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As discussed during the last Annual General
Meeting and approved by the Council that the
Printing and issuing of such publication
will be on an annual basis.
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From the Constitution, and By-laws 1977 it states:

(a) The Official organ of the Association shall be known as the
Journal of the Association of Surveyors of Papua New Guinea
and incorporated therein until such time as the Council
shall otherwise decide shall be the Transactions of the
Association being the official record of technical papers
presented to the Association and selected for publication,
the annual report of the Council, and the audited statements
of account.

The Transactions may also include the reports of the
discussions of selected papers presented to the Association,
the presidential address, and such other matters as may be
specifically approved.

(b) The Journal of the Associataion shall be the medium for the
dissemination of information regarding the activities of the
Association and for the publication of any matters
incidental to the promotion of the objects of the
Association.
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EDITORIAL

Traipela Hamamas i go long ologeta Masta Mak!

Another year 1is drawn to a close for our Association, the
Association of the Surveyors of Papua New Guinea. An interesting
year with a number of events worth mentioning.

But firstly from Rabaul, the 20th Congress Organising Committee
is in full swing to host their second congress; the first one was
in. 197Y. I am wondering just how many of the 1971 Dukduk will
appear again in July, depite the old traditional Dukduk myth.

Still on the congress for this year and perhaps any past
congresses also, the Congress fee is somewhat alarming. This
year 's fee is one hundred Kina, is not on, even if members are
willing to attend the annual function. On an average, members
attending annual conferences are bound to spend up to two hundred
Kina to attend the Congress. If this is an annual event for most
of the members in PNG, I do personally think future events must
be thoroughly screened in order that my presence be a
contributing factor to the Associaiton.

Criminal activities can be committed within any organisation as
we all know. Who in his right frame of mind would like to see
those surveying equipment rot away in a village, eh Mike? Watch
out for a second hand theodolite!

Amongst the few "Long Taim" Masta Mak to leave PNG, a dedicated
and co-founder member of this Association, the departure of Brian
Mennis last year is somewhat a loss not only to the Association
but to the profession in this country. To Brian and family -
tenk yu tru long ologeta samting!

Was there any official response from the Association to comments
made by the Indonesian Embassador which was reported on the News
Media regarding the mistake(s) by the Indonesian Surveyors
involving the encroachment on the territorial boundary? Was all
said, facts?

A lot has been said and now is the time that the councillors must
consider reducing the Association subscription fee for the amount
of professional services rendered to members of this Association.
This matter has been expressed by the Secretary, Doug Miller.

To ologeta Lapun, the University of Technology Library in Lae is
anxious to upgrade its collection on Journals and Congress Papers
prior to 1971. I invite members wishing to donate any of the
above articles to send them via the Editor; arrangements can
even be made to return those articles after reproduction.

To all members, Lukim Yu pela Long Rabaul Taun.
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HYPOTHESIS ON THE EVOLUTION OF

SURVEYING
(the first 7 days)
1st Day
In the beginning the Lord created Adam and Eve.
Adam was wild and untamed and there was much disarray within his
head; and the ghost of darkness was within him. The 1light did
not want to come and the chaos in his mind was great.

The Lord spoke:

"There shall be a system to the chaotic
disarray and its name shall be "mathematics".

- thus, plus and minus made up the first day -

2nd Day

And the earth gave birth to straight lines, circles, ellipses,
parabolas and other curves with and without single points.

- thus from straight lines and curves
the 2nd day emerged -

3rd Day

The fertile earth generated numbers and letters with and without
indices, round, straight and other brackets, and

the Lord put his blessings upon them and spoke:
"Be fertile and multiply!"

- thus, from equal and unequal,
the 3rd day emerged -

4th Day

And the Lord spoke:
"The earth shnll give birth to formulae and definitions
to that extent that their number will be infinite and
Adam shall be their slave so that he may pass his time
with them."

- thus, the 4th day was made up of
thousand-and-one proof (control) -

The Journal of the A.S.P.N.G., March, 1985.
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EDITORIAL

Traipela Hamamas i go long ologeta Masta Mak!

Another year is drawn to a close for our Association, the
Association of the Surveyors of Papua New Guinea. An interesting
year with a number of events worth mentioning.

But firstly from Rabaul, the 20th Congress Organising Committee
is in full swing to host their second congress; the first one was
in. 1971, I am wondering just how many of the 1971 Dukduk will
appear again in July, depite the old traditional Dukduk myth.

Still on the congress for this year and perhaps any past
congresses also, the Congress fee is somewhat alarming. This
year 's fee is one hundred Kina, is not on, even if members are
willing to attend the annual function. On an average, members
attending annual conferences are bound to spend up to two hundred
Kina to attend the Congress. If this is an annual event for most
of the members in PNG, I do personally think future events must
be thoroughly screened in order that my presence be a
contributing factor to the Associaiton.

Criminal activities can be committed within any organisation as
we all know. Who in his right frame of mind would like to see
those surveying equipment rot away in a village, eh Mike? Watch
out for a second hand theodolite!

Amongst the few "Long Taim" Masta Mak to leave PNG, a dedicated
and co-founder member of this Association, the departure of Brian
Mennis last year is somewhat a loss not only to the Association
but to the profession in this country. To Brian and family -
tenk yu tru long ologeta samting!

Was there any official response from the Association to comments
made by the Indonesian Embassador which was reported on the News
Media regarding the mistake(s) by the Indonesian Surveyors
involving the encroachment on the territorial boundary? Was all
said, facts?

A lot has been said and now is the time that the councillors must
consider reducing the Association subscription fee for the amount
of professional services rendered to members of this Association.
This matter has been expressed by the Secretary, Doug Miller.

To ologeta Lapun, the University of Technology Library in Lae is
anxious to upgrade its collection on Journals and Congress Papers
prior to 1971. I invite members wishing to donate any of the
above articles to send them via the Editor; arrangements can
even be made to return those articles after reproduction.

To all members, Lukim Yu pela Long Rabaul Taun.
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HYPOTHESIS ON THE EVOLUTION OF

SURVEYING
(the first 7 days)
lst Day
In the beginning the Lord created Adam and Eve.
Adam was wild and untamed and there was much disarray within his
head; and the ghost of darkness was within him. The 1light did
not want to come and the chaos in his mind was great.

The Lord spoke:

"There shall be a system to the chaotic
disarray and its name shall be "mathematics".

- thus, plus and minus made up the first day -

2nd Day

And the earth gave birth to straight lines, circles, ellipses,
parabolas and other curves with and without single points.

- thus from straight lines and curves
the 2nd day emerged -

3rd Day

The fertile earth generated numbers and letters with and without
indices, round, straight and other brackets, and

the Lord put his blessings upon them and spoke:
"Be fertile and multiply!"

- thus, from equal and unegual,
the 3rd day emerged -

4th Day

And the Lord spoke:
"The earth shnll give birth to formulae and definitions
to that extent that their number will be infinite and
Adam shall be their slave so that he may pass his time
with them."

- thus, the 4th day was made up of
thousand-and-one proof (control) -

The Journal of the A.S.P.N.G., March, 1985.




5th Day

Co-ordinate system grew in polar and orthogonal disorder
squeezing out logarithms and angular functions; and long rows of
logarithms paraded in all their transcendental beauty.

- thus, from sine and cosine
emerged the 5th day -

6th Day

On the 5th day, however, an earthquake of great magnitude
transformed the wellshaped earth; first into an ellipsoid and
then into a shape of no math. definition called geoid and there
was no end to the confusion.

= thus, from up and down, the
6th day emerged -

7th Day
And the Lord decreed:
"Let us bring back order and survey the earth!"

The valleys filled themselves with water exactly to
mean-sea-level and the levelled survey marks grew like mushrooms.

Triangulations from lst to 4th order generated themselves across
mountains and valleys.

The Lord contracted Adam and said:

"You shall survey all of the earth and I will give you the
whole of the mathematical paradise to do it with.

You may multiply and divide; use the numbers with and
without exponents and take square roots with all numbers in
this paradise - but - you are not allowed to divide by ZERO,
because it is a creation of the devil!"

However, the snake - being cunnier than all other animals - spoke
to Eve:

ZERO is not a creation of the devil but if one divides

by 0, one will learn to distinguish between right and
wrong. "

The woman thought that it was easy to divide by 0 and that it was
a funny No.

The Journal of the A.S.P.N.G., March, 1985.




So she spoke to Adanm:

"Divide by ZERO, can't you see how it simplifies
the equation?"

Adam took all his courage and divided by Z E R 0.

However, he was ashamed of his doing and hid behind a first order
trigonometrical peoint.

The Lord was angry with him and decreed:

"Because you have disobeyed my commandment, I will
eliminate you from the mathematical paradise.

Your work shall be damned and you shall for time
coming survey the earth

from Coonabarabran to Mt. Hacen to Berlin,

from the Antarctic to the Arctic including

the new World that will be discovered by Columbus.
All your surveys shall be prone to errors, and with
sweat behind your ears you shall remeasure, remeasure,
remeasure ........
You shall adjust your surveys over and over again and
your hands will be swollen from interpolation work on
the slide rule.
But never shall you be able to project the earth’s
surface simultaneously correct in length, angles

and areas.

The noise of the hand calculator shall haunt you on
every day of your life.

Survey marks shall hide from you and in all climates
you shall always, always be thirsty."

Ed. Taken from The Journal of the A.S.P.N.G., December 1973
Vol. 3, No. 4
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A PROPOSAL ON THE REGISTRATION OF CUSTOMARY LANDS IN PAPUA NEW

GUINEA AND SURVEY TECHNIQUES THAT GO WITH IT

By

ANDREW A L LAKAU
ADMINISTRATIVE COLLEGE OF PAPUA NEW GUINEA

WAIGANI

1. Introduction

This paper discusses the registration of a customary land in
papua New Guinea and some survey techniques necessary for its
implementation. 1t is an expression of my views rather than
official policy.

Registration of customary land has been widely discussed in
recent years. The Commission of Inquiry into Land Matters (CILM)
of ten years ago recommended the immediate preparation and
introduction of the legislation and administrative machinery for
the registration of customary land. Though assurances were given
by responsible Ministers over the years of it receiving
government blessing and legislation, the issue seems to be
sinking deeper into the waters of the Waigani bureaucratic and
political swamps.

To discuss whether it should be given a decent burial or revived
one way or another is not the purpose of this paper. I wish to
only discuss the flesh and bones of surveying and customary land
registration in relation to the guidance provided by the wisdom
embodied in the CILM report and other reports and writings that
have their roots in situations within and abroad.

2. The Customary Land Tenure in PNG

The customary land accounts for 97% of all land in PNG. The
remaining 3% is alienated or non-native land alienated from the
traditional sector either by voluntary or by compulsory process
which comprise two basic sub-divisions; state land and privately
owned freehold. However, the latter is not significant in actual
terms, and the law itself seem to favour government leasehold
only.

The Journal of the A.S.P.N.G., March 1985.




TOTAL LAND AREA = 47 615 700 hectares

CUSTOMARY GOVT/ALIENATED
46 310 419 hectares 1 305 281 hectares
97% 3%

Customary land or native land is land owned or possessed by an
indigenous person or community by virtue of rights of a
propritary or possesory kind, which belongs to that individual or
community and arise from and are regulated by traditional custom.

There is a great variation throughout Papua New Guinea in the
nature of customary ownership of land. In most -areas the
principal interest remains in the 1land holding group, and
indidviduals within the group have limited right of use, either
for 1life or for a shorter period. The normal system by which
rights or ownership in land use are acquired is by birth into a
land holding group. The transfer of right by sale was unusual in
the past but is now an established and increasing practise.

