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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?




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 time

Robert Louis Stevenson / Books / Kidnapped
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Can we discern evidence of systems engineering? - A

Edmburgh, UK

July 18 - 21, 2016

Systems Engineering is an interdisciplinary approach and means to enable the realization of successful systems. It focuses on
defining customer needs and required functionality early in the development cycle, documenting requirements, then
proceeding with design synthesis and system validation while considering the complete problem:

|Operations |Cost & Schedule
|Performance |Training & Support
|Test |Di5posal

|Manufacturing |

Systems Engineering integrates all the disciplines and specialty groups into a team effort forming a structured development
process that proceeds from concept to production to operation. Systems Engineering considers both the business and the
technical needs of all customers with the goal of providing a quality product that meets the user needs.
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The problematic situation:

recorded shipwrecks on Tiree, 1790-1844 A s
The Ship Rebecca of 700 tons lost ; crew saved. !' . .. I>
N o

Ship Brigand of Nova Scotia, Wright, master, of 600 tons, lost off Hough, in Tyree ; crew saved.
A Brig, M'lver, master, lost off Hough; crew saved.

Ellen of Bath, Paterson, master, of 90 tons, lost off Balapliuil, in Tyree ; one man drowned. 26 INCOSE
Brig Mary, Sanders, master, lost off Balaphuil ; crew saved.

Sloop, Penelope of Wick, 60 tons, lost at Gott Bay, Tyree ; crew saved. Edinburgh, UK

A Brig from New York, Greenlees, master, lost off Hynish Point, Tyree ; crew all drowned. July 18 - 21, 2016

A Sloop, Eugene M'Intyre, master, lost off Balaphuil; one man drowned.

Brig, Betsey of Leith, Eoss, master, lost off Hough ; crew saved.

A Brig, of 400 tons, foundered off Kennavarah, Tyree; crew all drowned. Numerous casks of butter came ashore.

Sloop, Benlomond of Greenock, M'Lauchlan, master, lost off Balaphuil ; crew all drowned.

Sloop, Bee, Coice, master, of 60 tons, lost off Hough; crew saved.

A Sloop, M'Donald, master, of 50 tons, lost in Reef Bay, Tyree ; crew saved.

Ship, Masters, of Port-Glasgow, Martin, master, of 700 tons, foundered off Skerryvore Rocks, and came ashore at Clate Hynish, in Tyree ; crew saved.

Sloop, Catharine, M'Rae, master lost ; crew saved.

A Sloop, of 60 tons, lost off Hough ; master and three men drowned.

Sloop, Dan of Campbelltown, M'Innes, master, of 50 tons, lost ; crew saved.

Sloop, Delight, of 70 tons, Stevenson, Master, lost. . 7

An Irish Schooner of 100 tons, Montgomery, master, lost off Hough ; crew saved. perspect‘, ve

Jane of Sligo, Collins, master, lost off Balaphuil.

Van Scapan of Stockholm, Fisherton, master, of 700 tons, lost off Hough ; fourteen people drowned.

Confidence of Dundee, Wesley, master, lost off Hough ; crew saved.

A Schooner of 70 tons, lost ; three men drowned.

Peggy, Bitters, master, of 500 tons, lost off Beist, Tyree ; crew saved.

April 2. Majestic of North Shields, Tait, master, of 400 tons, foundered by a sea off Boinshly Rock, and came ashore at Gott 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.

Fleurs of Liverpool, Thomson, master, of 300 tons, lost off Kennavarah ; crew saved.

March 14. Two deck beams, a knee, and some pieces of deck-plank of a North American built vessel, came ashore at Clate Hynish.

A Barra Boat wrecked, and four corpses washed ashore; two men, a woman and a child.

Pieces of wreck were seen in the Sound of Coll, and at the same time the shores of Tyree were strewed with candles, mostly of wax, supposed to be altar candles for the West Indies.

September 2. The Prussian Barque Formosa, of 326 tons, P. R. Reick, master, lost off Hough ; two seamen drowned.

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" lettered upon it; the crew supposed to be all drowned.
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Can we discern other evidence of a system architecture? h'l-..bg,/'/
Using the six “Architecting Systems” perspectives... 26 = 'NCOsE

Edinburgh, UK
July 18 - 21, 2016

Looking out
from the
system

Physical parts and interfaces, with
allocated process and performance

Looking into
the system

www.incose.org/symp2016 www.sillittoenterprises.com










Operational Perspective — money and information flows )
in future business model &

v'lr.v'/

. L Payment for 'NCOSE
Navigation ducs charts Edinburgh UK
July 18 - 21, 2016
Visual and Positions and . l:owl . mjofom
acoustic signature signatures of ‘;& new builds:
of lighthouses lighthouses L ’
0an repayments
Charts with
positions and
signatures of
lighthouses
Approvals for build
and charging dues;
loans to fund new
builds
Fig 4: NZ chart showing slows of information and money in the lighthouse enterprise
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Permission is granted to copy drstrrbute and/or modrfy thrs photograph under the terms of the . Y- Map data © Google 2016

http://www. westlothransac co. uk/hrstory/ZOOO/Janer 2000 html

Visible: 23 miles

Height: 48 m (154 ft)

