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Abstract

This paper describes application areas for molelvice robots in offshore oil and gas
producing environments, requirements and restristior the use of the robots together with
a first prototype and its evaluation in a fieldtt&he field of offshore oil and gas production
is analyzed in the first part to identify possiblgplication scenarios for mobile automation. It
shows that there is a wide variety of applicatiftovxanobile automation. In the second part the
offshore environment is analyzed in respect ofuke of mobile robots. The results of this
analysis are requirements and restrictions for dhestruction especially due to explosive
atmosphere and the hazardous environment. In gieplat a first offshore inspection and
manipulation robot prototype is presented togetwéh the results of a first offshore
application test. The evaluation of this first andmous service robot that has ever been
operated in offshore environments has proven tipdicability of mobile robots to offshore
platforms.

Keywords: mobile robot, inspection, maintenance, explosi@emosphere, hazardous
environment, offshore automation

Introduction

Many mobile robots for industrial applications amatdoor use have been developed in the
last decades but only a few of them have managesbtablish themselves in commercial
applications. In most cases such applications@esed on a very specific problem. Typical
examples are: sub sea work [7], decommissioninguitiear power plants [4], tele-operated
demolition ([8], [9]), cleaning [2], and space extion [6]. The use of mobile robots in
these cases comes into hand due to the fact thaeriiironments in these application is
unfriendly or even dangerous for humans and itasensafe to let a robot perform the work.
In this context the term “robot” is also commonked for purely remote controlled machines.
In order to separate robots from those machinesuttterstanding in this paper is, that a
machine may only be called a robot if 1) it is mioleaand 2) motion can be programmed and
repeated. In more advanced cases a robot alsaut@®anous behaviour to some extend i.e.
it can sense and react on certain events.

In all the above mentioned examples, it is eithgsassible to have the work done by humans
or it is dangerous, or it is not profitable. On thder hand it can be a very complex and
expensive challenge to design a mobile robot thatapable of doing a specific work with
higher reliability and better performance than homaThus mobile robots have only
occupied a market niche successfully where theg lagided great value.



Application Scenarios

In oil and gas industry, in particular in exploaatiand production, robots are mostly known
for pipe handling in drilling operations [10], pipaspection [5], and remote controlled
underwater vehicles [7]. Therefore it is obvioustéde a closer look at this industry to
identify if there are additional applications foohile robots.

Looking at offshore oil and gas producing platfortmsre are typically the following types:

Shallow water: These platforms are for a maximurtewdepth of 200m. They are mostly
composed out of two and more jackets which are ected by bridges. Each jacket has
between three and five decks.

Deep water: These platforms are for water deptlgerie200m. They consist of only one
big jacket on which all equipment is stacked uprare than 5 decks.

Floating: This type is more a ship than a platfoNever the less they are fully equipped
like a standard platform but faster in changingitpmss.

Unmanned: For big oil and gas fields there areediffit wells. Function of the small
unmanned platforms is to raise the medium to thase and send it to a central manned
platform. Sometimes there is a first processing éktraction of water and dirt.

Sub Sea: There are also well heads and instaltatidrich are under water. They are
mostly automated and subject for underwater vehicle

From the point of mobile robotics the shallow watad the unmanned platforms are the most
interesting ones. The unmanned platforms are istiage for the fact that they have to be
maintained by humans every two weeks. This is makthe by a crew of two to four persons
which travel by ship from a manned to the unmanplatform. The shallow water platforms
have the biggest footprint of all platform typeschuse they consist of several jackets. This
results in long walk ways and only few decks, whishgood for mobile robots. For this
reasons these two types of platforms are examilosércin the following.

To generate application scenarios for mobile roliots important to know the operations
carried out on these types of platform. As a fimstling there are scheduled and occasional
operations. The first ones are tasks planed irdtiy operation schedule. The second ones
are operations triggered by external influence amge or less random basis.