A large number of Papua New Guinea s communities are organized
into groups based on one or the other of the two forms of
unilateral decent 1i.e. patrilineal for the highlands and most
coastal areas and matrilineal for other areas e.g. West New
Britain. However, in either system there is great flexibility in
ways of 1land inheritance, ownership and the way the land itself
is exploited or utilized.

Customary rights to land in most of PNG are widely fragmented,
physically often into many small plots; also different kinds of
rights to the same land are distributed with complexity among
groups and individuals.

3. Land Registration and Surveying

Land registration is the system of registration of title based on
Land Registration Acts and Rules. Its purpose is simplification
of transfers of land. Title is entered in a central register and
the time needed for effective transfer of titles is reduced. The
main part of the register are: property (e.g. description of
land); proprietorship (e.g. whether title is absolute); charges
(e.g. mortgages, restrictive covenants). In a sense title 1is
guaranteed by the state.

The Journal of the A.S.P.N.G., March 1985.
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The above definition of land registraticn implies the Torrens
System* which has been transformed into the land law situation in
this country during the colonial era and applies to the alienated
lands of the country and also the registration of customary land
by Papua New Guineans under the Land Tenure Conversion Act.

The Torrens system of title registration 1is 1in contrast to
registration of deeds. A deed 1is a record of an isolated
transaction and is evidence that particular transaction took
place, but it is not in itself proof of the legal right of the
parties to carry out the transaction and consequently 1is not
evidence of its legality. Thus before a dealing can be safely
effected the ostensible owner must trace his ownership back to a
good root of title (i.e. a title which the law will deem to be
good without going behind it) through a sequence of transactions
and events each of which can be properly proved. The deeds
register will help in ths, but it may still be a long and skilled
task.

Registration of title on the other hand is a process whereby the
state maintains a register of parcels of land showing all the
relevant particulars affecting their ownership, and guarantees

those particulars to be correct. The register is the final
authority. Transactions are effected by making an entry in the
Register - and only by this means. A simple procedure with

simple forms exists for this purpose, and so dealing in land
becomes easy, guick, cheap and certain.

The branch of surveying involved in land registration is
cadastral surveying, that 1is surveying carried out for the
cadastre, roughly defined as the land register or office, is the
most important of the many types of land measurements included in
the general term "surveying". The main purpose of cadastral
surveys is the demarcation of landed properties, giving the area,
boundaries, wvalue, location, and ownership of each individual
holding or lot. Records of these surveys serve a dual purpose:
they afford the state a basis for purposes of taxation and they
verify owners rights to possession of property. Thus under the
Torrens Acts the boundaries of land registered are guaranteed but
in fact this does not follow from the decisions of the courts;
more correctly the boundaries are "survey defined".

* Pirst introduced in South Australia by Sir Robert Torrens in
1858. The essential feature of the Torrens System 1s that the
state guarantees the accuracy of a register, which specifies the
interests existing in all land under the system.

The Journal of the A.S.P.N.G., March 1985.




In some countries cadastral surveys are being undertaken for
first registration of title and land surveyors are involved in
the adjudication of ownership and boundaries as well as in the
survey of the boundaries. In others, where a title register
exists, land surveyors are preparing sub-divisional schemes for
approval, are setting out such schemes and in some are
responsible for their implementation.

4., Surveying and the Registration of Customary Lands in Papua
New Guinea

In the preceding chapter it was seen that surveying is an
essential or prerequisite of a completed land registration
process.

The CILM recognised this and recommended that more survey staff
and facilities should be available to meet the needs of land
registration. Necessary land registration should not be held up
for want of survey facilities, but neither should land
registration be pursued at a pace that over-strains reasonable
supply of survey staff and facilities.

Looking further at the CILM report, it recommended machinery for
the registration of customary land, to be introduced only in
areas where there was a clear need for these rights to be
recorded in a systematic manner. In keeping with its major
recommendation that new land policies should be based on and
evolve from a customary base, the CILM recommended that the basic
pattern of registration should be to register group titles
whereby groups could get title to their traditional land and to
allow the group to grant rights of use over its land in the form
of registered occupation rights (to members of the group ) and
leases (to non-members of the group). The role of the group in
administering its land was therefore clearly recognised and
preserved, while provision was made to protect the enterprises
developed by members of the groups and outsiders on group land.

An alternative to the above - only a small deviation at least
technically - is to allow for the clans or villages to have their
land boundaries defined and registered (i.e. through a compulsory
process) which is to say the registration only of the clan
boundaries. The internal divisions of land rights (i.e.
fragmented holding, multiple ownership, subsidiary rights etc.)
of 1land rights remain unofficial which family groups or
individuals can use or exploit at their own discretion. The
necessity for land registration (at least in the first place) is
not so much the individualisation and consolidation of fragmented
holdings but the physical definition of the boundaries of clans
or land holding groups into their territorial organisation which
of course 1is not only the basis of customary land law but the
principle upon which social, political and economy of any
traditional PNG community is built. There is no evidence in PNG
that individual ownership leads to beter economic development
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than communal ownership thus clan demarcation and registration is
more required than individualisation.

i1n many places the people are themselves modifying the
traditional distribution of land rights usually for the purposes
of gaining more secure tenure for cash cropping and certain
rights of succession for their children. Thus, whilst the
adjudication of a strictly customary distribution of land rights
would indeed be a costly, contentious and largely futile if not
impossible proceeding (as experience of the Land Titles
Commission in the 1960 s reveals), what is possible in some areas
(i.e. after the clan boundaries are demarcated and registered) is
an administrative proceeding by which villagers agree among
themselves on what is essentially a new demarcation of rights on
part of their territory or individuals themselves on their own
parcels.

In earlier case villagers could produce a series of small-holder
blocks, or a group owned farm, with selected named villagers
acknowledged to have the right of farming those parcels. 0ld
garden rights and much of the complex of intersecting claims by
members of the lineage are set aside by agreement, in this
process. Naturally it is a process which can more easily take
place where groups have a surplus of largely ungardened land,
where the demarcation can take place.

This sort of division which has been carried through in some
places under the now-suspended Land Tenure Conversion Ordinance,
was proposed to be carried further in the abortive 1971 Land
Bills and is now proceeding unofficially in several parts of the
country (in the highlands the 25 years lease-back agreement 1is
one aspect of it). It is in fact an aspiration in which
villagers would welcome more assistance both in appropriate land
law to ratify +their agreements and the provision of adeguately
trained lands officials, who can help them make the modification
of rights which they are seeking.

I wish to elaborate in more detail the different steps for
implementation. They can be divided into six stages namely:

(i) Final determination of ownership or the process of
adjudication;

(i) Consolidation;

(iii) Demarcation;

(iv) Survey;

(v) Registration;

{vi) Control of transactions in registered land.

The Journal of the A.S.P.N.G., March 1985.




4.1 Adjudication

The first stage in registering customary laand is the process of

adjudication or the final decermination of ownersh i.e. who
owns wnat land. In other words adjudication is the means by
which a final assessment/definition is made of existing rigunts in
land. 1Its cardinal principle is that it recognizes and confiruas
rights which are actually in being; it does not alter or create
rights, though it may substitute a rignt defined undge statute
for what is considered to be its eguivalent under custcmary law.

Adjudication is not a new ©process in PNG. The Native Land
Commission (1952 - 1962) and the one which superseded +that, the
Land Titles Commission, both had powers to determine <the
ownership of land in &a systemacic fashion or as and when
applications were received....The process of systematicallv
recording the ownership of customarwv land, callad "adjudication"
under the LTC where it was restricted to "adjudication areas"
selected by the Cormission; and the commission was to be assisted
by advisory "demarcation committees" comprised of land owners.
These two changes came partly from local experience and partly
from Xenya. In 1957 the government had directed the Native Lanc
Commission to give prioritv to registration in areas whare cash
crops had been planted or were planned, and the NLC had
successfully used committees of landowners on an informal basis.
The Committees in Kenya, on the other nand, actually deci
ownership and an appeal lay from their decisions to the officer
in charge of the adjudication scheme.

In the customary lands there are no distinct boundary monuments
or plans showing the boundaries of clan lznds and no recording of
one group allowing ancther ¢roun use over a piece ¢f land. 'This
had resulted in a never ending inter-cian disputes and feuds
ameng clan members as their only evidence to their claim is their
memories. The Land Disputes Settlement iAct set up the machinery
for hearing and setting these disputes by Land Mediators
appointed by the Provincial Land Disputes Committee or if they
cannot settle the dispute, by the local land courts. It can be
expected that as registration process comences dormant or new
disputes will erupt everywhere but the situation shoulc be
brought under control especially if a whole area i.e. a district
or a province is adjudicated or demarcated compulsorily or
systematically. However if an area is too hotly contested by two
opposing clans, their land snould bpe declared national land.
Sonie modification of the Land Disputes Settlement Act is
necessary to meet registration reguirements.

4.2 Consolidation
As discussed earlier, customary land in most of PNG is widely

fragmented, physicaily often inteo many small »lots; also
different kinds of rights to the same land are distributed with
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comnmiexity among groups anc indéividuals. ‘Tnose factors make any
torm of grand scheaes r swaeping survey and registration
larcely impractical in this country. Wnile I think most people
in PHG accept the idea of registration of their land, prior
consolidation is not acceptahle vo the eople and will never work

nere.

Even witn my little knowledge of land registration and being a
land owner myself, 1 see that consolidation invoives considerable
upiieaval in the lives of thos: ccncerned and presents many hwaan
sroblems. This natural opposition to consolidation underlines
the imperative need to conduct a nrobe study of fragmentation in
anvy particular locality and of the Drobleus involved in
consolidation before any decisions are taken to embark on a
programte of consolidation. The Government must be satisfied
that consolidation will result in material advantages which
outweigh -any possible disadvantages and st ensure that
orocedures are adopted which take into account the particular
nroblens of the locality. If a decision is then taken to proceed
with consolidation, the processes must be fully explained to  the
people and accepted by +them, however long it takes to obtain
acceptance.

4.3 Demarcaticn

This can be divided into two, the narcation of clan boundaries
and the demarcation of internal user lease-holds within the clan
area. 1n the demarcation of clian ooundaries, this can be carried
out in conjunction with the adjudication process with each clan
marking and working tie boundaries. fTnhis survey can be carried
out by a registered surveyor using electronic distance
measurament {e.d.m.) and tneodolite and tie in the survey to
perianent or control survey marks i.e. a high order level of
survey iz reguired. Denarcation work will not be successful if
the adiudication prccess was not successful, half done and the
clan poundaries still aisputed.

The next facet of demarcation is the division of defined clan
land arong clan members for tneir yardens, houses etc, over which
they will get a registered lease if thev so desire. It will be
necessarv for taese people to mark the boundaries of their
individual areas. As indicated in recommendation 7 of CILM, a
team of speciaily trained people are yoing to be reguired to help
in this. i see the pnerson undertaking this work being a survey
technician specially traine¢ in land management as they will play
a multiple role in the rogistration process i.e. denarcation of
land boundaries, production of demarcation map adecuate for
reqistry purpose, aely peovle to register their lana at the
registry and provide whatever advisory services people seek. As
this is an oncoing work, these people will be stationed to look
after +the interests of the peoplzs (they are closest to them) in
the area, and they are going to number into the hundreds so it as
imperative that zpecial training and planning is recuired at an
early stage.
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4.4 Survey

There 1is 1ot mnuch difference in the process oi demarcation and
survey - in fact tney are one and the same, poth concerned witi
definition of land boundaries. I am treating tnem separately
purely for disscussion’s saks.

