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Abstract: Accurate Track keeping in navigation of unmanned surface vehicle is very essential which results in
saving fuel as well time. To achieve accurate track keeping by navigation of unmanned surface vehicle several
controllers like PID, Predictive controller, and Adaptive controllers are used. Each controller is having its own
advantages and disadvantages but the Predictive controller provides better track keeping of unmanned surface
vehicle. The only major drawback of predictive controller is that this controller is taking more time to compute.
In order to reduce the computational time, researches have come up with various matrix inversion techniques in
predictive controller. In this work an effort is made to estimate the performance of a predictive controller in
terms of decreasing computational time. Computational outcome is estimated by MATLAB shows that
predictive controller with Gauss Jordan matrix inversion technique provides better tracking and takes less time

compared with MATLAB inverse function.

Key words: Predictive controller, matrix inversion. Model Predictive Controller.

1. INTRODUCTION

In unmanned surface vehicle navigation,
accurate track keeping of vehicle is very important
to save time as well to save fuel consumption also
which is very essential component to be considered
in the unmanned surface vehicle. For proper
navigation, keeping the wvehicle on track is
challenging task. To generate proper heading
angles to keep the wvehicle on track a robust
controller design is a must which should consider
sea instabilities, hydrodynamics of ship and noise
factors in both internal and external.

To retain the vehicle on trajectory several
techniques are used by researchers, namely PID,
adaptive and predictive controllers. The PID
controller is discussed by A .S White [1] for
controlling the vehicle by taking the error in the
heading angle. To navigate the ship, the
coefficients of the controller are changed due to
environmental fluctuations like wind, waves,
currents, random disturbances, and internal
inaccuracies etc. The PID controller coefficients are
changed to accommodate these changes and also
needs support of other controllers to identify the
error like neural, fuzzy, genetic, etc. which results
in increasing the complexity of the overall

controller system. Hence PID controllers are not
suitable for surface vehicle navigation applications.

A special type of nonlinear control system
explained by Juan Martin [2] called adaptive
controller which adapts to the sea environment and
as well the ship condition. To obtain the optimal
solutions for changing environmental conditions,
the adaptive controller adjusts the weight function,
this is the measure merit of this controller. But
adaptive controller cannot predict the future
variations in the control output which is very
important in sea water surface vehicle navigation.

In the control system, the advanced
technique of course control is the predictive
controller as Eduardo F [3] explains the Predictive
Controller. The predictive controller procedures the
complex operations to predict the performance of
the system depending on the previous and future
variables of the dynamic system. The predictions
are the major advantage of the predictive controller
over adaptive controller and also tune the
parameters for future steps by reducing the heading
angle error.

The predictive controllers take more time
to predict and compute [4] and research [5] is going
on to reduce this computational time. Few
researchers are also working on predictive
controller’s computational time by considering the
matrix inversion part used in the controller design.
The Gauss Jordan method of matrix inversion takes

3665



International Journal of Research in Advent Technology, Vol.6, No.12, December 2018
E-ISSN: 2321-9637
Available online at www.ijrat.org

less time compare to other matrix inversion
technique with respect to the complexity of the
system [6]. This paper compares the computational
time of predictive controller by using Gauss Jordan
Matrix inversion technique with MATLAB matrix
inverse function. The predictive controller is
discussed in Section II. The matrix inversion
technique is discussed in Section III, Section IV
gives the implementation and simulation results of
proposed work and conclusion of the work.

