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MODELLING PEDESTRIANS & CYCLISTS
INTERACTION WITH TRAFFIC FLOW IN URBAN
AREAS
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Abstract ;-

Little work has been done on pedestrians and cyclists as a viable form of transport in urban
areas to assess their characteristics and their interaction with traffic. Software designed for
mofor vehicles and are not appropriate for modelling pedestrians and cyelists sharing the traffic
the road space in busy shopping arcas within the (C.B.D) of towns. There are distinet
incompatibilitics between traffic charactaeristics and pedestrians & cyclists behaviour. In this
paper an attempt has been made to assess the interaction of both pedestrians and cyelists with
traffic flow through a study in urban arca (Assiut City C.B.D). Recommended valucs for
pedestrians and bycicles equivelency factors are given for planning applications to enable the
best utilization of transport [acilities.
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4.2-b Conversion Factors Analyasis

Excel 2000 computer programme has been

used to-cstablish the best conversion lactors of

Pedestrians & Bicyeles. Correlation  lactors
between traffic volumes expressed in (pee's)
and Pedestrians & Bicycles with  vavious
conversion factors  relation  vehicle  space-
speed,.

Yhe purposc of these computer runs is 10
rcach o sutable  relationship  belween
space_mean_specd and traffic variables and
attributes  parameters with high corrclation
coef. This has been established using Lincur,
Logarithmic, and Power Regression
Techniques, Table (4 - b) gives Excel program
oulpuls.

Anatysis  shows that (he best  covrclation
cocllicient is represented by lincar and
quadratic functions when the equivalent lactor
for pedestrians and bicycles ranges between
(0.5 -0.3).

The  best  corelation  formula  abtained
expressed in he fodlowing two relations, the
first s lincar, while the sccond is quedratic

Usd6.015 =0 141G (5)
r= 0.96 RY=0.926

Uy =29.691+ 0.1304q -0.0009q ............ (6)
r=10.98 R*=10.963

5 — Summary and Conclutious

in developing couniries where resources are
fimited, the tendency has been to a dopl
policies and mecasurcs that cnables the best
wlilization of available transport facilitics in
most c[ficicnt way to relicl traffic congestion.

The objective of this paper is {o assess the
interaction between pedestrians and cyclists
and traffic vehicles sharing the same road
space with traffic vehicles and to what extent
they would aflect the traffic flow and add to
the traffic congestion proplems.

A sclected study of Assiut city {C.13.D), two
seleeled trallic links wilh various  pedesirians
and cyclists volumes sharing with the tralisc
vehicles the same road  space  has. been
adopled.

Data collected were processed and standard
regression  programimes  were  used  for
exploring tralfic / space refationships for each
study link using conventional  conversion
vehicle equivelleney factors for traflic and
dillerent conversion  equivalaney  faclors for
pedestrians and bicycles

Major canclusions  with  respeel 1o data
coilection procedures and outpuls are:

[- Quedeatic formulation is belter thin
linear lormulations lor space-specd and
volume ol vehicles.relationships

2- Irallic space — speed (k/hr) has a
poor cocrglation with ralfic volume as
(pee's) RP < 030 when cxcluded
pedestrians and bicyeles volumes rom
analysis.

3- Teaflic space — speed (km/hr) has a
good corrclation wilh traflic volume as
{p.cc’s) R > 0.90 for pedestrians and
bicycles as they were included in the
raffic volume with cquivalency factors
ranging from 0.3 to 0.5 (p.c.e’s).

4- Receommended values lor pedestrians
and bicycles equivelency factors would
be 0.5 and 0.3 (p.ce’s) for low or
medium mix

5- Recommended  values  for  both
pedestrians and  bicycles equivalency
factors would be 0.5 ( p.c.c’s ) for high
mix with trafTic .

6- Side walks for pedestrians or hicycles

need seriously to be looked after in the
traffic management plans.
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| - Introduction

In the past decade, significant efforts have
been directed towards the improvement of
aceessibility and revitalization of the Ceniral
Business District (C.B.D) in many larpe
metropolotian areas. The ingenious concepts
have emerged to achieve economic goals as
well as to satisfy the demand for C.B.D
accessibility in many urban (transportation
developments.  Despite  these  successful
developments, the most vital element of urban
transportation i.e., pedestrians and cyclists
movement,has been treated incomprehensively
in many fransportation studies.[1]

Walking, and cycling are re-emerging
as a viable form of transport in urban areas.
Walking and cycling are a healthy and
economic modes of transport. They have no
effect on the environment such as air
pellution, noise impact, and for some trips can
even be quicker than using motorised modes
of transport for short distance trips [2]. Road
space is shared between different classes of
users with vehicles having priority on the
roads. Pedestrians waiting to cross the road
have 1o a dopt their openton, either to take any
gap in vchicle flow or to walk to the nearest
format crossing facifity.

