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THAWANRAT THONGPAN : PROTOTYPING OF FLIGHT SIMULADR
MODULE. THESIS ADVISOR : ASSOC. PROF. FLT. LT. KOKDRN

CHAMNIPRASART, Ph.D., 76 PP.

FLIGHT SIMULATOR PLATFORM/MOTION 3 DOF/SERVO MOTOR

CONTROL

The goal of this research is to build a flight slatar prototype for using in
aeronautical engineering class of Suranaree Uriyeo$ Technology (SUT). The
flight simulator prototype including cockpit of tnéng aircraft, image by on-the-shelf
program is connected to the computer with contticksor sense the real feeling of
flight. The flight instruments are also includedrFetting the real feeling of flight,
this prototype can move in 3 axis including roitch and heave by using three servo
motor for controlling the platform. Cockpit imagelvehow in 3 multiple screens, two
of which will show the look forward view, two otleeshow the left and right views,
and the last one show the instruments 'panel whathtauch screen monitor for adjust
the flight instruments. Microsoft Flight SimulatffSX) has a appropriate properties,
because it can display many of views and can cdroeihe motion signal generator
to control the servo motors for platform movingldaing the maneuver of the real

flight.
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Academic Year 2014 Advisor's Satpure
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& 4 1 o o Y
data (SDA) 1Az @19 serial clock (SCL) #3a11150 1¥ouaeginisisiuiuralsn @1 1ihaoiu
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J . Aav Y a <3| 0
4. luTns nouInsaaos Arduino (UTHNANAA Atmel) 1TuMIIT AVR 11
= o o Y 1 £ v 1 ) @ 4 . o 4
1oy firmware Bootloader A1dalsulni  Fydouand9d1MivU0TA Arduino AULOIA
) A I £ = a as F) 3 1
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o & 1 I v < & 1 Y v av Aa A o
MTIN 9 a3D03A 321151 Open source MMM dawaliiinITennaulidnsnoza1ni lvaa
T1lsunsuana o MAEINUMIIAU Arduino 11153 tazausaadiaresesnndunnyly
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3. 7M1 C 50 C++
4. N1¥ Pascal
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lghtSi

g‘lj‘ﬁ 3.1 Tlsunsudraeamstu (a.) Microsoft Flight Simulator X (FSX) (b.) X-Plane

3.2.1 Microsoft Flight Simulator X (FSX)
[-3 o d‘ a A a d? a
TU5un5u31809P 15 TULIATEIUUIANOUITI @ I1NITOUVUTUIN
a £ =S a £ o 9 [ [ A y Yy a
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® ANUABIMITUAIVE41Y51nTH Microsoft Flight Simulator X
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wAa 9 3 1; tﬁ d‘ a qa; 9
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lavgnuduilsz@ninin Fenuauiianenauaainan1sned 3.1

[ 4 v
M1519% 3.1 ANUARBINTTUA1YD9 11511051 Microsoft Flight Simulator X.

izﬂﬂﬂf] 1ang Windows 7, Windows Vista %38 Windows XP Service Pack

712 (SP2)
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MiaLaAINa DirectX® 9.0C compliant video with 32 MB of ram and

support for hardware transformation and lighting




13
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\ s A ¥ aw & 4 ¥
MsoenuuUueudriouuuna Inseas wuuulunuidefiaunsonaonlnala 3
099952 A0 TUAAMYUTOUUAU X-Y (Roll-Pitch) aghAn AUy X TagWoisauaonly
¢ ¢ s 3 ) A y A
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U
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Servo 2 Servo 1

Ref.=(0,0,0) X-roll

Servo 3

A Yy a '
?jlh/] 3.4 32UUUNUD DY (L = 382 N19UDN Servo)
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L L o |
2 2
L L L
By=|—=+d ——+d —-—+d (3.4)
123 2\/5 2\/73 \/’3
0 0 0
i |

] [ 9 i1 [ 1 Y [l
srwadouNvziImsnyusouunuNMuageIunulumM Ao UNuianse ¥Ins
A A qu‘ = Y 1 . . 9y a I o
inaouniuasognvenlieglugilved linear  transformations  Tagldum3niluda
oA Y
Aniiums 14
3.3.2 Matrix transformation
e nsadeunilnug (Pitchmotion)
4 d e . d . 2
mamaeunilnwedmiumsvyusounny x aslugli 3.5 unu x Wedamn

Wl lunszaudadasdisga nmanyuainga B iyw 6, ldga B, dreyuitnyuliiiy

YU v,
(0,0,0) ¥, Y
: : >y
9,] 1 1
v | :
P | \
S~
-0 R N LN B
EX :
)
X X X5 (Axis of rotation)
Y= h1COS(9p
z v X =h;sing,

37 3.5 msnyuseULNY X
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9

mﬁwymfummim%mﬂuaumﬁ"lé’ﬁqﬁ
Yy, = hlcos(é?p +up) =h co%ﬁp) coévp)—hl sifﬁp) siof (3.5)
z,= hlsin(6'p +up) = hlsin(é?p) cos(up)+ h, coéé?p) sing, (3.6)

a 19 9 4 1 o [ =N o [ ]
W%13ﬂ!1ﬂ'§1ﬂﬁﬂwu‘ﬁi$T‘f’)N@n&L‘ViuﬂLﬂﬁJ&LﬁgﬂuLﬁu\ﬂﬁﬂJﬂgllﬁ

