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ABSTRACT 
Traffic congestion is a major issue in Egyptian cities. It's a multifaceted problem with 

many challenges, making it difficult to solve in the short term because it requires 

predictable route choice behavior and decisions. Real-time traffic data may help 

passengers avoid congestion and save time  and cost. Mobile route-choice applications are 

required to facilitate travelers’ route choice decisions. Port-Said's location on Suez Canal 

makes transit to/from Port-Fouad important. This paper presents a route choice mobile 

application for people traveling from Port-Said to Port-Fouad. It depends on predicting the 

real travel time between the two cities with addition to queuing time. Intelligent traffic 

system techniques and the Google Application Programming Interface (API) maps have 

been used to collect travel data. The application travel time estimations have been 

corroborated using actual values. The results show that the model is performing well and 

give an acceptable prediction of the average percentage error around 7% which is lower 

than the average percentage error of Google Maps travel time estimates by about 23%. 

This indicates the recommended effective outcome of the introduced mobile application in 

addition to facilitate the provision of route data for the traveler at any time. 
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1 INTROUDUCTION 

In congested networks, route choice is one of the 

important and basic concerns in the transportation and 

traffic field. The route choice dynamics is often 

influenced by real-time traffic information [1]. As traffic 

information is becoming global, navigation systems are 

used to notify travelers with route capacities to avoid 

traffic congestion. Route guidance systems compare 

many different routes and provide the traveler with 

options to select from a list of best route 

recommendations. Route choice decisions are normally 

based on the route with less travel time [1-4]. Nowadays, 

there is a big need for such systems to keep pace with the 

development of road networks and the continuous 

increase in car ownership. 

 As more vehicles have increased into urban regions, 

traffic congestion has become a serious issue in various 

cities, which poses many negative effects causing air 

pollution, commuter stress, and vast economic loss [5,6]. 

One of the significant solutions to decrease such 

undesirable effects is to develop Intelligent Traffic 

Systems (ITS) providing accurate real-time traveling 

information [7]. In Egypt, one of the important cities 

with multiple freight and travel activities is Port-Said 

city due to the presence of the entrance of the Suez Canal 

and East of Port Said Port [8]. Its importance and 

location, as a case study area, are illustrated in the 

following paragraph. 

1.1 Case Study Area 

This paper concentrates on studying the route choice 

behavior between the Port-Said and Port-Fouad as case 

study areas due to the importance of crossing between 

the two areas for many activities including (work, trade, 

business, entertainment, transportation, etc.) [9]. In 
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addition to cutting Suez Canal which causes many 

challenges in determining the precise transit time for 

each transit method (e.g., ferries or floating bridge). Port 

Said gets its importance as it is an Egyptian city and has 

an important port. It`s located at the entrance to the Suez 

Canal overlooking the Mediterranean Sea. According to 

the Suez Canal Authority's annual statistics for the year 

2021, 18,880 ships pass through the Suez Canal [10]. 

The total land area is estimated to be 1351 km². The total 

population is about 890,000 and the total number of trips 

is 114590 trips/day [11]. It consists of two towns (Port 

Said and Port Fouad) separated by Suez Canal and seven 

districts [12] as shown in Figure (1). 

 

 

Figure 1: Administrative divisions of Port Said 

Governorate 

 

Port-Fouad is a part of Port Said city that is located in 

the continent of Asia to transport a huge quantity of 

freights and people. The two cities are connected with 

three links or travel options; Port-Said Main Ferry,  Al-

Raswa Ferry, and Al-Nasr Floating Bridge  as shown in 

Figure (2). 
 

 
(1) Port-Said Main Ferry   (2) Al-Raswa Ferry   (3) Al-Nasr Floating Bridge 

Figure 2: The main links/passageways between Port-Said 

and Port-Fouad towns 

1.2 Problem Statement  

Most people choose their routes to cross between Port-

Said and Port-Fouad either according to their daily 

experience or habit. For example, a traveler who lives 

near the main ferry of Port-Said mostly chooses the ferry 

but suffer from delays. In real such delays causes from 

many factors such as large number of vehicles, bridge 

statute, and arrival rates with a large queue line which is 

not determined in the presence mobile application such 

as Google map. For instance, the delay reached about 30 

minutes in summer and 20 minutes in winter for vehicles 

waiting for a ferry to cross the canal between Port-Said 

and Port-Fouad [9]. Whereas the route to Al-Nasr 

Floating bridge may have more time-saving, travelers go 

towards choosing the bridge route but he may find out 

that it is closed due to navigation circumstances. 

