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Abstract of Thesis
In this study, development of an autonomous robotic platform for oil spill tracking on the sea surface has been carried out. The
research can be broadly classified into three parts:
e  Clustering based decision algorithm.
e  Weather based Guidance and control algorithm.
e  Experimental results
1. To characterize the drift behavior of the robot
2. To validate the control and decision algorithm.
After the 2010 Deepwater Horizon accident, environmental regulations shifted to a more goal-oriented approach that required risk
management plans for controlling site-specific risks. With the aim of aiding mitigation efforts, in mapping and simulating the
transport of the discharged hydrocarbon this paper proposes an autonomous surface vehicle (ASV) equipped with an laser
fluorescence oil detecting sensor, propelled by wind and water currents for the long-term monitoring of spilled oil on the ocean
surface. The main objective of our tracking and predicting system is to allow an ASV to automatically follow a drifting oil slick
and to continuously return positioning and hydrographic data to the operation base. An ASV equipped with an oil detection sensor
can get closer to the oil-water interface to detect oil with greater accuracy and can continuously track the spilled oil. Such a
technology, coupled with satellite and other forms of data, would facilitate the coordination of recovery operations because the
data collected would better inform oil-drifting simulations, thus making it possible to predict precisely where the oil spill will
travel. ASVs have the advantage of being able to track oil slicks during night when aerial surveillance of the sea surface and oil
spill is impossible, thus providing a mechanism for the continuous and accurate geolocating of oil slicks.

The thesis is composed of 9 chapters:

Chapter 1 introduces the context of the backgrounds of the research. Firstly, it explains the impact of oil spills on the
marine ecosystem and briefs the main problem to plan a mitigation plan. Secondly, it gives a brief overview of the
ocean surface oil spill monitoring solutions and their drawbacks. Thirdly, the objective and overview of this thesis
are described sequentially. Finally, the main contributions of the work are summarized.

Chapter 2 delineates the design of a new ASV, SOTAB-II, including embedded system, actuators, sensors used in SOTAB-II. It
also gives an overview of the software architecture designed for operating and autonomous control of SOTAB-II.

Chapter 3, describes the prediction and derivation of the hydrodynamic parameter of the SOTAB-I11 hull used for model parameter
identification and controller design, for the development of non-linear steering and maneuvering model of SOTAB-II.

Chapter 4, deals with the water current sensor and the oil sensor calibration. It delineates the experimental setup for calibrating
the oil sensor and the water current sensor.

Chapter 5, delineates the decision algorithm for oil spill monitoring. A generalized clustering algorithm is introduced to deduce
target heading for the ASV. Further for guidance and control of the ASV, a Gaussian based cluster filtering approach is proposed.
The cluster filtering algorithm can easily be modified to filter out newborn slicks due to weathering and breaking-up of oil slicks.
This could be exploited to encircle the oil spill using multiple SOTAB-II, thus providing real-time oil slick spread data.




Chapter 6, briefs the weather routing algorithm for navigation of SOTAB-I1I taking note of physical constraints of SOTAB-II. The
use of wind and water current for propulsion of the SOTAB-II poses a significant limitation, as the vessels lose its propulsive
force from the environment as it enter “no-go-zones” (i.e., in the direction from which the wind is coming). To deal with such
situation, the physical constraints of the SOTAB-II have been taken in account to allow for the computation of feasible
maneuvering headings for sailing to avoid sailing upwind (i.e., in the direction from which the wind is coming).

Chapter 7 and 8 discuss the experimental outcomes of the decision making and control algorithm designed for guidance and
navigation of SOTAB-II for tracking of simulated oil slick. Chapter 7 describes the pond experimental results. Chapter 8
describes the sea experiment. Three set of experiments were carried out, firstly free drifting experiments were performed to
characterize the drifting behavior of the SOTAB-II with respect to wind and water current. Subsequent velocity control
experiments were conducted on SOTAB-II to prove the effectiveness of sail and rudder in controlling the speed of SOTAB-II
within the desired range and controlling the heading direction within the desired limits. Finally, experiment were carried out to
validate the control algorithm designed for keeping SOTAB-II with the largest cluster of simulated oil spill, and the effectiveness
of the control algorithm in bringing back SOTAB-II within the simulated oil spill in case if it loses the track of oil spill.

