
 

 

  
Abstract—This paper presents a longitudinal quasi-linear model 

for the ADMIRE model. The ADMIRE model is a nonlinear model of 
aircraft flying in the condition of high angle of attack. So it can’t be 
considered to be a linear system approximately. In this paper, for 
getting the longitudinal quasi-linear model of the ADMIRE, a state 
transformation based on differentiable functions of the nonscheduling 
states and control inputs is performed, with the goal of removing any 
nonlinear terms not dependent on the scheduling parameter. Since it 
needn’t linear approximation and can obtain the exact transformations 
of the nonlinear states, the above-mentioned approach is thought to be 
appropriate to establish the mathematical model of ADMIRE. To 
verify this conclusion, simulation experiments are done. And the result 
shows that this quasi-linear model is accurate enough. 
 

Keywords—quasi-linear model, simulation, state transformation 
approach, the ADMIRE model. 

I. INTRODUCTION 
HE admire, the aero-data model in a research environment, 
is a nonlinear six degree of freedom simulation model 

developed by the Swedish Defence Research Agency using 
aerodynamic data obtained from a generic single-seat, 
single-engine fighter aircraft with a delta-canard configuration 
[1]. ADMIRE is augmented with a full-authority flight control 
system and includes engine dynamics and detailed actuator 
models. It includes a large number of uncertain aerodynamic, 
actuator, sensor, and inertia parameters, whose values within 
specified ranges can be set by the user. 

The aerodynamic functions are defined over a wide flight 
envelope with a significant range of Mach number (0.3 to 1.2) 
and wide ranges of angle of attack (-30°to 90°) and sideslip 
angle (-30°to 30°) at low subsonic speeds. And the 
configuration of the model is showed as in Fig. 1.  

In this paper, a longitudinal quasi-linear model of ADMIRE 
will be established by using state transformation method. The 
approach of state transformation is called state transformation 
because the quasi-LPV model is obtained through exact 
transformations of the nonlinear states [2]. It basically performs 
a state transformation based on differentiable functions of the 
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nonscheduling states and control inputs with the goal of 
removing any nonlinear terms not dependent on the scheduling 
parameter [4]. This technique was introduced by Shamma and 
Cloutier. And it has been applied to a wide range of 
applications [5] – [8]. 

 
Fig. 1 Principal layout of the configuration 

 
At the end of this paper, simulation experiments are done to 

verify the accuracy of this model. 

II. AIRCRAFT DYNAMIC MODEL  

A. Definition of Reference Frame 
There are two frames used in the course of establishing the 

aircraft dynamic mode——SB-frame and SU-frame. They are 
shown as in Fig. 2 and Fig. 3 [1]. 

 
Fig. 2 Body fixed frame, SB-frame 
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Fig. 3 SU-frame 

 
The origin of SB-frame is the centre of gravity (OB), and the 

origin of SU-frame is the aerodynamic reference point (OU). 
The reference point is fixed but the location of the centre of 
gravity can change. In the nominal case, these two points 
coincide. The relative position of the two points is shown as in 
Fig. 4 [1]. 

 

 
Fig. 4 Definition of reference frames 

 

B. Forces and Moments 
In Fig. 3, the definition of the direction of the forces and 

moments from the aero data is shown. There are six 
aerodynamic coefficients defined—CT, CN, CC, Cl, Cm, Cn. And 
then the aerodynamic forces and moments can be written as  

Ttotrefx CSqF ⋅⋅−= , 

Ctotrefy CSqF ⋅⋅−= , 

Ntotrefz CSqF ⋅⋅−= , 

zcgycgltotrefrefx FyFzCbSqM ⋅+⋅−⋅⋅⋅= , 

xcgycgmtotrefrefy FzFxCbSqM ⋅+⋅−⋅⋅⋅= , 

xcgycgntotrefrefz FyFxCbSqM ⋅−⋅+⋅⋅⋅= ， 

where q  is the dynamic pressure of the plane, and 2

2
1 Vq ρ=  

( ρ  is the density of the air and V  is the velocity of the plane); 

refS  is the area of the wing; refb  is the length of the wingspan; 

cgx ， cgy  and cgz  are the relative distance between the centre 
of gravity and the aerodynamic reference point which are not a 
fixed coordinate. 

