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1 ABSTRACT

During the last four decades, researchers havelamme many tools in order to investigate pedesttian
behavior at sidewalks. Those tools tried to stuidgwalks by investigating two main components: tbuil
environment and pedestrians’ movement. This papeents a simulation for the pedestrians’ moveraent
a commercial street in Cairo, using an agent-basedel. The model was designed in a way by which we
could examine: pedestrians’ densities, the infleeat types of uses on densities, the influencelaf/-f
generators and destinations. In addition, we caizgph the uses along the selected case of studypeyof
service and time spent by customer.

The method which we utilized for this work coulddigided into two main phases: The first phaseluided
site video-based survey at different times and daysvhich we could calculate flow rates at eachegator
point, and test the influence of uses on the dgadiing the sidewalk. The second phase was to dgvhé
model. In parallel, we focused on the uses’ typas laow it affects controls pedestrians’ densiti@sr
results referred to a strong relation between uges and densities’ distribution along the street.

2 INTRODUCTION, PROBLEM AND OBJECTIVES

Cairo is one of the biggest metropolitan areaséwtorld, it locates in the 9th rank among the ngostving
mega cities with a population over 18 million resits (UN, 2015). In addition, it receives more ti2ab
million visitors daily. Transportation problems acensidered the worst which Egyptians face daily, S
during the last three decades, the Egyptian govenhestablished and developed many projects tovat@o
this system, such as Cairo Metro, which daily tpams more than 4 million passengers (NAT, 2015).
However, these projects are considered as pairkiflor some temporary problems, because of lack of
financial supports and absence of wider vision. &@mple, these trials haven't included yet a itojer
revising the legislations related to urban problemsovating pedestrians’ realms nor enhancing aimliky .

This work is a part of a wider research project Hims to investigate pedestrian s movement cheariatics
at sidewalks, in Cairo, especially in the abserfceear and strict urban legislations. That resedries, to
simulate the pedestrian movement at one/some sikiewaCairo.

Basically, the vague control of the urban environtria Cairo allows a lot of violations which we fudl
These violations could be seen not only in buildimy sidewalk’s occupancies, but also in pedestian
walking behavior such as, walking outside sidewadks crossing areas. By observing many sites and
investigating local urban regulations, we couldilgasmderstand that these behavioral violationscaased

by: (1) Absence of pedestrians’ spaces identifyi{®), A lack of pedestrians’ services allowed sush a
furniture, signage, lighting, and public transitgins, and (3) Some other violations caused bidimgis’
residents/owners which force pedestrians to walkafuheir own path. On the other hand, we observed
some similar problems on the level of vehicle tcafbo, which make the situation more chaotic.

So, in this paper we basically aim to simulate pleglestrians’ movement in the case of study as much
realistic as we can. Also, we aim to develop a oetfor measuring pedestrians’ densities testingr the
relation with the distribution of uses. Accordinglye can investigate and develop a list of pedmsiti
characteristics that would help us, then, to siteuflae movement more realistically.

3 LITERATURE REVIEW

In recent years, many researches have been coddietanderstand pedestrians’ movement and some
related topics, such as: pedestrians’ flow, dessitand speed. Basically, most of those studies|wded
that there are major factors affect the pedestriams/ement behavior: (a) Pedestrians’ charactessti
(Schelhorn, 1999), such as: gender, age, trip gard/illis, 2004), and physical fitness (Polus, 39§b)
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Spatial and Urban Factors, such as: design, meengggulations and property rights (Whyte, 2054 (c)
Environmental Factors (Whyte, 2014).

