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ABSTRACT

This project paper is to present about the train driving simulator that we developed
using Unreal Engine 4 to use it as a modern version of train driving simulator that compress
all hardware that use in the current version into a single software. We developed more
user-friendly and game-like user interface (Ul) with menu and stage selection. The driver
will control the simulating train using our train console replica which can adjust speed and
direction of the train with a screen that display the train’s speed. The software will also
give more variation to the training scenario and can be controlled easily by our instructor
program that can control the signaling on the rail section and trigger some accident

scenario too. Every component will be connected by the server using Node.js.
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2.1.1 wafansvassall wazn1svunaausalu
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1. ussgaafiansaignenlanlgusidamilyy (Adhesion) s81inedeiusg
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2. UNENEATAIUNINATNENA ViTouamRiTUAGaY

% A ¥

LSIDNENDATEMIWADNUININEIU150AIUIU LA INUIMUNNNAAIADNTULAR DUAAIEY

Y
14
1 1

fulsvansundavilerseninedenuine Adudsednsilegsyning 0.1:0.4 Fuagiuaninuedsn

&l

Wudiundn wazduiuanusidudiuanies d1unsa9TiATuAIeAT 0P URaIENAUMS N

YONATDINITAILAINULS Tnganunsaduindaainans

Fahes = MGUanes (2.1)
P
Fpower = v (22)

Foanes tractive ef fort limited by adhesion
Foower  tractive ef fort limited by horsepower
Uadhes coef ficient of adhesion

g acceleration of gravity
P horsepower
% speed

= & ! & < [ < v say va v P
b BLLIIN Qﬁ@ﬂﬁﬁl‘uuQﬂWﬁ@@IUEUﬂiWWﬂ‘Uﬂ’NNLﬁ’J NﬁﬁWﬁWlﬂﬂ@ﬂi?WLLiﬂ”ﬂULﬂa 2U

(Tractive effort curve) handly ’gﬂﬁ 2.1 ﬂ'ﬁ’]WLLﬁx‘isﬁJULﬂ?{au (Tractive effort curve)



Critical speed

Adhesion limit

Horsepower limit

Vv, v

g‘dﬁ 2.1 n5mlssTueaay (Tractive effort curve)

[source: Pachl J.,2009]

2.1.1.1 AuAUNIY (Resistance)

v Ao w oA &
AAIUANUNIUNEALABE 2 UsstnnAg
1. Line Resistance 138 ANUATUNIUIINNI

2. Train Resistance %138 AMUAIUNIUINTAIN

2.1.1.1.1 AUAIUNIUINANG

AMUAIUNIUINNNIUTENBULUADE 2 @IUABANUAIUNIUIINAINNAR

U (Grade resistance) WaLAINUAIUNIUIINTAY (Curve resistance) ANUAIUNIUINNAIINAA

SuanansavlEnauns 2.3
Ryrade = mg sina

Ryrade Grade resistance

m mass
g acceleration of gravity
a angle of gradient yuwesrruaindu
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grade . .
T, =——=Slna =tana =1 24
grade mg (2.4)
pecific grade resistance
rgrade : o o o
ATAIUATUNIUIINAINAIATUDI WY
L grade quotient aarumedulagilliming %o

ANUFuINEndu 9 auisondadiieglusudunigliwuiulaenis
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AnuaIAtuITy duusidumdeusafaunsouanseglugiivisuninanuainduiay

AMUATUNILANLALANIINU JRUNUSSENI A0 UI1 U M9LAS &9

4 ¥
aa o 1 <

WSIANULTYINEIUAIUE1IINANLLTUDILUAISUTIS N Lengthwise gliding LazdIumIuvINg

dl v = U a U . . .
nnsnUsluleoniusnsenin Crosswise gliding

& = 14 Ay =X a U o Vel
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aastayulumerudadauiviaduate wasdedirdudanuseinidewiyuaniesiu
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v v [
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i

a8 (Flanges) 110997n Bearing N34fN9yadelulasufuuauuAiui ik ve N Uy aama,
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T'C urve