Now the expressions of lift coefficient and drag coefficient 
shown as (1) and (2) can be gotten. 

αα sinCcosCC TNL −=                              (1) 

αα cosCsinCC TND +=                               (2) 

C. The Plane’s Longitudinal Motion Equations 
For achieving the plane’s independent longitudinal motion 

equations, some assumptions are made: the plane just flies in 
the vertical plane and the lateral coefficients are very small so 
that they have no impact on the longitudinal coefficients. The 
deflection of pitch motion is just decided by longitudinal 
motion coefficients, and the deflection of yaw motion and roll 
motion is just decided by lateral motion coefficients. That is to 
say, there is no deflection of yaw motion and roll motion, and 
the deviation from the zero value caused by the lateral motion 
coefficients which are produced by various interference factors 
can be cleared away very fast. According to these assumptions, 
the plane’s longitudinal motion equations [3] can be gotten. 

,
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where L，D，M are lift, drag and pitch moment.; T is the 

thrust which is parallel to the direction of xB-axis.; V ，θ ， γ

， q，α  are velocity, pitch angle, flight path angle, pitch rate, 

angle of attack; x， y  are the plane’s coordinates in inertial 

reference frame; m ， yI ， g ， cm  are aircraft total mass, y 
body axis moment of inertia, acceleration due to gravity, 
variation of aircraft mass in one second; 1φ ， 2φ  are control 
relation equations. 

III. DEVELOPMENT OF AIRCRAFT LONGITUDINAL 
QUASI-LINEAR MODEL  

A. Aircraft Longitudinal State-space Equations 
Considering the characteristics of the aircraft longitudinal 

motion, α ， q  are chosen as variable state vector, and h , the 
height of aircraft, take the place of y . The differential equation 
about q  has been given in (3). Now the differential equation 
about α  can be obtained from (3), too. 

By the 8th equation of (3) time t  to derivatives, (4) can be 
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gotten. 

dt
d

dt
d

dt
d γθα

−=                                  (4) 

With the 2nd and 6th equations of (3), the (4) can be rewritten 
as (5). 

mV
cosmgLsinTq

dt
d γαα −+

−=                   (5) 

Now all the differential equations needed are gotten, and 
they can be shown as (6). 

⎪
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⎫

=

−+
−=

yI
Mq

mV
cosmgLsinTq
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&
γαα

              (6) 

B. Simplification of Aerodynamic Coefficients 
Although the state-space (6) has been gotten, it isn’t the form 

needed. So it should be developed further. 
There are just two forces and one moment in (6): lift L, drag 

D, and pitching moment M. And they can be written as (7). 

,CcSqM
SCqD
SCqL

M

D

L

=
=
=

                                        (7) 

where S is the area of wing surface; c is the average value of 
aerodynamic chord; LC  is coefficient of lift; DC  is coefficient 

of drag; MC  is coefficient of pitching moment; 2

2
1 Vq ρ=  is 

dynamic pressure; ρ , a function of h , is the density of the 
atmosphere.  

According to (7), the problems of forces and moments can be 
changed into the problems of aerodynamic coefficients. As the 
longitudinal motion of aircraft is only researched, it is just 
needed to be considered of coefficient of lift, coefficient of drag 
and coefficient of pitching moment. And these three 
coefficients can be decided by other three coefficients. They are 
coefficient of tangential force TC , coefficient of normal 

force NC  , and coefficient of pitching moment mC . So the latter 
three coefficients are the ones that should be considered. These 
coefficients usually can be gotten by using the interpolation 
tables which are gotten by using the real data of aircraft and the 
experiment of tunnel. These coefficients can be simplified 
according to the size and physical meaning of the components 
of these coefficients. 

