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Abstract

Flight simulationhas been used for many purposeseveral decadestared from pilot training, engineering purposes, even justafor
hobby In its developmentcomputing technology haa vital role in aircraft simulationNowadays people do amircraft simulation
mogly by using a set adthe computingdevice and complementaggjuipment such asjoystick. On the other hand, engineers use aircraft
simulationin order to evaluatéhe aircraft in many aspects such #ight performancehandling quality, and controllability. This paper
proposes aimulationsystemto do anengineering simulation especially to evaluate controllability of an aircraft utilizipXe 10
Pythonand MATLAB . This systemcan manipulate aircraft loading configuratiandfailure on aircraft systems, set the environment
condition, and observe coot-related flight parameteia MATLAB whilstthe aircraft isstill flying in the X-Planel0 at the same time
Thesystemhad been tested apdoved couldvork well with X-Plane 10

Keywords Matlab, Simulink X-Plane 10, Python,Flight Dynamics, Control, Engineering Simulator

1. Introduction Aircraft control aspects are r_egulatdml many documentg, one of

. them isMIL -F-8785Cthatis discussed flying and handling giial

ties requirements in flight and on the ground mostly for manned,

First aircraft simulator was built around 1910 named The Sandegitfoted aircraft This documentegulate the value ofa stability-
Trainer which comprised a cockpit that could move when exposeelated parameter such as damping tia, Euler angle rate of
to a fairly strong wind corresponding to the input of the pilotchange, etcdependingon stability modes of aircratind config-
Similar devices were developed by Walters and Antoinette in thétion of the aircraft at that tim8]. Using that document, eng
same year, whergockpit motionwas controlled by instructof$].  neers validate their design whethemiees the requirements or
Along with the deviepment ofanalogcomputing technology in not In order to do that, engineers can perform a flight test using
19451965 modeling aircraft motioras setsof nortlinear differ-  the real aircraftwith real sensotsor it could be done in another
ential equationswas easierlt also made a significant imprev  way by utilizing aircraft simulator with asystemto manipulate
ment inthe fidelity of flight models and reaime simulation pt+  aircraft configuration and surrounding environméntexamine
pose as well[1]. Unlike analog computing, digital computing aircraft dynamic characteristics and its control surface input as
development was quite slow at that time ulatie 1970 wherthe  well.
developmenbf transistor initiated major advance in digitaleo In Institut Teknologi Bandung, a generic aircraft simulatoreds b
putation as wellin this era processors could achieve an updatag developd in Dynamic Systems Laboratory, this simulator
rate around 5@0 Hzand visualsystemshegan tdoe developeds focused omumerical simulation platfornihefigure below shows
well [1]. development phase of this simulator.
As microelectronics revolution began in 198Bandard PC du  There is two type of simulatohat used in our laboratorgs
performedminicomputersof 197Q For flight simulation, attention shown in Figure 1 thatannotbe executed at the same time, if we
focused on the development of visual systemd smooth motion use the first one, aircraft dynamic model X-Plane will be
systemas well [1]. freezed because we want to simulate another aircraft modeled in
Therefore, as a result of excellent computing technology, flighflatlab and SimulinkAnd if we wantto use the second one, we
simulationsoftwareis now available foreveryone and widely used use X-Plane in normal mode without interruption from Matlab
for many purposesuchasa hobby cockpit familiarization, design and/or Simulink.First type of simulatoiis usingbuilt-in X-Plane
validation, etc.Several examples of that software,dviicrosoft  dynamic model and the second one is usindynamic model
Flight Simulator, XPlane, Prepar3D, Flightgear, eX:Plane is a which is built in Simulink and Matlab with aircraft aerodynamic
flight simulator produced by Laminar Researgackaged with database obtained from DATCOM-ere XPlane is used for
several commercial, military, arather type of aircrafas well as visualization purpose onlyFurther detail is discussed in next
basic global scenerfd]. X-Planealso supportPythorHlanguage chapter.
based scripwi t h t he help from SSBtndy Barbourds XPlugin
ware DevelopmenKit (SDK) called Python Interfacd3]. This
paper focused on usage ofpkane for aircraft simulation tool
especiallyin control aspect.

