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While the demand for transportation is growing rapidly, many problems
are facing planners and traffic operators in urban areas; such as; low
performance and efficiency levels of passengers transport system. The
strategy for tackling these problems has been for years to consider
adding more capacity to the transport supply system, through huge
investments in transport infrastructure. Best utilization of available
transport services and facilities is an urgent necessity. Methods
developed in the theory of optimization, through making use of advanced
computation technology, would allow one to make experimental analysis
and evaluation of different policies and strategies for better
understanding of the transportation problem and to select a solution for
efficient utilization of resources.

This paper presents a methodology for transport modes operation
analysis for different policies and strategies to be smulated in order to
reach optimal goals. The performance and efficiency of transport modes
operation are formulated in a framework as an output maximization
process of an objective function, subject to state variables, decision
variables, constraints and variable bounds. Four main traffic operation
strategies which would have great impacts on urban transportation
performance and efficiency were analyzed, each strategy contains
heuristics of many trial values of decision variables. The overall
methodology is seeking global optimality.

The research output revealed two important indicators for alternative
transport systems evaluation; Mode Efficiency Factor and transport
system passenger supply Efficiency Index. The efficient transport system
supply that satisfies a certain demand is attained. Moreover, an
identification and clarification of most compatible transport modes,
suitable for passenger demand sharing, that would give optimal
performance indicators are documented.

KEYWORDS: Urban passengers, Transportation Modes,
Optimization; Operation Performance; Operation Efficiency

1. INTRODUCTION

Most cities all over the world are suffering froncuge traffic problems causing
congestion, slow of movement and environmental besks, due to increasing car-
ownership, growing economy, growing travel demarr@nsport mobility and easy of
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access in urban areas are a necessity for promatidggrowing economic expansion
and development. The provision of transport suppy limited by funding
insufficiency; also transportation facilities canmacrease in short period to match the
growing demand. Therefore, best utilization of #éxesting facilities; i.e. enhancement
of the existing transport system performance afidieficy is an urgent need [UITP,
1991]. The transportation efficiency can be defiasd the extent to which a certain
transportation input can meet the travel demangeaiple in a transportation system
[Yuan & Lu, 2005].

Transportation problem is a combination of vehiclesute, economics,
computation technology and mathematical optimirafieusco, et. al, 2002]. Traffic
management seeks to improve movement of people gmadls, not necessarily
vehicles, by contributing to the improvements oé ttiaffic related environment.
Traffic management aims to adjust, adopt, manage iamprove the available
transportation services and facilities to meet gecobjectives without restoring to
new infrastructure constructions. It involves depehent and use of physical and
policy measures to achieve the most efficient Useaffic services and facilities to
meet passegers demand at low cost solution to the problem [Cracknell, 2000; OECD
,1995].

Traffic congestion management measures are usuedigsidered as
(demand/supply) types [Paulley et. al, 2006]. "Dedchaide" measures are designed to
reduce car demand on the system by increasingleeticupancy, reducing the need
to travel during peak periods or reducing the rteedavel specific locations by proper
land use planning. “Supply side” measures are dedigo adopt increasing public
transport performance, policies and measures thables efficient utilization of
existing facilities and services (supply basedstyias) [Paulley et. al, 2006].

Optimization models are used widely in most ardadegision-making, such
as engineering design and financial portfolio d@&ec [Arsham, H., 1994]. A
mathematical optimization model consists of an dije function and a set of
constraints in the form of a system of equationslisparities. Methods developed in
the theory of optimization making use of advancechputation technology; would
allow one to make experimental analysis and evalnabf different policies and
strategies for better understanding of transpaontgtiroblem and to select solutions for
efficient utilization of available resources [Bomeit. al, 1998].

This paper presents a methodology for transportesiagberation analysis for
different policies and strategies to be simulatedrédach optimal goals. Transport
modes operation performance and efficiency vargsable formulated in a framework
as an output maximization process of objective tion¢ subjected to state input
variables, decision variables, constraints andabéibounds.