However, all of those studies have been studiedwibgtern European and American cities. Some more
recent studies started to investigate pedestriamos’ement in some Eastern and Arabic cities as aqgbar
cities’ outdoor spaces (Gehl, 2013) or as a paphgsical built environment that affects outdocacgs’ life
(Mortada, 2011 and Hakim, 2013). Originally, plazasd wide open areas were and still are the most
attractive destinations and the base of publicesfiée in the European and American cities (Moudb®g7

and Whyte, 2014). Conversely, streets in Arabiesijtand Egyptian cities as well, are consideredbisic
public space where both pedestrians’ generatordastinations mostly locate at (Akbar, 1989). Wénde
this as a “Linear public spaces-based city”, eglgciwith the lack of outdoor spaces in Cairo which
indicates that residents’ proportion of outdoorcgpkess than 1.0 m2 (Khorazaty, 2004 and Tadan@uir)2

Generators of pedestrians’ movement in both casgsbma a building, a shop, a vehicle’s drop-off asea
other similar points. But destinations are theiaalt points here, which make the difference. Tolesg
differences, we should first investigate the petiss’ trip purposes which definitely determine tietions

in cities’ outdoor spaces. We will follow the assuion of Jan Gehl that says there are three types o
outdoor activities: necessary activities, optioastivities, and social activities (Gehl, 1987). Rbe last
type, social activities, they indirectly supportetienever necessary and optional activities arengbedter
condition in public space (Gehl, 1987). So, thespnee of the necessary and optional activitiegherdéwo
major types that happen in outdoor spaces. Theepcesof necessary activity may not need specific
condition to happen as they are “necessary”. lalpuefers to the daily duties, such as going dbosl,
work, supermarket, and to mosque, in the case abiércities, and Egyptians as well. But for theianil
activities, and as per assumed by Gehl, they need £ondition by which they will happen, such asody
weather, sitting areas, and community activitidseyi'take place only when exterior conditions arenug

and inviting them (Gehl, 1987).

In our case, Cairo, we found that pedestrians’ itlessshould be the major effective factor thatef$ the
pedestrians’ movement behavior, where pedestrigeiserators and destinations locate at the samar line
space. Also, uses distribution will be one of theuls points of our study.

So, and to understand and test our assumption ab@vaeeed to simulate the actual movement beha¥ior

pedestrians at one dense and chaotic case at 8agordingly, we expect that we can a clearer visbout
the influence factors on pedestrians’ movementdamsities’ distribution too.

4 PROCEDURES

The method of this work is basically based on obsgrpedestrians’ movement behavior using a video-
based survey. Our procedure flow is formed by filiases followed by results and outputs:

Choosing a case
of study
Site Survey
Investigating
pedestrians’
characteristics
Flow rates
calculations
Building the
simulation model
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4.1 Choosing a case of study

Primarily, during the last 18 months, 27 visits éddeen made to eight formal commercial streetsaabC
These streets are located at 5 different distgptsradically. Among them, we chosen the case didsk
Street at El-Basateen District south of Cairo.dtders two big districts, EI-Maadi and El-Basatettese
two districts are populated with more than 540,88§idents (Governorate, 2016). We specified a 360 m
length of the street to be our area of study. Eoiteria have been applied to choose the case wiéch to:

(1) Be formal and well regulated street, (2) Hagaety of uses connected directly to the sidewaltid (3)

Be safer from crime and crashes.
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4.2 Site Survey: observations, photos and videos

Almost three weeks have been spent at site by daiis which basically focused on observing per@ss’
movement. We noted and classified observations twhiere supported by photos. In addition, we have
made a video based survey using video cameras iwatsidewalks from different locations and at diffiet
days and times. In the following part we will repeat these observations and the technical procediire
photography and filming:

4.2.1 Observations:
The most important observations noted were aswvistio

« Most of pedestrians walk outside the planned sitlewhere many obstacles, stairs and occupancies
locate. They, the pedestrians, walk at a virtua¢ laith 2.50 m width at least from the asphalt road

« A 2.0 mwide lane of cars permanently park attadbesidewalks, and no specified parking areas for
retail shops exist. As a result, this lane of pagldéars separates walking pedestrians into twopgou
inside and outside the sidewalk, which enhancesigieonnectivity of sidewalks.

