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Abstract— This project is described a design of
an underwater glider using PIC as controller.
Underwater glideris a type of autonomous
underwater vehicle (AUV). Underwater Glider is a
technology undergoing active and rapid development
that uses small changesin itsbuoyancy in conjunction
with wings to convert vertical motion to horizontal,
and thereby propel itself forward with very low power
consumption. The main purpose of this project is to
design and develop an underwater glider controlled
by PIC. This project is categorized to three major
phase which is the mechanical design concept,
programming and fabrication. The design and
development of the underwater glider should be
having hydrodynamic characteristics, stability and
buoyancy. The movement of the underwater glider is

controlled by PIC controller using C language
program. The underwater glider that will be
produced can move forward and reverse

autonomousdly.
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development of underwater glider, the underwateteg|
will have hydrodynamics characteristic, stabilityda
dynamic buoyancy. This underwater glider will prbpg
electrical motor-driven propellers. Finally, thedemwater
glider will be produced and can move forward and
reverse autonomously.

An Underwater Glider has been designed by using
SOLIDWORK software before convert to the actual
vehicle. The basic information about the remotetrmdn
hydrodynamic concept, buoyancy adjustment and motor
will be implementing in this project.

An underwater glider is a type of AUV that uses
small changes in its buoyancy in conjunction witimgs
to convert vertical motion to horizontal, and thmre
propel itself forward with very low power consungsti
[1]. It also drives through the water by a proputsi
system, controlled and piloted by an onboard cosrput
remote control. In order to design any underwatieleg
it is essential to have strong background knowleaige:
fundamental concepts and theory about the processks
physical laws governing the underwater vehicle tg i

. INTRODUCTION environment.

The main purpose of this project is to design and
developed and underwater glider using PIC. Since
nowadays there are many new kind of underwateeqglid
have been developed till an advanced state. The This chapter detail on the project methodologyfef t
development of the Underwater Gilder is presentedra  Underwater glider. The first phase for implemen th

example of the implementation process for a meohatr Project is doing a lot of study and research about
product. underwater glider. Brainstorming, collecting datada

literature review is done which include the theary
is an Autonomous development underwater glider. Many articles from
internet, journals and also from some referencek®oo

. DESIGNMETHODOLOGY

An underwater glider
Underwater Vehicle (AUV) that utilizes a small clgan
in its buoyancy to convert vertical motions to korital ~ related about underwater glider give a lot of ideasiow
ones with help of wings. Thus the underwater glicen  the project is. The second phase is the projedguieg
move forward with low power consumption. Therefore,and project programming. This is very importantitake
the underwater glider can be a small, smart angure that all the work can flow smoothly and can
inexpensive which has a long operational time. Théninimize the problem. Then, the last stage is ptoje
difference between conventional AUVs and underwatefabrication. All the subsystem of the development

gliders are the dynamic behavior because of prapuls underwater glider is combined to achieve the objeatf
mechanism. the project. The Figure 1 showed the project medtamy/

of the underwater glider project.

The driving force of the underwater glider
depends on hydrodynamic forces such as drag and lif
which is a function of the advance speed and tligéeant
attack. This underwater glider project used PICdnotrol
the movement of the underwater glider. For this
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Figure 1. The Design Flows of the Design and Dgwelent of
Underwater Glider

lll.  THEORY

In this section the underwater glider model deriiseed
adapted to model the Slocum glider design. Thislwas
adjusting the parameters corresponding to the riater

masses and the vehicle geometry. The model paresnete

The total stationary mass of the glidex, (also referred
to as body mass) is the sum of three
terms™s = ™» T v, mis g fixed mass that is
uniformly distributed throughout the body of thedgr,
m, is a fixed point mass that may be offset from tigs C
andm, is the variable ballast point mass, also offsetnfro
the CB in the underwater glid¢™s = M, Tm,, + My, The
vector from the CB to the point mi™sishw. The vector
from the CB to the variable ballast mmsds™. The
moving internal point mass®s The vectc:(t describes
the position of this mass with respect to the CBraé t.
The total mass of the vehicle is then:

my,

=m, +m, +tm+tm=m,+ m (3.0)
The mass of the displaced fluid is denotadand we
define the net buoyancy to M. = ™o =™y — ™M g0 that
the vehicle is negatively (positively) buoyanmy is
positive (negative). The different masses and jwsit
vectors are illustrated in Figure 3.