X=X (3.7)
Y2 = yrcog(v, )~ zising, ) (3.8)
z, = ylsin(up)+ z cos(up) (3.9

9 . . Y] d"
%Zhlﬂ transformation matrix ANU

1 0 0
T,=|0 cos(v,) -sin(vy)
(3.10)
0 sin(v,) “cogu,)
4 v v k4
aauun3niiarmwnindwmuasudu oz Iadumislmivesdumiasudunsdy
Po =ToRs =[A][B] (3.11)

, 10 0
e [A]=|0 cos,) -sin(,)

_O sin(up) cos(up)

L L 0

2 2

L L L
B[=| —+d —+d —-—+d
Bl=25" 237 T

0 0 0



19

_ . \ 0 i}
2 2
P, = [ﬂm}cos@p) [%+d] cosg,, ) {—%erJcos@p) (3.12)
[ﬂ+djsin(up) [%+d)sin(up) (—%+d}sin(up)

® ﬂ'lﬁlﬂﬁauﬁﬁ@‘llllﬂu Y (Roll motion)
A 4 o g A Al g
N1TAADUNLUUY Roll uu!ﬂu‘ﬂ”lﬁﬁl!u5ﬂllllﬂu y NITAABUNLITUAUIN
A o QB/I 1< = [ [ A ~ o 4
qUNITN 3.12 Iﬂﬂﬂ1§ﬂ1u3muu!ﬂul‘lﬂ1u%1ﬂlﬂElflﬂuﬂllﬂﬁlilﬂaﬂu‘ﬂ:ﬂﬂmﬂ NAANDTUD

. .oA
transformation matrix f1®

cosp, ) 0 —sing, )
T=| O 1 0 (3.13)
sin(v,) 0 cogy,)

o ] 1 A 1 9 o a Ayy A A Y Y
G]"I!,L‘WL!\ﬂﬁllﬂlﬂﬂﬂﬂlﬁlfﬂllG]i’)ﬁ”lllﬂi]”lﬂﬂ'liu'l!@"lmﬂiﬂﬂllﬂﬁnﬂﬂﬁlﬂﬂﬂu‘ﬂ:ﬂﬂlﬂﬂllﬂ?]i]gllﬂ

X X X3
Pe=IY1 Y2 VY3 (3.14)

o %= ‘[T* d}sin(up) sin(ur)+% coguy)

(?_ Js'n p)Si”(Ur)—%co@r)

Yi=VYs =[%+d}cos@p )
Y3 =(—%+d]cos@p )

z :(%+d)sin(up)cos(u,)+% sirfu, )
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2 :[%+djsin(up) cofv, )= sifv,)

2, = [—%erJsin(up) coquy)

®  MIAADUNAULNY Z (Heave motion)

14

A4 A y & A A4 A 4 Ao
NITAADUNUUUFANIGUUADNITIAADUNUULUNUY z Tasnisinaouniy

A 1 A Ay Y A Y . . b
?fmTﬁﬂqummﬁtﬂaauﬂllﬂiﬂEmﬂmmu z UYBNNNYA Tﬂﬁl%z”lﬂ transformation matrix §AN18
9

=
JU

X X3 X3
F>prz =Y Y2 Y3 (3.15)
4 Z; Z3

=

\ile X = —(%+ d]sin(up) sin(v, )+% cogu, )
V3L

w

o sinfoy)sn( )5 cote
o () i)
, =(%+d]cos@p)

3L
3= —T+d)cos©p )

|
e[ o
St
at

{2
i

ui i
sm )cos(u,)+—2 sifu, )+ z
]Sln )cos{ur)—% sifv, )+ z

mw @00
w‘§| - '_

)sm( Jeodu, )+ 2

333 mansaudeyariedsdaanalliisginsaiduids (Actuator signals)

A v v J
VNUNTA P, Faldidavesgaivoudeveuriuadonlifuyadanemes

Y 1 '
Waew Tassumisit Idiufeufuszununudiesauidedhady LAUITONADTLH 1NN

A 1w o I 1 A
L‘]fi’]iJG]i’Jﬂ‘]JL‘Wﬂ”I“]Jﬂﬂl“]iﬂii’m@m@illgﬂ'i”l\i@nllgﬂﬂ 3.6
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position

{ v o 1 1l &
51]ﬁ 3.6 ANUANNUTTSHINYUUDIUWA V, LIS l!llellﬂ\ulﬂutﬂaﬂullﬁ? v

U

A A " s A q 9y o ' A P

LwamzwmumimgmjmmmmaiTmammmaclwllﬂmimagmmgmumaau"lm‘n

1< Ay o Y 1 A v 1 ]

W lauyuindesmsnyu 1y Tumsd OUMADINIAT Zyg0, VOINN 9] JTBUADABIAY
A & v ) a A £ o q ¥

Lﬂﬂﬂullﬁfl G]N“Vi”I"lﬂﬁnﬂLLﬂ’JfIﬂVI"IEJ"UENLNVﬁﬂ Pprz ‘luﬁllﬂWﬁ‘V] 3.15 G]f\ii]%‘ﬂﬂ,‘}’iﬁ"lll"liﬂﬁﬁam