4.2.2 Filming technique:

The data which we use in this study have beenaellieby watching and recording pedestrian traffing a
digital camera and external multi-configured lendédge camera’s shutter speed ranges from 30 se¢onds
1/4,000 second with high 1SO sensitivity up to 320@ high focal more than 200 mm. Our survey has be
executed in three weeks, during November and Deee@fil4. We have been recorded separate video-clips
each of which was 5 to 8 minutes in average. Tygtale have recorded more than 5 hours in diffetiems

of the day from 8:30 to 23:30. The study time whwed chosen is on Saturday, from 19:00 to 23:00. In
average, the weather was moderate and the temperanged from 14 °C to 23 °C, the humidity was 65%
the wind speed was less than 15 km/h, and theilitisitanged from 3 to 9 km.

We specified seven locations for fixing the camasashown in Fig 3, in order to watch most of the
pedestrians’ routes and to avoid the high denes tihnich are located in the mid island. The videasrded
respectively and we have calculated average nuoflEach measurement in the same time weekly.

! Cairo Governorate’s Official Website, 2016.
2 from The Egyptian Survey Authority’'s CAD maps, @aCity, 1998, and Google Earth Pro.
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Fig 3: Video cameras’ locations at the field ofdstu

4.3 Investigating pedestrians’ characteristics

This step is the most important one by which weladdater determine types, numbers and behavioral
characteristics of each agent in the simulation ehdd/e classified the pedestrians’ characteristits six
basic categories, which describe most of the pedast personal and physical conditions. Thesechasi
categories were: 1. Age Group, 2. Movement ModeTi® Purpose, 4. Gender, 5. Grouping, and 6.
Location. We have surveyed a sample of 635 pedestrwhose trips were completed in the video-clip
records. So, we could determine all characteristicavn in (Table 1, left). Then, we filtered thergple by
eliminating all values which were under 10 perc#ie, could, then, determine three fixed charadtesis
Walking, Individuals, and Adult pedestrians, and sp both genders, and three different types @f tri
purposes as per shown in (Table 1, right). Theta&ed the characteristics that formed the agéypgs in

the model which we will explain in details in atéatpart.

number % number %
0~12 33 5
13~22 207 33 1 13~22 207 38
Age Group 1
23~50 335 53 | 23~50 335 62
51+ 60 9
Total 635 100 542 100
i
Walk 620 97 1 Walk 620 100
Run 0
Movement Bike 5
Mode
Wheelchair 0 0
Assistance 10 2
Total 635 100 620 100
Transients 209 33 . Tran3|ents 209 40
Trip Partial user 218 34 Partlal user 218 41
Purpose Full user 102 16 l Full user 102 19
Waiter/Sitters 106 17
Total 635 100 529 100
Male 459 72 ' Male 459 72
Gender !
Female 176 28 :_ Female 176 28
Total 635 100 635 100
Individuals 297 70 I Individuals 297 100
Grouping 2 per group 35 9
3 per group 28
more than 3 13 2
Total 373 100 297 100
Semi -public 174 28 | Semi -public 174 28
Location Public 192 30 I Public 192 30
Out of Sidewalk 269 42 : Out of Sidewalk 269 42
Total 635 100 635 100

Table 1: Left, Pedestrians survey sample and righting up the simulation sample.
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4.4 Investigating obstacles

In addition, we investigated obstacles’ types foumthe case of study. The obstacles could beitiEgdto
three classifications according to their effectse Tirst group is obstacle that appears when pedestface

a different mode of movement, such as bikes, carngheelchairs, as they differ in speed, volumel, ather
movements’ characteristics, we call this group gsdmic-Physical obstacles. The second group inslude
the obstacles which are perceived by human sensaci, as daylight/dark and weather, we call thimigras
Dynamic-Nonphysical obstacles. The third group a# it Static-Physical obstacles, which includelalilt
environment's elements, parked cars and other palypermanent elements. In our model we considered
both of static and physical obstacles.

4.5 Investigating retails’ uses

In our case, we had 49 uses that were currently @pel working at that time (Saturdays’ evenings and
nights). We surveyed how long does each pedestpands at each of them. Then, these uses have been
categorized into four major groups (A, B, C, and D) the type of service provided and the averagiing

time that each pedestrian spends. These four gareps

(A) Emergency and quick needs (less than 130 sasyosuach as: pharmacies, ATM, and newspapers.
(B) Daily needs (1200 seconds), such as: grocaridgake-away restaurants.