Besides the structure of aircraft, these coefficients also can 
be impacted by Mach number, angle of attack and system 
parameters. In the model of ADMIRE, the system parameters 
are left canard deflection lcδ , right canard deflection rcδ , left 

outer elevon deflection loeδ , right outer elevon deflection roeδ , 

left inner elevon deflection lieδ , right inner elevon deflection 

rieδ , rudder deflection rδ , leading edge flap deflection leδ , 

horizontal thrust vectoring thδ , and vertical thrust vectoring 

tvδ . 
And in different area of Mach number Ma, these 

aerodynamic coefficients are different. They will change when 
Mach number in the area of 0.4 to 0.5 and when 41.Ma = . In 
this paper, the situation of 40.Ma ≤  is just researched. 

Here, some definitions are made in (8). 
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1. Simplifying Coefficient of Tangential Force 
The coefficient of tangential force can be written as（9）

before being simplified [1]. 
 

,CCCC

CCCCCCCC
high
TTTT

TTTTTTTTtot

r

lenneeyeibasic

++++

++++++=

δβαδ

δδδδδδα              (9) 

where they are all the components of coefficient of tangential 
force decided by angle of attack or other system parameters. 

By ignoring the impaction of left elevon deflection, angle of 
sideslip, leading edge flap deflection, rudder deflection and 
other small components, coefficient of tangential force can be 
simplified as (10). 

( ) ( ) ( ),,CCMCC nTTTT n
αδα αδα ++= 0              (10) 

where 
a) ( )MCT 0  is the basic component of coefficient of tangential 
force, which is only related to Mach number. It can be gotten by 
using one-dimensional interpolation methods; 
b) ( )ααTC  is related to angle of attack. And according to the 
data table, when angle of attack is a positive number, it is a big 
negative number; 
c) ( )εδαδ ,C nT n

 is related to canard deflection. It is the most 

important component that should be considered and it should 
be linearized. 

2. Simplifying Coefficient of Normal Force 
The coefficient of normal force can be written as (11) before 

being simplified [1]. 

,CCCCCCC

CCCCCCCC
high
NqNNNNNN

NNNNNNNN

znqcai

lenneeyeibasictot

+++++++

++++++=

&&αβ

δδδδδδα     (11) 

where they are all the components of coefficient of normal 
force decided by angle of attack or other system parameters. 

By ignoring the impaction of left elevon deflection, angle of 
sideslip, leading edge flap deflection, rudder deflection and 
other small components, coefficient of normal force can be 
simplified as (12). 
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( ) ( ) ( )
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corrNcNcorrNnN

corrNNN

NNNNN

eqqnen

ee

qnbasic

⋅⋅+⋅+

+=

+++=

ααδ

α

ααδ

ααδ

δα

δ

0
0

 (12) 

where 
a) ( )MCN0

 is the basic component of coefficient of normal 

force, which is only related to Mach number; 
b) ( ) ( )M,qaC,C corrNN ee ααδ

α ⋅0  is related to dynamic pressure 

and Mach number, where 00010.qaqacorr ∗= , and qa is 
dynamic pressure; 
c) ( ) ( )M,qaC,C corrNnN nen δαδ

αδ  is related to canard 

deflection; 
d) In the component of ( ) ( )M,qaCqC corrNcN eqq

⋅⋅α
α

,  

( )V/qcqc 2= , where q  is pitch rate and c  is aerodynamic 
chord. 
3. Simplifying Coefficient of Pitching Moment 

The coefficient of pitching moment can be written as (13) 
before being simplified. 

,CC

CCCCCC

CCCCCCC

high
mm

mmmmmm

mmmmmmm

q

znqcaile

nneeyeibasictot

++

++++++

+++++=

&

&αβδ

δδδδδα

(13) 

where they are all the components of coefficient of pitching 
moment decided by angle of attack or other system parameters. 

By ignoring the impaction of left elevon deflection, angle of 
sideslip, leading edge flap deflection, rudder deflection and 
other small components, coefficient of pitching moment can be 
simplified as (14). 
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(14) 

where 
a) ( )MCm0  is the basic component of coefficient of pitching 
moment, which is only related to Mach number; 
b) ( )α

αδ
,C

em 0  is related to angle of attack; 

c) ( ) ( )M,qaC,C corrmnm nen δαδ
αδ ⋅  is related to canard 

deflection; 
d) ( ) ( )( ) ( )M,qaCq,CC corrmcnmm eqnq

⋅⋅+ αδα
αδα

 is related to 

pitch rate. 
4. Simulation 

According to the simplification, it can be known that the 
component of highC  is ignored in every coefficients. This 
component is the correction term to big angle of attack. IT is 
ignored here, because the range of angle attack is －10° to     30

