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Abstract

The E-Trike operating system of Robinsons Place Manila functions as a point-to-point transportation
system identical to private vehicle service. This results in lesser people being transported while occupying road
space, a slower operating system, and lower accommodation for travel demand. The study conducted to
establish an exclusive route along Ermita and Malate for the said E-trikes to transport more passengers and
have an increase in accommodation towards the travel demand around the areas of Ermita and Malate. The
study conducted a Household Interview Survey among the residents of Ermita and Malate, having a total of 399
respondents. The study utilized the obtained data such as socio-economic and demographic data, origin and
destination locations, and mode preference, and conducted the four-step model. After conducting the procedures
of the four-step model, the study generated trip generation models which determine trip forecasts after 10 years.
Furthermore, the study found that there is 53.38% of patronage for E-Trikes as a mode of transportation. Lastly,
the study was able to construct an exclusive E-Trike route following the principle of the Shortest Path Method
which resulted in a cumulative distance of 10 kilometers with the use of Google Maps and DPWH GIS.

Keywords: E-Trike, Household Interview Survey, Four-Step Mot Assignment

1. Introduction

The traffic congestion in Manila, Philippines, with a congestion level of 53%edafiourth among
the 416 cities surveyed worldwide with the worst traffic congestion (TomDP®&20). With this congestion
level causing additional travel time, road users (i.e., drivers and commustrajjgle to
goto their destinations, especially during rush hours in the city. Considdrmgearly increase of motor
vehicles in Metro Manila, roads and infrastructures are becoming incagable
accommodating sudcinincrease.

Thecountry’s land transportation current statugs evidently dependent on private vehicles rather than
public transportation. A total of 1.1 million private cars were registered in thgrgain 2020 (Statista Research
Department, 2021), and this massive number of private vehicles mostly gudmy roads compared to
public transportation. Due to the road occupation of private vehicles, the desmpdsfand infrastructures,
and the traffic management focused on faster travel for private vehicles, efflecting road safety and air
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quality, resulting in adverse effects to the commuters and traffic congéSiyoir., 2020).

In June 2021, it was stated that 56%4he 8,681 respondents of a survey conducted in the Philippines
were likely to use public transportation in the next six months, while 34% werbkely to use it and
16%abstained (Statista Research Department, 2021). The likelihood of patrongmblfortransportation
should beaccommodated with reliable public transportation vehiclesin order to encourge foeo
use them. The Philippine government continuously plan to implement solutiohsve to eliminate traffic
congestiorby improving existing public transportation system and providing alternative icesyv such
aselectric vehicles, extension of rail transit system, construction of subway, etc.

Non-government  organizations have partnered up with the Philippine gexernm
in developing cleaner and quieter public transit electric vehiclestEMplace motor vehicles which emit
CO2 gases (Pandika, M., 2014). An example of this electric vehicle is the Bathilkd, is a three-wheeled
electric vehicle usedsanadditional mode of public transport and an alternative for traditional tricycles in th
country. Before the pandemic, wherein social distancing was not yet implemgérttdces had a maximum
passenger capacity of eight to ten people, while the traditional tricycle can only deadatiour passengers
(Balaria, F. et al.,, 2017) Therefore, E-trikes aid drivers in earning more due to the increase of
passenger capacity compared to traditional trikes while also being environmentatliyfrie

The E-trike projectvasfirst launchedn April 2017 by the Estrada administration in Manila
City, having the pilot site taken place in District 3, with the aim of mitigating air pallutio
and providing livelihood for tricycle drivers who need financial supgaraneta, S., 2017). The current E-
trike service as a public transportation vehicle is still in operation in Manila andiggiaces around the
country. However, somef the E-trikes travel with no specific route and transit passengersto any point,
resulting in an increada road vehicle occupancy as it functions indifferent than a cab or a private véhiele.
operation of E-trikes situated at Robinsons Place Manila began aroundtth@ofith of the year 2021 with a
maximum capacity of six passengéusctioning as a “to any point” system. It's also referred 49 a “special
trip” wherein passengers will pay for the maximum capacity of the vehicle to travel. The E trikes
currently runin the same manner while having a maximum passenger capacity of ten people.

