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     Abstract: Automatic Ticket Machine outputs give the daily 

passengers’ traffic which entry from any station to exit to all 

stations in alphabetic arrangements. To utilize these important 

data for analyzing the phenomena and concluding the important 

predicted recommendations, a methodology was proposed within 

the present research paper. This method has the advantage to 

determine the O-D matrix for the metro passengers using its 

networks. The proposed methodology can be applicable to analyze, 

investigate, and predict the metro passenger traffic under different 

scenarios. To make Automatic Ticket Machine outputs in 

practices change the Entry- Exit Matrix from alphabetic 

arrangements into arranged Entry- Exit Matrix according to 

successive stations.  The obtained results concluded the actual 

operation system on the platform, within the metro doors and into 

metro cars. In addition to investigate the socio-economic impact 

for metro stations finally, the corresponding revenue by applying 

different scenarios for every zone can be predicted. 

  

   Keywords: Automatic Ticket Machine; Revenue; 

Socio-Economic Impact; Metro Operation; passenger intensity. 

I. INTRODUCTION 

There are many methods to determine and observing a 

crowded spatial scene and detecting and tracking the motion 

of any moving object in the scene such as people, animals, or 

vehicles. Examples of such environments are shopping malls 

or concourses in airports or railway stations where hundreds 

of objects move around. To travel through such an 

environment any object must be identified and his motion 

must be tracked in order to discover and avoid potential 

collisions.[1] The problem becomes more difficult, when the 

sensor is not stationary but also moves around while 

observing the environment. The motion detection and 

tracking problem is studied in the context of a research 

project which is concerned with the development of guidance 
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for an intelligent wheelchair MAid [2]. This guidance system 

should enable the wheelchair to maneuver autonomously in a 

shopping mall or a railway station and cross an area with 

many moving people. E. Prassler, et, al [3]. Proposed a 

method for detecting and tracking the motion of a large 

number of moving objects in crowded environments, such as 

concourses in railway stations or airports Unlike many 

methods for motion detection and tracking, the 2D range 

images were used from a laser rangefinder to achieve the 

real-time capability of this approach. The time-variance of an 

environment is captured by a sequence of temporal maps, 

which was denoted as time stamp maps. A time stamp map is 

a projection of a range image onto a two dimensional grid, 

where each cell which coincides with a specific range value 

was assigned a time stamp. Based on this representation the 

two very simple algorithms for motion detection and motion 

tracking were obtained. The approach was successfully 

applied to a set of range images recorded in the waiting hall 

of a train station during the morning rush-hour. 

Katsuyuki NAKAMURA, et, al [4]. Studied the feasibility 

for analyzing and visualizing passenger flows using laser 

scanners in a railway station. A network of laser scanners is 

located on different places and scan pedestrian's feet at a 

horizontal plane above the ground. Motion trajectories are 

extracted from the laser points on moving feet. Thus it can 

find the pattern of passenger flows and its change with time. 

Through three experiments in railway stations, it was 

concluded that the proposed method is efficient in examining 

user behavior even in the crowded stations. 

Mai M El Deeb et, al [5]. Studied the optimal operation 

interaction for GCUM 1st and 2nd lines by proposing a 

methodology based on field survey of travel time, passenger 

waiting time, actual headway, alighting and boarding 

passengers to determine the actual passenger intensity on 

platform, passenger intensity into train and headway, to 

determine the ideal operation and the minimum operational 

costs. Using four alternatives (divide the line into definite 

links, change headway, overflow of some through stations 

and uses of suitable metro units) under 5 restrictions 

(Passenger intensity into train, Passenger exchange time at 

metro door, Passenger intensity on platform, headway at the 

end of links and Factor of safety for metro headway) and 

without any additional capital costs, the results show a lowest 

cost for both rolling stock capital costs and operation costs.  

