









































































































































COLEMAN: CURRENCY OF CULTURAL CHANGE

Secrelary of State forthe Home Office, W.W. Grenville.
Grenville was a cousin of the Prime Minister, William
Pitt, and of the First Lord, the second Earl Chatham, John
Pitt. Grenville was also a friend of Banks. Knowing
Banks’ great interest in exploration, Grenville consulted
him about various government sanctioned expeditions
(Lamb, 1984:24-5). Captain Edwards had no South Sca
experience. Therefore, planning for the voyage called
for cxpert advice. Who was better qualified than the
renown Pacilic voyage expert and Grenville's friend,
Joseph Banks?

The breadfruit expedition of Bligh had been Banks’
project. He was certainly motivated to vindicate Bligh
who had been appointed to command Bounty on his
strong personal recommendation. A veyage to bring the
pirales 10 justice would not have escaped his notice. His
relationship with Grenville was the avenue through
which he could have become involved in the planning of
Pandora’s mission as he had becn with Cook’s three
voyages, Bligh’s first voyage and later with Bligh's
second breadfruitexpedition and Vancouver's voyage to
the Pacific Northwest. In fact, every British government
voyage to the Pacific from the time of Cook's [irst
voyage up until the time of Banks’ death in 1820 had his
mark upon them. Why should Pandora’s mission be the
exception and particularly when he had a vested interest
in its outcome?

Therefore, we have the moltivation of government 1o
scek Banks’ expert advice, and we have Banks’ motiva-
Lion to be involved [rom personal interest.

Banks' collections of specimens and curiosities
made during Cook’s [irst voyage had been one of the
keystones of his rise to prominence in scientific and
social circles. Eminent scientists from all over Europe
were clamouring for examples as were collectors
amongst the aristocracy (Dance, 1971:366-70). The
collections were part of the currency which brought him
noloriety and power thus placing him in a unique posi-
tion to greally influence the evolution of scientific
thought. An influence which survives to the present day.

Another faclor which supports the supposition that
Banks was involved in the planning is that on the same
day, 10 August 1790, that Captain Edwards reported
aboard the ship to assume command, the new Purser,
Gregory Bentham, also joined the ship (Log and Muster
List).

Midshipman Charles Clerke and Banks had become
close [riends during Cook’s first voyage. During the
third voyage, Clerke, having advanced to command of
Cook’s second vessel, Discovery, had as his Clerk onc
Gregory Bentham. Captain Clerke frequently dictated
letters lo Banks informing him of the quantity and quality
of the curigsitics he had collected on Banks® behall,
Clerke’s last letter, wrilten as he was dying of tuberculo-
sis, asked Banks to becorne Bentham's patron upon his
return to England (Beaglehole, 1967(3,2):1542-3). Ben-
tham, having scribed the letter, would certainly know of
its contents and would have personally seen Lo its deliv-
ery into Banks’ hands.

Ranking as a standing or warrant officer, the position

of ship’s Purser was the next step in advancement from
Captain’s Clerk. In order to be appointed Purser, a Clerk
nceded considerable influence, a warrant from the
Admiralty, and to ledge a bond giving ‘two proper and
competent persons as his securities’. The ‘penal sum’
mentioned in this bond varied considerably according to
the size of ship. The Purser of a sixth-rate frigate, such as
Pandora, would have had to find securilies for 400
pounds (Masefield, 1937:101-2).

If Banks did indced honour his good [riend’s final
wish and see to Bentham's well-being, then Banks would
have had Bentham in his pockel.

It would have been an extra-ordinary coincidence if
Bentham’s appointment to Pandora had not been engi-
neered at Banks’ recommendation. Bentham, most cer-
tainly, would cndeavour to please his powerful patron.
The collection of curiosities was one thing he had some
knowledge of.

Another element which suggesis Banks’ involve-
ment is the fact Pandora was cquipped to collect bread-
[ruit plants. (Thomson, 1915:119). Those collected by
Bligh had been lost on Bounty. Surgcon Hamillon
mentions Pandora also transported sceds and plants to
Tahili toreplenish the decimated garden planicd there by
Banks (Ibid:112).

The final factor 10 be mentioned here is that Captain
Edwards’ attention had been drawn to the demand for
curiositics. But by whom? Did he meet with Banks prior
to sailing? He had the opportunity, [or, the day after
laking command of Pandora at Chatham dockyard, he
was summonsed to London by the First Lord of the
Admiralty. He returned to the ship on 17 August and
entered in his log that he had been ordered to refit
Pandora for a voyage 1o the South Sea (Log entries for
11 & 17 August, 1790). We donot know what Look place
during Edwards’ few days in London after he met with
Earl Chatham.

Perhaps it was Bentham who advised Edwards of the
value of curiosities. In any event, after his return 10
England in 1792, Edwards submitted a claim to the
Admiralty for personal effects lost in the wreck of
Pandora. A significant item was (he rather substantial
amount of 200 pounds for ‘Productions and curiosities
collected at dilferent places during the voyage’
(MS.180). Was the collection intended for anyone in
particular? Or, was it 10 be offered for sale 1o the highest
bidder? We may never know.