The mall is near Taft Avenue and Roxas Boulevard, which are one ofdst traffic-congested areas
in the city (Grecia L., 2019), along with other universities and governfaeitities. With the operation being
“to any point”, the vehicles are not utilizing its passenger capacity, occupies road aimgj spdce due to lack
of exclusive route. The E-trikes of Robinsons Place Manila operate similar teateprehicle. However,
private vehicles, and number of motor vehicles significantly contribute to the sevfetigffic congestion
around Metro Manila (Regidor J., 2021). It is in this light that thiglystwas conducted with the aim
of establishing an optimal e-trike route based on transportation enginegriaiplps, that operates to travel
roundabouts around the area to accommodate the travel demand.

The number of motor vehicles in Metro Manila has been growing eachityeaing the main cause
of traffic in the city and costing the country at least 3 billion a day (Navarret€13). Aside from the money
wasted each day, the traffic situation in the Metro also costs people time and &hergyea of Ermita and
Malate, surrounded by universities and government facilities such as the Mantall, Manila Central Post
Office, National Library of the Philippines, National Museum, and Rizal Park, is adhe blisy roads within
Metro Manila.

Some E-trike units have been operating all over the country with no well-defintd, functioning
as pointto-point transportation to transit passengers to their destination. Robinson$/Rlaita, located at
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Ermita, has been allowed by the City Government to deploy E-trike services witbatie operation
system. However, this system occupies road space while only transporting féevthaapt can, not utilizing
its vehicle occupancy. Given the traffic situation in the country that the Philippinengoeat is still trying to
solve, pointto-point system of E-trikes would be an added influence on the traffic.

The study airad to study the locale, utdedthe roads, and provided an optimal route for the E-
trikes situated at Malate and Ermita and having Robinsons Place Manila as their té/simgalFour-Step
Methodto assign an exclusive route, and also aimed to promote clean and greeatiatermode of

transportation.

2. Objectives of the Study:

The main objective of this study is to designate an exclusive route fores-stitioned at Robinsons
Place Manila within areas of Ermita and Malate using the Four Step model.

1. Todetermine the trip attraction and trip production by analyzing the data colleatedhe survey

questionnaires.
2. To determine the likelihood of people to travel using E-trikes as an alternativeetonotides of

transportation through Multinomial Logit Model of the Four Step Model.
3. To develop an exclusive optimal route for E-trikes at Robinsons Place Muithiia Ermita and

Malate.

3. Methodology:

Figure 1 shows the conceptual framework of the study which illustrates the flautizfies and
procedures that were followed in achieving the objectives of this study.

Survey
Questionnaire

Gathering of primary data
and obtaining other data related to
the study

Four-Step Model

Create trip generation and produce
trip attraction and trip
production

Create trip distribution and produce
Origin-Destination Matrix (ODM)

|

Analyze mode choice and produce
a probability function for
the ODM

Shortest Path
Method

Conduct Trip Assignment

|

Assign an optimal route to

utilize an existing mode
of transportation

Figure 1: Conceptual Framework for Trip Designtion for E-trikes
Robinsons Place Manila
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3.1 Multiple Regression Analysis:

Multiple Regression Analysis, also known as Multiple Linear Regression (M&R),
statistical technique that is greatly used in analyzing relationship between a singldedépamiable and
several independent variables, with an aim to apply independent variables with knownoaitesfict the
value of the single dependent, wherein predicted vialueighed and are indicated as relative contribution to
the overall prediction (Moore, et. al., 2006).

In this study, MLR vasused in predicting outcome of a response variable (Hayes, 2021) wasch w
used in developing trip generation which heglpn producing trip production and trip attraction by using the
formula:

Y = Bo + B1%xi1 + B2xiz + - + Byxip + € (Eq Il -1)
where, Y = dependent variable
Bo = y-intercept (constant term)
Xi = explanatory variables
Bp = slope coefficients for each explanatory variable
€ = model’s error term or residuals

3.2 Furness Method:

In this study, Furness Methodawused in the development of trip distribution that will help in
producing the output of Origin-Destination Matrix. The Furness method was in\mnke®. Furness in 1965
which requires the forecast trips origin and destination for each zon&éotheapresent trip matrix similar to
the forecasted trip origins and destinations alternatively until both terms areddtigtelhrd, 2012).