(C) Food Facilities (2000 seconds), such as: cedfems and sitting-based restaurants.

(D) Usual needs (more than 2000 seconds), suckeasing, furniture and cars showrooms.

4.6 Calculations

46.1 Generators and Destinations:

In this phase, we specified 25 points that coulcctesidered as “Generators” of pedestrians’ flows
counted the average number of pedestrians genepatedecond during the period of study specified.
Additionally, we specified 74 destinations to whipkdestrians intend usually. These destinatione wer
divided into two main types: (a) In-between degtores (39 points) which some pedestrians intendce @rc
several times during his trip, and (b) Final destiins (35 points) after which pedestrians go dthe area

of study. The calculations were made using a O/LtriMdOrigin/Destination Matrix) filled with 635
pedestrians’ trips. The calculations extractedfodabilities of flow from and to each point.

4.6.2 Walking-Flow Rates:

Also, we counted the “Walking-Flow Rate”, it meahs rate of coming pedestrians at a specific pairat
specific time. This rate has been measured by gautihe number of pedestrians who come from each
generator point in either one a second or a minute.

4.6.3 Speeds and waiting times:

Using the same survey’s data, we measured thegeveegular speed of pedestrians, and it was foloaid t
the adult male who is under 50 years old walks aitraverage speed of 1.4 m/second (5.04 km/h)fand
females, it was 1.25 m/s (4.5 km/h). We, also, olesksome other changes happen in speed if soree oth
variables are considered in walking, such as existeof: (a) a physical barriers or level changg, (b
densities, (c) a dangerous zone, and (d) trip p&’sachange. Table 2 shows the change that happéms
constant speed when any variable changes. The sggred, which refers to the waiting time of each
pedestrians, was counted according to the categjarye mentioned above.

Age Group m%eement Gender | Grouping Trip Purpose| Obstacles
£
= 25| co|2|8
- 218|252 (8| 2|5
B[] oy = w| 8B |B|S|2|E|>(2|8|58|2|2
slald|T|8|5/2|s|5(2|e|E|8|5|5|8|5|28|5|S
Dla|ldlol2|lg|lda|lS|d|lw|lalE|lE|la|l|b|>|zalz]z2
Pedestrian typical speed is couly g 1) |; 1 2 B L pop7lbslt |1 |0.85075(0.5 |varies
as 5.04 km/hour
Table 2: Changes in agents’ speed value accordiolgange in type (1 = 100%).
REAL CORP 2016 Proceedings/Tagungsband ISBN 978-3-9504173-0-2 (CD), 978-3-9504173-1-9r(pri E’
22-24 June 2016 — http://www.corp.at Editors: Manfred SCHRENK, Vasily V. POPQWH, Peter ZEILE, Pietro ELISEI, Clemens BEY



“Sidewalk” as a Realm of Users’ Interactions: Sintinig Pedestrians’ Densities at a Commercial Stre€iro City

4.7 Building the simulation model

For our model, we used ArtiSoc-V3.5. It is a malgjent simulator software which was originally reksé
by Kozo Keikaku Engineering, Inc. Japan, in thergpof 2006 (Yamakage, 2009). The measuring aréa un
of ArtiSoc equals (40*40 cm) in real, and the timeasuring unit is a (time slice) which could beamdto
equal more or less than the time units in realsTdme (time slice) is the time length which is egioto
make only one step of the simulation, and usually measured as one second. Our assumption id base
the actual pedestrians speed in our survey samplhvequal 1.4 m/s. So, we coded the agents’ beh&wi
walk 3.5 ArtiSoc’s units (40 cm* 3.5) per secondnéotime slice). According to our pedestrians’
classification mentioned above, we have developedgents which behave differently, Fig 4. We have
counted the probabilities of generating each typmfone generator point. Also, we coded the sirarab
count the destinations probabilities which eacimageeks, whether they are in-between or lastrdggins.

| 0- Individual-Walking-13:50 yrs | | Passerby |
| 1- Individual-Walking-13:50 yrs | | One destination |

2- Individual-Walking-13:50 yrs Female Two destinations
3- Individual-Walking-13:50 yrs Male Passerby

4- Individual-Walking-13:50 yrs Male One destination
5- Individual-Walking-13:50 yrs Male Two destinations

Fig 4: Agent types and characteristics in the model

For the movement method, we developed a “Waypoiap™My determining the most frequent nodes and
links for walking in real situation. Then, we haseded a waypoint matrix to count each link's conioeg
location and length. Then we added this matrix @¢athe model. We assume that all pedestriansogtitetir
destinations seeking the shortest path. Accordjiglyhave calculated “Shortest Path” using thelBt@’'s
Algorism to be the agents’ method for reaching stidation.

