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MAIN GUI WINDOW

Present SDSA Design

2

SDSA –  brand new improved graphic interface

14.05.09



Menu bar

Main application 
window

Status bar

MAIN GUI WINDOW division

SDSA –  brand new improved graphic interface

314.05.09



Aircraft - SUBMENU

Simulation - SUBMENU

Stability - SUBMENU

NEW SUBMENUS description

SDSA –  brand new submenus

414.05.09

SDSA menu bar is divided now into 8 submenus. Each submenu has individual button groups.



NEW SUBMENUS description

SDSA –  brand new submenus

514.05.09

FCS Flight Control System - SUBMENU

Performance - SUBMENU

Options - SUBMENU

SDSA menu bar is divided now into 8 submenus. Each submenu has individual button groups.



NEW SUBMENUS description

SDSA –  brand new submenus

614.05.09

Output - NEW SUBMENU

About - SUBMENU

SDSA menu bar is divided now into 8 submenus. Each submenu has individual button groups.



Ctrl+O – to OPEN flight data TXT files …

Shift+Ctrl+O – to OPEN flight data  XML file …

F2 – to review input AERODYNAMIC DATA …

Shift+F2 – to display AERO DATA REPORT …

Ctr+F2 – Check data options window …

F3 – to open the PROPULSION DATA window …

Alt+X – to EXIT the program …

714.05.09

AIRCRAFT submenu

SDSA –  submenus in detail description

By clicking each of the submenu buttons, user can activate the appropriate SDSA feature.



Before start, user should define 
the SDSA derivative min/max 
values (range) with respect 
to: the airplane’s state & the 
control surfaces deflection.

814.05.09

AIRCRAFT submenu Check data options… (Ctrl+F2) external window

SDSA –  submenus in detail description

It is the best way to avoid mistakes 
and check the input data before 
simulation computation starts 

(Aerodynamic data report 
Shift+F2…  submenu option) for 
ex. incorrect derivatives sign or 

abnormal values etc.).



This feature enables user to review and check the SDSA input data!

9

AIRCRAFT submenu Aerodynamic Data… (F2) internal window

SDSA –  submenus in detail description

Aerodynamic data 
selection

14.05.09



X & Y variable 
selection (for ex. 
Mach number or 
Angle of Attack)

X and Y variable 
range (input window)

102008-08-28

AIRCRAFT submenu Aerodynamic Data… (F2) internal window

SDSA –  submenus in detail description

NEW - Active Aero 
data… user can 

select and display 
1st or 2nd or both 
aero data sets on 

review graph 
window (if such aero 

data is available)



1114.05.09

AIRCRAFT submenu Aero Data Report… (Shift+F2)

SDSA –  submenus in detail description

Aero data report … Activates the data validation 
function

Input data validation takes only 
few seconds. When the 

verification process is finished, 
data analysis report is ready to 

display.

NEW menu feature !



1214.05.09

AIRCRAFT submenu Propulsion Data… (F3) internal window

SDSA –  submenus in detail description

Propulsion Data  window 
enables user to define 

propulsion configuration 
for the aircraft. User can 
also load saved thrust or 

propulsion data. 

If it is necessary we can 
completely turn off the 

propulsion.



1314.05.09

AIRCRAFT submenu Grid Data…  Option selection

SDSA –  submenus in detail description

User can select from the 
Default to Custom 

selected grid to being 
displayed during the 
simulation process.

NEW FEATURE!



Initial conditions...  It is the best 
way to setup the initial position 
and flight values for the current 

simulation process.

1414.05.09

SIMULATION submenu Initial conditions… external setup window

SDSA –  submenus in detail description



1514.05.09

SIMULATION submenu Environment… external setup window

SDSA –  submenus in detail description

Environment...  It is the best way to 
setup the flight environment 

parameters: wind course/shear air 
temperature etc. 



1614.05.09

SIMULATION submenu Run simulation… internal simulation window

SDSA –  submenus in detail description

Run simulation... (F5)
This is the artificial 

control panel, where 
user can start / stop 

aircraft simulation and 
control / observe 

the desirable 
parameters / results.