R

650
T — JR-55’ R =300 (2.5)
curve — ) 550 .
_R—ss’R < 300

specific curve resistnace in %o

v

Sainalas vdadung

2.1.1.1.2 a2ufunIuaInsalw (Train Resistance)
AUAIUNIUINTAINININEIUAS 9 Al

1. Rolling resistance N13A1UNI1TNUUYBIA BLAAINNTT Elastic

Y
Y

deformation NINUNFUNATZWINNADAUTN
2. Bearing resistance N1SATUYNUALUTILAARIN Gliding effect 98930
3. Resistance of the traction system A1SANUNIUNTZUUTULAZDURD

1AN1A Gliding effect Yo

=

4. Dynamic resistance N13AIUNIUNWNAAIAATIANIINATE EYLHY

o

WasuIaNINMsAUEzIeuluduUTENBUANY ¢ vassalv

5. Wind resistance NSAUNIUINGL

miﬁﬁmmmﬁhmméfmmuiuu&iaxﬁamﬂuﬁmﬁ g1ndInN NITNIAINY

[

sumuansalndadunisfauwuusiumnanusiiuniulagldis@esedng (Empirical method)

ildlaevaaeuiasslisauauliuusemanudasusunie fusdrinssesnisiisadsluaungn

189 (Run-out distance) A8AIMUAIUNIUVBITALN V9IS IASUAY Y lAleaun1sTeana

AU

Ttrain
1%

abg

Terain = @ + BV + yv? (2.6)

specific train resistance
train speed

a

duUsLaV5Ianm

Usendnansalrlvsliansuszanaranuiuniuli lnganusuniuves

SOTNTILWENAUAIUAIUNIUVBITAN M (Salaedns, saduan) ialiiignanisAIuIuaAIY

ANUNUYBINIVUIUTA LN AIBNISUINAUAUNIUYDITOFRE AUTNA8 AU



2.1.2 Grade-Speed Diagram

lpezunsuaudu-ausiAenisaslanvauznstuniouresuiusaliianiarnanudy
geanvuIusaansadslafieudndey dregeluguil 2.2 Grade-speed diagram uanadu

1%

Ipezunsuvesruiusaniiminuand 19y ldulnezunsuAIMNIINgns

. F—Rioco—TcarsetMcarsetd

L= (2.7

Miocog+tMcarsetd
L grade quotient
F tractive ef fort
Rivco absolute resistance of locomotive
Tearset specific resitance of carset
Mioco mass of locomotove
Megrser MAss of carset
g acceleration of gravity

[
m=800t

m = 1000 t

m = 1500 t

v, v

g‘U‘i‘?‘i 2.2 Grade-speed diagram
[source: Pachl J.,2009]

AN i AU Specific tractive effort Allun193slUuunisaindu wieldisemnuiiinaty

AN11500anIlA7N



ldiagram = lexist T faccet (2.8)

number of I obtained from

diagram the grade speed diagram

_ existing grade quotient

lexiSt ﬂ’J’]QJ%JusUE)\‘WI’]Qiﬂ‘lW

f specific force for acceleration
accel

USITULAAB UMD LA L UN15L9A1LE)

AeiuaruIusn I UMty tnansaldgasimunamusaduiafeudumzlunis

ennuduuneaedulddeasilviflunsiuanarise (Running time calculation)
2.1.2.1 nsAuaanaiiflunisiiusa (Running Time Calculation)
Msvnaniesaliduney 2 Tude
1. AmulnuEuaalse

2. DURNIMAUANNISINDMIIA1T95D

AsNsiedenvvILIalieInanlin 1 luveadianntn 2 ddnuaedagui 2.3 &

mMsedeudivsznouluse 4 ¥aeie
1. 929n1559A357 (Acceleration)
2. wpnudined (Running at constant speed)
3. YeUaseliuaued (Run-out)
4. %usn (Braking)

Constant

= Run-out Braking

Acceleration

5UN 2.3 nsimdeuvuiusaliseninsannd

[source: Pachl J.,2009]



Tug9159m213057 wsedumdouvinduNasINveIAUFUNIUYNYTAUINWSIT L

159A27U57
F=YR+EF, (2.9)
F tractive ef fort
R resistance forces
F, acceleration force