2. URBAN TRAFFIC OPERATION PROBLEM DESCRIPTION
AND CATEGORIZATION

For small networks as the case of medium sizesgipassengers demand is grouped
into traffic zones. Each zone has been associaity @ne zone centroid, group of
passengers with their associated Origin / DesbnaO/D) trip desires which are
concentrated at zone centroid. Transport modeslyswg®vices of given vehicles
carrying capacities are routed in an environmenpitk-up and deliver passengers
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demand. Selection of best route (trunk route) isedby deterministic methodology
guided by criterion. One would propose an algorithat selects a route on the base of
shortest path that connects pairs of terminalssamdes the greatest number of (O/D)
pairs. Route generated is jointed at main nodesgz@ntroids) [Pages et. al, 2006].

The scope of research is a practical methodologyidemtify route and
associated passengers' modes, flow rates to sermardl and that leads to minimize
overall transport system costs. In this case pamsproblem is solved as static
problem, since each zone pair is taken independéitte problem treated is stochastic
in nature, both in terms of network conditions anduture occurrence of demand
points. A possible way to tackle the entire problewuld be to solve in different
stages through discrete mathematics and optimizatiocess. This approach leads to a
better understanding of transportation system.

3. PROBLEM FORMULATION

The aimed approach is to develop a procedure fmarupassengers transport modes
operation through discrete mathematics and optimizao achieve the most efficient
use of transport services and facilities to meebated at minimum overall transport
costs.

Dynamics of passengers transportation problem addvel of difficulty
(compared to static problem), mainly when the deinignnot known in advance. A
possible way to tackle the problem would be to esdtvas a static one in different
stages through discrete mathematics and optimizgtiocess, each zone pair is taken
independently.

Static case is used when the dimensions of thdgrols small (like the case
of medium size cities) [Pages et. al, 2006]. Tithieme does not consider passengers
behavioral models (modal split is assumed given).

In a current problem solution; passengers are rsdigo use modes at
proposed passengers' shares (Decision variablds. rdad passengers transport
problem fits into category of optimization problam which passengers have to be
assigned to transport services and facilities Ifw§ some constraints to achieve the
most efficient use of transport system facilitiesl aervices.

The main elements of constrained optimization pge@ge:

1. Basic Input Data Module This would require data such as; vehicles type,
vehicle characteristics and road link (segmentjadtaristics.

2. Decision Variables Module Decision variables which influence the level of
transport system performance and efficiency themgdwequire data such as;
- Vehicle carrying capacities, vehicle flow rates, et
- Assigned passengers share (%) to modes.
- Assigned mode priority.

The values of variables are not known when one evatiért the problem
solution. Decision variables mean; if (value) islimied in the solution, the (result)
corresponding decision variable is (so).

3. Objective Function Module: It measures the desirability of a feasible sohutio
that is a single number associated to every saluftome, cost, passengers); solving
the problem means to find such a best solutiois. & mathematical expression that
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combines the goals; (maximizing productive actvifgass./hr/lkm) or (minimize
overall transport costs).

4. Constraints Module: These are mathematical expressions that combiee th
variables to express limits on possible solutisgh as (desired level of service,
link practical capacity constraint).

5. Variable Bounds Variables usually have bounds not to be exceedethe
analysis process.

Problems are represented by mathematical modeiiich objective function
is linear and constraints are given by linear equat Linear Programming (LP) is
used. If the relationships between variables art lmear functions, non linear
programming methods are necessary. LP is most&xtdy used as a major technique
for constrained optimization "planning using line@odels". LP uses the simple
method with bounds on variables. Model is basedhenidea of "space" feasible
solutions (all possible results of the planning gess) [Watson, 2010]. Feasible
solutions are not known, they are described intplicby means of so-called
constraints.

The mathematical expression of objective functiod eonstraints are linear as
follows:

Objective Function:

Maximize: X+ CXotanen, CXn Q)
Subject to: X0 , X>0 ... %X>0 (2)
, and Constraints:
Xt apXot.oannl, + a Xy < b1
201 X1+ @oXoteiiiinn +aX, <b
: (3)
A X1t anoXot..ea..... + a3 Xn < by
Where;
A1 A2 ... oh ]_b
D1 B2 .. &h po)
am . . . . . i)
Set of known constraints parameters.
Xi, Xo oot h 4

Set of unknown variables which would be solved bypsex method. The
constraints describe conditions that every feasblation has to meet, and any value
that satisfies all constraints is considered féasblution [Watson, 2010].

