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ABSTRACT

The rapid development-of contrel-technology in the last few decades
has made autonomous vehicles smaller‘and more powerful. And the need to
aleviate the actual human participation-in order to save human efforts and
avoid hazards has been ever'increasing in numerous fields. As a result,
autonomous vehicles are about to become part of redlity in many
applications.

The algorithm is applied to discretized optimal control problems, a
simple and parallel computation and a ssmple and regular data flow patter
between consecutive computational steps results. Therefore, this technique
IS best suited to obtain the discrete solution of fixed final-time constrainted
nonlinear optimal control problems with quadratic performance index.

In this thesis, we investigate the feasibility of a nonlinear model
tracking control for unmanned aerial vehicle. We use a RQPD algorithm
for planning path under input and state constraints and tracking position
and heading trgectories, and compare minimum-control-effort with

minimum energy.
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xn+1=xn+hf[Xﬁgf(xmun),uwg]
first-order Runge-Kutta
step- size
5.3
3.8
5.1
& 1
rTnZVyizi(M(l))di+§di B(y())d,
=1
k
st. Y h(w())+V, Wy (1)) =0
i=1
k
& (w (1) + vy (% (1))d <o.
i=1
deR" V h(s) mxn Vie () axn
n B(%(1)) nxn j
2 2
8—2 8—2 >0;
by =1 % (1) i % ()
v, otherwise.
y Vi ] vi ()
51 5.6
y, (I+1) =y (I)+ad’, i=1..,k.
d 55 5.1
55 Hessian matrix

30

5.3

5.6

5.5

a



5.4
55
Maf/rlnize D(A, 1),
14>0. 5.7
D (2, u) (4, u) AeR™  peR?

() =min{ 3,2 (3 ()4 + S8 (v (1)

5.8

k

{gHi (%(1).d )T i{ZQ (%(1).d )T ﬂ}-

=1

Hi (v (1), &) =Rty B(v (1)d.
C(y().d)=c(%)+v,c(%))d.

55 gradient ascent method 5.7

31



vltq>(1)=ng(yi(l),d)
v#v®(1)=g(}“(y(l),&) 5.10
£ g d (4u)=(2(i) u())) A K
g 5.10 Hi(w(D).d)  ci(v().d)
0d) chimd)
55 P 5.8 k

V0 (3 20D+ el () () | ”

B (v.(1))" < d Vel
vV, (j) .10
5.5 RQPD

L

0 vy y(0) i=0

3 1(0) u(0)(uz0) =0

2 5.11 d

3 5.10 (V.2 (i).V,.@(i))



5.9

d <e, y(l)
y(1+1) 1
& & ‘(')Lo ()

20 u(0)(u=0)
d
(v(i).v,@(1)

y(1+1)

5.1 RQPD

33

(A(i+1), (i +2))




5.6 RQPD

RQPD

min J(x, u)=x" (t; )Mx(t, )

xeR™ ueR"

g:R°P 5> RY T:R">R™ x(t), u(t)

MeR™™

5.12

u, =0

Q = Rmxm

5.14

Runge-Kutta 5.13

5.15

34

5.12

5.13
5.14

5.15
fIR™P S RM

R(t) e RPP

5.15

At=t, /N

5.16

5.17
5.18
J (X Uy ) = X, Mx

f:R™" > R"™



T(%,)=0. 5.19

RQPD 5.16 5.18
t
E(1)=x.() x(l)—ﬁff(x(l),ul(l),l) 0<i<N-1
of of
f)=> (=22
! X (1), u(1).1) MUl (1), 0).1)
9
gu (l)__ ’
aul, )
Q s k A 0y M
«_ )85 1G>0, N:
" |y, otherwise, o
5.16 5.18 (% (s Gh))si= 10, N-1

: T t, & T
min J = Mx (1)] dx +dx Mdx, +Nf§[Qi)g(l)} dx,

5.20
+[ Ry, (I)]T du, +dx' Qadx +du’ Rdu, .
s.t.
t
B, (1)+ .y = -, (1) oy
t 5.21
_Nf f, (I)du; dx,=0
g(u(1))+g, (1)dy <0, i=0,.,N-1 5.22
5.21 5.22 O, u)  D(j) D (A, u)

35



I1.

1
g

([x ()] +24(1)- (i)

1
Oy

([ (D] +254(1)), i i=N.

5.23

5.24

5.25

5.26



i=0,...,N-1 k=1...,m s=1...,q
3 7 5.9
maxi(ax , |du )<g2 u (1),i=0,
8
X, (1+1) =X, (1) +a& dxX .
us(1+2) = us (1) +adu’
i=0,...,N=-1, k=1,...,.m, s=1,...,q
l=1+1 1 a 5.6
5.22 (ax, au)
O =En () 0

37

5.27

5.20

]



(V.2 (i) v.@(i))

dx(j),du(j)

A

X (1+1) u (1+2)

5.2 RQPD

38

(2(i+2), #(i+1)




512 - 515 5.15

g(u)+g; (u)du<o0 du dx

t
E (1)+dx,, —dx —ﬁf fy (1)dx
- f/(I)dy =0, i=0,...,N-1.
T(x (1))-T,, (1)dx, =0. 5.28

(augmented Lagrangian method)
[17] 512 - 515

max{minJ(x, u)+cT (X, )2+TT(XN) X, — X

T

_tﬁff()g,ui,i)zo,g(ui)go,i=0,...,N—l}.
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