Finally, in chapter 9 we summarize the main conclusions as well as the future works based on the previous chapters are presented
sequentially.




kX 7
MY BEAEOEBEOEF K OHYE

K 4 ( CHOYEKH Mahdi )

(1) JiS 4,
ey | HHE % Ok B OE
A SO AT 2 a2 P = m o

I # = BB R
BEEDOERENEE

W D0 A DAEPERGRR DFHIT L 0 Wit L7 iliod 2%, WPEBREEC AR AR IC S K gtEL2 b3, 20
&9 2D O HH S LB RO AN K B E A ITiE, HEEEABEMIR D> & OIS A O H 0 RIFE R E Y
RE=ZXZDVUITDBENTHD, ZOF=XY T VRAT DERWIUR, ALEWE ORISCWEET — 2 ORI L 5%}
SR O R SN TE, MOHTADEE T I o2 L— 3 CORER RIZo7e N5, WEAFERHR ED Y TIRFY
B O HROMEET — & OINEA T, TN 2 DT L— ADBHEIT 5 SOTAB-1 & FEEn 5 BRSO KF Ry %
FELTND,

FLnZ A 7OARRKPER Y NOBRRICIE, Zo0BLED D OB ALETCHDH, —2ik, aRy bD
FEHEERRE CHY . b O~k T EBMRETH DL, TOmML. TALEHKRT IO, vy fOY T b
U =7 OBRFE. mAR Y FOMiEE. v ARy b OFFESIE, WEE L ERE BT DMKREICER K-> TV D,

ZOMIL 6 EMNBRLY Lo TN D,

BRI, RRIOEREBRRTND, BN, WMFEH & T A OBREE S AR ~ORBE T L, ZoWE
A HZEEHIE L SOTAB uPxr FOBEEZIRRTNWD, F L TARLOHEMEZIER, ERTWD,
B#%IC, AFREOE2EFEZEHL TN D

%2$ﬁ\K*DﬁyFSM%{@A—F7I7kY7%WIT@ﬂg%ﬁ&fwéo%@K\wm&l®ﬁ¥k%
D—MRA 7R R Z R R TV D, WIZ, SOTAB-L DY 7 h U =7 DR E Z D7 VT Y A LB L TWD, KR, BAn
MEaRy MUOE I ENTZ T T 7 4 IV« 2—H « f U F T 2 —ADHFHIOWT, BTN D, JEIC
AKa Ry hRAKFIZWDEE, 22—V LKk rR Y b EDOROEIEZ N b DI 572D B Lok b2
FE7a hanzonT, LTV,

%5 3 BX, SOTAB-T OfiiEZEH - TV 5, HIEETHWD & U —D EREEZ R~ ZOMELFHE L TV 5, &IC
SOTAB-I OEDFEEZ EFH L. TNENOFEIRICH NS o —KkFrR Y FOBEFIEZFIZEL TN 5, KZIZ
oY —F— X OB NS I~ T A NE—DTHE T 4 LB =R RN TN D,

B4 I Kb eRy FOFERIEEZERL TV D, BRI, FEHEOMKR, EHE— N, Sk fiEe 2
LOBENEMDEFRE LTV D, WRIC, REHIE & ERIEO 7T L TY XL EBHIEOMREZHEHL T\ D, Kfrm
ANy FOERHIZ, V7 PEIE AN RICKRER HIVE, ME~ORERRBETIZ OB D720, D X5 72 KKz
5P EHICHEE & OFEEREAIT O 7T Y A L& R LTS, &I, KhaRy hORRLEMETTONY
TV —DBENHEEERET D7D, KPrRy ORI OBEIEEICOVTHRAEL TV D,

05 WL, MR L AT DU ERHIORE R 2R LTS, BINS, WEERHI O 2 — ORI OUEE
W LRI T 27T — X WOV TR R TN S, RIC, EIEHRTIZT AV IO A% 200, FRIEECIEE L
B TOWEERIZONWTIERTND,




REIZ, 6 FIT, ERMEEZELD, SBROFEEZRL TV D,

IED X ST, AL, MBEAEREDSOMLT A0 OBEI%RE ALEWNRT =42 U v 7 %2175 A ALK
HoaRy MZOWT, KHeRy FOER LFEOBLEND, MFERICIOMITABELT, 20OV 7 My =T, #t
. HERIEICEE T 2BRRMEC, KPa Ry N E OB CEYE ORHSCHET — % OIEICBET 28128 21T
W, BELEZeRy hOFRAMEEZTR LTS, 20X, KX nETokFaRy SOFFRICK LTH LY
MALZE G2 TEY ., RIEN» D OMLH A DI X DWEHEERO LI L ERRT 2 b0 LaHish b,

Lo THRGMIIHLFR L E LTlifEH 2 b D LRD 5,






