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Analysis Movement of Unmanned Underwater
Venhicle using the Inertial Measurement Unit
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The technology of UUMnust be clean and not pollute the
environment as found in a renewable energy syffem5].
Many researchers do some studies on the navigsyistem
on UUV can be referred to [6 — 14].

In this project, the main purpose is to analyze the
navigation of UUV by using a combination of Accelereter
ADXL-345 and Gyroscope ITG-3200 sensor with lowtcos
implementation. By using the output graph of tresisng

Abstract—In an Unmanned Underwater Vehicle (UUV), the
craft's orientation, velocity, and gravitational foes are the
important measurements to make sure the UUV’s natiga
system can be fully operated. Most of the curreif\dsystem uses
pressure sensor to control the navigation of theaftr But the
pressure sensor is not suitable to use in getting\Ws navigation
data or information. Without the information on UU\4
navigation, there are difficult to monitor the moweent of UUV.
This project introduces a methodology to analyzee thosition,
velocity vector and the rotation of UUV, using a cbination of  unit, the value of angular rate, degree, and taaiosial
accelerometer and gyroscope. This sensing unit soabination gcceleration of a UUV can be obtained. Hence,
of Accelerometer ADXL-345 sensor and Gyroscope ITGB20 |mpr0vements Of the nav|gat|0n system Of auuv mhuto
sensor called as an Inertial Measurement Unit (IMU)The depth control left-right movement and obstacle dsote
measurement unit will be programmed by an Atmelpurpose. Without the help of output graph and 3&)-tiene
microcontroller (Arduino UNO) to get the importantata of the . . o e ;

UUV's navigation system. The real-time data of sewgsiunit ammatlor_l, there are a bit d|ff|c_ult to improve tm®vement
communicated with Serial Chart and Processing softwaceget bY changing the coding of left-right movement, adiépth or
output graph and real-time 3D animation of UUV. Fronthis obstacle avoidance programs [15]. One clear beimetitis
project outcome, the movement of UUV is monitored inproject is the significant economic if compared sthi
processing software. Hence, the navigation systera &fUV such  gccelerometer and gyroscope sensing unit with fully
as auto depth control, left-right movement and a#isfe avoidance  GpS+|MU navigation control system.

purpose can be improved. The main scope of this project is to design antialer
sensing unit (accelerometer ADXL345 + gyroscope
ITG3200) for getting the data in angular rate acckéeration
and analysis the movement of UUV. The sensing syste
should be waterproof for safety because it playh wirrent

o ) and water is one of the good conductor mediumstwaoé
Remotely Operated Underwater Vehicle (ROV). AUV angyefore real time environment testing. The Processaftware
ROV are being utilized to explore the ocean deqifvey and s ysed for monitoring the UUV's pitch and roll. &h

the

Index Terms—unmanned underwater vehicle, navigation
system, auto depth control, inertial measuremenitun

I. INTRODUCTION

aid in salvage operations, and are even used ipifkgéhe
safety of soldiers and sailors [1-2]. The currentpc of
Unmanned Underwater Vehicle (UUV) is utilized ireas
where the main navigational hazard is the oceanTeelnext
generation of UUVs will need to be able to navigatevater
with a variety of obstruction: pier pylons, kelpdse oil
platforms, etc. The usage of a UUV in typical railit mission
is to map an area and detect or determine if thbexk area
have any mines. It also can make sure that an(aneh as a
harbor) that is protected monitoring by UUV for et new
unidentified objects. In the field of anti-submariwarfare,

UUV also can use to aid in the detection of manned

submarines [3].
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underwater vehicle will only consist of simple rgation
programs and the maneuverability consisted forwend
rotation movement.

