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Abstract

Phe technique is reported of identifying parameters
in off-line process. The technique demands that
closed-loop system consists of a reference and two-
degree-of-freedom controllers (TDFC) in real pro-
cess. A model process is the same as the real pro-
cess except their parameters. Deviations are differ-
ences between the reference and the output of the
plant or the model. The technique is based on min-
imizing identification error between the two devia-
tions. The parameter differences between the plant
and the model are characterized of mean value and
of variance which are derived from the identification
error. Consequently, the algorithm which identifies
the unknown plant parameters is shown by minimiz-
ing the mean value and the variance, respectively,
within double convergence loops.

The technique is applied to course change of a ship.
The plant deviation at the first trial is shown to occur
in replacing the nominal parameters by the default
parameters. The plant deviation at the second trial
is shown to not occur in replacing the nominal pa-
rameters by the identified parameters. Hence, the
identification technique is confirmed to be feasible in
the real field.

1 Introduction

The automatic heading control system of a ship
namely, autopilot occupies a important part of ma-
rine equipments. When designing the controller of
the autopilot, we confront problem that the ship
parameters are unknown. The parameters further-
more depend strongly on load condition which varies
draught. Many control methods reported in [1] have
been suggested and realized to solve the problem.
They have adopted techniques based on on-line op-
eration. This time, we report new technique that
identifies the parameters in off-line process. Perfor-
mance of the autopilot will improve by the identified
ship parameters. It however has limitation that the
plant model is equivalent to first-order system.

We show that the plant parameters can identify by
mean value and variance of the identification error
namely, the difference between the plant deviation

and the model deviation. By separating the iden-
tification process from real process, the principle is
simplified and is guaranteed with the stability. This
technique might be similar to Least Square Method
in view of taking the variance {accumulation which
takes a square) of the identification error, It however
has features of not only minimizing the variance but
also minimizing the mean value (fixed value).

The time response solution of the model deviation
adopts not numerical integration solution but inverse
Laplace transform solution in this technique. The
transform solution is of great advantage to shorten-
ing much calculation time which takes place because
of double convergence loops. Non-linear term like a
relay type steering machine isn’t considered, as a re-
sult, in model. By the way, to make the output of the
plant that coincides with the reference, we use sys-
tem [2] which consists of the reference and TDFC.

2 Identification Technique

2.1 Construction

The construction of the identification technique is
shown in Fig.1. There are the real process and the
off-line process. The reference and the TDFC are
the same in their process. The feedforward controller
sets the inverse plant with the nominal parameters.
The model is the same as the plant except its param-
eters. Thus, their deviations occur in the case that
the nominal parameters differ from the plant param-
eters or the model ones. The parameter adjuster
makes the identification error minimize by changing
the model parameters.

Fig.2 shows the real process in detail. It is derived
from closed loop of changing course. The plant con-
sists of a ship and a gyrocompass excluding a steer-
ing machine. The ship is expressed with a first-order
system. The gyrocompass is expressed with an inte-
grator. Then the transfer function from the reference
and the disturbance to the deviation gives

Koo[(Ug 8% + Uy,8)R(s)
— (Tyns + 1)Dq(s)] 1)
B,(s) (

UTa = - (2)

E,(s) =
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Fig. 1: Construction of Identification Technique

1 1
U)l?a = K—m - Ksn (3)
B,(8) = Crc(s)(Tyas + 1) + K,aCrp(s) (4)
Crc(s) = 8(Trns + 1)(bgs® + bys + 1) (5)
Cre(s) =Tps+ Kp (6)

where, F is the deviation, R is the reference, D is the
disturbance, K,, T, are a gain and a time constant of
the ship parameters, respectively, suffix 4, , mean ac-
tual and nominal, respectively, T} is a time constant
of the steering machine, Tp, Kp are a derivative gain
and a proportional gain of the feedback gain, respec-
tively, be, b; both are time constants of the low pass
filter, and s is the symbol of the Laplace operator,
U)r?, U)r(, B, Cr¢c and Crp are variables. We as-
sume that poles of B,(s) = 0 are all negative and
Te = rn-