A book entitled“Introduction to Transportation Engineering” by Tom V Mathew and KV Krishna
Rao (2007), explained the Doubly Constrained Growth Model, also refeasdhe Furness method in carrying
out Trip Distribution for the trip table or OD matrix. The method is applicable iétisemvailable information
about growth rate for trip origins and trip destinations are available forzeaeto-zone travel. Tl is used
for distributing the forecasted values of trip origins and destinationhfzzme to each cell of the trip table.
This method is a process of iteration wherein growth factors of tiggnerand destinations are alternatively
applied until convergence is reached.

Where, Qand 0§ are balancing factors

3.3 Origin-Destination Matrix (ODM):

As described by Ekowicaksono et al. (2016), Origin-Destination Matrix describesotement of
people within certain areas. In estimating ODM, the following assumptions are(ljséalces between two
different zones are related to some existing parameters such as populai@iregmomic condition, etc.,
and (2) the movement of the people are influenced by accessibilityofigm to destination, which is affected
by distance, time, and/or cost.

In this study, ODM wasproduced by tallying the number of responses that traverse to eactozone-
zone travel. Furthermore, in carrying out trip distribution and went gjirthe Furness Method as a requirement
in achieving the objective of the study of planning a transportation amgteoming up at the traffic pattern
between various points.

3.4 Multinomial Logit Modelling:

Great Learning Team (2021) describes Multinomial logit modelling/Multinomial logistiesspn as
a“use to predict the probabilities of categorically dependent variable, which has two@possible outcome
classes.” A Transportation Engineering lecture from IOWA University (2015) discussgis Modelling as it
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considers the utility of each mode based on different modal attributes (e.gcast)eand estimating regression
models that would follow the logistic distribution.
Un = Bo+ B1Xy+ B2Xz + -+ BuX, (EqII-2)

Where:

Um = Utility of Mode B = Coefficient for attribute
n = number of attributes

Xi = attribute value (time, cost, etc.)

The logistic distribution would follow the probability distribution which determinegthbability of
a person choosing a mode over others. Furthermore, the lecture ebsthasif Auto or Transit modes are
considered the probability of a person to choose auto would bessegras:

Ua
P, = m (Eq Il - 3)

Where:

Pa = is probability of Auto

A = Auto

T = Transit

Multinomial logit modelling was used in this study for carrying out the step Mciugce as it
determined the probability of the passengers choosing to travel by Extgkany other mode.

3.5 Shorted Path Method:

The shortest path problem aitesdetermine the path between two nodes with minimized weights on
its constituent edges (Zhang Z. et al, 2010). The shortest path methsdtilized in this study
to determine the optimal path designate the route for the E-trikes with least cumulative distance.

3.6 Phase 1. Conducting the Study

In conducting the study, it is important to determine information consgleesearch specifications
that was qualified to the research design. In this method, a Household Interviesy ®as formulated and
primary data (i.e., vehicle ownership, income, occupation, etc.) négedederto proceedo the following
methods.

The questionnaire was designed using descriptive formulation that aided in bettstamding of the
respondents’ answers. The data collected consisted of socio-economic data, modes of transportation used by
the respondents to travel within the area of study, as well as the originatitigrie@and designating locations
of travel. These essential data aided the researcher in conducting the four-stepmatiés. Comprehensive
Land Use Plan and Zoning (MCLUPZO 2005-2020) (Fig 2) was used as basisngf ttoorganize and gather
the origin and designation locations of the respondents. Furthermore, alseastilized in constructing the
Origin and Destination Matrix in conducting the Four-Step Model.

3.7 Phase 2: Four-Step Model:

In this phase, the Four-Step Method is followed with different steps and analysis
whichwasconducted after collecting the data from the survey. The 4 steps are signifocegtses namely,
Trip Generation, Trip Distribution, Mode Choice, and Trip Assignment whictihangrocedures of in achieving
the goals of the study as it outputs an established route for the said E-trikestoéithe

Step 1: Trip Generation

The use of multilinear regression models and analysis was conducted fostthtep of the four-step
method. Total existing trips generated from a certain area (zone) acted as thesieparidble of the
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regression model, while the independent variables are the demographic and soainiedata projected 10

years into the future which are obtained from the HIS, these are income &id vemership after 10 years

for trip production, and number of students and workers aftgeafs for trip attraction. The main output of
this step were the multilinear regression models of trip production and trip attradticthe independent data
with the use of Microsoft Excel. The generated models in carrying outépisvais used for the next step Trip
Distribution in distributing the forecasted trips. The forecasted trips were die¢erby inputting the forecasted

values of the independent variables of the trip production and trip attraction models.