And it is here that we return to the shells [rom the
wreck of Pandora.

The majority of shells recovered in 1983 came [rom
the forecastle area of the ship and must, consequently, be
atiributed 10 a common sailor’s entreprencurial aspira-
tions. The opportunity (o partake of some private enter-
prisc was apparcnly notoverlooked by crew nor officers
for,in 1984 and 1986, anumber of other types of Oceanic
artefacts were recovered. This time, they came (rom the
stern arca of the ship, an arca traditionally reserved for
officers. This discovery prompled a re-evaluation of the
surviving documentis relating to the ship’s voyage.

The journal of ship’s Surgeon George Hamilton
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Figure 7. Shell and bone fishing lures, Pandora (1791).

Figure 8. Shell components of Chief Mourner's dress Figure 9. Shell bracelet, Pandora (1791).
(Tahiti), Pandora (1791).

Figure 10. Shell adze blades, Pandora (1791). Figure 11, Cowrie shells with drilled attachment holes.
Octopus lures and necklace components (Tahiti),
Pandora (1791).

iy & " +
Figure 12. Brass dragoon helmet (French), Boussole (1788).  Figure 13. Glass trade beads (French), Boussole (1788).
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reveals that his sometimes detailed observations of the
Pacific cultures point toward an enlightened awareness
of the importance of such matters. Undoubtedly, part of
this awareness had been gained from reading the ac-
counts of Cook’s voyages as he occasionally mentions
them. However, cne factor which would tend to influ-
ence the entire crew in this regard was the presence of
Gregory Bentham, the ship’s Porser. While Hamilton
describes the coilection of curiosities and trading in
general, he uses the collective ‘we’ rather than the first
person ‘I” in his references to the activity. Therefore, he
is difficult to pin- down as an active collector.

Captain Edwards, on the other hand, makes little
mention of such maiters in his narrative. Perhaps this is
due to the fact that it was intended as a report of the
voyage proceedings for the benefit of the Admiralty and
not as a published public document.

Admiralty correspondence does mention an amount
of eighty pounds sterling for the purchase of trade goods
being issued to Capiain Edwards at Portsmouth prior to
sailing (ADM/A/2833). These trade goods were un-
doubtedly intended toexpedite the purpose of the voyage
and 1o be applied solely for the benefit of the Admiralty’s
interests.

The two hundred pounds, which Edwards claimed,
was a substantial sum of money during the period and
suggests that a vast quantily of curiosities with an antici-
pated re-sale value of that amount had been accumulated
either by him personally or on his behalf by his officers.
The Oceanic artefacts recovered in 1984 and 1986 are
quite likely a portion of Edwards’ personal collection.
This suggestion is reinforced by the fact that components
of a Tahitian chief mourner’s costume were found in
immediate context with the other items. These costumes
were of great value to the Tahitians and were, as a
consequence, of great value to Europeans. One mourn-
ing dress brought back to England by a scaman on
Cook’s second voyage was sold for the sum of ‘five and
twenly guincas’ (Freeman, 1949:10).

What does this all mean? The combination of Sur-
geon Hamilton’s awareness of the nature and produc-
tions of Oceanic cultures as reflected by hisobservations
in his journal, Caplain Edwards’ collecting activilies,
and the shell artefacts from the crew's section of the
vessel give us an insight into an important attitude and
activity which was shared by several men on the Pan-
dora. It suggests that their dealings with the Pacific
islanders was not enlirely restricted to the exccution of
their duties and consequently lends a hitherto unconsid-
ered human element 10 the Pandora story. It also illus-
trales a trend of cultural exchange, popularized by
Cook’s voyages, gaining momentum in unsuspected
quarters. Therefore, each and every incidence of Euro-
pean-Pacific islander contact must be reconsidered in
view of a more substantial, conscious, cultural exchange
than previously appreciated.

Edwards lost his curiosities in the wreck bul now that
we have recovered a portion of his collection nearly two
hundred years later, the items assume renewed impor-
tance in the present-day scientific study of the ethnogra-

phy of the Pacific. The collection, alongside those of
Cook and Vancouveris one of the earliest datable assem-
blages of Pacific ethnographic material in the world.

The other side of the coin

Previously we briefly touched upon the effect the
introduction of iron nails and knives had on the people of
the island of Rota in the Marianas. Indeed, the desirabil-
ity of metal amongst the neolithic races of the Pacific is
frequently mentioned in surviving journals of a great
many European voyages.

It is metal and other goods, which were introduced
into the Pacific by Europeans, that will now be briefly
discussed.

We know from surviving records that the first Euro-
pean to enter the Pacific, Magellan, carmried looking-
glasses, beads, knives, fish hooks, red caps, stuffs [[ab-
rics], ivory, quicksilver [mercury], brass bracelets,
combs, axes, and 20,000 bells as trade goods (Beagle-
hole, 1934:25,27).

The types of materials carried by Europeans is, in
itself, an interesting study in perception and was un-
doubtedly based upon earlier experiences with races of
lesser technological advancement in other parts of the
then known world. It is interesting to note that the
majority of items carried were of little monetary value,
thus allowing an advantage in favour of the Europeans.
Metals, glass, and bright colours seem to predominate in
the form of weapons, tools and articles of amusement
and adormmment.

