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Abstract:- In this paper, an automatic gain control scheme is first proposed for analyses and designs of unity
feedback control systems. The controlled system is a nonlinear feedback control system. The overall system is
equivalent to a conventional automatic gain control loop with command tracking error input. Therefore, it gives
good command tracking behaviour while keeping robust characteristic of the original AGC loop. Furthermore,
it gives good robustness for coping with fast large parameter variations. The stability and effective of controlled
systems are verified by time responses, frequency responses, and parameter variation testing with three
numerical examples. Comparisons are also made with the PID control.
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1 Introduction

Command tracking error control techniques are
well-developed for unity feedback control systems.
In this paper, a command tracking error square
control scheme is first proposed. It can be
rearranged with a fast and a slow command tracking
error control loops. The slow loop is used for gain
adapting. The fast loop is used for command
tracking. The overall system is equivalent to a
conventional Automatic Gain Control (AGC) loop
[1-9] with command tracking error input. Therefore,
it will give good command tracking behavior while
keeping robust characteristic of the original AGC
loop, especially for the system with fast large
parameter variations. For a real application example,
load disturbance of servo actuator of a Computer
Numerical Control (CNC) machine is often changed
abruptly. It implies that high gain-crossover
frequency for coping with fast load changing is
needed and high gain and phase margins are needed
for coping with large load changing. These
requirements often increase the system cost.
Another possible way is to use adaptive control
algorithm [10]. According to the operating condition,
parameters of the controller are adjusted. It is
effective but complicated. The technique to identify
or measure the operational condition is complicated.
Furthermore, the adaptation may not fast enough for
coping with fast load changing. Another possible
controller is the PID controller [11-13]. The PID
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controllers have been used widely in industry due
to robustness and simplicity. It is well known that
PID controllers have dominated applications for
60 years, though there has been a lot of interest in
research into and implementation of advanced
controllers. However, it will be seen that the PID
controller with fixed parameters still give bad
robustness for coping with fast large load changing.
Therefore, parameter adaptation is needed also for
PID controller. The same problem may occur for
other design techniques.

A simple and effective control technique is
usually expected to cope with fast changed large
load disturbance. This is the motivation of this paper.
For unit feedback control system, gain or phase
changing of the plant due to load disturbance
presented in command tracking error can not be
clearly classified. They can be viewed roughly as
loop gain changing of the feedback control system.
The magnitude of the tracking error is used as
information data for gain adapting in the AGC loop.
It will be seen that the large tracking error, the large
bandwidth of the AGC loop will be. Therefore, the
bandwidth of the AGC loop 1is adjusted
automatically. It implied that loop gain of the
controlled system is adjusted automatically and need
not extra parameters adaptation for coping with
system parameter variations.

Analyzing techniques and stability of the AGC
loop are well developed for variations of receiving
radio and video signals [1-9]. In this paper, the
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stability of the controlled system with the proposed
control will be verified by linearized systems. The
linearized system is found form the steady-state
condition [14, 15]; i.e., equilibrium point. This is
similar to all nonlinear systems with conventional
linear analyses and design techniques. The
suitability of the linearization will be verified by
frequency responses of the controlled nonlinear
system. Other digital simulations with large
parameter variations will be made also to show the
performance and robustness.

In following sections, operating theorem of the
proposed control scheme is discussed first, and then
applied to a simple numerical example to explain
designing and linearizing procedures, applied to a
rolling flight control system [16-18] to cope with
aerodynamic coupling and finally applied to a
complicated electro-hydraulic velocity servo system
[19,20]. Comparisons will be made with the PID
control in analyses and designs of the electro-
hydraulic velocity servo system. From simulation
results with large gain and phase variation testing, it
will be seen the proposed control scheme provides
an effective and simple way to get good robustness
and performances.