It must firstly be emphasised that while surveys should wve as
rapid as pocssible they should not bz held up purely on the
grounds of accuracy. The end product of a survey is a mag or
survev plan. Mans are required by a ragistrv to ideantify on th=
ground a plot marked on the man; secondly, to assist in the
re-location of a boundary shoulid it be moved or lost; thirdly,
to enable subdivisions to be effected; fourtnly, for the
calculation of plot areas. In the survey of clan land “"fixed
boundaries" are required so that boundaries can be defined by
accurate survey. The survey procedures recuired will produce for
first registration a registry wplan of sufficient accuracy Lo
allow of the identification of nleots (and tied into the cadastral
survey of PNG), the computation of areas, the releccation of
boundaries and whatever @marks placed on the ground visible,
permanently fixed on the ground and acceptable and understood 5oy
the wvillagers themselves. For the survey of subdivisions,
"general boundaries" are reguired which means that the registry
map 1is deemed to show only approximate boundaries ana the
approximate situation of each parcel of land but this implies
surveys tied into the defined frane work of clan boundaries
(connection from at least 2 corners) to show their relation. Ft
is, of course, an essential part of a ceneral pbouncarics svstoum
of registration (i.e. the subdivisional aspects or registration
of individual parcels of land) that parts ust be demarcated on
the ground by physical marks each as 1lines of trees, hedce,
fences or walls which are plain for all to see.

In the survey of clan boundaries what is iuportant is the placing

of considerable sized corner monuw.aents or evidence of a
boundary’s location and this should have precedent over
measurements.
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I 4o not agree tnat photoyrammetric survey should be iatroduced
at any stage of survey. Photofraumetric survey raquires suitanle
weather conditions and 1is an expensive process; outsice
financial ai and sxill will be reguired and bouncaries .aust be
vigible. 1 think the iiore important consicderation with regards
to customary land registration is that the peonle will appreciate
a survey procedure and survey peg they can understand and see on
the ground. A wap or survey plan, or tihe pnoto or what else is
very rarely understood by the comumon people. To merely expec

seonle to interprete their land boundaries from such is oaly
acding to thae confusion (even now very few people understand and
internret a survey plan no natter now much one tells them). What
naonle will appreciate and accept at best is what the surveyor

places on the ground.

A5 stated earlier the method of surveving clan boundaries saould
be bv the use of theodolite and chain or e.d.m equipment. For
c¢lan subdivisions chain anc coapass is most suitable. All that
iz recuired is the survev of plot boundaries and the production
of a demarcation plan of sufficient accuracy to act as the
registrv map. An alternative to thz chain and compass survey 1is
the use cf base maps (production after survey of clan boundaries)
by plane table methods, the surveyor (or survey technician) using
the detail nn the base map o £fix his position and orient
ninself, metting his distances with a simpla quickest level with
stadia nairs, and levellinu stafr.

"he order of accuracies should be tne following:

CONTROL SURVEYS = 1:20,000 - 1:15.000
CLAN BOUHDARY SURVEYS =1: 2,000 - 1: 5,000
SUBDIVISTION SURVLEYS = k3 200 = L= 500

4.5 Recistration

I nave defined wnat land vegiztration is and most of what I want
to say has been covered in the sariy parts of the paper. Also it
will be too lengthy for me to discuss the procedures or technical
aspect of title registration. However I wish to mention that the
main criteria in registration are simpliicity and ease of
recistration and land oralinygs at the grass-root level. If
these are not achieved than the whole system will fail, as it
will not qet the backing of, or use hyv the people - as happenad
in the past. Again I see the local survey technician actiny as
the local registrar, bv bein¢ present at a transaction and
filling out the necessary forms correctly for the persons
concerned. These forms will <then be forwarded to a district
reqistry, and the information nlaced into the district register.
The alterations would be forwarded to both the provincial and
national registries. "he registers at a preovincial and national
lavel will be computerisad for east of handlina tronsactions and
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searching. It is intended they will be developed into full
cadastres.

I do not see any other method of land registration acceptable to
the PNG situation other than the Torrens System of title
registration in operation in the country now. For it to apply to
the vast tracts of customary land in this country there might be
need for some modification and to decentralise the central
registry to provincial and district levels (bring it closer to
the people). However, the central revistryv should keen the clan
registration preceedings.

The discussion and insights stated here are mine alone and
whatever official policy that is adopted (when customary land
registration do come into effect), it will be interesting to see
how much difference there is.

4.6 Control of transactions in registered land

In brief the controls that will be required will be effective
through a separate Land Control Ordinance or Act like the Lana
Dispute Settlement Act. Some of its important provisions would
be to give the Provincial Secretary or whoever is in charge of
the whole registration process to divide the customary lands in
his province into divisions which would not necessarily
correspond with administrative districts or census divisions, in
respect of which divisional land control boards would be set up
under the chairmanship of a district officer (or cther person
appointed by the Provincial 3Secretary) and comprising of othe
representative members plus some say 6-10 local menbers. Any
transactions at all must go through this Board and any appeal go
through a Beoard under the chairmanship of the Provincial
Secretary. This suggestions here ars based on the Kenvan model
but there is need for some restructuring to suit PNG needs. The
whole area needs some careful research, consideration and
planning before any kind of machinery is finally suggested rfor
implementation.

The whole basis of customary land registration is to give a title
to land which would provide a convenient form of security for
loans from sources not previously available to the customary
landowner or farmer, although it must be emphasised that the mere
possession  of title will not in ditself make it holder
creditworthy. There are also other recognised means of gaining
credit, e.g. through co-operative societies. Moreover, the
provision of a secure titie which can be nledued as security for
a loan may, if the loan is used for uaproductive purnoses or if
the rate of interest is exorbitant, or even if there is a
succession of crop failures, lead to a serious state of chronic
indebtedness, as a result of which a farmer, even if he retains
his land, will be deprived by debt charges of most of his income
and will then lose the incentive to farm properly.

The Journal of the A.S5.P.N.G., March 1985.
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If a reoistered landholding clan goes intc a group or comaunal
farming or some other form of business activity on thneir lana
this needs to bho closely supervisea a2ad whatever advisory and
extension services nrovided by relevant vovernmet institutions
e.a. DPI, Development Bank, Business Develonnent etc go to the
intendec beneficiaries.

The govermnent itself may decide te charge a mirnimal registration

2 or stamp duty. The Registrir provides statistics of prices
pa ior land, plot sizes and the extent of fragmentation. Such
basic information is of use in planning agricuitural developuent,
helps effective extension programntes to be undertaken and
provides tne machinery for the rating of land should this be
deemed desirable.

o
3

£

&

D W
o,

And finally Woecause transactions on registered land, will be as
at local level, I think the whoie process of customary land
registration sihould be the major function of provincial
governmeats to @nable devalopment at  the grassroots level.
Better still a wpilot project should be started up in a province
like Enga and if successful spread to other highland areas and
tne country as a whole.

5. Conclusion

The future of domestic and overseas investment in PNG 1is
dependent on a system of land revisrtration that works, that the
country can afford and that the people can understané and accept.
Ninety-seven per cent of the iand in PNG is held under customary
law with no format for registration despite seemingly lip-service
hy concerned ministers over the years. This land, the majority
of which supports subsistence living 1is restricted in its
developnment by the complete lack of an agrarian law common to the
interests of the psople, the covernment and the land.

Eowever I must admit that it will be a problem to try to weave
new concepts of land registration (be it in the format I have
tried to explain cor any other) with the traditional interests of
Panua New Guineans. It wil take a very fine thread to sew tne

raditicnal interests and the necessary development that PNG wust
achieve to satisfy the anbiticas and needs of the people.
whatever regiscration system or surveyin: procedures are used,
they must discard or incorporate past attempts within and abroad,
and take note of prevailing conditiens (whicn include the desire
and expectations of the peonle) and provide a solution that is
cheap, qguick, within the reach and easily understood and accepted
by the people tnemsealves.

Tha Journal of the A.S5.2.W.G., Marca 1985.
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1.0 ABSTRACT

In developing the 0Ok Tedi Project, large tracts of land were
required for a variety of purposes including mining leases,
leases for mining purposes, township development and access
corridors, to name but a few. This paper describes the use of
techniques such as aerial photography, orthophoto maps, doppler
positioning systems, computer aided mapping/drafting and modern
transport facilities to produce a variety of plans and sketches
used to not only describe and obtain the necessary land, but also

for its future administration. ‘

2.0 INTRODUCTION

When the decision is taken for a project of any nature to
proceed, site works cannot be commenced until some form of land
title is in the hands of the owners of the project. The Ok Tedi
Project was no exception and hence to ensure that the development
could proceed once the green light was given, preliminary
discussions with numercus people and groups were needed to ensure
that all areas of concern were covered and all forms relating to
the procurement of the land were completed.

As early as 1980 when the Ok Tedi Consortium was preparing a
feasibility study for Government approval, the people of the Star
Mountain area were expressing concern that land ownership
questions be settled before mining operations commenced. Their
concern reportedly stemmed from similar problems in other mining
areas of Papua New Guinea.

Land ownership in Papua New Guinea is vastly different to that in
Australia, the major differences emanating from customary
ownership involving various groups as well as individual people
in the area concerned. In searching the various acts and
regulations pertaining to the procurement of land by acquisition
or lease, it was found that other conditions and requirements for
customary land would need to be met which were in turn dependent
upon the form of title being sought.
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As the people of this area knew nothing of major construction
projects nor were they familiar with mining systems and the
associated infrastructure required to support such a venture, it
was obvious that a well equipped, knowledgeable, public relations
team was required to explain to these people all aspects of the
proposed development.

From the land requirement aspect, the following points needed
processing:

Land requirements - mine and infrastructure
Land tenure - government or company

Plan presentation of reguirements

Marking of boundaries

Walking the boundaries

Plans of Survey

Future administration of land parcels.

3.0 LAND REQUIREMENTS

Various tracts of land were required for a number of purposes
which include the following:

mine area

tailing and disposal areas
township

water supply

electric power generation
access roads

power line access routes
construction and industrial areas
wharf and laydown facilities
gravel deposits

spoil areas

explosive magazines

navigational aids

The Journal of the A.S.P.N.G., March 1985.
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In determining the 1land tenure needed for these areas,
discussions were held with Government bodies and some of the
factors under consideration were:-

(i) Land that must be obtained by either lease or
acquisition by virture of its proposed use.

(ii) Land to be acquired by the Government so that present
and future needs of the people could be met. This
would also include land to benefit the people and the
country once mining operations ceased.

(iii) Land that had benefits only for the company during
its mining operations and that could, on cessation of
mine production, revert to the people.

4.0 LAND OWNERSHIP

Where the government acquired the land it did so for either the
benefit of its people or for specific departmental requirements.

Company leased 1land was procured for various reasons including
such factors as it being of no benefit for local people and for
protection of the mining operations.

The road corridor acquired by the Government from Kiunga to
Tabubil via Rumganae and Ningerum can now be used by local people
for faster access between these centres and their villages. it
will also allow for a local bus transport system if desired.
However other sections of roads e.g. for access to the mine
operations would not service any useful purpose to local people
and hence a mining easement was taken over these tracts by the
Company .

In negotiating a suitable land tenure consideration is also given
to such matters as present land use, timber, gravel, cleared
areas, etc, and compensation for 1loss of existing rights 1is
reflected in the purchase price or in the case of leased land;
the annual rental.