Table 1. Growth rates of independent variables after 10 years (from PSA, 2017)

Variable Growth Rate

Income 5.6%

Vehicle Ownership 9.18%
Workers per zone 0.67%
Students per zone 1.06%

Step 2: Trip Distribution

The construction of OD matrix and its zones came from the MCLUPZO 2005-202doamdhe
survey responses organizing common origins and destinations of thed@stsomhe matrix went through the
process of Furness Method also referred to as Doubly Constrained Growth dbidél,used the gathered
existing number of trips per zone and the forecasted trips origins anuitiess per zone (calculated by trip
production and trip attraction models) in determining the growth factorsqddtéent of the forecasted trips
(production and attraction) divided by the total existing trips (origindestination) indicated the growth factor
of each zone. The growth factors of trip production (origin) were insadding up the values of trips per zone-
to-zone travel, then was followed up by adjusting the trip values with the growthsfad trip attraction
(destination) repeating the same process done for the growth faictgpsproduction. The process of iteration
repeated up until the values of the total trips have an error ranging froth@btis reached.

LEGEND: HIGH DENSITY RESIDENTIAL/

MIXED-USE ZONE (R-3/MXD)

MEDSUM INTENSITY COMMERCIAL /
= MIXED-USE ZONE (C-2/ MXD)

- HIGH INTENSITY COMMERCIAL /
MIXED-USE ZONE {C-3 MXD)}

B LIGHT INTENSITY INDUSTRIAL ZONE (1-1)
B GENERAL INSTITUTIONAL ZONE( INS-G)
B UNIVERSITY CLUSTER ZONE (INS-U)
GENERAL PUBLIC OPEN SPACE ZONE (POS-GEN)
B CEMETERY ZONE (POS-CEM)
B uTLITY ZONE (UTL)
WATER ZONE (WTR)
s CITY BOUNDARY
s CONGRESSIONAL DISTRICT BOUNDARY
o LRT1

meww LRT2

—— RAILWAYS

Figure 2. MCLUPZ(020052020 (Clemente, S., n.d.)
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Step 3: Mode Choice

Data from the survey was used in this study and determined the likelihpedplé choosing to travel
by E-trike through the process of Multinomial Logit Modelling (MLMJhis began by constructing a travel
cost and travel time matrix with different modes of transportation per twerene travel, followed by
generating a utility function for each mode having travel cost and travehtinieh will be gathered from the
survey, as the independent variables. A utility matrix was constructed and used tandetieerprobability of
people choosing a mode of transportation over other modes. Lastly, da share was calculated by getting
the product of probability of each mode with the number of forecasiesl from trip distribution, this
determined the number of forecasted trips generated ontaaose by a mode of transportation.

Step 4: Trip Assignment

Shortest path method was utilized in this stidgetermining and establishing the optimal route for
the E-trikes situated at Robinsons Place Manila. The paths from this methadevezreined by using Google
Maps and Road Information from DPWH to link the path to high demasad @s well as minimizing the travel
time and distance and utilizing available roads. The generated route foeugeshocaccommodating high
demand areas of the research locale, a looping route starting from tlaadnadaking its way back to it. Other
parameters such as the need for additional terminal location, charging station lpeaitbngsloading areas
were not considered in designing the route.

An estimated maximum route length that loops around Ermita and Malate was aewstinking
known landmarks and locations with the aid of Google Maps. A total of 7./&itr route was computed for
the looping route around the area of Ermita (Bgand 5.9 kilometers for the area of Malate (Fiyy For
Figures 3 and 4, the points on the figures are only features in projectrapnnecting line paths on the Google

Maps application and do not represent specific locations or stations in the route.

