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Lighthouses 

•  Are	they	a	system	(and	if	so,	what	sort?)	
	
•  Can	we	discern	evidence	of	systems	engineering?	

•  Can	we	discern	evidence	of	a	Systems	Architecture?	

•  Can	we	discern	evidence	of	“Capability	Management”?	

•  Can	we	learn	from	the	past?	

Page 27 
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  Robert Louis Stevenson 
Born	Edinburgh,	1850.	Died	Samoa,	1894	

In	November	1867,	entered	the	University	of	Edinburgh	to	
study	engineering.	“He	showed	from	the	start	no	enthusiasm	
for	his	studies	and	devoted	much	energy	to	avoiding	lectures.”	

26th	most	translated	author	of	all	Mme		

Public Domain – Wikipedia Commons 
By Rls-pc1.jpg: Knox Seriesderivative work: Beao - Rls-
pc1.jpg, Public Domain, https://commons.wikimedia.org/

w/index.php?curid=12038926 
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Map data © Google 2016 “Kidnapped”, 1886 - brilliant marketing for the 
 family business 
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Skerryvore – 1838-1844 
Alan Stevenson  
(RLS’s Grandfather) 

DubhArtach- 1872 
Thomas Stevenson 
(RLS’s Father)  

Wreck described 
in Kidnapped  
(set in 1751, 
written 1886) 
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Can we discern evidence of systems engineering? 
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The problematic situation:  
recorded shipwrecks on Tiree, 1790-1844 

1790.	The	Ship	Rebecca	of	700	tons	lost	;	crew	saved.		
1804.	Ship	Brigand	of	Nova	ScoMa,	Wright,	master,	of	600	tons,	lost	off	Hough,	in	Tyree	;	crew	saved.		
1804.	A	Brig,	M'lver,	master,	lost	off	Hough;	crew	saved.		
1806.	Ellen	of	Bath,	Paterson,	master,	of	90	tons,	lost	off	Balapliuil,	in	Tyree	;	one	man	drowned.		
1809.	Brig	Mary,	Sanders,	master,	lost	off	Balaphuil	;	crew	saved.		
1813.	Sloop,	Penelope	of	Wick,	60	tons,	lost	at	Go[	Bay,	Tyree	;	crew	saved.		
1810.	A	Brig	from	New	York,	Greenlees,	master,	lost	off	Hynish	Point,	Tyree	;	crew	all	drowned.		
1813.	A	Sloop,	Eugene	M'Intyre,	master,	lost	off	Balaphuil;	one	man	drowned.		
1814.	Brig,	Betsey	of	Leith,	Eoss,	master,	lost	off	Hough	;	crew	saved.		
1817.	A	Brig,	of	400	tons,	foundered	off	Kennavarah,	Tyree;	crew	all	drowned.	Numerous	casks	of	bu[er	came	ashore.		
1818.	Sloop,	Benlomond	of	Greenock,	M'Lauchlan,	master,	lost	off	Balaphuil	;	crew	all	drowned.		
1819.	Sloop,	Bee,	Coice,	master,	of	60	tons,	lost	off	Hough;	crew	saved.		
1820.	A	Sloop,	M'Donald,	master,	of	50	tons,	lost	in	Reef	Bay,	Tyree	;	crew	saved.		
1820.	Ship,	Masters,	of	Port-Glasgow,	MarMn,	master,	of	700	tons,	foundered	off	Skerryvore	Rocks,	and	came	ashore	at	Clate	Hynish,	in	Tyree	;		crew	saved.		
1821.	Sloop,	Catharine,	M'Rae,	master	lost	;	crew	saved.		
1821.	A	Sloop,	of	60	tons,	lost	off	Hough	;	master	and	three	men	drowned.		
1825.	Sloop,	Dan	of	Campbelltown,	M'Innes,	master,	of	50	tons,	lost	;	crew	saved.		
1828.	Sloop,	Delight,	of	70	tons,	Stevenson,	Master,	lost.		
1828.	An	Irish	Schooner	of	100	tons,	Montgomery,	master,	lost	off	Hough	;	crew	saved.		
1828.	Jane	of	Sligo,	Collins,	master,	lost	off	Balaphuil.		
1829.	Van	Scapan	of	Stockholm,	Fisherton,	master,	of	700	tons,	lost	off	Hough	;	fourteen	people	drowned.		
1834.	Confidence	of	Dundee,	Wesley,	master,	lost	off	Hough	;	crew	saved.		
1834.	A	Schooner	of	70	tons,	lost	;	three	men	drowned.		
1835.	Peggy,	Bi[ers,	master,	of	500	tons,	lost	off	Beist,	Tyree	;	crew	saved.		
1841.	April	2.	MajesMc	of	North	Shields,	Tait,	master,	of	400	tons,	foundered	by	a	sea	off	Boinshly	Rock,	and	came	ashore	at	Go[	Bay	;	captain	and	four	men	washed	over-	board	and	drowned,	and	the	mate	and	