1714.05.09

SIMULATION submenu Run simulation… internal simulation window

SDSA –  submenus in detail description

Simulation… 

control panel

New - Active 
Aero Data… 

selection panel



HIS horizontal situation 
indicator 

Spacious 3D 
visualization window

1814.05.09

SIMULATION submenu Run simulation… internal simulation window

SDSA –  submenus in detail description



More results … ext. window

1914.05.09

SIMULATION submenu Run simulation… internal simulation window

SDSA –  submenus in detail description

Control… panel



2014.05.09

SIMULATION submenu Run simulation… internal simulation window

SDSA –  submenus in detail description

More control… ext. window

The direct access to the most common features during simulation process 
makes SDSA more operational and easy.

More initial variables… 
ext. window



Linear Quadratic Regulator

Click ON to enable Linear 
Quadratic Regulator (when 
running in flight simulation 

mode)

2114.05.09

SIMULATION submenu Run simulation… internal simulation window

SDSA –  submenus in detail description

The Pilot & SAS feature is disabled when in LQR mode. State button turns yellow when LQR 
meets the FCS envelope requirements. Pilot & SAS feature will be discussed in detail in separate 

presentation.
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Pilot

Click one of Pilot or SAS 
buttons ON to enable pilot 

in the closed loop and 
stability augmentation 

system (when running in 
flight simulation mode)

2214.05.09

SIMULATION submenu Run simulation… internal simulation window

SDSA –  submenus in detail description

The LQR button (Linear Quadratic Regulator) is disabled when in Pilot  and in SAS mode. 
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One button
 for: Pitch, 
Roll, Yaw
channel



2314.05.09

SIMULATION submenu Show results (graphs)…  (F6) internal window

SDSA –  submenus in detail description

This option was made to 
review the simulation 
results (from current, 

carried out simulation or 
stored on disk past 

simulations).



Click to show last 
simulation results

Click to point the path 
to file with recorded  

flight simulation 
results
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2414.05.09

SIMULATION submenu Show results (graphs)…  (F6) internal window

SDSA –  submenus in detail description



In Eigenvalues… mode 
user can perform 
stability analysis 

computations, versus 
the stability or trim and 

stability criteria for 
specified aircraft class 

and motion. 

(as well with the LQR 
Pilot, SAS mode on/off)

2514.05.09

STABILITY submenu Eigenvalues…  (F7) internal window

SDSA –  submenus in detail description

IMPROVED WINDOW navigation and features!



Input variables control 
panel

Compute control panel

Results visualization 
and stability criteria 

selection panel

2614.05.09

STABILITY submenu Eigenvalues…  (F7) internal window

SDSA –  submenus in detail description

New - Active 
Aero Data… 

selection panel



Show results button
(for airspeed/altitude 
range calculations)

External text window 
(easy to export data)

Show results button (for 
only one airspeed/altitude 

case)

2714.05.09

STABILITY submenu Eigenvalues…  (F7) internal window

SDSA –  submenus in detail description



LQR Linear Quadratic 
Regulator Closed Loop

&
Pilot in the Loop

on/off button
&

SAS stability 
augumentation system

NEW FEATURE!

2814.05.09

STABILITY submenu Eigenvalues…  (F7) internal window

SDSA –  submenus in detail description

User can choose 
between the LQR Pilot 

and SAS stability 
computations. NEW - Select X variable (TAS, EAS, CAS or MACH) 



2914.05.09

STABILITY submenu Eigenvalues…  (F7) internal window

SDSA –  submenus in detail description

Stability Criteria 
button panel

Stability Criteria button ON

Example Stability Criteria Short Period motion results for Class III by ESDU!

NEW FEATURE!



3014.05.09

STABILITY submenu Eigenvalues…  (F7) internal window

SDSA –  submenus in detail description

Stability Criteria 
button panel

Aircraft Class selection
Aircraft Class description

Aircraft Motion selection

Aircraft Motion Stability Criteria

Stability criteria types for Short 
Period motion (example).

NEW FEATURE!



3114.05.09

STABILITY submenu Eigenvalues…  (F7) internal window

SDSA –  submenus in detail description

Stability 
Characteristics

button panel

Stability Characteristics button ON

Example T1/2 – Short Period results!



3214.05.09

STABILITY submenu Eigenvalues…  (F7) internal window

SDSA –  submenus in detail description

Trim results
button panel

Trim results button ON

Example Trim elevator deflection results!