4. URBAN PASSENGER TRANSPORT PROBLEM
IDENTIFICATION & MODELLING

4.1 Problem ldentification

The road passenger transportation problem is amizption problem in which drivers
should be assigned to transport services, satgsfyome constraints and minimizing
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some function cost [Lo pez et. al, 2009]. The rpadsenger transport problem can be

presented as follows:

1. Transport supply system (services & facilities) links or segments of road
which has the same characteristics, transport medash share passenger
transport, vehicle characteristics.

2. Passenger demandpassengers would move from origin (i) to destoat(j)
(pass./hr).

3. Sets of constraints:

a. All passenger demand is satisfied by supply system.

b. Mode assigned frequency would éhe available fleet size of such mode.

c. Links (segments) capacity constraint i.e; (allftcafehicles volume) should be
< segment practical capacity or a specific valusetitsfy a desired level of
service.

4. Operational planning is organized in a sequential process. Some co-atidm
among the different transport modes is providedabglanning hierarchy; that
simply:

a. 1 mode schedules assigned passenger share (%);and o

b. 2" mode schedules assigned passenger share (%pr;and

c. 3“mode schedules assigned passenger share (%)

The intent is to find supply system flow rates #disfy passengers demand
over such segment a (trunk route) and to provid@aximum level of service at
minimum costs.

The strategic and operative planning play an ingmrtole, that has inspired
the development of large number of problems throdghision variables (specific
solutions), viewed as rule oriented planning [L@ pé al 2009, Shahin 2006].

The main idea in this work is to organize the psscas a sequence of steps at
some (definable) level of detail. An advantagehi$ sequence is that the planner can
always justify the reached results as a correctaoné of scheme (strategy). This
approach is designed with an eye on desired obgstia rule oriented decision
process.

4.2 Problem Modeling

One would formulate the services approach in teohsvariables, domains, and
constraints with the following steps:

a. Services (variables) required to model the problem.

b. Domain of each mode variable (variable cells).

c. Sorting input data (parameters).

d. Sorting variables (decision variables) servicesehasen ordered according to

initial start or (lower cost mode is tried first).

e. Sorting constraints.

4.2.1. The objective function

The objective function is defined as following:
Maximize (productive activity) = T}, > > (Xi« Oy) ] (4)
Where: T = time duration, one hour is assumed.
Xk = vehicle service rate frequency (veh./hr),
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Ok = average vehicle passenger occupancy of modédss./mode)
i = start point, and j = end point
The objective function mathematical formula implikeat the main variables in
the productive activity of a segment are: Vehickeupancy (pass./mode), vehicle
frequency (veh./hr), desired traffic flow speedhkpand Segment practical capacity
(p.c.e's/hr).
Route segment is the basic unit mfoductive activity; is defined as the
maximum (pass./hr) to be transported over a liglgifsent) of a route one directional
flow at an acceptable level of service

4.2.2. Link (Segment) Constraint

YiYiYk1.15 [ Xk *Ec] <C  where: i Yk [g] <cC (5)
Xk = vehicle service rate frequency (veh./hr)
E« = vehicle equivalency factor of mode (K) [p.c.e's]
C =link (segment) practical capacity (p.c.e's/hr)
g = traffic volume (all vehicles) (p.c.e's/hr)
" Other vehicles (non pass. vehicles) link utiliaatiis considered (15%) of link
capacity.

4.2.3. Traffic Flow Speed Constraint [Wahdan and Sabry, 1995 ;
HCM, 2000]:

Us=U[1-a (") ] or U=U[1-a  (g/c) (6)
where: U= desired traffic flow speed (kph)

Us = speed limits (one would consider 60kph)

(g/c) = traffic volume/ practical capacity

o, B = calibration factors (best assigned values&r8:7 ,p= 2.2)

4.2.4. Related Mathematical Analysis Formulation:

i. Supply System Carrying Capacitgee analysis strategies input data)

Maximize Passenger No. (pass./hr) X&0,X,.0:X3 (Objective Function)(7)