one	seaman	had	their	legs	broken	when	the	vessel	was	struck	by	the	sea.		
1842.	Fleurs	of	Liverpool,	Thomson,	master,	of	300	tons,	lost	off	Kennavarah	;	crew	saved.		
1842.	March	14.	Two	deck	beams,	a	knee,	and	some	pieces	of	deck-plank	of	a	North	American	built	vessel,	came	ashore	at	Clate	Hynish.		
1842.	A	Barra	Boat	wrecked,	and	four	corpses	washed	ashore;	two	men,	a	woman	and	a	child.		
1842.	Pieces	of	wreck	were	seen	in	the	Sound	of	Coll,	and	at	the	same	Mme	the	shores	of	Tyree	were	strewed	with	candles,	mostly	of	wax,	supposed	to	be	altar	candles	for	the	West	Indies.		
1843.	September	2.	The	Prussian	Barque	Formosa,	of	326	tons,	P.	R.	Reick,	master,	lost	off	Hough	;	two	seamen	drowned.		
1844.	December	1.	The	Hull	of	a	Sloop	of	about	70	tons,	was	washed	ashore	off	Clate	Hynish.	The	Hull	was	very	much	broken	up	by	being	in	contact	with	the	rocks;	and	one	of	the	planks,	apparently	off	the	

taffrail,	had	the	words	"	Port	of	Dundee"	le[ered	upon	it;	the	crew	supposed	to	be	all	drowned.		

“enterprise	
perspecDve”	
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Can we discern other evidence of a system architecture? 
Using the six “Architecting Systems” perspectives… 

1!
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Enterprise!

Operational!

System!

Logical!

Physical!

Decision map!

Purpose, Context and Measures of Effectiveness!

Operational activities the system is required to enable !

“Black box” function and performance definition !

“Glass box” process and performance  view!

Physical parts and interfaces, with!
allocated process and performance !

Analysis and Decision roadmap!

Looking	out	
from	the	
system	

Looking	at	
the	system	

Looking	into	
the	system	
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  Operational perspective – op. concept for Lighthouse as a System   
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Operational perspective – as a System of Systems (SoS) 
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Operational Perspective – money and information flows  
in future business model 
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Skerryvore – 1838-1844 
Alan Stevenson  
(RLS’s Grandfather) 

DubhArtach- 1872 
Thomas Stevenson 
(RLS’s Father)  

System perspective - Skerryvore 
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Skerryvore – 1838-1844 
Alan Stevenson  
(RLS’s Grandfather) 

DubhArtach- 1872 
Thomas Stevenson 
(RLS’s Father)  

System perspective - Skerryvore 
Permission is granted to copy, distribute and/or modify this photograph under the terms of the 
GNU Free Documentation License, Version 1.2 or any later version published by the Free Software Foundation; 
http://www.westlothiansac.co.uk/history/2000/janer_2000.html 

How	did	you	design,	build,	
operate	and	sustain	something	

like	this	-	in	1838?	

Visible:	23	miles	
Height:	48	m	(154	j)	
Dia:	Base	13	m,	Lantern	gallery	5	m		
LocaMon:	Mdal	rock	12	miles	from	nearest	land	
Environment:	swept	by	AtlanMc	storms	
Wave	pressure:	29	Tonnes/Sq	m	(6,000	lb/j2)	
Weight	of	structure:	4,377	t	
Cost	esMmate:	£63,000	
Steps	to	top:	151	
Crew:	3	
		

Map data © Google 2016 
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•  Provide	a	flashing	light	of	required	brightness	and	Mming	
•  Place	light	at	correct	posiMon	and	height	
•  Operate	system	
•  Sustain	system	
•  Protect	system	from	weather	
•  Provide	alternaMve	warning	mode(s)	when	weather	degrades	the	primary	mode	

Logical	
•  Store	and	provide	energy	
•  Convert	energy	into	light	
•  Create	high	intensity	beam	
•  Modulate	the	beam	to	create	the	required	Mming	

Physical	
•  MulMple	opMons	for	opMcal	concept:	

o  RotaMng	CollimaMng	opMcs		
o  Flashing	omni-direcMonal	light	

•  MulMple	opMons	for	opMcal	implementaMon	
o  Mirrors	
o  Lenses	
o  Fresnel	lens/prism	

•  MulMple	opMons	for	energy	
o  Electricity	
o  Gas	
o  Paraffin	(kerosene)	
o  Whale	oil		

•  All	with	implicaMons	on	the	performance,	physical	architecture	
and	logisMcs	of	the	wider	system	

System, Logical, Physical and Decision Perspectives 
System	

Decision	
•  Set	of	coupled	trade-offs	specific	to	each	site,	each	epoch	of	

technology		

•  All	lighthouses	similar	in	principle,	unique	in	detail	
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1!
!
       2!
!
" " "  3!

!
" " " " " 4 !

!
" " " " " " " 5!

!
" " " " " " " " "6!

Enterprise!

Operational!

System!

Logical!

Physical!

Decision map!

Purpose, Context and Measures of Effectiveness !

Operational activities the system is required to enable !

“Black box” function and performance definition!

“Glass box” process and performance  view !

Physical parts and interfaces, with!
allocated process and performance!

Analysis and Decision roadmap!