Sometimes, the closing time may reach one hour which 

is a crisis for people; especially in studying and working 

trips. So, a route choice system needs to be developed to 

estimate the shortest route taking into consideration the 

queuing time and the bridge statute. Route choice 

modeling is the way to solve this problem. The literature 

on route choice modeling will be illustrated below.  

1.3 Literature Review 

Route choice problem refers to the decision-making of 

route/path use between origins (O) and destinations (D) 

in transportation networks [13]. The various approaches 

of route choice can be classified into three main 

classifications:  static traffic assignment, dynamic traffic 

assignment, and new techniques (online maps) of traffic 

assignment. This categorization reflects three common 

approaches to comprehending travelers' route-choice 

behavior [14]. The following literature concludes the 

results of previous works.  

The prevalent traditional traffic assignment 

mechanism is an All-Or-Nothing (AON) assignment, 

which allocates all trips to the shortest route [15]. This 

method ignores the fact that travel time is a function of 

link traffic volume. It also doesn't consider congestion 

effects and thus tends to overload some links and under-

load others [16]. Irwin et al. employed capacity restraint 

assignment by improving AON assignment taking link 

capacity into account. The capacity restraint technique 

understands that as the network's traffic flow goes 

beyond a certain point, traffic speed declines [17]. 

Wardrop defined a state resulting from many individuals' 

route choices, known as user equilibrium (UE), by 

assuming all road users behave entirely rationally and 

aim to minimize their disutility, but no user can improve 

his or her utility by changing routes unilaterally [18]. R. 

et al. proposed the solution of the UE assignment 

assumptions by an equivalent-nonlinear-mathematical-

optimization program [19]. Daganzo & Sheffi proposed a 

stochastic user equilibrium (SUE) model that considers 

the passengers' imperfect estimates of trip time [20].  
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As static approaches have many limitations because 

the network is not detailed modeled, the assumption of 

perfect information about costs in all parts of networks is 

essentially unrealistic and can’t deal with the variations 

in demand from day to day. So, dynamic traffic 

assignment faces these limitations. One of the early 

attempts in modeling the user equilibrium dynamic 

traffic assignment problem is a mathematical program. 

The features of this technique are not well established 

enough and might lead to unrealistic traffic behavior. 

Also, it relies on traffic modeling static link functions 

[21,22].  

Mahmassani et al.introduced a simulation-based DAT 

model called DYNASMART which is an acronym for 

Dynamic Network Assignment-Simulation Model for 

Advanced Road Telematics [23]. The model described 

the individual vehicle movement by employing a 

macroscopic speed-density relationship. Abdelghany & 

Mahmassani expanded the traffic simulator's capabilities 

by adding the ability to simulate movements of transit 

[24]. Some other models such as DYNAMIT that was 

proposed by M. Ben-Akiva et al. [25,26]. It is a 

simulation-based dynamic traffic assignment model that 

predicts and estimates present and future traffic 

circumstances in real-time. Also, VISTA stands for 

Visual Interactive System for Transportation Algorithms 

was created by A. K. Ziliaskopoulos & Waller [27]. The 

VISTA simulator RouteSim is a mesoscopic simulator 

based on an adaptation of the Daganzo [28] cell 

transmission model, which is based on the hydrodynamic 

traffic flow model, for propagating traffic. 

All the previously studies discussed models assume 

that travelers make rational decisions to maximize 

predicted utility but a few behavioral scientists dispute 

the assumption of strict rationality in individual decision-

making [14]. Moraes Ramos et al. study has shown that 

possessing trip information especially travel time 

improves travel comfort, as evidenced by interviews with 

participants [29]. Real-time information technology can 

provide network users with actual travel time and all 

conditions of the traffic network as pre-trip or in-route 

information, by a wide range of media [14,30]. But these 

technologies need to develop the network's 

infrastructure, which requires a lot of money and time. 

Therefore, the use of online traffic maps is an alternative 

solution in the short term.  

Wang. & Xu. developed a desktop tool for estimating 

(O-D) travel time matrix by calling Google Maps (API) 

and compared the findings to those produced by the 

ArcGIS Network Analyst module to overcome the 

limitations of static and dynamic methods [31]. Jeff Ban. 

