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SYNOPSIS

Conceptualization of a Fault Tolerant Controller for Offshore Marine
Installations Using Virtual Instrumentation

—

Remote drilling platforms are marine installations whose main function is to extract oil and

—~unmanned.” that is. there are no prople

natural gas from the wells. These remote platforms are
and Tnsirumeniaaiom

living on them. As a result_ reliability and availability of the contral systeins
are not only fundamental to ensuring the security and safety of the entire installation. but they are
also essential for maintaining the oil field’s production and protectng the ecological
environment. They are part of a marine offshore complex as illustrated in Figure 1. that mcludes
different platforms. including habitation, production. compression. link. and communications.
Remote platforms are separated from the rest of the complex. normally located within two 1o six
kilometers. and communicate with the complex via radio sysiems. miCrOWaves and frequency

linking to the habitation platform. which has a master controller that can communicate with othe

remote platforms within the marine complex. The purpose of this research is to explor

mechanisms for automating such remote offshore platforms located on high seas.
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Figure 1: Concept of Offshore and Onshore complex
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IMPLEMENTATION
and oil. Stnce they are

As previously indicated. remote platforms are the output points ol gas

it is imperative that the control system used has high availability
m that meets the following

ed and is extremely
unmanned.
reliable. In order to achieve this goal, a fault tolerant controlsyste

requirements is proposed:

. . 2 t . = Vg 1 .y
1. The control sysiciti st count with active redundancy i ats controller (€ PC). powet

supplies. communications 1o inputs and outputs. and communication to the habitation

platforms.

2. The system must have the capacity 10 combine nput/output modules in a single and

redundant configuration.

3. The redundancy of analog inputs and outputs must be included in the system without
using intermediate devices or relays to transfer the outputs. In addition. redundancy must

be continuous and the process completed without disturbance during the transfer.

4. The redundancy in digital inputs and outputs must be included in the system without using
intermediate devices or relavs to transter the outputs. In addition. redundancy mu i by

continuous and the process completed without disturbance during the transter.

5. The system should count with redundancy in communication channels to the habitation

platforms, allowing bi-directional transfer of information with only one way in the

communication ports.

‘6. The system should integrate large size serial ports. which should work in redundancy

while communicating to PLCs and intelligent valves.

7. The system should be able 10 integrate any type of tansmitters with  divital

communication.

8. All devices in the system should be removable while on-line and with power applied.
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9. The system should be designed to work in a marine environment subject o high

temperatures. vibration, humidity and corrosion caused by extreme weather conditions.

10. The system should have communications when requested or based on reported

exceptions, for example, transferring data only when notable changes are reported.

PROPOSED SOLUTION:

The research comprises of developing a mathematical model of the inteerated On-shore and Off-
shore platforms using Virtual Instrumentation (V1) software. Using VI itis possible to emulate smany
standard general purpose instruments. It is also possible to implement sophisticated instrumentation
for custom specific applications that cannot be accomplished by standard instruments. Further. the
entire control mechanism shall be automated and tested in real time for remote fault tolerant control

of Off-shore installations. The fault scenario will be simulated and the design validated against laulis.
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SPECIFIC AIM OF THE PROJECT

The deep blue sea has always been a place that arouses curiosity and imagina*:ion. Mankind has
been trying to explore and exploit this mysterious part of the world for decades. The advent of

underwater vehicles improves our ability to understand the undersea world. Un- manned
Underwater Vehicles (TTUIVs) fall hetween two extremes of underwater vehicles: the Remaotely
Operated Vehicles (ROVs) and the torpedo. They are being widely used in commercial, scientific
and military missions for search and survey, decoy and outboard sensors, ocean engineering work
service, swimmer support, test and evaluations. With increasing mission durations in these
applications, one of the primary concerns is the fault occurrence in actuators, sensors, or
components. When faitures occur and result in abnormal operations, the only present solution is
to abort the mission, and use a damage control to make UUVs surface. Therefore, the problem of
reliability and security of UUVs, especially their ability of fault tolerance, has become a major
concern. Even though most UUVs use adaptive control systems, the response of the controller is
reactive, and no consideration is given to the source or extent of the failures. It is desirable to
incorporate a function of fault detection and identification into the control system, so that we can
detect and identify actuator and/or sensor failures, and design compensation measures. This is the

so-called fault-tolerant control (FTC).