Il. THEORETICAL AND FORMULATION

The IMU reading that can be read in Arduino isaw data
unit, these raw data need to convert to acceleratiod
angular velocity for plot the output graph [16].€Fa are few
simple equations that need to be considered iringethe
desired output unit:

k3

A= x 1)
¥, = y? 2)
Zy = =° 3)

Where x, y and z in (1), (2) and (3), is the ravwaddirectly
from the sensor to the microcontroller. Then, bplgipg
Theorem Pythagoras, we can get the distance of aqdvZ:
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X, = "\.i}ri- + I 4)

v, = (xi4 22

2 = ¥+ I 5)
| . -

Zp = Jxi+ ¥ (6)

From (4), (5) and (6), we can get the angles bygisi
trigonometry formula:

Xy
6, = atanll_ﬁr] (4)
VY
6y = atan(=) (5)
g, = ::tamfz—l‘] (6)

Zn

From (7), (8) and (9), the angles can determink mispect
to x-axis, y-axis and z-axis. These theta valuesiraradian
unit, so now we need to convert the theta of xpg zinto a
degree as shown in (10).

B, x 180
™

X° =

(10)

The IMU will not give the output degree from 0 ©for 1
circle. For X-axis and Y-axis, the 1st quadranDiso 90
degrees, 2nd quadrant is 90 to 0 degrees, 3rd apiaidrO to
-90 degrees and 4th quadrant is 90 to O degreeshbw in

Fig. 1.. For Z-axis, % quadrant is 0 to 90 degrees, 2nd

qguadrant is -90 to 0 degrees, 3rd quadrant is-9Gaegrees
and 4th quadrant is 90 to O degrees.

2nd 1st
90 to 0to 90
0t0-90 -90 to 0

3rd 4t

Figurel: Orientation of angle output at X-axis

. METHODOLOGY

Figure 2 shows the whole system that has beenrcotext for
the purpose of monitoring the UUV movement pattefiee
system includes; tri-axial accelerometer (ADXL-34&nd
tri-axis gyroscope (ITG-3200), a microcontroller aod
(Arduino-UNO), a personal laptop, Serial
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Processing software. The MEMS accelerometer ADXB-34
and gyroscope ITG-3200 is the measurement unéneesthe
motion movement of UUV. As seen in the Figure 2,dbtput
data of sensing unit will be processed with thg ledlwritten
program of the microcontroller and the output of th
microcontroller will translate into the laptop vidSB
communication. After that, Serial Chart and Proirgss
program receives the serial port data and visyally the
output graph of the data from the sensing unit lgjisgh form.
The input voltage of the microcontroller and thasieg unit
can simply provide via USB communication cable lnsea
the power supply from the USB port is sufficiens @&result,
the sending unit provides continuous real time tiaacan be
analytically the movement of UUV. Fig. 3 shows theerall
process of the methodology for this project.
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Figure 3: Flow chart of methodology
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Figure 2: lllustration of the System

A. Accelerometer ADXL-345

ADXL-345 as shown in Fig. 4 is a 3-axis MEMS
accelerometer and produced digital output. The good
resolution and provided + 169, +8g, +4g, +2g rangkes it
widely used in several applications [17-18].

Figure 5: Gyroscope ITG-3200

IV. RESULT AND ANALYSIS

Table 1, Table 2 and Table 3 shows the reading of
accelerometer sensor at z-axis, y-axis and x-asigactively.
Meanwhile, Table 4 shows the data obtained aftgrstidg
the coding of Arduino by referring to the offsetaer

Figure 4: Accelerometer ADXL-345

The other main features are:
- X, Y, Z axis acceleration sensors on a singl@ chi

- Low power consumption (23microAmprere and 1.7V) Table 1: Reading of accelerometer sensor at z-axis

- High resolution up to 13 bit with a range of 416 Aals Reading of Accleromelr Sensr ()

-12C and SPI mt_erfaces Tral | Thal 1 Tedl 1 AVEIBgE

- Free fall detection

- Two different interrupt pins b4 13 146 43 430

B. Gyroscope ITG3200 ¥ K 1.8 08 04
ITG-3200 as illustrated in Fig. 5 is a 3-axis MEMS 7 08 105 108 1043

gyroscope and produced digital output to the mionboller.