We define the disturbance as a off-set which varies
after changing course. In addition, the disturbance’s

I'(s) = Ea(s) — Em(s) 8)
=UzF(s) +ULG(s) 9
Tﬂﬂ Tsm
U% - Kaﬂ B Kam (10)
1 1

U_}( = K_m - K,m (11)
F(s) = sC(s)R(s) (12)
G(s) = C(s)R(s) (13)

Ols) — B (8)8 + KsnCrc(8)d(0)m /s KsaKom

() = B.(8)Bm(s) Ko

(14)

B.(3) = Crc(8)(Tsns + 1) + K;nCra(8) (15)
B(3) = Crc(8)(Tsms + 1) + K;mCrp(s)  (16)

where, suffix ,, mean model, F, G are variables. We
assume that poles of B,(s) = 0 and B,,(8) = 0 are
all negative, d(0),=d(0),.

The identification error has two isolated parameter
difference coefficients in Eq.(9). And we can treat
the time series data of the deviation by inverting the
identification error Eq.(8). Thereby, the error can
evaluate through statistical operations. The mean
value and the variance against the error in the time
domain are expressed in the form

V(t) = ea(t) — em(t) (17)
M—,=U;}%Mf+U_}(_Mg (18)
V,:U%Vf+2U§U%V\/f—g+U§(Vg (19)

where, ¢ is time, y(t) = L7[I'(s)], e(t) = L7 [E(s)],
F(t) = L-Y[F(s)] and g(t) = L£-1[C(s)], £ is the

E-154



symbol of the Laplace transform, M, V) stand
for mean value and variance, respectively, and n is
sample size,

Moy =Y (/n, Viy =3 ()i = My)?/n
i=1 =1

Hence, by finding from Eqgs.(18) and (19) the mean
value and the variance are characterized as follows:
e Variance

+, downward convex shaped

VT&m’ 3K3m
Vy =1 Minimum value Tom _ Tha (20)
~ULY, *Kom  Kug

Thus, the T,m/K,m ratio term coincides with
the Tyo /Ky, ratio term by minimizing the vari-
ance.

¢ Mean Value-1 under minimizing the variance

+,— VK,m
M, = { Minimum valueat 1 1 (21
= 0 K&m B Ksa.

Thus, the 1/K,,, term coincides with the 1 /Ksa
term by minimizing the absolute mean value.
¢ Mean Value-2 under minimizing the variance
aM, { + ifrg>0

dK,, - frg<0 (22)

2.3 Procedure

The procedure shows in Fig.3. We store the devia-
tion of the real process as the time series data, set
the coefficients of the reference and the TDFC in the
off-line process. The procedure consists of the two
convergence loops: one is that the variance V, gets
minimized by adjusting the parameter T,,,, the other
is that the absolute mean value [M.,| gets minimized
by adjusting the parameter K,,,. The convergence
method uses Golden Section Method. Hence, the
model parameters K,,, and T,,, converge on the un-
known plant parameters K,, and T,.

We continuously show how to calculate e,,(t). The
equation of the model deviation is obtained by mod-
ifying Eqs(1) and (7) as follows

(Uzms® +Upms +d(0)m/rs)
x KomR(8) + I(3)

E,.(s) = Bol5)

(23)

where, I(s) is fourth-order initial condition and is
used in the case of R(s) mode varying. R(s) gives

R R
R(s)=;§+%ﬁ+%+;§+% (24)

where, the coefficients R;i—; 5 are shown in Table
1. In Table 1, Ac, Ve, De and Se mean mode; ac-
celeration, velocity, deceleration and settlement, re-
spectively, () are constants, r(.) are amounts of the
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Fig. 3: Procedure Flow