Total trip: 19 min (7.4 km) Done Total trip: 16 min (5.9 km) Done

National Museum 2
664 PACO

2 : A‘ I,?‘,p”w BAve A 9 of the Philippines 9 R(
Rizal'Park BRGY. 678
Savemore Pedro Gil O\
Ch24 669 Recently viewec
© Sesdodl iy SO BRGY. 695
JBC RTW - X BARANGAY HAL
C-1 -
(REA e =1 Robinsons Ot Recently 322
ql. n
B Natigga M\u:s\eum 664 2l = 1
ofsthée Philippines 2 PAL SSRG YR
Rizal'Park BRGY
FRESEIES w otarbucks
5 e g Torre Loren;
Eurotel\Pedro G REcOntly viewe
e i Vi
PremiersiineiSamgyupsal
Fig. 3 Estimated Maximum Route for Ermita Figstimated Maximum Route for Malate

4. Resultsand Discussion:
The data of originating and designating locations obtained from the studjati@sed and organized
to zones present in the MCLUPZO. The MCLUPZO divided the area of Manila basing on itséa(fsee

Figure 2). The study focused on the research locale, utilizing MCLUPZO and was ablestiuct thirteen
(13) zones in total (See Figure 5).
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Zone Land Use
1 Genenal Institution Zone & General Public Open Space
University Chuster Zone & Medim Intensity
2 CommercialMred Use
Genenal Instifution Zone & General Public Open Space
3 & Medm Intensity Comme el Mived Use
4 Gereral Institution Zone
High Infensity CommercialMixed Use & General Public
5 Open Space
6 Uhiversity Cluster Zone
7 General Insfitution Zone
8 Genzral Publc Open Space
9 Medim Intensity Comme el Mixed Use
10 Genenal Institution Zone
1 High Intensity Commercial
n High Intensity Comme cialMixed Use
13 Medum Infensity Comme el Mined Use

5.1: Trip Generation:
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Trip Generation yielded regression models for Trip Production and Trip Attraetidch both
determine the forecasted number of trips originating and trips designatiyeptarfrom now. Trip productions
are the number of trips that originate from a zone, the inputted varia@dsaigenerate its model are socio-
economic data of a household, such as household income, and vehiclshypyrediter ten years. Table 2
presents the forecasted values after applying the given growth rates from PSA (2017

Table 2. Existing and Forecasted (After 10 years) Income and Car Owner ship

Present After 10 yrs
Zone .
Household Vehicle
Household Income |Vehicle Ownership Income Ownership

1 52500 1 90531.24343 2.406749552
2 62.5 4 84603.60249 9.626998209
3 0 0 0 0
1 0 0 0 0
5 36235.29412 48 96972.40193 115.5239785
6 4916666667 82 84783.22798 197.3534633
7 40714.28571 2 70207.90307 4.813499105
3 0 0 0 0
9 42076.19048 37 74108.34213 89.04973343
10 0 0 0 0
11 5119047619 10 88273.0945 24.06749552
12 80000 0 1379523709 0
13 5210526316 16 89850.55739 38.50799284
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On the other hand, trip attractions are number of trips that designate te. & herinput variables
used are also forecasted number of students and number of workdes3)l'ab
Table 3 Existing and Forecasted (After 10 years) number of studentsand workers per zone

Present After 10 yrs
Zone

Worker | Student | Worker | Student
1 9 2 1000082 | 2.138113
2 35 23 38.89206 | 245883

0 0 0 0

4 0 0 0 0
5 2 98 6852 [ 104.7675
6 22 155 272 | 165.7038
7 19 4 21.11283 | 4.276226

8 0 0 0 0
9 86 51 9556336 | 54.52188

10 0 0 0 0
11 62 21 68.89451 | 22.45019
12 2 3 2222404 | 320717
13 34 13 37.78086 | 13.89774

The resulting forecasted values were the X1 and X2 variables for Tripdi@dand Trip Attraction,
respectively, and the Y input were the existing trips originating and designating pevizich utilized assumed
factors that the researcher adopted from the study of Ahmed Bayes (2012)tiltziet the Four Step Model
to construct a transport network in Dhaka City, Bangladesh. The exisifsgfdr Trip Production was
determined by utilizing the family class, indicated from the surveyed holgsgitome responses of each
respondent present in a zone and having them represent the whole popfilatmomne. This was determined
by calculating the percentage of each family class among the respondents and wastihigad to the actual
population of a zone, followed by multiplying assumed factors, adopted4foned Bayes study in 2012, for
each family class which would result to the number of trifge researcher utilized Microsoft Excel in
generating the regression equations.

Trip Production =345.6913 + 0.16898(X1) + 1805(X2) (EqV-1)
Where:
X1 = Household Income
X2 = Vehicle Ownership

5.2. Trip Distribution:

The procedures and computation of the step, trip distribution yieldedyaat(forecast of zonw-
zone travels within Ermita and Malate of all considered public transportation vehicles-Dmea@ix (Table
5.9) presents the tallied origin and destination locations into the created 13atareTrip distribution utilized
the Furness method in distributing the growth factors, which was determined qyatent of future and
surveyed trips production and trips attraction.

