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Motivation

Many users of home computer flight simulators lack the use of a fully functional realistic
cockpit aside from what is seen on the computer screen. Previously this was considered either
too difficult, too expensive or too time consuming [1]. While now it is easy for the end user to
“build a cockpit” with a few basic instruments connected to a computer it still lacks the feel of
actually sitting in an actual cockpit. This is crucial when training a new pilot on the ground.
Ground based training simulators are common within commercial aviation, but still remain out of
reach financially for the aspiring sport or private pilot. This project is to prove that a realistic
(via the use of an actual Aero AT-4 Cockpit) simulator cockpit for ground based pilot training
can be built relatively cheaply.

Goals and Objectives
The primary objective for this project is to produce a flight simulator for the (Aero AT4 /
GoBosh 700S) aircraft provided by our sponsor Dave.

Function of the Project

The project shall be simple and easy to use with an Instructor Operator Station (I0S) that
will enable the user to setup the different parameters for the simulation. These will include
Environment, Scenario to run, and any other configuration for the simulator that the sponsor may
wish to have implemented.

Flight dynamics and visuals will be provided by Microsoft FSX or X-Plane. This can be
done through the FSX SDK which is available for FREE to download. Performance parameters
shall be established in the flight simulator as necessary. External view visuals shall also be
created.

Out the window view shall be based on a three monitor design (120 degrees field of
view). This can also be done with the help of the EST SDK, there is a Camera Configuration
part of the SDK. Cameras can be added to aircraft and other objects, and the camera view can
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adjusted from a menu option. This will need to be changed to listen to our software. Cameras
can be defined that track certain objects, or that move on a fixed course, or that move relative to
another object (such as the user aircraft.

I/0 shall be USB based for all flight controls and heads down instrumentation. Flight
instruments shall be ‘analog/servo’ based. Placement shall be per the traditional six-pack. Since
the sponsor wants to use USB, we may be able to get away with just using simple servo control
boards that are controlled through USB. If this proves to be impossible we may need to write
our own controller to control each of the servos. The control of these heads down instruments
will come from the Microsoft FSX or X-Plane software that is running our model.

Along with the instrument panel there will be joystick control for actually flying the
simulator. The actual control of this is not yet known and won't be until we receive more
information about the actual cockpit that we are going to use.

Specification and Requirements

Prior to starting the software or hardware we know that the sponsor wants a few trade
studies on different parts of the project. First, is X-plane vs. MSFS — (his words) "Conduct a
trade study as to which system will best model the actual aircraft (including the adjustment of
internal flight-sim parametric data to best suit the flight characteristics of the selected aircraft and
which system will best allow a visual representation of the selected aircraft).
Second, is the 1/0O (interfacing) should also be considered (i.e. ease of access into the token
variables of interest)". So these decisions will need to be looked into.

A) Simulation Software

a. The visuals will be run on a PC using either Microsoft FSX or X-Plane.

b. Flight dynamics will hopefully be able to be adjusted to mimic the Aero AT4 /
GoBosh 700S the aircraft the sponsor wishes to simulate

c. One or more PCs will be used in a network setting to run the simulation. (2
computers 1G and 10S)

d. The simulation software may need to be fine-tuned and developed for many
aspects of the simulation. Microsoft FSX contains an open interface (SDK) that
can be used for these:

i. The flight model of the aircraft (Modeling SDK)
ii. The database that will be flown in (Terrain SDK))
iii. The Environment needs to be able to be modified by 10S (Weather SDK)

e. The simulation PC requires an interface to Microsoft FSX or X-Plane to read data
in order to drive the simulator cockpit and to feed back data to control the aircraft
(SimConnect SDK)

f. The 10S which will be remote needs to have a communication interface with the
flight simulator computer (IG), for setting up the simulator’s various parameters.

i. Using TCP or UDP depends on our reliability of the messages.
g. The sound system should use the sound from the FSX or X-Plane piped into the
cockpit through speakers unless the sponsor wants something more powerful.
B) Interface
a. Communication between our program and the Cockpit
i. If we are using USB controlled servo's then we will need to find these
boards, if not we will need to go to an alternate solution



ii. A controller for driving the servo's and also it will need the capability to
talk over the USB. This will be more known when we get to talk more
with the sponsor.

iii. Any switches in the cockpit can be talked to through some sort of serial
communications or any kind of 1/0 control module this depends on budget
and the number of switches that need to be implemented.

b. Keyboard emulators can be used to interface switches to Microsoft FSX. Many
commands in Microsoft FSX can be given in a single keystroke or a combination
of keystrokes. Interface boards for Microsoft FSX can be used to build cockpit
components.

c. Joystick of the cockpit needs to be considered, if USB this will be simple but if
there is no USB interface we will need to think about some sort of simple
interface for reading in values from the device. Of course this depends on the
cockpit and our sponsor.