7 R Y i e o
ﬂ'l3ﬁ1!HGU@\1Lglf’f]3I'JN'fJW]'fJ5l!@lagﬂjulﬂﬂ']ﬂﬂ'l'lwﬁllwuﬁfIUﬁllﬂ'ﬁﬂ\iu
- zpos'tion
V, =sin"| —— (3.16)
r

o 1 Ay v 0 Yy v g o o
ﬁnﬂ‘LlLlﬂ"ll!Nﬂulﬂi]”lﬂﬂ"liﬂ"IH’J'ELliNﬁlIﬂ"Iﬁ"U”I\W]‘L!ﬂﬁ]%ﬁ”lll”liﬂu"lil"I!L']Jﬁlﬂuﬁﬂﬁll"lm

9

4 ) o P o ° oA
Pulse width modulation (PWM) tWo 14 lunsdaanuses Iusmasuaazdd 1 llludwmuan
Aoamsegluaie +90° Fevznanludnuae il

334  guUnsaiRumal (Actuator)

9
Ay A A o o

< 4 4 § &
luaatetiaen 14 Servo Motor tHuginsaiduiiaslunsinaoun & Servo

A a =< =X S v 2
Motor f1® Motor Glfuﬂ‘Vi‘LlQ%QQﬂ@ﬂﬂlLUUN”Iﬁ”IWiUl%

3
Tuszuumsaruguniennus e
AM1S Servo Motor 19n15A2UAUIUY Close Loop Control Tagfidau1lsznounanues Servo

Y 1 o w 1 A o d' =\ 9 ] 1Y A Jd

Motor 3¢1)5znoudIea AT 2 dIUAD YA Motor TUIAADY DIITNT 1HIUIWNVYAINYS

oMb 1Az 531U Feedback 15U Potentiometer Encoder 145 U3AR 1111 900 9/10135
Y o A A ~ = [ A 1

MU NIIAIVAY Servo Motor ¢ 1519l Pulse NANWAAIN ualin131)5un)asuni %Duty

]
=1

A Aa 1w & Y o A 1 [ o N ¢
cycle iIonlseNNAYYI PWM G]f\iﬂ’J"liJﬂ’JNSUE’NﬁiUuiUu"lm1/]11ﬂ?LLﬁﬂﬁWQﬂuﬂgﬂWGlﬁllﬂHNﬂTi
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[

{ 1 @ ¥ < ) @ @ @ a
nyuuana1enude luninaaseiild Servo Motor vunaandmsuldaiunusotnuing
Tagidon 1y RC Servo Motor Q10 TowerPro 31 MG995 adudanaaluzdi 3.7 Taesiisoaziden
U ‘;‘
ail

YUOIFNNIIHYY - 180 DA
< a A A
A5 : 60 0371 11 0.20 INN N 4.8 V
15919 : 10 kg-om N14.8 V
VYUIA : P9 42.9 mm, ﬂ’aJJN 19.8 mm LA y13 40.6 mm
Y
11N : 55 N

a I 3
yiaUouWol : 11han

3191 3.7 TowerPro RC Servo Motor 34 MG995

Y
Tagluanadeiinamruaa lumsldanudsas lliiae
o anudnlFlumsniuqu : 50 Hz
[ @ @ o
® guAnunINdy aNad (Pulse Width) : 1000-2000 Ls

® 9% Duty cycle lur193.25-75

[

Tuszezisudu g ldiinsnaaes dedyarumsulasunlasvesyuosm 11§ Servo Motor
F4 4
=] % o

Tagaga iiomAANNAAIARADUNNATY 1N NUAaIAnAUN 19 lsare e 19

Y A A Y 9
"lﬂﬂngiJ’EN?’HGUEN Servo Motor UATAITUAAIALANDU slwu@ﬂm
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Y asg o [ d' d' ' v \J Y] \
34 ’e)am)aﬁummuﬂﬁzmawamawauﬂamagaszmniﬂmnsunmmu

inaoulyin

E4
auv A9

Yy oy ' A A A Y
Nuiteiideanisadedunvundwadeulvinanisanaeulvarldniunsg
v v b4 1
nasumlasiinadiy anzdldhasihmstulaeldllsunsusraosmstu Feluilegiuszuy
o a A Y 1 = Y Yo K A ]
$nassmsduims lsnuedanainatsgluun 1nMIANEIYRYAKRIEIUTNDDNLULILIHY
A A A Ay ¥ a Y} s ' o P2
waeu linamsanaeui'la 3 eesmdase Tasldwenins LabvVIEW 2010 3iudy vesa
{ 1 I [l 1 1
Microcontroller 8% Arduino U MEGA2560 Wudaruaedseaiu (Interface) Y
1 v
wasu i ldwdeusulysunsudiaeamstu (Flight Simulator) Mus1vazdease 11/i
341 msasmedeyaninldsunsudiaesmstiv
o Y o a Ao w o a I A o &
mMsdamgUeyan lsunsusrasamsivvasnmaaimstuiludesuily
0 9 ' P
pg 1989 1u0UI01 1oannszdesordedoyansduvmeiiu (Real time) NTANHULAING
a a 1 oA o 1 A a 3 I ] £ A Y
A5tu Isa-N-ve uazA1nNusannseiidemiesduvasiwiuwguls Fanrsneeld
d o d‘ "9 q’.: A o usll Iy o ) o dg’
ginsalinmsdeasuazaivoyaluvas iRy FI3eaziiinsdiaedszunyum lag
o d‘ 1 = Qo ~ =) 3 1 Ady
91BN TOA1TAIU IP Address [ABINY TaBlisroazideansae 11
k2 Y
1. aemmsdadoyaninTsunsudraeen1siu Tag aeA1n1sde IP Address

Y o A @ Ay 19 & av A VoA 2K A
LLE‘]')VI'Iﬂ'IﬁLaE]ﬂG]'JLLﬂaTIﬁENﬂ'liﬁ\?"l]@llvﬁ "11\111!\1']143%8 Lﬁﬂﬂf’]'l‘ﬂll\i‘]JE]ﬂﬂ\TTI'WI'Nﬂ'IiTJHbl‘L!