SUbjeCt to; X1 > O, Xg > 0, X3 >0

Where X = “Priv.+Taxi” X, = Micro-bus X=Bus (vehicle

frequency/hr)

0,, O,, O; vehicle passenger occupancy of mode (passengezjriogut data)

ii. Lane Capacity Constraint [HCM 2000]:

q-= 1.15*(E1X1+E2x2+E3X3) < 800p.c.e's/hr (8)

Where, E, E,, E; are vehicle equivalency factors

iii. Lane Speed Flow Constraint:

Us = 60*(1 - 0.7&°"@%%% > 30kph  (Level of Service (C))

iv. Fuel Consumption [Abbas, 1998]:

E C. = 100* 01X1+C2X2+C3X3
01X1+02X2+O3X3

Where, Q, O,, O, X4, X5, and X are as defined before.
C,, C,, C; are fuel consumption of mode (lit./kif9ee analysis strategies input data)

(in lit/pass./100km) (9)
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Supply transport system performance focuses onldigeee to which segment
can produce maximum activity at constraints andesenvironmental restrictions (e.g.;
noise level ... etc.).

5. METHOD USED AND ALGORITHM
The algorithm used is divided into the following dutes:

- Input data. - Decision variables. - Variable cells»> variable bound.
- Heuristics (sequential process). - Mathematical formulation.
- Optimal target cell (maximizing & minimizing). - Constraints.

- Objective function. - Output results

Figure 1 shows the modeling flow diagram. It is artant to notice that the
heuristics sequential process is solved once ansboitition is used as initial solution
for iterative process, the overall methodology s&glglobal optimality [Fusco et. al,
2002].

The Solver program tool was utilized for this studire Solver program tool
uses the Generalized Reduced Gradient (GRG2) @atiion. It is used to determine
maximum or minimum value of one cell (target céfiat contained within objective
function by changing the other cells (the paransetsfr objective function) under
defined constraints [Watson, 2010]. Solver is d phsuite commands called (what-if)
analysis; a process of changing the value in ¢ells2e how those changing affect the
outcome formulas on (the working sheet). It is terative numerical method that
involves plugging in trial values for the adjustaldells and noticing the results
calculated by constraints cells and the optimal. dehch trial is called iteration.
Extensive analysis of the observed outputs and tiaes of change as inputs are
varied to guide the selection of new trial valugslver works with a group of cells that
are related directly or indirectly to the formufatarget cell. It adjusts the values in the
variable cells applying constraints or limitatiqelaced in the solving problem.

6. EXPERIMENTAL ANALYSIS OF OPTIMIZATION TECHNIQUE
ON URBAN PASSENGERS TRANSPORT MODES
OPERATION

The developed model contains the principal stratteelationships that exist among
the various components involved in overall managgrétransport system. The user
enters the basic input data, values of key parameted selects the policies and
strategies to be simulated. The model utilizeshase inputs through its mathematical
formulations, algorithms, traces the requiremefitonsiders the effects that these
components have on each other as well as on thralbperformance of the transport
system.
The following section demonstrates the model applity in simulating four

defined strategies.

6.1. Analysis Strategies:

Passengers transport structure of urban traffieeéscomposition of the proportion that
all traffic modes share in total trips in urbarfficasystem. That is the proportion of all
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kinds of modes which passengers assign to travalrban traffic system all kinds of
traffic modes share the passengers demand. Thergreat differences for different
modes indicators, such as; carrying capacity, derdlow rate, operating speed,
transportation cost.... etc. [Zang et. al, 2005].

( Basic Input Data )
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10 |
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Figure 1: Urban Passengers Transport Problem siiml@Modeling Flow Diagram)
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Four main traffic operation strategies were analyZénese strategies, denoted
(A, B, C and D) would encompass different modescimttbrs and have great impacts
on urban transportation system performance andi&fity. Each strategy contains
heuristics of many trials values of decision vadeab The over all methodology is
seeking optimal goals. The main elements of eagttesly associated by constrained
optimization process (strategy objective, variatdéls, decision variables, constraints,
and input data) are given below.