Possible Interface Solutions
a. EPIC (Extended Programmable Input/output Controller) USB
i. Contains ability to read the position values of analogs 0 through 15 in
approximately 28us
ii. Supports bi-directional command and data queuing and can generate
hardware interrupts
ii. Up to 22 analogs (potentiometers can be controlled)
iv. Up to 255 buttons can be controlled
v. Includes EPICenter programming enviroment
b. InterfacelT
i. Contains the ability to integrate switches and display/LED’s to Microsoft
FSX
ii. USB based system
iii. Main controller contains 70 configurable inputs
iv. Connection panel can be added to enable easy connection of switches
v. Rotary Decoder board for conversion of rotary encoders output
vi. Display Driver board can output to 64 7-Segment displays, 512 individual
LED’s or any combination
c. IOCards
i. Interfaces with computer by parallel or USB port
ii. Contains 72 digital inputs and 64 digital outputs
iii. Can be setup to control LED displays, controlling relays, A/D converter,
encoder circuit, servo motor circuit, stepper motor circuit.
iv. 4 master cards can be connected to 1 computer.
v. Can operate in a network setting

i.  Multifunction plug-and-play USB joystick controller.
ii. 8 analogue axes inputs, 64 pushbuttons, 16 toggle switches, 4 rotary
switches and 1 8-way hat switch are supported.
e. PHCC
i. Open source hardware and software initiative



ii. Contains analog out, 1024 switches/push buttons, Relays/solenoids, 35
channels analog in, unlimited 8bit digital for 7 segment displays, stepper
control via H-bridge drivers, character LCD Displays, lamps/Korry
switches and indicators, servos.

Budget
Depending on the project needs and the sponsor the budget will be discussed toward the

end of the design phase. There are some known expenses that will need to be sorted out but, our
sponsor thinks we will not need anything until the end of this phase. This makes us think we will
need to make this project as inexpensive as possible. There is the need for purchasing software
either Flight Sim X (FSX) or XPlane and maybe even a microcontroller or a few controller
boards. This will all be decided after the trade studies.



Block Diagram

Flight Simulator — Software

Responsible Party: Lewis
Is it aquired: Still need to get CPU
Research Status:

* Checking into USB Communication
* Checking into Network Communication

Is Completed: False

* Checking into the software for Communication with MFSX

Network Communication

Responsible Party: Robert

Is it aquired: Still need to get CPU
Research Status:

* Need a copy of MFSX

* Checking into SDK for the integration

Is Completed: False

USB Communication

\

(TCP / UDP)

Responsible Party: Lewis
Is it aquired: Dev Environment

Research Status:
* Depends on the Sponsor wants

Is Completed: False

Responsible Party: Joe

Is it aquired: Depends on Dev
Environment

Research Status:
* USB communications being
looked into

Is Completed: False

\

Responsible Party: Chris

Is it aquired: Setting up

Research Status:
* UDP and TCP Being looked at

Is Completed: False

Communications Depends on Dev Environment

Responsible Party: Robert

Is it aquired: No need FSX

Research Status:
* Downloaded SDK need the FSX

Is Completed: False

Controller Pins and servo controllers

|
1
Responsible Party: Chris B

Is it aquired:
Research Status:
*

Is Completed: False

Trade Study - Using one or the other

Responsible Party: Lewis B

=  Isitaquired: Still need to decide
if we are using a controller

Research Status:

* Looking into Servo Control Boards
and some Controllers that may be
available

Is Completed: False

/

Is it aquired:

Responsible Party: Joe

Research Status:
*

Is Completed: False

Responsible Party: Chris B

Is it aquired: Still need to get it should
come in December

Research Status:

* Looking for Controllers for the servos
that will run the gauges

* Looking for Joystick controllers

* Looking for switch interfaces
probably serial

Is Completed: False

Legend



| =B=g

Project Milestones

A SIS p— s sy — =aalug
B RUMSARY FUETE — fmmmng e e g ru_wmm“_am.wmnmﬂwm
[ SisE) [FuRps ® suopa)y Hs3L

' B0kl 3nL glLZLEL  |SEp O =doung Wway [EALRy JEIDUIY [ z
m [
5 z

TS L o 0 O =l Ty =11 St Wt o dmpEsLUS S B |0 Jugpeye it uspuswnsag uliesg '
! A ATLLANIL UNS  ANRNL MU siED & UDLIS[EE SUEMDEH (14
. ¥ BOVLHOLUNE  BO/ZI00 NYL | SAED § USQERS JOEISA0) JO§aNgsSU (a4
. &3 uoL g auEoL il | slep g INIARRE RIRARRY oz
m ¥ G0LHOL US| G000 NYL | SKED smnduio?y uoqERLIg iz
| ST PTETTTMCIOC DODEL L YOI |GV ETML RS | =R 0L Ajodng mmuog ac
. FLANGILL UL ATl B | STER L SEUINMS SSUID FUE 330U o
SLLUE =L (BELE YL | sisp s|Ep= 2
! B0VO0Z0) AL |@WE0E™IL  |SERp g wan=tne oz
] BOGAE YL B0/l YL | shep zg OQUOD JEILINY zz
m FTH'EL ODLTL S [00r0i ) wow | SRop b =3Bnog JusLwngsU| 0] Se0LSqU| Iojapy SMDE 1z
! BO'BEILL 3PS BOIGLLUOW | SREp g 3eaues pdyzon az

i SULE R oW BURE oL | s gy prubyana]y L

i 2'% SOME/LL LoW | g0/l nuL | skeD o9 BIEMDITH 2

m 2] 30VEIDI U4 BUE0LNYL  AspL 1J8_) ANE S I Au= i

i THEE ORI PR 8IS o | StRp O SuegEILnLILIeT O aL

m ¥4 30'62/0) NS | A/E0LNYL siep &L uiBn|g SUBI4-¥ /S - =1

: TH/OQT L U |OFTOL TS | =TER O sucHEILIWLE D R T Tl

. ZL/ 3080 won B0k TiaL BS | siER a1 SUENUCS L0 DASS £l

i OFA0FZ0L 1BS  |BU/E0LMYL  |SiEp gL UonENLNLIWST g2 £l

m F 0k KEF PRA GOMOOE YL =Rep ge Jemyag 13

|2 . ¥ B0'FLZL VoW | BOMSMDN UYL SKep £l uEisag o
' PIOOETIO BN | BOVSTIE Ul =imp £ immnay Bugnidusg = e

FB0E0L NUL ST U siep kI SIEESL| IUALUNISY] iE ¢

X \ X i B0E0LE YL GOAETE U SSEP L SUB|S-N Sh 5450 m '

: : GO/ MYL | GIVEEZIE M1 =kep § SPGB0 IPRIL JNPULD g

” ¥ 30%LZ. W B0ASTE WY =hep gLog L0ElURLING3] ubisag L5 c

] i AovsTa U AOSTIE U fsp | semLeds quan Bugsspy "

i " L 3OET0L U4 BliTGURg | skep Oz yaisassy ooy Enu| I

m " L BOFETAE PSAR  |BOVE. S WY SYEP O MBWIra0] JOEILAUSE] osiold BHu| [ 7

. . 5018 PEA BIVOL/E DAAL. | SUEP D ueg 10sfag 1

ZIZ215hEl B[ G[ £ 05T +2iZR. CHEl 8] 6] S[IS92 5222610k E10L &L ¥ H2TSZCI 610k EH

520z =nui==g 5002 SRR nEnSuuu:.; yEi_ _ e 7 using 7 nquxH__ ol




References
1. (20089, Sept.). Microsoft Flight Simulator: Building Your Own Simulator Cockpit [Online]. Available:

http://www.fsinsider.com/freeflight/Pages/BuildingASimulatorCockpit.aspx

2. (2009, Sept.). Special interface solutions [Online]. Available:
http://www.fscockpit.com/specialinterfacesolutions.html|



