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1. Abstract

This article previews numerous features and outlines the functionality of the upcoming
MJC8Q400 addon product for the Microsoft FSX aswell as the standal one packages for
professional use.

Note: The functionality listed reflects the in-process specification status and may be
changed without any prior notice.

2. List of product highlights

Network enabled, capable of utilizing the multiple CPU cores.

Advanced cockpit lighting model. Day/night panel light blending with 32
panel light levels.

Separate light control for each panel , -32 panel light levels

Correct storm light, blending with sun light and panel lights.

Built-in 3" party flight and ground dynamics engine, free of the problems
the Microsoft flight dynamics engine has.

DirectX based sound system with support for surround sound and up to 2
sound cards (supportsup to 12 channels). Each channel can be manually
assigned

Digital Signal Processing in the propeller sound channelsto simulatethe
changesin sound dueto the propeller beta and the flow ratio.

Realistic I ntercom module, capable of capturing the audio data from 3
microphones and routing this data to the appropriate sound channels based
upon the audio system logic, to simulate thereal aircraft intercom operation.
Electrical, Hydraulic, Fuel, Oil, Pressurization and Aircondition systemsare
utilizing the laws of physics (differential equations), to simulate their
respective oper ation.

Simulating every circuit breaker in theaircraft — with a goal to train the
emer gency procedureswere circuit breakersareinvolved.

Electrical system simulates every consumer current separately in the system
—too many consumer s when combined with, say, battery engine start may
overload the system.

Each system is capable of both correct normal and abnormal operations
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Network enabled EFIS application client, allowing to

distribute the EFI S screensto separ ate networ k connected wor kstations

Up to date NAV data provided by Navigraph (navdada.at) sourceis utilized
both in Flight Management System and the entire Microsoft flight smulator
independent Navigation framework (NDB, VOR, ILS), resulting in the
correct and up to date NAV sourcesdataif regularly updated. I n those cases
where Microsoft runways positions differ from the actual positions (for
example, dueto changesin Mag variation), the MJC400 can also utilizethe
Microsoft ILSdata if availablefor a given runway.

3. System architecture

MJC400 technology is a flexible network and multicore enabled solution, allowing for
numerous packaging models, such us:

All in one — Microsoft Flight Simulator MJC8Q400 aircraft addon

2 Microsoft Flight Simulator M JC8Q400 addons communicate the propriety
Q400 data via the shared cockpit functionality

Microsoft flight simulator addon with distributed over network EFIS screens



Microsoft flight simulator addon with distributed over network aircraft systems,
sound engine and/or EFIS screens




MAJESTIC

50

Microsoft flight simulator based vision system with a standalone
aircraft simulation executable, EFIS screens and the hardware cockpit.

Standalone installation. Main application, EFIS screens, cockpit application

Note: thereis also an instructor station that can be attached to each configuration to
manage the aircraft system failures and repositions.

When used on the system with multiple CPUs, the M JC400 applications can utilize up to
4 cores per application to distribute the workload.

To communicate in between and with the outside world, the MJC400 applications are
utilizing the numerous protocol connectors, each of which can be configured viathe text
ini file. The following connectors are available:
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UDP l

JOYSTICK |

FORCE FEEDBACK ‘

MJC400
APPLICATION

SHARED COCKPIT ‘

MJC COCKPIT
HARDWARE
(via UDP connector)

LabJack ADC

When connected over network, MJC400 applications will use it’s propriety message
delivery framework to ensure the signals are not lost on the way.

4. Microsoft Flight Simulator Cockpit

The MJCQ400 addon has both 2D and V C cockpits when used with Microsoft Flight
Simulator X. In addition to the standard FSX cockpit features, MJC400 provides a
few technologies that never been introduced in any FSX aircraft addon before.

Advanced adjustable cockpit lights model

Both 2D and virtual cockpits do accommodate for the following separate lighting
controls:

Light Adjustable levels of brightness
Domelights 2

Storm lights 2

Overhead light 32

Glareshield light 32

Captain side light 32

First Officer side light 32

Center console forward light 32

Center console aft light 32

Circuit breakers lights 32

For any of the above lights, the unique lighting technology is seamlessly blending the
sun light, dome light, storm light (for the main panel) and the panel light to provide a
correct lighting brightness and color in any lighting condition:
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Conditi 100% 50% OFF
on

DAY

EVENING,

MORNING

The MJC8Q400 FSX cockpits are utilizing the MJC400 framework to exchange the
controls information between the shared cockpits, so each cockpit control or
indication will be synchronized when played over network.

Smooth and fast EFIS displays

EFIS displays are closeto 100% in functionality of what they arein area aircraft

Clean artwork style



Our artwork styleis atradeoff between photographical authenticity and the
functionality

OVERHEAD PANEL. DAYLIGHT (bitmap size is reduced)



OVERHEAD PANEL. NIGHT (bitmap size is reduced)



External visual moded

Our external model will beissued in severa versions, with different amount of
details.