5.0 PRESENTATION OF PLANS

To adequately describe the land being sought, a series of plans
are required. These range from the feasibility stage of
development through to lease plans registered with the
appropriate Government agencies. Added to these are plans which
may be understood and interpreted by people who have had no
contact with such matters previously.

The rugged nature of the terrain made definition of boundaries

both easy and difficult. The easy part of the boundary
-definition 1lay in the office compilation of the lines and survey
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stations wusing mapping and aerial photography. The actualwe
marking of the points would be the difficult part.

Regulation 101 of the PNG Mining Regulations requires that:

.
(1) Before making an application, the applicant shall mark
off the land applied for, to the satisfaction of the
Warden by -
(a) erecting at each corner of the land a hardwood post or
marker at east four inches in diameter and standing at
least four feet above the surface of the ground;
(b) clearing lines along the boundaries of the land; and
(c) placing stakes or other markers at sufficiently close
spacing to indicate clearly the boundaries of the land.
(2) Until the land in respect of which an application has been
granted has been surveyed, the lessee shall -
(a) maintain the posts and markers erected in accordance
with this regulation; and -
(b) maintain the lines cleared in accordance with this
regulations,
and therefore the lessee shall - .

(c) maintain the survey marks; and
(d) maintain those lines.

In the case of the Ok Tedi Project leses, which embraced some 175
square kilometres with a perimeter in excess of 85 km, some
relief from the requirements of this regulation was obviously
necessary.

Following discussion with various government departments it was
resolved that where practicable natural feature boundaries such
as watersheds, ridges, creeks, etc, should be adopted as the
boundaries of the subject land and where this was not practicable
straight line boundaries between prominent mountain peaks should
be adopted.

Early in the public relations stage it was realised by OTML that
although the local people had difficulty in understanding contour
plans they possessed a natural ability to relate to and interpret
aerial photography. ' 5

With this in mind it was resolved that the identification of the
extent of leased alnd would be clarified in the following

manner:-
-
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(1) The marking of boundary points at 1 - 2 km intervals
around the perimeter of the leased land.

(2) The preparation of colour orthophotomapping of the
leased land which would clearly show the cleared marks
and accurately define the adopted boundaries.

(3) The lodgement of conventional survey plans to meet the
statutory requirements of the Department of Lands
Surveys and Environment.

Using early aerial photography and 1:100 000 national mapping
series sheets, tentative boundaries were selected.

In view of the proximity of the Irian Jaya border care was taken
to ensure that the leses did not extend into areas with catchmet
discharge over the international border. Hence adoption of
natural feature watersheds satisfied potential problems
concerning drainage as well as providing the local villager with
a clear understanding of where the boundary fell. ("Antap long
maunten").

During the period December 1981 to April 1982 we were fortunate
in obtaining aerial photography of the entire minesite relatively
cloud free.

From this photography a series of AO size mapping sheets covering
the area at a scale of 1:2 500 were completed. Over 90 such

sheets were produced. This mapping was in turn reproduced at
varying scales (see Figure 1) including 1:10 000, 1:25 000 and
1:200 000. A series of 10 colour orthophotomaps at a scale of

1:100 000 was also produced wit the lease boundaries and
photogrammetric form line data superimposed on each map. Copies
of this series, forming a comprehensive photographic record of
the site and the intended boundary definition, were supplied to
the Department of Lands Surveys and Environment.

Concern was still felt for the traditional land owners who would
have difficulty in relating to the topographical plans. To
overcome these problems uncontrolled aerial mosaics were made and
superimposed on these prints was the lease boundary information.
This information would then supplement the accurate mapping in
the presentation of the areas required.

The only major problems encountered with the mosaics were the
distortion and scale of the photographs due to the major
differences in elevtion of the terrain. Hence the boundaries
show on the photographic mosaic could give a different shape of
the parcel of land when compared to the same area on the mapping
due to distortion effects. (See Figures 2 & 3).
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6.0 MARKING OF BOUNDARIES

As previously stated, the boundaries of the leases were in
general to follow natural features or form a straight line
between two prominent features ard survy stations would be
cleared and marked at 1-2 km intervals. It was further agreed
that minor direction changes and changes in river and creek
courses would be coordinated by fixing such angle points
photogrammetrically. (See Figure 1).

Field parties were dispatched into their areas and set down by
helicopter as close as possible to the required site from whence
they walked, climbed, slid, etc, until the site was reached,
cleared and marked. It is well known to all that visibility is a
major concern for a survey party coordinating a number of points
and in the project area this was often rendered impossible by
either the nature of the terrain and vegetation or because of low
cloud and rising mists. Therefore it was decided to use
satellite doppler techniques to coordinate the lease boundary
points since, because of the nature of the opertion of this
equipment, not only would the weather be overcome but also
manpower needs for this survey would be reduced. During the
course of this survey work, it was realised that, although the
assumptions made were correct in most cases where the points were
very remote, a number of points could be seen from a known
station on top of Mt Fubilan and hence these were fixed using
conventional methods.

These stations were also used as control targets for the aerial
photography flown to produce the orthophoto maps of the mine
project area. As the location of lease corners was required for
position only, it was expected that heights obtained by doppler
techniques would not be more accurate than about two metre
whereas the expected position would be within - 1 metre.

7.0 WALKING THE BOUNDARIES

A requirement under the mining regulations relating to lease
granting is that the mining warden, people with an interest in
the land and representative of the lessee should walk the
boudaries to see for themselves what land was being addressed.
With 85 kilometres of uncleared boundaries involved this would
indeed present a formidable task. Again through discussion it
was agreed that helicopters would be used to "walk" the various
people around the leases, point out the boundaries, be they
natural features or straight lines between the survey stations as
cleared and marked.
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8.0 PLANS OF SURVEY

The plans of survey required for the various leases were produced
by the draftsperson at the drawing board. Information for the
natural features was obtained photogrammetrically and double
checked from the topographic mapping of the project area.

In relation to the cadastral subdivision of Tabubil township, use
is being made of computer aided drafting methods to prepare the
plans required. This has involved the input of a large number of
"as constructed drawings" of the town which show, roads, services
and dwellings as well as superimposing over these details the
proposed cadastral data (See Figure 4). From this information,
preliminary plans are being forwarded to the DLSE for approval of
the subdivision and similar working drawings are being provided
to the survey parties to field check the boundaries with respect
to the services and housing.

The final boundaries, fixed and marked in the field, will then be
input into the data base and corrected to produce final plans of
survey for registration (See Figure 5).  The data base will also
form te basis of a land information system for OTML
Administration. Negotiations on the final format and utilisation
of this package are presently being processed.

9.0 CONCLUSION

In the world today, with the vast increases being experienced in
the avenues of technological change, care must be exercised to
ensure that the basic requirements of communication and simple
explanation are not swept aside by the processes involved with
such change. It is the surveyors responsibility to ensure that,
together with other members of a public relations team, the facts
are presented simply and clearly so that all involved can benefit
by wunderstanding what is being asked, offered or described, as
well as being kept up to date with the progress of such dealings.
This concern will increase as we further develop into high
technology and will .indeed present a challenge to the surveyor
until others involved in our sphere of operations understand the
changes taking place.
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AN ELEMENTARY INTRODUCTION TO INERTIAL SURVEYING SYSTEMS

1 INTRODUCTION

Surveying systems based on the principle of inertial navigation
are relatively new in geodetic practice. The development of
these systems in the early seventies was sponsored by military
agencies, in particular, the US Army Engineer Topographic
Laboratories at Fort Belvoir, Virginia.

In 1975, the first systems of this kind became available to
nonmilitary users. These systems were tested extensively during
that year and since 1976, they have been used for production work
by government agencies and private industry in Canada and the
United States. The bulk of the work to date has been in
establishing geodetic control that generally has second-order
accuracy. Recent results indicate, however, that it may be
possible to achieve first-order accuracy.

This 1is a brief and elementary review of the principles employed
by an inertial measuring unit and it will note the major
differences between the three systems presently available. The
accuracy of intertial positioning will be examined. A note will
be made that L- or V- shaped traverse causes problems, as do the
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effects produced by the imperfect knowledge of the anomalous
gravity field.

The application to cadastral surveys will not be discussed in
detail. However, some of the following points may be relevant.
The current use of the system for control surveys and
densification indicates one large area where inertial survey
systems can be wused to advantage. Favorable aspects of the
systems include the speed of the survey, independence of lines of
sight, homogeneity, output in coordinate form and, last but not
least, the lower costs of the survey. In cadastral surveys, an
obvious sequence would consist of Doppler control of 100 km to
300 km apart, inertial densification to 2 km to 10 km, and a
detailed survey by classical or photogrammetric methods. At
present, there are no data available as to the usefulness of the
system in a detailed cadastral survey with a large number of
points only - a short distance apart. The obvious procedure here
would be the accurate positioning of traverse points by the
system and the measurement of all neighbouring points in a
tacheometer fashion at the same time. The azimuth would come
from the system, the distance from attached EDM equipment.

2 MEASURING PRINCIPLE

An inertial co-ordinate system is one in which Newton’s Laws of
motion hold: it can be visualised as a system nonrotating with
respect to the stars.

We begin with Newton's second law of motion in the special form

f = m.a
where the mass m is considered to be constant. With f measured
and m known, the acceleration a can be computed. Let us now

assume that the acceleration is generated by the motion of a
vehicle in three-dimensional space. Using a Cartesian coordinate
system, the vector of acceletations a can be expressed as second
time derivative of the radius vector r from the origin of the
coordinate system

are SaF (2)

Thus, coordinate differences between stations P} and P, can be
determined by doubly integrating a:-

I adt ds (3
%

where dt and ds both refer to time. This is the basic equation
underlying inertial navigation. To use it for positioming
purposes, an accelerometer triad has to be mounted on a vehicle
in such a way that its orientation in space 1is known at each
instant of time. While the wvehicle moves from P top ,
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accelerations are measured and integrated along the three
inertial coordinate systems, r and r strictly represent
three-dimensional Cartesian vectors from the origin of the
inertial system. However, it can by shown that, for measurements
on the surface of the earth, the origin can be moved to the
centre of gravity of the earth. The errors produced by this
approximation are at least one order of magnitude smaller than
the measuring errors.

The orientation of the accelerometer triad can be achieved by
determining all orientation changes of the measuring unit against
inertial space (strapdown systems) or by controlling the
orientation changes in such a way that they can be described by a
well defined mathematical function (gimballed systems). This
second possibility is used in all inertial surveying systems
presently available. It required the mechanical implementation
of a so-called stable element - a stabilized platform that
isolates the measuring unit from the vehicle motions. In the
space-stabilized system, the platform frame is fixed with respect
to inertial space; in the local-level system, it rotates against
inertial space in such a way that the =z-axis of the measuring
system remains orthogonal to an initially defined ellipsoid.
This second system can be related in a very simple way to the
ellipsoidal coordinate systems used in geodesy. The
transformation from the ellipsoidal coordinates to the conformal
mapping system and the separation of the height component are
well known. .

The stabilization of the platform is done by a system of
gyroscopes, i.e., by highly spinning tops. A gyroscope will
maintain its orientation in space unless acted upon by a torque.
Thus, a system of three orthogonal axes defined by gyroscopes at
the start of the mission can be maintained independent of vehicle
motions. This frame, which can be transported, is ideally suited
to define the orientation of the three accelerometer axes.