The iron nail, however, remained to be one of the
most popular trade items as illustrated by Captain Wal-
lis” account upon his discovery of Tahiti in 1767. He
reported that the seamen on board the Dolphin were
virtually dis-assembling the ship in search of nails and
spikes to trade for the favours of the Tahitian women
(Beaglchole, 1934:243),

Joseph Banks, during his time at Tahiti, mentions the
theft of a large part of the ship’s stock of nails by some
of the ship’s company and says; ‘One of the thieves was
detected but only 7 nails were found upon him out of 100
Wt. and he bore his punishment without impeaching any
of his acomplices. This loss is of a very serious nature as
these nails if circulated by the people among the Indians
will much lessen the value of Iron, our staple commod-
ity’ (Beaglehole, 1962:286).

Nails, of course, were not all that Captain Cook
carried as trade on his voyages. Forsier complains thatin
New Zealand, Cook cornered the market in curiosities
during one day of trading because he had the only stock
of red fabric (Hoare, 1982:111:425). Forster, in his jour-
nal, also mentions rading the usual assortment of items,
such as beads, fish hooks, axes, etc. at various limes.

The Pandora was no exception so far as typical
European productions were concemned. Hamilton men-
Lionsthat when the ship arrived at Easter Island, their first
stopping point in the Pacific, they *...sct the forge to
work, and the armourers were busily employed in mak-
ing knives and iron work to trade with the savages’
(Thomson, 1915:101).
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Figure 14. Chinese ceramic jarlets Boussole (1788).

Undoubtedly one of the most comprehensive surviv-
ing lists of trade goods carried by a voyage of exploration
is that of the Frenchman Laperouse. The assortment and
quantity of items is staggering and is listed in Appendix
L

During the 1986 joint [Australian, Solomons,
French] expedition to the Solomon Islands where the two
ships of Laperouse were wrecked in 1788, several arte-
facts were recovered which can be positively identilied
with the list of goods carried for trade or barter. The siudy
of this assemblage of physical examples for which we
previously had only written descriptions can expand our
understanding of the philosophy behind their selection,
and conscquently the 18th century European perception
of primitive Pacilic races. At the same time, they repre-
sent material clues which can be shown to have been
contributory to amajor disruption in the natural course of
Pacific cultural evolution.

I give as example; the displacement of shell fish
hooks and stone knives by iron on the island of Rota in
1602, the tribal war caused by the demand for curiositics
in New Zcaland during Cook’s second voyage, the
changes in island economies, social and power struc-
tures, technologies, and the general perceplion of the
world which affected philosophies.

Obviously, itcannot be said that change was brought
about by trade alone. But trade was a universally under-
stood activily which brought the disparate culwres to-
gether. It was a medium by which cultural exchange
would be initiated in an environment of gross communi-
cation barriers. The goods traded were a lasting reminder
and gave permanence to that moment of exchange.

In 1642 Tasman had traded dogs and hogs with the
peopleof Anamookain the Tougan Islands. One hundred
and fifty years later, in 1791, Hamilton reported that that
transaction had become part of the oral history of the
region (Thomson, 1915:133).

To again illustrate this point, in 1886, exacily onc
hundred years after Laperouse had visited Liluya Bay on
aremote part of the Alaskan coast, an American anthro-
pologist was lold a story by a chief of the Tlingit Indians.
The narrative had been handed down by word of mouth
for a century. The chief’s people possessed no records,
they spoke no English and had never heard of Laperouse
from outside sources.

The story goes as follows; ‘One spring day a Tlingit
tribe were camped inside the bay when two ships sailed
in. The people did not know what they were, butbelicved
them to be great black birds with far-reaching white
wings, and, as their bird god often assumed the form of
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Figure 15. Native copper dagger (Tlingit) Boussole (1788).

araven, they thought that in this guise he had returned to
earth, so in their fright they fled to the forest and hid.
Finding aftcr a while that no harm came to them, they
crept to the shore and, gathering leaves of the skunk
cabbage, they rolled them into rude telescopes and
looked through them, for to see the bird god with the
naked eye was to be turned to stone.’

‘As the sails came in and the sailors climbed the
rigging and ran outon the yards, in their imagination they
saw Lhe great birds folding their wings and flocks of
small black messengers rising from their bodies and
flying about. These latter they believed to be crows, and
again in fear they sought the shelter of the woods.’

‘One family of warriors, bolder than the rest, put on
their heavy coats of hide, wooden collar and fighting
head-dress, and armed with knife, spear, and bow,
launched a war canoc. Bul scarcely had they cleared the
beach when a cloud of smoke rose from the strange
apparition followed by a voice of thunder, which so
demoralized them that the canoe was overturned and the
occupants scrambled 1o the shore as best they could.”

