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Abstract: Efficiency in public transportation is certainly a key in reducing carbon emissions from
road vehicles’ and decongesting major cities. Although trains may be fully automated, some cases
require a human driver especially in tracks where a lot of variables come into play like in the
Philippines with our open rails where debris or unforeseen circumstances often occur. The use of
train simulators is becoming a standard in the training and development of the train operation
industry. Currently, the Light Rail Transit Authority (LRTA) does not have a simulator for use in
the training of their future train operators, and in keeping the skills of current operators sharp.
Because market available Light Rail Vehicle (LRV) simulators are expensive (>$100,000), while
video game simulators do not measure driver performance, the aim of this study is to locally develop
a Light Rail Vehicle simulator that measures driver performance for possible use in training LRV
operators at low cost. The simulator has since been tested by drivers of the LRT Line 1 for whom it
has been tailor fit. Aside from a few technical adjustments, the machine has been received well and
its use as a classroom teaching tool or an applicant screening tool will be explored further.
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1. INTRODUCTION out of operational hours [1]. Railways can also have

high costs due to obsolete operating methods and

In other countries, simulators are staff over-crowding [4]. Development strategies for

increasingly being used in the training of operators railways often 1m{lud§ reducing costs which may
[1] [2]. Many companies create and manufacture come from the application of new technology [4].

simulators, in varying degrees of realism, ranging
from arcade-like train games, to full cockpit
imitations with audio-visual and motion feedback.

The use of simulators could mean increasing the
safety of our railways as well as lowering the costs of
training and operating the LRT. However, the
In the Philippines, no simulators are yet simulator must be customized to the line the operator

used to train operators [3]. When training train is travelling in.

operators, the Light Rail Transit Authority (LRTA) . .

uses actual trains that run the same route during ~ Since simulators need to be tuned to a
regular operations [3]. Operator training is currently specific line, the group arbitrarily chose to simulate
handled by the Human Resources of the LRT [3]. Line 1 of the Manila LRT. Due to the myriad of

Acquiring a simulator may be beneficial for the events that could happen while driving a train, the
training of train operators. complexity of simulating each one of these, and the

limited time and budget constraints of the

In a city like Manila where traffic is ever- researchers, it was decided to focus on the normal
present, railways can decisively contribute to the train driving experience — the ferrying of passengers
alleviation of exploding traffic problems by their from station to station, daytime, sunny, with no
large carrying capacities [4]. An effective rail system extraordinary circumstances.

could decongest the dismal traffic situation as well as
help reduce carbon emissions from road vehicles.
However, these trains will require operators, who
will require training. Familiarizing a driver with a
new route, a different signaling system, and other
factors, would involve either using a full cab
simulator or driving an actual tram along the route

The group had the assistance of the Light
Rail Transit Authority of Metro Manila and the Light
Rail Manila Corporation (currently in-charge of
training and operations since September 2015) to
come up with criteria by which drivers will be
evaluated and to cross-check the scope of normal
train driving operations.
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Since the simulator focuses on normal train
driving operations, the controls included are only
those identified that are in use in the ferrying of
passengers from station to station. The machine will
give audiovisual output to the user, but will not
simulate the motion of the train.

2. METHODOLOGY Fig. 4 Console and Rate Controller

2.1 CONSOLE PANEL The metal casing houses all the necessary
hardware and circuitry needed to physically interact
with the simulator. It is 80 centimeters long, 25
centimeters wide, and 30 centimeters high. The front,
however, is slanted at an angle of 67.3 degrees
starting a centimeter above the foot of the case. The
group was able to look around the driver’s cabin of
the LRT’s 34 generation train and take the necessary
measurements. However, the width, height, and
Fig. 1 Open right door slanted angle of the console board has been adjusted
for it to be easier to open up the machine and perform
any maintenance requirements on the hardware.

The two rectangular gaps were made with
the consideration that these could be filled depending
on the need of the user of the simulator. These are to
be filled with plates that will either cover or contain a
part such as speedometer or LED and may be
Fig. 2 Close right door installed into the machine itself. For the moment,
they house the two LEDs of the simulator as the rest
are filled with blank plates.

2.2 RATE CONTROLLER

Fig. 3 Emergency Break

The console panel contains the buttons for
the doors, emergency brakes, and the horn. Since the
LRT line 1 only uses the right side doors, the left side
doors buttons are only placed for aesthetic purposes
and for possible future expansion of the project to
include other circumstances.

