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TEMO 

•  An optimal control problem is 
solved 
•  Minimizing fuel and speedbrake 
usage, while fulfilling operational 
constraints (including RTAs) 
•   Produces a speed, thrust and 
speedbrake plan for the whole 
descent 

•  Speed-on-elevator control (instead of 
conventional VNAV-path) 
•  Energy and Time deviations monitored 

•  If predefined boundaries exceeded a new 
re-plan is commanded (strategic guidance) 
•  Tactical guidance also possible to nullify 
time deviation errors  time



TEMO trajectory optimisation  

Input data 



TEMO trajectory optimisation  



TEMO model improvements 

•  Inclusion of realistic wind fields and non-standard atmosphere 
–  Air pressure, temperature and horizontal wind dependency on 

altitude and geographic location 
–  Data fitted to B-spline functions  
–  Data source: standard weather GRIB files 



TEMO model improvements 

•  Consideration of curved approaches 
–  The arrival procedure follows fixed RNAV/RNP routes 
–  Effect of bank angle on aerodynamic drag modeled 
–  Effect of wind, as aircraft changes heading, modeled 

•  Re-implementation in C++  
– 

RNAV: area navigation  - RNP: Required Navigation Performance – NLP: Non-Linear Programming RNAV: area navigation RNP: Required Navigation Performance



Experiment setup 
•  Human-in-the-loop experiments with realistic routing scenarios 
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Experiment setup 
•  2 pilot crew 
•  Cessna Citation C550 model but Airbus-like cockpit 
•  Auto speed-brake functionality capable to follow 

continuous speed-brake functions 
•  Simulation starting at cruise (FL300/M0.6) 
•  RTA at the IAF and at the runway threshold 
•  ASAS-IM operations (for some runs) 
•  Data-link clearances and RTAs 

eshold 

IM: Interval Management 
ASAS: Airborne Separation Assurance System  



Experiment setup 
Specific Human Machine 
Interface features 



Experiment setup 



Experiment setup 

Re-plan if time or 
energy deviations 

exceed max. 
bounds

Re-plan if energy 
exceed max. bounds 
+ tactical controller 
on speed to nullify 

time deviations



Experiment setup 

For each scenario 4 Runs: 

•  Run-1: No wind forecast errors 

•  Run-2: Wind error (3kt, 2º) 

•  Run-3: Wind error (6kt, 4º) 

•  Run-4: Wind error (9kt, 6º) 

ors 



Trajectories for Run 1-1 

Experiment results 



Controls for Runs 1-1 and 1-4 

Experiment results 

Run 1-4

Run 1-1



CAS profiles for for Runs 1-1 and 1-4 

Experiment results 



Time deviations for Scenario 2  
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Energy deviations for Scenario 2  
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Time deviations 
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Energy deviations 
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Thank you! 
Děkuji! 

 
Any Questions? 
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FASTOP and Concorde projects 

TEMO 
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Number of strategic re-plans 

Experiment results 


