready time of the first task and the deadline of the second task exceeds 
the total spread time limit ( .  

According to these observations, the sets of incompatible tasks for task i, namely Ii, is 
defined as follows: 

} 
2.2 Model Formulation 
 Based on the above assumption and definition, the binary programming model of 
our problem is given below:  
 
Minimize    
 
Objective: To minimize the total fixed crew cost. 
 
Subject to: 
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 binary,   
 
Constraint 1: Ensure all task are covered. 
Constraint 2: To ensure that incompatible task pair are not assigned to the same driver. Note that 
setup times between tasks are considered in definition of the incompatibility set. Thus, the setup 
time parameter (  does not appear in the formulation. The spread time parameter (S) does not 
appear in the model due to the same reason. 
Constraint 3: Guarantee that the sum of the processing time of task assigned to a driver does not 
exceed the total working time limit. 
2.3 Implementation BLP for small problem using LINGO 17.0. 

The data for this small example is collected randomly. The following data below are 
collected as shown in the Table 3.1. Only two route are used for this small problem 

Table 2.1: Data collection for crew scheduling problem 
 

Route,i Task, i 
  

 

W 

 

KTR-LI 

1 0700 0730 0 50 

2 0730 0800  50 

 

KDSE-LI 

3 0730 0815 15 50 

4 0830 0915  50 

 
Mathematical Programming:  

Table 2.1 shows the four tasks where the data chosen randomly for route KTR 
and KDSE only. The fixed cost of each driver if used is 1000 and the working time limit 
for each driver was set up not exceed 120 minutes.  
 
 
P: MINIMIZE                    C = 1000  
Constraint 1: To ensure all task covered 

 
 
 
 

Constraint 2: Guarantee the incompatible task not assigned to the same driver. 
 
 
 
 
 
 

Constraint 3: Ensure that the sum of processing time of task assigned to driver does not exceed 
the total working time limit.  
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Result and Discussion 
 

 

                Figure 2.1: Result for small example by using LINGO 17.0 

 
 

 Table 2.2: The optimal result of crew scheduling problem. 

 
Driver Task Sequence Working Time (mins) 

1 2-4 75 

2 1-3 75 

 
 Figure 2.1 shows the minimum cost obtained using LINGO 17.0 was 2000 which is 
shows the 2 driver was used to covering all set of task. While Table 2.2 shows the sequence of 
task need to perform by the driver at a different time frame. Both drivers have working time less 
than 120 minutes so based on the result Lingo they are not exceed the maximum working time 
limit.  
 
 
 
 
3          Case Study 
 
3.1  Introduction 
  In this section, we continue to a bigger data problem that is case study involving 
6 routes which each consist of few colleges in Universiti Teknologi Malaysia (UTM) where it 
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have same route to complete the Lingkaran Ilmu.  In this case, we consider having 6 drivers and 
18 tasks need to cover at different time frame. Thus, the drivers need to perform task from 0715 
to 1700.  The problem of these bus crew will be solved using LINGO 17.0. 
3.2 Data Collection 

  The initial approach to solving CSP is to formulate the problem and model 
formulation with a notation used is given in the Table 3.1. 

Table 3.1: Data collection for the task need to cover by driver 

Route Task,i Start Time/  End Time/  Working Time Driver Assigned 

R1 1 0715 0735 20  

R2 2 0735 0755 20  

R3 3 0755 0815 20  

R4 4 0815 0835 20  

R5 5 0835 0915 40  

R6 6 0915 1015 60  

R1 7 1015 1045 30  

R2 8 1045 1115 30  

R3 9 1115 1145 30  

R4 10 1145 1215 30  

R5 11 1215 1255 40  

R6 12 1255 1400 65  

R1 13 1400 1420 20  

R2 14 1420 1440 20  

R3 15 1440 1500 20  

R4 16 1500 1520 20  

R5 17 1520 1600 40  

R6 18 1600 1700 60  

 
 

 

 

 

Model Formulation: 

 

MIN                              (3.1) 
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                                              (3.2) 

 
                             (3.3) 

 
         ;                      (3.4) 

 
Equation (3.1) is the objective function which will minimize the total fixed crew cost. 

Equation (3.2) ensure that all tasks are covered. Equation (3.3) guarantees that incompatible task 
pairs are not assigned to the same driver. Equation (3.4) ensure the sum of the processing time of 
task assigned to a driver does not exceed the total working limit.  
3.3 Result and Discussion 
(a) For this small part, the solution shows the optimal number of part-time driver in 
performing the given task with a minimum cost. The maximum working time for each 
part time driver was 4 hours with fixed cost Rm1500 if driver was used in performing 
task. 

 
Figure 3.1: The result obtained from Lingo 17.0 

From the Figure 3.1 above, the answer obtained was 6000.00 which is minimum total 
cost for part time driver needed to cover the set of particular task. The optimal number of driver 
needed in performing this 18 task was only 4 drivers which is driver 1, 2, 3 and 5. The driver 
was assigned to a different task with a different start time and end time.  