Pedestrians are more vulnerable in any
accident situation since there are alternative
methods of crossing the road at random
points. Observations [3 ,and 4] of bedestrian
behaviour suggest the following:

- The pedestrians may wait at the
kerbside for a siutable gap in vehicle
flow, then cross directly (o the
otherside

- The pedestrians may walk along the
pavement which scanning vehicle flow
and cross directly as siutable gap
appears.

- The pedestrians may cross between
stationary vehicles as traffic come to a
halt

- Not surprisingly walking problems and
the number of pedestrians accidents are
closly liked 5].

Computer  software  and models are
frequently used to predict motor traftic and the
effect of any changes in the transport system.
These models are tools of the transport
planners. Little attention was paid to the
pedestrians and cyclists as a traftic modes in
the modeliing of transport system process,
since the idea is that they have been assumed
to have littde important on the gencral affic
flow and thercfore to be ignored in the
modelling process.

There are howewver, scveral factors which
justify the inclusion of pedestrians and cyclis(s
in the modelling process[6]. They are:

a — Accuracy current modiling software caters
for molor traftic, but ignoring pedestrians and
cyclists as transport modes. The more aspect
of reality that they hove to be included, the
more likely to reficct reliable the situation on
the ground.

b ~ Pedestrians and cvclisls share the same
road space cspecially in busy shoping arcas
with traffic Tow. Little work has been done on
their characteristics (7,8,9 and 10}

¢ — Completeness : To ensure that cyclists and
pedesirians, their needs are included when
alternative proposals are buinyg considered by
planners.

There arc a number of reasons explaining why
pedestrians  and cyclists have not been
included in the modelling software currently
used they include:

i- incompatibility with  modelling
software designed for motor —
vehicles.

- Lack of information on other traffic
characteristics

iii- Limitations of modelling sofiware
of other trattic

In this paper an atlempt has been made to
assess the interaction of pedestrians and
cyclists with taffic flow in urban areas in
order to cover some aspects of the above
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mentioned points in such a manner for
planning application 1o enable the best

wtilization of transport facilities.

2 - Study Area

Asstut city the capital of Assuit Governorate
was chosen as a medium size city for data
collection. Assuil central Buissiness District
(C.B.D) was selected as busy shopping center.

The corriders selected are unique in that they
have a variety of pedestrians and cyclists
volumes, heavy, medium and little sharing the
traflic road space.

The main traffic corriders selected for this
resesrch in the ( C.B.D) are:

~ 26 "of July fink : as a mix of high volume
ol traflic , pedestrians and bicycles, sharing
the same road space 1200 - 2000 pedestrians
and bicycles/hour

2 — Youssri-Raghib street as a mix of high
walfic volume and medium volumes of
pedestrians and bicycles sharing the same road
space 500 - 600 pedestrians and bicycles/hour.
Table (1) gives selected links physical and
operational characteristics [t 1]

3-Surveying and Data Collection
Extensive surveys to collect information
related to traffic flow variables and factors
affecting these variables were carried out at
the same time during morning peack period,
on a five minues interval bases. Data
collected include:

i.a - Traflic volumes by vehicle type

{.b - Pedestrians and bicycles sharing the

same road space with traffic

2 - Traflic space-speed | using lloating car

for travel times on sclected links

Convertion  factors  used  to  convert
different  vehicle (ype 10 passenger car
equivalency (p.c.c™) are as given in table (2)

Table (1) : Selected links physical and operational characterists

No | Link name | Length | Paved | Noof | Noof | parking | N%of Trallic
(m.) width | lanes | wusable Junction | direction
lanc
{ | 26%ofluly | 75 8.5 2 i No - | One-way
parking
2 Youssri- 199 11.25 3 2 parking - One-way
|__Raghib
Table (2): Vehicle Equivalent Factors; (P.C.E.”).{12]
CodclLI ]4 s 6 - 71 | 8 | 9
{ | !
Vehicle | Private = Taxi | Micro | Private | (P.T) | Semi- | Truck | Motor | Bicycle
_Type LC‘“‘_I__ | Bus ' Bus , Bus | wuck | cycle !_
~ Equiv. I 130 i [.30 2 .| L5 25 Variable factors
Factor [ | .
(pee’) | | l
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4 - Modeling Traffic Flow- Variables
and Affected Factors (Pedestrians and
Bicycles )

Two types of regression analysis have been
used to find the effect of the values of
Pedestrians and Bicycles on the spacc- speed
of traffic [13].