2 The Proposed Method

Consider the control law described by the
following equation:

C=P(s)F(s)e’sign(e) @)

where P(s) is the plant to be controlled, F(s) is the
controller, R is the reference command, C is the
plant output, e is the command tracking error(R-C),
and sign(e) is the sign of e. The sign(e) is used to
keep self-consistent for 1111(} P(s)F(s)>0. Since F{(s)

is a selected controller, the condition
lim P(5)F (5) 2 0 will usually exist. Eq.(1) can be
rewritten as in the form of
C=P(s)F(s)e-e-sign(e)
= P(S)F(s)e‘e‘
=P(s)F(s)(R-C)R-C|

(2a)

and Eq.(2a) can further be rewritten as in the form
of

C=P(s)[K(s)(R-C)[H(s)|R-C]] (2b)
=P(s)[Jv.]=P(s)lvo]
where  H(s)K(s)=F(s) , V,=K(s)(R-C) ,
V.=H(s)|R-C|, and v, =yy.. Eq.(2b) is realized
and shown in Fig.la. It becomes an AGC loop with
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V. and V,. Note that the system described by Fig.la
without K(s) is equivalent to the conventional
Automatic Gain Control (AGC) loop for processing

radio or video signal[1-9]. V; is the receiving signal

for processing. R is the wanted signal output level;
e.g., wanted contrast or brightness of a picture.
Egs.(1), 2(a), and (2b) can be rewritten also as

co +P(s)K(s)H(s)(R-C)* for R>C 3)
| =P(s)K(s)H(s)(R-C)* for R<C

Eq.(3) represents that there are two symmetrical
control modes. R —C =0 is the control purpose and
the switching line for mode changing. For simplicity,
the control mode for R > C will be analyzed only
and the overall system includes the control mode for
R < C will be verified by digital simulations [20].

Slow gain loop

ki fl lel H(s) T.
r Ve Plant +
R + € PR LN, AV +Xc

Fast tracking loop

Fig.1a. The proposed command tracking error
square control scheme.
Relationships between V; V., R, and V,, with
P(s), H(s), and K(s) are given below:
V,=VV. (4)
= [+ H(s)P(s)V, ] H(s)V,R
and the plant output C with respectto e, V;, and V.
is in the form of
C =[1+ H(s)P(s)K(s)e] H(s)P(s)K(s)eR
~[1+ H()P(sV, ] H(s)P(s)V/ R )
=[1+ K(s)P(s)VC]’] K(s)P(s)V.R

alternately. Substituting command tracking error e in
Eq.(5) with (R-C), one has

C =[1+ H(s)P(s)K(s)(R — C)] ' H(s)P(s)K(s)(R— C)R (6)

From Egs.(5) and (6), the command tracking error
signal e is in the form of

e=[1+H(s)P(s)K(s)e]'R
[+ H(s)Ps), TR )
=[1+K(s)P(s)V,]"'R
alternately, V; and V, are in the form of
V. =H(s)e=[1+K(s)P(s)V.]" H(s)R ®)

and
V. =K(s)e=[1+H(s)P(s)V, T'K(s)R (9)
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In general, the magnitude of the loop gain
|H(jw)P(jw)| 1s very large below the middle

frequency band. Eq.(9) can be approximated as
V. =.JK(s)R/H(s)P(s) » and then Eq.(6) can be
approximated as

T(s) =C/R= [1 + \/H(S)P(S)K(v)R:rl JH(s)P(s)Ks)R (10)

It is similar to linear unity feedback control systems
except that it becomes input dependent and the loop
transfer function is replaced by its square root. Note
that the large value of R, the large bandwidth will be.
This is the basic characteristic of the AGC algorithm.
Note also that Eq.(10) is not analytic form.
Therefore, linearizied model of the considered
system is needed for analyses and designs.

Now, other formulas are evaluated for finding
steady-state conditions of the controlled system.
Assume that K(s), H(s), and P(s) are represented by
minimal rational polynomial realizations; i.e.,
K(s)=Ny(s)/Dy(s) > P(s)=Np(s)/Dp(s) and
H(s)=N,(s)/D,(s), respectively. Then Eqgs.(7) to (9)
can be rewritten as in the form of

N ($)N,,($)N,(s)e* + D, (s)D,,(s)D,(s)e

(11)
=Dy (s)Dy(s)Dy(s)R=0
Dy (SINy ($INo(SIV7 + Dy (5)D, (5)D, (s, (12)
—N,(s)D,(s)D,(s)R=0
N(s)D,(s)N,(s)V? +Dy(s)D,(s)D,(s)V, (13)
=Dy (s)N,(s)Dy(s)R=0
From Egs.(11) to (13), steady-state solutions €,V ,

and ¥V, with a specified value of R can be found by
following equations:

N (0N, (0)N,(0)e* + D (0)D,, (0)D,(0)e (14)
=D, (0)D,,(0)D,(0)R=0
D(0)N, (0N (0] + D (0)D,(0)D,(OV,  (15)
~N(0)D,,(0)D,(0)R=0
N (0)D,,(0)N,(0)V? +Dy(0)D,,(0)D,(0)V, (16)

—Dy(0)N,(0)D,(0)R=0
From Eq.(5), one can find steady-state output C|

with €.V,

s»Vis»and V. It can be represented as

€, =D (0ID, (0)D,(0)+ N (N (ON,(0)e ] 17y
e N (0)N,(0)N,(0)e R

(18)
(19)

are eight possible
and 7, may exist for

C, =[D,(0)D,(0)+ N, (0N, (O, ' N, (0N, (0, R
C, =[Dx(0)D,(0) + N ()N, (0, TN (0N, (0, R

there
V.

is

alternately.  Since
combinations of e,
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solving Egs.(14) to (16), another constrain equations
are required. They are above three equations. Three

relationship (e , V. ), (e, ,V, ), and (V, ,V,. ) are
derived by equaling Eqgs.(17) and (19), Eqgs.(17) and
(18), Egs.(18) and (19), respectively.

Now, consider the existence of the steady-state
solutions (e ,V, .V, ). From Eq.(15), one can see

that it becomes ¥, independent for D, (0) equals to
zero. From Eq.(16), one can see that it becomes 7/,
These

properties imply that only type-O controllers K(s)
and H(s) are suitable. Assume the plant P(s) is a
type-0 system also, then the transfer function of K(s),
H(s) and P(s) can be described by following rational
polynomials. They are

independent for D,(0) equals to =zero.

K(s) = k,{(1+blks+b2ksz2 +....) (20)
l+a,s+a,s +..
H(S):kh(l+bl,1s+b2,1szz+....) 1)
I+a,s+a,s +..
2
P(s) = k,(L+b,,s+b,,s" +....) (22)

2
l+a,,s+a,,s" +..

Then Eqgs.(14) to (16) can be simplified as in the
form of

ke @ +e—R=0 (23)
bk V2 +V,~kR =0 (24)
kk V24V, ~k,R=0 (25)

A sufficient condition for deriving real solutions of
Eqgs.(23) to (25) are values of k,,k, and k, given in
Eqgs.(23) to (25) greater than zeros.

Using the found ¥, to replace the multiplier
shown in Fig.1a, then the overall nonlinear control
system can be linearized with respect to steady-state
conditions ¥, and ¥, for a specified valued of R.
The small signal model around the steady-state
condition will be found; i.e.; Eq.(4) can be rewritten
as

Vo, +AV) =V, + AV)V, + AV,)
=V V. +V. AV, +V AV, + AVAV.

is” cs

(26)

where AV ,AV,, and AV, are small perturbations of
v,V Ve,V

o°" 1> os > s

and v

cs?

and V. with steady states
respectively. The term AV, AV, given in Eq.(26) can

be neglected for small perturbations, and then

Eq.(26) can be rewritten as in the form of
AV, V. AV, +V AV, (27)

Replacing the block for V, =VV, shown in Fig.la
by Eq.(27), the linearized system is derived. Fig.1b
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shows the linearized system. Then, one has

C=[l+ W H($)+V KNPV H(s)+V K($)IP(s) R (28)
and
Co VD (s)N ()N ,(s) + V. N, (s)D, (s)N ,(s)
Dy ()Dy; ()D,(8) + V, Dy ()N, ()N, (8) + VN, ()Dy ()N, (s)
(29)
The characteristic equation of the linearized system
is in the form of

A(s)=Dy(s)Dy(s)D,(s)+V.D.(s)N,(s)N,(s) (30)
+V N (s)Dy(s)N ,(s)

Slow gain loop

P(s) >

- Fast tracking loop

Fig.1b. The linearized control system with steady-
state values.

The necessary condition for existence of V; and V

is to check roots of Eq.(30) are all in left half plane
(LHP); i.e., it is a stable system. The performance of
the closed-loop system is represented by Eq.(29).
Eq.(29) will be verified by time responses
simulations of the closed loop system shown in
Fig.1a with a constant value of the reference input R
superimposing sinusoidal testing signals.
Summarizing above statements, design

procedures are given below [21]:

Step 1: Selecting a desired steady-state tracking
error € for a specified value of the reference
input R.