%* [0 7

24 23 22 21 20 19

Fig 5: A part of the Waypoint Map, micro-scale (0B).

The next step was to code the agents walking behdyvsing the Flow-Chart in Fig 6, we coded thekivad
behavior of each agent considering many varialsesh as: starting point, walking speed, barriergckwvh
agent faces, avoiding other pedestrians, and tnipgse which determines destinations.

Accordingly, we can explain each agent’s routecstme in few steps, as per shown in Fig 7:
« The generator locates itself and generates sistgpagents considering given probabilities.
- Each agent intends to reach a destination by auogitiie shortest route.

« In case of multi-destinations trips, each agentssair a specific time according to the uses change
as per mentioned above.
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Locates generators (X.Y) ‘
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Generate Pedestrians
(tvpes as per rates)
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Controlling: - Flow rates
- Max pedestrians” count

Determines destinations
(location & direction)

l

Goes forward (speed varies) I

P

I_

Agt Ste

‘ Avoid (tum counter clockwise) ‘ ‘ Slow-down (speed = 50%) ‘ ‘ Avoid (turn counter clockwise)

| Reach destination(s) |———-———————--—————-——————--______—-____________'

aall  Going out of the simulation

Fig 6: Flow chart of one type of agent’s behavior.
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Fig 7: A diagram of agents’ routes structure.

In parallel, we have created the field (space) whiee simulation would run. Our space has beenesspd
by a GIF format image that presented a plan ofitiea of study showing: the sidewalk, the asphaltl the
mid-island, and the retails colored as per categori

Now, the simulation is ready to run, and each apastbeen coded with needed behavior at the arearof
case of study. But, we have coded other controlfingels to make the simulation more flexible foy an
change in further surveys, and also to be compaitatih other similar case(s). These additional ieiing
panels were basically for calculating pedestriéms fates and pedestrians total count who come fanh
generator point. By running the simulation, agexgpeared walking in different colors (to identihetuser
type) following the pre-coded behavior at the fiefdstudy, Fig 8.

As per mentioned above, we have created a cordredlgo control the pedestrians’ flow rates and Inem
of pedestrians. Besides that, we have developedasunement method to calculate the densities dlang
sidewalk while the simulation runs. We can expthiese two analytical steps in the following:
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Fig 8: Simulation preview with: street, uses, aradkmg pedestrians (dots).

4.8 Control panels

Two control panels has been created to controfltierate and the maximum number of pedestrianghto
for each generator point. This means that our modal control the whole simulation with 25 flow mte
controllers and additional 25 pedestrians’ coumtticdlers. These control panels can control theuktion
before or while running. They make the model mdegilble if we want to expand or shrink the field of
study. Also if we get new data from another sursgy(

4.9 Densities calculations

Measuring densities and their relation with theetyb use is our main goal of study. So, we havekbged

a way to measure the density at many points corisgléhe change of uses. First, we divided theestre
length (360 m) into 36 zones equally (every 10 &8condly, we have counted the area where pedestrian
walk at each zone using AutoCAD. Then, we have dedahe model to count the number of pedestrians
found at each time length (120 steps, two minudesl)to calculate the density at each zone, theextract

all data in a CSV format sheet, read by MS. ExEalally, we run the simulation again, with the new
measurement method, for 14400 steps (equals twe mowveal). Accordingly, we could got the resutghe
simulation by two ways, in parallel. The first wasas by checking a dynamic bar-graph preview whiels w
counting densities while the simulation runningd d@he second one was after finishing the simulabgn
getting data from a CSV format sheet.