Tugafiedneanusand ussduindouinfunasiuesruiumunnuilalag

Liflusaivdedinsunisissnnuisa

F=)R (2.10)

Turrenvaseliisalunautas (Run-out) Wud9i lulaliusatuindou wsaias

(Inertial force, Rierin) T0950LNTINAMLALHATINVOIAIILAIUNIY

Rintertia = 2R (2.11)

luga9n15iusn useReeveesalignAUlAYKATINYDIAIUAUNIUUINAULTS

bUSA (Fprake)

Rintertia = Z R + Fbrake (2.12)

L 999NNA N VUL VD ILTITULAR BUVDITAINTAITA NAIUTNAVINTA A21ULT 9UD
YUIUSOINIL A wazAIUAIUNIUYBINI9salne1Ud sukUadtuniugrantasali vinlelal
a 6 o v < 2 = o Y a 24 < al 1
ANUNSOIATITAAIUIAEUANUSLA 151Nl gaUsTUNAULEUANNSTIaEY29u8InI9sa LN
ANUALBYAYNARITIWUTUANAYDIYNNITUUINITAIUIN

A10819N13AIUINTIINITIIANUTITENTN 2 Pabauanaliluguil 2.4 dunis



Ayt uA I raNN1A eI LIS UAUIINATUIUBATINITITE Specific acceleration 1Y
AULANANTENINANNTA | 181UlF1N Grade-speed diagram LAZAIAIUAINTUYDINIGT
el Waa3euUasAn Specific acceleration force Tidugu Absolute acceleration force

WemdnTInIsisanieansvesiiiu (F = ma)

\'
Vm-l
t’,
f.-’
[y {
Vs, 8
AV { : 2 2)

a=f_."a/lp =const

pal
A {V,, 8 i
/x" s, 8) | 1y p - Rotational inertia coefficient
0'/’
/)
I“"‘ ki
/ | -
S
AS
e

= o | ' < !
JUN 2.4 MIAMINTRNITETRNLFITININ 2 90

[source: Pachl J.,2009]

lunsAuanauselugui 2.4 Inadiisendn Rotational inertia coefficient

'
a

JuAduuszansnaniswmavesnruosnisuyurestudiulusali Tnandnnsudimasiuaad
yassalnusznoumediuiiiundinunisindouiiidousumde (Translatory energy) wagaiud
LﬁUﬂWSMQuﬂJaﬂuﬁaiuiaiW (Rotational energy) N15AU38d Rotational inertia coefficient 14

gns

p=1+-ret (2.13)
Etrans
p rotational inertia coef ficient
E ot rotational energy
Etrans translatory energy

10



Tneiadeuda Rotational inertia coefficient vty 1.10

deldrmnusudaiasnsotedunnuiiningnsuludnasoly vimindus
Gusunmmanuginqeseludnadilagliduneuludnuusndy fumisesareluuy
dunsvitufuenunfevesunu x £33 2 wuuiildvmedeluveadu Speed interval method
Distance interval method

3% Speed interval teffiAuRvesIAUUE LI NALAINE DUl MVOLLFY
AYINED

PMFAUAUST LI1ENNTAIUINEEY Running time lalagduiinsnidaa
(Numerical integration) ﬁ]’mqmﬁ’mdwﬁimﬁmmfﬁ'mLwiazsﬁ’juwhﬁ’ummn”mﬁﬁmmmLé’u

Speed curve

1
t=|—ds 2.14
f % (2.14)
S
v
3 Extra time for
accelerating
Braking time Accelerating
time
Extra time
for braking
-
ts

