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Abstract

The purpose of this research is to study and develop the
equation of motion of the Pioneer unmanned aerial vehicle
(UAV). First step is to get the aerodynamic parameters of the
Pioneer UAV , which are all non-linear parameters, to generate
the non-linear equations of motion. These are very difficult to
solve mathematically. The idea of using Multiple Model Approach
is selected to simplify the process, which separate the non-linear
model into numbers of linear models in equilibrium point. With
this approach the problem can be solve easier because all sub -
models are linear. These models could be solved by many
different kinds of theories. And the Fuzzy Modeling Theory
combined with optimization method is chosen to combine the
linear models to the non-linear model. This research uses the

SIMULINK and MATLAB as tools to solve the Problem.
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2.2 qmé’num:u,a:@ha'm'mwaﬂ'lam‘waam%aaﬁu Pioneer

3071 3asduliauiadu Call Sign Pioneer

31901 audInIAENFVes Pioneer UAV

Symbol Meaning Value
a Speed of sound 340 m/s
1% Air density 1.23 kg/m3
b Wing Span 5.1376 m
c Wing Chord 0.5472 m
SW Reference Wing Area 2.82611 m2
M Mass 190.5088 kg
| « Moment of inertia about x axis 47.225 kg.m2
| y Moment of inertia about y axis 90.948 kg.m2
| , Moment of inertia about z axis 111.475 kg.m2
J, Product of inertia -6.646 kg.m"
about x and z axes

A1719% 2 A1@auls Aerodynamics Derivatives of Pioneer UAV

Corresponding Aerodynamic Value
force or moment Derivative
Axial force CD_adot None
CD_q None
Normal force CL_adot 2.42 [/rad]
CL q 8.05 [/rad]
Pitching moment Cm_adot -11.0 [/rad]
Cm_q -36.6 [/rad]




(a) Pioneer CD as function of alpha [deg] (b) Pioneer CL as function of alpha [deg]

(d) Pioneer change in CL as function of

(c) Pioneer change in CD as function of
alpha and elevator defection

alpha and elevator defection

() Pioneer Cm as function of alpha

(e) Pioneer Cm as function of alpha
and elevator deflection (2)

and elevator deflection (1)

Eﬂﬁ 2 Pioneer Aerodynamics Parameter Estimations

2.3 State at each equilibrium points
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2.4 samsnsdulugy State Space

X = AX + Bu 4)
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0 0 0 O
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3. Multiple Model Approaches
5% Multiple Model fimsihanldatnsunsnais iasan
a ' LA v v & A
sansafazutanusnnuasym lddads lenuduwdygwin
fanudadunans 9 Tym waihelunmsuilywluidazdym
lunuidafifazifenld Soft Fuzzy Computation 738 TSK Fuzzy
Modeling Theory [NaTIMLLeaE linear model giag 9 LTaaanwiln

non-linear model

3.1 TSK Fuzzy Modeling

Takagi-Sugeno Fuzzy [2],[3] w%aﬁfﬁ’ﬂ“lu%a TSK Hanwmue
AETUATU89 Mamdani uanensiwiea? membership function
289 Output named 1y Fuzzy Logic uuy TSK azlfaums f(x)
(uszuudian) 1l membership function §3MWA 10 uazN W

11 2zt Rule R8N0 8UA 9%

R F xPis A, ano.ano x™ s A

THEN Y, = fi(x(l),..,x(m)) (6)

laslunudanldRansan fuzzy system 1ilu

Py

CoF X®is A, anp.anp XM s A

THEN Y@ = b, AND...AND y™ = (I (7)

i=1..,N,

N fia 4124 rules,

X(i) fla ﬁ’JLLﬂimq (antecedent variables) Y84 Input
VaITEUY fuzzy

Aij fla fuzzy set
bij fia gauilanag (consequent values) U84 Output Va3
JeUY fuzzy



input space e

AT

TIPS

(a) (b)
MW 10 (a) Fuzzy subspace Uag (b) fuzzy partition §1%3U

membership 5x5

[

1o Fuzzy Logic LUy TSK 1 Inference mechanism a9%

o > B (R,
Y A®

: ®)

Bi = Hrjn:l Hij (X)'

0< o (X) <1 #a membership function

L 104650182 [IA[MUIOAIK]S 0.001

M1 |0.540]0.160(0.067(0.038|0.017

;.?' M |0.825(0.254|0.063]0.099(0.088)

M. |0.757)0.346(0.259(0.204{0.250}

S |0.986{0.800]0.628]0.363]0.383
S MS M ML L

X1

(@) (b)
WA 11 (a) Input-Output relation of the nonlinear system of 25

membership funcitons of output

(b) Generated fuzzy if-then rules for membership 5x5

3.2 35n15M1AA1AaL (Optimization)
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SRl A UL AN B IET8IM T TMWNS (Evolutionary
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(Generalization)

TunauvaiITMImdaaulas3FiFanugnysn (Outline of the
Algorithm)
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1 msv’iﬂugmmm‘hamﬁuqnsm

2 MatuunalszTnITueanh (Initial population)

3 mydszfudnfaiduianlzasdviadflaiua ( Evaluation
of fitness function)

4 AUAWMIITAWININWRUTNTIY (Genetic operator)

A A o o . @ .

Lwam:aswawuqﬂsm*gunﬂvl,ﬂ (Next generation)

5 MImAnAF A TAAe Al 1w TmMIvndaauLd

WENITU

initial population

selecta population of n coded elements

reproduction

generata m offsprings through crossaver and mutation operators

|

selection
take the n best elemeris among the n+m slements (initial
population and offsprings) ; save the best ovarall alement

stop criterion -
maximal number of
genarations reached ?

NO

solution = best element found

MW712 Flowchart 112lU189 Genetic Algorithm.
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a3 Fuzzy Logic Me3D Genetic Algorithm 271N fitness function
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Moment due to Normal Velocities
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