Fault tolerance in dynamic systems is traditionally achieved through the use of parallel
redundancy, or hardware redundancy. It uses sensors and actuators in a triplex or quadruplicate
redundancy configuration and compares redundant outputs or measurements for consistency. We
can apply a voting logic to select a signal with a middle value, so that a single channel or a

double-failed channel never affects the plant. We can also declare that a sensor is faulty if its
signal deviates too far from the average vaiue of others, assuming that the others remain within a
small difference from one another. Parallel redundancy protects against control system
component failures or sensor failures in a passive way, since the system remains insensitive to
failures. This approach to fault tolerance is straightforward to apply, and it is essential in the

control of aircraft, space vehicles, marine vehicles and certain process plants such as nuclear

power plants that are safety critical.

The main aim of the project is to develop a mathematical model of the integrated On-

shore and Off-shore platforms using Virtual Instrumentation (VI) software. Using VI, it is

possible to emulate many standard general purpose instruments. It is also possible to implement
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Remote platforms are the output points of gas and oil. Since they are unmanned, it is

mperatlve that the control system used has high availability and is extremely reliable. In

_'m'der to achieve this goal, a fault tolerant control System that meets the following

i requirements is proposed:

1. The control system must count with active redundancy in its controller (CPU), power

supplies, communications to inputs and outputs, and communication to the habitation
platforms.

2. The system must have the capacity to combine input/output modules in a single and

redundant configuration.

3. The redundancy of analog inputs and outputs must be included in the system without
using intermediate devices or relays to transfer the outputs. In addition, redundancy
must be continuous and the proccss completed without disturbance during the
transfer.

4. The redundancy in digital inputs and outputs must be included in the system without
using intermediate devices or relays to transfer the outputs. In addition, redundancy
must be continuous and the process completed without disturbance during the
transfer.

5. The system should count with redundancy in communication channels to the habitation
platforms, allowing bi-directional transfer of information

with only one way in the
communication ports.

6. The system should integrate large size serial ports, which should work in redundancy

while communicating to PLCs and intelligent valves.

7. The system should be able to integrate any type of transmitters with digital
communication.
8. All devices in the system should be removable while on-line and with power applied.

9. The system should be designed to work in a marine environment subject to high

temperatures, vibration, humidity and corrosion caused by extreme weather

conditions.

3 10 The system should have communications when requested or based on reporteexceptions,

for example, transferring data only when notable changes are reported.
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BACKGROUND AND JUSTIFICATION

Marine and offshore engineering must deal with many obstacles: physical space

gonstraints, extreme weather conditions, deep water, and remote locations. These constraints

- do not become any easier. Maintaining and operating in a safe environment with access to

. accurate and reliable data to make informed decisions is critical to improving uptime.

Oit and gas production in the offshore industry is still at very high levels. The
demands to extract and process oil and gas from new oil fields offshore has led to a major
shift in the technologies chosen for the design and operation of floating production facilities
used to both extract and process crude oil and natural gas products. With all of these projects,

space is a major constraint, so configuring the process in as small an area as possible is

critical to success.

Analysis
. Ship piping design, and particularly floating production, storage, and offloading
vessel piping, requires rugged installations that can withstand the hull/platform movement
associated with wave loads. These analyses involve the consideration of volumes of data that
may be overwhelming due to ever-changing boundary conditions. Intergraph analysis
solutions provide integrated tools that provide opportunities to improve change management
and the iterative information flow that takes place in analyzing and designing these maritime

vessels.

Information Management

Engineering, assembling, and operating in challenging environments offshore means
quick access to data is required. Resources “on the beach” can be challenged by time,
distance, and communication channels.

For a typical new marine, offshore facility, 10 to 15 percent of the total cost goes toward
engineering design while 50 to 60 percent of the cost is related to material. Surplus materials
‘caused by ineffective materials management, even to levels of only five percent, can result in

. the loss of miMtions of doars on an average capital project. Without continuous management
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* of materials, it is difficult to take the appropriate corrective action to prevent schedule delays,
material overspend, and increased logistics costs. Delays can often be even more costly when
they affect the owner and operator’s ability to produce and sell the product. Effectively

managing this essential business process in an integrated environment throughout all phases

of the project life cycle is vital to reducing cost and delays.

Faults in steering or propulsion machinery on a ship are particularly serious, since the
consequence could be loss of maneuvering ability. which a risk to cause major damage to
vessel, personnel or environment. Faults refated to steering include faults in sensors and local
rudder control, fault related to prime propulsion include faults that cause shut-down of
ancillary or auxiliary systems or of the main engine. Alarms and simple faults are fairly

common on board ships and they cause a stress impact on officers on the watch. Human
reaction under stress is sometimes erroneous and if manual intervention to silence an alarm is
erroneous, a local fault can escalate to a hazard. Automatic detection and warning of faults is
hence desirable before they need urgent attendance. Even better, simple faults could be
accommodated by autonomous action within the automation systems, the aim being to
maintain availability of critical functions whilst issuing a diagnostic message about the

occurrence.