5UN 2.5 sreziaiuanililunisiusn wasmsisdlunsaiivenven o aanil

[source: Pachl J.;,2009]
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HANTSAIUIR Running time seninsannduumissalnudazidunisazgninulily
518015 %”aﬁmasuawmuialvmﬂmmuﬁaﬁwul,é’ummf A1THANTATUINILRANIIUTUVDY
suzansansa lWisiuanilagldeon warszoznaniinduildlunisisn waznsisslunsd
fvgnaenmaniil Fafulunsdavinnsiaiusafifosuduannaiiadiuil uavszoznaisoni

a0l Owell time) Wlulu Running time vassalnideihuanlagliveon
2.2 Cab Signaling

Tunsidusalildy s udidusaesdanana g sunalslilidoyanyns
Uaoadotuldanansanseyild iesaniinaiesinnlumsitardauna eusaduvindauaiald
fadu sruvsalndddimunnnudagegaionty Sedisolwilimudaganing sgdeaudsunldng
wanvirdyayaluriesaunusa (Cab signaling) WU S uNeT < AUUINTZIU UIC 734
dumausalwanunsouuslidu 3 seauaununsa wagguuuuvesindyyiu

e Conventional lines ihudumsiirmsisagagelsitiu 160 Alatns/Anlus awnsald
nsdanmdanasurnidunsiusols

o Fumaiiarmialuniaidusageduluie Ussana 200 Alawns/dalue 3o 220
Alaluns/dalae dyanasunsladanansaldldluunssyma widamnusududes
Usuusialiimungas

o anusigandn 200 Alatuas/Falus u3e 220 Alawns/dalus Fadldnnsuansii

dyaaluriesaunusa (Cab signaling) Nty

T U q

261915Af Fasndnvesnisduan SRz 1rua i nUsEUN 160 Alaluns/

AR

Falus sniuluunsUszwalunauglsuns Suanfilildlafenuds 220 Alawns/dlus

u

12



JUN 2.7 wihasuansuauusa b

NUNUTUTOA DD NIF Y 1UANTEUUDIRFY QYU (Signaling system) 0819LATIATA

DAgY)

wsnzdsalndingiwinliues lonmafiazianiswu vseansradululiganndyayia Aviindii

TudnwairAsnandtiisendn Trackside Signal Tulagduliasanmalulagnnvivilviisaunse

[
(%

11 Trackside Signal #finfagauuon wWiskaaslivusisall agaunsalisalnia wSengn

Y

WUUSHLUNR (ATC, Automatic Train Control) mudayanalwiisuduuile Signal Tuanwuzil
Fenindayeyos Cab Signal eg1elsfinu doyayram1uniais (Trackside Signal) Adsasiasiiog ¥
pnasenduseuuEsy (Backup Trackside Signal) tieltlunsdifiszuuiAusnonludi@lidasnsald

uls wselddusalnlifiseuu ATC Wi Maintenance Train tugdu

driving state @
o R V) (570 [AR)
automatic reverse D—b
halt at sta(ionf -
skip station
door release @ E' @l
door closed IEI
e (1] K]
T
Sisacidey 7|
LZB end / Depot
=

JUN 2.8 nthaeuanIaiiveIminuALIaLansEauEAeTINTIAIANTIgIEaTioun
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2.3 Unreal Engine

Unreal Engine Aalusunsudunsuiauninlomny laeslianmlinasi Lazin3eiiosiaei
nioudmsumsHauliasaassn n1simuilaeg Unreal Engine 4 duanunsaidoniaunladas

WuIN9AD Blueprint se C++ (Nasulddmnsunisimunae 4.19)

A
Projects New Project

emplate t your new proje 1 by clicking Add Feature or Content Pack in Content Browser.

% Blueprint ‘g C++

=
i\

Handheld Puzzle
AR
2 ik

TopDown  TwinStick Vehicle h
Shooter >

oter
Blank

A cleanemnty project with no code:

me settings for your project. Don't worry, you can change these later in the Target Hardware section of Project Settings. You can also add the Starter Content to your project late

rowser.