Hao. & Sun. estimated real-time queue lengths at 

signalized intersections in Albany, NY. QRNATs relate 

to non-smooth queuing delay patterns and queue length 

changes. The authors believe their method can be used to 

model mobile traffic[32]. Nanthawichit. Nakatsuji. & 

Suzuki. proposed a method for estimating traffic states in 

Tokyo, Japan using a probe-vehicle and conventional 

detector data. The method was tested under several 

traffic conditions using hypothetical data, giving much 

better estimation results than without probe data in a 

similar situation with no traffic detector[33]. García-

Albertos et al.  used the Google Maps API to determine 

(O-D) travel time matrices using mobile phone records. 

The findings indicate that these new geo-located data 

sources have a high potential for application in time-

sensitive accessibility studies since they provide more 

precise and realistic information than static or partially 

dynamic analyses [34].  

In this study, Google maps API had been used to 

estimate the travel time with supporting real-time 

technologies in critical locations that gives travel times 

without queing and bridge statue delays. The model of a 

real time is estimated to improve the estimated time 

within Google maps and introduces a mobile application 

with an easier technique to use it. Decision makers 

especially with the incremental growth of population and 

freight activities capacity give big attention to their route 

choice. As route choice is an important process to choose 

the suitable route depending on the behavior and habit of 

the traveler and affects the traffic congestion and travel 

delays in the urban transportation process, this study 

aims at developing a route choice model based on real-

time traffic information that is constantly supplied using 

intelligent traffic systems technologies. The 

methodology of work will arrange as follows: 

 Collecting data to identify the characteristics of 

traffic across Suez Canal between Port-Said and 

Port-Fouad in addition to the three-traveling links ( 

travel options).  

 Modeling the real time with the proposed queueing 

time and bridge statue delays. 

 Constructing a mobile application depending on the 

estimated (O-D) real travel time matrix between the 

two cities. 

 Estimating the percentage errors in the estimated 

travel time from the presented mobile application 

and Google maps results for all studied trips. 

 Comparing between results from the proposed 

application and available Google map application. 

2 THE ESTIMATED REAL-TRAVEL 

TIME FORMULAS FOR TRAVELING 

LINKS BETWEEN PORT-SAID AND 

PORT-FOUAD 

In this study, Google Maps API is used to estimate the 

(O-D) travel time matrix between Port-Said and Port-

Fouad cities. The main problem when using Google API 

maps is the lack of real-time information about the queue 

and systems of the cross the Suez Canal. Therefore, it is 

important to calculate the actual time of crossing the 

Suez Canal better than Google maps. The proposed 

model of travel time between the two cities is divided 
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into three main parts as shown in Figure (3) which is 

calculated by the following equation: 

 

𝑇 = 𝑡𝑂𝐼 + 𝑡𝐼𝐸 + 𝑡𝐸𝐷                                 (1) 

Where: 

𝑻  is the travel time between the origin point (O) and 

the destination point (D) (min.) 

𝒕𝑶𝑰  is the travel time between the origin point (O) 

and the queue inlet (system inlet) point (I) (min.) 

𝒕𝑰𝑬  is the total delay time in the system between the 

inlet point (I) and exit point (E) of the system 

(min.) 

𝒕𝑬𝑫 is the travel time between the system exit point 

(E) to the destination point (D) (min.) 

 

Figure 3: Travel time components 

The travel time between the origin and system inlet 

points (𝑡𝑂𝐼), and between the system exit and destination 

points (𝑡𝐸𝐷) can be calculated by the google maps API. 

While the total delay time in the system of crossing the 

Suez Canal (𝑡𝐼𝐸) which Google API maps has a problem 

of the lack of real-time information to calculate it. 

2.1 The Estimated Real-Time For Port-Said 

Main Ferry And Al-Raswa Ferry Trips 

The total delay time of crossing the Suez Canal (𝑡𝐼𝐸) 

by the two ferries links is calculated by the following 

equation: 

 𝑡𝐼𝐸 = 𝑡𝑤 + 𝑡𝑠                                           (2)  

Where: 

𝒕𝑰𝑬  is the total delay time in the system between the 

inlet point (I) and exit point (E) of the system 

(min.) 
𝒕𝒘  is the waiting time of the vehicle in the queue 

(min.) 
𝒕𝒔  is the service time (min.)  