Step 2: Using Egs.(23)-(25) to find DC gains £, ,

k, and steady-state values of (V,,, Vi)
Step 3: Using steady-state values (V,,,7, ) to get

linearized feedback system described by
Eq.(29).

Step 4: Finding frequency elements of H(s), K(s)
given in Eqgs.(20) and (21) to get wanted
bandwidth and pole locations in LHP.

Step 5: Simulation verifications with time responses
and frequency responses.

Three numerical examples given in next section are
used to show advantage of the proposed control
scheme.
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3 Numerical Examples
For illustration, a simple plant is considered first
[20]. It is in the form of

10
— 31
P(s) 1+0.5s ( )

Assume that the desired tracking error €,= 5x10
for the command R=0.5, then Eq.(23) gives
k.k,=1980 for k,=10. Selecting k, =40, then one
has k,=49.5. Substituting found value of (%, ,k,) to
Egs.(24) and (25) with constrains described by
Eqgs.(17) to (19), one has solutions ¥, =0.200 and
V., =0.248. Substituting found (%, ,k,) to Egs.(23)
and (25) for R=1, solutions of (e ,V, ,V. ) are
(7.1x107, 0.283, 0.351). Using found values of
(k, k), controllers can be defined as below:

H(s)=223 (32)
1+ ps
and
K(s)=40. (33)

where vy is a designing parameter. Eq.(32) represents
H(s) is a low-pass system which slows down the
dynamic of V, . V, is equivalent to feed-forward

gain. Selecting y=10 and substituting P(s), K(s), and
H(s) to Eq.(30), one has system poles (-0.2, -200.4)
for (V,,V., )=(0.200, 0.248), and (-0.2,-281.999) for
V.V, )=(0.283, 0.35). They are all in left half plane
(LHP) and imply that linearized systems are stable
and steady-state solutions exist.

Fig. 2 shows closed-loop frequency responses of
the linearized system for R=1, 5 and /0; respectively;
in which solid-lines show the responses calculated
by Eq.(29); dot points show simulation results with
constant reference input R superimposing sinusoidal
signals; i.e., 7(t) =R+ Asin(wt) to the considered

nonlinear system. Steady-state solutions (e,,V, ,V,,)

are (7.1x107, 0.283, 0.351), (1.6x10°, 0.635,
0.785), and (2.24x107, 0.898, 1.111); respectively.
The formula to find gain (M) and phase (¢ ) from
time responses is given as

J‘zz/(uc(t)e_'f“”dt

bW, (34)

ijimu (Jw) = o i
JZ / r(t)e ™dt

where c(?) is the time response of system output
with input 7(#). It can be seen that responses of

linearization of the system gives excellent

agreement with the considered system.
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Fig.2. Frequency responses of the closed-loop
system.

Fig.3 shows time responses of the controlled
system for variable reference inputs R; in which C
represents the system output; V, represents the
control voltage of the inner AGC loop; and ¥,
represents the input signal of the AGC loop. Fig. 3
shows that the control system is stable regardless of
the sign changes of the reference input R. This is
contrary to the conventional AGC loop, and the
performance is nice for the considered system. Note
that responses of 7, are dependent upon the

bandwidth of the AGC loop. It is controlled by
selecting proper feedback controller H(s); described
by Eq.(32). The steady-state value ¥, is dependent

on values of R, K(0), H(0) and P(0). The large error
between input and output is due to the value of v,

does not approach to its steady-state value V,,

before 3 seconds; i.e., the duration for R =I1. Fig. 3
shows the steady-state value V. = 0.248 for R= 0.5

and the steady-state error e =5x10 > These values

1.6

are agree with calculated results for R=0.5.
R

A

o 0.4

R,C

0.8 1.2

Time ( sec)

Ve

Vil40, Ve
s,

ivira0
o 0.4

0.8 1.2

Time ( sec )

Fig.3. Time responses of the closed-loop system.
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Fig.4 shows time responses for the value of P(0)
varying from 10 to 5 abruptly at time 0.3 seconds,
and then varying from 5 to 10 abruptly at time 0.6
seconds, finally varying from 10 to 20 abruptly at
time 0.9 seconds. It can be seen that disturbances
due to P(0) variations are suppressed quickly, and
the slowing loop provides suitable gains V

according to the value of P(0) automatically. Note
that Figs. 3 and 4 show variations of V. are much

slower than those of Vs'. This is the basic operating

behaviors of the conventional automatic gain control
loops [14].