Many engineering consultant [6], [7] studied the passenger 

traffic fluctuation at railway stations, determined their needs 

and suggested the improvement. 
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II. PROPOSED METHODOLOGY 

Within the following steps, the Automatic Ticket Machine 

(ATM) inputs can be applicable to analyze, investigate, and 

predict the metro passenger traffic under different scenarios.  

a) Entry- Exit Matrix obtained by Automatic ticket machine 

(ATM) in alphabetic arrangements, as shown in figure (1) 

Exit ABBASSIA
ABDOU 

PASHA

AIN 

HELWAN
AIN SHAMS AL AHRAM AL GUESH AL SHOADAA ATTABA

AIN HELWAN 67 50 574 206 46 12 907 398

AIN SHAMS 58 132 113 1032 31 26 4730 2791

AL SHOADAA 113 91 859 6161 53 19 5784 410

DAR EL-SALAM 490 247 756 545 218 103 3598 2714

EL MAADI 252 180 1234 1613 341 74 4152 1500

EL-DEMERDASH 12 12 103 4073 26 0 2330 650

EL-MALEK EL-

SALEH
122 70 619 787 142 22 2381 622

EL-MARG 0 0 0 0 0 0 0 0

EL-ZAHRAA 170 130 427 773 182 36 3646 1085

EZBET EL-NAKHL 103 276 221 2076 79 58 7025 3444

GHAMRA 38 72 281 4262 53 7 1082 780

HADAYEK EL-

ZEITOUN
29 79 46 4682 7 19 3120 1171

HADAYEQ 

HELWAN
134 77 965 161 108 14 926 535

HAMMAMAT EL-

KOBBA
5 5 2 854 0 0 830 278

HELMIET  EL-

ZEITOUN
77 84 110 5042 7 38 4433 907

HELWAN 132 197 607 650 226 55 2846 1020

HELWAN 

UNIVERSITY
17 12 26 881 17 14 1308 48

KOBRI EL-KOBBA 38 53 149 4949 17 19 5023 1198

KOZZIKA 38 43 271 67 22 14 550 360

MAASARA 67 77 1159 139 60 0 835 588

MANSHIET EL-

SADR 
24 19 31 2695 10 7 2016 490

MAR GUIRGIS 31 7 103 103 48 14 689 228

MATARIA 50 118 127 1265 14 19 3245 1255

NASSER 403 298 1032 6962 240 94 1762 475

ORABI 127 70 130 1390 55 24 247 144

SAAD ZAGHLOOL 389 161 377 1658 187 46 4562 838

SADAT 170 101 341 2458 194 38 1889 348

SAKANAT EL-

MAADI
29 26 521 288 50 10 754 202

SARAY EL-

KOBBA
17 19 53 3158 2 2 2162 569

SAYEDA ZEINAB 336 154 907 2299 262 62 5638 845

TURA EL ASMENT 10 2 94 7 0 0 43 10

TURA EL-BALAD 29 38 228 190 17 10 1543 271

WADI HOF 12 17 290 46 26 0 302 94

Total 3590 2916 12756 61474 2741 859 80359 26268

 
Figure (1) an example of a part of Entry- Exit Matrix 

obtained by Automatic Ticket Machine (ATM) 

b) Rearrange the Entry- Exit Matrix according to successive 

stations for first, second, and third lines respectively. Figure 

(2) shows an example of a part of the re-arranged stations. 
1 2 3 4 5 6 7 8

HELWAN
AIN 

HELWAN

WADI 

HOF

HADAYE

Q 

HELWAN

MAASAR

A

TURA EL 

ASMENT
KOZZIKA

TURA EL-

BALAD

S S S S S S S S

1 S HELWAN 2278 607 1795 4186 4795 367 1618 912

2 S
AIN 

HELWAN
643 574 269 823 1085 86 370 406

3 S
WADI 

HOF
1774 290 449 391 425 26 173 86

4 S

HADAYE

Q 

HELWAN

4524 965 571 761 1714 103 787 406

5 S
MAASAR

A
6866 1159 830 3050 1740 238 1344 343

6 S
TURA EL 

ASMENT
372 94 19 161 226 98 72 62

7 S KOZZIKA 1951 271 228 1022 1241 74 569 271

8 S
TURA EL-

BALAD
1046 228 101 473 350 34 269 473

 
Figure (2) an example of a part of the re-arranged 

stations 

c) Ignore the internal traffic within any station as its users are 

not considered as metro passengers,  

Consequently, all the diagonal entry- exit matrix elements 

becomes zeros and the total entry and exit passengers must be 

reduced by this values, as shown in figure(3) 