NN 150-W9-00 (Roll-Pitch-Yaw) 1oz A1nwisaingzinoniestiu aegii 3.8 uaz 3.9

1P for Data Output
Hook this machine ug to another with an ethernet cable. If you have any data selected to go to
the Iinternet in the SET DATA OUTPUT screen, it will go te this address, Use this UDP data to drive
P ettt amything-yeu can think of!
: [192.168.25.13 5555 E 1P of data receiver (from data output screen) :
IP of External Visual
*ﬁ* external visual/cockpit Hook this machine up to another with an ethernet cable. Thls will be the machine with the
transmissions per second controls and flight model (master machine) and the other will be an extra monitor for more
scenery or anothér cockpit Instrument screen nranytnlng else that perfectly tracks the master
__________________________________gp_yanPun
| "192.168.25.158 49000 | E IP of extra visual / cockpit (this Is mﬂerma:hln:)l ﬁ IP of extra visual / cockpit (this Is master machine)

:_ 192.168.25.13 49000 | [ IP of extra visual / cockpit (this Is mastamachln!h

[ 1P of extra visual / cockpit (this is master machine)

71 1P of extra visual / cockpit (this is master machine)
7] 1P of extra visual / cockpit (this is master machine)
[ IP.of extra visual / cockpit (this is master machine)
ﬁ IP of extra visual / cockpit (this Is master machine)
71 1P of extra visual / cockplt (this s master machine)
51 1P of extra visual / cockplt (this is master machine)

[ 1P of extra visual / cockpit (this is master machine)
[P 1P of extra visual / cockpit (this Is master machine)
[ IP of extra visual / cockpit (this Is master machine)
ﬁ IP of extra visual / cockpit (this Is master machine)
[ 1P of extra visual / cockpit (this Is master machine)
7 1P of extra visual / cockpit (this s master machine)

v 9 ]
719 3.8 madsmmsasdoyannllsunsudriasamsiiuvounios SERVER
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[Besic [ics [ooPrat |

192,168.25.158

IP for Data Output
Hwkﬂ’!\sm\neugmmmerw\mmethmﬁ cable, If you have lata selected to
the internet in the SET DATA OU'I'PUT;("H Itw\l\gnmm\saﬂdm UsethlsUDPdatatndﬂve
ng you can think

luzmm 6666 |9 IP of dat receiver (from data output screen) |

|P of Master Machine

Haok this maching up to another with an etheme cable. This s an extra cockplt, visual, man.
| viewpaint, or anything elsel It must be connected [ a master machine, which has one of the
————————————————————————— P f1orh Lhe Previous pege checked.

[ IP of master machine (this \sextmaﬂythlrlg}

H Y ]
319 3.9 msamsmmsasdeyannsunsudiassmsiuvesnies CLIENT

2. weuTilsunsudesuarnadsnin Tlsunsudraosmstu Faluanuideld

Tdsunsy Lab View 2010 lunis@euTlsunsusoasuaniniemismasunainald iy

Y
518azReanIn0 il

A c.a/l 1 o A A v W A 1 o a
LiﬂJﬂ1ﬂﬁ\iﬂTﬂ\?ﬂ‘HuLWﬂlﬂﬂiUﬁﬂJﬂﬁmﬂﬂggﬂﬁ\‘m'lfﬂ']ﬂjﬂﬂlﬂillfﬂ']aﬂﬂﬂ'li‘uu
d v o 1
Tael¥#lanH1 UDP Open 910 LabVIEW 2010 #1431/7 3.10

U

net address
pork é UDF connection ID
L

i o ]
service Name i= pork
bmeout ms (Z5000) _ E —Lhmlﬂ-errnr out

Error in (no error)

51/ 3.10 #afi%u UDP Open

d' o 3 1 1 d o 9Y v dy
g7 3.10 dnsasuamsama 9 veeilandu ldaed
o { 4 a 4
® et address : 11MUA Network address 1UAIANIATOIADUNUNDTUDI
Y

118N 0FENABIY Network address 1AM ualua1u3veiiiinsisouiioaus Network
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~ = 1o I 9 o 1 A a A voA 9 o
address 1987 94 Tusudludosdivuaaunuianiteanin ansuduvesllsunsuoziing
4 44 o
1OUABA Network address Niyonse o flogiiy

® port : MuUANMIBIEAYTEITYRIUN TNV U sUnTNTIa0
1 Y
msbutay 11sunsy LabVIEW A59%04 port G msniaenldauaninetay 5000-65535
Sy v Yy o ' o A ' A o
Tagnaodlniadod 1sunsunpalinunaureidya UM sIFouaD HueavRgINY
. I3 A Yo
® service name : MUUAFD AN port