Fig. 5 Rate Controller

The rate controller is an input device that
controls the acceleration of the train [3], it also
incorporates a safety feature called the Deadman’s
Handle. The Deadman’s Handle is an input safety



#Green Future: Harnessing Academe, Government and Industry Partnerships for a
Sustainable Earth
Presented at the 4" DLSU Innovation and Technology Fair 2016

De La Salle University, Manila, Philippines
November 24 & 25, 2016

Innovation and
Technology Fair

Ideas and Solutions for Nation-building

feature device that is integrated in the Automatic 2.4 SOFTWARE MODEL
Train Protection system or ATP, which stops the

train in the evept of an incapacitated drlyer. Due to LRV SIMULATOR
lack of schematics, the team reverse-engineered the SOFTWARE MODEL
dead-man’s handle function Of the rate C()ntr()ller. VIDEO FRAMES {as video time signatures on separate thread from main timer)
e e e e e | L E A SIS
which also serves as a mechanical spring for the
handle, and a potentiometer to change an electric RAILWAY ELEMENTS fex.Stations, Signal Lights}
signal to indicate the position of the handle. ! ! ! ! ! !
O lllly il > >4 > Slolelollinlorlglorlmy
2.3 MICROCONTROLLER TRAIN POSTION (meters]
[ Main Timer m_-ﬁcr\'amummunkaliun
% - - @ (to Contrals)
Computer o
Serial is Yes N SEnd:single / K Wh:t's g Fio. 7 Soft Model
Available? y character code | re?eiveed Ig 0. thI'e ode.
/ (wxy.z) -
’ * w y : The railway track is divided into finite
. segments (in meters) upon which the various
S — s Runarduing e Runarduino | oL e elements of the railway are placed. As the train
Receives B B ram ram
S - Emergency | |- Emergency | | proenn | SRR moves along the track as commanded by the user and
, ineut o ek = calculated by the physics engine, the software shows
mputer e s + Alldoors + All-doors e corresponding video frame whose time signature
T All dvur: All r.hmrss All-d Alld th p d d f h t t
program s on is off light is on light is off

: matches the corresponding train position. The
R : software uses the train’s position to detect whether

Send Code: DMH Speed + DMH Weight state + it’s in a station or not and to operate the signal lights.
Door state + Emergency Stop state ’ . . o .
P The train’s velocity, position, and controls determine
. . any violations.
Fig. 6 Arduino Flow Chart y

Due to familiarity and ease of use, Arduino 2.5 PHYSICS
was used as a microcontroller to handle
communications and lower-level control logic in the
simulator. The circuitry has been designed to send
either high or low inputs (no pulse or change
electrical signals, with high being 5V and low being
close to OV). Arduino receives all the inputs from the

Since the train is travelling along a single
path defined by the rails, it would be suitable to
model the train system using linear motion physics.
As such, the position of the train is defined by:

. 1
buttons and the rate controller and sends a single Xp = x; + vty + Satf (Eq. 1
line of string to the computer for processing. The 2
inputs it receives from the different controls are by Where:

way of detecting the presence of HIGH or LOW
signal; except for the rate controller wherein it
receives an analog input and translates it into
numbers. The computer will respond after afterwards
by sending a single character back to Arduino which

X = position on the rail

v = velocity

notifies Arduino which states have been changed t = time (given by the program)
within the program. With this type of
communication, Arduino and the program are able to a = acceleration

respond to each other’s inputs and changed states.
The subscript i means initial, and the
subscript f means current. Current velocity is
computed as:
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vy = v; +aty (Eq. 2)

The position and the velocity are the result
of the input of the controls. The input comes in the
form of acceleration. All trains along line 1 are driven
by electric motors - some DC, some AC. The
computation for acceleration is an approximation of a
Power-Speed Curve of a DC electric motor. The
actual Power-Speed curve of the train’s motors was
not available for use. The justification for using the
Power-Speed Curve as a basis for computing
acceleration is shown below:

Rearranging Newton’s 2n Law of Motion

a=— (Eq. 3)

m
Relating Force (tangential) and ZTorque via a Radius

T
F =

(Eq. 4)
Twheel a

Connecting Acceleration (tangential) and Torque by
substituting (4) into (3):

T

a= o (Eq. 5)
The Output Poweris given as:
Poye =T -rpm (Eq. 6)
Where rpm is rotational speed.
Placing (6) into (5), we get:
P
TwheelM * TPM (Eq. 7
From this we can conclude that:
a X P,,; (Eq. 8)

And that acceleration follows the power speed curve.