2. PREDICTIVE CONTROLLER

In unmanned ship navigation, the major challenges
are the sea dynamics. The sea dynamics are very
difficult to identify and to overcome these
dynamics is a challenge in unmanned ship
maneuvering. Due to dynamic condition in the sea,
ship navigation is a non-linear control process. For
the unmanned ship navigation, initially path is
given to the system. The path consists of the
waypoints. The controller job is to observe the path
followed by the ship. During this process,
considering the sea dynamics the controller must
act accordingly and follow the path by keeping the
ship on track. The predictive controller is used to
compute a sequence of varied values which has to
be adjusted to optimize the behavior of the ship.
The predictive controller is given with a rudder
angle and taken the output as heading angle. The
predictive controller takes present rudder angle,
next heading angle and predicts the future
nonlinearity conditions of the sea and take course
correction in ship navigation. The next heading
angle is predicted by using [5]

e+ 1) =
iap Yt +1 -0+ X2 byAS(t—d —i) +
Zirio &t +1-10) 1)

where y(t) is the heading angle, 3(t) is the
commanded rudder angle, &;(t) is the disturbance
term. The desired heading can be obtained by [5]

lpref = tan~* (%) (2)
where (x,,y,) are the coordinates of the ship
position taken from GPS system and (x,,p,, up) are
the coordinates of next waypoints. Equation (1)
gives the minimum variance predictor of desired
heading angle. Using the reference trajectory given
by equation (1) the controller is given by [5]

¥, = Kallpm(t + d) + Kaijref (3)

The optimal control input vector A3 is given by [5]
AS = [HTH + M7 H™{Kyyh,, (t + d) +

Kaz‘}'r"éf - lI"m} (4)
where
H=G+ %KazFG ()
Waypoints
— Output
Predictive h dp_
» eading
Controller angle
Sea
Disturbance

Fig. 1 Basic Block diagram of Predictive Controller
The control inputs to the system are optimised by
using equation (4). The predictor is used to predict
the change in the rudder angle with future
prediction along with past heading angle.

The basic predictive controller block diagram is
shown in the fig. (1). Input to predictive controller
system is given with waypoints along with optimal
control rudder angle. Sea disturbance is also taken
into consideration into the predictor, which predicts
the sea disturbances also.

3. MATRIX INVERSION METHOD

The predictive controller is used to predict and give
the input rudder angle as per the cost function error.
The main matrix inversion used to optimize the
input rudder angle which is given in the equation
(4). The matrix inversion takes around 2p°® times
the addition and multiplication, 2p* times the
multiplication and division [5]. Most of the
researchers are using several matrix inversion
techniques. Some of them are, Gauss Jordan matrix
inversion technique, general matrix inversion
technique, and recursive matrix inversion
technique. The Gauss Jordan matrix inversion is a
large scale matrix inversion [7]. The proposed work
is compared the Gauss Jordan technique with
MATLAB matrix inverse function.