1 2 53 3 4 5 6 7 8

HELWAN
AIN 

HELWAN

HELWAN 

UNIVERSI

TY

WADI 

HOF

HADAYE

Q 

HELWAN

MAASAR

A

TURA EL 

ASMENT
KOZZIKA

TURA EL-

BALAD

1 HELWAN 0 607 422 91 427 425 7 235 139

2
AIN 

HELWAN
643 0 163 269 823 1085 86 370 406

53

HELWAN 

UNIVERSI

TY

403 91 0 10 144 125 17 274 12

3
WADI 

HOF
1774 290 137 0 391 425 26 173 86

4

HADAYE

Q 

HELWAN

161 2 24 19 0 38 10 17 19

5
MAASAR

A
6866 1159 468 830 3050 0 238 1344 343

6
TURA EL 

ASMENT
372 94 24 19 161 226 0 72 62

7 KOZZIKA 1951 271 187 228 1022 1241 74 0 271

8
TURA EL-

BALAD
1046 228 122 101 473 350 34 269 0

 

Figure (3) O-D Passenger ignoring the internal traffic 

within any station as its users are not considered as metro 

passengers 

d)  replace the zero diagonal entry- exit matrix elements by 

the sum of the entry passengers at any station as shown 

in figure (4) 

    1 2 53 3 4 5 

    

HELWAN 
AIN 

HELWAN 
HELWAN 

UNIVERSITY 
WADI 
HOF 

HADAYEQ 
HELWAN 

MAASARA 

1 HELWAN 92490 607 422 91 427 425 

2 
AIN 

HELWAN 
91847 14285 586 360 1250 1510 

53 
HELWAN 

UNIVERSITY 
91444 13678 19829 370 1394 1634 

3 WADI HOF 89670 13587 19243 11034 1786 2059 

4 
HADAYEQ 
HELWAN 

89509 13297 19106 10665 37391 2098 

5 MAASARA 82643 13294 19082 10645 35606 31246 

 
 

Figure (4) replace the zero diagonals for any station by 

the sum of entry passengers 

 

e) Estimate the non-records values for the stations which 

their automatic ticket machine outputs had no records by 

the aid of the actual field data on 2017 as shown in figure 

(5a, 5b) respectively. 
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HELWAN
AIN 

HELWAN

WADI 

HOF

HADAYE

Q 

HELWAN

MAASARA
TURA EL 

ASMENT

S S S S S S
MAZALL

AT
259 28 24 39 30 5

KALAFA

WY
0 0 0 0 0 0

ST.THER

ESA
0 0 0 0 0 0

ROD EL-

FARG
0 0 0 0 0 0

MASARR

A
0 0 0 0 0 0

 
Figure (5.a) a sample of non-record values for some 

stations in the 2nd line. 

HELWAN
AIN 

HELWAN

WADI 

HOF

HADAYE

Q 

HELWAN

MAASAR

A

TURA EL 

ASMENT

S S S S S S
MAZALL

AT
259 28 24 39 30 5

KALAFA

WY 75 9 7 30 21 1

ST.THER

ESA 14 2 1 6 4 0
ROD EL-

FARG
232 27 21 94 64 2

 
Figure (5.b) a sample of assumed values for some 

stations having no records in the 2nd line. 

f) Calculate the passengers’ intensity on the waiting platform 

zone for each station, table (1) gives an example for 

waiting passenger intensity at the up direction and the 

down one. 

Table 1 an example for waiting passenger intensity for up 

and down directions 

  1 2 53 3 

  

Helwa
n 

Ain 
Helwa

n 

Helwan 
Univers

ity 

Wad
i Hof 

*waiting 
passen

ger 
up/m2 

*waiting 
passeng
er down 

/m2 

Ghamra 2414 281 732 166 0.315 0.299 

El-Deme
rdash 

888 103 101 48 0.224 0.293 

Manshie
t El-Sadr  

478 31 96 48 0.138 0.223 

Kobri 
El-Kobba 

2119 149 576 175 0.309 0.311 

Hamma
mat 

El-Kobba 
1032 110 379 79 0.076 0.055 

waiting passenger intensity /m2 = (boarding passenger/train) 

/ (waiting zone width *platform length). 