(screenshot iswork in progress)

The unique feature of the external model will be the visible change in the propeller
disc appearance with propeller beta dynamics, and (planned) the icing effects on the
flight surfaces and windshield

. MJC400 EFIS application

Our EFIS application is a windows executable, which receives the EFIS data from the
main MJC400 program or the FSX MJC8Q400 addon and displays one or more EFIS
and other vector screens, as follows:

PFD LEFT

MFD LEFT

ENGINE DISPLAY

STANDBY ATTITUDE GAUGE
MFD RIGHT

PFD RIGHT

PRESSURE COMPUTER
ARCDU LEFT

ARCDU RIGHT

CAUTION LIGHTS PANEL



Each screen position and size is configurable in theini file for the

EFIS application. Screens can be made active or hidden (disabled). One EFIS
application can run per workstation. The number of EFIS application in the network
isnot limited.

The EFIS screens update rate varies between 2 and 64 Hz depending upon the page
shown.

6. MJC400 Controls Standalone Cockpit application

The MJC400 Controls Standalone Cockpit application can be used for the system
demonstration and familiarization as well as testing the hardware cockpits functionality.

The MJC400 Controls application contains every control, the real Dash 8Q400 aircraft
cockpit does.

Exactly one MJC Controls application is allowed on the network.



Hereis an example of afront panel from the MJC Controls

The following panels are provided by the MJC Controls application

7. Systems simulation

All of thereal aircraft systems are being simulated by the MJC400 software in the most
realistic manner possible. However, the following functionality we would like to
highlight in particular:



Sound System

Our sound system utilizes a state of the art sound processing technology to provide a
highly realistic sound simulation of a Dash8 Q400 aircraft.

Surround sound support

The MJC400 sound system is a scalable system, and supports up to 2 sb5.1 or
sb7.1 sound cards (6 channels max per each), simulating up to 12 channels
simultaneously.

Each sound group (such as engine, environment, warnings) can be assigned to the
particular channel or combination of channels (incl subwoofer channels), making
the real surround sound experience possible

Engine and Propeller sounds

Simulation utilizes the digital sound processing (DSP) effects to account for the
sound changes due to the changing engine airflow pattern with changing airspeed,
rpm and propeller betaangles.

There is asound sample available at:
http://mai esti csoftware.com/betatest/ MJC400 sample Aug09.mp3

Please, note there are still corrections being made to the sound system. The announcements heard
are for reference only, asthey are taken from the MJC8Q300 project to test the system. The actual
announcements for the MJC400 will be different when released.

Intercom

A complete intercom simulation is made first time possible for a home use
software. The MJC400 sound system can utilize an extra sound card to provide 3
microphone inputs (Captain, First Officer, Observer), and 5 dedicated output
channels (Captain Headphones and speaker, First Officer headphones and



speaker, Observer headphones) to capture and route the sounds in

the real time. The Intercom activation will result in an automated reconfiguration
of the sound system so that the appropriate sound signal's, such as caution and
warning and synthetic alarms, as well as passenger announcements will be routed
to the intercom outputs, at the same time as the primary sound card will continue
render engine and other environmental sounds.

It is also possible to use the intercom system with 1 (sh5.1 or greater) sound card,
however the observer audio channels will not be smulated

Example of a sound installation with intercom. 2 Sound Cards Scenario
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Note: The intercom module will not be a part of the most basic edition of the
MJC8Q400 airplane addon, however thismodule is only required if the
microphone audio routing is desired.

The intercom (without microphone sound capturing) would work regardless of the
intercom module availability.

Cabin door simulation

The cabin door position has an effect of how the cabin announcements, passenger
boarding sounds and the cabin chimes are heard. For example, when the door is
closed you will still be able to hear the FA announcements via the intercom (this
option does not need an intercom module activation).

Cabin procedures

The sound system will automatically or manually play the music from a dedicated
MP3 filesfolder, utilizing the real time equalizer to “compress’ the music audio
to fit the spectrum of the airplane cabin loudspeakers, play the flight attendant and
pilot announcements, switching the audio system automatically to the correct
mode (PA system simulation). Announcements are also correctly routed viathe
intercom system (this function does not require the intercom module active).

Flight Dynamics

The flight dynamics of the MJC400 utilizes an open source JsbSim flight dynamics
engine, which is a successor of the LARCSIM built by NASA.

The flight dynamicsistherefore will still be used even in the addon for the Microsoft
Flight Simulator, as the Microsoft flight simulator will be “repositioned” using the
JsbSim output, but will not be “flying” as such.

The JSBSIM flight dynamics has the following advantages over the Microsoft own flight
dynamics:

Correct ground dynamics — The airplane wheelsfriction is correctly simulated by
the JsbSim, preventing the aircraft from “skidding” on takeoff, landing or even
taxi with side wind.

The JsbSim works with arate of 125Hz versus 30Hz in the Microsoft flight
dynamics, potentially providing a4 times better responses to the flight conditions.
JsbSim aso gives afull control on gear positions, alowing usto fully simulate
the gear malfunctions (not locking, failure to retract or extend)

Lift due to propeller airstream simulation: with JsbSim we also simulate the
changes in the wing lift due to the propeller created airstream, the effect without
which the correct turboprop flight dynamics during takeoff and landing is
impossible to achieve.