The matrix inversion using Gauss Jordan technique
uses row elimination method of reducing the matrix
with identity matrix. Taking a square matrix with
any order, the same order identity matrix is used
and a square matrix is transformed to identity
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matrix, identity matrix is transformed to inverse of Then, divide second row by aj; and then
the matrix [8]. multiplying successively by aq, aj,a;, and
The matrix inversion from equation (4) is [H" H + subtracting from 1%, 3 4" row, we get
A 1] * where H is given by equation (5). H consists i 6 & @ @b at ot 0 0
of 19x19 matrix, G is also 19x19 which is given as 2 ok Saed e Saf
3 0 » 0 1 Q31 Q35 QGz3 Qo 0 0
" n n "
G= 0 (6) 0 0 A3y Q3z Q33 QAgq 10
- . " " n "
by - By 0 0 g1 Qg2 Qa3 Ay 0 1
A i
where b, is the coefficient of the ship transfer where, . .
function from by to by for the first column and al = al, —al, z,ai'z —al,— ahﬁ' al,
last column ends with b;o. In the matrix upper az, az,
triangle is made 0 and p = 19, A =5, and | is the @by
identity matrix. =ay, — a1y, a1
The inversion part is given as 21
i1 Qi Qi3 Qg 1 000 =0—-aj;
[A: 1]~ Qp1 QA Q3 Qpy 01 0 0| (7) ay,
A3 Q3 Q33 Q34 0 0 10
Qg Qup Q43 Q4 ¢ 0 0 0 1 y asy, y ajys y Yy y 1
Now dividing the fi : b . A1 = Q2 = Q3 = 7, Qo4 = 5
ow dividing the first row (pivot rpw) Yy aj; (pivot ay, ay, ay, ay,
element) then multiplying successively by a,i, asi,
a1, and subtracting from 2", 3, 4" row we get, L dy ., abs
o, , , . A3y = Q33 — Q31— ,0A33 = Q33 — d31—,0d33
1 i a'yy aj, ajg a4 ¢ 0 0 0 az azq
0 i a5 ahy as; aj, 1 00 a’
~ 0 . a' ' T ' . — ar _ al ﬁ all
: 31 Q33 Q33 Az i 0 1 0 34 31 434
0 i ajyy ay; aj; ag, i 0 0 1 21
_ !
where, =0-a3 -
21
a2 ai3 Q14 1 ! !
al = —, a! = , a/ = , ! = _ 22 _ 23
1 11 12 11 13 11 14 asq Ay = Ajp — Qg1 —5—, Ayp = Qi3 — Ay a , Ay
21 21
a2 aq3 24
Ay1 = A — A1, App = A3 — Gy a_'a£3 = Qhy — Qg Al
11 11 21
Qqg 1
= G4 — Q1 —, Ay =0—aj;, =
11 a21
1
=0—ay ay, Again dividing the third row by aj;, then
multiplying the 3" row by a},a},a}, successively
a a and then subtracting from 1%, 2", 4" row we get,
by = Qay — A3 —2, Aby = Gas — A3q —, Al
31 32 31 all' 32 33 31 all' 33 1 0 0 : 11/11 alll?t alll:; alll‘; : 0
nr rnr nr i
—q a Q14 . L0010 f ay ap a3 ay 00
— U34 — U317, U3g % " " " " ¥
a4 0 0 1 : a3; @33 Q33 Q33 i O
nr rnr n i
0 0 0 Q41 Q4 Qa3 Qyq 1
=0—a3 —
a, where,
n n
32 33
, a, |, aiz a1 = ai; — afy —5, 417 = A3 — A1 -, 413
Q41 = Qg2 — Qg1 — A4y = Q43 — A2y a_'a43 431 31
11 11 o
a14 —_ all — all & alll
— ! - Y14 11 » U414
= Quq — g ay Ays az,
_ =0-af;
=0—ay —
a1
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n

n

nr

nr

nr
L n — n a32 nro__ n — n a33 nr mnrro__ a42 mnrro__ a43 mnrro__ a44 mnrro__ 1
QA1 = Az — Q157,02 = Q3 — Q21— , 23 41 = o Qaz = Qa3 = 7, Qag =
asz; asz; 41 41 Qyq Qyq
n
a3y . -
— n n rnr
= a3, — aj) -, azs Thus the reqmre,(?”matr'!’)f is, o
31 a a a a
11 Q2 Q13 Qi
mnrr rmnrr mnrr e
—0—a’ 21 OG22 Q3 Qg
= 21 aéll aé’{l a13I2II a/3/3ll alslil
nrr mnrr mnn mnrn
Qg1 Q42 Q43 Q44
n n n
a a 1 . . -
w32 g = 238 g = 3 g — And the obtained inverse of the matrix is same as
" " " a L. R
31 31 31 31 the original matrix,
n n
nro__ n _ n a32 nro__ n — n a33 rnr all a12 a13 a14
Qg1 = Ay — Qg1 a »Aap = Ay3 — Ay a’ ) Q43 Ay; Qpy QA3 Qpy
31 31 _
al, 31 QAzz A3z QA34
—_ n n rr
= Q4a — Qa1 Gaa Aq1 Qu2 Qg3 QA4q