Copyright © 2018 Authors. This isan open access article distributed under th€reative Commons Attribution License, which permits unrestricted
= use, distribution, and reproduction in any medium, provided the original work is propety cited.
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Therefore, the components that shoeidstin the simulator are
aircraft database, environment database, equations of mafio

— Plane, observer panel, instructor panel, instrument display, and
. Simulink and X-Plane . . . . L
Pilot input > \atlab model > cnvironment aircraft display in three flyingnodes fongitudinal, lateral, and
N directional). The interactionbetween thoseomponents is shown
T in Figure3.
Database Instructor post
7y —» Cockpit display
| | X-Plane - X-Plane | e A AT .
Pilot input i ] E
p model environment Database :
Fig. 1: Two simulator nodel thatcurrently used1 above, 2 below) (aero, prop, etc) £ »| Motion cues
Pilot : :
1. Aircraft database script using Matlab for further usage iuSim interface : t :
o (stick, —: EOM H
+ pedal, : N H »| Aural cues
2. EOM in Simulink for low manoeuvrability aircraft wheel) I
3 i Vvariable | i
:| management, :
3. Visualization using ¥Plane (Aircraft Display) : display :
H e . S| Visual cues

v

4. Observer station

v

5. X-Plane- based Instructor station

X-plane environment

Fig. 3: Genericaircraft smulatorarchitecture

— v 3. Components of Simulator Architecture
6. Observer station using Matlab
2 3.1 Aircraft Database

7. Aircraft display for each flight mode and Instrument display

v

8. EOM in Simulink for High manoeuvrability aircraft

Aircraft database consists @aérodynamic parameters atahfigu-
ration parametersnfass, inertiagngine pogion, the center of
gravity location, wing area,wingspan and meanaerodynamic
chord length Usually, we use aircraft cataldgke books in order

+ to get configuration parameters

9. Standalone environment model using Simulink Wor | d o s thatiprowids extiaustive technical detail on over

' 950 civil and military aircraft currently ey produced or under

v development by more than 550 comparfifgs
10. Separating EOM, Aircraft Display, Instrument Display, Env MOSt.Of the time, we u.se software callBTCOM+ in orderto
P get aircraft aerodynamielated data stagtl from angle of attack
ronment model in different CPUs . . . L.
and sideslip angle related parameters, dynamic characteristics, and
Fig. 2: Development phase of Generic Aircraft Simulator its high lift and ontrol devices characteristid®ATCOM+ cala-

) o ) o ] . late aircraftds aerodynamic cha
This papemwill briefly explain what generic aircraft simulator js qatat h a t has beeh® @daalcalationmesulfrénd 0 6 s
how it works andhow far we develop this simulator at thism paTCOM«+ is quite accurate for conventionaircraft designes-
ment for the purpose of aircraft control aspects observaiton pecially in tems of lift and drag coefficienf10]. Another source
section2, 3 and4. Conclusion and suggestion based onwloek ¢ aerodynamic parametersNASA6 s document @A Cc

that we have done are presented in sedion Nonlinear Aircraft Simulation inMatlabo that provids needed

parameterdor aerodyamic force and moment modeling, but its
only limited toseveral aircrafneeded
The aitput from DATCOM+whi ch has a for mat

Generic means not specific, so we aimed that our simulator TSt ble gonverted irclito anoth_erdformay tNEItIalb'ar;g_Siln;ulink .
suitable forseveralkinds of aircraft Simulator development was © ﬂo u f dr ead usl agcogﬂlv:l:pogl(_ (Ijab ' . eunnacmei . oc
began inearly 2000sFirstly by building script that automatically Aftér all aerodynamic parameters are defineMatlabworkspace

extract output data frofATCOM+. After that we built equations it can beused for calculating aircraft motion iMatlab and Sim-
of motion block inSimulink to accommodatepilot input using Ulnk- Here, DATCOM+ is usedbecause it only took seconds to

joystick for low maneuverability aircrafilass To give visual cue minute to o.btame.d aircraft aerodyngmlc database.. DATCOM+
to pilot for observing aircraft motion we built pythbased script glsocompatlble with Matlatprovgn with matlab function as me.
to visualize aircraft motionni X-Plane Lastly, we create an gi tioned before, so database storing process could be done easily
craft observer and pilot instructor usimdatlah X-Plane, and
python scriptasshown inFigure2.

Thereare some objectives that we mdmjeconstructing this sim
lator:

- As a tool foranalying aircraft dynamic characteristics.

- As a tool for aircraft control implementation.