An alignment precedes each inertial survey to relate the
orientation of the measuring frame to that of the coordinate
system, in which the control points are given. During this
procedure, the measuring unit is levelled and oriented by
gyrocompassing. The levelling aligns the z-axis of the system
along the local plumb line. If the deflections of the vertical
are known at the initial point, the transformation to an
ellipsoidal system of coordinates can be done in a simpler
manner. Gyrocompassing is based on precession, i.,e., on the
specific movement the spin axis of the gyro undergoes when a
torque is applied perpendicular to it. The same principle is
used in gyrotheodolites to establish astronomic north.

Two problems arise when applying Formulas 1 and 3 to systems
moving on the surface of the earth or its vicinity. First, the
measuring unit moves in the gravity field of the earth and here
Formula 1 has to be replaced by

t=a -9 (4)
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where, for convenience, m = 1 has been assumed. Formula 4 shows
that to integrate vehicle acceleration the effect of
gravitational attraction has to be subtracted first from the
measurements. This is not difficult for the normal component,
which comprises about 99 percent of total gravitation. However,
it is more complicated for the gravity disturbance vector (see
later). The second difficulty to be overcome is that the
measuring unit moves on a body which itself rotates with respect
to inertial space. Thus, the transformations between the
acceleration vector in all inertial frame and one in a uniformly
rotating frame have to be introduced into Equation 3. The final
expression is of the form

ot
S

=t
—Ape

¥ry 0,07, ) dtodg (5)

where Hey a2t o indicates that the acceleration now depends
on r, its first and second time derivatives £ A, and on a
skew-symmetric matrix . containing angular velocities. The
vector r now refers to a topocentric system. Again m = 1 has
been assumed.

Thus, inertial positioning can be summarized as the determination
of vehicle accelerations from measurements and their integration
along three orthogonal axes whose orientation with respect to an
inertial frame is known at any instant of time.

3 ERRORS AND THEIR PROPAGATIONS

In reality, measuring errors must always be taken into account
and optimal procedures must be found to eliminate them. In the
inertial surveying systems, all major errors are time dependent
and show a very typical behaviour over certain periods of time.
Thus, position errors governed by the Schuler period of about 84
min, show basically a sinusoidal error growth, while undamped

altitude errors cdevelop rapidly; €.9. errors from the
accelerometers grow with (time)’and a gyro drift produces an
error dependent on (time)? . If the vehicle is stopped, the

computer can reset the velocity to zero (zero velocity update,
ZUPT), so removing all velocity errors contributed by the
instruments to that time. 1In principle therefore the position
eérrors can be kept small by stopping frequently enough. Usually
these stops are made at 4 - 5 minute intervals. Further
smoothing based on external constraints (eg. fixed control
points) during a field operation results in relative positional
errors of the order of about a metre; if crossover points, and
post-operation smoothing are also used the error can be reduced
to decimeter level.

4 SYSTEMS CURRENTLY AVAILABLE

At present, three companies offer inertial systems for surveying
purposes. Litton’s AUTO-SURVEYOR has been on the market for the
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longest time and most of the actual results quoted in the
literature on inertial surveying systems refer to this system.
The name of the system changes somewhat with the user, thus the
name Inertial Positioning System (IPS) may be found in the United
States and the name Inertial Surveying System (ISS) in Canada.
The Litton System and the Ferranti Inertial Land Surveyor (FILS)
were originally designed for military purposes. The development
toward accuracies needed in surveying applications for the
Ferranti system has been done cooperatively by the company and
Shell cCanada Resources Ltd. over the last twe years. The
Honeywell GEO-SPIN is a system that was designed specifically for
surveying purposes. A prototype was tested extensively during
the summer of 1979 and production of the system began in 1980.

Because a typical survey mission is similar for each of the three
systems, their common features will be described first. The
system, mounted in a van or a helicopter, is aligned at a station
that has coordinates known to within 100 m. This procedure
usually takes about 1 hour and requires only occasional attention
by the operator. The vehicle is then moved to the first point
with accurately known coordinates and the first coordinate update
is made. It proceeds along the traverse, stopping at intervals
of about four minutes to make a zero velocity update for control.
This update takes from one to two minutes and is required at
each station to be surveyed. When a monument with known
coordinates is reached another coordinate update takes place and
the vehicle starts on the next leg. Progress is fairly rapid,
typical values are 80 km to 100 km of traverse per hour for the
helicopter mode and 30 km per hour for the van.

There are differences between the systems due to concepts,
hardware, and software. Conceptually, the Litton and Ferranti
systems are local-level systems and Honeywell 's GEO-SPIN is a
space-stable system. The basic difference is one of mechanical
versus computational complexity. In the first case, a simple
computational model is possible because the z-axis is constantly
kept orthogonal to the ellipsoidal normal, but the error budget
is increased because of torquing errors. In the second case, the
computational load 1is somewhat heavier but the gyros remain
basically untouched during a mission. This excludes one
important error source and gives more stability to the system,
but a larger on-board computer is reguired. This however, does
not seem to be a disadvantage with the present developments in
minicomputer technology.

The hardware of the Honeywell and the Ferranti systems is more
recent than the hardware of the Litton system. However, the
differences in the accuracy of the hardware components,
gyroscopes, accelerometers, and gimbal assemblies - is not a
direct indication of the differences in the overall performance.
Because of the complexity of the systems, a realistic error model
must include software inadequacies as well as hardware errors.
Recent investigations with the Litton system show that the
internal consistency of repeated measurements is much better than
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could be inferred from the discrepancies obtained at stations
with known coordinates. This indicates that the precision of the
hardware is not fully used by the standard software. Thus,
software improvements seem to be more urgent than hardware
improvements at present.

The error control techniques for the three systems are quite
different. The Litton system uses a Kalman filter at each update
and a simplified smoothing routine when a station with known
coordinates is reached. Thus the results are directly available
in the field. At present, the user only has access to either the
filtered or the smoothed data. This means that the actual
measurements are not available, which makes an improvement of the
software extremely difficult. The Honeywell system uses a simple
zero updating procedure and stores the actual measurement-: in
very small intervals. When arriving at known station, a Kalman
filter is activated and smoothed values are obtained for all
intermediate points. Thus, approximate positions are known while
travelling, smoothed results are available in the field, and the
measurements are also stored if an analysis is needed later on.
This arrangement appears to be ideal for the system user. At
present, the Ferranti/Shell system does not use filtering
procedures. All data are stored in the field and evaluated in
the office. Thus, there are basically no computer restrictions.
Position determination is done by an integration procedure using
a moving three poing curve fitting average. The difficulty with
this approach is that no check is possible in the field and that
small nonlinearities in the data can remain undetected. The
advantage 1is that the actual measurements are available and that
a more compact system can be built.

This brief enumeration shows that different approaches can
already be used in acquiring and processing the data of inertial
surveys and that perhaps a few more vyears of experience are
needed to arrive at optimal procedures.

6 ACCURACY

The following points may be noted:

¥ The system works best on a local, area mode basis with many
crossover points which the computer handles as constraints in the
adjustment. It approaches first order accuracies in this mode.

2 The system works least well on traverses, particularly if
these are L- or V-shaped.

7 EFFECTS OF LOCAL GRAVITY ANOMALIES

The results given above are representative of areas with small
changes in the anomalous gravity field. Typically, where the
deflections of the vertical variations are larger, e.g.,; in the
mountains, the effects of the anomalous gravity can be serious.
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To study these effects in a quantitative manner, simulation
software, which was developed for the local-level system, was
augmented to include simulation of the anomalous gravity field.
It was shown that the co-ordinate errors in and caused by
deflection changes of 12 arc seconds and gravity anomaly changes
of 20mgal over a distance of 60 km amount to several metres and
do not average out for the mean of a forward and a backward run.
The program used standard zero update periods of four minutes and
Kalman filter techniques. A reduction to update periods of two
minutes did not improve the situation.

I1f on-board gravity measurements are made (by "gradiometers") and
fed into the computation process, this can result in much higher
accuracies in both modes. Current research and development is
directed therefore to such improvements to the systems.

7 CONCLUSION

In the USA, inertial survey systems have been used, inter alia,
extensively in coastal and/or marshy areas in support of
hydrographic surveys and for the location of fixed aids to
navigation: in this context the potential for use in the many
flat, and/or estuarine regions of PNG is significant. With the
expected development of on-board gradiometry, inertial surveying
could in the future become a most appropriate technique for many
facets of survey work in this country, not least in the cadastral
field, which 1is expected to gain even more importance in the
years ahead. The fact that helicopter operation is ideal for
inertial surveying work 1is also a big point in its favour, in
view of the limited potential of van-mounted instrumentation
generally in PNG.
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ANOTHER AZIMUTH TECHNIQUE REVISITED

by L. 3. Billows, B. Surv. (Melb), R.S., M.LS.A., Staft Survevor
NDepartment of Works & Supply

ABSTRACT

This article does not introduce anything new to the sphere of azimuth
determination but utilises well known methods to produce a quick solution to what
is often a time consuming task. The method assumes the reader has a basic
knowledge of the requirements of astronomical observation for azimuth and

describes a system readily adapted to the tools of modern day surveying.

INTRODUCTION

Provision of adequate azimuth control has often provided some problems for the
practising field surveyor in remote areas. Should there be no visible targetted
trigonometrical stations or other relatively close co-ordinated marks he is usually
left to his compass or a sun observation to orientate his survey. For much of our
work a set of east and west sun observations will satisfy our mentors and it is in
this area [ propose a rather neglected technique - the use of "daylight stars". With
the power of modern day computing aids it is possible to avoid the once prolonged
series of calculation and prediction and replace it with a quick, simple method
that is not limited to the number of charts or nomograms one has the time to

compile.

Presented here is solely the nethod for finding an appropriate star whilst the
observational and reduction technigques are left for the reader to pursue. This
article presumes a familiarity with the HP 41CV pocket calculator and all
input/output routines are not explicitly described. The package is written for both
northern and southern hemispheres but as vet the author has not been fortunate
enough to test the system on the other side of the equator and would appreciate

anyones comments if they manage to do so.
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THE PROCEDURE

The essentials of the method are a "rough" knowledge of position (latitude &
longitude), co-ordinated time, an approximate azimuth from which to begin, a star
almanac, a HP 4ICV calculator (or equivalent) and card reader all of which seem
readily at hand for the PNG surveyor of today. A thermal printer is an optional
but nevertheless handy addition to the systein.

Assuming all programs (See Appendix 1) are now on card first "SIZE" the
calculator to 095 and load program PC (This assumes input of 20 stars but if less
are required then SIZE 095 may be reduced by 3 *[20-number of stars to be
used]). PC prompts for the appropriate Polynomial Coefficients for the month
concerned. These "R" values are tabulated towards the rear of the Star Almanac.

Now load program STD and input the Star Numbers, Right Ascensions and
Declinations. These values are found in the central section of the Almanac. In
all, 20 suitable "daylight stars" are listed with a "d" noted near the left hand side
adjacent to star number. Their Almanac numbers are 32, L16, 135, 136, 162, 179,
185, 212, 218, 273, 328, 353, 364, 369, 379, 441, 514, 548, 571, 632 and may he
highlighted or underlined if the information is to be accessed on a regular basis. If
it is intended to pursue work of a similar nature in the same month this data may
be "saved" by loading program DA and copying onto cards. Later this same
program may be loaded and executed to copy from cards back into main memory
of the calculator. This system is set to input and saving of information month by
month but may be adapted by the user to any other time scale.

