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Agenda:	

• 12:40	– Presentation	Outline:

1. Introduction	 of	 Team	UiS	&UiS	Drillbotics	Organization
2. Design	&	Engineering
3. Control	 System	&	Hardware	Architecture
4. Plug	&	Play	 Concept	&	Implementation
5. Directional	Drilling	 (DDOP)	 Program
6. Graphical	 User	Interface(s)
7. Autonomous	 Drilling	 Algorithms	 &	Machine	 Learning
8. Budget	Considerations	 &	Team	Workflow
9. Rig	Performance,	 Lessons	 Learned	&	Future	Vision

• 13:15	– Q&A	(feel	free	to	ask	questions	at	any	time!)
Rig ready on site in Celle, Germany
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Team:	
• Five	(5)	graduating	students

(+	three	(3)	1st year	Master	students)

• 3x	Petroleum	Engineering: (1 BSc,	2	MSc)

• 2x	Computer	Science: (2	BSc)

• Supervisors:	

• Professor	Dan	Sui,	Associate	 Professor	 Tomasz	Wiktorski

• 3rd year	participating	in	DrillboticsTM competition

1.	Introduction	of	Team	UiS	&UiS	Drillbotics	Organization
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Organization	&	KPIs:	
• Organize	seminar	&	company	visits	(AkerBP,	Canrig,	

Promet,	Norce,	NOV,	Smith	Bits,	Sekal,	etc.)	

(seminar	costs	approx.	45000	NOK	=	5211	USD)

• Thesis	facilitation	(across	different	UiS	Dept.)	

• Publish	papers	annually	(Celle,	 IFAC,	OMAE	etc.)

• Organization	KPIs:
1. Accelerate	students	understanding	of	industrial	automation	efforts

2. Annually	participate	in	DrillboticsTM	competition

3. Generate	research	/	attend	drilling	&	automation	conferences

4. Facilitate	for	hands-on,	multidisciplinary	project-experience

5. Energy	consumption	&	cost

6. Industrial	collaboration

1.	Introduction	of	Team	UiS	&UiS	Drillbotics	Organization
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Laboratory-Scale	Drilling	 Rig:	

2.	Design	&	Engineering
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Key	Systems:	

a) Control	System	(Python	and	gRPC)

b) Hoisting	(draw	works)

c) Pneumatic	system	(downhole	motor)

d) WPU	system	(whipstock	insertion/riser)

e) Power	system	(both	single-phase	+	3-phase)

f) Rotational	(conventional	top	drive)

g) Circulation	(conventional	mud	pumps	+	pit)

2.	Design	&	Engineering

a) b) c)

d) f)

g)
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System	Capabilities:
a) Control	System	(Python):	90	Hz;	multithreading-based	 (gRPC

API	for	modules);	OPC-UA	 compatible	Plug	&	Play

b) Hoisting	(draw	works):	 Force	≈	500	N	(compr.	&	tension);	

Speed	 ≈	30	mm/s	(if	required)	– 3	actuators

c) Pneumatic	system	 (downhole	motor):	2.1	/	4.9	Nm;	1500	/	660	

RPM;	6	bar	operating	pressure;	Q	≈	320	LPM

d) WPU	system	(whipstock	 insertion	/	riser):	2-axis	(4	actuators);	

Speed	 ≈	30	mm/s;	riser	ID	≈	32	mm,	whipstock	angle	≈	7	deg

e) Power	system	(both	 single-phase	 +	3-phase):	230V	AC	50	Hz	

single	phase;	 230	V	AC	/	400	V	AC	3	phase

f) Rotational	(conventional	top	drive):	2.87	Nm	rated.;	8.59	Nm	

instantanious;	0	- 3500	RPM;	brushless	&	hollow-shafted

g) Circulation	(conventional	mud	pumps	 +	pit):	3.1	bar	/	19	LPM

2.	Design	&	Engineering

Rig	sensors:
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Aluminum	Drill-pipe:	

2.	Design	&	Engineering
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Directional	Drilling	 Enablers:	

• Downhole	motor	(pneumatically	operated)

• Bendable	BHA

• Downhole	sensors	&	position	tracking

• Whipstock	&	WPU	(insertion	system	to	shift	

between	riser	&	whipstock)

• Whipstock,	knuckle	joint	and	sensor	sub

have	all	been	printed	in	316L	stainless	steel	

through	additive	manufacturing

2.	Design	&	Engineering
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Additive	Manufacturing	 Results	Last	Year:
(proof	of	concept	using	such	technology)