- As a tool for validating the aircraft design.

2. Generic Simulator Architecture

3.2 Equations of Motion

This is the mst important part of this simulator, because we want

to build generic aircraft simulation platforriVe use two refe

ences for modeling aircraft motion The first dene b
ern Flight Dy rcevesi aiccefd moboa eduatian h a t
derivation until how to solve it usinthe simulator Those 12
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equatiors used are presenteas follows [9]. Notation in these
equationsareexplained in definition below

We can choose between 2 setegfiations thagquatiors can be
modeledin Matlab or Simulink by detamining initial condition,
and therthe aerodynamics coefficients and aircraft configuration
obtained from aircraft database.

Here, XPlaneis usedto visualiz aircraft motion that wasnod-
eled before inSimulink or Matlal, X-Plane alsdas builtin basic

visual cue to botlpilot and flight test engineer even though it is

Definition 1

[uvw translational motion

[Pai anglerate of change 3.3 X-Planeand Python Plugins

u—q euler angle

[XeYe+h] position of the aircraftl; is for inertia of the
aircraft where i and/or j denote X, Y, or Z

[Fi; My] force and moment that acted on the aircrafivorld scenery and it still can be improved using another software.
which | denote the source of the force andSo,X-Plane played a quite important rateorder to give the right
moment come from arjddenote the axs

OnE Q general variable comprised matrithe x and

vector varable respectively.
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Another reference that can be usedtesfrom a thesis written by
¥zg¢r  Athatoompyidediof sets afommonequations of
motion as shown inequation 3-16 and alsomore detail about
engine modeling as well as its effectaiocraft motion.The next

chaptersdiscuss about uncommon fighter aircraft maneuiker

Cobra ManeuverHerbst Maneuverand how to rake a controller
of that motion[2], it requires a different approach of how we
simulate that kind of motion,
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only a simulator X-Plane itself has built-in dynamic model for

each acraft, butwewant to Oinjectd our

has afunction to disable builin X-Planeaircraft dynamicghat
will be explained mae detail later in sectiof.

Fig. 4: Example XPIanecockpit displa

Python interface was made by Sandy Barband actd as a
plugin in X-Planeto accommodate any python scsipb be
executd in X-Plane.In our generic simulator platform, we made a
python scripts calle®l_Simmanager.py and Pl_Datalnjecttpst
madecommunicatiorbetween XPlane andMatlalySimulink pos-
sible The datasent from XPlane are flight parameters, while
from Matlabd slata isusermanipulation to aircraft configuration
or environment setupOverview of what Python Interface looks
like in X-Planeis shown inFigures 5 and6.

Enable/Disable Plugin - Enable / Disable Scripts

Plugin Name Enabled Script Name Enabled

PythonInterface DataInject

DataRefEditor Data Input Final Project

Data Output Final Project

Sim Manager

100000 M &
1000 @ @&

Fig. 5: Pythonplugin manager

»n

D ax

g

¥ Enable Output File

[swprvEEs]
[T [

ug

E

[Reload Scripts

@

Fig. 6: Pythonscript controller
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3.4 Simulation Interface

3.4.1 Observer Panel

The aircraft observer panial aMatlabbased GUI thahas a fun-

tion for monitoring aircraft parameters that related to its dynamic
characteristics like altitude, airspeed, groundspeed, pitch angle,
flight path angle, roll angle, headimggle, track angle, deflection Fig. 9: Lateral view of aircraft in XPlane
of aileron, rudder, and elevatddsing aircraft observer panel,
instructor or flight test engineer could make an assessment of the
aircraft motion qualitiesrelated to its dynamicsharacteristiclt

can bestability, contrdlability, etc.

3.42 Instructor Panel

Instructor panel is Matlabbased GUthat hafunctionsfor man-
itoring and manipulating followinthings:

- Aircraft Loading

- Aircraft System &ircraft, instrument, engines, wings)

- EnvironmentSetup (ind speedwind location, wind layer, tu
bulence, visibility, storm)

Using instructor panel, flight test engineer or instructan pe-
form certaidy certified flight test simulation like climb test with
one engine inoperative, stall testing, out of trim testingghtei
limits and center of gravity limits, efB].