® timeout ms : MMUANAUNBIBTVAINNAIEONUININ T TUNTY

o a v A g sy Y A o v o o Y A A A
1ANNITUU UHUAND ﬂ”IIlllll"u’enla!fll1N1ﬂ181u§$ﬂztﬁa1%ﬂ1ﬁu¢l @]’JWQﬂ%u%LLNmauﬁQVI

a & ’
INAYY
9

. o [ 1 J v J Y £ av Aq Y
® crrorin : MIMUUATUAN error MNWINFUNDUKUN qluaruIvei e

o I @ o 1 v
Hafs UDP Open uilassuusnsrlasinn error

=

® connection ID : FRINNMIFONARToYaN IdTUIN TUsUNTN A0

mstiuier 1 14gsuladdudu o ae'lil

connection ID T2 LOF conneckion ID ouk
ma size (5487 - b daka out
kimenut ms (250007 Beom grror ouk
Error in (no error) ===='E I— pork
address

51J7.3.11 5% UDP Read

G

aou119Wlandu UDP Read @931 3.11 lumserudoyafigndaninin

k)

¥ Y
Tsunsudraoamstiv Felis1eazdeasatl

e

i
S A

® connection ID : MnuagoINIMsFouasdoya lunil finmsisouso
$03ya91n UDP Open tos1umd Iduazii liiszananade
o J 4 { o 1
® max size : MUUAATIUA (Bytes) gagaNinziiin1ze1u 9InMsAnwN
1 4
TuTsunsudseonuuiios 77 Tud
. o 1 7 1 9 1 ya o 91::
® timeout ms : Mvuana lumssem luangndudinieiu §ive 1aas
! Y A A 19 o a < 1 1 A
mlse 1oy o ilesninmsdadoyasinlsunsusraesmsDuilumsdanugaeriios
. [ o A Y Aa d o J Y d'dy
® crror in : Mytmuasueu lvderanaraaniladdunounii Tuni

Ao Handu UDP Open
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. 1 1 d’ 1 d' 9 1
® connection ID out : ¥OINWNITAIDONNITIFOUAD LW@VlﬂGl‘IfQWHGI@GlH
S A £ oA 9 I 1A v o .
Hansuou 9 “BQﬂTﬂqﬂﬂglﬂHQTLﬂﬂflﬂUﬂU connection ID
I 9 v A Ay y J VoA
® data out : L']J‘L!GIJ’BHa‘V]11/]NﬂWT]Ju%qﬂﬂ1ﬂﬂ1561uﬂ1ﬂﬁﬂh1ﬂ1ﬂ
o a % 1 1 3 .
Tdsunsusrassmsiiv Feouamreonuuiluge string

¥ A

A ] Y v Y Ao o A Q
® LlJ@Ulﬂclfﬂéll’f)lla‘ﬂ@]@Qﬂ']'ﬁllﬁ3%8@]@\1%@3@11““ﬂ131uﬂ15ﬂﬂ

q U

o

Foadyanaunsutoyannllsunsudrasansiu luTdsunsy LabVIEW 2010 23 1% Hafdu

UDP Close #9317 3.12

connection ID connection ID ouk

error in (no error) error ouk

51/7 3.12 #ar%u UDP Close

U

® connection ID & HINUAYINIINTFOUADTOYANADINITINAS

U

A '
FDUND

E4
=

‘ o o A Y a Jd 1 Y A
® crror in - MuuASUeU luderanala MnilanFuneunt luniine
&Y
W9nN%¥Y UDP Read
. 1 1 A 1 & 1A 9 I [
® connection ID out : FOINIINMIAIDONNTIFOUAD FIA1N 1daziTluan
2 [ . a Y o Y ' A = 9
1A@2N U connection ID uns@ines UDP Close w1uti1 1114 ude msizdedluanitigaie
1 U Y a :/' d‘ a d?
® crror out : dIeBNAIVBAANAIANIVUATIRAYUYE T TunT Y
AUHUUNIT
A 4 P A
342 msmuaNMsnaouivesknaoulng
NAMIoOAULUEANUZVRIHUIAADU THINIZIIN$1a09A 15 IAAD UNYDY
A a 9 % I Y o o % A o A ~
150901 Taald Servo motor 3 @1 tHudumaslumsdumaoy ausafUIUNTIAADUN
V04 Servo motor UAAZAL @M LA 3.15 1AL 3.16 110 14AINTAADUNYDY Servo motor
X% o ) U d v
uda 439e'lasimsveu T sunsudaa1u Servo motor Taeld flafdu voaTdsunsy LabVIEW
1 [ J . Ay . = = @ dy
39AVVBTA Microcontroller 890 Arduino 1A8li518aZ08ANITl
Y )
Aa o . o < .
1. dadaldsunsu NI-VISA Drivers tWo#11% NI Lab VIEW u0a1¥%1 Serial Port 4
Y

Y < @ 4
fIAAd VI Package Manager Tsunsuil azdludrasne ues uazAuni LabVIEW add-ons tiaz

