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Abstract - Improving passengers flow is a key objective for airport management around the world. Reducing waiting times 
enhances the passenger's satisfaction and increases airport productivity. More than 1.5 million pilgrims from around the world 
travel to Makkah in Saudi Arabia to perform their religious duty which lasts for several days. The majority of pilgrims choose air 
travel and land at the Hajj terminal in Jeddah. The arrival of those passengers over a short period of time puts pressure on the 
authorities and airport management to increase efficiency. Several factors combine to prolong the passengers’ check-in process 
which can exceed six hours. This prospective study was designed to investigate the use of simulation to improve passengers flow at 
Hajj Terminal in Jeddah during peak times. Scenarios are conducted with the aim of decreasing passengers waiting times while 
taking cost into consideration. It seems that passengers flow can be significantly enhanced by altering selected policies and 
procedures without necessarily increasing current resources. The simulation model can be further developed to plan the resources 
levels in real time and estimate the effect of the forecasted increase in the number of pilgrims on the terminal’s capacity over the 
coming years. 
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I. INTRODUCTION  
 
Improving passengers flow is a key objective for airport 

management around the world. Reducing passengers waiting 
times enhances the passenger’s satisfaction and increases the 
airport productivity. The facilitation of airport check-in 
processes at peak seasons is a challenge to many airport 
managers. More than 1.7 million pilgrims from around the 
world travel to Makkah in Saudi Arabia to perform their 
religious duty which lasts for several days. The majority of 
the pilgrims choose air travel and land at the Hajj terminal in 
Jeddah. Figure 1 highlights the importance of Hajj terminal 
in the entry process. 

 

 
Figure 1. Percentage of pilgrims based on the ways of entry in 2017. Source 

[1]. 
 

Hajj Terminal lies in the northern terminal of King 
Abdul-Aziz Airport. It was built in 1982 and further 
developed in 2015 to improve the capacity, operation quality 
and general services. This allowed the terminal to receive 
nearly 50,000 pilgrims per day. 

The arrival of those passengers over a short period of 
time puts pressure on the authorities and airport management 
to increase efficiency. Several factors combine to prolong the 
passenger’s check-in process which can exceed six hours. 
Many pilgrims choose to come just before the Hajj event 
which creates a noticeable peak during a few days. In 
addition, pilgrims come in groups and they prefer to stay 
within their groups during the whole check-in process. This 
can significantly hinder the flow at the terminal. The check-
in process includes routine health examination and selected 
vaccinations, passports checks, baggage collection, customs, 
registration and payment for Hajj services, sorting pilgrims 
according to their destinations and boarding the designated 
buses. A large number of pilgrims passing through these 
stations in groups causes queues, congestions, and delays at 
the terminal. Additionally, a number of stakeholders are 
involved in delivering and managing the services including 
government agencies and companies which makes the 
coordination between them challenging. This prospective 
study was designed to investigate the use of simulation to 
improve passengers flow at Hajj Terminal in Jeddah during 
peak times. 

 
II. RELATED WORK 

 
In recent years, there has been an increasing amount of 

literature on improving check-in processes at airports. Félix 
and Reis [2] highlighted the importance of using high-
technology devices in developing airport procedures. A 
Discrete Event Simulation (DES) model of terminal 1 in 
Lisbon airport was developed to analyze the movement of 
passengers before they reach the security area with a special 
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focus on the check-in process. The results suggest that 
passengers should be encouraged to perform their check-in 
process via self-service check-in devices outside the terminal 
building in addition to the creation of common baggage drop 
services. 

In their analysis of passengers flow at Fukuoka airport in 
Japan, Yamada et al. [3] developed an airport model that 
considers the features of Complex Adaptive Systems (CAS) 
[4]. They highlighted the importance of engaging multi-
stakeholders in airports during the data collection process to 
reduce simulation input errors especially when considering 
the difficulty of obtaining the required data due to 
organizational and social obstacles. A system design 
methodology to develop simulations of such complex 
systems is proposed.  