Firstly, a stcpwisc regression technique was
used to distinguish and include variables into
the model. Analysis has been done using the
application of (Matlab 6.1) [14] The
regression models were made as a Linear,
Logarithmic and Power quadratic relationship.

Secondly, Excel 2000 computer program was
also used on cach link to present data collecied
and processing. The purpose of this technique
is to find the apropriate vehicle equivalency
factor for pedesirians and bicycles, also to
reach good relationship between space_speed
and traffic variables and atiributes parameters
with high correlation coeficient.

4.1 Traffic Volume / Space - Speed
Relationships for 26 th July Link

This link has a unique characteristics of tralfic
flow including high volumes of traffic,
pedestrians, and bicycles.

To find the effect of the equivelant values of
Pedestrians and Bicycles on the traffic space-
speed; a slepwise regression technique was
used. to incude into the model each variable.

4.1- a Stepwise Regression Technique

The computer enters variables in single steps
from best 1o worst provided that they mect
prestablished static criteria. Computer program
was carried out to include traffic parameters
attributes such as, vehicle. pedestrians and
bicycles. Several computer runs inciude
traffic volume (p.c.¢®) unit plus the volume of
pedestrians and bicycles were carried out.

in the following stepwisc regression
analysis; the best coeflicients of correlations
(r), and coefficient of determtnation (RE),
moreover, Linear, logarithmic. and power
regression, have been considered.

Table {3-a) shows that the three parameters
(vehicle , pebestrian , and  bicycle) have
significance effect on space-speed values of
the vehicles. Linear regression give the higher
cocflicients of carrclations, where =084 , und
R* = 0.71. The relationship is developed and
represented by the relation shown below:

U, =20.64-0.0934B - 0.0678P - 0.0249V_ (1)
Where:-

Us = Space - speed in km/hr.

B = number of bicycles / (5 minules).

P = number of pedestrians / (5 minuics).

V = number of vehicles in pee”s/(5 minutes)..
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Table (3.a): Stepwise regression analysis for 26 th July Link
Math. Step | Parameters added T R
formulated
Linear 1 Us= 50.6272 - 7.2166- 0.0338V 0.70 | 0.5
2 U, =28.8099 - 0.13038 - 0.04 14V 047 0.22
3 Us=29.64 - 0.0934 B - 0.0678 P -.0249V 0.84 0.71
Logarithmic | | Ug=28.1736 - 0.104910gP- 0.0398log V 0.70 | 049
2 | U,=46.0849 - 6.318logB -0.0356logV 043 | 0.19
3 Us=49.55-4.173710gP-0.0675logB-2.413logV 0.81 0.65
Power 1 U,=25.4016 - P 0 +y 7000 039 [015 |
3l Us=27.4956 - B "1~ v 10 039 [ 0.5
| 3] U=306412-p PR TEY OIS 080 | 041

Table (3.b) Excel regression Erogr-.unc space-speed &. traffic

volume q in (P.C.E

) for 26 ™ July Street.

Math. TEquiveicnl Equivelent T
formulated factor for factor for
Pedestrians | Bicycles Cquations R?
0.0 0.0 U, = -0.0967q + 26.538 0.330
0.3 0.3 U, = -0.1007q + 30.607 0.644
. 0.3 0.4 Us = 0.0972q + 30.728 0.668
linear 0.3 0.5 U, = -0.0947q + 30.923 0.695
04 0.3 Us = -0.096q + 30.641 0.666
[ 0.4 04 U, = -0.0939q + 30.887 0695 |
104 0.5 U, = -0.0907q + 30.95 0720 |
BEE 0.3 Us = -0.0922q + 30.739 0689 |
05 0.4 U, = -0.0902q + 30.96 0716 |
0.5 0.5 U, =-0.0879q + 31.115 0.738
0.0 0.0 Uy =51.173-0.6417q + 0.0029q" | 0429 |
03 103 Uy =44.966- 0.3355q +0.0009q" [ 0.679 |
0.3 0.4 Us =43.501 - 0.2977q +0.0008q" [ 0.702 |
Quadralic 03 0.5 U, =42.03 - 0.2631q +0.0006q" | 0.722
0.4 0.3 U, = 43.168 -0.2896q + 0.0007q> | 0.700
0.4 0.4 U =41.846 - 0.2577q +0.0006q° | 0.722
0.4 0.5 U, =39.458 - 0.2145q+0.0004q” | 0.738
0.5 0.3 U, =41.758 — 0.2543q +0.0006q° | 0.718 |
0.5 04 | U,=40.563-0.2271q +0.0005q" | 0.738
| 0.5 0.5 Us = 39.354 -0.2018q + 0.0004q" | 0.756
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4.1-b Conversion Factors Analyasis