Fig. 10 Longitudinal view of aircraft in XPlane

3.43 Instrument Display

Aircraft instrument played a significant rola flight safety by
giving important information displayed onertain instrumeist
like basieT configuration thatonsiss of crucial parameters that
arean altimetey airspeed indicator, horizontal situation indicator.4, Current Development Stage
and attitude director indicat{].

Here, instrument display is separated from main cockpit viem
because we want to observe it thoroughly and make an assessm

of aircraft attitude.To do thatX-Plane already has a feature to_ i .o daﬁaba

. N . e . . .
show aircraftodés instrumenthd segp : sending it into UD
work as shown irFigure 7. We can set the IP and port that we XPiahe®s dﬁaﬁla%mté?fgce

. - Instructor post
addressed as shownHigure8. - Observer post

A genericsimulation system that we made consists ePlxne,
o O s Python script, Simulink, and Matlab. X-Plane as an aircraft
‘ el simulatoralreadyhashbuilt-in aircraft dynamics calculatioand it
hasa good represetation of real aircraft motionOur simulator
has reached stage 6 based on development stage as sHeigmn in
ure2.

Fig. 11 Directional view of aircraft in XPlane

tﬂe current development, we have developedtiféngs:
merical EOM model

4.1 Simulation Scheme

nnnnn

X-Plane modeled an aircraft motion through engineering process

St call ed fibl ad etocaltulatenthen force torhieto gey o
] aircraft acceleration that will be integrated into velocity and-pos
Fig. 7: X-Planeexternal visual window tion™*. As mentionedn Figure 1,afully developed model of sim

lator that currently used in our laboratory is the secondndrieh
the aircraft dynamic model is-Rlane basedvhile the otherone
is being developedlhe more detailsimulation platform scheme
for both modek in Figure lis presated in Figure 12 and 13b

167.205.20.90 ["49003| | 1P of extravisual [ View tracks master

Fig. 8 IP and port determination for external view

3.4.4Aircraft Display low.
To get a better viewf how aircraft ehave while flying, we use Matlab and Simulink started run the simulation
three extra monitors to separate three modes of flyjrthey are .
longitudinal lateral, and directionalThe longitudinal mode is v
seeing the aircraft frotheright wing in orderto observe surging, Pilot flying the aircraft
heaving, and pitching motiohe lateralmode is seeing therai .
craft fromthe noseor from behind to observieeavingand rolling v
motion. The drectionalmode is seeinthe aircraft from above to Pythonlnterface automatically loaded
observe surging, and yawinghose three modes ashown in i
Figures 9 until 11 v
FTE run theXPlaneSimManager.m on Matlab

v
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Wait until main window successfully loaded [calling libraries/
e
; /calling datarefs4 planepath, simulation time, and control
surface/
Click 6Startd butto é
Loop: [freeze4 planepath, simulation time, andrco
v trol surface/
é
Wait for data from XPlane successfully read by Matla| Iactivate port for UDP communication data/
- é
v /sending or receiving UDP data to assign port/
Pilot can fly the aircraft as instructed by FTE (Flight Fig. 14: Pseudo code for injecting aircraft motion fr@mulink
Test Engineer)

After communication between MatlaBjmulink, and XPlane are

v established in term of aircraft moti@md flightpathnow we po-
FTE now can observe aircraft parameters while mani ceed to execute observer and instructor platform, first we have to
lating aircraft and erikonment know what variables that we want to observe and manipulated,
- after that, wausea python script named PI_SimManager.py to do
v data sendingeceiving between Ylane and Matlab using folle
Parameters manipulated by FTE sent back-late ing pseudo code in Figure 15.

Fig. 12: How this platformworks

[Calling libraries/
Our simulation platform should be operated witho people e -
. ! . . . . /Defining Port for Communication/
which act as a pilot and a flight test engineer (FTE9 objective é
is to keep pilot focus in operation while the flight tesigineer Loop: IDefining DataRefs that will be sent/received to certain port/
changes the environment and observe carefully the flight garam fS ding Dataref ) ,
ters. The componesstof Figures 12 and 13are explained in the ending batarefs fo certain port
next chapter. /Receiving UDP data from Matlab/
é
. . . ) ] /Assigning received dato Datarefs/
Pilot Manipulation Matlab and Simulink |¢q—

(being developed) E(l)gn. 15: PseuddPython Script used for XPlane and Matlab Communie

v

The Data that had been sent over UDP network using
P1_SimManager.py are received using another script written using
Matlab language named XPlaneSimManager.m, the script itself