Before conducting the Furness method, the study adopted the proceduie Dfstribution in the
study of Ahmed Bayes (2012) where, “trips attraction and trips destination must be equal”, an adjustment factor
was applied wherein the sum of Future Trips Production was divided by thef §urure Trips Attraction and
was multiplied to the Future Trips Attraction/Designation, this made the sum of fuijps production and
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attraction equal (Table 4). The Furness method alternatively applied the growth édidtdps production and
attraction until the matrix reaches unity or an error of 0.05%. Applyingathiestment factor aided the
researcher to fully accomplish conducting Trip Distribution by the meansroég§aiMethod, as it made the
matrix capable of reaching unity.

Table 4: Origin-Destination (O-D) Matrix

ODMarix [ 1 1 E I ] 5 ¥ 1 1n © o Bl i
1 3 1 4 19983
1 1 2 =] 8 1 1 16 32024
3 0 6
4 1] 346
5 B 9 6 5 26 3 15 2 2 1 85 225317
[ 6 32 7 15 T 27 4 1 1 1 4 3 204 371005

1 2 2 2 7 20901
H 0 346
5 2 2 2 1 12 16 3 1 3 42 173833
1} 0 346
1] 1 5 8 3 2 2 2 38717
1 1 1 2B65T
13 1 1 2 4 & 4 19 8505
=T ; . - .

Dcipr?:m 26 4 & 26 132 2 4 1 4 B O 2 11

Furare Trip

Deigmaden | g4 7] 334367 1298] 130 120082| 150082.1| 75327 130 706253| 1208 18514 3301| 13264

Table 5: Adjusted Future Trip Designation O-D Matrix

ODMarrix | 1 z 3 4 E 5 1 ] ] 16 11 12 13 P;f:m P;r:;:"rx
1 3 1 4 19939
2 1 2 3 8 1 1 16 32024
3 L& 346
4 0 346
H & G & ] 26 13 15 2 2 1 85 225317
& 16 32 7 5] 71 27 24 1 1 1 4 5 204 371005
T 1 2 2 2 7 20901
] a 346
¥ 2 2 2 1 12 [ 2 1 3 42 173653
18 a U
n 1 5 t 3 2 2 21 58717
12 1 1 23657
13 1 1 2 4 & 1 4 15 85057
| 26| 47 | 16 |26 m 2 |41 | 1| 4 6 | 9 2 | 1 =
F;;:;:?.: 1570 [ 81825 | 318 |31 | 203860 | 367274 | 1843 [ 318 | 172831 [ 318 | 45307 | 13462 | 32480 = 1011704
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5.3. Mode Choice:

Mode Choice utilized the Utility Function of each mode of transportation to deteiigh demand
areas and the probability of choosing a public mode of transportat@rdidferent modes of transportation.
Utility of each public transportation vehicle. The researcher utilized Google Mgpthter the estimated zone-
to-zone travel time of each mode of transportation during peak houre afay which would serve as the
estimated travel time. Google Maps utilizes real time traffic data which aided the researchéneto g
approximate results of travel time of public transportation vehicles at peak Tbarsstimated travel cost of
each mode of transportation was determined by inputting its base fare/minimuamdaite adding fare per
succeeding kilometer. Travel cost and travel time served to be the X variablesitiftthequation, while its
Y input was the number of survey responses for each mode of transportation.

Useep= 2.76555 -0.160018 (TT) (Eq-\2)
Ue-trike = 0.042085 (TC) - .028169 (TT) (Eq-\B)
Urrike = 3.075 - 0.133405(TC) + 0.26667 (TT) (Eq-¥)
Usus = 0.02255 (TC) - 013161 (TT) (Eq-\5)
Urx = 0.0053 (TC) - 0.00382 (TT) (Eq-\6)
Uprivate vehicle senvice 20.022371 + 0.00082 (TC) - 0.008071 (TT) (Eq- V)
Uikt = 0.01622 + 0.017089 (TC)0.02576 (TT) (Eq. V 8)

The utility matrix for E-trike was then constructed representing its utility peetezone travel.
Using multinomial logistic modelling, the study was able to determine the probaifiléytrike patronage
within the matrix by using the utility values of all modes of transportation pertpezone travel (Table 6).