‘Now, one ncarly blind old warrior gathered the
people together, and said, that his life was far behind him
and for the common good he would see if the god would
turn him to stone. Pulling on a robe of sea otter fur he
paddled his canoe scaward and climbed on board a ship,
but being hardly able to distinguish objects, the many
black forms moving about still appeared as crows, and
the cooked rice that they set before him to cat looked like
worms, and he [eared to touch it. He exchanged his coat
of fur for a tin pan and wilh presents of food he returned
to the share. When he landed the people crowded about
surprised to see him alive, and they touched him and
smelled him to sce if it were really he, but they could not
be persuaded to eat the strange food that he had brought
to them.’

‘Alter much thought the old man was convinced that
it was not the bird god that he had gone to and (hat the
black figures must be people, so Lhe natives, profiting by
his experience, visited the ships and exchanged their furs
for many strange articles.” (Emmons, 1911:297-8).

According to the narrative, the very appearance of
the two strange and unfamiliar ships gave rise to super-
stitious speculation and {ear but, in the end, it was trade
which broke down the barrier. Because of the prominent
part they played in the resolulion of the indian’s di-
lemma, we must assume that the old man’s tin pan and
the ‘strange articles” which they subsequently traded for
were reminders of the event for some time and helped to
perpetuate the legend.
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Appendix I

List of trade goods carried to the Pa-

cific by Laperouse on Boussole and As-
frolabe, in 1785-1788 (Milet-Mureau,
1799:182-5).

*

*

* *

Indicates examples of material found
on the two wreck sites in 1986.

Iron bars

Wrought iron plates

Iron nails of different sizes

Bundles of fine iron wire

Copper sheets

Bundles of copper wire

Lead in sheets

Clothing of different kinds

Fishing nets (* lead weights were
found)

Hatchets and adzes - 2000

Joiner's chisels and gouges - 2500
Carpenter's adzes - 50

Iron hammers - 700

Iron wedges for cleaving wood - 550
Frame saws - 50

Saw blades - 500

Hand saws - 600

Pliers of different types - 1000
Knives of different sizes - 7000
Pruning knives - 150

Scissors and shears - 1000

Steel files - 2400

* Rasps - 1200
* Bundles of brass wire - 500 Ib

*

* * ® ¥ ¥

L

*

Gimlets - 1000

Wimbles - 100

Fish hooks - 9000

Sewing needles - 50,000

Straight pins - 1,000,000

Looking glasses - 600

Goblets - 1800

Glass decanters - 200

China cups and saucers - 200

China bowls - 50

Coloured glass beads - 1400 packets
Coloured glass rings - 2000

Pewter goblets - 600

Pewter hand-basins - 100

Pewter plates - 600

Pewter dishes - 100

Steels for swriking [ire - 1000

Flints [or same purpose - 30,000 [sce
Delaney,1988,in press]

References

ADM/A/2833, Admiralty Correspondence, National Marnitime Museum, Greenwich

Tinder - 200 1b
Glue - 200 1b

* Copper glue pots - 50

* Bells of different kinds - 24 packets
Boxwood, Bone and Hom combs -
2600
Bellows - 24 pairs
Large barrel organs - 4
Small bird organs - 12

* Dragon helmets - 52

* Gorgels of copper - 102
Heads of polished copper for clubs -
12

Special silver and bronze medals, with
the effigy of the king, and an inscrip-
tion, recording Lhe names of the ships,
and the date of the voyage, some with
chains of the same metal, others with-
out - 100

* Other silver and bronze medals - 600

* Coloured glass buttons, set in copper
gilt, some diamond cut, others trans-
parent - 96 dozen
Buttons, gilt, plated, and of polished
copper - 720 dozen
Vermillon - 2000 packets
Red, yellow and white feathers,
single, and in plumes of different
kinds, to the value of 1100 livres
Artificial flowers, to the value of 300
livres

* Fine jewellery, consisting of rows of
white, coloured, striped, changeable,
and reflecting beads; of necklaces,
bracelets, and medallions to be sus-
pended from the neck, of various
forms and colours; of rings of differ-
ent fashions; of perspective glasses,
mounted in wood, copper, and fish-
skin; to the value of 5000 livres
Ordinary jewellery and trinkets, con-
sisting of magic lanterns; glass smeli-
ing-bottles, plain, * cut, gilt, and col-
oured; gilt nails, lenses, multiplying
glasses, whislles of bone and of wood;
bone cases, engraved, in open work, in
filigree, and plain; hearts and rings set
with * stones, crosses, ear-rings,
counters, elc. to the value of 900 livres

Alexander, M., 1977. Omai; noble savage. London.

Beaglehole, ].C., 1934, The exploration of the Pacific. London.
Beaglehole, J.C., 1962. The Endeavour. Journal of Joseph Banks. Sydney.
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Burney, I., (Ed.), 1803-1817. A chronological history of voyages and discoveries in the South Seas. 5 vols. Reprint Bibliotheca

Australiana #3, 1967, New York.