No Starter Content

C:\Users\RailLinks\Desktop\TrainTest —

Folder Name

Create Project

Y
i
M
.
||
4

5U# 2.10 nti Unreal Engine vsugiaiung
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2.3.1 Blueprint

) a Y . o n&l a Y a I [ Y o
L‘UU§BUU‘VW1’NE‘JJWGJJU’1 Unreal Engine ‘Vl']‘U‘LlL‘W@I‘ViLﬂfﬂﬂ’mllx‘i']EJIUﬂWiW%J‘L!’]‘U@QQWWU']

' '
a A

iy lesnnszuy Blueprint duliisndudosdou Code Mduntwn Co+ Tnonse urazlda
15871 Virtual Script Wy

Blueprint 1W3suiasiou Class fidnunsauluadng Instance Mdnnane 9 & Tngasd
Blueprint Hugusa 4 1wy

® Actor fig Blueprint dwSuasneingsssumn

e Pawn fe Blueprint M.u Actor waganunsaaauawsie Input 91ngLle

11 Pick Parent Class

4 Commeon Classes

An Actor is an object that can be placed or spawned in the
ot

()
_ . P 8 2 t can be "pos ed' and receive
& Pawn & £y <<

4 s A& Kol - H :
\ cl ra_u:t&_r;.:. a type of Pawn that includes the ability to
L ro | walk around.

rer Controller is an actor responsible for controlling a
e Phﬁ(}ontmller used by the player.

he game being played, its rules,
= Gfa(mﬂdod e Pase , S of the game typ

s & reusable component that can be

i‘ - Ac‘tor Cao n’IEO rﬁnL

- ne Component is mponent i cene
\,_‘.’Soene camﬁf/’s’\“ ) arm and can be hed to oth mpaonents.

[ Al CI

sUfl 2.11 wiha¥as Blueprint Tual Tng Inherit 990 Class B4

2.3.2 Virtual Script

=

msiaunlag Virtual Script asidudnvazveanisanudenseqfuneadusunim dad
Joffofimuausasouinsvihauvesssuuliming wazausoimuilusunsulaisuguiu

Ty Unreal tumnidonitaunlae Blueprint 9514 Virtual Script Wundnlunisimuanis
yhamesiiau vietnnrnen meluszuy Tesusiaruden vielnuatuasdenlugdvundudae

iuan Hednefieduns wazufoe1dn
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a
(O
tenaee_Tioincartogle

+
+
x

omesgge !
i

gﬂ‘ﬁ 2.12 %1994 Blueprint Virtual Script Tu Unreal Engine

2.3.3 Mesh ey Material

a

LUy Unreal lsuuov 3 87 dsiaqneluszuvasgauanduing eingi
aunsnfvunRansRf199ldaIn Mesh way Material Tny Mesh tiuagy Material anU$uld
91Nt Blueprint sineqaziin Mesh luusuldani

Mesh Tfilartmuagunss uae Material Wiiorimundnvazvesiuia wu & euidou

waz ANlUsauas Wudu d9 Material Wuagldsyuu Virtual Script saeiuii

i. E. E' E' E-

g‘dﬁ 2.13 5U579%83 Mesh Tu Unreal Engine

Y
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g‘d‘ﬁ 2.14 U304 Material Tu Unreal Engine

2.3.4 Input

dmiumuaunsinuiiazassesiauntglung e input duaisnsaidensulaain

waneq gunsal W Keyboard, Mouse waz Joy Stick tJusiu

Engine - Input

5UN 2.15 nihsnsdmsuuTuusanissu Input a1ngldau
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2.3.5 User Interface (UI)

n1smuaualussuures Unreal uoneenidu 2 sgsfeatuaudiagas nieaiuny
User Interface
ul flielviiaulamuaudiusiegedusunsuuenmisnndiazasaglussuu wu

a ' A J 3 4
nsisunulng wag n1sdenanu Ly

UM 2.16 vthensdmIulduTuusa User Interface lu Unreal Engine

2.4 Node.js

Node js i uganduwislosnugosuildifiod doildadidunien JavaScript 91w wie
3un31 JavaScript Runtime avinlildn JavaScript anansavhaulilasusannduiusiiees
nanfomnAinsa Node js wéanansafiagshly JavaScript vhauaguussuuld

IngaaLauves Nodejs Aovinausg uumsaiiod uiaglddanwarnisvitaudidu
Asynchronous ilethglimsvhanuudanssedesiian uavanunsaldldnanuareszuul o
Aslaiinagidu Linux, Windows %58 macOS

Fnwazaudaunsald Nodejs iiudagrsluniswaunldduiivainvane wu 15u
wonndiady, Wswnsuludnvarvendinneifidnsindeniuinise, wenndiaduiiede uwax