With all star data in the calculator we are ready to begin. A position of the
observing station is now required. This latitude (f) and longitude (A) may be
obtained by a number of methods and I have found a value accurate to a few
minutes of arc is adequate and not too difficult to obtain. Other data includes the
UTM Zone in which the observation is to be made and the date. Local Time is also
required accurate to five or ten seconds and a personal wrist watch set by
reference to one of the broadcast time signals (say WWVH or VNG) is suitable.
Input to the program is local Zone time which is 10 hours east of Greenwich for
PNG ie if we expect to observe at 9.35am we input 9.35 or for 2.05pm, we input
14,05, all times in 2% hour mode.
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Also required is an approximate (UTM) grid bearing of the line concerned. This
may be obtained from a variety of sources including a carried through traverss
bearing, a quick single or double face sun observation, original plan bearings or a
corrected compass bearing may suffice although [ have not tested this latter

alternative,

In each case of position, time and direction an absolute value for required
precisions is not suggested but obviously the better these values the closer the
star should pass to the centre of the field of view of the telescope at the required
time, assuming a small horizontal and vertical collimation in the theodolite. Out
of interest a useful field of view of a theodolite telescope could be considered as
about  + llu degree of arc and thus those starting values should be at least

commensurate with this for the desired star to be found.

Having input the appropriate star data and holding a itsting of the other necessary
information load program STP and follow the prompts. If a printer is available
plug it in as a "hardcopy" is preferrable to copying it off the display. The
predictions can be run for various times throughout the day and will hold good a
week or so for planning purposes. Each time the block of data headed with
latitude and longitude is changed, including the day, it is considered a new station
and all that data block must be re-entered by executing STP again. Initially it is
suggested to enter 0 (Zero) degrees for the APPROXIMATE BRG RO proinpt and
leave the default value 9 (Zero) for the RO SET prompt and all output will show
stars in their true quadrants thus aiding planning of observations. Later the
approximate grid bearing of the line from sun observation or whatever may be
entered along with any orientation (setting) of the horizontal circle of the
theodolite and all directions will then relate to this (See Appendix II). Having
produced initial planning output the program STP, Polynomial Co-efficients, Star
Numbers, RA's and DEC's need only be present in the calculator for fieldwork.
Other progams which do not affect register 19 thru to register 35 « (3 * no. of
stars stored) may also remain or be executed without influencing any of the

necessary star data, DEG mode and SIZE should be restored if altered.

Once in the field and prior to commencement of observation execute STP and
enter DA, UTM ZONE, TIME ZONE (10 for PNG), Day (of the month), APRX BRG
RO (R/S after each entry) and follow this by pushing key "€+" (or A) to call up the
desired star by its number. This initial data input section of STP must always be
run {irst then key "A" may be pushed to jumnp into the search and predict routine

any number of times. An important feature of this observation is that the star is

The Journal of the A.S.P.N.G., March 1985.




40

a small,well defined and occasionally not so bright pin point of light and telescope
focus is critical. Initially the observer should "set" his theodolite onto a distant
object, focus clearly, then note or mark this setting of the focussing sleeve to
enable it to be reproduced on both faces of the theodolite. Having found a star
this will probably be slightly modified and I have found a pencil tick on the
focussing sleeve and another on the adjacent part of the telescope barrel (on both
faces) when lined up are sufficient for reproducing the correct focus fraom
observation to observation. Once again the removal of optical parallax prior to
this operation is of major importance. Having found the star it is not too difficult
to keep it in the field of view and depending on the observers preference he may
observe it passing one or both crosshairs if he is set to work with either the "hour
angle" or the "altitude" method. Also worth nothing is that hoth horizontal and
vertical tangent screws should be centralised on their runs prior to observing as is

always good survey practice.

I have not presented any observing technique here but the method of directions as
employed in a normal sun observation has worked satisfactorily. In addition more
than one star may be observed on each face prior to returning to the reference
object if so desired. In this case it is only necessary to run the search and predict
portion of the STP program under key "A" or by pushing R/S again if already in
that area of program and entering the alternative star number. In all cases
careful preparation of booking sheets is necessary and a booker is useful to
facilitate expedition of observation within a time not greatly different to a
normal "Sun - shot". A major advantage of utilising "daylight stars" is that an east
and west observation can be executed simultaneously either by using two or more
stars or one star and a balancing sun observation within a relatively short time
span. In the sun/star combination the adoption of a suitable mean is left to the

readers discretion.
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CONCLUSION

It is clear that preparations appear somewhat tedious to get the observation under
way and becoming used to the system does take some time but with a little
practice 1 have found it quite workable, particularly when there is a relatively

clear blue sky and only limited tine in which to get an azimuth.

The prograins presented will work with any number of stars depending upon the
calculators capacity. Clearly the programs can be utilised in an evening or night
time observation for the less well known or fainter stars. As an initial test of the
system brighter, higher magnitude stars should be observed to enhance the
observers ability to identify a star in the field of view rapidly. The power of the
technique is realised in familiarity with its use and its complimenting an overall
azimuth determination program mounted on a hand held calculator. I am aware
that many sdarveyors prefer to develop their own programs tailored to their
particular needs but 1 would like to think they may now consider allocating a

rather unheralded tool to a small space in their bag of tricks.
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TO LEAVE 0 00 00
KEY R/S ONLY

DISPL LOCAL TIME

ENTER WRIST WATCH
TIME HOURS.MINSEC,
(24 hr. Mode)

TO TRY NEW
TIME KEY
R/S, R/S

DISPL NO STAR

_< DISPL STR NO )

(Wi.l:hout Printer Key R/S)

(Wil:houl: Printer Key R/S)

< DISPBL ZD )

(without Printer Key R/S) .

YES

18
A STAR
IN RANGE?

TO TRY NEW STATION

KEY R/S

)

ENTER
DAY OF THE MOI
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Note

1.

46
SEARCH & PREDICT SUBROUTINE WITHIN 'STP'

PRINTER: Yes, output continuous.
No,key R/S after each result
form of output is more
flexible.

MODE : DEG

Prior to entering this routine steps between

and including the starred boxes (* —— — *)
in the star prediction section must be executed
by keying XEQ 'STP'; altering of station data

is still optional.

I
< DrseL sTR Mo )t

Clear any key assignment under £+ (A).

L

ENTER REQUIRED STAR
NUMBER. IF THERE IS
A NUMBER IN THE
DISPLAY A NEW ENTRY
WILL REPLACE IT

R/S

DISPL RO SET
seess WAIT

DISPL 0.000
(Default Value) OR
PREVIOUSLY ENTERED
VALUE

I

YES
DISPL STR MO ____
WAS
A STAR [
FOUND? Without Printer
Key R/S
NO

DISPL Az
Set this horiz. direction
on theod

DISPL NO STAR

Without Printer
TO CHANGE FACE
PROGRAM MAY FIND (+ or - 180°)
ANOTHER STAR IN KEY CHS, R/S
RANGE T
|
Ha 2 DISPL ZD
Set this vertical
THE direction on theod
STAR IN
RANGE? YES

ENTER HORIZ. CIRCLE
SETTING (D.MS) ON REF. OBJ.
TO LEAVE EXISTING
VALUE PUSH R/S ONLY

]
|

Without Printer
TO CHANGE FACE
(360° - zp)
KEY CHS, R/S

ENTER WRIST WATCH TIME ]
HOURS.MINSEC (24 hr, mode)

< DISPL LOCAL TIME )
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@ieLBL “STP

FS? SS
SF 21

STO @s

36

STO 34

SF ae

CF a2

CF @4

CF ev

SF 27

HEQ @3

F1¥ 4

“APR¥ BFR
G RO -

PROMPT

RRCL X

Fs? 21

FPRA

HR

STD B©5

2z+LBL B1

23

“RO SET

ASTO X
FSE
RCL 826
HMS
STOP
ARCL ¥
Fs? 21
PRA
ADY

HRE

sTD @s
XEGQ 13
ADY

37eLBL 06

8
39

RCL @9
RCL IMD

1S !
-
1

P-R

47

56 RCL
S7 SIN

*
$9 RCL

€8 COS
€1 RCL
62 COS

+
65 RCOES

67 H>Y?
68 GTOD
€9 RDN

71 XLY?
72 GTO

74 STO
75 S§TO
76 COS
77 1%
78 .e14

88 ST-
€1 RCL

g2 Cos

24 COS
85 RCL
86 COS
87 RABS

98 RCL
91 SIN
92 RCL
93 SIN

Pd
96 RACOS
o7 RCL
99 18@
181 ETO

o
182 ST-
184 “STR

185 FIX
166 RCL

167 ARCL
188 RAVIE
189 FC?

11@ STOP
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a1
IND
24

81

e e e e
e
N=DOONGULRGMN-

[
m»

a8 125

ae 129
a4 131
12 132
s 135
13 137
IHD 138

34 139
B4 141

a1 143

FIX 4

RCL @3
RCL @5

FS? B2

4
GTO 18

144+LEBL @9

145
146
B4 147

a1 149

=ZD
3608
HMS+
ARCL X
AVIEW
STOP
RTH

iSzeLBL 11

16 153
154

155

156

14 157
158

24 159
NO 168
- 161

e 162
IND
24
® 164
W
21
166

167

168

169

178

“az -
CHS
P81

+

368
mMOD
ARCL X
AVIEW
STOP
RTH

163+LBL 86

2

165+LBL 1@
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171+LBL 14
172 ADY

173
174

ADY
ADY
ADY
“NO STAR

PROMPT
FS? B2
GTO R
GTO -~STP

121+LEBL R

195

196+LBL 85

RCL @7
RCL IND

®=Y7?
GTO @8
3

ST+ 34
RCL 2
RCL 34
RCL 19

GTO 14

289+LEL B8

218
211
212
213

STO @7
1

ST+ 324
GTO 81

214+LBL B84

215
216

sSTO 87
GTO A

217eLBL 83

ADOHN
.y
ASTO Y

228+LBL @2
229 FIX 4
238 "LAT -
231 XEQ 1S

249 RCL 82

253 RCL @1

273 STO 15
274 RTHN

275+LBL 15
276 PROMPT
277 ARCL X
278 FS? 21
279 PRA
288 RTHN

281+LBL 13
282 FIX S
283 “LOCAL

284 PROMPT
285 HARCL X
286 FS? 21
227 PRA

288 RCL 12

289
z29a
291
292
293
294

HMS—
HR
ENTERT
n<@?
GTODO 12
GTO a7

29S5«LBL 12

1

8T~ 13
RDHN

24

+

SF a7

382¢LBL 97

3a3
3a4
385
386
zZa7
2as8
389
]
311
312
313
314
315
316
317
318
319
3ze
321
322
323
324
325
326
327

ENTER?T
24

s
RCL 15
+

32

P

STO @a
RDHN
RCL 23
RCL @@

*
RCL 32
+

+

RCL a2
+

z4

moD

STO B89
FC?C 87
RTHN

1
ST+ 15
END
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APPENDIX 1

PLANNING
OuUTPUT

KEQ “STP*

LAT -9.8318

LONG 147.1012
UTH ZOKE 55.
CONY=0.8136

TINE ZONE 18,6888
DAY 5.

APRX BRG RO 9.8888
RO SET 9.90880

LOCAL TIME 14.30008

STR NO 273.
RZ 293.2435
2D 51.2754 NW

STR NO 328.
AZ 187.8317
2D 54.4248 SH

STR HO 364.
AZ 172.4868
2D 51.5650 SE

STR NO 379.
AZ 167.4857
20 53.5323 SE

STR NO 441.
AZ 117.2458
25 48.3057 SE

The Journal of the A.S.P.N.C.,

FIELD
ouTPUT

LAT -9,6318

LONG 147.1812
UTH Z0KE 55.
CONYV=0.8135

TIKE ZONE 18.0868
DAY 5.