Cavada et al. [5] provide an in-depth analysis of 
modeling baggage handling systems at Santiago International 
Airport in Chile. They present a microscopic simulation 
model for a baggage handling system in addition to regular 
check-in procedures. Several experiments are conducted with 
the objective of finding bottlenecks by focusing on the 
design aspect and balancing the baggage load. The results 
show that simulation can provide effective decision making 
support to baggage handling systems in airports.  

In their study of passenger flows in airports, Alodhaibi et 
al. [6] developed a simulation framework for passengers in 
Brisbane International Airport, Australia. The objective was 
to assess the performance of the presented model. DES was 
used to mimic the outbound and inbound flow inside the 
airport. The key metrics included average queue length, 
average waiting time and utilization rate. The simulation 
results emphasized the significance of flight scheduling 
effects on passenger flows.  

Gronfula [7] enhanced the operational performance of the 
Hajj Terminal in Jeddah, Saudi Arabia from passengers’ 
perspective as well as operators’ perspective. In his analysis, 
he utilized fuzzy logic, DES, optimization techniques and 
surveys to measure Level of Service (LOS). The findings 
outline the most significant attributes by considering user 
experience after applying LOS assessments and the 
prediction of airport capacity to optimize operational 
efficiency.  

Together, these studies indicate that simulation is an 
effective tool for studying and improving various aspects of 
airport terminals including the movement of passengers, 
security procedures and baggage handling. Analyzing the 
configuration of the current airport allowed the researchers to 

identify bottlenecks while conducting experiments and 
running scenarios enhanced operational performance metrics. 

 
III. METHODOLOGY 

 
Simulation is the approach adopted in this research to 

model the passengers flow in the airport terminal. It has been 
applied successfully to model a wide range of complex 
systems in manufacturing such as production scheduling and 
maintenance [8], [9] as well as services such as healthcare 
and logistics [10], [11]. Simulation modeling framework 
based on intelligent objects was used (Simio Version 10).  

Data was collected through interviews with 
representatives from various stakeholders in the terminal as 
well as documents outlining the processes and main statistics 
for each process. Collected data were analyzed and fitted into 
statistical distributions using the software (Stat::Fit Version 
3). Nonetheless, the researchers were not granted access to 
most of the data records. Therefore, Triangular and Uniform 
distributions were used to estimate process times using input 
from professionals working in the terminal. As the focus in 
this study is on peak times, we assumed that all flights come 
in large planes carrying 200 or more passengers. The input 
data are shown in Table I and Table II below. 

 
TABLE I. FLIGHTS DATA 

Description Distribution 

Inter-arrival times of flights Triangular (10,12,14) minutes 

Transferring the manifest to 
passport check 

Triangular (15, 40, 60) 
minutes 

Transferring the luggage to the 
conveyor 

Triangular (40, 53, 65) 
minutes 

Passengers in each flight 200 + Lognormal (4,0.838) 

 
TABLE II.  PROCESSING TIMES AND CAPACITIES OF STATIONS IN 

THE TERMINAL 
Station Processing Time Capacity 

Medical 
Uniform (15, 25) Seconds per 

passenger 
4 

Passport 
Triangular (2, 2.5, 3.5) Minutes per 

passenger 
136 

Luggage 
Triangular (18, 20, 25) Minutes per 

flight 
10 

Customs 
Triangular (25, 30, 40) Seconds per 

passenger 
16 

Unified Agents 
Office 

Triangular (20, 25, 30) Minutes per 
flight 

5 

. 
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Figure 2. Hajj Terminal layout. 

 
The challenges in obtaining the data in the required 

format from the airport led to choosing the flights as the 
main entity in the model rather than individual passengers. 
This also simplified the model since the number of entities at 
any point of time was significantly reduced. 

Verification is the process of establishing that the model 
is behaving as intended by the developer. It was achieved by 
creating various animations, charts and labels, monitoring 
the movement of entities and tracking main variables in the 
interactive run mode. Validation ensures that the model is 
accurate relative to the actual system. It was achieved by 
comparing key observed data with model results such as 
minimum, average and maximum passenger waiting times at 
each station and in the terminal in general. 