Fault-tolerant control is a set of techniques developed to handle faults autonomously, increase
plant availability and reduce the risk of safety hazards. The aim is to prevent that simple
faults develop into serious failures. To automate the handling of faults, it is essential to have
tools to analyze the complexity of a case and determine which remedial actions could and
should be automated. Fault diagnosis techniques have been the subject of research over the
last couple of decades and the field has gained widespread international interest and
acceptance. With an accelerated development, recent results include fairly sophisticated
design procedures that can assure sufficient robustness to false detection. This is crucial for

automatic fault handling since false detection could deteriorate overall reliability.

The project focuses on diagnosis and on-line handling of faults whereas diagnosis for

maintenance is not within the scope. The aim is to find inherent redundancy and utilize this to
~maintain availability if faults occur.
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The design of the project involves the following

Approach

Ist Year Deliverable

1. L
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availability and is extremely reliable

IInd Year Deliverable

2. ldentification and classification of faults

3. Tault diagnosis

IIIrd Year Deliverable

4. Design and development of the fault tolerant controller

5. Testing and validation

discrete tasks:

iterature Survey and Mathematical modeli ng of integrated onshore and offshore platforms

. * 1 1 v iR L] LRI
CLAlIve ulal UIT COHILOL SYSIEHT USeU DAs nen

Activity Chart

S.NO

TASK

Literature Survey &
Mathematical
modeling of offshore
and onshore platform

Identification &
classification of faults

1
HALF
YEAR

2r'id’
HALF
YEAR

HALF HALF
YEAR YEAR

HALF
YEAR

6If‘|
HALF
YEAR

Fault diagnosis

Design &
Development of fault
tolerant controller

Testing and
validation

Preparation of the

final report
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DEPARTMENT OF GOVERNMENT. EXAMINATIONS MADRAS 606 006

- RIGHER SECONDARY COURSE CERTIFICATE

: GENERAL EDUCATION
FSUED UNDER THE AUTHORITY OF THE GOVERNMENT OF TAMIL NADU

Certified that

JAYARM N appeared for the MAR.1998

Higher Secondary Examination and obtained the following marks :

I
SUBJECT | MARKS OBTAINED FOR 200
TANIL 172 ONE  SEVEN TWO
ENGLISH 175 ONE  SEVEN FIVE
PHY SICS 159 ONE  FIVE MNINE
CHEMISTRY 142 ON:  FOUR TWO

0
8I0LOGY 161 ONE EIGHT ONE

MATHEMATICS 170 one SEVEN ZERO

TOTAL MARKS :
0999 1ER0O NINE WNINE HINE

GROUP CODE 501

DATE OF BIRTH "~ REGISTER NO. TMR CODE NO. & DATE
EIHEI_I.EI &3ITIL G177183 05,06.1 998
SCHOOL : ]

KRISHLAND MHSS KRISHMAGIRI
7O MARKS OUT OF 200 IN EAGH SUBJECT. THIS INCLUDES

MINIMUM FOR & PASS

THE COMPARTMENTAL SYSTEM ALSOD, PRRLY
gm “'*-...,,-i'* o
h....—-h
ﬂl F ‘_‘J_%# &_q‘- ] mw ﬁ {
Candidats Blmnu-ag"j BOARD OF HIGHER SECOMDARY EXAMINATION
TAMIL MADU i
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cermFicATE . No. a8 3025782

JAYARAJ N

Higher Secondary Examination and obtained the following marks :

DEPARTMENT OF GOVERNMENT EXAMINATIONS MADRAS 800 008

'BIGHER SECONDARY COURSE CERTIFICATE

GENERAL EDUCATION
ISSUED UNDER THE AUTHORITY OF THE GOVERNMENT OF TAMIL NADU

Certified that
appeared for the MAR+1999.

—
SUBJECT MARKS OBTAINED FOR 200 :
15T IMPROVEMENT :
de e ok ok ke okl ke o el kT Ak kA e ewr ¥ ' '
ERETE R ARk A w de ok ok ek ok e ok ko ok ok ok ]
PHYSICS 188 ONE  EIGHT EIGHT 4
CHEMISTRY 179 ONE  SEVEN NINE i
BIOLOGY 180 ONE  EIGHT ZERO ;
C ! L7
MATHEMATICS 171 ONE  SEVEN ONE 1
- 4
o |
TOTAL MARKS: 0718 ZER0 SEVEN ONE EI?HT :
GROUP CODE 501 [ ' ¢
DATE OF BIHTH AEGISTER MO TMA CODE RO, B DATE ' P
04 /01781 9054465 G2a83452 28.05.199%9 .
SCHOOL 'I
PRIVATE 5 -
MINIMUM FOR A PASS : 7O MARKS OUT OF 200N EAEHHI.H.JEET THIS INCLUDES PASSING UNDER )
THE COMPARTMENTAL SYSTEM ALSO, ]
e -.——-F "
iy . "
e Sagvetay : : .l
wﬂm,ﬂ BOARD OF HIGHER SECONDARY EXAMINATION :
TAMIL BADL %
: .
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VINAYAKA MISSION S
KIRUPANANDA VARIYAR ENGINEERING COLLEGE
(Approved by the Govr, of Tamil N