AN ULaNNALATY
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TS /bout Node.js®

As an asynchronous event-driven J.

rtherm

Node.js are free from worries of dead-locking the p

JUN 2.17 wihiundnues Node js

2.5 Socket.lIO

Socket.l0 laus13a89 JavaScript M uwanauwaslowwugasey IHlunisvinauinenis
a ¢ = = o i as s 2 &
Anuizealnl wagdnisdearsuuulunauszning Winnes uazlradus
lausnsaggnueneenilugesdiufio @inies uaglpadud lnediu@snnesuuazyinn
agut Node js drulpadusiazillausiilyusulidnvaienw wu JavaScript, Java uay C++
acs 4 &1 A oo ! a |y
F9nnes warlrald uRazne e i@ auRenuNIY WebSocket naw nnn1sfiounonie
WebSocket lalanavideuluidy HTTP long polling unu lasdnwagn139in91ufe Event-

driven ¥38faLNAULLBIMANITAIARTY
2.6 Socket.lO Client Plugin for Unreal Engine 4

TWsunsuduasulu Unreal Engine 4 (UE4) 7ilviusnmsnsidan Socket IO laaidus API
HIUSEUU Blueprint Visual Scripting ve4 Tngdiuiasuilléinlaus3 SocketO drulaaidu 7

WeuIuAe C++ uusuly
2.7 Electron

yorAwmSlawmumasuidu Framework dvsuiaunaniolsenndwduiiaunsasuls
M9UU Linux, Windows wag macOS tagldiiumalulad JavaScript, HTML, wag CSS lngaide
n15578 Chromium Wag Node.js wWalUilu Electron InefiinanioUwonnaiaduiy Discord,

Microsoft Teams, Visual Studio Code ﬁa%ﬂﬂéf’m Electron

19



2.8 Vue.js

wsuAsadmsuimuIuienndnduludiu Front-end nefgawuluzainisdnnisiva

[

vostayaludiu Front-end laegndangu uavsessulunmsiamnivuenndnduiiidnuaenis

LUNAIUTEWINNTEUU Front-end waz Back-end
2.8.1 Vue CLI Plugin Electron Builder

TngUnfinati Vuejs agldiauniuwennaintu g Electron [Wmunanisy-

U

WONALATY UAINEWRIUIABINTITUIAINEINNTAVDY Vue js Uag Electron 3nTiuiuiulusunsy

aruasuiitaglgvinntin Nt

] File Edit S tion Go Run Terminal Help App.vue - train-sim - Visual Studio Code

@ EXP V App.vue

+ OPEN EDITORS tr:

GROUP 1
X App.ve
GROUP 2 : : 1 %; height: 98vh; padding

P mainjs train-console\src ding: 1Bpx; flex-wrap: wr

~ TRAIN-SIM © lpx solid
> B@ server
v @ train-console
> @ public
" . /components/Gauge.vue'
NTERNAL ACCELERATION} *. futil/socket';

Gauge.vue
~ (@@ util

i
data() {

1,
created() {
> I trainer

README.md

createApp(App) .mount( ' #app')

> OUTLINE
> TIMELINE
Pman O ®0A0 @ LiveShare & wue| v Appwue ¢ thangmo PC lab, 2 months ago  Ln1,Col1 Spaces:2 UTF-8 CRIF Vue 7 Prettier & 0

gﬂﬁ 2.18 MslU9U Vue.js 59U Electron
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uni 3

N1529NLUVLAZNITANYINLATINUY

3.1 n1999nLkuyU Hardware

3.1.1 Display Unit

\Duszuuilduanananin uazdonavesnisiiassnaainasufinnes lngusznousie
wiheeranvuIn g untn ouanINaNINN1ITa0INA LaTYNAelan 11U 2 wiinae Anlinu
luwadnaes lduanaadeyaanugaINMsaua