The most important is this sensor is the world 8isgle chip
with digital output and its application is a motianalysis in

gaming and 3D mice [19]. Table 2: Reading of accelerometer sensor at y-axis
The other main features are: A Reating o Acceeronete Senr ()

- X, Y, Z axis angular velocity sensors integrab@done chip

- Tiny size (14mm x 19mm) Thal | Tndl ] Tnd 3 Lverge

- Configurable scale range of +-2000deg/Sec

- 16 bit ADC (analogue to digital converter) X 1K 108 1 10

- Sensitivity of 14.375 LSBs per °/Sec 7 T 77 77 7

- Configurable low pass filter [20] ‘ ' ‘ '

- 12C interface 7 i 05 N N

Table 3: Reading of accelerometer sensor at x-axis
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Axis Feearing of & coeleromeler Sensor {m/s%) From the table 1, the average reading of z-axi$s53m/4.
T Tl Tl Rvege By referring to acceleration of Earth Gravity, -8, the
offset error as (11).
X -101 -101 -101 -101
T ] 06 073 172 -9.81m/8 - (-10.53m/8) = +0.72m/é (12)
Z -019 023 015 -019

Percentages of offset error are as (12), (13) aay (

Table 4: The reading after adjusting the codingrofuino by X-axis, [-9.81-(-9.84)] /-9.81 * 100% = -0.31%  (12)
referring to the offset error.
Y-axis, [-9.81-(-9.79)] / -9.81 * 100% = +0.20%  (13)

Lxis Reading o f & ccelerometer Sensor () 57)
7 7 = Z-axis, [-9.81-(-9.83)]/-9.81 * 100% = -0.20% (14)
D8tm/st | 029mys® | D38m/s? Since the result shows that X, Y and Z-axis ersomi the
0.29m/s | -9.78m/s? | 0.97m/s range between - 0.4% to + 0.3%, so this resultieptable
028m/st | 020mjst | Da3m/s? because this error is small and do not affect tteahresult.

There is no changing for the coding after this sofjient.

w IIL"I:jII.I'I.'\__I

aim/s%) i

3

—— Y -axis e i -

—— M-aTas — MNLE

p L0S) — Faanis p LIE)Y  — Poags

(a): Accelerometer (b) Gyroscope ITG-3200
Figure 6: Output graph
velouiy (ms)
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Figure 7: Real-time output graph
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Figure 6 (a) shows the graph of this experiment par At stage A, the 3D animation output as Figure % Plich
result. The x-axis of the graph is time (second) waxis is angle shows in Processing are -1° and roll ang?8.is
acceleration (mf. The green color line is the z-axis of
acceleration, the red color line is y-axis of aecafion and
the blue color line is x-axis of acceleration. Frima output
graph, green color (z-axis) line was vibrates,ofwihg by
vibration of the blue color line (y-axis) and ttast vibration
is the red color line (x-axis). The output grapmistched with
the sensor's box moving sequences. So, the SehialtC
software successfully communicated with the Arduina
serial communication port.

Figure 6 (b) shows the Serial Chart real-time ougvaph
of gyroscope ITG-3200. From the Figure 6 (b), theis of
the graph represented the time in second and yedxike
graph represented a degree per second of gyroscapeand
z-axis. We can observe that there are 3 maximumtpat the

positive side and 3 minimum points at the negagide. So, Figure 9: 3D output at stage A.
this gyroscope successfully communicated betweeluiAo
and Serial Chart software via serial communicagiort. At stage B, the 3D output as Figure 10. The pitatieis

Figure 7 (a) and (b) shows the graph of the forwargt3° and the roll angle is 4°.
movement of UTeM glider using gyroscope and
accelerometer respectively. The theoretical vejooft this
glider is 0.13 m/s. The distance of this movems2 ineters,
and time taken is about 17 second. From these grdpa
z-axis was more stable than x-axis and y-axis. s
vibration shows that the glider does not too muwdinging in
z-axis, which means the frequency vibration ofglidt z-axis
was less than the vibration at axis and x-axis. Gingyancy
force is nearing equal to the glider gravity fosmethat the
glider always stable at the surface of water.