2.
1..:| \
© 1.0
o V
0.5 ¢
0
0 03 06 0.9 1.2
Time ( sec )
1.0F
2 0.5/
1 ve i
g of
= Viiao
05
1.0
0 03 06 0.9 1.2
Time ( sec)

Fig.4. Regulating properties of the closed-loop
system with large parameter variations.

Now, consider an aerodynamic coupled rolling
flight control system [16-18]. It is a supersonic air-
to-air flight vehicle. Fig.5a shows the conventional
control configuration, in which K, and K, are
outer and inner loop gains [17]; Lg, and L, are
aerodynamic coefficients of the rolling dynamics;
L, and L p are aerodynamic coupling  from

pitching and yawing channels; & and £ are angles

a

of attack and sideslip; p and ¢ are rolling angular
rate; and rolling angles, @, is the rolling command,

P. is the angular rate command. The rolling angle
command is always set to be zero for skid to turn
(STT) flight vehicle. For Bank to turn (BTT) flight
vehicle, rolling angle command is not always zero.
There are two summing points show the
aerodynamic and kinematic couplings from pitching
and yawing channels to the rolling channel. Values
of coefficients are L, =15609, L 6 =-3.800,

L,=684.5, L, =8551.6 [17]. The loop gain of loop
gains K, =49.2175 and K, =0.0054 [17]. The value

of the aerodynamic coupling is always much greater
than that of kinematic coupling. Therefore, only the
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aerodynamic coupling will be discussed in next
paragraph. Fig.5b shows the proposed AGC loop
used in inner loop to cope with aerodynamic
coupling. Note that another AGC loop can be used
also in the outer loop.

Aerodynamic ) )

Coupling Kinematic
Coupling

Laa+Lpgp P .

b -

(a)

Aerodynamic
Coupling

Kinematic
p Coupling

++i.¢
O s

(b)
Fig.5 Rolling flight control system (a) the
conventional scheme, (b) the proposed scheme.

Assume that the desired tracking
e,=1x10~ for the command P.=1.0, then Eq.(23)
gives k.k, =2.4102 for k, =4107.6. Selecting
k, =2.0, then one has k, =1.2051. Substituting

found value of (k,,k,) into Egs.(24) and (25) with

constrains described by Eqs.(17) to (19), one has
solutions ¥, =0.020 and V,=0.0121. Table 1 gives

€rror

steady-state values (€,V, .V, ) of another values

of P.. Using found values of (k,,k,), controllers
can be defined as below:

H(s)= 1.2051 (35)
L+ ps
and
K(s)=2.00. (36)

Using steady-state values given in Table 1, pole
locations of linearized systems are given in Table 1
for » =10.0. From Table 1, one can see that the
large value of P,, the less value of one pole of the
linearized system. This implies that the large value
of P, the large bandwidth will be. After the outer
loop closed with K_ , then comparisons between the

op?
conventional method and the proposed method can
be made to show merit of the proposed method.

The coupling term L,a+L,[ is added to the

system. Low-pass filters 6.28/(s+6.28) are used to
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emulate dynamics of pitching and yawing channels;
i.e., filtering a and f. Fig.6 shows simulating results
of the conventional and the proposed methods with
a=12° and f=1° between 3 and 5 seconds, and

a=-12° and [ =-1° between 7 and 9 seconds.

The rolling command is 5.73 degrees between 0 and
2seconds. This period is used to check the
performance of the rolling loop only. They show
that both of two methods give good compatible
results. Therefore, following comparisons can be
made. Note that the rolling command is always set
to be zero for skid-to-turn flight vehicle. Fig.6 gives
the maximal rolling angle is 24.9° and maximal
angular rate is 133.06°/s under the coupling added
with the conventional control schemes applied. For
the proposed method applied, the maximal rolling
angle is 1.38° and maximal angular rate is 6.279°s.
Therefore, the proposed method gives better results
for coping with aerodynamic coupling than that of
the conventional method.