Python Interface

+ contain following pseudo code as shown in Figure 16.
Matlab
/Declaring ports for UDP communication/
é
+ /Create GUI4 main window/
é
Observer/lnstructor| < Gul [Create GUI4 aircraft and environment tabs/
é
+ Loop: /Receiving data frordDP network/

é

/Create a plot in Aircraft Observer tab each delta time/
é

/Sending data UDP network toRane if user give inputs/
é

4.2 Numerical Components /Update aircraft observer chart/

Manipulation Command [——

Fig. 13: How Matlab and XPlane communicate

Fig. 16: Pseudo Matlalscript for Creating GUI and User Manipulation
4.2.1 Python Interface
Using Matlab GUI that the pseudo code has been explained in the

Inside the XPlane there are smany variables that comprise all ye\ious chapter, figures below presented how those GUI look
aspects in flight classified to 18 major clas$eseachclass,there ‘Iq

| bel Il th ; ; . b'ke and its function as well.
are also subclasses as well that we can refer to certain vanabiggre 17 shows aircraft observer window in actibhis window
Those variables are called DataRdfer example we want to

know how many engines uség the airplane at that momersp observes flight parameters lilgdtitude §t), airspeed Knots), roll
angle flegree), pitctangle flegree), gammangle @egree), sid-
we have to refer to sim/aircraft/engine/acf_num_engifikee first gle degree). pi gle degree), g gle degree), si

slip angle @egree), traclangle @legree), and aileron, rudderee
section Asimd is al ways 'ikevlﬁ)cgggﬂégtic?nbe)%qhdeg s)ecolndO suec%ljon
is the major cl assiess,t htehes utbhcg $8 it h&dr Winddbw which instructor could

r

crafto class and then finall ¥hadydEc shift Hdyload Wéight" et Weight YiSkibGiibnd &nfl € S

variable that we want to refer thpweversome variables doot
have subclasses. l oadingd button

In addition, as mentioned in chapter 3, our objectiesto be rjq e 19 shows aircraft system manipulator window. It has a

able tomodel any kinds of aircraft and using our own aircraft {nction to manipulate aircraft systems functionality. The aircraft
databaseSo in order to ddhat we have to disable Rlane built o stem(s) can be set normally operative up to total failure. For

in aircraft dynamics using python script named PIl_Datalnject.R¥ample setting the engine to inoperative unticertain minite,
that has followingpseudecodearchitecture in Figure4l jamming the control surface, etc.

then send its final configuration to-Xl ane by cl i cki

I
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Figure 20 shows aircraft system manipulator window as well, b&igure 21 shows environment manipulator windthat one can
it is for another version of *Rlane. It has the same function ofmanipulate visibility, precipitation, storms, turbulence, wind speed,

aircraft manipulator window in Figure 19.

4.2.3 GUI for Observer and Instructor

wind direction, wind gust and its location as well.

=
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Fig. 18: Aircraft loading window

™ Aircraft System (10.4) | Enviroament Setup.

Mean Tame between Falures (hours) | 10000

Wrd | Equipment | Equipment 2] Exsipment3 | insrumentaton | 30] 61000  Engines] Lifing Surfaces | NAYAIS

VASIPAPI Lights | o

Runway Lghts o

operative /sroge

Reset Al o Operatinal

Fig. 19: Aircraft failure scenario window
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03

02
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s =l | Set Envronment

Fig. 20: Environment control window

4.2.4 Simulink Model

Another scheme of our simulator is usiaglynamicmodel built
in Simulink whichis later visualized in XPlane using python
plugin as mentioned iRigure 14.After built-in aircraft dynamics (e o |
in the X-Plane is disabled, we can inject our aircraft dynamics ’
modeledin Matlab andSimulink. First, we convertDATCOM+
output file intoa variablestored inthe workspaceas explained in 2
chapter 3 After that we build equations of motion blocks 8im- _ N q
ulink that compriss aircraft databaséimension and aerodyma e
ics) as shown in Figurgl.

‘3810 Coel and fofces moments

INITIAL CONDITION

FANIECAN Y B S T ﬂ

INERTIA BLOCK

) B [ K
ol

g
ENGINE POSMON and THRUSTVECTOR {ratte
—a

N
el g
Joystick 0 1
o HOTAS Warthog
. Joystick .