The x-axis and y-axis line are more vibrant in theput
graph. As observed, the swimming pool has a wdésv f
caused by the filtering water process and it cautbed
vibration at x-axis and y-axis. The glider also gwoed the
water flow by its forward motor, this flow was mikevith the
flow of filtering and produced larger unwanted floivhe
forward movement of glider also caused the vibrataf
y-axis. This movement produced by the backwardefafcthe
motor. When the backward force, inertial force feé glider
after it move forward and the resistance of theewatixed,
the vibration of y-axis being stronger as showsigure 7 (a)
and (b). It means when the initial time equal tizéhe y-axis
and x-axis graph were more stable if compare #feglider
move after 10 second (inertial of glider and waksistance
occur). The expected movement of glider for obstacl
avoidance is shown in Figure 8.

Figure 10: 3D output at stage B.

In stage C, the 3D output as Figure 11. The pitaiieais
+43° and the roll angle is -4°.

Underwater Glider

From the observation, the vibration will make theput
reading unstable. To overcome this problem, a lagsgilter
has been added into the coding as equation (113. filier
Glider Movement x will make the reading smoother. At stage A, thelgliwas

moving forward as same level as the water leved dtitput
Stage A Stage B Stage C reading nearing 0° for pitch and roll means thatglder was
in a stable in the swimming pool at stage A. Whenwing

Figure 8: Obstacle avoidance by glider. started turning down and drive the glider submerbe,

reading as stage B was shown that the angle of exglams

1 o TS Figure 11: The 3D output at stage C.
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3°. The reading for roll is 4°and this might calisy the [4]
water flow inside the swimming pool. Stage C isstege that
the wings become 43° and the glider will push bg th
buoyancy force to rise up.
(5]
V. CONCLUSION

A measurement unit was successfully developed and

experiment using accelerometer ADXL-345 and gyrpsco -

ITG-3200 with interfaced to Atemel 328 IC in ArdoitUNO
board. The data from these two sensors is sucdgssfu

interpreted in a graphical form using Serial Csaftware via [7]
computer serial communication port.Many technical
challenges such as interacting between microcdetrahd
serial communication port, programming of Arduigoaph g

plotting, assembling sensor into UTeM glider ane th
waterproof of the glider and sensor were successfdlved
during this project. The most time taken for thisject is to
interface the hardware (sensor) and the softwarduiAo)

9
thru programming. After defining the address ofbs¢nsors )
in microcontroller programming using 12C communicat
then just the overall project can be start andyaisathru the
graphical form. There are 3 critical parts that mipave [10]
water leaking into the UTeM glider body. The 1lskads
left-right servo motor hole, 2nd is a forward mégashaft of [11]
UTeM glider and the last one is the cap of theeglid'his
experiment tested after seal the hole on the ilgfit-rmotor [12]
and glider cap. For the shaft of forward motor,yoolit the
grease on it. All trail testing is 30 minutes tibifi 40kg iron 3]

rod to make sure the body of glider fully submergethe lab
pool water. The movement of the glider in pitch apitlangle
was a successes monitor in the computer. The arigiee
glider in the obstacle avoidance system and forward
movement was monitored in computer software andethell4]
angles acted as the close loop feedback for eaghment. In
future, the signal of IMU can be applied in the wpgeop
system such as obstacle avoidance applicationefitwaing
the steady state error caused by the movemenedjlitier.
This project provides useful data for a future Upidject in
UTeM by analysis and predicting the pace of UUV'gg)
movement such as fully automatic obstacle avoidagstem.

By improving the data fusion of accelerometer and
gyroscope, there was success to get the outpunBiaton
with the help of the Processing software

[15]
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