The group approximated the curve using the
top half of a circle because the actual Power-Speed
curve of the train’s motors was not available for use,
the variety of motor curves, and simplicity. We then
approximate this curve in acceleration’s terms using
the equation of a circle of the form:
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(x—h?+ (y—k)3? =12 (Eq. 9)
Substituting in values:
[Unow - (Vmin + r)]z + (a - 7)2 =r? (Eq 10)

Where View stands for the current velocity of the
train, Vmin for the nearest rate controller increment
less than Vaew, and the radius of the circle, r defined
by:

Umax — Vmin

r= f (Eq 11)

Where Vmax is the target speed determined by the
operator via the rate controller.

Re-arranging (10) for acceleration, we get:

a= 7412 — [Vnhow — Wpin +7)]2 (Eq. 12)
The value for a is then used in equations (2)
and (1) to find out the next position of the train in the
program model. These equations do not account for
friction or slippage on the tracks and represents net
acceleration of the various forces acting on the train.
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26 USERACCOUNTSAND REPORT o Simulation Report = = “
GENERATION

3/3/2016 1:43:25 AM

The program allows for the creation of user TRAINEE:

profiles - trainee profiles and administrator (admin) ELTAE 5y 0

. . . . . . VIOLATIONS: 0
profiles. Trainee profiles can run simulations, receive

. . SIGNAL VIOLATIONS: [0

a report of their performance, and view reports of PEEDVOLATONS: [0
the}r past p;riformanc;s. Admmlstrz;torsh c:an view . 0
trainee profiles an repo.rts of their past T — 0
performances, but cannot run simulations. The report
generated at the end of the simulation was based on GRADE: PASS
parameters from the training manuals of the LRTA
and agreed upon with management. Fig. 10 Simulation Report

2.7 AUDIOVISUAL EDITING

-a
- RANEE A -]

- o e

e r— —— The video used in this thesis came from raw

- : train driving footage given by the LRMC. The file
requires processing before use in the simulator
program. The following sub-sections discuss how the
video was processed using Adobe Premiere Pro video
editing software, as well as the equations used in
adjusting the lengths of the videos. Below is a
flowchart of the process of video editing, followed by

the sub-sections explaining them.

SO Conversion from : Conversion of Video Lengths
Vies Speod Total Track Length s;'::;"’"."."“ N from Milliseconds to Frames
to Total Video Time 2 per Second

Fig. 11 Video E'dztmg Process

The raw video footage taken from the LRMC
was of varying speeds. The train was shot in its
normal operation, from full stop, acceleration,
coasting, deceleration, and full stop again upon
entering the next station. Thus, the video had to be
edited in such a way that the visual representation of
the fastest speed of the footage was taken to be the
base speed, and all other visual representations of
different train speeds were sped up to the base speed.
The output for step 1 of editing was a video of the
train at 60 KPH.

Fig. 9 Simulator View
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AvidStation1sLong) Were converted from milliseconds
(M:SS.00) into frames per second (M:SS.FPS).
Instead of having decimals which range from values
of 0-100, the values were converted into frames per
second which have values from 0-30.

1 sec = 1000 ms = 30 frames

Next page is the table detailing the final
video length for final editing:

2?8 ® © ®

Fig. 12 Adobe Photoshop Panel

Before editing the video into the file to be
used by the program, its length 1,,; must be made
proportional to the track lengthA;.qcr. The equivalent
video length in seconds for a given track length in
meters could be computed using a simple conversion
equation, assuming the video has a speed of 60 KPH:

1¥m 1hr 60min 60 sec
Avia = Arack * 1000 " Gokm” 1hr © Lmin

Which clears out to:
Avia = Aerack * 0.06 (Eq. 13)
Where:
Avid = total video length
Atrack = total track length

Aside from making the total video length Avia
proportional to the total track length Auack, the video
lengths in between stations (Avidstation1 ... AvidStation1s)
should also be proportional to the track lengths in
between stations (AtrackStation1 .... AtrackStation1s). This can
be done by applying Equation 3.13 to all the lengths
in between stations.