Click Time history …  button 
in Stability submenu to open 

recorded flight file and 
activate external SDSA 
Time history application 
window, where user can 
perform the time domain 
stability computations!

open recorded 
flight file

3314.05.09

STABILITY submenu Time history…  external window

SDSA –  submenus in detail description



IMPROVED FEATURE!

3414.05.09

STABILITY submenu Static margins… (F8) internal window

SDSA –  submenus in detail description

This option enables user to 
compute static margins and 
controllability margins with 
stick fixed or free for active 

aero data (stick free option in 
currently in progress) and 
display them versus Mach 

number or angle or attack on 
graphs.



Click Basic FCS parameters…  button in 
FCS submenu to activate internal SDSA 

Basic FCS parameters window!

3514.05.09

FCS Flight Control System submenu

SDSA –  submenus in detail description

Feature will be discussed in 
detail in separate 

presentation.

NEW FEATURE!



ue, com

 A/C
xua, com

ur, com

δe
Elevator 
actuator
KAe ,τAe

δa
Aileron 
actuator
KAa ,τAa

δr
Rudder 
actuator
KAr ,τAr

Deflections:
  δe –  elevator  [rad]
  δa –  aileron   [rad]
  δr –  rudder  [rad]

Actuator parameters:
KAe , KAa , KAr –  elevator, aileron and rudder actuator gains    [1] 
τAe , τAa , τAr  –  elevator, aileron and rudder  actuator lag times    [s] 

Pilot commands:
  ue,com  –  pitch stick,
  ua,com   –  roll stick,
  ur,com    –  pedals

SDSA –  Aircraft with actuators

14.05.09

Aircraft



SAS parameters (to be tuned):
KSe , KSa , KSr –  elevator, aileron and rudder SAS gains    [1] 
τSa , τSr  –  aileron and rudder SAS lag times    [s] 

SDSA – Aircraft with Stability Augmentation Systems

14.05.09

p

ue, com

A/C
xua, com

ur, com

δeElevator 
actuator

qr

δaAileron 
actuator

δrRudder 
actuator

Yaw SAS
KSr ,τSr

ue

ua

ur

∆ur ∆uaa ∆ue

Roll SAS
KSp ,τSp

Pitch SAS
KSq

Aircraft



The human-pilot maintains the attitude of an aircraft by tracing some state 
variables:
θref  –  pitch angle,
ϕref –  roll angle  
βref  –  sideslip angle

ue,com

A/C
xua,com

ur,com

δeElevator 
actuator

δaAileron 
actuator

δrRudder 
actuator

Pitch 
SAS

Roll 
SAS

Yaw
SAS

ue

ua

ur

∆ur ∆uaa ∆ue

Pitch control

Roll control

Yaw control

Pilot

ϕ θβ

θref

ϕref

βref

qr p

Aircraft/Actuators/SAS

SDSA –  Aircraft controlled by human pilot

14.05.09



Pilot model parameters (to be tuned):
T  –  motoric delay time  [s], 
τa  –  motoric lag time  [s], 
Kp  –  adaptive gain  [1], 
τl  –  adaptive lead time  [s], 
τb  –  adaptive lag time  [s]. 

Remnant

Adaptivee(t) ucom(t)

white noise

+

+

PILOT CONTROL CHANNEL

Motoric
T ,τa Kp ,τl ,τb

e(t) –  tracing error input signal, 
ucom(t) –  pilot output control 

SDSA –  Human pilot model

14.05.09



Click Pilot model…  button in FCS 
submenu to activate internal SDSA  Pilot 

model window!

4014.05.09

FCS Flight Control System submenu

SDSA –  submenus in detail description

Feature will be discussed in 
detail in separate 

presentation.

NEW FEATURE!



Click Stability Augumentation System…  
button in FCS submenu to activate 

internal SDSA  SAS window!

4114.05.09

FCS Flight Control System submenu

SDSA –  submenus in detail description

Feature will be discussed in 
detail in separate 

presentation.

NEW FEATURE!



Click Linear Qadratic Regulator…  button 
in FCS submenu to activate internal SDSA 

 LQR window!

Click Read LQR 
matrix…  button 

in FCS 
submenu to load 

saved FCS 
matrix data!

Click Save LQR matrix…  button 
in FCS submenu to save FCS matrix!

