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Abstract: The present paper deals with studying on (GCUM) 

by the use of (NNP), consequently, the future passenger 

fluctuations can be well predicted and it will be helpful to make 

wise decisions for realizing the most safety and economic future 

operation.To attain this goal, a methodology was proposed to 

collect the necessary data and analyze them. These data were 

applied as the inputs into the Neural Network Program (NNP) for 

the two (GCUM) lines ‘1’ & ‘2’ to have two models as inputs and 

outputs, one for the 1st line and the other for the 2nd one, taking 

only into consideration, the input, and output variables which 

gave tolerances less 19% than that were obtained by applying 

excel program. Thus, it is easily to predict the future capacity for 

any predicted year, and the corresponding headway as well as to 

prepare an estimated schedule complies with the required future 

Rolling Stock (RS).  

Keywords: Greater Cairo Underground Metro (GCUM), 

metro schedule; annual fluctuations of metro passengers, Neural 

Network Program (NNP), Rolling Stock (RS) 

I. INTRODUCTION 

An Artificial Neural Network (ANN) can be defined as a 

system composed of units distributed parallel processing 

that calculates certain simple mathematical functions 

(usually nonlinear) [1]. The key element in the structure of 

ANN is the neuron. This structure is inspired by the format 

of the human brain, which consists of a vast network of cells 

called neurons [2]. Wei and Yiting [3] verified the control of 

the volatile neural network (NN) by learning impedance for 

a restricted robot, subject to the dynamics of the unknown 

system, the effect of state restrictions, and the uncertain 

compatibility environment that the robot deals with. A 

mysterious NN learning algorithm was developed to 

determine the uncertain plant model. The salient feature of 

the mysterious NN is that there is no need to obtain prior 

knowledge about the uncertainty and sufficient amount of 

observed data. Also, impedance learning is introduced to 

deal with the interaction between robot and its environment, 

so that the robot follows the desired destination resulting 

from learning impedance. Lyapunov barrier function is used 

to address the impact of State restrictions. With the 

proposed control, closed loop system is stabilized by 
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Lyapunov stability theory and trace performance is 

guaranteed under conditions of State restrictions and 

uncertainty. Simulation studies are performed to illustrate 

the effectiveness. [3]. Barbara [4] has made use of the 

Hopfield-type neural network for construction problems 

schedule. This general scouting method has provided good 

results in the school schedule. The main purpose of the 

paper is to describe the way we applied the neural network 

to produce feasible school timetables, which are polynomial 

time in the length of the input. When mapping a school 

timetabling problem onto a Hopfield-type neural network, 

the complexity of the network can become quite large. The 

incorporation of a genetic algorithm allows more complex 

scheduling problems to be solved more efficiently. Two 

examples, first on a simple and second on a `real' data set, 

are used to demonstrate the potential on neural networks 

and genetic algorithms that seem to outperform traditional 

Operational Research methods in solving some 

NP-complete problems. Masoud Yaghini et al. [5] display a 

high-resolution artificial neural network model to predict 

the delay of passenger trains in Iranian railways. In their 

model, three different methods were used to determine 

inputs including normal real number, binary encoding, 

binary array input and encoding. One of the major 

challenges of using a neural network is how to design a 

superior network for a specific task. To find an appropriate 

structure, three different strategies are called the Quick 

Method, the Dynamic Method, and the Multiple Method. 

Masoud Yaghini et al. [6] also, prevented the proposed 

model from overfitting in modeling, according to cross 

validation, we divide existing passenger train delays data set 

into three subsets called training set, validation set, and 

testing set. To evaluate the proposed model, we compare the 

results of three different data input methods and three 

different architectures with each other and with some 

common prediction methods such as decision tree and 

multinomial logistic regression. To compare different 

neural networks, we consider training time and accuracy of 

neural networks on the test data set and network size. In 

addition, to compare neural networks with other known 

prediction methods, training time and neural network 

accuracy were taken on the test data sets. To make a fair 

comparison among all models, we sketch a time-accuracy 

graph. The results revealed that the proposed model has 

higher accuracy. [6]. Carey and Kwiecinski [7] developed a 

simple stochastic method to knock-on train delays. 