2.	Design	&	Engineering
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BHA	Components:	

2.	Design	&	Engineering

Downhole	motor: Knuckle-joint: Sensor-sub:
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Downhole	Sensor	Sub:	

• Microcontroller	integrated	in	

sensor	house

• 9	DOF:	acc.	(3x),	magn.	(3x),	gyro	(3x)	+	T

• 60	Hz	wired	pipe	transmission	to	surface	

(USB	protocol).	I2C	protocol	from	sensor	

à downhole	microcontroller

• Control	system	sends	a	“push”	

notification	to	microcontroller	to

synchronize	incoming	downhole	data	

with	surface	sensors	/	systems

2.	Design	&	Engineering
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Knuckle	Joint:	

• 316	L	stainless	steel,	4	components

• 10	deg	bend	at	maximum	flex

• Spring-activated	flex:	

bend	occurs	at	12	kg	(118	N)	WOB

• OD:		28	mm	(1.1”)

2.	Design	&	Engineering
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Pneumatic	Downhole	Motor:

• 2.9	Nm	torque	output	(high-speed)

• 1500	RPM	idle	/	750	RPM	@	max	torque

• Maximum	axial	force:	380	N	(on	shaft)

• Maximum	radial	force:	50	N	(on	shaft)

• Qmax =	320	LPM

• Pmax =	6	barg

2.	Design	&	Engineering
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Pneumatic	setup:

2.	Design	&	Engineering
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Whipstock	&	Insertion:	

2.	Design	&	Engineering
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Challenges:
• Communication

• Incompatibility

• Changing	 demands

• Sensor	 data	acquisition

• Parallelization

• Stand	 the	test	of	time..

3.	Control	System	&	Hardware	Architecture
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Microservice:
• Independent	 application

• API

• Share	 data	by	 communicating

• Network	 protocols

• gRPC

3.	Control	System	&	Hardware	Architecture
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Module:
• Microservice	application

• Clients	and	servers

• Data	streams

• Processed	data

• Subscription

• Parameters

• Single	responsibility

3.	Control	System	&	Hardware	Architecture
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Control	system	architecture:

• Modules

• Layers

• Similar	operations

• Subscriptions

• Subsequent	modules

• Unidirectional dataflow

3.	Control	System	&	Hardware	Architecture

12.06.2019



Overview:

• HBM,	downhole	sensor

• 60Hz

• Arduino

• Virtual	system	 state

• Recent	data

• Independent	models

• Prioritization

• Database

3.	Control	System	&	Hardware	Architecture
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Advantages:

• Flexible

• Synchronized	sensor	data

• Programming	language	independent:

• Python,	C++,	Go,	Node.js,	PHP,	Java, Ruby,	

Android,	Dart, C#,	Objective-C	and	Web

• Platform	independency

• Easy	to	integrate	PLCs	/	microcontrollers	/	etc.

• Parallel	computing

• Redundancy

3.	Control	System	&	Hardware	Architecture
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Possibilities:
• Cloud	computing

• Workload	distribution

• Remote	operation

• Templates

• Industry	test

• Start-up	company?

3.	Control	System	&	Hardware	Architecture
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Implementation:
• Collaboration

• OPC-UA

• Hierarchical structure

• Imported	information	model

• Nodes

• Requests

• Events

• Rig data

4.	Plug	&	Play	Concept	&	Implementation
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Requests:
• Represents	a	procedure

• Callable	method

• Input	parameters	+	unique	ID

• No	output arguments

• Different types:
1. General

2. Rig

3. Parallel

4. Casing

5. Super	Command

4.	Plug	&	Play	Concept	&	Implementation
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Rig	Data:
• Custom	node

• On-demand

• Callable	methods

• Includes:
1. System	limits

2. Real	time	data

4.	Plug	&	Play	Concept	&	Implementation
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Events:
• Subscription	based

• Triggered	by	server

• Informclients

• Callback	system

• Uniform

• Arguments:
1. Progress

2. Status

3. RequestID

4.	Plug	&	Play	Concept	&	Implementation
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Autonomous	
Drilling	 Concept:	

7.	Autonomous	Drilling	Algorithms	&	Machine	Learning
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Directional	Drilling	 Phases:	

• 8	phases:

1. System	initiation

2. System	calibration

3. Tag	bottom,	define	TD	&	HL

4. Drill	pilot	hole

5. POOH,	insert	whipstock

6. Expand	pilot	hole

7. Drill	out	past	KOP

8. POOH	(on	prompt)

5.	Directional	Drilling	(DDOP)	 Program
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Downhole	Position	Tracking	- Proof	of	Concept:
• Downhole	sensor	measurements	and

virtual	rig	environment	are	both	inputs

• Updates	every	5	seconds

• Calculates	actual	trajectory,	

ellipsis	of	uncertainty	and	checks	build/depth

to	provide	steering	recommendation

• 3	plots:	side	view,	bird´s	eye	view	&	rear	view

5.	Directional	Drilling	(DDOP)	 Program
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Control	Window,	Virtual	Rig	&	Performance	Visualization	GUIs:	

6.	Graphical	User	 Interface(s)
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Downhole	
Trajectory	
Tracking	
GUI:	

6.	Graphical	User	 Interface(s)

12.06.2019



Hill	Climb	Algorithm	(tested	last	year):
• Univariate	(one-variable)	search-algorithm

• Initial	conditions	heavily	determine

efficiency

• Evaluates	effect	of	change	of

either	RPM	or	WOB	setpoint

• Evaluates	drilling	efficiency	through

calculating	mechanical	 specific	energy	

(MSE)

7.	Autonomous	Drilling	Algorithms	&	Machine	Learning

ROP	=
!"#	%"&' 	()*(')#"'%

+*,-	%"&'	()*(')#"'%

&.

&#
= 𝑓(𝑊𝑂𝐵, 𝑇𝑂𝐵/𝜔,	Q/P,	 A,	….)

Cost	 function	 &	Heuristic	 function State-space	 (RPM,	WOB,	 T,	Q)
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Gradient	Descent	Method	(implemented	 in	2019):

Step	1.	Determine	ROP	gradient:

Step	2.	Determine	learning	rate	(step	size):

Step	3.	Update	gradient	descent	algorithm:

Step	4.	Define	the	termination	criterion:

7.	Autonomous	Drilling	Algorithms	&	Machine	Learning
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Machine	 Learning	Rock	Formation	Classification:	

7.	Autonomous	Drilling	Algorithms	&	Machine	Learning

PredictionsFeature	importance	analysisFiltered	data
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Machine	 Learning	 Incident	Detection	– Pressure	Example:	

7.	Autonomous	Drilling	Algorithms	&	Machine	Learning

Filtered	data Unsupervised	 learning	to	evaluate	&	
organize	features	

Supervised	learning	to	predict	leak,	
overpressure	and	normal	pressure
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Directional	 Steering:	
Inclination:

• Evaluates	horizontal	build	/	TVD	(or	MD)	every	1	mm

• If	H/TVDactual <=	H/TVDplanned-trajectory :

• Activate	build-inclination	mode:	(WOB	range	12-18kg)

• If	H/TVDactual >=	H/TVDplanned-trajectory :

• Activate	drop-inclination	mode:	(WOB	range	12-18kg)

Azimuth	(disabled	during	competition	due	to	EMI	and	installed	brake):

• Pulses	Top	Drive	(-10V	to	10V)	to	steer	left	(negative	voltage)	and	right	(positive	voltage)

• Suggested	setpoint	to	steer	towards:	3	degree	rotation	towards	target

7.	Autonomous	Drilling	Algorithms	&	Machine	Learning
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Drilling	 Incident	Detection:	

• Six	(6)	drilling	incidents	get	detected:

• Stuck	Pipe:	(next	page)

• Downhole	vibrations:	either	SVM	or	KNN	supervised	machine	learning	models

(3	vibration	levels:	low,	moderate,	high)

• Leak:	P	<	3	bar	for	3	consecutive	measurements	 in	non-NPT	 phases

• Overpressure:	P	>	6.5	bar	for	3	consecutive	measurements	 in	non-NPT	 phases

• Twist	off:	non-NPT	phase	 on-going,	leak	triggered,	WOB	(near	 zero)	and	<<	WOB	setpoint

• Axial	vibrations:	WOB	>=	 1.5	*	WOB	setpoint

• Remedial	actions: shut	down	system	(leak,	 overpressure,	 twist	off),	 lower	WOB	(axial	vibrations),	POOH	1	mm	

before	 commence	drilling	(stuck	pipe),	lower	RPM	(downhole	vibrations	=	high,	continuously)	