To make the video smoother, the initial
footage was slowed down by five times the original
speed. This ensures smooth transitions whenever the
operator slows down the simulator. Translating this
mathematically, this would mean that the new
Station Lengths (Avidstation1Long .... AvidStation18Long) Would
be increased five times the original Station Lengths
(Avidstation1 .... AvidStation18)

For the purpose of final video editing, the
decimals of the station lengths (AvidStationiLong
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Table 1: Computed Video Lengths
. Video Length (secs) In.c reased Video Length
Tag # FOSIthn Current Station (AvidStationl .... M'SS'OO .
m) \vidStation18) (AYldSta‘FlonlLong
AvidStation18Long)
S0104 129
S0110 315 Baclaran 11.2 55.8
S0206 904 EDSA 35.3 176.7
S0306 1912 Libertad 60.5 302.4
S0404 2644 Gil Puyat 43.9 219.6
S0506 3704 Vito Cruz 63.6 318
S0606 4530 Quirino 49.6 247.8
S0704 5324 Pedro Gil 47.6 238.2
S0904 6077 UN Ave. 45.2 225.9
S1008 7292 Central 72.9 364.5
S1106 8018 Carriedo 43.6 217.8
S1204 8702 Doroteo Jose 41.0 205.2
S1304 9350 Bambang 38.9 194.4
S1404 9968 Tayuman 37.1 185.4
S1504 10639 Blumentritt 40.3 201.3
S1706 11565 Abad Santos 55.6 277.8
S1804 12225 R. Papa 39.6 198
S1906 13179 5th Avenue 57.2 286.2
S2106 14264 Monumento 65.1 325.5
End of Line Total: 4240.15

In order to accurately match the position calculated
using the equations in section 3.6 with the position
of the train in the video, the current position
coordinate xf must be converted into the current
video position coordinate xvt. We use the following
ratio and proportion equation in computing for the
current video time given the position computed
earlier in the position equations:

A .
Xpig = (% — 129) » —24

track

Where:

Xvid = current position of video
Xt = current position in track
Avia = total video length

Atrack = total track length

(Eq. 14)

(

The offset of 129 is due to the position X
starting at 129 in code, but the video position Xyiq
starts at 0.The audio output of the simulator comes
from two .mp3 files which were recorded through
an iPhone. The first file of the two is a moving LRV
sound named moving.mp3, while the second file is a
stationary LRV sound named idle.mp3. The
following chart represents the flow of the method,
and how the mp3 files are called in the program:
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Fig. 13 Simulator Testing by Students

3. RESULTS AND DISCUSSION

In order to attain the General Objective of
“possible use in training LRV operators” and test
the effectiveness of the machine, the group had a
test driving session with the Light Rail Manila
Corporation, who as of September 2015, took over
management and operations (including training) of
LRT Line 1 from the Light Rail Transit Authority.
The test session was done in order to recognize
specific problem areas and retrieve specific
recommendations on how the machine can be
improved in terms of its usability. After driving the
machine, the participants answered a survey. They
were asked to rate the simulator from 1-5 with 1
being “Strongly Disagree” and 5 being “Strongly
Agree” and remark on the following statements:

1. It was easy for me to use the LRV Simulator

2. The simulator contains all the basic functions

needed to drive the train

3. The train driving experience is well simulated

4.1 did not encounter any problems with the
simulator.

In order to obtain a better understanding
of the drivers’ response to the use of the simulator,
the group took a look at the qualitative responses of
the drivers through a box after each question
wherein they could state their remarks.

From the scores in Fig. 11, one can see
that the response to the simulator was generally
positive with a few reservations. With regards to
the realism of the simulator, written comments tell
us that the simulator is able to properly simulate
real train driving with some recommendations. The
most common recommendation for improvement
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refers to the use of the Rate Controller where most
feedback cited that it could be improved by added
notches wherein a driver could physically feel the
feedback as to the degree of acceleration and
braking of the train (see Recommendations).

Statement Responses

s
$
g5
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< 2
= 2 3 -
2
22
e
i
-
‘ 7 Has All Basi
Easy to Drive s 3 351 \Well Simulated  No Problems
Functions
® Froilan M. Uy - 15yrs XP 4 3 4 4
® Edwin A. De Rojas - 13yrs XP 3 4 3 3
! Janssen L. Yambao - 13yrs XP 3 3 3
Boyet Lucas - 5yrs XP 5 4 3 4
H Alexander A. Maglonzo - 3yrs XP 4 4 4 3
¥ Jake Janeo - 1yrs XP 4 4 4 3

Fig. 14 Simulator Survey Scores

4. CONCLUSION

The simulator is limited only to regular
train driving operations, however it was designed
with further improvements and additions in mind.
The group hopes that the simulator will be a
starting point for the use of simulators in training
railway  operators, and other fields of
transportation for cost-effective training while
reducing risks to people and infrastructure, as well
as contributing to the development of rail
transportation for the reduction of carbon
emissions.

After presenting the thesis to the Light
Rail Manila Corporation, the simulator has
received an official acknowledgement for meeting
agreed-upon objectives and testing by their train
drivers. After several meetings, they have shown
great interest in the simulator and are interested
in developing it further.
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