k my, dnsmhm:d hull mass ,

—"c» m __zb.,.-—@
e mu P variable
?I/-/-\\ K fﬂi
L\ '

N fixed mass

bhallast mass

movahle mass

Figure 3: Glider mass definitions

are adjusted to match the Slocum body and wingeshap

[16]. First, take the underwater glider hull to be
symmetrical with wings and tail attached so that th
center of buoyancy (CB) is at the center of the. fAtien,
assign a coordinate frame fixed on the vehicle bty
have its origin at the CB and its axes aligned wfté
principle axes of the hull.

Let body axis 1 lie along the long axis of the dhi
(positive in the direction of the nose of the gtiddet
body axis 2 lie in the plane of the wings and bagis 3
point in the direction orthogonal to the wings hewn in
Figure 2.
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Figure 2: Frame assignment on underwater glider
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Here, consider this model specialized to the lamtjital
plane (assumed invariant), as in [15], and solvetlie
equilibrium steady glides in the equations of metidhe
resulting vertical plane equilibrium equations are:

i =wv,cos@ +vysinf

(3.1)
(3.2)

Z=—v,sin@ +wv, cosf

0= (mfa _mfl)vl 8q Vg sq ﬁg[rPi eg cos 8sr.] + Tp1 eq sin Bsq )
—My, oq G(Tgy COSE,, + 7155 sINA, )

—m,, g(ty, cos gsq T Ty sin gsqj +Mpp o

(3.3)
0=L_sina,, — D, cosa,, — My, gsina,, (3.4)
0= L,cosa,, — D, sinf,, — my,, g cosf,, (3.5)

where the subscri®? denotes the state at equilibrium
steady glide” and¥s are the components of the glider
velocity in the®:and ®sdirections, respectively, as shown
in Figure 3.1. Hereis pitch angle, is the angle of attack,
D is drag;L is lift and ™z is the viscous moment as
shown in Figure 4™ and™ are the added mass terms
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corresponding to th®: and®s directions, as derived by IV. RESULT
Kirchhoff [13]. In these equations, take the addeaks
cross terms to be zero. Note that equilibrium terms

corresponding to the offset me™. and the locatio™  ¢0\,5 is the results and findings. This sectiorcuised

of the ballast mas™> do not appear in earlier model g0t the result for design and for an Underwatiete@
glider [15]. At the end of this project, this underwater gligan be
floats on surface of the water by using buoyanaycept.
This underwater glider also can moves forward, ne/e
turn right and turn left by using PIC through C
programming. The result is a drawing of Underwater
Glider which draws by using SolidWorks softwareisTh
design considers the design and dimension of the
Underwater Glider body from the literature reviewt b
the dimension are changed after construct the lkctua
vehicle. The design of Underwater Glider has been
shown on Figure 5 (isometric view) and Figure 6 {To
view).

In every research and project, the main point rieed

Figure 4: Lift and drag on underwater glider

As shown in Figure 4, denote the glide path angle b
where:
F=8—a

At equilibrium, it may be shown that:

Denote the glider speed Mwhere:

ro—= = P
= ||1:r1 + 3
Hzometric ]

Using Equation (3.2) and angle definition in Figdrethe Figure 5. Design of Underwater Glider (Isometriew)
glider depth rate can be written as:

z= —Vsin(&) = —Vsin(f —a) (3.6)
The hydrodynamic forces and moment are modeled as:

D= %PCD(Q}AVZ & (KDD + Kpa®)(vf + v) (3.7)
L= %PCL(“}AVZ &y (I(LD + K, a)(vlz +1’32) (3.8)
Mp, = %PC(“}AI"’Z A (KMD Ky a)(vf +v9) (3.9)

where 2 €1 @4 Cur gre the standard aerodynamic drag,

lift and moment coefficients by cross sectionalapeis
the maximum glider cross sectional area, ~nd the
fluid density. For the longitudinal quasi-steadwidl

Figure 6.  Design of Underwater @lidTop View) :

model, €€ @4 Cy are functions of® and K's are
constant coefficients.
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The L293D as shown in Figure 9 is a quadruple
high-current half-H driver. The L293D is designea t
provide bidirectional drive currents of up to 60@rat
voltages from 4.5 V to 36 V. This device is desigje
drive inductive loads such as relays, solenoidsandd
bipolar stepping motors, as well as other high-emnirr
/high-voltage loads in positive-supply applicatiof®r
this project, this device drives the DC motor ftwe t
movement of underwater glider.

T

Figure 7. Dimension for the Length and Diamefethe Glider

Besides the PIC 16F877A, PIC Microcontroller
Start-Up Kit is another device that used in thisjgct.
This board is shown in Figure 8. This board is giesd
perfectly fit for 40 pin 16F and 18F PIC that catsiof
all 33 I/O pins that are nicely labeled to avoidssi

connection. This item developed with RS232 (Serial) =
) . GHIP INHIBIT [1 | 16] vee
hardware on board that allowing alternative method weuT 1[2] Sweur 4
load program easily via bootloader. The basic oUTPUT 1[5 @ oureur
functionality of this board is shown in TABLE 1. ! 4
GND [4 | l13] anp
aND 5] 12] aND
QUTPUT 2 [ [11] ouTPUT 3
INPUT 2 [7| [10] INPUT 3
> ve [8] [8] CHIP INHIBIT 2
e >

Figure 9: L293D

.

This is the programming code for the movement of
underwater glider.

TRON SK40B

void initmain()

{

trisb=0; portb=0;

trisc=0; portc=0;
PWM1_Init(5000); PWM1_Start();

Figure 8: Board Layout

void motorlfwd(int valuel)

{ portb.f2=1; portb.f3=0; PWM1_Change_Duty(valuel);
void motorlrev(int valuel)

{ portb.f2=0; portb.f3=1; PWM1_Change_Duty(valuel);
void motorlstop()

TABLE 1
BASIC BOARD FUNCTION

Label Function| Labe Function { portb.f2==0; porth.f3==0; PWM1_Change_Duty(0); }
void main()
A Slide Switch G | 5V regulator
for main initmain();
power while(1)
supply motorlfwd(250); delay_ms(10000);
B DC power H Header pin and turn motorlstoé(); d)élay r¥1§(20(0); )
adaptor pin motorlrev(250); delay _ms(10000);
socket motoristop(); delay_ms(200);
C Battery | | 40 pin IC socket fo }

}
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V. CONCLUSION (71

As a conclusion, An Underwater Glider is a type of[8]

underwater vehicle. Underwater gliders are auton@mo
vehicles that profile vertically by controlling bysncy

and move horizontally on wings. This vehicle artued

for both their expand ability and replace abilithey can
be deployed in hazardous environments without migki

human divers. In addition, the Underwater Glideveha

potential for cheap scalability makes Underwateidé€sl
ideal for large scale and long term data collectesks.

This research aims to design and develop an Underwaii1]

Glider control by PIC which can float and moves on
water surface with long time. The prototype thall e

developed will have a fixed mechanical system and
having an electronic part that allows developmeht o[12]

various controllers.

There are a few functionality can be consideratg, s,
to improve the development of the underwater gliégr

adding the Global Positioning System (GPS), it feip
detect the position the underwater glider. Besitlag the
improvement of underwater glider also can be dope b
adding the sonar sensor system. This sonar seystens

can help to transmit and to receive a signal frdm t [16]

obstacle. Therefore, it can avoid the underwatateg|
from violate the obstacles.
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