°. 
To get the relation between these coefficients and angle of 

attack and Mach number, some simulations are done by using 
MATLAB programming. With the (1) and the (2) and letting  
the range of angle of attack be 0° to 30°, the efficient curves as 
Fig. 5 to Fig. 9 can be gotten, where the four curves in every 
picture is gotten when Mach number equal to 0.1 or 0.2 or 0.3 
or 0.4. 

 
Fig. 5 Coefficient of Tangential Force for different Mach numbers 

after being simplified 

 
Fig. 6 Coefficient of Normal Force for different Mach numbers after 

being simplified 
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Fig. 7 Coefficient of Pitching Moment for different Mach numbers 

after being simplified 

 
Fig. 8 Drag Coefficient for different Mach numbers after being 

simplified 

 
Fig. 9 Lift Coefficient for different Mach numbers after being 

simplified 
According to these curves, it  can be known that angle of 

attack is the main factor which affect these coefficients when 

40.Ma ≤ . 

C. Establishing The Longitudinal Quasi-linear Model of The 
ADMIRE 

With (10) and (12), (1) and (2) can be rewritten as (15) and 
(16). 
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(15) 
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（16） 

According to (6), (14), (15)，and (16), the mathematical 
model of the aircraft as (17) can be gotten. 
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(17) 
For looking simple, some variables are defined： 
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( ) ( ) ( )M,qaC,C,C corrmnmnm nenn δαδαδ
αδαδ ⋅= . 

Then, the mathematical model can be written as (18). 
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(18) 
Equation (18) is the motion state equation of aircraft. 

Considering the canard deflection nδ  as the control input, it 

can be found that (18) is not linear to canard deflection nδ . So it 
should be known of the first-order Taylor expansions of 

( )αδ
αδ

,C nL n
 and ( )αδ

αδ
,C nm n

. And they are given by 
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−+≈  

where ( ) ( )
n

D
δ∂
•∂

=• . 

With the Taylor expansions, (18) can be rewritten as (19). 
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(19) 
Letting the left side of (18) equal to zero, (20) can be gotten. 
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(20) 
Equation (19) less (20)  and (21) can be gotten. 
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(21) 

Here, eqq&  should be known, and with (20), (22) can be 
gotten. 
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And then with (22), eqq  is written as (23). 
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By (23) t  to derivatives, （24） can be gotten . 
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With (21), the expression of α&  as (25) can be gotten. 
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With (25), (24) can be rewritten as (26). 
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 Then (26) can be rewritten as (27). 
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Equation (21) less (27) and (28) can be gotten. 
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where neqδ  and eqq  can be gotten from (20). And (28) is the 
quasi-linear model that is the result. 

IV. SIMULATIONS  
Now the quasi-linear model has been gotten, but it should be 

checked to make sure whether it is right by the simulation 
method. Programming with MATLAB, solving (18) and (28) 
by the method of fourth-order Runge-Kutta, letting them have 
the same initial values and conditions ,and setting simulation 
step to be 0.01s and simulation time to be 3s, the curves as Fig. 
10 and Fig. 11 can be gotten. 

 
Fig. 10 The curves of Angle of Attack 

 
Fig. 11 The curves of Pitch Rate 

From the Fig. 10 and the Fig. 11 and the results of the 
simulations, it can be found that the two curves have difference 
when t  become larger. The errors are result from the 
linearization of  ( )αδ

αδ
,C nL n

 and ( )αδ
αδ

,C nm n
. But the errors 

are very small. So it can be concluded that the quasi-linear 
model is accurate enough. 

V. CONCLUSION  
In this paper, a longitudinal quasi-linear model of ADMIRE 

has been presented by using state transformation method. 
Because there is only once linearization in the process of 
establishing, the model can reflect the dynamic characteristics 
of aircraft very accurately, which is very helpful to the design 
of control system for aircraft with high angle of attack. And 
satisfactory results are gotten in the simulations experiment.  
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