Towdrunthaelnyilduaninaninainnissiaesua vnsdendelaansafupeuiimes
fl¥asramanisdiaes wazmihaeldnillduaninadoyaanius azilensiedy Data interpreter &
display Tud@uszuu Input/Output

ganelu Display Unit Haglilusunsudnnilssiifeoutuanes dunviinsidoudeuay

LEANING

5l 3.1 Display Unit vulsnadiaes

21



3.1.2 Light Status Unit

Juszuuildrmuaunisuandlnaniuzeng 9 vulumadnaes lneszuuaivaulveguu
Microcontroller Tugiuveszuu Input/Output wagn1suanualwan uzdu azduiusluaiy

anuzveIluAIuANfig q Neguulunadnass

ENGINE START

.~

\

sUf 3.2 Light Status Unit vuluiaadias

3.1.3 Control Unit

Duszuuiurmesdy gind wagdulensing 4 Neguulimadnass lngld Microcontroller

Wusnenua wazudaan

sUfl 3.3 Y uazdulenluszuu Control Unit

22



3.2 NM1399NLUY Input/Output

3.2.1 Microcontroller

19 Microcontroller STM32F407 310 STMicroelectronics ufae1ua wazikiaA1ann
S¥UU Control Unit Tudausyuu Hardware sauuiduan Digital wazyinn1sstassiateady
QUNIRIAIUANVBIABUTIADT \iefiazderaniurvesszuy Control Unit 9t wazyiming
auaulvaauzae 9 Tuszuu Light Status Unit Tngldmianiugsig o Tu Control Unit 1T

muuansiaUnavedlnaniugag 9

wh A wt ket dadad

gﬂﬁ 3.4 Microcontroller STM32F407

3.2.2 Data interpreter & display

Judufisuaraniugang 4 970 Main Simulator 9nd71 Software waguladianiuy
#1199 720 Main Simulator 91nd71 Software 8ENUWTUNN LATLAAINANINUUTLUY
Display Unit Tugdau Hardware

nseenuuvarldnisadraddnnesnarsiuun 1 dalagld Main Simulator iasudu

2
S) 1 LY

Tsunsulihmswessdanduivnesduayliigsvinesiveuseiu Display Unit agnaantian
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3.3 N1529NLLUY Software

3.3.1 Main Simulator

gy

Juddrdgluszuunsinans Inevimtndiaal

o liUszmananisindeulmvessalil uazdwess q Tusvuusiaes

o VimsUszInanaA1fu91n Microcontroller Wieldnruaunisinauvessaluly
Simulator

o ldAmunaAmanisinassluaaiunisalnielu Simulator

o lduanwmanmain Simulator lUfiszuu Display Unit

o T uazdsaaniurn1siausaluds Data interpreter & display

3.3.1.1 uwlAnlun1seanuuun1snuvasasausenauiisgnelulusunsy

3.3.1.1.1 fqsalwanang

'
=

saliiSraestuassiosiiney uazndeuilluussalilasiannuadign
sunatunanngltidlesnliiedsuiianssudeaniadigsdnudonavieiazdoslinigde
anuensnAnszrdnsa fussaldidusalwdusisluduny

3.3.1.1.2 Wdeyauau

Tl& sy funussuvealfduaialagaglddu udygral
AN uEYesUdeanie 9 vusilaedl Adled unudyindt neazaananansonuld dindes
wudnanailiiadeusaegisszingzds wazdues wudngan ngase Tasdlwazanunsa

WasulaaINNITEINITINNAGUDN LaNIIASIVTUALALITDITD N TRe D MluITR

1 Array elements + 0 -
Trafficlights2 - O A

2 Array elements + @@ =

Trafficlightsd - O A

Trafficlightss - O/

3UN 3.5 msssmdonlndyanamesudenmin uaznaslndoyayind

A7} A
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3.3.1.1.3 Uszuadusna
aantlanadliludiuvesiisalndiaes Irsalvazinsyninediusiaus