Tinsel, consisting of galloons, new-
work, lace-work, points d’Espagne;
Brandenbourgs, elc. in gold, silver,
and coloured spangles; to the value of
2800 livres

Gold and silver tinsel gauzes, with
coloured [oil, to the value of 700 livres
Silkribbons of different colours, 1200
ells

Remnants of silk, brocade, damask,
figured, etc., 312 ells

Callimanco, of various colours and
stripes, 100 ells

Coloured silk handkerchic{s, 200
Coloured linen handkerchiefs, 500
Coarse-cloths, serges, stocking-web,
and swanskins, of various colours,
1200 ells

Scarlet cloth, 100 ells

Duich scarlet, 25 ells

Red fringes, 200 ells

Scarlet coats, 12

Red, white, and blue serge, 50 clls
Woollen blankets, 50

Blue and white striped linen, 150 clls
Remnants of printed callicoes, with
large flowers, of different patterns,
850 ells

Remnants of muslin, 100 ells
Remnants of linen, 500 ells

Red tape, 72 pieces

Thread of various colours, 1200
skeins

Flock paper, of different colours,
large patterns, 80 rolls of nine ells
each

Flowered paper, 80 quires

An assortment of garden seeds, of dif-
ferent kinds, beside those sent by di-
rection of the sieur Thouin, chicf gar-
dener of the royal botanic garden, to
the value of 400 livres, or thereabout
The whole of the goods embarked [or
making presents, and for barter,
amounts to 58,365 livres.
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Direct linear transformation, a case study based on HMS Pandora

Mark McCafferty
University of Queensland

Introduction

Photogrammetry has long been used as a tool for
surveyors to gather data cost effectively whilst still
retaining a high degree of accuracy. However, due to
large capital costs required to take and to reduce the
photography it has remained out of reach of many of the
other disciplines and potential application areas. Now
however, with the advent of micro-computer systems
and associated peripherals, photogrammetry is now
within the range of many more users. With the com-
monly available 35 mm camera, a small micro-computer
system and a digitizer, the system provides an inexpen-
sive altemative to the traditional photogrammetric
scene. The Direct Linear Transformation method is a
well recognized non-metric photogrammetric tool. This
paper illustrates its application to the maritime archaeo-
logical profession and gives the results of a case siudy on
the HMS Pandora.

Research philosophy

The additional effort required 10 employ photogram-
melry on anarchaeological site is quite daunting and may
lead to il’s rejection in favour of simpler, more tradi-
tional methods. The choice is often made based on the
site conditions, extent of remaining structure and in-
tended work schedule. An additional input will often
come from a perceived ‘research philosophy® and this
was an important influence in the Pandora work. The
selection of photogrammetry and, as a result, Direct
Linear Transformation (DLT) was necessary to provide
the archaeologists with as much information as could
possibly be gathered from not just the ship structure (as
was usual for photogrammetric application) but also
during the actual excevation process. It was felt impor-
tantenough in the case of the Pandora, and with the DLT
system now proven may be applicable to other less
‘pretentious’ sites.

Density of artefacts

It was expected that excavations during the 1986
season would reveal a very high density of artefacts,
mainly in the area of the officer’s quarters. Existing
methods would be cumbersome to handle the detailed
measurements necessary to record all the artefacts cor-
rectly in the limited time avaiiable.

Slow existing methods

The primary method used on previous expeditions to
record the location of artefacts was the Nic Rule 3-
dimensional resection program. This required 3 tape
measurements to be made to each artefact from the
comers of one of a series of 2 metre square aluminium
grids that had been placed for this purpose (cach grid
having been located and leveled prior to its use). For a

grid with few artefacts, this method is quite adequate but,
although offering some measure of error analysis (via its
least squares solution) was very prone to measuring and
transcription errors. For a densely packed area, this
method became hopelessly inadequate and inhibited the
excavation process. Another method, uscd for the first
time during the 1986 season, was the radiation method.
A device was consiructed by one of the expedition
members (Don Norman) and allowed measurements of
distances and angles from one of the grid comers to the
artefacts. This method, although untried prior to 1986,
proved popular with the archacologists but unfortunately
suffered from the same inherent faults as the previous
method. Accuracy was also a major problem due to the
lack of any checks on the measurements. It was always
possible to compute a co-ordinate set for an artefact
based on the measurements, regardless of whether they
were sensible data or not. The Nic Rule method at least
protected against the completely ridiculous result by
being unable to resect based on the erroneous data.

Permanent photographic record

An additional advantage of phologrammelry is the
permanent record of all artefacts in situ. This allows for
future re-interpretation of site operations and also allows
for the produclion of a controlled mosaic at a larger scale
than is usually available. A photographic record also
provides more than just a discrete point by point meas-
urement capability - the enlire artefact can be seen in its
relative location and as many measurements as are
needed may be taken.

Metric versus non-metric

Photogrammetry may be separated into two broad
categories - aerial photogrammetry and terrestrial photo-
grammetry. Aerial photogrammelry consists mainly of
vertical photography taken with an expensive, accurate
large format metric camera, The camera and lens are
usually accuralely calibrated and the pholography is
rarcly tilted by more than 1 - 2°, The resulling phologra-
phy can be easily processcd by either conventional
analogue plotlers or more commonly by the ncwer ana-
lytical instruments. Terrestrial photogrammetry, on the
other hand, refers to ground based photogrammetric
systems. The camera systems used for this type of
photogrammetry vary far more significantly. There is
usually no set film format size, so virtually any camera
whether it be an Inslamatic, Polaroid, 35 mm SLR,
medium format professional camera, photo theodolite or
large format metric camcra, may be used. For ease of
incorporation of this photography into existing instru-
ments, camera configurations similar to those found in
vertical aerial phologrammetry are adopted.
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Metric

Metric cameras are those cameras which are specifi-
cally designed for photogrammetric measurement pur-
poses. They are recognizable by the fact that they hav:
fiducial marks (see appendix 1); usually large format;
stable interior orientation; usually a fixed focal length
and minimal distortions caused by the lens or film un-
flatness.