6.1.1. Strategy Objective:

i. Maximizing Transport Supply System Carrying Capagass./hr).
ii. Minimizing overall Transport system costs

6.1.2. Decision Variables and constraints:
The decision variables for each strategy are pteden the following table:

Table 1: Decision variables for considered strategs

Strategy Decision variables

A, B, C,and D| -Supply Bus Transport fleet frequency varies betwkerand 12Q
bus/hr.

- The number of assigned vehicles musklavailable fleet.

- Micro-bus carrying capacity share percentage isalbe (from
optimization process).

- Lane capacity constraigt800 p.c.e's/hr.

- Speed of Traffic flow (I > 30 kph.

ONLY - Assigned 1 priority to “Priv.+Taxi” with carrying capacity

strategy A: passenger share percentage varies (5 - 70)% df sgsiem
passengers' carrying capacity.

ONLY - Assigned Demand () varies (5000, 4000, 3000, 2000, and

strategy B: 1000) pass./hr.

- Assigned 1 priority to “Priv.+Taxi” with carrying capacity
passenger share percentage varies (5 - 70)% of dgstem
passengers' carrying capacity.

ONLY - Bus & Micro-bus are only allowed in the right lari€riv.+Taxi”
strategy C are prohibited in the right lane (only public trpos lane).

ONLY - Assigned 1 priority to Bus Transport with fleet frequency iesr
strategy D: between 10 and 120 bus/hr.

6.1.3. Input Data (for all strategies):

i. Vehicle Characteristics:

The following passenger transport modes are coresid&riv. & Taxi”, Micro-bus
and Bus modes. Vehicle characteristics were reaftbetextensive literature reviews
and are shown in the following table [Abbas, 1998; HCM, 2000]. It is worth noting
that since Private and Taxi vehicles would neadyehthe same vehicle characteristics,
and for simplifying the analysis, they were assum&d one vehicle type.
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Table 2: Vehicle characteristics [Abbas, 1998 ; HCM, 2000]

Occupancy Fuel Consumption
Vehicle Code P.C.E's
(pass.) (lit./km)
“Priv. Car & Taxi” X1 15 1 0.12
Micro-bus % 10 1.5 0.18
Bus X3 40 2 0.35

ii. Link (Segment) Practical Capacity (p.c.e's/hr) and-low Operation:

The link (segment) is a part of shortest route (bgemous section) and considered as a
one-way flow direction, with two lanes (8m) widtlach. Lane practical capacity is
assigned as 800 (p.c.e's/hr), associated with lefvalervice (C) where traffic flow
speed X 30 kph). Traffic flow operation is considered a® ®f two cases: (a or b) as
shown in figure2. In case (a) the public transp(Biss and Micro-bus) are assigned to
the right lane. In case (b) all modes are assigmgally to each traffic lane (i.e. 50%
of all traffic modes).

(Priv+Taxi) \ > All modes (50%) )
Puplic Transport ) All modes (50%) =)
Case (a) Case (b)

Figure 2: The Link Traffic flow cases

In case (a), analysis is directed to the right laperation performance; since
left lane would be assigned to “Priv.+Taxi” and etmon passenger traffic with full
lane utilization< 600 p.c.e's/hr i.e< 900 pass./hr. Link passenger carrying capacity in
the right lane depends on each strategy results.

In case (b), 50% of all traffic modes is assignedeéch lane. So analysis
results of case (a) right lane would be applicablease (b) associated with public
transport vehicles frequency must be considered &should coincide with case (a)
analysis. Link carrying capacity is lane passerigepacity multiplied by (2), other
performance indicators are the same as in case (a).
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Transport Modes Max. pass.

Transport Modes Max. pass.

carrying capacity (pass/hr)

carrying capacity (pass/hr)

6000
5000
4000
3000
2000

1000

8000
7000
6000
5000

4000

(c)

7. RESULTS AND DISCUSSIONS

For all strategies the following results were aitai;, transport modes maximum
passenger carrying capacity, traffic flow speeds] tonsumption, passenger delays,
mode share (%), mode frequency (veh./hr) and l&hieation (%).

Factors which would have strong impacts on trarisggstem operation
performance and efficiency were
relationships between these factors and systerodtuds are given bellow.