- _ EVE-Trike
Pr ObabllltyE"mke " EUTrike +EUPrivate Vehicle + EUBus + EULRT + EUFX + EVE—Trike + EUleep (Eq' V- 9)
Table 6. Probability Matrix for E-Trike
ZONE 1 2 3 4 5 6 7 g 9 10 11 12 13
1 00822 | 00848 | 0.0998 | 00934 | 0125 | 0.1484 | 0.1592 | 0.1825 | 0.1598 | 0.1745 | 01332 ( 0.1855 | 0.1793
2 01025( 0094 | 00872 | 0098 | 0.1065 | 0.1221 [ 01324 [ 01511 [0.1465 | 0.1386 | 0.1064 | 0.1604 [ 0.1519
3 00982 (00872 | 00976 |0.1081 | 0.1127 | 01212 [ 01345 [ 0.1505 [0.1413 | 0.1521 | 0.1519 | 0.1675 | 0.1667

4 00984 | 0.093 | 00911 | 0.1047 | 0.1034 | 0.1165 | 0.1373 | 0.1437 | 0.1311 | 0.1356 | 0.1399 [ 0.1512 | 0.1498

0.1433 | 0.1061 | 0.1357 | 0.1119 | 0.1069 | 0.1035 | 0.1136 | 0.1281 | 0.1211 | 0.1097 | 0.1211 [ 0.1384 | 0.134

Lh

6 01498 [ 0.1167 | 0.1175 | 0.1101 | 0.0823 | 0.1004 | 0.0907 | 0.0046 | 0.0865 | 0.0884 | 0.0846 [ 0.1112 | 0.0986
7 0.1427 | 0.1284 | 0.1033 | 0.096 | 0.0839 | 00898 | 0.0477 | 01085 01 |0.0984| 01 [ 0.104 | 0.106

0.1648 | 0.1569 | 0.1652 [0.1462 | 0.1345 | 0.1005 | 0.1011 | 0.0045 | 0.1323 | 0.1006 | 0.1084 | 01041 | 01
9 0.1618 | 0.1757 | 0.13%4 | 0.113 | 0.1035 | 0.1019 ) 0.1216 | 0.1011 [0.0591 | 0.1188 | 0.0591 | 0.1125 | 0.1101
10 | 01646 | 01629 | 01619 | 0.1483 | 0.1304 | 0.1073 | 0.0982 | 00995 | 01324 | 0.0995 | 0.1324 | 0.1037 | 0.1037

11 0.161 | 0.1594 | 01138 | 00924 | 0.112 | 0.1069 | 0.1387 | 0.1149 [0.0558 | 01159 | 0062 [ 01193 ] 01151

12 [0.1825]0.1802 | 01607 | 01331 | 0.1296 | 0.125 | 0111 | 01043 | 0.1348 [ 0.1042 | 0.1348 | 0.0951 [ 00858

13 0.17 | 0.1532 | 01544 | 0.1435 [ 0.1271 | 0.1138 | 0.1236 | 0.1002 [ 0.1293 | 0.009 | 0.1219 | 0.0927 | 0.047

The probability values of E-trike were then multiplied to the adjusted O-Dxmatietermine its
modal share in each zonal travel for 10 years of serviceability (Tablig)aided the study in determining
the high demand areas for E-trike which will be used for the Trip Assignment.
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Table 7. E-trike Modal Share Matrix

ZONE 1 2 3 4 5 6 7 9 10 11 12 13
1 0 0 0 0 2484 0 0 0 0 19.7 0 0
2 9344 | 4835 0 4.916 | 2465 0 7.443 0 0 0 0 0 536.9
3 0 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 ] 0 0 0 0 0 0 0 0
5 81.23] 2543 [ 2195 | 9651 | 8330 |10771| 992 0 0 112 0 1922 | 5033

6 120.9 | 5314 | 11.84 | 1528 | 9352 | 11593 | 67.7 | 30.02 | 5335 [2.409 | 1928 ] 963.8