Excel 2000 computer programme has been
used to establish the best conversion factors of
Pedestrians & Bicycles. Correlation between
traffic volumes expressed in (pce’s) and
Pedestrians &  Bicycles with  various
conversion factors with vehicle space-speed,
scveral  mathematical  formulations  were
invistigated through different runs. Computer
runs were carried out to include traffic
parameters attributes such as , pedestrians and
bicycles using different conversion factors for
equivalency as ( p. ¢. €”s ) values of (0.3 to
(.5) were tested against traffic space mean-
speed ( km/hr). The regression models were
made as a linear, and quadratic relationship.
Table (3-b) gives Excel program outputs,

Analysis show that the best correlation
coelflicient is represented by linear and
quadratic functions when the equivlent factor
for both pedestrians and bicycles is about 0.5,

The best correlation formula abtained
expressed in the following two relations, the
first is a Hinear, while the second is a quedratic.

Ue=31.115-0.0879q ..ovovviivreeirinne(2)
r=0.86 R*=0.739

U, =39.354 - 0.2018q + 0.0004q> ............ (3)
r=0.87 R*=0.756

Where:

Uy = Space - speed in km/hr.
q = total number of traffic in pce™s.

4.2 Traffic Volume / Space-Specd
Relationships for Yossry-Raghib Link.
This fink has high traffic volumes with
medium values of pedestrians and bicycles. To
find the ctfect of the values of Pedestrians and
Bicycles on he space- speed of traffic, firstly a
stepwise  regression  lechnique  was  uscd
Secondly, the analysis has been donc using
Excel 2000 computer programme

4.2-a Stepwise Regression Technique

The stepwise regression amalysis hus been
established to tind the model that discriminale
effect of each parameters (vehicle, pebestrian.
and bicycle) on the value of coetlicients ol
corretations (r), and square cocfficient of
determination (R?). Linear, logarithmic, and
power regression relations, has  been
considered.

Table (4-a) shows that the three parameters
( vehicles , pedestrians, and  bicycles ) have
significance cffect on space-speed values.
Linear regression gives the higher c?efﬁcicms
of correlations, where r=0.95, and R = 0.904.
The refationship is developed and represented
as follows.

U= 46.9504-0.1 139B-0.1061P-0.)139V _...(4)