Figures 3a, b, ¢, and d present mode passenger @hbareffect on maximum
passenger carrying capacity. In which, Figure 3arasents “Priv.+Taxi” and Bus
transport modes, Figure 3b represents “Priv.+Taaifd Micro-bus, Figure 3c
represents Micro-bus and Bus, and Figure 3d repteseriv.+Taxi”, Micro-bus and
Bus.
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Figure 3: Mode pass. Share (%) vs. Max. pass. carrying capacity (pass./hr); a) Priv. &
Bus, b) Priv. & Micro-bus, c) Micro-bus & Bus, adyl Priv., Micro-bus, & Bus
Modes.

The Efficiency Index “E.l.” of urban transportatiegstems is the relationship
between the input of an urban transportation systedits capability of satisfying the
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transportation demand in the system. The greageratio, the higher the transportation
efficiency is. Transport system Efficiency Index.F'E= Transport system capacity /
Optimal system capacity

Figure 4 shows the mode passenger share (%) effedransport system
Efficiency Index “E.I". In which, the transport dgen Efficiency Index decreases
rapidly as Private passenger share increasesxfonme as the Private passenger
share increases from 10 to 15 %, this will caudeaease in the E.I by about 19% (i.e
1% increase in Private passenger share will lea#toease in (E.l) by 4%).

"]
L /
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~

th w
o™
—

N

Wl A/

N Ve
NN

30 T T T T T T

010200 30 40 S0 60 0 10 20 30 40 50 60 70 80
Mode pass. share(%) Mode pass share(%o)
Figure 4: Mode pass. Share (%) vs.  Figure5: Mode pass. Share (%) vs. Fuel
Supply system Efficiency Index (E.l.) for consumption (lit/100km/pass.) for Priv.,
Priv., Micro-bus, & Bus Modes. Micro-bus, & Bus Modes.

\

Supply system Efficency Index (E.I)

Fuel consumption (lit/100km/pass.)
.

Pl

1”,.1,)"L

. .

|
o.bus
[0

—_

The following table shows the mode passenger skffext on passenger
transport mode maximum carrying capacity passdhrsfrategies A, C, and D. The
Optimal transport system passenger carrying cap&iequal to 7177 (pass/hr) and
can be achieved form strategy C.

The Maximum transport system passenger carryingagpas well as the
minimum fuel consumption (lit¥200km/pass.) can bined from decision variables
associated with modes passenger sharing (%) asnshaequence process mix:

- “Priv.+Taxi” passenger sharing (%) varies betwde)0%
- Micro-bus passenger sharing (%) varies betweer8()%
- Bus passenger sharing (%) varies between (70-80) %

Table 4 presents the passenger demand level apresented in strategy (B).
The private passenger share increase (10-15) %iatsbby demand level.

In strategy (B): For assigned passengers demaets|€»000 — 1000) pass./hr,
as to maintain a level of service (C) whereXJ)30 kph, the appropriated “Priv.+Taxi"
passenger share (%) would be as shown in the fiitptable:
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Table 3: Mode passenger Share effect on maximum psenger Transport
system mode carrying capacity (pass./hr)

Strategy C D A

Priv.+Taxi “X;” (%) 0 1 5

The Transport
Modes Passenge| Micro-bus “X;” (%) 33 29 16
Share (%)

Bus “X;" (%) 67 70 79
Transport System (pass./hr) Carrying 7177 6885 6126
Capacity
System Efficiency Index (E.I) (%) * 100 96 85
*Transport system Efficiency Index “E.I” = Transp@ystem capacity / Optimal

system capacity

Table 4: The passenger demand level as was preseahie strategy (B).