Table 1. Steady-State Values and Poles of linearized

Systems.
Poles
F, c Vl Vcs €s
0.10 | 0.0063 | 0.0038 | 0.0031 | -121.385 | -0.1939
0.50 | 0.0141 | 0.0085 | 0.0071 -269.163 -0.1972
1.00 | 0.0200 | 0.0121 | 0.0100 -379.900 -0.1981
2.00 | 0.0283 | 0.0171 | 0.0142 -536.512 -0.1986
3.00 | 0.0347 | 0.0209 | 0.0174 | -656.684 | -0.1989
4.00 | 0.0401 | 0.0242 | 0.0201 | -757.994 | -0.1990
5.00 | 0.0448 | 0.0270 | 0.0224 -847.250 -0.1991
5 20 :
$ — _AGC %,
< ° #e
< : H
-20 Hrerrrnmsenni CONventional
0 2 4 6 8 10 12
Time(s)
200
I Y 3 Conventional
2, i AGC i
h:]
Ny E
=200
0 2 4 6 8 10 12
Time(s)

Fig.6. Simulation comparison between conventional
and the proposed control scheme.

Now, consider a complicated electro-hydraulic
velocity servo system [19, 20] shown in Fig. 7 with
system parameters given below:

K =2.3x10"" [P, —sign(X, )P, m’ /s ; Ps=1.4 x10"
N,/m*; B,=3.5x10" N,/m*; V,=33x 10" m*/rad;
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"m*/sIN,; D, =1.6x10" m’/rad;

C,p=23x10"
J=58x10" Kg-m-s” ; B, =0.864 Kg-m-s/rad ;

K,=0.5mlv

TL=20|@c|

Servo Valve —
Valve flow

Viscous

kage flow
II Dm II

Velocity flow

Fig.7. Mathematical Model of an electro-hydraulic
velocity Servo-system.

The objective of the control is to keep the velocity
w, of the hydraulic system following the desired

reference input. The relation between the valve
displacement X, and the load flow rate Q, is

governed by the well-known orifice law [20]:

0, =X,K [P, -sign(X, )P, =X, K ; (37)
where Kj is a constant for specific hydraulic motor;
Py is the supply pressure; P, is the load pressure and;
K is the valve flow gain which varies at different
operating points. The following continuity property
of the servo valve and motor chamber yields

0,=D,0,+C,P,+(V,~4B,)P,01;  (38)
where D,;, is the volumetric displacement; Ctp is

the total leakage coefficient; V; is the total volume

of the oil; S, is the bulk modulus of the oil; and we
is the velocity of the motor shaft. The torque
balance Eq.( for the motor is in the form of

D, P, =Jo.+B,0 +T,; 39)

where B,, is the viscous damping coefficient and
T, is the external load disturbance which is
assumed to be dependent upon the velocity of the
shaft or slowly time varying as described by T,
=20| @, |.

The considered system is a nonlinear system for

the load flow rate Q; is a nonlinear function of the
valve displacement X, and the load pressure P;.

Similar to the design procedure given above, Eq.(23)
gives k k, = 7863 for k, =7.9168 and tracking error

e, is chosen as 4x 10~ with the command R=1.0.
Selecting k, =100 , then one has k, =78.63 and
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Vi,=03999 and V. =03145 . Controllers can be
defined as H(s)=78.63/(1+p) and K(s)=100 .
Eq.(30) gives characteristic roots of the linearized

system around (V,V, )=(0.3999, 0.3145) are (-
0.1997, —1.021x10* + j7.368 x 10*) for y=10. Using

found values of ( k,,k, ), steady values of
(e, ,Vy,V,) are (895x107,0.895, 0.704) and
(127x107, 1.267, 0.996) for R=5.0 and 10.0,
respectively. Characteristic roots of the controlled
system are (-0.1999, —1.021x10* + j1.581x10% )

and (-0.1999, —1.021x10* + /1.992x10* ). For

different values of R, one can find one pole is fixed
at -0.1999, real parts of other complex pole pair are

fixed at —1.021x10* even when R approaches to
infinite. Those give linearized systems are all stable.
Step responses of the controlled system with

different load disturbance 7; are shown in Fig. 8.
Variations of the disturbance 7 versus time are
given below:

T, =20| o, [Kg-m, 0.0s <t<0.2s;
=10| @, |Kg-m, 0.2s <t <0.4s;
=5 | o, |Kg-m, 0.4s <t<0.6s;
=0 Kg-m, 0.6s <t<0.8s.