 
IV. SIMULATION MODEL 

 
The scope of the simulation model involves five main 

stages as presented in Figure 2. Each flight proceeds from 
one stage to the next together as one group during medical 
check and passport control. The first stage is the medical 
check which begins when pilgrims arrive at the Hajj 
Terminal through one of 14 gates. Doctors and nurses are 
stationed in each gate to check pilgrims’ medical tags and 
perform medical vaccinations. Around 70% of flights do not 
require vaccination as this process has been completed at the 
country of origin. However, 30% of the flights include 
passengers that need to be vaccinated. 

The passengers will proceed to passport control only if 
all passengers in the flight completed the medical check, a 
passport area is available and the manifest has arrived to the 
border agency. The manifest contains information on all 
passengers boarding the flight. It is printed manually by the 
terminal operator and handed to the border agency. In 
passport control, officers in 136 kiosks check passengers’ 
visas and other personal information. 

Passengers then move to collect their luggage which 
arrives at 10 conveyor belts and then placed in multiple 
collection areas. After luggage collection, passengers move 
to Customs where luggage and personal items are checked 
by screening machines. Finally, they proceed to The Unified 
Agents Office where they are assigned to buses based on 
their destination. The average time that pilgrims spend in the 
Hajj Terminal to pass through the first five stages is 
approximately 3:30 hours. The responses in interest include 
the average total time that pilgrims spend in the terminal to 
finish their check-in process as well as the average 
utilizations of each process in the terminal. 

 
V. EXPERIMENTS AND RESULTS 

 
Models were run for 30 replications with a warm-up time 

of 3 days to minimize the effects of any startup bias. The 
model results were calculated during a run time of 24 hours. 
Figure 3 shows a snapshot of the simulation model where 
animations and labels are utilized to track and verify the 
logic of the model.  
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Figure 3. Simulation model snapshot. 

 
TABLE III. MODEL'S KEY METRICS 

Metrics Real Data Simulation Model 
Average Flights Per Day (flights) 124 120 ±  0.3311 
Average Time in System (hours) 3:35 3:21 ± 0.0273 

 

Figure 4 presents a breakdown of the average time in 
each station. It was evident that most of the passenger’s time 
is spent at passport control followed by medical examination. 
Flights spend around 75 minutes on average to pass passport 
control. The causes of this delay include the time required to 
register passenger’s information and all ten fingerprints. 
There is a high variation in this process due to the different 
level of skills of the passport control agents and the status of 
the passenger’s fingerprints. The delay in the medical 
examination procedure is caused by the lack of prior 
information on the number and status of passengers in each 
flight. 

The utilization of each station is shown in Table IV. In 
general, utilization seems to be low for all stations which 
reflects an opportunity for improvements in the system. The 
low utilization percentage in the luggage collection station is 
due to the fact that only four out of ten conveyors are 
operated in the terminal. In the simulation, all ten conveyor 
belts were modelled as available and ready for use during 24 
hours. The utilization of the five United Agents Office 
stations is low because the flights are processed relatively 
quickly.  

In passport control, passengers spend a considerable 
amount of time waiting for the manual delivery of the flight 
manifest to the passport control kiosks area. This part of the 
process seems to be unproductive and should be eliminated if 

possible. Also, the passport control area contains the longest 
queues compared to other stations within the terminal. 
Factors that contribute towards the long queuing time include 
delays in capturing all 10 fingerprints, unclear printed visas 
and delays in collecting required data for some age groups 
like the elderly and children. The low utilization is because 
flights are not evenly distributed over the 24 hours although 
all kiosks are available for operation all the time. This 
indicates that better scheduling could be achieved for either 
flights arrivals or human resources levels at the passport 
control. 

 

 
Figure 4. Average time spent by passengers in each station - baseline 

model. 

 
TABLE IV. UTILIZATION IN EACH STATION - BASELINE MODEL 

Station Medical 
Passport 
Control 

Luggage Custom 
United Agents 

Office 
Utilization

(%) 
56.40 44.82 16.22 65.30 36.55 
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Figure 5. Value added analysis. 

 

The low utilization value of medical examination is low 
because only around 30% of the flights require medical 
checks. Reducing the number of resources required at this 
station could be perceived as a valid solution but it might 
result in increasing the total time spent by passengers at the 
terminal. 

