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Why Robotics?
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Unmanned Aerial Vehicles (UAV) for inspection

Utilized at various ExxonMobil Facilities

Removing the need to work from heights

Confined space

Autonomous systems

Flare Tip Inspection

Internal Asset Inspections
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UAVs for Inspection (cont.)

Business drivers & benefits .
« Safety, health, and environmental risk reduction ring rope soce ood coolingaent T space & performing inspection

» Operational efficiency increase

* Improved inspection quality for better anomaly
identification, analysis, tracking, & management

* Increased tank availability & improved efficiency of
asset integrity management

Drone: ilot & inspector located on main deck performing tank inspection
using a tethered drone

Drone based inspection

* Minimize confined s%ace entry and eliminate rope
access/work at height

» Smaller inspection team

° i 1 lllustration of beyond visual line of sight (BVLOS) inspection using a tethered drone
Fa Ste rins peCt 1on for a FPSO COT, which is a confined space with
» Toxic gas, high temperature, darkness, and complex structure
* Inspection cycle requirement: 5 - 7 years (vessel class dependent)
* Inspection scope requirement: general visual, close visual, and ultrasonic thickness
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UAVs for Sample Delivery

» On-Demand transport and delivery for
tanker samples

 Enables 24/7 operation
* Reduced over-the-road transport time
* Potential to reduce tanker demurrage
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Multi-pronged surveillance and visualization for remote assets

Technologies provide alerts for safety, regulatory, operational, and security
issues detected

Autonomous Drone in the Box: :
« 24/7 support for ad hoc missions allowing operators to quickly respond to Drone in the Box

potential issues ' '
 Deploying drones to cover 1000s of facilities

Optical Gas Imaging (OGI) Camera:
* Continuous monitoring of high-volume sites
 Deploying cameras at 100s of locations to quickly detect high risk events

Stationary Al-enabled Camera:
* Reduced implementation cost
* Motion detection activated

Stationary Camera
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Subsea Robotics

* Remote Operated Vehicles (ROVs)

 Maintenance and Intervention

« Automated Underwater Vehicles (AUVs)
* Inspection, Survey, and Exploration

« Unmanned Surface Vehicles (USVs)

« Multipurpose utilities to reduce safety risks

ROV working on Subsea Kit
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Depiction of four AFPSOs,
a Service Operation Vessel,

and the Onshore Intervention Center
Depiction by SBM Offshore

Remote operation of ROV and subsea equipment



Robotics for surface collection and depth measurement

Multiple options for debris collection
* Polyethylene pellets
« Oil

Bathymetry feature for depth measurement/collection
(up to 20m)

b Fl rewater ponds Removable fastening system for

nets, equipments

® Ma rl ne dOCkS underwater probes

Surface Obstacle Avoidance

coverage angle: 270°

b DiSCharge ponds max range: 26 m / 82 ft

Onboard camera

hd |ntake Canals 1920 x 1080 px (30 fps)

120° horizontal angle

Energy

2 batteries
up to 17 h of autonomy in gutonomous mode
2 to 8 h of autonomy in manual mode
recharging time of 3 h 30

Thrust
multidirectional (3 thrusters)
forward, backward, sideways moves
rotation on itself

Underwater Obstacle Avoidance
100°, 6 m / 20 ft

Depth measurement
up to 20 m / 66 ft
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Unmanned Ground Vehicle (UGV)

Visual

Gas Detection
Leak, and Vibration
Equipment Manipulation and Handling

Visual Inspection Thermal Inspection
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Use Cases for Unmanned Ground Vehicles

Operations Surveillance

« Autonomous rounds of pre-defined routes

» Capture images and sensor data
Reliability and Maintenance

* Autonomous inspections

 Visual inspections, thermal imagery, acoustic/vibration
Digital Twin and Asset Management

» Capture 3D scans

» Update facility models with near real time data
Other Potential Use Cases

 Emergency Response

« Security Patrols
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Al-Powered Inspections by UGVs