31

4. IMPLEMENTATION OF MATRIX

- 0 - alll-ll "
asz;
INVERSION
Finally, we divide the fourth row by aj;, then
multiplying successively by aija3;as; and then The matrix inversion is implemented using
subtracting from 1%, 2", 3" row we get, MATLAB. The matrix inversion is implemented
T with MATLAB inverse function and as well is
1 0 0 O a a . .
G T S implemented Gauss Jordan algorithm. Gauss
Lo 100 %21 Q22 G2z 24 Jordan implementation steps and flowchart as
0010 Gz1 Q32 Q33 Q34 follows:
0 0 0 1 asy el ay afff Gauss Jordan Implementation Steps [8]:
WherE, 1. Start
o v Qi I VA 2. Read the order of the matrix ‘A’ and read the
fi1 = G2 = g Mz = Gis T g G coefficients of the linear equations.
m 3. Dofori=1to A
=al] —al} a—‘” aly Do for |=i+1 to A+1
“ X[0] = x[1[1] / [
= 0-alf— cnd for |
41 Set x[i][i] =1
. . Do forj=1to A
e " 1y 42 e " " 43 e if (i i
Q21 = Az2 — Q21 757,022 = Q23 — Q21 557,023 If (j not ec!“a' to i) then,
41 41 Do for k=i+1 to A+1
R (10K = X[j70k] — (<10 * XL
- Y24 21 10 24
" End for k
End for j
=0—az1— End for i
“ 4. Doform=1ton
rnrr nr nr [,1"2, rnrr nr nr 1,1"3,' nrr y[m] = a[m][A+1]
Q31 = A3z — A31 75,32 = Q33 — A31 757, A33 i
ay! " Display y[m]
o End for m
nr nr 44 nrr
= Q34 = 31 777,34 5. Stop
41
= O - a;.’]’. nr
41
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coefficient matrix AN, K+1)

i
— FOR S=1 TO ¥
=t

FORT=S TON o
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No umque wl
tion is possible
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with line ¢ @loD

Line s is normalized. -,J

All elements of column s
— with the exception of the diagonal element A(S5,S) —
will be made to zero by subtracting the A(J,S)-fold of
the normalized line s from line j

/Outpul of the solution veclor/

Fig. 2 Flow chart of Gauss Jordan algorithm

The algorithm performs row elementary operations
on the matrix by interchanging two rows, multiply
a row by a nonzero scalar, add one row to another,
and finally add a nonzero scalar multiple of one
row to another row.

Simulation Results:

The way points are given to the predictive
controller, and output heading angle is taken as
path following. The simulation result shown in fig.
3, the ship track keeping is observed at the output
of the predictive controller by giving reference
trajectory as an input to the system.

——

Fig. 3 Simulation result of reference trajectory for
Gauss Jordan technique

The ship following the given path with high
efficiency as the output heading angles are same as
the input rudder angle given and the ship follow the
path.

Fig. 4 Simulation result of reference trajectory for
MATLAB inverse function

The MATLAB inverse function is also used to
execute the matrix inversion, the fig. 4 shows the
simulation result of trajectory is plotted along with
reference trajectory. The efficiency in the
MATLAB inverse function is lightly less compare
to the Gauss Jordan technique.

Table 1: Comparison of simulation results

Time
Matrix Computation Obt_amed
. Deviation
Inver_5|on _ _ From
Techniques | Profiler | Tic Toc Reference
(Accuracy)
Gauss - 0.632 0.0018 98.22 %
Jordan sec Sec
MATLAB
Inverse 1.56 sec 0.0012 95.65%
. Sec
function

In table 1 computation time is captured. Both
profile time and tic toc time is captured. The
computation time in terms of profiler is more in
MATLAB function compared with Gauss Jordan
technique. The tic toc time is less compared with
Gauss Jordan, but the track keeping efficiency is
more in Gauss Jordan technique.

5. CONCLUSION

The predictive controller major challenge is the
computational time due to its complexity. In ship
navigation prediction time also plays an important
role, the proposed work is carried out to reduce the
computational time by using Gauss Jordan matrix
inversion technique and is also compared with
MATLAB matrix inverse function. Further, the
work carried out can be compared with the other
matrix inversion techniques.
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