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ABSTRACT
In this paper, a real time expert controller of a flight vehicle is

studied. In the RTEC, a
prédictive control law.
is set up to choose the
parameters in the RTEC.
KEYWORDS:expert control,

1. INTRODUCTION

Genérally, a flight vehicle control
srstem is & nonlinear, time-varying and
.gh dimensional system. Its controller de-
s.gn is a difficult problem. One 'solution
y the problem is changing it into & linesr
‘mr>del. Then, we can design its controller
b+ means of modern control theory. However,
t1ie method has many disadvantages:

(1) Tto-

‘nal point) should be known or estimated.

rren a little blas in T, _
riacceptable control performance. And there
.3 not a efficient way to estiwmate Tto- onl

(2) Riccati equation{or TPBVP problem)
i1 optimal control should te solved on line

(the time from present to
go g

go may lead to a

'11s is difficult due to its long calcu-
1ting time and large computer capacity.
(3) Linear model may sometimes present

.1e flight vehicle poorly due to its com-
‘lex flight condition. This will lead to
->or conirol performance unsuspiciously.

To overcome these disadvantages, pre-

‘lctive control concepts has been used 4].
In the predictive control scheme, & non-
linear control model was used to design its
rontroller directly. Simulation has proved
'nat this controller design method is very
:fficient. However, how to improve its con-
1rol performance in complex flight condi-

lion is still an open problem[A .
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nonlinear space model is used to get higrarchic
To get good control performance, an expert system
correct controlled model and to adjust some key
Simulation is introduced in the paper.

hierarchic predictive control,flight engineering

In this paper, a real time expert con-
troller(RTEC) is studied to design a flight
vehicle control system.

Expert control can use heuristic logic
and provide new functions in & control sys-
tem. A direct expert control has been prov-
ed very efficient to some systems which
difficult to obtain.
us that optimal
some well under-

wethematical models are
However, knowledge tell
control is excellent to
stood probhlem. Thus, we should combine ex-
pert control with optimal control to solve
some complex control problems. Those pro-
blems can be formulated with mathematical
models under some conditions. From them,
their optimal control law can be obtained.
When those conditions change, their control
model and/or some key parameters should be
adjusted by an expert system to get good
control performance.The RTEC is a good ex-
ample of those problems.

hccording to the principle of higher
intelligence, lower precision , the RTEC
is divided into two levels({see figure 1).

The higher level is an expert system
used to manage and coordinate the lower
level intelligently. The lower level is a
hierarchic optimal predictive controller,
which is used lc control the flight vehlcle
directly.

This paper has four parts. After the
brief introduction, the background éf the



flight vehicle and its hierarchic control
fler design:of lower ievel in the RTEC are
presenfed. Then, we discuss the expert sys-
tem in the RTEC in detail. At last,
ﬂation and its result

somu-~
are introduced.

2. HIERARCHIC CONTROLLER IN THE RTEC

2.1 Background And Model Qf The
Flight Vehicle Control Froblems

The problem we studied is an inter-
ception problem. In order to ensure its
interception result, high hit precision and
sultable terminal attitude angle aro re-
quired. A general method to the problem is
khanging the interception problem into a
f.QG probiem. Then, .a control law can be
bbtained by means of wmodern control Lheory.
However, the method has many drawbscks in
anti-interference, realization, efficiency,

pt('[1]

. Thus, we have presented a new con-
krol scheme to the problem[Ll

At first, an ideal flight trajectory
should be decided{see figure 2).

The "ideal flight trajectory can be
divided into three stages: OA stage is
Its
pose is to adjust the flight vehicle to =

called as height-adjusting stage. pur-
isuitable height to get a required collision
attitude angle; AB stage is called as turn-
Hiving stage; BT stage is called as strai-
ght flight stage. Its purpoée is to adjust
®“he flight vehicle %o get a high hit pre-
cision

In the idesl flight trajectory, point
0 is the initial control point; T is hold
on the target. The whole ideal flight ire-
jectory will move following the target in
‘the space. The position of point A and B
shoule be decided 1n the real tinme.

The flight vehicle interception pro-
.blewm we studied can be formulated as a non-
ilinear state egquation with ten dimensions.
Its control purpose is to ensure the {light
vehicle flying along the ideal trajectery
all time, Since the ideal trajectory has 3
‘stages and each stage has its own inter-
ception model,
the stage which the flight vehicle i3 in

the controller must analyse

and select its .correct model to gel con-
All these tasks should be done in
the real time.

The controlled model of the flight
vehicle interception problem can be pre-

trol law.

‘sented as: .
X, =AT(X,_, k)X, +BY(X_,k)U +b} (%, ,k
k+1 k'K k’ k ke

U, 1<y (1)

1=1,2,3; k=0,1,2,...

where X —(x1 .xzk,...,x1.k;Tis the atate
vector; U _(“1k’"2k'“3k) is control vector;
Ud io the bound of the control vector,U.>0;
] 1
Al('y')y r,')! p-(-,
ctions of state vector and their dimensions
103, 10X1 reaspectively; 1=1,2,3
jqdiestes the intercepiion model during

d
*) are matrix fun-

are 1010,
stage OA,AB and BT respectively.