The most important scheduled operations are:
Inspection

- Gauge readings
- Valve and lever position readings

Monitoring

- Gas level

- Check for leakage
- Acoustic anomalies
- Surface condition

- Check for intruders

Maintenance

- Gas and fire detector test
- Sampling



- Pigging
- Cleaning
- Refilling

The most frequent occasional operations are:
Valve and lever operation

- Change pressure
- Change flow rate
- Start or stop equipment operation

Gas leakage

- Identify and locate
- Stop dangerous operations (welding, cutting, ...) sewlre area
- Stop leakage and monitor concentration drop

Fire

- Identify and locate
- Evacuate area
- Fight fire

The first interesting observation is the fact thadst of the tasks can be performed without
manipulation capabilities. Therefore the first apgion scenario for mobile robots would be
the inspection of process equipment and environmé&hé second scenario would then
involve simple manipulation like sampling or valverning. Complete and autonomous
operation of process equipment would be the fipglieation scenario for mobile offshore

robots. Figure 1 shows a roadmap for these scenavithh two examples for each level of

complexity. For each example there are also thet&elgnologies listed which have to be
further developed in order to get them ready forkeia

Complexity

Intervention cycle time

Figure 1: Roadmap of application scenarios for offsore service robots



Looking at these scenarios, mobile robots could gréat value to offshore operations. This
may become even more relevant when consideringfahewing: Working on offshore
platforms implies stress and hazards for individya]. For operators the running costs of an
offshore platform per day are between 35.000 ar@O0D® US$ [1], [3] of which a great
amount is needed for providing infrastructure fergonnel. E. g. the costs for an offshore
worker in the north-sea is up to 500.000 US$ per yexpert statement).

On the other hand when closely looking at what afp@nal staff is doing on offshore

platforms, one may find that they spend a lot ofetiin walking, transporting things, and
doing regular inspection and maintenance tasks thegxamples mentioned above. Using
mobile robots to carry out these tasks would redisés and costs significantly.

Offshore Environment

The work conditions on offshore installations dre first thing to look at when analysing the
environment for mobile robots. The most importame®are as follows:

Atmosphere: The atmospheric conditions on offsidagforms are quite unfriendly. Due
to the substances used and generated during tleessing of hydro carbon resources
there are the following three types of gases wharhoccur separately and combined:

- Explosive
- Toxic
- Corrosive

Unsheltered maritime environment: Except for thenlj quarters and a few technical
rooms offshore platforms are partially sheltered ansheltered. This means there is no
sufficient protection against saltwater spray amea sun light which is also reflected
from the sea surface.

Heavy weather: Wind with high speed and squalis, fzail and snow. All these weather
conditions occur more often and more intense oftskizan onshore.

Extreme ambient temperature: Depending on the meiie platform is located there can
be extreme high and low temperatures. Humiditylse aanging from lower values up to
condensing.

Long walkways: Already mentioned before are theglavalk ways on shallow water
platforms.

An impression of the weather conditions and thekimgl distances is given in Figure 2.

Figure 2: Left: Heavy weather; Right: Shallow waterplatform with long walkways

In the next step the physical environment on ashaffe platform has to be examined. Due to
regulations for workspaces for humans there isrammim width of 0.75m and height of 1.5m
for passages. This means that any kind of robotisxé@ be able to operate within similar



boundaries. Examples for the minimum passage #ia¢she robot should be able to pass are
shown in Figure 3.
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Figure 3: Examples for minimum passage width and hght

Also important for the construction of a mobile obhs the composition of the ground.
Simply speaking there are two different types adugids that can be found on offshore
platforms: Steel plates and steel gratings. In ndetail there are different variations of these
floors and they can occur all mixed together. Idigoins the condition of the ground must
also be considered. In the steel plates there ametames bumps, in the gratings there are
steps and sharp edges. Sometimes the ground in@lgothe best condition (Figure 4).
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Figure 4: Examples for floor types and conditions awell as for bumps

Apart from the obvious physical conditions there some points which need to be mentioned
when looking from a mobile robots perspective. tFafsall there are almost no walls which
could be used for laser scanner navigation. Thetiadificial landmarks like reflector marks
is also limited due to frequent pollution. Obstaglboth static and moving, are quite often
robot unfriendly, meaning they can not be seen Isyaadard mounted laser scanner. This
applies also to limiting boundaries like balustmdénd last but not least the environment is
very complex and can change in few but for colhsiavoidance essential details. An
impression of the complexity of the environment ahd types of obstacles is given in
Figure 5.