Knock-on delay refers to that part of a train’s delay, which is 

caused by other trains in front of it.  
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Yuan [8] developed a randomly modified model to delay 

trains and delay deployment at stations. The most important 

scientific contribution of this research is an innovative 

analytical probabilistic model that accurately predicts the 

impact on train delays, including the impact on the accuracy 

of trains' dates in the stations on the basis of an extension of 

the theory of time hindering railway operations to random 

phenomena. Zonglei et al. [9] developed a new method 

based on machine learning to predict large scale of flight 

delays. This new method first does k-means on the data of 

the flight delays, which is an unsupervised learning to get 

the standard of each class of delay. With these classes of 

delay, a supervised learning method can be used to build an 

alarm model. For the supervised learning, they use decision 

tree, back propagation (BP) neural network, and Naive 

Bayes. Dragana et al. [10] developed decision support 

system developed on the basis of artificial neural network to 

predict the number of sleeping cars in rail transport. VCD 

input system of train track, month and sleeping car type and 

number of wharves (supply) and the number of departures 

and ticket price and GDP, while the output of the neural 

network is the number of tickets sold (demand). By 

comparing the results obtained through the form with the 

results derived from historical data, it was found that the 

developed model is largely compatible with reality. You can 

use the decision support system developer for capacity 

planning, because it is important for the rail operator that 

already knows the number of sleeper cars that must be met. 

All data is obtained from the Serbian railways. 

II. PROBLEM DEFINITION 

As the growing number of citizens in large metropolises, 

public traffic jam has become a big problem. Due to the 

large transport capacity, metro, or subway, was a critical 

cure to the over population in big cities. However, the routes 

of metro were set in advance and the rail was exclusive. The 

ceiling of metro was surpassed easily with the development 

of the cities. GCUM has now introduced the tide strategy to 

relief the burden of traffic, which is to increase the number 

of metro in rush hours. Yet, the number of passengers varies 

widely between different days, and traffic jams are heavily 

time to time. It will be helpful if the governors know the 

amount of passengers in future to make wise decisions. The 

number of metro passengers was determined not only by the 

passenger flow at previous moment but also the passenger 

flow at the same time in the days before. It is required to 

propose a methodology based on field data to easily predict 

the future capacity for any predicted year, and the 

corresponding headway as well as prepare an estimated 

schedule complies with the required future Rolling Stock 

(RS).  

III. RESEARCH METHODOLOGY 

It is practically useful to predict the future operation metro 

demands and supplies taking into consideration the past and 

present operation metro demands and supplies.  

The present methodology proposes the steps to collect the 

necessary data and analyze them to have the most safety and 

economic future operation applying The Neural Network 

Program (NNP). 

The Neural Network has been a rapidly growing field of 

computer science that has direct applications in the 

construction industry. Neural Networks are among the 

Current Artificial Intelligent research areas.  

Neural Network Program (NNP) differs from Excel Program 

(EP) that it can deal with non-numerical variables such as 

peak, off peak hours, and different circumstances and 

consequently it can analysis them while (EP) can’t deal with 

non-numerical variables. It combines them in some way, 

performs a generally nonlinear operation on the result, and 

then outputs the final result relative to the base year (2017). 

i. INPUT DATA 

Eight factors were proposed as the factors affecting passenger 

capacity as given data (Inputs), while only one output (which 

is the average capacity (Y)) had been obtained by applying the 

Neural Network Program (NNP).  

The program determined five affecting factors which are the 

following: 

Travel time between two successive stations. (x1) 

Waiting passenger on waiting zone (x2) 

Alighting and boarding passenger (passenger exchange). (x3) 

Different conditions (education, vacations, Fridays and Eid). 

(x4) 

Operating hours (peak and off-peak) (x5) 

While there are three infecting factors which will be cancelled 

as they gave illogical outputs for the following three reasons: 

Social level of passengers in each station (x6): as the 

operating conditions depending upon the driver and the 

passengers at operating time. 

Passenger density at waiting zone (x7): as it is similar to 

standing passengers onto metro. 

Factor of safety (x8): as it depends on the driver behavior. 

1-  Obtaining the official data for the Annual fluctuations of 

metro capacity for line 1 and line 2 during 2008 till 2017 

Table (1) summarizes the annual fluctuations of metro 

capacity (passenger /hour / directions) within the period 

2007/08 and 2016/17 and the corresponding best fitted 

capacity 

Table (1) the annual fluctuations of metro capacity (passenger /hour / directions) for the sum of the passengers for both line ‘1’ 

and line ‘2’ 
X 1 2 3 4 5 6 7 8 9 10 

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017* 

Official 

data 746 791 813 859 926 1039 1201 1406 1680 1829 

Best 
fitted 769 766 793 853 943 1065 1218 1402 1617 1864 
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* Notes: 

1) Source: Greater Cairo Underground Metro 

2) Year 2017 is considered as the base year.  

3) Year 2017 represents also the actual field data collected by 

the authors.  