7 0 238.7 0 0 4241 | 1213 0 0 0 8.479 0 0

g ] 0 0 0 ] 0 0 0 0 0 0
9 16.73 | 5124 | 4.114 | 1.071 | 2038 | 7143 | 11.62 0 3737 0 1035 0 0
10 0 0 0 0 0 0 0 0 0 0 0 0 0
11 [2.691 0 0 0 297 | 1212 | 4289 0 2281 0 234 0 0
12 0 0 0 0 3066 0 0 0 0 0 0 0 0
13 0 448.2 | 4.571 | 5458 | 1673 | 6000 | 7.503 0 0 0 0 0 755.8

5.4. Trip Assignment:

Google maps was utilized in establishing a route for E-trikes situated in BobiRtace Manila that
would accommodate the travel demand of the residents of Ermita and Malate. Thehestablige for E-trikes
followed the Shortest Path Method to minimize travel distance while connecting higindlemeas based on
the E-trike Modal Share.

The route starts from Robinsons Place Manila traversing Pedro Gil Street and anaidghgturn
towards San Marcelino Street, followed by turning left to Remedios Street, tingntg&ingalong Street. The
route traverses Singalong Street then turning towards Estrada Street, to enter Tadt thiemifollowed by
the route entering Ocampo Street, traversing it and making a right turn toil@abet. The route then traverses
Mabini Street making a right turn to traverse a short span of Quirino Aveneiras left to enter Leveriza
street to reach San Andres Savemore Market. The route turns right traversing theé SeeeAndres, right to
enter and traverse Mabini Street until it reaches Kalaw Avenue. The route travels along Ketewe, Awaking
aright onto Maria Orosa Street at Luneta, turning right to Padre Burgesu&wuntil reaching the City Hall
underpass. The route continues traversing Padre Burgos Avenue untigraalght turn onto Cecilia Mufioz
Street, turning right onto Antonio Villegas Street and right onto Natividad Lopez 8trolite traverses
Natividad Lopez Street and making a right turn entering San Marcelino Sts, thilewed by making a right
turn to UN Avenue, entering Taft Avenue, and making a left to Padre Faura Streesiricpitemtil reaching
Robinsons Place P. Faura entrance.

The route overall has a length of 10 kilometers looping around the stayEaimita and Malate. From
the modal share matrix of E-trike all zones have originating and designatingthgpsfore the researcher
designed the route that would target all zones. The study obtained the classificatiad wfith the use of
DPWH GIS, furthermore, the points shown on Figure 6 only serve to steosptn of each street and road
within the established route.
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Figore 6. Assigned Robinsons Flace E-Trike Roote within Ermita and Malate

6. Conclusion:

The study determined the optimal route along Ermita and Malate for E-Tfilksbosons Place Manila
by conducting the steps and procedures of the Four-Step Model with thé theedata obtained from the
Household Interview Survey. Furthermore, the study establishes a route EiTrike operating system of the

mall to adapt in order to transport more people while traversing alongréfe¢ssof Ermita and Malate. The
study specifically concluded the following:

Trip Generation models were generated with the use of the data obtained from Hountehaddv Survey,
specifically, household income, vehicle ownership, number of studentauantaker of workers. Furthermore,
trip production and attraction models forecasted the number of tripsfoettt ten years.
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The study concludes that there is a 53.38% E-trike patronage from tbadests, which represent the
amount of people that are willing to use E-trikes as a public mode of transporkatithermore, conducting
Mode Choice: Multinomial Logistic Model determined the probability of E-Trike belgen by the residents
over other modes of public transportation. The study area of Ermitsl@ate and having the respondents as
its residents sets the highest demand modes of transportation which are J8epyeled since the study area
only has a short distance to travel. Furthermore, with E-trikes havingeaexipensive fare lead up to its lower
usage around the study area and by the residents.

An exclusive route for E-trikes of Robinsons Place Manila has been assigiegl 8iep Four: Traffic
Assignment, utilizing several streets and avenues around Ermita and Malate namelyGiP&treet, San
Marcelino Street, Remedios Street, Singalong Street, Estrada Street, Taft Avenue, Ocampbliditimet,
Street, Quirino Avenue, Leveriza Street, San Andres Street, Kalaw Avenue, Maria Orosa StreBu/ii§adre
Avenue, Cecilia Mufioz Street, Antonio Villegas Street, Natividad Lopez Street, UN AvenueadnedFaura
Street. The route has a cumulative distance of 10 kilometers, connecting higll geeemwhile utilizing the
Shortest Path Method.
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