These features allow the cameras Lo achieve accura-
cies better than 1 in 10,000. Metric cameras however,
require specialist manufaciure, specialist operation and
are extremely expensive to purchase.

Non-metric

Non-metric cameras usually refer to those cameras
which are not specifically made for photogrammetric
measurement. A large number of amateur cameras
dominate this group and are categorized by the following
features: no fiducial marks; small format photography;
unstable interior orientation; adjustable focal length
camera lens designed for good pholographic quality
rather than geometric quality, thereby resulting in large
lens distortion; no elfective film flattening device.

As a resull of mass production, these cameras arce
usually inexpensive, reliable and simple to use. Their
accuracy for photogrammetric purposes is less than their
melric counterparts, but never the less adequate for a

variely of purposes.

Reduction

Reduction of results is usually achieved in a different
manner for the two camera types. Metric solulions gen-
erally entail the use of some form of plotter (analytical or
analogue) while lhe non-metric method can be solved
without recourse to such specialist equipment. A dig-
itizer is required for the non metric solution and this will
obviously be altached to a PC, which will carry out the
necessary computations. The speed of solution of both
methods, once data inpul is completed, is relatively high
for the size of exercise being considered.

Control requirements

One of the major differences between the two sys-
tems concerns the control required to form a solution.
Metric cameras, due to their more stable interior design,
have fewer variables 10 be accounted for. This reduces
the control density required. Non-metric cameras sel-
dom have any calibration data about their interior make-
up and so, 1o allow solution for these unknowns (eg the
actual focal length at time of exposure), more control
points are required. In most cases, a minimum of six
control points is necessary in cach sterco-pair. This is
usually easily obtained through the use of a tower,
providing there is a sufficient control network to locate
the tower during photography. In the case of the Pan-
dora, the 2 metre square grids offered the perfect plat-
form for the tower and allowed easy co-ordination of the
necessary control points. The higher control point re-
quirement for the non-metric solution may cause some
difficulties but these are counter balanced by the flexibil -
ity in cameras and computer equipment. Both methods of
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solution provide a good error analysis of the transforma-
tion via least squares. The output of the non-metric
method caninclude acaleulated camera calibration. This
calibration, if done, would be used to remove any lens or
distortion errors from the raw image data before further
processing takes place. More details are shown below,

Selection of method

Having determined that a non-metric solution was
the most suitable for the Pandora, there were further op-
crational needs or constraints that had to be taken into
consideration. These were as follows: portability; sim-
plicily of operation; simplicity of equipment; flexible;
uses existing survey network and provides an error
analysis of the results.

It was essential, due to the isolated location of the site
and the nature of the expedilion vessel, that the camera
and compuier equipment be as robust and portabie as
possible. A Nikonos III with 2.8, 15 mm lens was
chosen for its sturdiness and for the documented accu-
racy of the Nikonos 15 mm lens. This lens also offered
the required field of view and was good in low light. The
compulter laken was an NEC APC-HO3. This machine
had already proven itself on the 1984 expedition and was
also most suilable in terms of computing capacity. An
Hitachi HDG-IIIIb digitizing Lablel was also taken and
this was the major data input facility. The DLT software
was rewritlen to operate on the NEC PC and a simple
interface was also written {or the Hitachi digitizer, In the
time available, elfort was expended to make the software
asrobust as possible but, as it was expecled that only the
author was to make use of this facility during the 1986
expedition, it was not considered an initial high priority.
It was also necessary for the method chosen to be able to
make full use of the existing survey network. As the
photogrammelry was to be only tesied on the 1986
expedition, it was necessary to maintain the existing
structure for application of the other co-ordination meth-
ods mentioned above. [t was, in fact, quite suitable touse
the grids for co-ordinating the control points on the
tower, thus allowing many controls to be provided with
minimal effort. This ease of control placement was a
major advantage of the method selected for the expedi-
tion.

Incorporation into excavation

As mentioned, the photogrammetry was only being
tested during the 1986 excavation, so 1o provide a com-
parison with the other methods without interfering 0o
much with the excavalion process, it was decided to
carry out the photography in one grid only, allowing for
pholography in other gridsif time and circumstance were
suilable, Grid 70 was selected for this purpose and turned
out to be an excellent choice - the highest density of
artefacts yet found! It was decided to get images of all
other grids excavated during the season at maximum
excavated depth for archival purposes. A photomosaic
was prepared based on these photographs. The interac-
tion of the archacological and photogrammetric teams
was made more complicated than usual by the need to
maintain the traditional measuring methods. The team of
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six was split up into three teams of two divers as follows:
Team 1 was responsible for removal of overburden,
lagging and measuring of the uncovered artefacts.
Rough sketches were always made of each days work.
Team 2 was the photographic team. The camera tower
was carried to the grid and bolted down using four small
G-clamps. It was often necessary to do some small
tidying up operations in the grid to ensure that all
artefacts were clearly visible in the image. Bracketed
exposures were taken from both camera stations and the
tower was then removed (to another grid if time permit-
ted, otherwise to the side of the excavation). Bagging of
artefacts was then carricd out until the end of the dive.
Team 3 was responsible for completion of measurement
and bapgging of the artefacts. The artefacts were then
brought to the surface and transferred to the surface
support vessel.