Dia: Base 13 m, Lantern gallery 5 m

Location: tidal rock 12 miles from nearest land i 4| A g
Environment: swept by Atlantic storms g SN
Wave pressure: 29 Tonnes/Sq m (6,000 Ib/ft?) Kingdom
Weight of structure: 4,377 t I3

Cost estimate: £63,000

Steps to top: 151

Crew: 3

oy How did you design, build,
operate and sustain something
like this - in 18387 :

i3



System, Logical, Physical and Decision Perspectives

System QF/\

'l . [N 1,
*_ Provide a flashing light of required bright@ A\ y

* Place light at correct position and height 26 INCOSE

* Operate system Edinburgh, UK

e Sustain system

* Protect system from weather

v * Provide alternative warning mode(s) when weather degrades the primary mode
Logical > Physical
* Store and provide energy * Multiple options for optical concept:

o Rotating Collimating optics

* Convert energy into light i e .
o Flashing omni-directional light

* Create high intensity beam
*  Multiple options for optical implementation

* Modulate the beam to create the required timing

o Mirrors
o Lenses
¢ o Fresnel lens/prism
- *  Multiple options for energy
DECISI()n o Electricity
* Set of coupled trade-offs specific to each site, each epoch of o Gas
technology o Paraffin (kerosene)
o Whale oil
* All lighthouses similar in principle, unique in detail lit S ) )
bril © All with implications on the performance, physical architecture S

and logistics of the wider system




So: we can discern evidence of a system architecture! &

(X IR
]
Purpose, Context and Measures of Effectiveness .w'

26 ~r INCOSE

Looking out
from the
system

Looking at “Glass box” process and performance view
the system

Physical parts and interfaces, with
allocated process and performance

Edinburgh, UK
July 18 - 21, 2016

Looking into
the system

Evidence: The “Lighthouse System” can be successfully “reverse architected”
using the 6 Key systems architecting perspectives of ref.1

1 Sillitto, H G, Architecting Systems: Concepts, Principles and Practice — College Publications, 2014
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So: we can discern evidence of systems engineering 26 ' INCOSE

Edinburgh, UK

July 18 - 21, 2016

Systems Engineering is an interdisciplinary approach and means to enable the realization of successful systems. It focuses on
defining customer needs and required functionality early in the development cycle, documenting requirements, then
proceeding with design synthesis and system validation while considering the complete problem:

|Operations |Cost & Schedule
|Performance |Training & Support
|Test |Di5posal

|Manufacturing |

Systems Engineering integrates all the disciplines and specialty groups into a team effort forming a structured development
process that proceeds from concept to production to operation. Systems Engineering considers both the business and the
technical needs of all customers with the goal of providing a quality product that meets the user needs.
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Edinburgh, UK

Now, we'll look at the Lighthouses as an evolving
System of Systems
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The first lighthouses

Eilean Glas (1789)

Little Cumbrae (1757)

Mull of Kintyre (1788)

S

N Ronaldsay (1789)

Kinnaird Head (1787)

Isle of May (1635)

The first
lighthouses

26 . INCOSE
remaional sympasium
Edinburgh, UK
July 18 - 21, 2016
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1790-1811
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Edinburgh, UK
July 18 - 21, 2016

Bell Rock (1811)




The First Rock Lighthouse — Bell Rock
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1812-1850
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1851-1860
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1861-1900
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1900-1929
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Three general “patterns” for individual lighthouses &

* Rock lighthouses: ! -»".-.:"/
o May or may not be submerged at high tide ﬁ
o Subject to intense wave pressure in winter storms B
o Keeper accommodation in the tower

@)
@)

@)
@)
@)

o

@)
@)

o

o

Support and relief only possible by sea
Tower must be high enough to give required horizon range

Headland/Clifftop lighthouses

Prospect of land access from local community (sometimes)

Back from the sea, not subject to same wave pressure

Keepers’ (and if appropriate their families’) accommodation in cottages close to light
Tower high enough to clear local terrain, accommodate rotation drive

Each lighthouse is similar in principle but unique in detail

* Coastal lighthouses
Prospect of land access from local community
Back from the sea, not subject to same wave pressure s
Keepers’ (and if appropriate their families’) accommodation in cottages close to light
Tower must be high enough to give required horizon range
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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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Edinburgh, UK

Peter Hill

Stargazing

Memoirs of a Young Lighthouse Keeper
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Equipment
and
Technology










Oxcars — first automatic light in 1894 Technology Testing:
— lit by gas, controlled by clockwork &

Photo Wikimedia Commons Operational Iighthouses !' o s
- - - - /
with line of sight & easy access from Edinburgh d, ,,/
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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?
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