7.	Autonomous	Drilling	Algorithms	&	Machine	Learning
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Stuck	Pipe	Detection:	
If	using	downhole	motor:	sequential	algorithm: If	using	conventional	top	drive:	machine	learning

• PID-controller	permissible	overshoot	range:	 -1	to	0.5	kg

• Activated	in	DDOP-phases:	 4,6,7,8

• Activation	criterion:	ROP <=	0.2	mm/15s

• Remedial	action:	- 5	kg	WOB	(pull)	activated	until	1	mm	
above	stuck	point

• Continuously	operating	and	if	detected:
• overrides	ROP	search	/	DDOP	strategy	/	steering	algorithm

7.	Autonomous	Drilling	Algorithms	&	Machine	Learning
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Team	Workflow	 (Project	Management):	

• Weekly	Team	Sprint

• Trello	(Organize	&	track	progress);	updated	every	day

• Budgets/orders	approved	in	weekly	meetings

• Monthly	meetings	with	industry

• Monthly	company	visits

• Ahead	of	seminar,	weekly	plan	meetings	with	partner	NPF

8.	Budget	Considerations	&	Team	Workflow

Snapshot	of	Trello	workflow	during	semester
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Budget	2018-2019:	
Component	Costs:
• Components	 purchased	 in	 2018:	 50%	 off

• Shipping	 and	 VAT	excluded

• Labor	 cost	 excluded

8.	Budget	Considerations	&	Team	Workflow

Construction	 hours:
• Assuming	 5x	students	 working	 full	 time	 (6	hours/day,	 6	days/week,	 6	months)

• 4860	 hours	 invested	 since	 December

• Assuming	 hourly	 wage	of ≈300	 NOK
• 1	458	000	 NOK	(145	 800	EUR)

• In	addition,	 several	 hours	 go	into	 meetings	 with	 manufacturers,	 research,	 on-topic	
thesis	 work	 and	 so	on...

• Conclusion:	 component	 costs	 are	marginal	 compared	 to	total	 project	 costs

12.06.2019



Rig	Performance:	

9.	Rig	Performance,	Lessons	 Learned	&	Future	Vision

Median	and	Kalman	filters	get	used	to	smoothen	plots	for	WOB,	inclination	and	azimuth
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Rig	Performance:	

9.	Rig	Performance,	Lessons	 Learned	&	Future	Vision

First directional well drilled in homogeneous cement in 2019 atUiS achieving approx. 55 mmbuildPlanned trajectory ahead of project commencement
(determining whipstock´s	inclination and knuckle joint bend)
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Lessons	Identified:	

• gRPC and	multithreading	drastically	improve	system´s	robustness;	big	control	system	potential

• Vibrations	and	BHA-wellbore	friction	significantly	reduced	with	downhole	motor

• High-torque	downhole	motor	tolerates	higher	vibration	levels,	yet	more	susceptible	to	stuck	pipe	if	low	RPM

• Slip-ring	highly	susceptible	to	noise	(EMI)	from	3-phase	top	drive

• Downhole	sensor-package	should	be	placed	near	bit	in	future

• Whipstocks	of	7	and	10	deg	build	at	KOP	both	provide	required	build	to	achieve	65	mm	horizontal	build;

(yet	10	degree	whipstock	is	more	likely	to	cause	stuck	bit	at	KOP)

• PID	control	and	stuck-pipe	detection	is	difficult	with	bendable	BHA

9.	Rig	Performance,	Lessons	 Learned	&	Future	Vision
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Future	Visions	&	Potential	Project	Research:

9.	Rig	Performance,	Lessons	 Learned	&	Future	Vision

• ROP	optimization	and	drilling	rate	determination
Application:	Assist	Driller	/	DD	during	operation

• Formation	classification
Application:	Establish	real-time	situational	awareness	and	generate	Trip	Risk	Log

• Incident	Detection	&	Prediction	Algorithms
Application:	Well	Integrity	challenges	and	prediction	of	potential	hazards/incidents	at	an	early	stage

• Robust	control	system	architecture	enabling	remote	connectivity
Application:	facilitate	for	event	handling	and	model´s	integration

• Driller/machine	interaction	through	e.g.	voice	technology
Application:	Facilitate	for	early	warning	/	situational	awareness	/	highlighting	decision	points

à Importance	of	high	data	quality	to	ensure	accuracy	and	reliability	in	algorithms	
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Do	you	have	any	questions?

Thank	you	for	your	attention!
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