Electrical system

Our electrical system simulation is unique due to the fact that the actual electric
currents are simulated using the laws of physics. This especialy helpsin correct
system operations in those modes which were not explicitly programmed into the
system.

The circuit breakers framework simulates every circuit breaker in the aircraft by
ensuring al the electrical consumers are connected via the appropriate circuit
breakers. The circuit breakers can be pulled viathe M SFS cockpit, the cockpit
application or the hardware (if available), and can pop up automatically when the
current exceeds the CB cutoff value. The correct circuit breakers simulation can
particularly be used when training those emergency procedures, requiring to pull
certain circuit breakers.



Below are afew examples of the circuit breakers panels provided (MJC
Controls application)



The following aircraft systems are being simulated:

The highlighted items utilize the technology that has not been introduced before in any

other known MSFS aircraft addon.

SYSTEM DESCRIPTION ABNORMAL
Automated Flight Control Simulates as 2 industry standard 3 stages autopilots YES
System
Automated Heading and Simulate the real AHRS including tests and errorsin YES
Attitude Reference System | operation
Pneumati cs+Pressurization+ YES
AirCondition
Airdata Airdatais adigital smulation of the Air Data Computers | YES
Antiice Simulate the antiice logic, aswell asice accumulation YES
datato the Flight Dynamics System
Audio system Provides the logic for the aircraft audio system and YES
intercom switching
Cabin Simulates the cabin announcements, Cabin flow logic Y ES (emergency
such as boarding and de-embarking announcements
and flows)
Cockpit Interface System Allows different application instances of the Q400
framework communicate in between and with hardware
cockpits
Crew Alerting System Includes: Caution and Warning lights and sounds YES
simulation, Enhanced Ground Proximity Warning
System (EGPWS) with elevation display and
announcements, Stall computersand TCASinthe TA
(possibly RA) mode
EFIS System Simulates the logic of the EFIS displays. Utilizesthe YES
GDI+ vector graphics to draw the actual vector screens
Electrical system YES
FADEC Contains the engine control logic YES
Flight Dynamics Engine YES
Flight Data and Cockpit Contains the logic for the respective equipment, and
voice recorders provides areal time data recording of the flight data
parametersinto afile for the future analysis
Fire System Simulate the aircraft fire system, aswell asanumber of | YES
fire scenarios
Flight Controls System Simulate the flight controlslogic of the aircraft, as well YES
as the forcefeedback computer output for ForceFeedback
enabled joystick or flight training device
Flight Management Simulates the Universal 1D flight management computer | NO
Computer with IRS sensor. The datawill be provided by the
Navigraph data provider.
Fuel System YES




Hydraulic System

YES

NAV Data System

Y ES (emergency
battery operation)

Propeller Controlling Unit
and Oil system

Simulates engine oil, engine propeller speed governors

YES

Sound System

8. Hardware interfaces

Because M JC400 solution is built to be used both as a Microsoft Flight Simulator addon

and to drive the professional Dash 8 Q400 training devices, there is a sophisticated

hardware interface included in the project to facilitate building the hardware cockpits.
The interface is scalable and can support anything from a simple 4 axis engine controller,

to afull hardware cockpit including every control and indication.

In most cases, the system will utilize the UDP based interface. However, in some cases

where a better latency is required, we do provide a

Windows joystick interface, to input the joystick axis positions for numerous

connected joysticks
Theindustrial DIN66019 KEB TCP interface to output the force feedback
position to the forcefeedback — enabled controls.

The USB LabJack ™ interface to input the analog signals via the LabJack ADC

box.




Apart of the software solution, there is also aready hardware interface
board provided to speed up the hardware cockpits devel opment:

One board per panel is usually required.
Upto 16 boards can be used simultaneously on a network
Each board supports the following interfaces

Ethernet - to communicate with the main software

512 digital inputs (matrix) — to connect the digital controls of the cockpit

64 anal og outputs with 256 levels of output — to connect the LEDs, trim indicator
or any analog gauges

32 servo pulse modulation outputs — to connect the servo-based gauges. The
software also alows for the calibration of the servo positions

16 rotary encoder inputs (multiplexed with the servo outputs)

32 analog inputs (10 bits precision)

(not yet built in, but is planned) external 12C interface to communicate with any
custom 12C enabled equipment



At the moment, thereis a (full hardware) flight training device, built using the MJC400
framework, which isin the certification phase.

The flight training device has the following features:

Built to the FNPT Il requirements

The full size cockpit shell

Overhead, glareshield, main, center forward and aft, pilot and copilot panels
Instructor station

Custom built flight controls with split force feedback

150 degrees vision system on cylindrical screen

11 channels audio for the intercom and environment sounds simulation

A few in-progress pictures of our FNPT can be found on our website:

http://mal esti csoftware.com/pictures/ ENPT/

Please stay tuned to the http://maj esti csoftware.com news channel for the update.

Copyright
Magjestic Software 2009

P.S We are currently looking for an additional model/artwork designer. If you are an
experienced designer and are interested to participate in our project, please feel freeto
drop mealineto

Ol eksiy.frolov@maj esti csoftwar e.com