Value-added analysis helps in identifying the activities 
that are useful and necessary for processes which are 
perceived as value adding activities. It can determine the 
types of activities that do not provide a valuable output. As 
shown in Figure 5, more than 80% of passengers time is 
spent waiting indicating a significant improvement 
opportunities in the system. 

One of the benefits of the simulation approach is that it 
provides the opportunity to experiment with multiple 
scenarios with minimum cost. The following scenarios are 
conducted to reduce non-value adding time: 

First scenario: it was observed that the utilization 
percentages for each station in the terminal were relatively 
low. Therefore, resources were reduced to enhance the 
utilization for the stations without a significant increase in 
the average time in system.  

Second scenario: one of the observed bottlenecks in the 
model is the crowdedness and long queues in the passport 
control area. Pilgrims spend one hour on average in this area 
including queuing and service time. A reasonable approach 
to tackle this issue could be shifting the majority of passport 
control procedures to the airport of the origin for pilgrims. 
This will constitute around 65% of the total pilgrims 
assuming that it is applied to the 10 top countries in terms of 
number of pilgrims [1]. 

Third scenario: as the passport check procedure requires 
printing and delivering the manifest by hand to start serving 
each flight (non-value-adding activity), the passport control 
management could be provided with access to the flight 
manifest. Therefore, eliminating the need for manifest 
manual printing and delivery. 

Fourth scenario: the final scenario explores the possibility 
of combining all previous scenarios including moving the 
passport check to the country of origin and providing the 
passport control management with access to the flight 
manifest. 

Simulation results are presented in Table V. The average 
time in system improved relatively in all scenarios. The most 
significant improvement in the average time in system was 
observed in the fourth scenario where time was reduced by 
approximately 15% compared to the current system. 
Meanwhile, the second and third scenarios achieved a 
smaller amount of improvement by around 13-21 minutes. 
The reduction of the number of resources was limited by its 
effect on waiting time as we intend to reduce it. The fourth 
scenario is identified as the most valid option which will 
improve the flow of passengers in the terminal. Figure 6 
compares the boxplot of average time in system for all 
simulated scenarios in addition to the existing system. 

. 
TABLE V. SIMULATION RESULTS. (%UTZ: UTILIZATION PERCENTAGE, #RES: NUMBER OF RESOURCES) 

Scenarios Average Time in System (Hours) Medical Passport Luggage Collection Custom Agents Office 

 % Utz # Res % Utz # Res % Utz # Res % Utz # Res % Utz # Res 

Existing Scenario 3:21 56.4 4 44.82 136 16.22 10 65.3 16 36.55 5 

1st 

*Reducing resources to 
increase utilization 

3:19 54.6 4 44.83 136 54 3 65.1 16 36.58 5 

2nd 

*Moving passport control 
to origin countries 

3:08 20.7 4 64.07 76 16.39 10 66.2 16 37.22 5 

3rd 
*Automated manifest 

3:00 55.8 4 45.54 136 16.51 10 66.1 16 37.45 5 

4th 

* Combining all previous 
scenarios 

2:50 18.45 4 51.24 76 55.11 3 66.42 16 37.60 5 
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Figure 6. Box plot for the average time in system. 

 
 

VI. CONCLUSIONS 
 
In this study, the aim was to investigate the use of 

simulation to improve passengers flow at Hajj Terminal in 
Jeddah during peak times. Several scenarios were conducted 
with the aim of decreasing passengers waiting times. This 
research shows that simulation is an effective tool for 
studying and analyzing the improvement opportunities at the 
Hajj terminal. Scenarios can be tested and alternatives can be 
evaluated without affecting the daily work at the terminal. 
The fourth scenario seems to be the most viable option as it 
will have the most impact on the average time in system 
compared to the other scenarios. Although implementation 
can be a challenge considering the need to convince and 
align multiple stakeholders involved in the terminal, it will 
lead to an increase in the capacity of the terminal as well as a 
better experience for the passengers. It seems that passengers 
flow can be significantly enhanced by altering selected 
policies and procedures without necessarily increasing 
current resources. The simulation model can be further 
developed to plan the resources levels in real time. In 
addition, it can be used to estimate the effect of the 
forecasted increase in the number of pilgrims on the 
terminal’s capacity over the coming years. 
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