Looking	out	
from	the	
system	

Looking	at	
the	system	

Looking	into	
the	system	

So: we can discern evidence of a system architecture! 

1 Sillitto, H G, Architecting Systems: Concepts, Principles and Practice – College Publications, 2014 

Evidence:	The	“Lighthouse	System”	can	be	successfully	“reverse	architected”	
using	the	6	Key	systems	architecDng	perspecDves	of	ref.1	
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Granite Blocks quarried in Mull 

Blocks finished to final shape 
4300 blocks, 0.75 – 2.5 t 

Up to 320 hrs per block 

296 charges to blast 2000 t of rock 
Blocks transported by sea 
Laid in place, dry dovetail joints 

Logistics 
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Quarry, jetty, light railway 

Keepers’ Cottages 
Signal Tower 
Harbour  

500 tonne ship for transport 
Barrack 18 m high on stilts 

Enabling systems 
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So: we can discern evidence of systems engineering 
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Now, we’ll look at the Lighthouses as an evolving 
System of Systems 
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Map data © Google 2016 

Isle of May (1635) 

Little Cumbrae (1757) 

Mull of Kintyre (1788) 

Eilean Glas (1789) 

N Ronaldsay (1789) 

Kinnaird Head (1787) 

The	first	
lighthouses	

The first lighthouses 
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Map data © Google 2016 

Mull of Kintyre 
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Map data © Google 2016 1790-1811 

Bell Rock (1811) 

1790-1811 
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The First Rock Lighthouse – Bell Rock 

By Robert Stevenson - An Account of the Bell Rock Lighthouse - 1824, Public 
Domain, https://commons.wikimedia.org/w/index.php?curid=39536963 

Map data © Google 2016 
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1812-1850 

Page 24 

Map data © Google 2016 

1812-1850 



July 

www.incose.org/symp2016 SILLITTO ENTERPRISES 
ENGINEERING SUCCESS IN A COMPLEX WORLD 

Copyright © 2016 by Sillitto Enterprises - 
www.sillittoenterprises.com  

 
25 

Ardnamurchan Point 
Map data © Google 2016 
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Map data © Google 2016 

Barra Head 
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1851-1860 

Page 27 

Map data © Google 2016 

1851-1860 
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Rubha na Gall  
(Tobermory, Mull) 

Map data © Google 2016 
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Map data © Google 2016 

Cantlick Head, Orkney 
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1861-1900 

Page 30 

Map data © Google 2016 

1861-1900 
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STOER 
Map data © Google 2016 
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1900-1929 

Page 32 

Map data © Google 2016 

1900-1929 
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Map data © Google 2016 

Birsay (Orkney) 
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1958-1986 

Page 34 

Map data © Google 2016 

1958-86 
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Three general “patterns” for individual lighthouses 
•  Rock	lighthouses:	

o  May	or	may	not	be	submerged	at	high	Mde	
o  Subject	to	intense	wave	pressure	in	winter	storms	
o  Keeper	accommodaMon	in	the	tower	
o  Support	and	relief	only	possible	by	sea	
o  Tower	must	be	high	enough	to	give	required	horizon	range	

•  Coastal	lighthouses	
o  Prospect	of	land	access	from	local	community	
o  Back	from	the	sea,	not	subject	to	same	wave	pressure	
o  Keepers’	(and	if	appropriate	their	families’)	accommodaMon	in	co[ages	close	to	light	
o  Tower	must	be	high	enough	to	give	required	horizon	range	

•  Headland/Clirop		lighthouses	
o  Prospect	of	land	access	from	local	community	(someMmes)	
o  Back	from	the	sea,	not	subject	to	same	wave	pressure	
o  Keepers’	(and	if	appropriate	their	families’)	accommodaMon	in	co[ages	close	to	light	
o  Tower	high	enough	to	clear	local	terrain,	accommodate	rotaMon	drive	

•  Each	lighthouse	is	similar	in	principle	but	unique	in	detail	
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Map data © Google 2016 

Kinnaird 
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Keeping the light turning 
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Capability Management 
Can we discern consideration of the various “components of capability”?  
– Training, Equipment, People, Information, Doctrine, Organisation, 
Infrastructure and Logistics 
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People 
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Organisation 
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Doctrine 
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TRAINING 
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Equipment  
and  

Technology 
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Technology Testing:  
Operational lighthouses  

with line of sight & easy access from Edinburgh 

Inchkeith – test bed for 
electric lights mid 19th cent 
Photo by Ken Dougal RFYC 

Oxcars – first automatic light in 1894 
– lit by gas, controlled by clockwork 
Photo Wikimedia Commons 
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Information 
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Map data © Google 2016 Information 
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Infrastructure 
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Logistics 

Photo by Adrian Shield, 2014 
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Lighthouses 

•  Are	they	a	system	(and	if	so,	what	sort?)	

•  Can	we	discern	evidence	of	systems	engineering?	

•  Can	we	discern	evidence	of	a	Systems	Architecture?	

•  Can	we	discern	evidence	of	Capability	Management?	

•  Can	we	learn	from	the	past?	
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Thank you for your attention 

Questions? 