To the flight vehicle control problem,
we present an optimal predictive control

index function as:

—ca.&
i=1

pk+1 pk*l “2 (2)
k

where X is the predictive value of the

state v@ﬁlor at Lime k+i; X;k+iis the ideal
~value of state vector at time kt+i; N is the
horizon of state prediction; Q.= diag(0,0,
p3’1,0,0,q7,1,q9,1), (0<q;<1, 1=3,7,9)

2.2 Design Of The Hierarchic Controller

Because the flight vehicle control sys-
it would
nced large amounts of computer time and ca-

tem is a high dimensicnal system,
pacity to get control law from equation(1)
wnd (2).
phould be used to realize the purpose of

Thus, hierarchic control concepts

freal time control.
The flight vehicle control system was
divided into three subsystems. They are con-
sistent with yaw, pitch and roll canals in
“he flight vehicle.

described as:

Those subsystems cen be

4]
= (
Eigeq=t (Ak,k)xtk+B (xk,k)uLk D (X Lk)
'g=xk (3)
t=1,2,3
' R . _ T
where h1k"(x1k'x2k’x3k’x4k)
Fmy ={x x x X )T
2k TS5k T6kT 7R T8k
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T
X35= (Xgy 0 %q 0x)
At the same time, the optimal index

‘netion (2) can be decomposed as follows:

Jk=2:i Ttk

t=
# 2
J =:£ Ik X 1
tk =i tpk+i “tpkti th

are the predictive

(4)

3
‘here tik+i and tik+i
nd expected value of state in the subsys-

em t at time kti. Q1k=diag(0,0,q3,1),

!2k=diag(0,0,q7,1), Q3k=diag(q9,1)-

hecording to equation (3) and (4), we
:an get hierarchic predictive ‘control law
)f the flight vehicle by means of the algo-
-ithns described in refl4]. The optimal
yredictive control law ng can be presented
1s: :
UOP=U(x, ,H,Q, A, ), B )0 ),
Uy ) (5)
Simulation and experience show that
she value of parameter N end Qk can influ-
snce the control performance significantly.
'he value of those key parameters should be
jetermined and selected on-line. Therefore,
in expert system was set up to finish those

Lasks.

3, THE EXPERT SYSTEM IN THE RTEC

There are two purpose to set up an ex-
pert system in the RTEC. The first is to
jetermine the flight stage on-line to se-
lect a correct control model from model set
The second is to analyse the centrol per-
forrance and adjust the value of key para-
meters in the real. time. So, an expert sys-
tem consisting of four parts (see figure 1)

is set up.
3.1 Knowledge Base--Production Rules

3.1.1 Select correct modol from model
set The flight vehicle has three flight
stages(see figure 2). In different stiage,

the flight vehicle has a different control
podel. Thus, a correct model should bo se-
lected from model set to geti control law.

{4)

According to some principles some
gey parameters in the ideal trajectery can
'be determined previously. They are the

heighi of stage OA(H); the horizonal dis-

‘tance between point A and T(XAT); the angle'
where the flight vehicle changing its fli-
ght stage from stage AB to stage BT [éﬁ.

' In the expert system, the model se-
lection tasks can be done according to
‘following rules:

(R1) If the distance between the
flight vehicle and the target XMT is larger
,than XAT’ then the flight vehicle is in
stage 0f and model 1 should be selected i=1)

(R2) If Xpyq<X,p and e>8°, the flight
vehicle is in stage AB end model 2 shqguld
be selected(1=2).

(R3) Once |8 €° happen, the flight
vehicle has sntered stage BT. Thus, only
,nodel 3(1=3) can be chosen after the momeat

3.1.2 choose_key parameters in the

iggg}roller Some paremeters in the control-
‘ler can influence the control performance
{significantly. Those parameters are the
state prediction horizon N and the weight
(matrix Qk' Let us introduce their influence
‘first.

The infiuence of parameter N has two
aspects. If N value is too large, Llhe pre-
cision of state prediction ka+i(i=1,2,..N)
wil) be low. Thus, a bed control perfor-
mence may be got. On the other hand, if N
ivalue is too small, the controller will be
less stable and & oseillation around the
iideal trajectory may happen. Besides, the
welue of N should be determined according
to the level of model precision. If the
level is high, N value can be a little
glarge and this will not creat a great state
Prediction error. If the level is low due
to some unpredictive interference, N value
must be adjusted smaller to ensure the pre-
cision of stute prediction. Of course, sincd
the controller will be used in real time,
the computer calculating tiwe needed is ulso
an important fuctor to delermine the value
of N in the RTEC.

‘ From experience and simulaticns, the
miniam and waximum velue of N can be deter-
mined. Then, W can be chosen in a delrinite
parameter set Ns according to the prediction
precision of some important states. Those

g 3 (= M 1 1] K3
states are Xapo x7k, Xgy, - The adjusting

e



o _H A M:flight vehicle
:ET‘ T:target
N Vispeed vector of flight
vehicle '
6:angle between V and MT
NT )
Fig.2 The ideal flight trejectory
of the flight vehicle
Model selection (level.1)
~
mode} One model two mode% three

-

N value selection (level 2)

Q value selection {level 3)
g
s \\‘\
‘parqmgfer.%b parameter ay parameter 9

!Fig.3 The structure of production rules

478
'



