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Abstract

In various research and experimental areas under the water without human intervention we need a vehicle which can do the
required task is known as “unmanned under water vehicle”. In this project we will efficiently model the system and perform
the various simulation tasks for pitch angle and yaw angle control by using various control techniques. By using these
control techniques we will obtain the best possible performance technique to control the pitch angle and yaw angle and also

here we will close compare the various parameters of different controllers.
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Introduction

As we know that 70% of the Earth is covered with water and in
order to explore various resources under oceans, mankind
depends on developing underwater vehicles and employing
them. There are various types of underwater vehicles which can
be classified into two categories as manned and unmanned
under water systems. In various research and experimental areas
under the water without human intervention we need

. 1
“unmanned under water vehicle” ".

In manned under water system, we have military submarines
and non-military submersibles vehicle operated for Underwater
exploration and assessment. An Autonomous Underwater
Vehicle (AUV) is an undersea system which use self power and
controlled by an onboard embedded computer while doing a
specified task'.

Pitch angle: Pitch angle is controlled by pitch control system.

corresponding pitch control loop is shown in Figure-2. In pitch
control loop we will control the pitch angle by using the
elevator actuator.

Figure-1
Representation of pitch and yaw angle
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Figure-2
pitch control system
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Yaw angle: Yaw angle is controlled by heading control system.
Figure-1 shows the representation of yaw angle and
corresponding heading control loop is shown in Figure-3. In
heading control loop we will control the yaw angle by using the
rudder actuator.

Materials and Methods

Material: For this research project we mainly use matlab
software for modelling and simulation.

Methods: Pitch control system: From Figure-2 the respective
block equation of elevator actuator and vehicle dynamics are:

2
HEs) = s (1)

_ —0.125(s+0.435)
Gl1(s) = $240.226+0.0169 )

_ (s+0.435)
G2(s) = (s+1.23)

3
Open loop system: The open loop system are:
_ —0.125%2(5+0.435)

G(s) = (s+2)(s+1.23)(5%+0.2265+0.0169) @)
And the step response of this system is shown in Figure-4.
Close loop system: Close loop system are:
Oy(s) 0.25xk1(s+0.435) (5)

0r(s)  s*+3.45653+3.45752+(0.719+0.25k1)s+(0.0416+0.109k1)

By using Routh-Hurwitz criteria the stability range of this
system are- 0<k<25.87
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Now the response of this system for different value of k is
shown, Figure-5 show response using k=5, Figure-6 show
response using k=20 .

Heading control system: From Figure-3 the respective block
equation of rudder actuator and vehicle dynamics are:

HES) = o5 ©)
G(S) = oo ™
Open loop system: The open loop system are:
6) = Trmarzeronss ®
And the step response of this system is shown in Figure-7.
Close loop system: close loop system are:
w _ 0.25*k1(s+0.437)
0r(s)  s*+3.483s343.464952+(0.60705+0.25k1)s+(0.10925k1)

©)
By using Routh-Hurwitz criteria the stability range of this

system are- 0<k<26.43. Now the response of this system for
different value of k is shown, Figure-8 show response using
k=5, Figure-9 show response using k=15 2.

Hence we have discussed here the response for proportional
controller, to improve the response we will use PI, PD, PID
controller.
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Figure-3
Heading control system
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Step response of open loop pitch control system
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Pitch control system response for k=5

International Science Community Association



Research Journal of Engineering Sciences E-ISSN 2278 — 9472
Vol. 5(4), 11-19, April (2016) Res. J. Engineering Sci.

B L1 Viewe: for 50 Design Tas
Fle Edt Wndew Help
D& %% 8
ey ezponze
18 T
Systert ClosedLoop rio
ity
18— |1 Posk anpiudy 1 74 ]
{ Crersroc Py 862
i Alfrte (seconds] 250
14— |, —
i
| | I
| ||
12k= |1 | | 'r‘l
i |
I a
| ] Syeten: Chosed Loopr oy Fyetern: Closed Loogrto Y
1 | 28 W oy kbl S I
| | Gyomc Clend Lgcprioy || 14 1 | 1.} 1 f LN O e Sl el A s I
§ LClwrey i el By R, R Sl B e _"!l: e N Ly Y ) e T P ot et |
£ Imsem(mnw (VAR T i
t pald] i l |' | Y, i |
!! [ [
i i
il i
uE k| i .
11 I
i \ I
nafifl I v i
i i
IR 1
(IR} V i
b2t i
I i
I i
gilLll | | | L
0 x a0 0 E] E E 0 L
Times [secarads)
LlViewer [¥] R T Upéats
Figure-6

Pitch control response for K=20
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Step response for open loop heading control system.
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Heading control system response for k=5.
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Figure-10
Pitch control system using PI controller.
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Figure-11
Heading control system using PI controller

PI controller: Now by using pidtool and sisotool in MATLAB response of this system. Heading control system: Figure-11

the response are- Pitch control system: Figure-10 shows step shows response using this system.
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PD controller: Using pidtool and sisotool in MATLAB the response of this system. Heading control system: Figure-13
response are- Pitch control system: Figure-12 shows step shows response using this system.
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Figure-12
Pitch control system using PD controller
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Figure-13
Heading control system using PD controller
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PID controller: Using pidtool and sisotool in MATLAB the
control system: Figure-14 shows step

response are- Pitch

response of this system. Heading control system: Figure-15
shows response using this system.
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Pitch control system using PID controller
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Figure-15
Heading control system using PID controller
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Results and Discussion

Using the above control technique i.e. P, PI, PD, PID the result
of various parameters of different controllers for pitch control
system shown in Table-1 and for heading control system shown
in Table-2%.

Table-1
Parameters for pitch control system
Parameters | K=5 | K=20 PI PD PID
Tr (sec) 1.83 | 0.876 | 7.94 | 0.781 3.07
Tp (sec) 4.63 2.69 16 1.81 6.77
Ts (sec) 15.6 67.4 337 | 5.97 19.8
Overshoot | 3¢ 1 | g2 | 89 | 173 | 475
(%)
Peak amp. 1.06 1.74 1.09 | 1.06 1.05
Table-2
Parameters for heading control system
Parameters K=5 K=15 Pi Pd Pid
Tr(sec) 2.19 1.07 6.5 0.832 | 4.25
Tp(sec) 5.64 3.15 12.6 1.89 9.1
Ts(sec) 14.4 26.6 31 6.14 24.5
Overshoot(%) | 32.4 70.6 3.96 15.8 5.09
Peak amp. 1.32 1.71 1.04 1.07 1.05
Conclusion

In this paper pitch and yaw angle control system have been
simulated by P,PLPD and PID controller and the outcome of
various parameter values is shown in tables. From this analysis
we are conclude here that PD controller is giving improved
response as compare to other controller except overshoot which
is minimum in case of PID controller’.
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