There were a few difficulties associated with the
splitting of the team, parlicularly during the hand-over
between the divers. ILbecame quite obvious that the most
suitable application of the photogrammelric sysiem was
to have the photography done by the archaeologists
themselves. This fitted quite neatly Lhe projected use of
the system but was strongly reinforced by the ease with
which mistakes could and did occur during the hand-
over periods.

Reduction

All photographic reduction was carried out on the
expedition vessel in the darkroom provided. The film
used was exclusively Ilford FP4 (125 ASA) and the
chemicals were also I1ford - Ilfosol for the development
and Ilfospeed and Mulligrade paper [or the prints. Some
contrast enhancement was attempted during the devel-
opment. This was felt necessary on the occasions when
the images were taken at early or late light. The light
conditions generally, though, were excellent and the
quality of the images quite good. The usual exposure was
1/60th at f4. The final prints were 8 x 10 inches, although
depending on the complexity of the particular grid, could
have been smaller. The major difficulty in reducing the
images was identilying the individual artefacts and so
the larger prints were an advantage in those situations (as
was the contrast enhancement menlioned above).

Once the prints were dried, the data could be ex-
tracted as follows. Each print had all the control points
marked and, in concert with the archacologists, the
artefacts were also localed and clearly marked on both
images. It was found that the interaction of the actual
divers who uncovered the artefacts wasessential, aseven
the site sketches were ofien not detailed enough. Once all
the image points had been identified, the first image was
taped to the digitizer. Due to the nature of the DLT
method, it is not necessary (o locate or orientate the print
in any particular way on the digitizer, nor was it neces-
sary to start with a particular print (ie lelt or right [irst).
Using the 4 button cursor that is part of the digitizing
equipment (although any cursor or pointing device
would be suitable), the image points were digitized.
Multiple pointings were required by the program to
reduce any inaccuracies due to unsteady handling of the

cursor, On the first photograph, the pointnameshad to be
supplied buton subsequentimages, the point names were
given by the machine and the user was required to
digitize the poin!s in that specific order,

The major difficulty with the digitizing process was
the identification of the artefacts, even when marked as
clearly as possible by the archaeologists (further reason
for the archacologists themselves to be in total control of
the photogrammetric process!). Further discussion of
this point below.

The image data was then sorted and control points
and artefacts separated. The DLT calculations are then in
Lwo major seclions:

1. Calculation of transformation parameters using Lthe

11 known co-ordinates of the control points
2. Calculation of artefact co-ordinates using the just 11

found transformation parameters

For a descriplion of the method of DLT, sce the
appendix. Briefly, though, the translormation parame-
ters are a measure of the combination of the shifts,
rolations and scale changes needed 10 transform from the
2 dimensional photograph into the 3 dimensional real
world.

Once Lhese parameters have been found, they may be
used to convert the artefact image co-ordinates into real
world co-ordinates.

The whole process, from marking the pholographs to
the output of the arlefact co-ordinates tock, on average,
about 15 minutes. Obviously, this depends on the num-
ber of points on the image and also on the expertise of the
operator. Most of the processing was carried out by the
author butona couple of occasions, other membersof the
expedition were asked to assist and there seemed to be
significant loss of eiliciency or accuracy in those in-
slances.

The output from DLT was then compared to Lhe co-
ordinates obtained by the usual methods and the results
are shown on Table 1. The discrepancy in the height
values can be shown 10 be due to the poor angle of
intersection of the rays used by the Nic Rule program (a
3 dimensional resection). Internal accuracy tests carried
out using a known test frame are reported in Table 2. As
mentioned above, DLT is self calibraling and although
this aspect of the program was not functional during the
expedition, the program has been completely re-written
and the calibration programs corrected since that time.
These results are also shown in Table 2.

TABLE 1
Dilferences between Photogrammetry and Resce-
tion Mcthods

X1 ¥ Z |RMS
27139 | 81| %4

€rrors in mm

Dilferences between Photogrammetry and Radiation
Methods

RMS
5147 | 62, 93

eITors in mm
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TABLE 2 -
No of No of X Y Z RMS
controls | parameters
16 11 224 | 428 |21.84 | 22.37
16 12 344 | 436 11636 | 17.28
17 11 238 | 458 |1684 | 17.61
18 11 248 | 440 [16.00 | 16.79
10 11 3,107 522 |15.00 | 16.79
10 16 386, 425 | 990 | 1147
6 11 336 3.64 | 25.20 | 26.05
errors in mm
The future

The futurcapplications of this method extend beyond
the underwater excavation. It is usual to photograph all
artefacts for archival purposes. The method above could
be very easily used to record the artefacts instead.
Providing a number of suitable viewpoints are chosen,
the artefact could be analysed and inspected from the
photographs alone with the use of a simple stereo
viewing aid. DLT could be used to measure (to an
appropriate scale) all the dimensions of the artefactsina
very short time.