Waiting zone equals 2.5 m for all lines; the platform length 

equals 200 m for 1st line and equals 180m for 2nd and 3rd 

lines. 

g) Calculate the minimum passengers’ exchange time at each 

station table (2) gives an example to estimate the 

minimum stop time for each station. 

 

 

 

 

 

 

Table (2) an example to estimate the minimum stop time 

for each station 

 

  1 2 53 3 

  

Helw
an 

Ain 
Helwan 

Helwa
n 

Univer
sity 

Wadi 
Hof 

t 
stop 

/ 
Helw

an 

t 
stop/ 
Marg 

GHAM
RA 

2414 281 732 166 8.79 8.37 

EL-DE
MERD
ASH 

888 103 101 48 7.17 6.79 

MANS
HIET 

EL-SAD
R  

478 31 96 48 5.69 5.89 

KOBRI 
EL-KO
BBA 

2119 149 576 175 8.82 8.36 

HAMM
AMAT 
EL-KO
BBA 

1032 110 379 79 7.01 5.83 

t stop (sec.) = (1.5 opening door + ((Alighting + Boarding 

passenger) * 0.5) / (4 doors / car * n cars /train)+1.5 closing 

door)  

Where:  

n= 9 cars for 1st line, and 8 for 2nd and 3rd lines.  

 

h) Calculate the passengers’ intensity into cars as shown in 

table (3). 

Table (3) passenger intensity into cars 

Passenger /day= [trips at off peak * cars/ train (seats + 

(standing area m2 * passenger intensity / m2 at off 

peak)] + [trips at peak * cars/ train (seats + (standing 

area m2 * passenger intensity /m2 at peak)] as shown in 

table (4). 

Where; 

Trips at off peak = 46 trains/ day 

Trips at peak = 194 trains/ day. 

 
 
 
 
 
 

 HELWAN 
AIN 

HELWAN 
HELWAN 

UNIVERSITY 
WADI 
HOF 

passenger 
intensity / 
m2 

27 
SARAY 

EL-KOBBA 
9355 1465 3448 1674 2.2 

28 
HADAYEK 

EL-ZEITOUN 
7470 1443 3392 1657 2.09 

29 
HELMIET  

EL-ZEITOUN 
6521 1041 3154 1419 

2 
 

30 MATARIA 6073 788 1671 671 1.95 

http://www.ijitee.org/
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Table (4) technical characteristics for the greater 

Cairo metro for the three lines. 

III. APPLICATIONS 

Table (5) summarizes the operating time for the 3 

lines during a working hours/ day and the 

corresponding trip/direction. To obtain the maximum 

passengers on peak hours, the following equation can 

be used:  

Where: 

 = ratio between passenger at peak hours and the 

average passenger within daily working hours. 

= headway at off peak morning  

 = headway at peak hours. 

= headway at off peak night  

 = trips at off peak morning 

 = trips at peak hours. 

 = trips at off peak night. 

 

Table (5) the operating time for the 3 lines and the 

corresponding trip/direction 

 

    off peak peak off peak 
Total 
trip/ 
direction. 

line 
1 

  from to  from to  from to  

240 
departure 
time 5.15 5.35 5.4 18.55 19 24 

trips/ 
direction 3 194 43 

line 
2 

  from to  from to  from to  

332 
departure 
time 5.15 6.00 6.05 23.45 23.50 24.30 

trips/ 
direction 5 321 6 

line 
3 

  from to  from to  from to  

209 
departure 
time 5.15 6.32 6.37 21.28 21.33 24.43 

trips/ 
direction 8 178 23 

 

A. Check the train operation. 

Waiting passenger intensity on the platform Zone: 

From table (1), one can draw up the relation between the 

boarding intensity in passengers / meters square of the 

waiting zone on the platform at peak hours for all stations as 

shown in figure (6) 

 

 
 

Figure (6) boarding passenger intensity on the 

platform at the peak hour for all stations 

a) Passengers’ Exchange Time 

From table (2), one can draw up the Passengers’ Exchange 

Time at peak hours for all stations as shown in figure (7) 

 
 

Figure (7) the Passengers’ Exchange Time at peak hours 

for all stations 

b) Intensity into Cars  

From table (3), one can draw up the Passengers intensity at 

peak hours for the 1st, 2nd, and 3rd lines as shown in figure 

(8.a), (8.b) and (8.c) respectively 

 
Figure (8.a) Passengers intensity at peak hours 

for the 1st line. 
  