E
A YA v

1 Y ) Y
toolkits 910 LabVIEW Tools Network 11911 8298920111 1TAd w5 udu tazhada loaadd

Y
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VI Package Manager t@3a0a3 N1ta1aTysunsy 1991a15A8111 Tool kit N¥e Labview
. @ ~ A z dy [ 19 & o W
Interface for Arduino #931/%1 3.13 teNsaes Tsunsuiianso Sude Joya Fuilu f1ds uaz
o 2 4 . . . : a s < s . IS
waammumqmiﬁami Serial Communication G?Q ADUNANDIITUDUNUUDIA Arduino nJu
A A &£ g A v g A o .
1Wilou Comport aYNIN(ANOU) FadoyavzIud oon o 9all 1INAONNUADS 1)) Arduino

. a 4
1aEA1N Arduino VlﬂﬂfJiJW’Jmeﬁ

File Edit View Package Tools Window Help

5 28 B = T O [n2e o w

Name .-‘.\. Version Reposimry (iompany
{3 LabVIEW Interface for Arduino 220,79 NI LabVIEW Tools Metwork Mational Instruments N

Labview Interface for Arduino

gﬂﬁ 313 lalsungw VI Package Manager

Y 4 A

2. 1weulfa (Fimware) 1Moda1%U03a Arduino @1usadea1snulUsunsy
[
f

Y o

LabVIEW 14 Tag#1n15 Complic InatidouudrdwInaadilAidiuesa Arduino ju

MEGA2560 $1431/91 3.14
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LIFA_Base | Arduino 10,5 [ESRE=X

File Edit Sketch Tools Help

LIFA_Base

o e B o o B o o i e e o e e o i o e o o e e o e ek e e e o

wE

% Includes.

TH o

T R R R R R T R A A AN AR AR R A A A R A SRR AR AR AN TAARAGA RS AE RS A AN ARAATHATD

m

A4 Gtandard includes. Thesze should always be included.
#include <lice.hs

#include <5PI.I

#include <Servo.hx

#include "LabVIEWInterface.h"

SR A R N A R N A A N RN AR R R R R AN AR N AR TR R AR R AN R RN AR TR R ENR AN RN RRNNNRNLNRS
¥+ setupl)

T

*##% TInitialize the Arduino and setup serial commimication.

%

*#%  Input: None

*%  Output: Hone

Arduing hfe

317 3.14 0619 1AA (Firmware) 1151050 Arduino

3. @euldsunsulszuiananisnasunued Servo Motor 1aeldTasiunsy

2 A A @ J . 2 = o 1 d"
LabVIEW 2010 tHu@ona1sluns@oa15nUUe5a Arduido Iﬂﬂuﬂﬂﬁzl@ﬂﬂﬂ\iﬂﬂqﬂu

=1

A a Jd o o ) 4 ] J . : o
Fun Waldaw AedFunlddvsuaoarsdiu Uosa Arduino ¥91d%1A13

k4 v [
Aaaaud lumeudu asiuaaalugli 3.15

Init
[LabVIEW Interface for Arduino.hvlib:Init.wi]

VISA resource Arduine Resource
Baud Rate (115200)

Board Type (Uno)

Bytes Per Packet (15)
Cennection Type (USB/Serial)

errer in

error out

gﬂ‘ﬁ 3.15 Wﬁﬁ"ﬁ! Init [LabVIEW Interface for Arduino.lvlib:Init.vi]

o 1 4 1 o <3| '
® VISA resource : mwummmmm%ma IﬂﬂﬂT‘ViuﬂLﬂuﬂﬁl@ﬂ COM

PORT TAg@111309avup3 COM PORT 18910 device manager
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® Baud Rate : Aomsmmuannuasolunsdedosyaluniite byte/sec
Taglimmvuasuauvea1Usunsufe 115200 byte/sec
o aQ J . {
® Board Type : AOMIMUUABHAVOIVDIA Arduino Ntdenly laelu
Y
I
Tlsunsuiliaenidlu Mega 2560
IS o 1 qy o AN Yo <
® Byte Per Packet : (Jumsasmldnsaduny firmware 7ldtiusinaslu
4 a 9 A [
vesa laglnaudlrvziiawmny 15
. < o A 19 1 4
® Connection Type : tHunmsimuaglunumsyondedoyassnilauesa
. @ A s a v o Y g . A Vo P}
Arduino NUABNNIABS TagilndAudlvzgiinualiilyu USB/Serial 1W31znsdousantiuly
I @ 4 @
@10 USB udnioudivoya
. o o A Yy a o oo 1 9
® crrorin : MuuasUIeu luderanain aniledFunounih
d o o a 1 4 1 4
® Arduino Resource : KNI AIMUANITNIABIA19Y TumsouAo DA
P P PR A ' ' . - Y]
18213805089 1A¥0 94N 19N II¥OUADDOANINIY Arduino Resource 3 tie1i11d 14 1un1s
u'a A A [y d o di d' o 1
Fenunseenilandusus ienianuaela
1 1Y A i Aa £ o A
® crror out : dv0ONAITORANAIANIHNATNINAT UV TUSUNTUANTUMS
A o A [ 1 ! ] a = 9 9 9 o
HOMHUANTIFBNADTL NI Arduino NUABUNAADSTITILIDHLAD IZADIT
o J o o {o 1 d v
MIMIUAIEIAMNABINITIZAIUANMIRINIUYDI Servo motor S1UIUNGIHIUTIATU Set
[V ~ A 1< 1 tﬂy A o o Y
Number of Servo #1931 3.16 toflumsvesntizeiiuianuirzinsnlumslszuanall