AFRX BRG RO 91,3888

XEQ R
RO SET B.8814
LOCAL TIME 14.28600

STR NO 375,
AZ 76.0244
2D 53.5944

RO SET 138.0628
LOCAL TINE 14.38688
STk HO 379.

RZ 256. 1917
2D 53.5323
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POCKET COMPUTERS FOR SURVEYING STUDENTS

By T.rM. Nacino, M.I.S. (Australiaj

The rapid growth and technological advance in the fiela of
personal computing prompted the Departiment of Surveying and Land
Studies at the Papua New Guinea Uanﬁrlsty of Technology to
introduce the use of pocket computers in practically all rouatine
calculations.

The pocket calculator was first intoduced in the early seventies
and this was guickly followed oy programmable calculators, desk
top computers and mnmicro-computers and pocket computers. This
rapld development in computer hardware made a considerable impact
in the computing field. Calculations associated with theoretical
and practical subjects, which formerly took hours to perforn,
took only a matter of minutes. Consequently, assignments and
class work which required labourious calculations were done more
quickly, allowing more to be spent understanding the theory.

It is anticipated that government departments reguirine
repetitive calculations will scon acquire a pocknt computer using

some form of BASIC lancuage. No doubt a few government
departments will continue using programmable calcultors during
the transition period. To allow for this need, first year

students at the University of Technology are being taught how to
write simple programs for the AP 337 and HP 11C.

The Department of Surveying and Land Studies has introduced the
use of the wallet-size compute PC 1251 (featuring extended Basic)
as early as in the second year of the Diploma course in Surveying
and Survey Draftlng. The advance features and capabilities of
the PC 1251 have been found sufficient for most routine
calculations required by students and members of staff.

One important feature that adds to the versatility of tne PC 1251
is the possibility of intecrating a printer/micro cassettee
recorder which facilitates guick printouts and simple progran
saving and loading. Duty free cost of the PC 1251 in 1983 was
under K70 and the integrated accessories under X90.

In my opinion, the PC 1251 or a similar unit, with the optional
integrated printer/microcassette recorder could provide wmost, if
not all, the booking and computing needs of a field surveyor.

A working program, together with a specimen computation, which
surveying students find extremely useful, is included in this
article. This program reduces sun observations for azimutn oy
the Altitude method. The algorithm used in calculating the sun’s
cocordinates was obtained from the article of Dr. G.¢. Bennet on
solar ephemeris. It is to be noted that the algorithm used is
primarily intended for the reduction of observaticns made up to
the end of this centurv.
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LT=(ZETHA= INT ((Tw(a

T OINT ((3+3)21200) /e

)+ INT (275%3/9)+(-4
9e336.5+0)/36525

32:7=353,475+35995, 330«

Tin=m=( INT (M/3602))

*362
TRIY=AII0T 18w T V=Y

T (4323004352
30132332-33713wT10=0-¢
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§31INPUT YHORZ CIRCLE T
0 SUN?"ID

S¢:J= DEG D

S3EINPUT “HORZ CIRCLE T
D} 09"E

J61S= DEG €

S7:3¢1)=0-E

98sIF BCIN® THEM LET B

BEIK=(B(LI+B(2) /2

BLIPRINT "WHEREZ IS 2ER0
?*: WALIT 128: INPUT
YZENITH 0OR MADIR 24N
?'ils

521 IF Ws=*2" THEN GOTO
-3

B3I IF WS='NY TREN GO7T0
2

5453:F K(2»: FOR J=t TOQ

B3I QPU‘ “VERTICAL CIRC
LE RDG.?"52

651Z= DEG Z

67:1F Z>98 THEN LET 2=3
68-2

E31X (=2

BYINERT J

TR Z=(X(1)+K(2)) 2

7186070 11t

T2:DIm X(2)

TS:F0R J=1 TO 2

E@"NPJT "YERTICAL CIRL

E RDG.?"3Z

85 2- DEG Z

99:IF Z{18@ THEN LET Z=
138-2

95:IF Z>180 THEN LET 2=

2188

$Z=(RCL)+R(2)0 /2

U7 YPRE ZO0RH
IGRT PrRDY
£85="H" T~-1 GaT0

7 Cs="P¥ THEN GOTQ
11d

1150 InPUT
£337%13
83iP=((288.15-9.891%812
*()/288,16,45, 2561

11TiP=P»1213,2: GOTQ 123

1182 INPUT *PRESSURE IN M
ILLIBARS2YIP

120: INPUT “TEMPERATURE C
ELSIUS?2"5U

129:R=P/1813, 25%273.2/(2
T5.2+U)*i6@, tx TAN Z
=-3,8T+= TAN 27( SIN Z
3023-3

138:7=R/3689

135:Z=2+R

145:Y=( SIN G- SIN A=
CGS Z)7( COS A% SIN
Z2

159:Y= A3 ¥

15517 Ns="AM* THEN GOTO
185

160:IF Ns="pPp*
Y=388-Y

YHEIGHT IN MET

THEM LET

185:IF Y<K THEM LET Y=38

gy

17@:y=Y-1y= I"S Y& WAIT

1T2:PRINT USING “#23Z,E2
IR3 " TRUE BEARING="
i

174:END
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YEAR?1976

MONTH?3

DAY?24

AM OR PM?AM

ZONE TIME OF OBS 0-2427.40
ZONE TIME OF OBS 0-24?77.42
LATITUDE +N-S?-5.3700

KORZ CIRCLE TO SUN?5.2740
HORZ CIRCLE TO RO?0

HORZ CIRCLE TO SUN?185.5740
HORZ CIRCLE TO R0?180.0010
WHERE IS ZERO?

ZENITH OR NADIR Z/N?3Z
VERTICAL CIRCLE RDG.?69.5230
VERTICAL CIRCLE RGD.?290.1300
PRESSURE OR HEIGHT P/H?H
HEIGHT IN METERS?200
TEMPERATURE CELSIUS?30Q

TRUE BEARING= 80.46566

Unit of True Bearing is in Degrees.Minutes and
Secaonds (D.MS)

MEMORY CONTENTS:

F right ascension

H Greenwich Hour Angle (GHA)

G declination

S semi diameter

Units of these 4 quantities are degrees and
decimals of a degree
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BATHYMETRIC ACCURACY IN
HEIGHTING AROUND

FREMANTLE AREA

By: JERRY SIPUMAN
DEPARTMENT OF SURVEYING AND LAND STUDIES
PNG UNIVERSITY OF TECHNOLOGY

LAE

1.0 INTRODUCTION

In the last decade or so, more concentration and emphasis has
been placed on the satellite information regarding the land and

its environment. Scientists here and abroad have shown a keen
interest on a wide range of applications attainable from the
satellite imagery sources. Such applications may include ‘the

geology, land use, agriculture, urban and regional planning ....
etc.

The purpose of this project is to examine another aspect of
application of satellite imagery upon water/sea; that is
Bathymetric mapping.

1.1 DEFINITION

Bathymetric maps in short can be summarized, quoting from Frank
Young (1982):

"as the topographic maps of a nation’s submerged lands."

small scale Bathymetric maps 1:250,000 series covering Australia
may not necessarily be useful for navigational purposes as
important navigational hazards may not appear on the maps, thus
overlapping the primary use of the Hydrographic chart.
Bathymetric maps are, solely, important additional aids to
scientific studies associated with marine environment.

1.2 EXPLORATORY STUDIES

Bathymetric mapping can be done by a variety of traditional
methods available depending upon its requirements (refer A.J.
Snow & A.J. Hornby). The new area of study in the experimental
stages include:

a) Aerial Photogoraphy;

b) Laser Depthing;
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c) Sonar Holography; and
d) Satellite Imagery.

The aim of this project is to examine and process the satellite
data for accuracy in shallow water mapping.

1.3 USERS OF BATHYMETRIC MAPS

Navigators may not be the sole users in the marine environment,
constantly requiring the need to use such a map. Many scientists
as (A.E. Collin, D. Monahan & A.J. Kerr) quote:

..."Physical oceanographers study water and physical
characteristics include temperature, density, currents ...

Geologists study the shape, structure, erosion,
transportation and ocean sediments .....

Biologists  concern is with distribution of movements of life
in the sea, study of various organisms at various depths ....

Fishermen acquire other scientific data to search for
free-swimming and bottom-dwelling creatures .....

Engineers build structures on the ocean floor for oil rigs,
pipelines, telephones ..... "

All are regular users.

Hence, indications of the demand of this map of varying scales
are at an increase; considering the implementation of survey by
traditional methods may not be economically favourable.
Satellite data for mapping can be acceptable according to Frank
Young (1982).

Saaate s concluded that the positional accuracy of LANDSAT
approaches that of a 1:250,000 map."

in addition:

... Dbelieves 1:250,000 mapping tolerances could be met if
horizontal distortion corrections were applied ...."

So the question of a method alternative to that of the
conventional means must be approached; satellite imagery is a
possibility if technical improvements can be achieved.

2.0 DEVELOPMENT IN W.A.

In Western Australia, Western Australian Petroleum Pty Ltd

requested Bathymetric mapping of the Monte Bello Islands Group
off the north-west coast of Australia for planning and execution
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of a seaborne seismic survey. This led to a combined exercise by
means of aerial photography and Landsat imagery. The result of
the Landsat accuracy reported by K. Lyons while the survey was
carried out by the CSIRO. Relevant developments in Australia
were by the Division of National Mapping (DNM 1976), D.K. Warne
(1978) and Fleming (1977).

2.1 ACCURACY

Evaluation of the experimental Bathymetric map produced by
Landsat data of the Monte Bello Islands by the CSIRO and "WAPET
map, K. Lyons (1976):-

"The order of accuracy of the depth produced from the satellite
data is 1 to 2 metres out to 10 metres without local calibration
of radiance."

From the Division of the Nationall Mapping, Canberra (DNM 1977)
collated from results of The Commonwealth Scientific and
Industrial Research Organization (CSIRO) and Department of
Engineering Physics within the Australian National University
(ANO) :

"Reports to date indicate that the depth of approximately 2
metres may be achieved down to a limit of 20 metres but these
claims have yet to be substantiated in routine mapping
operations.”

In the Photogrammetric Engineering and Remote Sensing article by
D.K. Warne (1978):

".... Other studies (Byrne and Honey 1977); Polcyn 1976) have
demonstrated that under favourable conditions, Landsat is able to
measure water depths of up to approximately 20 metres within 10%
(RMS) of the measured value. Penetration is reduced as water
clarity falls."

For the planimetric accuracy test the study by the DNM (1977)
concluded that unless horizontal corrections were applied to the
image, the accuracy was outside 1:250,000 mapping tolerance but
satisfactorily met 1:500,000 standards.

3.0 SATELLITE (LANDSAT)

The first series of the satellite was launched in 1972, the
purpose of these being the remote sensing of the earth land
resources. In June 1973 and February 1975 Landsat satellites 1
and 2 were launched covering over 80% of the surface of the earth
with repetitive coverage in many areas. The second (Landsat 2)
satellite launched in 1975. The acguired data from the MSS
revealed during investigation of channels 4, 5, 6 and 7 provided
good water penetration. This discovery opened up possibility of
producing Bathymetric maps from the satellite.
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The satellite orbits the earth at a norminal altitude of 913 km
and an orbital frequency of 14 per day. The imaging system used
by the satellite has been the four channel multispectral scanner
(MSS) .