Further improvements would be the reduction of the
size and therefore clumsiness of the tower. A more
simple mono-pod structure might be suitable but would
be less automatic in use. This may prove unsuitable as the
advantage of ease of use is a major plus for the fixed
tower arrangement.

Another possible altemative is the incorporation of
two of Lthe systems above; DLT and the 3 dimensional
resection. If a suitable control network has been
established around the site, the tower could be placed
wherever the excavation was and would then be resected
prior to theimaging. This has the advaniage of removing
the need for any grid structures but does, as did the
previous suggeslion, take longer. This methed would be
most suitable when a large investment in survey control
is not advantageous.

The nature of the work carried out by archacologists
suggests that graphical representation of the arlefacts
and structure would be a useful tool. Future
programming enhancements would incorporate an
interface to a suilable graphics display program (most
likely AutoCAD). Three dimensional modelling is also
a very real possibility in the near [uture as the personal
computer becomes a truly powerful utility.

Appendix 1 DLT Mathematical Model

The Direct Linear Transformation provides a direct
linear relationship between the comparator co-ordinates
and the object space co-ordinates of image points. It is
therefore an extremely useful tool when the
requirements of a traditional solution cannot be met. In
non-metric photogrammetry this refers particularly to
the lack of fiducials in the cameras and the lack of means
of determining (he camera co-ordinate system. DLT is
used to bridge this gap.
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The first step in the reduction of traditional
photogrammetric imagery is the process which corrects
the comparator co-ordinates for lincar errors. These
simple errors are usually the linear elements of lens
distortion and film deformation and the errors associated
with the comparator itself (eg skewness of axes ). During
this process, the comparator co-ordinates are
transformed into the camera co-ordinate system, as
defined by the fiducial marks ( also used to define the
parameters for the corrections ). This usually takes the
following form :

X-X, =a +ax+ay

Y-y, =8,+ax+ay

where X, y are the transformed image co-ordinates,
Xg» ¥ are the image coordinates of the principal point,
and a are the ransformation parameters.

The second step in the reduction process is the
transformation {rom the camera co-ordinate system into
the object space co-ordinate system. This process uses
the colinearity condition and is a {3] transform, usually
of the form :

' X - X, ' | X - X, ‘
I?‘Yu ="LM 'YhYn
| -e Z-2Z,| @
where:
X,y areasabove
c is the camcra principal distance

1] is a generic scale factor
M is an orthogonal rotation matrix in angles ©, ¢

and %,
X, Y and Z are the object space coords of a point

X, Y, and Z, are the object space co-ordinates of the
camera.
DLT is used to encapsulate these two steps into 1 linear
transformation and avoid the need for the intermediate
camera co-ordinale sysiem and thus obviates fiducials.
During the formulation of DLT, certain assumptions
are made and the [irst is made here. Itis assumed that the
image co-ordinate co-ordinate system is parallel 1o the
comparator co-ordinate system and thus the image
transformation (1) may be rewritten :

X-X,=p, (X+Ax-X)
Y-Yo=H,(y+4Ay-yp

where P, . are scale factors, x,, y, arc the image co-
ordinates ofthe principal pointand Ax, Ay are systzmatic
eITOrS

Considering equatons (2), we can produce another
form of the colinearity equations by dividing equations
1 & 2 by equation 3 thus:

e _cl:n“(X X +m (Y-Y)+m,(Z- Zo))
m, (X-X)+m (Y-Y)+m,(Z-2Z)

_Cmn(X =X +m(Y-Y)+my,(Z-Z)

':nn(x - Xu) *: mu(Y - Yo) * mn(z' - Zo)

Y EY =
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Then, we can formulate the DLT condition by wherec,=c/j andc =c/y,
noticing that the left hand sides of equations (3) and (4)  and then, simplifying, we get the DLT formulation :
are identical and contain the only specific references LX+LY+LZ+L,

(excluding scale ) to the camera co-ordinate system { ie X+ Ax =

X, and y,). So, by equating the right hand sides of these

cqu'aticms, we can effectively eliminate the image co- y+4y= LX+LY+LZ+L,

ordinate system, as follows: LX+L,Y+L, Z+1
‘ m, (X -X)+m (Y -Y +m (Z-Z)

Y omy, (X - X)+m, (Y - Y)+m, (Z - Z)

LX+L Y+L,Z+1

X+Ax-x,'=c

where L, are the transformation parameters and are

simply reformulations of the 9 orientation parameters
(X Yoo €0 M, X, Y, and Z) and the 2 scalars from the

y+Ay-y, =<, M, (X - Xhim, (Y = Y hm,(Z - Z,) linear transform ( these scalars are in fact absorbed into
m,, (X - X, (Y - Y+m(Z -Z)  the principal distance c).
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