2- Questioner  

The following table gives an example of the answers of some 

metro passengers during the personal meetings for the 1st 

and 2nd lines passengers 

Table (2) an example of the personal meetings results for the 

1st and 2nd lines passengers. 

Gender : male □ 

female □ 

Age:  time: peak □  

off □ peak / off 

□ 

exchange 

between lines:      

yes □ no □ 

maybe □ 

purpose: 

work □ 

study □ visit 

□ other □ 

increase  ticket 

price effect: yes 

□ no □ may be □ 

line: 1st □ 2nd 

□3rd □ 

ticket 

waiting 

time:  

platform waiting 

time:  

exchange station origin 

station:  

destination 

station  

trips/day:  trips / week 

□ 

advantages: 

disadvantages recommendations: 

Source: authors. 

2- Field survey 

Field survey were collected for the peak and off peak of both 

passenger traffics and metro trips at different operation 

conditions for both 1st and 2nd line. 

 

ii. DATA ANALYSIS (OUTPUTS) 

There is only one output which is the average capacity (Y) 

representing the number of passenger per hour per direction 

(either up or down). 

1- Analyzing the annual fluctuations of metro capacity 

(passenger/hour/directions) within the period 2007/08 and 

2016/17 and the corresponding best fitted capacity 

Figure (1) illustrates the growth Metro passenger within 

2008-2017 for the sum of 1st and 2nd lines 

 
Figure (1) growth Metro passenger within 2008-2017 for 

the sum of 1st and 2nd lines 

2- table (3) gives an example of field survey were collected 

for the peak and off peak of both passenger traffics and metro 

trips at different operation conditions for both 1st and 2nd 

lines. 

Table (3) example of field survey for the off peak passenger 

traffics at Friday for 1st line (up direction) 

 

Act.

headway (H)

Km Km Hr. Km/hr min

New EL-Marg 42.448 1.18 0.0528 22.28 3.50 11245.71

EL-Marg 41.271 1.80 0.0337 53.35 3.40 16217.65

Ezbet EL-Nakhl 39.475 1.19 0.0217 55.06 4.50 12866.67

Ain shams 38.282 1.12 0.0212 52.96 5.10 14482.35

El-Matarya 37.161 0.78 0.0178 43.79 5.00 14016.00

Helmiyet El-zeitoun 36.380 1.06 0.0200 52.95 4.80 14350.00

hadayek El-zeitoun 35.321 1.00 0.0215 46.47 4.80 12425.00

saray El-Kobba 34.322 0.90 0.0207 43.50 4.00 14460.00

Hammamat El-Kobba 33.423 0.65 0.0182 35.50 3.60 16800.00

kobri El-Kobba 32.778 0.99 0.0188 52.41 3.90 14153.85

Manshiet El-sadr 31.791 1.00 0.0212 47.24 5.00 9192.00

El-Dmerdash 30.791 1.60 0.0242 66.21 4.50 10640.00

Ghamra 29.191 1.90 0.0340 56.00 4.90 8669.39

Al shohadaa 27.287 0.58 0.0158 36.38 3.60 11533.33

Orabi 26.711 0.58 0.0187 30.91 5.10 7905.88

Nasser 26.134 1.10 0.0217 50.82 3.50 9565.71

Sadat 25.033 0.93 0.0220 42.14 3.10 11187.10

Saad Zaghloul 24.106 0.88 0.0188 46.51 3.30 10163.64

Sayeda zeinab 23.230 1.44 0.0230 62.61 5.10 6235.29

El malek el saleh 21.790 1.35 0.0218 61.97 3.30 9800.00

mar gerges 20.437 1.26 0.0210 60.10 3.20 9993.75

Zahraa 19.175 1.84 0.0258 71.07 4.00 7755.00

Dar el salam 17.339 1.46 0.0245 59.71 3.50 6994.29

Hadayk  maadi 15.876 1.31 0.0215 61.12 3.30 6672.73

maadi 14.562 1.01 0.0187 53.89 3.00 4460.00

Sakanat el maadi 13.556 1.24 0.0212 58.72 3.20 3637.50

Tura el balad 12.313 1.34 0.0222 60.45 3.20 3225.00

Kozzika 10.973 1.34 0.0212 63.26 3.10 3174.19

Tura el Esment 9.634 2.41 0.0360 67.00 5.00 1968.00

Maasara 7.222 1.13 0.0185 61.03 2.80 2035.71

Hadayk  Helwan 6.093 2.20 0.0343 64.19 5.50 1036.36

Wadi hof 3.889 1.17 0.0205 57.02 3.50 1148.57

Helwan university 2.720 1.38 0.0193 71.53 3.10 870.97

Ain Helwan 1.337 1.24 0.0245 50.49 4.00 585.00

station
kilometer

interval distance 

(D)

interval times between 

two succsesive station 

(measured) (T)

speed (S)
capacity (Y)

 
 

3 Neural networks 

Preparing a neural network two models for both 1st, 2nd 

lines ,considering that (X) and (Y) are the input and output 

variables respectively which gave tolerances less than 19% 

than that were obtained by applying excel program. 