1 9
ANNUI

Set Number of Servos
[LabVTEW Interface for Arduino.hvlib:Set Mumber of Servos.vi]

Arduino Resource Arcuing Resource
Mumber Of Servos (1)

Error in ==

error out

gﬂ‘ﬁ 3.16 W49%U Set Number of Servo

]
~

o 4 1w J o =S
® Arduino Resource : mytiudidoyamaondenvvesan laiinmalald
Jd v
Tuilandu Init

® Number of Servo : PIIRIHUATIUIUVDL Servo motor N9 14 11UnS

£4
=

Y J ! Ao 1
ﬂ’J'UﬂiJﬂ’JEJ‘UE)iﬂu’JHJﬂWH’Jumﬂﬂ

. o o A Y a o o 1 9
® crrorin: mﬁummwu%mamwmﬂ NnINFUNOUNIN
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Y v E4
® crror out : deeBNAIYERANA AT IHNATIRATUVAE T sunsudutiums
o 0 o Ay v ) YA A A
NAIINMUUATIUIY Servo motor NABINITAIVANUAIIZABI INABITENHTO
d @ 4 o v g A o usj 1
mungvosaesuaaza e limsiaudieiulasawnsasuimvua ldawamineas o
Taglumsimuaszdessinuaaunuionazdunisvesmedygungnisoudeitoglu

Digital T0 Pin fitn1ladndae aalugil 3.17

Configure Servo
[LabVIEW Interface for Arduino.lviib:Configure Servo.vi]

Arduino Resource Arduino Resource
Servo Mumber (0]
DIO Pin (2]

Error in st

error out

‘]Jﬁ 3.17 fani Configure Servo
o 4 1w 4 { o =\
® Arduino Resource : M3tiudidoyanmsiouaenuvesain ldiinsidald

Tuilansu Init

o3| o { A 1 '
® Servo Number dlumsfnuaaynineved Servo motomireusaoag

]
=

fiseq Digital Aifmualy DIO Pin

® DIO Pin :fmuanungiauved Pin Ndoanmisvuanuigauaiy Servo
Number

. ° o A 9y a do 1 Y
e error in :imuasuieuludefanaia vinilsnduneuni
1 1T Y Aa us/' d‘ a d? o a

® error out :dvenmMyerHaNaIATIINATINATL VML T sUnTuANHUMST

A o 9y = 9 J d v 1 A . <

e muamuninendsoniesuemesailagnasegin Pin  lvu fvy

o 7 ' o . o {

awnsadenuldvemesvynld Tasruilandu Servo Write Angleiagili 3.18 Tasazdos
o Ay Y v 9y ~ ' A '
smuayuideinsazriyuarendesmsryu lufiyumila Tasiin1s21313 0 — 180 8e1 uay

‘uaﬂmJwmﬂmm@aﬁéfmmmzﬁmu

Servo Write Angle
[LabVIEW Interface for Arduino.iviib:Servo Write Angle.vi]
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Response of Ramp Function (Pitch Movement)
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Response of Ramp function (Pitch Movement)
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Response of Ramp function (Roll Movement)
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Response of Ramp function (Roll Movement)
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Abstract

This research is aimed to build a prototype of an
airplane flight simulator platform. This prototype
platform will be used as a foundation of the
complete flight simulator, including cockpit of
training aircraft, image screen, control panel,
instrument panel and other accessories of the
simulator. The Microsoft Flight Simulator (FSX) is
used as flight simulator program because it has
ability to communicate and transfer the necessary
data of simulated aircraft to the controller. The
platiorm is controlled to move along with the
simulated plane in the program in three directions
that are roll, pitch and vertical shock of the aircraft.
The motion of platform is controlled by the moment
of three liner actuators. These three linear actuators
must be controlled simultaneously to make the
platform in the same position and acceleration of the
plane in the computer. This flight simulator is
intended to use in the class room for aeronautical
engineering student at Suranaree University of
Technology.

Keywords: flight simulator platform, linear actuator
control

INTRODUCTION

Flight simulation is widely used for the training of
pilots by various organizations. Flight simulator
operators typically benefit for a reduction in pilot
training time and a reduction in fraining costs. For
the ftraining of emergency procedures, flight
simulators allow an unparalleled level of
convenience and safety. Additionally, flight
simulators are ideally suited for the fraining of
instrument flight rules (IFR) and the conduct of re-
currency checks. Flight simulators also reduce the
risk of aircraft training accidents as a large portion of
training can be conducted in the simulated
environment [1]

Despite their numerous advantages, typical modern
full motion simulators use electrically driven six
degree-of freedom (DOF) motion platforms with fully
functional cockpits and retail for several million baht.
Granting the availability of financial resources, these
flight simulators can offer incredible realism and
fidelity. However, for the budget conscious user, it is
interesting to investigate the use 3 DOF motions
platiorm model as a means to generate motion for a
flight simulator.[2] It is also of interested to study
whether a realistic flight simulator can be designed
and implemented using low cost and commercially
available components and software. It has long
been suggested in the literature that 3 DOF motion
platforms are capable of producing motion
simulation quality, compared with that of 6 DOF
motion platforms [3]. Nowadays, the availability of
high quality commercial simulation products such as
controls, visual displays, and sound systems allows
the design of low cost systems which are capable of
acceptable levels of fidelity for the training of
pilots.[4]

Figure 1 Full motion simulators
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This paper discusses how 3 DOF motion platform
model was used to create a flight simulator with
commercially available components. Then, the
results of a pilot evaluation exercise aimed for
studying the performance of several aspects of the
system are discussed.