The service time (𝑡𝑠) and the waiting time in the 

queue (𝑡𝑤) for Port-Said main ferry and Al-Raswa ferry 

can be calculated by the following equations (3) and (4) 

respectively:  

   𝑡𝑠 = 𝑡𝐿 + 𝑡𝑐 + 𝑡𝑢                                    (3) 

Where: 

𝒕𝒔  is the service time (min.)  

𝒕𝑳  is the average time to load a ferry with vehicles 

(min.)  

𝒕𝑪  is the average crossing-time of the ferry through 

the Suez Canal (min.)  

𝒕𝒖  is the average time to unload the vehicles from the 

ferry (min.)  

 𝑡𝑤 = 𝑙𝑞0,𝐼
/ 𝜇                                           (4) 

Where: 

𝒕𝒘  is the waiting time of the vehicle in the queue 

(min.)  

𝒍𝒒𝟎,𝑰
  is the estimated number of vehicles in the queue 

when arriving at inlet point (I) when t= tOI (Veh.) 

𝝁  is the service rate of the system (Veh. /min.) 

 
The estimated number of vehicles in the queue when 

arriving at inlet point (I) is calculated based on the 

queuing equations with the following equation: 

𝑙𝑞0,𝐼
= 𝑙𝑞0

+ ∑ A(t)  − ∑ 𝐷(𝑡)              (5) 

Where: 

𝒍𝒒𝟎,𝑰
  is the estimated number of vehicles in the queue 

when arriving at inlet point (I) when t= tOI (Veh.) 

𝒍𝒒𝟎
 is the number of vehicles in the queue at the start 

of traveling at the origin point (O) when t=0 

(Veh.) 

∑𝐀(𝐭) is the cumulative number of arrivals vehicles 

during 𝒕𝑶𝑰 . 

∑𝐃(𝐭) is the cumulative number of departures 

vehicles during 𝒕𝑶𝑰 . 

The cumulative number of arrivals vehicles A(t) and 

the cumulative number of departures vehicles D(t) 

during the time 𝑡𝑖𝐼 are respectively equal: 

A(t) = ∫ 𝜆(𝑡) ⅆ𝑡
𝑡𝑂𝐼

0
                                  (6)       

D(t) = ∫ µ(𝑡) ⅆ𝑡
𝑡𝑂𝐼

0
                                  (7)            

Where: 

∑𝐀(𝐭) is the cumulative number of arrivals vehicles 

during 𝒕𝑶𝑰(veh. ) 

∑𝐃(𝐭) is the cumulative number of departures 

vehicles during 𝒕𝑶𝑰 (veh. ) 

𝝀  is the arrival rate (Veh. /min.). 

𝝁  is the service rate of the system (Veh. /min.). 

So, equation (5) can be written as the following 

formula: 

𝑙𝑞0,𝐼
= 𝑙𝑞0

+ ∑ ∫ 𝜆(𝑡) ⅆ𝑡
𝑡𝑂𝐼

0
 − ∑ ∫ µ(𝑡) ⅆ𝑡

𝑡𝑂𝐼

0
             

(8) 

The service rate of all ferries is calculated by the 

following equation: 

𝜇 =
𝑁⋅𝐶

𝑇𝑟𝑜𝑢𝑛𝑑
                                                (9) 

Where: 

𝝁  is the service rate of the system (Veh. /min.). 

𝑵 is the working number of ferries (ferry) 

𝑪 is the average capacity of ferries (Veh.) 

𝑻𝒓𝒐𝒖𝒏𝒅 is the average required time for a single ferry 

to be ready to load from the same direction or 

circle time (min.) 

tIE 
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𝑇𝑟𝑜𝑢𝑛𝑑 = 𝑡𝐿 +  2( 𝑡𝑐 + 𝑡𝑢)                     (10) 

Where: 

𝒕𝑳  is the average time to load a ferry with vehicles 

(min.). 

𝒕𝑪  is the average crossing-time of the ferry through 

the Suez Canal (min.). 

𝒕𝒖  is the average time to unload the vehicles from the 

ferry (min.). 

2.2 The Estimated Real-Time For Al-Nasr 

Floating Bridge Trips 

In the case of using the Al-Nasr floating bridge to 

cross between the two cities, the problem ,facing Google 

API maps, is the inability to know whether the bridge is 

on working or closing statue due to navigational 

conditions, whether for scheduled or emergency closing 

times. Travelers should be informed to takes precaution 

in choosing between routes. So, two conditions have 

been proposed: 

 If the bridge is closing when (t = tOI), drivers will 

be informed that the bridge is closed. 