Figure 5: Impressions of the complex environment, lustacles and boundaries



Requirements and Prototype Development

The requirements for a mobile service robot in #ishore environment have implicitly been
explained in the previous chapters. Here, they saseimed up again and pointed out
explicitly. In order to be suitable for dependahled useful offshore operation, the following
basic requirements must be met by the hardwarbeofrtobile inspection and manipulation
robot:

The robot must be certified — or as a prototypedyéfiable — according to e.g. ATEX or
IECEX.

The drives system of the robot must be suitabletlier very special floor conditions
discussed previously.

The robot has to manoeuvre in confined spaceseftrer its size must be adapted to the
previously defined reference passage.

The robot must be equipped with highly reliable ssga to perceive its surroundings,
especially to detect obstacles.

If the robot is supposed to navigate in differemtels, an auxiliary drive unit can enable
the robot to move vertically on simple ladder-typeel profiles.

Additionally, the following functional requirementsan be derived from the application
scenarios:

The robot must be equipped with sensors to precisatk its position which is a key
requirement for autonomous motion.

The robot must be equipped with a manipulator t&itfmm sensors or grasp objects.

The robot must be equipped with appropriate apfdioasensors and tools required for the
autonomous or tele-operated execution of inspeetimhmanipulation tasks.

The robot must be able to communicate with a ckwtatrol station, for example by
Wireless LAN.

According to these requirements, a first prototyses designed and built that contains all
hardware components required to safely executelsimgpection and monitoring tasks in
offshore environments. The robot has a circulatdoot with two driven wheels (differential
drives) and two steering wheels. For environmepéateption and motion tracking, a laser
scanner and dead reckoning based on incrementatlerscin the motors are used. The robot
is equipped with a 6-axis robotic arm which car@esamera for visual inspection. Various
application sensors such as stereo microphoneas agd a fire sensor are attached to the
robot base. Using lightweight materials for the itelbase and inner framework together
with a low centre of gravity ensures the stabilifythe robot at all times. The system is
designed to operate in Ex-Zone-1. Due to its intiegahybrid ex-protection concept it is
certifiable according to IEC60079 standards of esjn protection. Using wireless LAN or
Bluetooth the robot is able to communicate witheatal control PC or with an external
handheld device.

Application Test

The correct function of the navigation system asrfost crucial software component for a
mobile offshore robot was first tested at the Fhander IPA labs. For localization, the mobile
offshore robot uses specifically shaped objecth s pipes and poles as well as stripes of



reflective tape applied to the environment. Theingsarea of the robot was therefore
equipped with a large number of similarly shapegeais (Figure 6). The test area covered
approximately 40 x 80 meters. The environment mags vgenerated by the robot
automatically (Figure 7).
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Figure 7: Environment map and driven path for navigation tests
(black: detected obstacles, white: free space, graynknown).

Several exemplary inspection tasks were programmneedand afterwards executed
autonomously by the robot successfully.

After having passed stringent safety assessmemtsadactory acceptance test, the mobile
offshore inspection robot was tested on an offsigaeplatform (Figure 8). During the testing
period, the robot was running continuously for b2its per day in hazardous locations, more
precisely in zone 2 and zone 1 environments. It waing in tropical environment with
35+ °C ambient temperature, up to 90 % rel. humpjdiind direct sunlight. Temporarily,
heavy rain and stormy gusts up to 45 knots occur@denvironment map was generated
automatically by the robot covering an area of appnately 135 x 110 m (Figure 9).
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Figure 8: Offshore platform for real environment testing (aerial view and view of
production platform equipped with reflector poles for localization)
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Figure 9: Environment map for offshore tests
(black: detected environment features, white: freespace)

Several inspection tasks, mainly gauge readingmaditoring of gas concentrations were
taught to and executed by the robot successfullyu(E 10). The robot proved its ability to

navigate safely in the offshore environment an eteemspection tasks autonomously. At no
time did it jeopardize the safety of the equipmanthe platform personnel.

Figure 10: Inspection robot executing inspection tsks on an offshore gas platform

Conclusions and Outlook

The evaluation of the first autonomous service tdhat has ever been operated in offshore
environments has proven the applicability of mobdbots to offshore platforms. Different
types of inspection tasks (visual and acoustic éo8pn, gas measuring) have been
programmed to and executed by the robot succegsfitthout ever jeopardizing the safety of
the platform or the platform personnel.

Future developments will increase the functionalis;md dependability in specific
environmental conditions and add new functionditism the mobile inspection and
manipulation robot.
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