Fig.8 shows that disturbances due to 7; variations
are suppressed quickly, and the output @, tracks the
reference input R after the control voltage V,
approaches its steady-state value 7, .

15
@, IR A
k= 1.0 — T
£ Jc
Sos
14
0
0 0.2 0.4 0.6 0.8
Time ( sec )
0.8
S 04
8 Ve
= OF -
s Vii00
04 0.2 0.4 0.6 0.8
Time ( sec )

Fig.8. Time responses of the controlled electro-

hydraulic velocity servo-system with large load
disturbance.

between time

Fig.9 shows comparisons
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responses of the proposed method and those of the
PID control. The PID controller for the electro-
hydraulic velocity servo system is in the form of

K pig(s)=0.011+37.5/5+0.078s /(0.2s+1) (40)

Parameters of the PID controller are found by
optimization method to meet the response of the
proposed method for comparing purpose. The solid-
lines in Fig.9 show time responses of the system
controlled by the proposed controller and doted-
lines show time responses of the system controlled
by the PID controller. Variations of the disturbance
T, versus time are given in the last paragraph. They

are changed abruptly at time 0.2s, 0.4s, and 0.6s.
Fig.9 shows that the PID controller is bad for coping
with variations of disturbance 7, . Note that

performance of the PID control may be better than
that of the proposed control before 0.2s, but it gives
bad robustness than that of the proposed control
after 0.2s. Plant input U shows the equivalent DC

gain the plant is increasing. It is due to load changed.

Since the proposed method has automatic gain
control characteristic, therefore it can give better
robustness than that of the PID control. A possible
way to improve robustness of the PID control is to
use adaptive parameters. They are according with
the value of 7, . On-line computing and tuning for

PID controls are generally applicable for slow
industry processes and can be retuning [11-13].
However, it is not applicable for fast processes or
processes with fast parameter variations. This
statement will be proven by checking robustness

of the system with slow changed load disturbances.

15 | -PID Control 1 i
‘;‘ =
1= ? '
G GC Control
© 0.5
0 0.2 0.4 0.6 0.8
Time(sec)
0.8
=] 0.4 I PID Control
0 I !
04 AGC Control
0 0.2 0.4 0.6 0.8
Time(sec)

Fig.9. Comparisons between AGC control and PID
control with fast changed large load disturbance.

Fig.10 shows time response with slow
variations of load disturbance, which is described
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by
r_]201e.], 1<0.2s
L[20-2006-02)/06] @, |, t>0.2s

(41)

The variation of 7} is decreased slowly to zero.

The solid-lines in Fig.10 show time responses of the
system controlled by the proposed controller and
doted-lines show time responses of the system
controlled by the PID controller. Fig.10 shows that
both of the proposed control and PID control are
robust for coped with slow changed load
disturbances. However, Fig.9 shows large difference
of them with fast changed load disturbance. It shows
that the proposed method has better robustness for
coping with fast changed load disturbance.

-
[

IR
T
[ QAGC Control
— 1D Control
(5]
e 0.5
0
0 0.2 0.4 0.6 0.8
Time(sec)
0.4
=2
0.2
PID Control
FACC Control e
0
0 0.2 0.4 0.6 0.8
Time(sec)

Fig.10. Comparisons between AGC control and PID
control with slow changed large load disturbances.

4 Conclusion

In this paper, an automatic gain control scheme
has been proposed for analyses and designs of unity
feedback control systems. It kept robust properties
of the AGC loop while getting good command
tracking performance. The systematic analysis and
design procedures were presented. The considered
systems were a numerical example, an aerodynamic
coupled rolling flight control system, and a
complicated nonlinear electro-hydraulic velocity
servo system. Simulation results with fast large
parameter variations were made to show the
proposed method could provide an effective and
simple way for feedback control systems, especially
for coping with large and fast parameters variations.

Furthermore, the aerodynamic coupled rolling
flight control system design results give that the
proposed method has the capability to be applied to
large flight envelope operating flight vehicles. They
are fast large parameter variation multivariable
feedback control systems.
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