r=0.95 R* =09



C.134 Younes H.A.& Owais M.A.
Table (4.a ): Stepwise regression analysis for Yossry-Raghib Link
Math. Step | Parameters added r R
formulated
Linear l Us=46.8395 ~0.1121P- 0.1141V 0.94 [ 0.89
2 U,=43.7973 + 0.0288B -0.1163V 091 | 083
3 [ Us=46.9504 - 0.0061 B -0.1139P-0.1139V 095 | 0.91
Logarithmic | | U= 45.6929 - 0.3466logP- 0.1138logV 093] 086
2 Us=42.1875 + 0.2474logB -0.1162logV 091 | 0.83
3 | Us=95.6329+0.0368logB-0.1239l0gP-3.1086logV | 0.93 | 0.87
Power I U= 51.3661 — P =207 +y 0100 0.88 | 0.77
2 Us=42.2875 - B =" y U164 091 [ 0.83
3 U, =46.7491.p 911714 g B398y 0228 0.10 | 0.01
Table (4.b) Excel regression progr ime for space-speed &. traffic
volume q in (P.C.E” ) for Yossry-Raghib Link
Math. " Equivelent l:quwelcnt nt [
formulated factor for | factor for Equations
Pedestrians | Bicycles R*
0.0 0.0 (U= 0.1151q +44.127 0902 |
0.3 0.3 U, =-0.1139q +45.414 0.915
_ 03 0.4 U, =-0.1131q + 45.488 0.912
linear 03 ]05 U, =-0.1122q+ 45.547 0.907
0.4 0.3 U, =-0.114q +45.722 0.921
04 04 U, =-0.1132q+45798 (0918
04 0.5 Us = -0.1124q +45.859 0914
0.5 0.3 Uy =-0.1141q +46.015 0.926
0.5 0.4 U, = -0.1136q + 46.028 0.924
0.5 0.5 Us=-0.1125q + 46.158 0.919
0.0 0.0 Us =28.501 +0.1574q - 0.0011q" { 0.952
0.3 0.3 U,=28.703 + 0.1471q - 0.001q” | 0.958
_ 0.3 0.4 U, = 28.628 + 0.1469q - 0.001q" | 0.954 |
Quadratic 03 0.5 U= 28.685 + 0.1445q - 0.0009q" | 0.949
104 0.3 Us = 29.184+ 0.1388q - 0.0009q° | 0.961
0.4 0.4 U, = 29.093+ 0.1389q - 0.0009” | 0.957
0.4 0.5 Us =29.131+ 0.137q - 0.0009q" | 0.953
0.5 0.3 Us = 29.691+ 0.1304q - 0.0009¢° | 0.963
0.5 0.4 U =29.289 + 0.1359q - 0.0009q" | 0.961
0.5 0.5 Us=29.607+0.1293q - 0.0008q" | 0.955 |
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4.2-b Conversion Factors Analyasis

Excel 2000 computer programme has been
used to establish the best conversion factors of
Pedestrians & Bicycles. Correlation factors
between traffic volumes expressed in (pce’s)
and Pedestrians & Bicycles with various
conversion factors relation vehicle space-
speed,.

The purpose of these computer runs is to
reach a sutable relationship  between
space_mean_speed and traffic variables and
attributes parameters with high correlation
coef. This has been established using Linear,
Logarithmic, and  Power  Regression
Techniques, Table (4 - b) gives Excel program
outputs,

Analysis shows that the best correlation
coefficient is represented by linear and
quadratic functions when the equivalent factor
for pedestrians and bicycles ranges between
(0.5 -0.3).

The best correlation formula abtained
expressed in the following two relations, the
first is linear, while the second is quedratic

U= 48018 =B, 181G, i oo i s ione (5)
r=0.96 R*=0.926

Uy = 29.691+ 0.1304q -0.0009 ............(6)
r=0.98 R*=0.963

5 — Summary and Conclutions

in developing countries where resources are
limited, the tendency has been to a dopt
policies and measures that enables the best
utilization of available transport facilities in
most efficient way to relief traffic congestion.

The objective of this paper is 1o assess the
tnteraction belween pedestrians and cyclists
and lraffic vehicles sharing the same road
space with traffic vehicles and to what extent
they would afTect the traffic flow and add to
the traffic congestion proplems.

A sclected study of Assiut city (C.B.D), two
selected (raffic links with various pedestrions
and cyclists volumes sharing with the traflic
vehicles the same road space has been
adopled.

Data collecled were processed and stanclard
regression  programmes  were  used  {or
exploring traffic / space relationships for cach
study link using conventional conversion
vehicle equivellency factors for traffic and
different conversion equivalancy factors for
pedestrians and bicycles

Major conclusions with respect to dala
collection procedures and outputs are:

I- Qucdratic formulation is betier than
linear formulations for space-speed and
vofume of vehicles.relationships

2- ‘Traffic space — speed (km/hr} has a
poor correlation with traflic volume as
(pc.e’s) R < 030 when excluded
pedestrians and bicycles volumes from
analysis.

3- Traffic space — speed (kim/hr} has a
good correlation with traffic volumc as
{p.ce’s) R? > 0.90 for pedestrians and
bicycles as they were included in the
traffic volume with equtvalency factors
ranging from 0.3 to 0.5 (p.c.€’s).

4- Recommended values for pedestrians
and bicycles cquivelency factors would
be 0.5 and 0.3 (p.ce’s) for low or
medium mix

5- Recommended  values for  both
pedestrians and bicycles equivalency
factors would be 0.5 ( p.c.e’s } for high
mix with traffic .

6- Side walks for pedestrians or bicycles
need scriously to be looked after in the
traffic management plans.
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