Solution | é
* Visual Al models run directly on UGV . i \&
&Gauge Reading”\‘/

/- LEvaTAs  Barton

* Models convert visual imagery into digital readings
 Digital data sent as time-series data to process historian
 Visualization tools used to monitor conditions

* Anomaly detection and alerting with Boston Dynamics Orbit

Al Models

* Analog gauge reading
 Oil bulb/site glass reading
* Valve stem measurement

* Crack detection e S —e==—
- . E101A/B & E102A/B %‘j m’m .
e Corrosion detection o
‘ . g
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Key Takeaways

* Business engagement is THE MOST important factor in any

digital initiative

* Make sure the users understand digital solutions are a tool
 If you can: go to where the work is done! (Gemba walk)
« Connectivity is key. Field connectivity is harder than you think

* Design to solve the immediate business problem, but don’t

lose sight of scalability

« Communicate frequently and transparently with all

stakeholders Remember:

True transformation means reimagining
and improving the business process.

Ex¢onMobil Don't just automate a flawed process!






PoC Lessons Learned

1) O, O,
8 G

Know where Purchase, prepare Pol Images taken
workstation will be and test trailer with during consistent
located and Spot early on time of day

test communication

s)

e &

Needed more weeks Ensure the
worth of images to environment meets
train Al algorithms robot specs
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Add cameras to the Add more buffer time Time to compare Al
area and inside the for bad weather days data is extensive
trailer from the start and for logistics of
(ideally with playback) facility access

) [10)

Site survey Plan for human
always required intervention;
risk analysis
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Systems Integration

OT Applications OT Applications

'\ Y .= Ii_

OpreX™ Control and Safety System:
CENTUM VP

Robot-Agnostic RMC Al Applications
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Systems Integration
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Aerial Drones
» Water ballast tank and void tank inspection (visual + UT)
+ Guyana - TDBR using Elios 3

» Above water external hull & topsides inspection
+ Guyana - Skeye using DJI M350 + H30 payload
* AngolaBU
« Above water TTR inspection (under development; UTP
effort)

* Aerial drone w/ a crawler as a payload to inspection
(visual + EMAT) of risers

Crawlers:

* Hull inspection (above water & UWILD) (Mag crawler under
qualification; UTP effort; in collaboration w/ SBM)

+ FPSO COT inspection (EX rated crawler under development

funded by DeepStar)
Mini-ROVs:
» Water ballast tank in-service inspection
* Guyana
* Nigeria
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Elios 3 drone being
# released to WBT for
visual & UT inspection on

Angola:

Flare boom tip
inspection
using drone

Guyana: Above
water hull &
mooring fairlead
inspection using
drone

Drone deploying a
crawler for riser
inspection: visual +
EMAT (under
development) -
Internal discussion
only

Mag crawler hull




. RMC RMC (OPC UA Server)

. P
Data Access @

R — :
: 3rd Party Al Apps

RMC DB L |
Robot Adapter @
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Percepto Drone-in-a-Box

Capabilities
* Ruggedized & Weatherproof Design

. inai i i i ONE LOCATION:
Capablg of operating in heavy rain and high winds. E:s F’{“:N'-CH 3A?T1'2ANH DAD
M Operatlonal range of ~2.5 miles (31.67960N, 101.89378 W)
* Percepto AirMax 23N .
* Equipped with 24 MP and Thermal Cameras
* Percepto AirMax OGl|

* OOOO0Oa (EPA) certified, detects common VOCs including
Benzene, Ethane, Methane, Propane and many others. _ X
Autonomous Flights €/ A% \f s
* FAA Waiver for Visual Observer Requirement in continental US. | N e

* Al Reporting detecting anomalies such as emissions, leaks, temp
variances, etc...

POC Location:
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facilities and their associated satellites. s

* Pad and fenced area to secure drone box . | A ;

* Required StarLink Sat internet to be setup B I e 2 ™1 g rotn g

« 3D n:c]apped all of the assets to determined potential collision S e N e A CURE
points. NG
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