Fig. 21: Aircraft database blocks i&imulink Fig. 22: Overview of aircraft modeling usingimulink block

YT

The redsquare in Figur@l is anexampleof using aircraft dat- Simulation scheme in chapter 4.2.4 is successfully executed in
base from Matlab workspacthe purplesquare isan areaof air-  term of Simulink to XPlane, the vice versa communicatioe b
craft inertia database, atite greensquare area is engine locationtween XPlane and Matlab using own dynamic model fromiBim
database. After all aircraft databaisewell established ifSim-  link is being developed as well as itsbserver and instructor
ulink, we can add atmospheric condition using def&itulink  station because current observer and instructor station platform
block, and then we camodelits dynamic motion based on initial communicate directly between Matlab andP}ne only.

condition and user input utilizg joystick and pedals.

Overview ofSimulink blocks that we used is shown in Fig@® 4.3 Simulation Hardware

the green square consists of twebguatiors of motion, the blue

square is consist of block thegceives input from joystick and Figure 23 shows aircraft observer and instructor windowpiea-
pedaland convers it into numeric values to manipulate controltion while X-Plane is in operating mode as well. Here observer
surfaces deflectiorOr ange bl ock has a f amldnstruconpost is locatedndiectla bhetowP¥arie fwindow for
Euler angle data in degree and its position in latitlafeitude  the sake of clarity. Usually we used tlagge monitor in separate
Lastly red square area is block to determine initial condition fodesktop/room to place aircraft observer and instructst. piVe
twelve ®ts equation of motion in (1) (12). After Simulink  usefew types of equipmertb make this simulator resemble actual
blocks arewell established, simulation can be run &rinfinite  cockpit environment which wihowin figures below.

time as long as needed withP{ane is ready to use before it with

condition an aircraft already selected and located in a runway.
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4.4. Simulation Example

Below we preseed few examples of simulation in three flight
cases, cruising, climbing, and turning wiknchronizedfigures
from X-Plane and Matlab GUI

4.4.1 Cruising

Fig 27: An aircraft crsing in XPIaneinicating with flightpath indicator
(white circle in red squarelies onartificial horizon indicator.And the
Vertical Speed Indicator is zero.

3010.5

Fig. 23: Aircraft observer and instructor in operation
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Fig 28: Observer window read aircraft data while cruising shown in
flightpath angle is 0 degree

4.4.2 Climbing

Fig 29: An aircraft climbing in XPlaneindicatedwith Vertical Speed
Indicator shows positive valuégreen square).

@
Fig. 26: (a) Thrustmaster Hotas Warthog Joyst{tlk Saitekyoke stick
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Fig 30: Aircraft observershows the aircraft make a climb maneuveri-ind
cated with positivdlightpath angle and increasing altitude as well.

4.4.3 Turning

Fig 31: An aircraftmakesa turn maneuver in »Rlane indicated witholl

attitude indicator tilt to right (greesguare).

5. Conclusions

Currently aircraft simulator thas being developed by ITBFlight
Physics Research Groupgonsiss of aerodynamic and engine
model, instructor statigrandobserver statigrusing Matlab based

on X-Pl aneods

a i r and egbation of ynatiamodeted |,

in Simulink The simulatiorplatform type ongwhich consiss of
X-Plane as a main simulatdPython interface, antflatlab as an
observer and instructor statioworks perfectly as explained in
section4 together witha few simulation examples Meanwhile
simulation platform type twowhich utilizes Simulink as a main
software to modethe aircraft dynamics is being develop&d far
we have developed equation of motion in Simufimkanykind of
aircraft, Python script that turn off -Rlane based aircraft dyma
ics, andSimulink blocks that send Euler angle and aircraft ipos
tion to X-Plane for visualizatiors the future worksthe equation
of motion modeled in Simulink can be modified to accommodate
aircraft motion if the engines or control devices have failent
example, ifthe right elevatodoesnot work, therewill be rolling
moment as wellso the aileron must compensdte it. The d-
server and instructor station for Simuliblased model have not
been madeFinally, to achiee themain goal of Flight Physics
Research Gup, integration between flight numerical simulation
and miniature of motion platform should be done.
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Fig 32: Aircraft observer shows the aircraft make a turn by banking about

15degrees

Fig 33: Aircraft observer shws the aircrafchange its heading by banking

about 15degreesis shown irFigure 34