 

 

Line units/train Cars/unit 
Unit 

1, 2 

Unit 

3 

Standing area 

(m2) Seats 
Elec. 

system 
Motor Trailer 

1st 3 3 

MC 

– T 

– M 

MC 

– T- 

MC 

33.93 34.7 48 Overhead 

2nd 2 4 

MC 

– 

N1 

– T 

– 

N2 

  26.68 27.44 32 Third rail 

http://www.ijitee.org/
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Figure (8.b) Passengers intensity at peak hours for the 2nd line. 

 

Figure (8.c) Passengers intensity at peak hours for the 3rd line. 

c) Investigate the socio-economic impact for metro 

stations. 

Despite of ticket price increase since July 2018, the metro 

network is still the preferable mode of transport due to 

applying the intelligent card and three-month tickets. The 

metro represents the most rapid public transport especially 

for long trips, so the metro passenger users who travel for a 

long and short distance are still using it while passengers for 

medium distance left it. Table (6) gives the decrease rate of 

the passengers for 2017 to 2018.  

Table (6) decrease rate of the passengers for 2017 to 2018 

 

 

 

 

 

 

 

 

 

Table (7.a) the actual passengers and corresponding revenue for the 3 zones. 

 
 

 

 

 

 

 

 

  

1st line 2nd line 3rd line 

passengers 
* 10^6 

revenue 
* 10^6 

passengers 
* 10^6 

revenue 
*  10^6 

passengers 
* 10^6 

revenue 
*10^6 

1st zone 

(3L.E) 

UP 0.59 1.76 0.27 0.81 0.05 0.16 

DOWN 0.43 1.30 0.18 0.53 0.05 0.14 

2nd zone 

(5L.E) 

UP 0.30 1.48 0.12 0.60 0.03 0.16 

DOWN 0.20 0.99 0.05 0.26 0.00 0.00 

3rd zone 

(7L.E) 

UP 0.10 0.72 0.23 1.58 0.06 0.40 

DOWN 0.29 2.01 0.04 0.28 0.00 0.00 

http://www.ijitee.org/
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Table (7.b) the expected passengers and corresponding revenue for the 3 zones 

  
2017 2018 

decreasing 
rate 

 

February  68981369 68004294 -1% 

2nd semester 

March 81208101 77276325 -5% 

April 69598879 72607394 4% 

May 71216107 65347177 -9% 

June 57401297 54764265 -5% 

July 63611194 56988257 -12% Summer vacancy 

August 62817941 51738279 -21% 

September 59542343 55231783 -8% 

1st semester 
October 73887863 66312286 -11% 

November 72938537 64397428 -13% 

December 74009603 65343072 -13% 

January 
73845988 69003077 -7% 

1st 
semester 

Winter 
vacancy 

d) Estimate the daily revenue. 

Table (7.a) gives the actual passengers for the three zones in 

up and down directions and the corresponding revenue 

• Sensitivity study: 

Applying the sensitivity study to determine the effect of 

changing station zones to be 10 stations instead of 9 for zone 

1 and 6 stations for zone 2. assume that 1/7 passengers of the 

2nd zone up direction (=0.04) will be as passengers of the 

first zone. These passengers will be increased by .59*106 

/ .3*106 = 1.97, thus the attractive traffic to the first zone 

become = .59+0.04*1.97= .67 passengers. 

% Revenue increase = (3.27-3.24)/3.24= .93% 

Assume that 1/7 passengers of the 2nd zone down direction 

(=0.028) will be as passengers of the first zone. These 

passengers will be increased by 0.3*106 / 0.1*106 =3, thus 

the attractive traffic to the first zone become = 0.43 *106 

+0.028*3= .49 *106 passengers.  

% Revenue increase = (3.32-3.29)/3.29= 0.91%. 

