Engineering 7 (2021) xxx-xxx

[bookmark: _GoBack]Supplementary data for
Real-Time Four-Dimensional Trajectory Generation Based on Gain-Scheduling Control and a High-Fidelity Aircraft Model
Olusayo Obajemu a, Mahdi Mahfouf a, Lohithaksha M. Maiyar b, Abrar Al-Hindi a, Michal Weiszer c, Jun Chen c,*
a Department of Automatic Control and Systems Engineering, University of Sheffield, Sheffield S1 4DW, UK
b Business and Management Research Institute, University of Bedfordshire, Luton LU1 3JU, UK
c School of Engineering and Materials Science, Queen Mary University of London, London E1 4NS, UK

* Corresponding author.
E-mail address: jun.chen@qmul.ac.uk (J. Chen).

[bookmark: BMeqn_ForcesandMoments][bookmark: BMeqn_statespaceformulationofforcesandmo]1. State equations
1.1. Rotational acceleration function
The rotational acceleration function (f1) relates the states to the derivatives of the rotational velocities in the body frame. The derivation of the equations is extensively presented in Ref. [1] and is summarized by the following sets of equations: 
	
                         (S1)
where are the rotational rates along the  and  body axes, respectively;  and  are moments of inertia along the  and  body axes, respectively; and  are the body axis moments along the  and  body axes, respectively.  
1.2. Translational acceleration function 
The translational acceleration function (f2) relates the states to the derivatives of the body velocities. The equations of the translational acceleration function are given as follows: 
	
 	(S2)
where V, α, and β  are the total velocity, angle of attack and angle of sideslip, respectively;  and  are aircraft mass, acceleration due to gravity at sea level, and pitch angle, respectively;  is the total aerodynamic drag;  is the total aerodynamic side force; and , , and  are the total thrust forces along the , , and  axes in the body axis system. 
1.3. Attitude rates 
The attitude of the aircraft defines the angles the inertia frame makes with the body frame. These angles are the widely known roll (), pitch (), and yaw angles (). It should be noted that these angles () are also called the Euler angles. The rates of the attitudes are given as follows: 
 	(S3)
1.4. Earth relative velocity 
The Earth relative velocities  and  along the , and  earth axes, respectively, can be expressed by the following equation: 
 	(S4)
2. Aerodynamic equations
It should be noted that the aerodynamic primary inputs (mainly ailerons, rudder, and elevator) influence these aerodynamic components through their respective aerodynamic coefficients. The aerodynamic coefficients utilized for eliciting the aircraft model are listed as follows: 
•	Aerodynamic lift: 
	
 	(S5)
where  is the airplane lift coefficient,  is the basic lift coefficient for the rigid airplane,  is the wing mean aerodynamic chord,  is the angle of attack relative to fuselage reference line,  is the airplane normal load factor along the z-axis, and  is the change in lift coefficient due to landing gear extension.  
•	Aerodynamic drag: 
	
 	(S6)
Where  is the airplane drag coefficient,  is the basic drag coefficient for the rigid airplane,  is the Mach number,  the change in drag coefficient due to landing gear extension, and  is the change in drag coefficient due to rudder deflection. 
•	Aerodynamic side force: 
 	(S7)
where  is the airplane side force coefficient,  is the basic side force coefficient for the rigid airplane, and  is the airplane sideslip angle. 
•	Pitching moment: 
 	(S8)
where  is the airplane pitching moment,  is the basic pitching moment for the rigid airplane, and  is the airplane angle of attack relative to the wing design plane.
•	Rolling moment:
 	(S9)
where  is the airplane rolling moment coefficient,  is the wing span, and  is the change in rolling moment coefficient due to rudder deflection.
•	Yawing moment:
 	(S10)
where  is the airplane yawing moment coefficient.
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