 If the bridge is working when (t = tOI), the delay 

time of crossing the Suez Canal via the floating 

bridge link by the following equation: 

𝑡𝐼𝐸 = 𝑡𝑐                                                  (11) 

Where: 

𝒕𝑰𝑬  is the total delay time in the system between the 

inlet point (I) and exit point (E) of the system 

(min.). 

𝒕𝑪  is the average crossing-time of a vehicle through 

the Suez Canal (min.). 

All previous equations and steps are estimated to 

calculate the real-time for all traveling links. Data of 

variables is collected using manual and automatic 

methods which are illustrated in the following part. 

3 DATA COLLECTION 

Information data is collected to estimate a real-time 

travel time through the Suez Canal. 

3.1 Travel Data of Ferries Systems 

3.1.1 Queue Length (𝒍𝒒𝟎
): 

The queue length is the number of vehicles in the 

queue at the start of traveling (when t=0) from the origin 

point (O). Two detection methods can be used for 

counting as shown in Figure (4):  

 Vehicle traffic counting cameras (CCTV Camera, 

IP Camera, etc..  ( . 

 Automatic counters such as bending plates, 

pneumatic road tubes, piezoelectric sensors, 

inductive loops, etc. (at the inlet and the outlet of 

the queue) .The length of the queue represents the 

mathematical difference between the inlet counter 

and the outlet counter. 

 

Figure 4: Example of the queue length detection methods; 

the right is the inductive loop and the left is CCTV Camera 

Due to the difficulty of obtaining security approval for 

the installation of any of this equipment, it will be treated 

as input data to be entered manually. 

3.1.2 Vehicle Demand 

The number of vehicles arrive between the two towns 

is an important parameter to calculate the arrival rate (λ). 

It is collected by the above detection methods (Figure 4) 

which are used to calculate the queue length (using the 

cameras or using the queue inlet counter only) and saved 

as a historical data that is updated constantly. The 

application needs start-up historic vehicles arrival 

demand data that is collected through a direct manual site 

survey. The arrival number of vehicles is registered by 

one surveyor for each direction of movement with an 

interval time of half an hour. The survey has been carried 

out for one week, working and non-working days from 

7.00 A.M. to 10:00 P.M. for both directions. Figure(5) 

illustrates the vehicle demand variation for the east bond 

at Port-Said main ferry.  

 

 Figure 5: Vehicle demand during week hours for the east 

bond at Port-Said main ferry 

3.1.3 Ferries' Characteristics 

The working number of ferries is proposed to be an 

input data by the ferries control system that is replaced 

by the average working ferries number and capable to 
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change anytime. Ferries' characteristics include loading 

time, capacity which is the number of vehicles carried by 

one ferry, crossing time, unloading time, and the number 

of working ferries. This data has been collected through 

a direct site survey manually using a form filled out by a 

person sitting on the ferry when crossing the canal. The 

data registers during the trip are the direction, capacity, 

the starting and ending times for ferry loading, crossing, 

and unloading times. The survey has been carried out for 

one week in working and non-working days from 7.00 

A.M. to 10:00 P.M. for both directions. 

3.2 Al-Nasr Floating Bridge Data 

For the third possible links, the time data required to 

cross the bridge is collected manually by a person for 

one day. He fills out the form with the time of entry and 

exit of the vehicle and the regular closed time of the 

bridge due to the navigational conditions in the channel. 

3.3 System Coordinates Data  

The system coordinates are the coordinates of both the 

inlet and exit for the three links implying the starting 

point of the queue on either bank of the canal (I) and the 

exit point on the other bank (E) as shown in Figure (3). 

As a result, each direction has three inlet points and three 

exit points as shown in table (1). It is necessary to define 

and read by Google maps and determine the time 

required to travel. 