4214.05.09

FCS Flight Control System submenu

SDSA –  submenus in detail description



LQR FCS maintains the attitude of an aircraft by tracing some state 
variables:
θref  –  pitch angle,
ϕref –  roll angle  
βref  –  sideslip angle

ue,com

A/C
xua,com

ur,com

Pitch control

Roll control

Yaw control

LQR

ϕ θβ

θref

ϕref

βref

Aircraft

SDSA –  Aircraft controlled by LQR Flight Control System

14.05.09



   –  nonlinear model of aircraft, 
e(t)   –  tracing error input signal, 
ucom(t)   –  LQR output control, 
ρ    –  envelope scheduling parameter (Altitude,Mach),
K(ρ)    –  LQR gain matrix,

LQR parameters (to be tuned):
Q(ρ)  = diag[q1, … ,qn]     –  state error weighting matrix,

 R (ρ) = diag[r1, … ,rm]      –  control weighting matrix

SDSA –  LQR Flight Control

14.05.09

),( uxfx =
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LQR FCS module ρ 



4514.05.09

FCS submenu Linear Qadratic Regulator… internal window

SDSA –  submenus in detail description

After LQR… submenu 
button is activated the 

internal SDSA FCS 
„empty” window 

appears.

Now user can perform 
FCS flight envelope 
matrix computations.



FCS Results graph 
window

FCS Variable input 
panel

FCS Control panel

FCS Settings panel

FCS MATRIX output 
panel (save computed 

matrix data)

4614.05.09

FCS submenu Linear Qadratic Regulator… internal window

SDSA –  submenus in detail description



Flight Envelope example 
results with FCS control 

points

FCS Points on 
graph – color map 

description

- Exceeds critical 
angles of attack

- Exceeds 
necessary thrust

- Proper results

4714.05.09

FCS submenu Linear Qadratic Regulator… internal window

SDSA –  submenus in detail description

NEW - Select X variable (TAS, EAS, CAS or MACH) 



Not ready yet!

4814.05.09

PERFORMANCE submenu Envelope… internal window

SDSA –  submenus in detail description

In Envelope… mode 
user can perform flight 
envelope computations 
for the required altitude 
and display the results 

versus Mach number or 
angle of attack. 



Result Envelope graph 
window

Minimum and maximum 
airspeed computation 

control panel

Envelope graph X 
variable selection

Compute Envelope 
panel

4914.05.09

PERFORMANCE submenu Envelope… internal window

SDSA –  submenus in detail description



Not ready yet!

5014.05.09

PERFORMANCE submenu Manoeuvres… internal window

SDSA –  submenus in detail description

NEW FEATURE!

Manoeuvres SDSA performance feature is in progress. At present time user can only Compute 
regular turn parameters for given altitude, airspeed and roll angle.



Click Files location …  
button 

in Options submenu to 
activate external SDSA 
File location window!

Click Save button to save the paths for selected directories !

5114.05.09

OPTIONS submenu Files location… external setup path window

SDSA –  submenus in detail description



Click Test flight parameters 
…  button 

in Options submenu to 
activate external SDSA 

Test flight options window!

Select the desired disturbance type!

5214.05.09

OPTIONS submenu Test flight parameters… setup window

SDSA –  submenus in detail description



Click Recording …  button 
in Options submenu to activate 
external SDSA Flight recording 

window!

Select path for data recording text file and set up recording input values!

5314.05.09

OPTIONS submenu Recording… flight recording window

SDSA –  submenus in detail description



Click JPEG parameters…  
button in Options submenu to 
activate external SDSA JPEG 

parameters window!

Select  and set up JPEG picture capture options!

5414.05.09

OPTIONS submenu JPEG parameters… JPEG parameters window

SDSA –  submenus in detail description

NEW FEATURE!



Click here to save SDSA set by 
user options!

Click here or push F11 button 
on keyboard to clear the Main 

SDSA window!

5514.05.09

OPTIONS submenu Save options…

SDSA –  submenus in detail description

OPTIONS submenu Clear Window (F11)



5614.05.09

OUTPUT submenu Save current picture as… (Shift+Ctrl+S)

SDSA –  submenus in detail description

NEW FEATURE!

In OUTPUT… user can 
capture and save to disk 

the current graph 
window with results.



5714.05.09

HELP submenu

SDSA –  submenus in detail description

Help documents selection.

PDF application selection
feature.



5814.05.09

SDSA

THE END
Thank You for your patience 
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