This difference is due to either uncontrolled human behavior 

or the neural network model itself ability.  

Figure (2a and 2b) show two examples for the inputs /outputs 

data: (X) and (Y) at feast and main holiday 

 

 
 

Fig (2a) an examples for inputs (X) /outputs(Y) data at feast 

 

 
Fig (2b) an examples for inputs (X) /outputs(Y) data at main 

holiday 

4- Prediction of the future capacity for the period 2018 till 

any predicted year 

4.1  Estimate the capacity (Y) before year 2017  

To estimate the capacity at any past year, the following 

equation was obtained as the best fitting of the previous 

official records. 

Y = 15.656 X2 – 50.552 X + 

804.22………………………………………..….(1)  

(As shown in figure (1)) 

Where, 

Y represents the capacity   in 1000 passengers / hour 

/direction 

X gives the difference between the current year and 2007 
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4.2 Prediction of passenger capacity (Yt) and the 

corresponding minimum headway (Hmin) at any predicted 

year after 2007 

Yt = Y* growth rate 

Which: Yt passenger capacity at the predicted year 

   Y passenger capacity at the base year 2017 

    Growth rate Y= 15.656*(t^2)-(t*50.552) +804.22 (1’) 

  x = predicted year – 2007                                  (2) 

Consequently, the minimum headway (Hmin) can be 

calculated from the following equation  

                                                                            (3) 

 

Where C is the maximum allowable passengers per train 

which was taken 7 standing passengers per meter square at 

peak hours, and 3 standing passengers per meter square at 

off-peak hours taking into consideration the growth ratio of 

the metro passengers relative to the base year 2017. 

4.2 estimate the required Rolling Stock (RS) in 

future;  

 Knowing the minimum headway (H), one can conclude the 

minimum required (RS) at peak and off peak hours using the 

following formulae: 

Trip / direction at peak hours )       

(4) (To be approximated to the just smaller figure) 

Shift / train at peak hours = 

          ……… (5) 

(To be approximated to the just bigger figure)  

 (T) = (T duration up + T duration down + T Stop 

destination+ Tstop origin) ............….….. (6) 

Where: 

 (T): Turnaround time (min. /train) 

T duration up and T duration down : trip duration within both 

the up and the down directions 

T Stop destination and Tstop origin: stop time at both 

destination station and origin station 

(7) 

Assuming that: 

15% of (RS) are under maintenance. 

The train capacity is nearly equal for both up and down 

direction 

Similarly, the required (RS) for off peak can be estimated. 

I. CONCLUSION 

This paper deals with the study (GCUM) using (NNP), 

therefore, could predict future passenger swings well and it 

would be useful to make wise decisions to achieve more 

practical future economic security. 

To achieve the objective, a methodology was proposed to 

collect and analyze the necessary data using Neural Network 

Program NNP for two (GCUM) lines ‘1’ & ‘2’. All 

conclusion and recommendation are summarized by: 

1- Estimation of passenger capacity for 1st line by (ANN) 

• Comparing the ratio between study and main holiday 

circumstance on peak hours was 1.507, while the ratio on 

offpeak was 0.96. To explain these figures, the passenger 

traffic purpose during study was for school and university 

as well as works, while in main holiday the traffic purpose 

was only for works.  

• Comparing the ratio between Friday and feast 

circumstance on offpeak hours was 1.63. To explain these 

figures, the passenger traffic purpose during Friday was 

mainly for shopping and visits, while in feasts, most of 

passengers travel outside Cairo.   

Table (4) passenger capacity for 1st line on different 

circumstance 

 

2- Estimation of passenger capacity for 2nd line by (ANN) 

• Comparing the ratio between study and main holiday 

circumstance on peak hours was 1.48, while the ratio on 

offpeak was 1.33. To explain these figures, the passenger 

traffic purpose during study was for school and university as 

well as works, while in main holiday the traffic purpose was 

only for works.  

• Comparing the ratio between Friday and feast 

circumstance on offpeak hours was 1.24. To explain these 

figures, the most of passengers travel outside Cairo.   

 

Table () passenger capacity for 1st line on different 

circumstance 

 
3- According to future capacity on can predict the required 

RS to achieve maximum GCUM's ability 
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