Table 1. Inlet (I) and Exit (E) points of the three systems to 

cross the canal in each direction 

If travel from Port-Said side to Port-Fouad side (East Bond) 

 
I E 

Main Ferry 
31.260117, 

32.308510 

31.254241, 

32.314099 

Al-Raswa Ferry 
31.231983, 

32.300205 

31.231999, 

32.307629 

Al-Nasr Floating Bridge 
31.228269, 

32.301392 

31.228595, 

32.306674 

If travel from Port-Fouad side to Port-Said side (West Bond) 

 
I E 

Main Ferry 
31.253578, 

32.315259 

31.259303, 

32.310130 

Al-Raswa Ferry 
31.232396, 

32.310169 

31.232212, 

32.301124 

Al-Nasr Floating Bridge 
31.228741, 

32.307227 

31.228422, 

32.301338 

4 MOBILE APP. PERFORMANCE 

Due to the massive spread of smartphones with high 

technology capabilities and the emergence of many 

convenient applications, mobile application modeling 

had been introduced to offer real-time information for 

travelers to be easy for choosing a suitable route.  Kotlin 

programming language was used to develop the 

application. It is a statically typed, general-purpose 

programming language with type inference [35]. It 

mainly targets the JVM but also compiles to JavaScript 

or native code. In 2017, Google announced Kotlin as an 

official language for android development [35,36]. The 

proposed basic application is divided into four main 

working steps; controlling systems, application server, 

database store, and mobile application as shown in 

Figure (6). 

 

Figure 6: The proposed basic application working steps 

The control system aims at collecting the required data 

in real-time by cameras or sensors at each of the three 

transit systems across the Suez Canal as shown in Figure 

(5). Then it transfers data to the control system for each 

one which analyzes the data and obtains the length of the 

waiting queue and the vehicles arrival rate at both ferry 

systems, the status of the bridge closed/open. The 

number of working ferries is a required data.  

For the proposed basic mobile application, data is 

collected using the Internet interface as follows: 

 Reading the required data from the database such 

as (the coordinates of the three systems, the 

vehicles arrival rate, the regular bridge closing 

times, ....). 

 Storing the required data in the database as history 

data like (vehicles arrival rate to constantly update 

transport demand data). 

 Performing calculations to know the routes and 

travel time for each route using real-time data and 

the required data from the database.  

 Informing travelers by the results via mobile 

phones.  

As a result of the presence of some security obstacles, 

there is no ability to establish the proposed system to 

predict travel time. The following modifications were 

made to develop the application: 

 A screen was created in the application to 

manually input the queue length (lq0) and the 

working ferries number (N) at the moment of 

travel starting from the origin point (O). 
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 The Regular closing times are used for the Al-

Nasr Floating Bridge, and the emergency closing 

times were neglected. 

 Manually collected vehicle arrival rate has been 

used on the two ferry systems with no possibility 

of updating it. 

The final flow chart with these modifications is 

created to develop the application as shown in Figure (7).  

 

Figure 7: The performance flow chart for the proposed 

mobile application 

5 RESULTS, ANALYSIS & DISCUSSION 

The developed mobile application contains six screens 

as shown in Figure (8). The first screen allows choosing 

the direction of the trip (east bond or west bond).  The 

second screen, through which the length of the queue is 

entered as input data at the moment of the start of the trip 

at both ferries systems, also allows the ability to change 

the number of working ferries at both systems. The third 

and fourth screens pick up both origin and destination 

points. While the fifth screen displays, a list of the three 

available routes sorted from the shortest to the longest 

one. Finally, the sixth screen appears after choosing one 

of the routes from the fifth screen to display a map of the 

desired route.  Initially, the application presents the user 

with the expected time for each of the three routes to 

cross the Suez Canal. Secondly, it gives him the option 

of choosing amongst the three options. Thirdly, it 

displays the required path on a Google map.  

 

Figure 8: The developed mobile application screens 

To check the results of the introduced mobile 

application, actual trips are made from different origins 

to different destinations in both directions. Trips take 

place in each direction during every hour of the 

application’s working hours (From 7.00 A.M. to 10:00 

P.M.) along weekdays. 

The actual travel time and the estimated travel time by 

the application and also by Google Map are registered 

for Main Port-Said Ferry and Al-Nasr Floating Bridge 

routes. While the Al Raswa ferry route was neglected 
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because it came as the worst choice continuously due to 

two reasons. The first reason is the proximity of the Al-

Nasr Floating Bridge which certainly offers the 

possibility of the faster crossing of the canal with the 

absence of waiting queues. The second reason is that the 

Al-Raswa Ferry mainly serves commercial transport 

trucks. . As an example, as shown in Figure (9), the 

comparison of the three travel times during Sunday hours 

for the east bond at Port-Said main ferry with an error 

bar equivalent to 5 minutes. This confirms and 

demonstrates that the estimated travel time by the 

application presented in this study is superior to the 

estimated travel time by the Google Maps application 

between the two cities. 