Table 3.2: The optimal results of crew scheduling 
 

Number of driver Trips Total working time 

1 3-6-17 120 

2 5-8-10-14 120 

3 1-11-13-15-18 160 

5 2-4-7-9-12-16 180 
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Table 3.2 shows the optimal result obtained from LINGO 17.0 and the total working 
time for each driver are not exceed the maximum working limit.  The 4 part time drivers above 
have different start time and end time for each task.  Since this problem for part time driver, the 
driver might have a long setup time or idle time between the tasks.  For driver 1, the ready time 
for the first task is 0755 and end at 0815 at FAB after completing the Lingkaran Ilmu from 
KDSE/KTF/KRP. For the next task, which is task 6 driver 1 need to cover the task at ready time 
0915 from FBME and round to Lingkaran Ilmu. And lastly, driver 1 need to perform the last task 
at 1520 and end at 1600.  

 For the driver 2, he need to perform tasks 5-8-10-14. The start time for the first 
task is at 0835 and end all his task at 1440. While, for driver 3, he need to perform tasks 1-11-
13-18 with ready time at 0715 and end his last task at 1700. For the driver 3, the tasks he need to 
cover is 2-4-7-9-12-16 with a ready time for his first task at 0735 and end time for his last task at 
1520. For more clear in crew scheduling problem, we preparing a Gantt chart in Figure 3.2 in 
order to see the schedule of driver in performing the given set task.  

   
Figure 3.2: The schedule of the driver is performing the task 

 
b) 

For this small part, the solution shows the optimal number of full-time driver in 
performing the given task with a minimum cost. The maximum working time for each full time 
driver was 9 hours with fixed cost Rm3000 if driver was used in performing task.  
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Figure 3.3: The result obtained from LINGO 17.0 

The result in Figure 3.5 was obtained from LINGO 17.0, only 2 full time drivers needed 
in covering all the 18 tasks with ready time 0715 to 1700 each day. The minimum cost obtained 
was 6000 with using only 2 fulltime part time driver. The table 4.6 shows the particular task was 
assigned to the driver by using result from LINGO 17.0.   

Table 3.3: The optimal results of crew scheduling 

Number of driver Trips Total working time 

1 1-3-5-7-9-11-13-15-17 260 

2 2-4-6-8-10-12-14-16-18 320 

Clearly shows from Table 3.3 above, there is no incompatible task since all the 
task have different start time and end time. Driver 1 need to perform task 1-3-5-7-9-11-
13-15-17 from the start time at 0715 and end his last task at 1600. While, driver 2 need 
to perform tasks 2-4-6-8-10-12-14-16-18. There is setup time between the tasks given. 
Table 4.3.7 shows that the maximum number of works hours for each crew does not 
exceed 540 minutes and the average work time of crew 290 minutes.  For more clear, we 
are providing a Gantt chart in Figure 3.4 for driver to see the performance of the driver 
in performing the tasks given. 
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Figure 3.4: The schedule of the driver is performing the task 

 
3.4 Summary 

This chapter demonstrate the case study of BLP in solving bus crew scheduling problem 
in UTM by using LINGO 17.0. For this case study we are considering having two small problem 
which is using a part time driver and full time driver with objective to find the optimal number 
of driver in order to minimize the cost while all the task need to cover. For the problem using 
part time driver, the optimal number obtained using LINGO 17.0 was 4 drivers in covering all 18 
tasks with minimum cost obtained was 6000.00. While for the full time driver, the optimal 
number of driver needed is only 2 full time driver to cover all set task with minimum cost 6000. 
The computational result in BLP in solving bus crew in CSP is given in the appendix. 

 
5 Conclusion and Recommendations 
 

Bus Crew Scheduling is a problem that is well studied in operation research and 
theoretical science. CSP deal with the schedule of the driver in performing the given task. The 
ready time and end time for each task was solved in advance. The problem is which driver and 
how many driver needed to cover all set task while the cost is minimize. In this study, we 
consider the problem of determining the optimal number of crew members with a minimum cost 
in order to cover a given set of task regarding operational constraint. We formulate a binary 
programming model for this problem. In the formulation, we consider only processing time of 
task as working time. The setup time between the tasks are included in the working time. In the 
case study we have two part of problem which is we are using part time driver and full time 
driver to minimum the cost used. We have solved the small example and the case study by 
implementing the LINGO 17.0 to compute the solution. The result obtained from LINGO 17.0 
for a part time driver is 4 to complete all the task. Driver 1 need to perform task 3-6-17, driver 2 
need to perform task 5-8-10-14, while driver 3 for task 1-11-13-15-18 and lastly for driver 5 
need to perform task 2-4-7-12-16. The minimum cost obtained was 6000. Besides that, for full 
time driver, the minimum cost needed is 6000 but only two full time driver needed. The driver 1 
need to perform task 1-3-5-7-9-11-13-15-17 while driver 2 need to perform task 2-4-6-8-10-12-
14-16-18.  

There are several recommendations for future research since CSP contained of variety 
field of study. Our study on bus crew scheduling has been restricted in UTM and a simple 
Binary Linear programming (BLP) model is used to obtain an optimal number of crew while 
minimum the cost for the problem. Hence, recommendation for future study is to solve for a 
larger bus crew problem that consist of more data.  
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For further study, alternative operational constraint can be added into the formulation 
regarding more realistic representation of the problem. In the case study we are considering two 
part of small problem where one of the problem using part time driver. In that case, for the future 
recommendation, we are suggest in order to minimize the cost of driver we also can minimize 
the idle time between the tasks.  

Last but not least, we has been solved the problem using LINGO 17.0. The 
recommendations for future study is to solve the CSP problem using C++ Algorithm, MATLAB 
or AIMMS programming. It will be interesting and challenging task to explore more about CSP 
using different method in order to get an optimal solution for the optimization problem.  
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