avudeanisinnuesszuadusdulusunsudufagldnsdsudidunisynsalniuseeini

sosluyniusne A Tuudendald Allukniusne B unu wessiilsalwissasussinaeudly

L09LAYTRLULIR

Start Connection Optic O Array elements

4 Fnd Connection Optior 2 Array elements

0 BP_Trainirackd

1 BP_TrainTrack8

U 3.6 N13%aAn Object s19anunsasdendulssualyla

3.3.1.1.4 &A1
definvnauusnBuliiinIsiungaie kasganuenasdesdilurng

vunasalnenly wWislasumdsdlminnisieaaudlununlalusunsuenty

3.3.2 Level/Event Selection

Judwldidonsluuvaniunisal waghauil 619 o Ineanisdtassly Simulator el

Main Simulator 1lulgay

lh 4
Wﬂ”ﬂv' "%7‘1/1 J Uf

%t\

k. Amw:m.smuhs._

gihn 3.7 MUNNSaU Level Selector
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3.3.3 Input Response

Wudiusudeya uazdszunanadiiilaain Microcontroller 91nd3u Input/Output 7
Fu97n Control Unit telivasuniasnisiteusng 9 aessalwly Simulator wunnsldau

lon WenIuANSnINIasTal

UM 3.8 nslddulenaupunisiiusalnly Simulator

3.3.3.1 ¥ANMTINUVBIBUNAINAULYN

1Y

Aulentuasdetonaluanwagusiatausasn (analog) AaviUdsuluniusse

Y
2

[

v < o 1w J v ' < [J &
nslenvesdulen wafasihaluiwan wazudasrlinatedurnnusivessaln nsviuuull
apibiaA s vessanduldlagnimvuatuinegismess amseusuasulaniuileidu

° 2 Y | A |
ATUIUAITULIILLAILLANILINNE BN LLU‘UIH@QI‘LJ

iramAccelicontrolll -

5UM 3.9 daunisAruinien Input 31nAulen
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3.3.3.2 ¥ANMIINNUVBBUNAINYUNEANLAU

Jungaanidutuuniudanedeseenuuuanlvldannsanalaetadyld dau
wwsosndenlililiansonaldluneuusn uasdesihmanyuliuddundouingldnuld 3
Fiisudseenintuasdiaue 0 uay 1wy sieliluneududy Yndaniug neavie
(Deactivated) duelviutiulnudonagluannilaunasalwfiozlaingn wiagvhadlegldviing
sl suanidnganiug (Activated) widesanufivududsdunudafazdilidsidamen

salnluriuiidelvgldnadugrasludnasaiiodsmdmensalyl

3.3.3.3 #ANN1391191u8uNAINUNUAsuRe SIAUKN-naeuE

saaa =

=~ 2 'd J v v A Y =

WesnanustluAnnnesniiienie vandeluiuni auRensenal 1§51
szasnieidunsivaevinluvasiusalogluiesinundt nIeasends wazdiAausai
° < 1% Y = S A =3 = v a ]
AaasuaIIaaiuLIn Mieaudndl lnganurilazivdsuuladlalaenissudunnaindy

WaswResTues
3.3.4 Software Architecture

lUsunsuazgnuusiengovaonidunais TUsuwnsy lae Server tugudnaisluns
NsEAEAEe Laztaya
Ingaggnuiseandu 4 Inunde

1. Server
2. Train Simulator
3. Speed Gauge

4. Instructor Program

1ay Train Simulator, Speed Gauge Wwag Instructor Program HUAgADESUAIAIEY Uag
Uoyanu Server
TUsHN SIS aviuimu I dundn@e Train Simulator slatuluniseeniuudavinli

U
Train Simulator dusiinazvinuegalaaneilagliifiedasiulusinsulafaiuisavinlaaledd

FULD9
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ALAUVBITNWULNITOONL UL UTAD

o TUSWNTULARSAILENAI9DNIINAUMUA NBULNANTYNURBANAan Wl vinldnns

yhansiaiuusizelusunsuusdnly dufudelidvihnlder
o ausadenliindesdiolunsiaunlusunsuwsaziildetedase
o TUsunsuusaziUseuaiiouanfienunsotunideudi waznensonann Server 1@
Tnelsldamansenusiony wuiuds Train Simulator Aanunsavieuetslaniienlng
Tiifeadeatulusunsuduasuiiviels

23A1TVNIUIINAINAIUAIIAILANIUNITAIRIDENS WU Server ALADYSUAIAIULS IV
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