 

Figure 9: Travel times during Sunday hours for the east 

bond via Port-Said main Ferry route with an error bar of 5 

minutes 

The percentage error in travel time is calculated using 

each of the introduced mobile application and Google 

Maps for the main ferry route in the direction from Port-

Said to Port-Fouad (East bond) as illustrated in Table (2). 

Table 2. the percentage error in travel time via main Port-

Said ferry during week hours (East direction) 

 

It can be noticed that the application has a percentage 

error in travel time less than the percentage error of 

Google Maps in almost most trips. The maximum 

percentage error during the week for the application is 

21.4% while for Google Maps is 85%. Also, the average 

percentage error during the week is 7.4% and 34.4% for 

the application and Google Maps; respectively. The 

percentage error in travel time is calculated for the 

mobile application and Google Maps for the main ferry 

route in the direction from Port-Said to Port-Fouad (West 

bond) that illustrated in Table (3). 

In Table (3), it can be noticed that the application has a 

percentage error less than the percentage error of Google 

Maps in almost most trips. The maximum percentage 

error during the week for the application is 18%, while 

for Google Maps is 57.1% whereas the average 

percentage error during the week is 7.2% and 26.6% for 

the application and Google Maps; respectively.  

 

Table 3. the percentage error in travel time via main Port-

Said ferry during week hours (West direction) 

 

For Al-Nasr Floating Bridge route, the estimated travel 

time from the application and Google Maps is almost 

equal and has the same percentage error if the bridge is 

open for vehicles. This is due to the ability of Google 

Maps to know the traffic situation with great accuracy 

just like any other road. On the other hand, when the 

bridge is closed for navigation, the feature of the 

application comes from the ability to inform the travelers 

that the bridge is closed. Unlike Google Maps that does 

not distinguish the closure case of the bridge. The 

performed application is predicted to represent a 

breakthrough in route choice modeling and it can be 

applied to transport freight in any of the queuing 

systems, anywhere in the world, with only minor 

modifications to the characteristics of each queue 

system. Also, it will be a solution of waiting times and 

congestion that will affect positively on the Egyptian 

economy. 

6 CONCLUSION    

Developing the infrastructure of the Egyptian 

transportation networks is a very vital mission. Also, 

establishing full intelligent transportation systems to 

solve the congestion problem requires a long-term plan. 

Due to the revolution of the Internet with the spread of 

smartphones, performing a mobile application is chosen 

to predict the real-travel time between the two towns; 

Port-Said and Port-Fouad to cross the Suez Canal as a 

study area. Google Maps Application Programming 
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Interface (API) is used to get the traffic information 

providing in real- travel time.  

Intelligent transportation systems method is used in 

collecting data to improve the ability of the application 

which the Google Map system is having difficulty 

obtaining a sufficient amount of information. The queue 

delay time of waiting for ferries is illustrated. There were 

some limitations such as the inability to receive some 

security approvals to establish the ferry and bridge sites 

with the required systems for collecting data. The 

application's result is collected during a week of testing 

from 7 a.m. to 10 p.m. for 210 trips between the two 

towns for the three links; the main-ferry - Al Raswa 

Ferry - the floating bridge; demonstrated to achieve the 

satisfactory accuracy. The proposed application is able to 

reduce the average percentage error of the estimated trip 

time by Google Maps for the main ferry from 30% to 7% 

only. It can detect the statue of the floating bridge from 

operating or closing with high accuracy that Google Map 

is unable to find out at all. It is predicted to be a simple 

way to choose the appropriate route.  

The proposed application provided a solution to the 

problem of queues, which can be developed for any 

system that contains waiting queues and delay times such 

as waiting for (ferries, port entry, collecting transit fees, 

signal intersections, etc.). Just studying the 

characteristics of the queues and a simple modification in 

the application data with these characteristics can 

provide the estimated travel time in any of the queuing 

systems and anywhere in the world. 

The proposed application can be developed in the 

future by increasing the travel information provided to 

travelers such as distance or cost. It is also possible to 

study the impact of the application on the behavior of 

travelers between the two cities if the application can be 

implemented as an outcome of the promising results 

presented by this study. It is also possible to benefit from 

the data that the application can collect to improve the 

level of ferry service, as well as to rationalize its work at 

times that do not need to work at its full capacity. This 

paper is predicted to provide a solution to the route 

choice problems for networks having signalized 

intersections with queue length and traveling problems 

between any cities crossing by passageways because 

travelers choose the route with the smallest time. 
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