4.10 Simulation results

The results we got were the values of pedestridgssities each two minutes at 36 zones along thetsin
both sides. We extracted the down shown graphs thendata sheet, Fig 9 to Fig 12. Then, we caledlat
the average value of density at each zone in dadspecify the standard deviation of values, FigTtgen,
we put preferred not to count the first and thé zame which were mostly high because they contany
generator and destination points.

Fig 9: The densities’ values during the first hour.

Densities' values (2™ hour)
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Fig 10: The densities’ values during the second.hou
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Densities' values (3™ hour)
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Fig 11: The densities’ values during the third hour
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Fig 12: The densities’ values during the fourthihou

Average Standard Deviation
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Fig 13: The densities’ values average and the atdndeviation ranges.

The average density value recorded was 0.054 pedest2. Also, the results indicated that 9 zonesew
recorded higher than the average and 7 of them ateaehed to food facilities. The highest averagesdy
recorded was 0.123 pedestrian/m2, at “zone 08§, & zone of food facility retail too. The lowesteaage
density recorded was 0.026 pedestrian/m2 at “zdihgetds a zone of side street crossing.

The excessively high dense zones, which passeigher limit of standard deviation, were: 07, 08, 21,
and 24 which mostly belongs to the use group “Co@r&acilities). And, the excessively low dense sone
were: 03, 04, 13, 19, 20, and 34 which are most#pas® of either street crossings and parking arebsth
sides. The other densities values were closedet@tierage and roughly equal at 22 zones, these zoae
attached to various uses’ types including foodlifeas, parking areas, and crossings too.

5 CONCLUSION

The case we have studied faces basically two nraiolgms: (1) a lack of clear and strict urban ratahs
and (2) chaotic movement behavior which, basicadlyperges in walking outside the sidewalk and non-
respecting of the traffic rules, if found. So, iar@xperiment, we could simulate the pedestriare/ement

at the case of study. This simulation could be cotetl by identifying, mainly, five items: (1) A \ad-
based site survey, (2) Identifying the pedestriacsial characteristics that found in the caseDg)eloping

a waypoint map by which we could determine the aatuwovement routes as much realistic as we cod)d, (
Calculating pedestrians’ generating rates at gémesrand vanishing rates at destinations, and 1i&)afily,
categorizing the retail uses using the time whithecostumer stays at each of them.

We used these mentioned variables to control tHkingaspeed during the simulation by investigatthg
influence of each variable on the pedestrian’s dpééso, they enabled us to easily to count peidestt
densities along the street and to identify thdamtren with the category of uses. We could findtttie food
facilities might be an indication of high pedestsadensities, and that may lead us to taking msmeration
a unique and different sidewalk’s spatial charasties at these zones.

6 FURTHER WORK

The case of the study is very complicated, esgdgdizht pedestrians cannot walk at sidewalks. Iditaah,

our model was built in a simple way to simulate #wtual movement behavior of pedestrians. The tesul
were basically logic, however, we believe that thisdel has some lacks, such as eliminating 10%ef t
pedestrians’ types in average. Also, it ignored dhstacles influence on walking speed and movement
behavior in general. In addition, it was built bdhs a short-time survey. The model should becomeem
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sophisticated by modifying and expanding some featurhese features could be considered as olefurt
work as the following:

(1) Conducting a wider survey to get almost 30 bafrvideo-clips records during eight weeks’ survaty
least, therefore, getting more accurate O/D Ma#mnd more accurate probabilities calculations.

(2) Expanding the field of study to add 75m lengih least, from both east and west sides to test th
influence of the closest two crossings.

(3) Considering more types of obstacles and uptiatpedestrians’ behavior accordingly.

(4) Updating the method of generating pedestriansidveloping a potential of dynamic generators, and
destinations’ frequencies.

(5) Adding a new control panel to control the timie counting the densities, thus, we can control the
calculation timing while the simulation runs or reakdynamic second by second.

(6) Adding the ignored pedestrians’ characteristiagch as: children, aged people, pedestrians’pgrou
running pedestrians, and bike riders.
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