, FS : 75736
Affiliated to the Anna J::L:i:g}%:fn::‘;v gelss 0 e a0
AN ISO CERTIFIED INSTITUTION 0
SALEM-636 308, TAMILNADU, INDIA.
(ZRANSFER CERTIFICA TE )
S.No. 44 0 Regd. No.
b\aobho\vwoe =

1. Name of the Student

N-S@}BQRQ\-S

2. Nationality AN STV
3. Religion W iRy
4. Caste ' : \[ NN

5. Sex - ] Male / Fe(wv%

6. Name ofthe Father/Gué[rdén M - ) o\"sok\i(\hqh

7. Date of Birth as entered in the : O L\\
Admission Register in figures and VS Q (‘:0“56 g

words é‘(\‘\\é @E\}) ‘
8. Date of Admission and course in : &)\ & ‘ |
which admitted (the year to be entered SRuse Qoo Vooo :

ou— Y R TR

e
in words) ve\ P QSQQ& “@0 ~xeg ‘ l
. 9. Classin which the student was . : S \ %Qo:{ - (o )
studying at the time of leaving
1

10.Whether qualified for Promotion to : REFER THE MARK SHEET

higher class
11.Whether the student has paid all fees YES/ PK/

due to the college
12.Student's Conduct and Character : C;SS"@@Q ‘
13.Date on which the student actually

' Skm& Qoo
left the college ' PLs

14.Date on which application for : O% [0 {
transfer certificate was made g = 6

F' S.' %Tb (A*\WL

VMK Y amluezmua- cou.non
SALEM - 636 308
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CHILDREN'S EDUCATION SOCIETY (Regd.)

Administrative Office :
st Phase, J.P. Nagar, Bengaluru - 560 078. @ : 080 - 61754501 - 502 Fax: 080 2654 8658

THE OXFORD COLLEGE OF ENGINEERING

(Recognized by the Govt. of Karnataka, Affillated to Visvesvaraya Technological University, Belagavi &
Approved by A.l.C.T.E., New Delhi, Accrediated by NAAC & NBA New Delhi and Recognized by UGC under section 2(f))

Bommanahalli, Hosur Road, Bengaluru - 560 068.
Esid. 1974 © :080 61754601 /602 / 604 Fax: 080 25730551
E-mail: engprincipal @ theoxford.edu Web: www.theoxford.edu

Ref No. : TOCE/EST/2019-20 Date: December 17, 2020

SERVICE CERTIFICATE

This is to certify that Mr. Jayaraj N, is working as Assistant
Professor in the Department of Electronics & Communication
Engineering of this college from 11.07.2005 to till date.

This certificate is issued for the purpose of applying for Ph.D

at Kalasalingam University, Tamil Nadu.
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CHILDREN'S EDUCATION SOCIETY (Regd.)

Administrative Office :
1st Phase, J.P.Nagar, Bengaluru - 560 078. © : 080 - 61754501 - 502 Fax: 080 2654 8658

THE OXFORD COLLEGE OF ENGINEERING

(Recognized by the Govt. of Karnataka, Affiliated to Visvesvaraya Technological University, Belagavi &
Approved by A.I.C.T.E., New Delhi, Accrediated by NAAC & NBA New Delhi and Recognized by UGC under section 2(f))
Bommanahalli, Hosur Road, Bengaluru - 560 068.

Estd. 1974 © : 080 61754601 /602 / 604 Fax: 080 25730551
E-mail: engprincipal @theoxford.edu Web: www.theoxford.edu

TO WHOM SO EVER IT MAY CONCERN

Certified that Mr. JAYARAJ N is employed as ASSISTANT PROFESSOR in the
DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING of THE
OXFORD COLLEGE OF ENGINEERING.

We have no objection in forwarding his application for the Ph.D. Research Programme (Part
Time)

The candidate will be permitted to undertake part time study in the College and will be
allowed to be present for discussions with the supervisor, attending course works, conduct of
experiments and participations in seminars and related presentations. Further the required facilities

at our organization will also be provided to the candidate for doing research.
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Date: 17.12.2020 Signature of the Head of Organization \)/Mce seal
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