MOTION PLATFORM

The 3 DOF motion platform used in this study is the
centerpiece of the flight simulator. RMC’s 3 DOF
motion platform, shown in Figure 2, is capable of
executing movements or roll, pitch and heave The
motion is generated by three linear actuator in a
triangular arrangement connected to the upper
plattorm frame .The length, velocity, and
acceleration of each actuator are independently
controlled. The platform can be positioned in space
and generate any combination of roll, pitch and
heave motions.

Table 1 Three DOF Motion Platform Limits

Roll Pitch Heave

Displacement | 495° +30° +0.20m
Velocity 30%5~ 1 30%s~1 £0.45mes |
Acceleration | 350°.s72 | 350%572 | 7.85mes 2

The motion platform is controlled using a networked
motion controller and the lab VIEW program. The
motion platform  displacement, velocity and
acceleration limits, which determine the motion
platform motion envelope, are given in Table 1.

FLIGHT SIMULATOR COMPONENTS

The challenge of flight simulation requires the
integration of several subsystems to replicate the
sensations felt in a real aircraft during flight.
Typically, such subsystems are comprised of
computer generated images, visual display(s),
sound system, motion simulation system and other
enhancements such as realistic controls and cockpit
instrumentation. Each subsystem contributes to the
overall quality and realism of the simulation.

The selection of a virtual simulation environment is
one of the important components of the simulator. In
this study, two commercially available simulation
environments are X-Plane 9 and Flight Simulator X
(FSX) Program. In terms of physics quality, cost,
and graphics quality, this virtual simulation
environment was acceptable. However, Microsoft's

The 8" SEATUC Symposium | 4-5 March 2014

FSX was selected in light of its superior software
development kit at the end, the ability to specify the
sampling rate of the environment, advantages and
disadvantages of topics as follow:

1. Multiple screens

2. Screen Location Store

Table 2 Result of study in requirement of Flight
Simulator program

Topic/Program X-Plane FSX
Multiple Depend on Depenc% on
Strens Number of Graphics

PCs Card Slot
Screen
Location Store Ho L

Figure 2 Multiple Screens Layout

Five screens as shown in Figure 1: two front
screens as an extended front view (eye-infinity), two
side screens as a left and right view and the last
screen as an instrument panel view.

Screen Location Store

The program that can learn the location of
any windows FSX is called Panel Store. This
program is working by save the location (pixel) and
size of the windows. It can help the users for easy
open and configuration.

LabVIEW PROGRAM

LabVIEW program is used to interface between
Flight Simulator X and Linear actuator by using UDP
VI and function.

Use the UDP Open function (Figure 3) to open a
UDP socket on a port. The number of
simultaneously open UDP ports depends on the
operating system. The UDP Open function returns a
network connection refnum that uniquely identifies
the UDP socket. Use this connection refnum to refer
to this socket in subsequent VI calls.
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Use the UDP Write function (Figure 4) to send data
to a destination, and use the UDP Read function
(Figure 5) to read that data. Each write operation
requires a destination address and port. Each read
operation contains the source address and port.
UDP preserves the datagram bytes that you
specified for each command you send. [5]

net address

port

service name
timeout ms (2S000)
error in (no error) =

connection 10
port
==rror out

Figure 3 UDP Open function

port or service name

address

connection ID

data in

timeout ms (25000) =
error in {no error) »

connection ID out

s rrOr OUb

Figure 4 UDP Write function

connection ID connection 1D out

max size (548) data out
timeout ms (25000} “%oe grror out
error in {no error) port
address

Figure 5 UDP Read function

The FSX and LabVIEW are connected by the UDP
Protocol. The flights data row, pitch, and yaw angle
are sent to LabVIEW program by the UDP protocol
as the data connection. This communication is used
the IP Address of the Computer and port to transfer
the datagram. Datagram is the data which is in the
form of string of integer number (16 bit).

LINEAR ACTUATOR

The same actuator mounting brackets used on air
cylinders, such as foot, turn-on and clevis brackets,
are available as options. Three types of motor
installation methods: coupling, built-in  (direct
coupling), and reversing, are selected. An optional
sensor is available for checking, if home return
completes without fail. Show in Figure 6

The 8" SEATUC Symposium | 4-5 March 2014

Figure 6 Linear actuator [6]

CONCLUSION

A prototype of the airplane flight simulator platform
was presented in this paper. The system of
prototype consisted of two main parts: the motion
platform, and the flight simulator. The platform
movement was controlled in three directions: roll,
pitch, and vertical shock, using a networked motion
controller and the LabVIEW program. The Microsoft
Flight Simulator (FSX) was used to perform the
virtual flight simulations. The three degree of
freedom motion platform was combined with the
Microsoft Flight Simulator (FSX) using the UDP
protocol. This integrated flight simulator is expected
to use as a tool in the class for School of
Mechanical Engineering (Aeronautical Engineering),
Suranaree University of Technology.
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