Table (7.b) summarize the expected passengers and 

corresponding revenue for the 3 zones assuming that the 1st 

zone has 10 stations instead of 9 stations 

Table (7.a) the actual passengers and corresponding revenue 

for the 3 zones. 

Table (7.b) the expected passengers and corresponding 

revenue for the 3 zones 

IV. CONCLUSION 

Automatic Ticket Machine outputs give the daily passengers’ 

traffic which entry from any station (column) to exit to all 

stations (row) in alphabetic arrangements. To utilize these 

important data for analyzing the phenomena and concluding 

the important predicted recommendations, a methodology 

was proposed within the present research paper. The obtained 

results concluded the actual operation system on the platform, 

within the metro doors and into metro cars. 

a) Waiting passenger intensity on the platform Zone 

Referring to table (1) and figure (7) the average passenger on 

the up and down platform was found 0.33 and 0.29 pass/m2 

respectively. Despite the passenger intensity on the platform 

was around the permissible specifications. There was some 

high intensity on Alshohadaa and Elsadat platform for the 1st 

line. Duo to the passenger behavior who doesn’t respect the 

waiting zone width and not gathering uniformly along the 

train length, so an apparent high passenger density on the 

platform was recorded. 

b) Passengers’ Exchange Time 

Referring to table (2) and figure (8) an average stop time = 

8.5, and 7.89 sec. for up and down direction respectively, 

except in Alshohadaa on the down direction and Elsadat 

for up direction which had 14, 21 sec respectively. 

  

c) Intensity into Cars  

Referring to table (3) and figures (9.a), (9.b), (9.c) 

• For 1st line: passenger intensity into cars was less than 2 

pass/m2 from Maadi to Helwan in the both directions up 

and down, then on the up direction, the passenger intensity 

continually increased till it was around 7 pass/m2 at Kobri 

Elkobba station to Elmataria station where a little decrease 

to be 5 pass/m2 at Ezbet Elnakhl, and 3 pass/m2 at Elmarg. 

On the other side on the down direction, the passenger 

intensity into cars varied within 6 – 7 pass/m2 

• For 2nd line: the passenger intensity into cars was not 

exceeding 4.7pass/m2 and 2.7pass/m2 for up and down 

directions respectively. 

• For the 3rd line: the passenger intensity was found less 

than 3pass/m2 for up and down directions. 

d) Investigate the socio-economic impact for metro 

stations. 

One can conclude that the decrease rate of metro passengers 

on 2017 comparing with the corresponding month with 

2018 is less than decreasing rate of July 2018. While the 

ticket increased from 1L.E to be 2 L.E for all travel 

distances from January 2018 to June 2018. A large increase 

on July 2018 has happened (3L.E for first 9 stations, 5L.E 

from 10 to 16 stations and 7 L.E for more than 16 stations). 

So the passenger decrease was very large at summer 

vacations to be constant during education semester. 

e) Predicting the daily revenue under different scenarios. 

Applying different scenarios on the passengers for every 

zone and the corresponding revenue, one can conclude that 

the revenue when the 1st zone becomes 10 stations instead of 

9 stations will increase by 0.91%, 0.93% for 1st line up and 

down directions respectively. 
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V. RECOMMENDATION 

a) Waiting passenger intensity on the platform Zone. 
It is recommended to give instructions for metro passengers’ 

users to uniformly distribute along metro length within the 

waiting platform width. 

b) Passengers’ Exchange Time 
It is preferable to put platform signs indicating the boarding 

and alighting zones and controlling the passenger behavior 

by giving immediate penalty. 

It is observed that some passengers still let the metro doors 

opening by force, so an instant violation is required. 

c) Intensity into Cars 
For 1st line, it was noticed that the trip from Maadi to Helwan 

(up and down) was smaller than the standard intensity on the 

off peak hour (3pass/m2), so it is advised to double the 

headway for trips between Elmarg to Maadi.  

d) Investigate the socio-economic impact for metro 

stations. 
The effect of ticket price increase has a great value from 2L.E 

to 3 zones ticket. For the same conditions, so it is 

recommended to study deeply this effect before deciding the 

increase. 
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