Demand (pass./hr) 5000 | 4000 | 3000 | 2000 | 1000

Traffic Flow Speed (Us) (kph) | 34-15| 44-33| 52-46| 57 - 54| 59 -58

Us (%) Decrease 56 25 12 5 2

Us (%) Decrease for
“Priv.+Taxi” Pass. Share (1%)

11 5 24 1 0.4

Table 5: Recommended “Priv.+Taxi” Passenger Share4) for assigned
demand levels (Strategy B)

Assigned Demand (pass./hr) 5000 | 4000 | 3000 | 2000 | 1000

Recommended “Priv.+Taxi”
Pass. Share (%)

<10 | <15 | <20 | <35 | >35

Figure 5 shows the mode passenger share (%) effietnsport system fuel
consumption “F.C” (lit/200km/pass.). In which, ttransport system fuel consumption
“F.C." increases rapidly as the Private passengares(%) increases; for example as
the Private passenger share increase by (10-18)8owbuld result in an in increase
the F.C by about 25%. In addition, as the Privasspnger share increases by1%, the
F.C would increase by 5%.

Figure 6 shows the mode passenger share (%) efietcaffic flow speed (Us)
(kph). Results demonstrate the high effect of theake passenger share (%) on the
traffic flow speed, Us (kph); as the traffic floweed decreases with the increase of the
Private passenger share, associated with demaeld lev
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Figure 6: Priv. pass. Share (%) vs. TrafficFigure 7: Priv. pass. Share (%) vs. pass.
speed (kph) for different demands Delay (sec/pass./km)

Figure 7 shows the mode passenger share (%) affedhe traffic delays
(sec/pass./km). Results show the high effect ofptineate passenger share (%) on the
traffic delays; associated with passenger demared (pass./hr).

8. CONCLUSIONS

Urban transport system operation performance afidiezfcy are the key indicators
which determine the capacity and satisfaction efttiansport system to meet desired
travel demand. To improve the system operationopeidnce and efficiency; the best
way is to utilize effectively the existing servicemd facilities, through efficient
operation policies.

The aimed approach of this research is to develgpoaedure for urban
passengers transport operation; through discret¢hemetics and optimization
techniques to achieve the most efficient use ofspart services and facilities.

In this research experimental analysis using ogttion techniques on urban
passengers transport operation, through develolgeditam containing the principal
structural relationships that exist among the wagicomponents involved in the overall
management of the transport system.

Four main traffic operation strategies having greaipacts on urban
transportation system operation performance ancieity were analyzed.

Analysis of the results is shown as relations betwearious parameters to
transport system operation indicators and is ptesetirough graphical relationships.
The main element having impact on transport systgraration performance and
efficiency is “Priv.+Taxi” passenger share (%).

Key findings of results related to defined stragsgire:

1. The maximum transport system passenger carryingcggp(pass./hr) and the
minimum fuel consumption (lit/100km/pass.) resultedm analysis would be
associated with modes pass. share in sequencespnmbe as follows :

- “Priv.+Taxi” passenger sharing (%) varies betwe®b-5%)
- Micro-bus passenger sharing (%) varies between {36%)
- Bus passenger sharing (%) varies between (70%-80%)
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. Transport system efficiency decrease rapidly asv:PFaxi’ passenger share
increases. For example as “Priv.+Taxi” passengaresincreases from (10)% to
(15)%, efficiency index would be decreased by (19)%

. Transport system fuel consumption increase rapadly(Priv.+Taxi) passenger
share incres; e.g. as “Priv.+Taxi” passenger share increase from (10)% to (15)%,
fuel consumption (lit/pass./100km) would be inceshby (25%).

. Traffic flow speed (kph) decrease as “Priv.+Taxidspenger share increase,
associated with demand level e.g. as “Priv.+Tadsgenger share increase from
(10)% to (15)%, traffic flow speed would be decexhby: (56)% associated with
demand (5000 pass./hr), (25)% associated with dénj&d00 pass./hr), (12)%
associated with demand (3000 pass./hr) etc., vatarence to traffic speed at
passenger share at (10)%.

For assigned passenger demand levels (500008 (pass./hr); as to maintain a
level of service (C) where Us 30 kph, appropriate “Priv.+Taxi” pass. share
would be as follows:

Assigned Demand (pass./hr) 5000 | 4000 3000 2000 1000

Recommended “Priv.+Taxi”

<10 <15 <20 <35 > 35
Passenger Share (%)

\>J

6. For high demand levels; >5000 pass./hr passenger delays (sec/pass./km) would be
very high for “Priv.+Taxi” passenger share > 10 #tcs traffic speed would be
decreased by > 50 (%) with reference spe&0 kph.
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