Table 1: Coeflicients of Reference

(Mode | Ri | B, [ Rs [Ra| Rs |

,Bac —20t,
Ac 0 C2ac Clac Tac ch
Ve Tac Wy 0 0 0

ﬂde ﬂ de
De Tac+Tve Wr 0 Tde "'2T—3e
Se e o 0 0 0

Where, QAge — Cla,c + ﬂac, rs = Tac + Tve + rde1
TE = Tac + Tve + Tde-

Table 2: Combination of Poles

[Dampingratio“(l<1JC1=1 l G>1 ]

(2<1 O O O
(2=1 O — —
G>1 O — O

reference, 1{.) are time, C1,., Caq are the plant’s an-
gular acceleration and angular velocity, respectively,
w, is the reference’s angular velocity.

The fifth-order characteristic equation, i.e. B,,(s)
=0 can be factored in the form

(8 +p)(s® + 2Qwn18 + w2 )(s? + 2(ownas + w2,) =0

(25)

where, p is a real pole, (1,2 are damping ratio, w12
are natural frequency [rad/s].

The combination of the poles in Eq.(25) shows in
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Table 3: Experimental Conditions

Date | December 23, 1996
Weather | Fine, breeze
Area | The Enshu Nada of Japan
Ship | Lime-stone Carrier, length140[m]
Load/Speed | Ballast condition/~10 [kt]
ry, wr | 20 [deg], 0.3 [deg/s]

Table 4: Coefficients of Controllers

First Trial Second Trial
Kon [1/3], Ton 5] || 0.059, 32.2 | 0.034, 11.4
Kp,Tp [s] || 0.68,23.75 | 3.33, 40.64
By [s%), by [g] || 256,117 | 3.3, 4.1
Tac [deg], Toe [8] || 3.4, 22.2 2.7, 16.6
Tve [deg], Toe 8] || 13.6, 447 | 147, 49.2
ra. [deg], Tae [5] || 3.4, 22.3 2.6, 17.3
Bacrae [deg/s?] || 0.081,-0.082 | 0.100, -0.104
Clac [deg/s?] || O 0
C2qc [deg/s] || O 0.02
d(0),, [deg] || -0.26 -0.30

Table 2. We assume that there is no other combi-
nation but Table 2. Thus, the solution of the model
deviation is based on Eq.(25) at inverting Eq.(23)
from s domain to time domain.

The model off-set d(0),, is calculated from the
heading 1 in the settlement state, i.e. d(0),, = L}-%¢
¥i/n_se/Kp, n_se is sample size.

3 Experimental Results

We apply the proposed identification technique to
changing course of a ship. After verifying the tech-
nique by simulations, we experimented on the condi-
tions shown in Table 3.

The Conditions of the procedure are as follows:
The deviation data are time series which divide time
boundary {1.7Tg., Tx + 0.8T¢.][s] by n = 10. The
searching ranges of the model parameters K,,, and
T,m are [0.02, 0.1]{1/s] and [5, 100][s], respectively.
Constants of the feedback controller refer to pre-
scribed tables given K,,, and Ty,

The trial results show in Table 4, Figs.4 and 5.
The plant deviation in Fig.4 occurs to use the de-
fault values as the nominal parameters in the first
trial. The nominal parameters of the second trial
are identified by the plant deviation of the first trial.
The plant deviation in Fig.5 hardly occur. Thus,
we confirm the identified parameters are similar to
the actual parameters. From the rudder angle traces
the practical steering machine is the nonlinear on-off
relay type. Nevertheless the technique can perform
enough.

4 Conclusions

We suggest the one-input identification technique in
off-line process. We express that the plant param-
eters can identify from the plant deviation: The
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Fig. 4: First Trial
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Fig. 5: Second Trial

characteristics of the mean value and of the vari-
ance derive from the identification error. Mini-
mizing the mean value and the variance coincides
with identifying the plant parameters. In addi-
tion, we show the identification technique is effec-
tive through the experimental results. The technique
also uses the realistic reference but not the special
identification-oriented reference. Consequently, the
feasibility promises highly in actual field.
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