Channe]l Wavelength Approx. colour
4 0.5 = 0.6 n green-yellow
5 0.6 - 0.7 ¢ red
6 0.7 - 0.8 infra-red
7 0.8 = 1.1 infra-red

The twenty four detectors, six per channel are calibrated at the
data processing facility to the digital counts; the channels 4,
5 and 6 range from 0 - 127 while channel 7 ranges from 0 - 63.
During calibration some interferences due to noise and stripping
may be present in data. These sources of errors need to be
removed or minimized.

For this project channel 4 and 5 (0.5 - 0.7) which has higher
penetration capability will be considered and analysed.

4.0 PROJECT LOCALITY

The area of investigation covered a large area of extending from
the Rottnest Island in the north to the Garden Island and
Cockburn Sound in the south. This area was chosen because of
other investigations had been done in the area around Fremantle
and secondly the availability of a recent 19.2.81 Hydrogrphic
chart of the approaches to Rottnest Island as the standard for
the accuracy determination.

5.0 PROCEDURES

The satellite data on the 17.12.81 tape was analysed on the
HP1000 computer at remote sensing centre, Department of
Electrical Engineering at WAIT. The Landsat program displayed
the precision processed colour image of the area to be
investigated.

Precision processing is a process whereby transformations are
applied on the Landsat images and the map control points
incorporate the least square adjustment for the best fit image.
The data from this tape has a positional accuracy of
approximately 20 metres as compared to approximately 200 metres
for one that has not been precision processed.

The false-colour composite of MSS 4, 5, 6 and 7 Landsat imageries
derived fom the Landsat computer compatible tapes (CCT) was
displayed on the TV monitor screen. Target areas for analyses
were specified to the computer through the electronic cursor
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display. The result of the digital classification for the four
bands was displayed on the TV screen.

The calibration of the satellite data was done by obtaining a
statistical result of the mean value in radian measure of about
one hundred observations. These observations were graphically
plotted and the best fit curve produced as the standard for this
working project. The only other correction, the tide correction
for the Fremantle area, had to be determined as a supplement to
the callibrated value (see Appendix VII).

6.0 ANALYSIS

From the Frequency Histogram (VIA), it can be clearly seen that
the measured values (satellite) were much higher than the
standard. This has resulted in the histogram lying on the
right-hand side of the graph indicating large differences in
reflectivity recordings as to Bathymetric.

However, the Freguency Histogram (VIB), (VIC) and (VID) generally
indicated a systematic trend in that the satellite data, smaller
in magnitude are shown to be on the right-hand side of the
Histogram. This may be the cause of some phenomena such as a
scale factor error; otherwise following situations may explain
the causes of these differences:
a) Scaling
- may not be very accurate on the VDU screen due to its
curvature
- critical in areas of bathymetric steep grade.
b) Samples
- of mixed proportion like water and land in the case of near
the shore sampling

- collected in areas known to be infested with seaweed which
could result in false recording

- in bathymetricallv steep grade

c) Graph
- the best fit curve for callibration may not be suitable

7.0 CONCLUSION
From the foregoing it can be concluded that:

(i) A shift to the left-hand side of the curve indicating a
constant relative phenomenon

(ii) Result achieved of less than 10% (RMS) indicated by other
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authors also valid in this finding.

Remote sensing by Landsat may not supersede the traditional
methods of Bathymetric mapping in the near future but it has
potential in areas of reconnaissance and small scale mapping.
But, being in the age of rapid technological era such a
breakthrough may not be so far away as one would imagine.
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APPENDIX (ITA) DATA FROM: BATHYMETRIC MAP, LANDSAT (METRE)

EQUIVALENT, TIDE QORRECTIQN, ERROR + OBS - TRUE

No, Bethy. Rad. " Tide Errac No. Dethy.  Rad. Tide e
Depth Depth Cor . (+.5) Depth Depth ‘f_?”’g, Error
1 1 5.6 6.1 +5.1 21 4.0 9.2 9.7 5.3
3 1.5 3.7 4.2 +2.7 22 4.0 10.8 11.3 +7.3
3 1.5 1.1 1.6 +0.1 23 4.0 5.6 6.1 +2.1
4 1.0 I | 1.6 40.6 24 4.0 5.2 5.7 +1.7
5 1.5 2.2 2.7 +1.2 25 5.0 6.1 6.6 +1.6
6 1.8 8.4 8.9 +7.1 26 5.0 8.4 8.9 +3.9
7 1.8 6.0 6.5 +4.7 27 5.0 13.0 13.5 +8.5
8 2.0 5.9 6.4 +4.4 28 5.0 24 28 <z
9 2.0 6.8 7.3 +5.3 29 5.0 7 G T, L
10 2.5 9.8 10.3 +7.8 30 5.5 4.4 4.9 0.6
11 2.0 4.4 4.9 +2.9 31 5.0 5.2 5.7 +0.7
12 2.0 5.6 6.1 +4.1 32 6.0 9.8 10.3 +4.3
13 2.0 i | 1.6 -0.4 33 6.0 8.9 9.4 +34 @&
14 2.0 4.4 4.9 +2.9 34 6.0 35 40 <20
15 2.0 1.6 Pl +0.1 35 6.0 3.7 4@ LB
16 2.5 8.8 9.3 +6.8 6 7.0 8.0 8.5 +1.54
17 3.0 4.4 4.9 +1.9 37 7.5 6.0 6.5 -1.0
18 3.0 6.4 6.9 +3.9 38 7.0 4.4 49 2.1
19 3.0 4.0 4.5 +1.5 39 7.0 5.0 5.5 -1.5
20 3.6 5.2 5.7 +2.1 40 7.0 5.4 5.9 -1.1
41 8 3.5 4.0 -4.0 51 10 5.6 6.1 -3.9
42 8 2.8 3.3 3.7 52 11 6.8 73 "33
43 8 3.8 4.3 3.7 53 11 6.8 7.3 3.
44 8 4.4 4.9 -3 54 11 8.4 8.9 -2.1
45 9 4.0 4.5 -4.5 55 12 5.4 5.9 6.1
46 9 6.8 7.3 1.5 56 12 8.2 8.7 -3.4
47 9 4.0 4.5 4.5 57 12 12.0  12.5 +0.5
48 9 7.4 7.9 =1 1 58 12 12.1 12.6 +0.6
49 10 6.8 3 2 59 12 11.6 12.1 40.1
50 10 6.8 7:3 S5 60 12 0.4 10.7 <1.3
.
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Rad

Tide

NO  pepth Depth G fily e Jes Depth Depth Car. EXOF
(+.5)
61 13 10.7 110 -1.8 71 16 11.0 11.5 -4.5
62 13 21 2.6 -10.4 72 16 9.0 9.5 -6.5
63 14 2.5 3.0 ~11.0 73 16 9.2 9.7 -6.3
64 14 10.7 112 2558 74 16 9.4 9.9 6.1
65 14 9.8 10.3 A5 75 17 22.6  23.1 +6.1
66 15 10.7 112 3.4 7% 17 5.2 5.7 -11.3
67 15 8.9 9.4 506 77 17 B4 BopAls
68 15 9.8 10.3 4.7 78 17 13.6 14.1 -2.9
69 15 13.6 14.1 0.9 79 18 20.4 20.9 +2.9
70 16 9.0 9.5 5.5 80 18 12.9 13.4 -4.6
81 18 13.1 13.6 4.4
82 18 22.6 23.1 +5.1
83 19 22.6 23.1 +4.1
84 19 12.9 13.4 5.6
85 19 13.1 13.6 5.4
86 20 13.4 13.9 6.1
87 20 13.1 13.6 6.4
88 20 10.8 11.3 8.7
89 20 14.8 15.3 4.7
%0 20 14.8 15.3 -4.7
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APPENDIX (III)
DATA GROUPINGS
-
Error Depth (0-5) (5-10) (10-15) (15-20)
-11.35 -9.34 2 2
-9.35 -7.35 i
-7.35 -5.35 2 8
-5.35 -3.35 6 6 5
-3.35 -1.35 2 8 4 3}
-1.35 +0.65 5 3 4
+0.35 +2 .65 7 1
+2. +4 .6 8 2 -
65 4.65 2 »
+4.65 +6.65 4 ¥
+6.65 +8.65 5 1
-
31 20 18 21
L3
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APPENDIX (IV) A

DATA FOR FREQUENCY HISTOGRAM

RELATIVE FREQUENCY DISTRIBUTION

(0-5)
Class Interval  Class Boundary %:f{s grﬁs I_ngq Relereq
S - e -G 239,35 =~ <9585 -10.35 = = =
GiF | = i3 9.35 - -7.35 -8.35 = = -
FA .~ 5.3 -7.35 - 5.3 6.35 - = 2
B - B 5.35 - -3.35 -4.35 " - -
= 7% RSO T -3.35 - -1.35 2% 2 0.06 6
1.3 - 406 -1.35 - +0.65 -0.35 5 0.16 16
+0.6 -  +2.6 +0.65 - +2.65 +1.65 7 0.23 23
2.6 - +4.6 +2.65 - +4.65 +3.65 8  0.26 26
+4.6 - +6.6 +4.65 - +6.65 +5.65 4 0.13 13
+6.6 - +8.6 +6.65 - +8.65 +7.65 5 0.16 16

31 1.00 100
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DATA FOR FREQUENCY HISTOGRAM
RELATIVE FREQUENCY DISTRIBUTICN

66

(5 - 10)
Class Class ‘Rel %
Class Interval Class Boundary Mk Freq Freg Rel Freg

-11.3 - 9.3 -11.35 -9.35 -10.35 - - -

9.3 - 7.3 -9.35 ~7.35 -8.35 - - -

-7.3 - 5.3 -7.35 -5.35 6,35 = = =
5.3 - 3.3 -5.35 -3.35 -4.35 6 0.30 30
-3.3 - 4.3 -3.35 -1.35 -2.35 8 0.40 40
-1.3 - +1.6 -1.35 +0.65 -0.35 3 0.15 15
+0.6 - +2.6 +0.65 +2.65 +1.65 14 0.05 5
+2.6 - +4.6 +2.65 +4.65 +3.65 2 -.10 10
+4.6 - +6.6 +4 .65 +6.65 +5.65 - - -
+6.6 - +8.6 +6.65 +8.65 +7.65 - - -
20 1.00 100
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DATA FOR FREQUENCY HISTOGRAM

REIATIVE FREQUENCY DISTRIBUTION

(10 - 15)
Class Class Rel %
Class Interval Class Boundary Mark Freq Rel
-11.3 - -9.3 -11.35 -9.35 -10.35 2 <1 11
-9.3 - =7.3 -9.35 ~7.35 -8.35 0 0 0
-7.3 - 5.3 -7.35 -5.35 -6.35 2 Pl § il
5.3 - =33 -5.35 -3.35 -4.35 6 .34 34
-3.3 = =13 -3.35 -1.35 -2.35 4 22 22
-1.3 - +0.6 -1.35 +0.65 -0.35 4 22 22
+0.6 - +2.6 +0.65 +2.65 +1.65
+2.6 -  +4.6 +2.65 +4.65 +3.65
+4.6 - +6.6 +4.65 +6.65 +5.65
+6.6 - +8.6 +6.65 +8.65 +7.65
18 1.00 100
The Journal of the A.S.P.N.G., March 1985.
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DATA FOR FREQUENCY HISTOGRAM ‘
RELATIVE FREQUENCY DISTRIBUTICN
-
(15 - 20)
Class Class Rel %
Class Interval Class Boundary Mark Freq Freq Rel Freq

-11.3 - 9.3 -11.35 -9.35 -10.35 2 .09 9
-9.3 - 7.3 -9.35 -7.35 -8.35 1 .05 5
-7.3 - 5.3 -7.35 -5.35 -6.35 8 .38 38
5.3 - 3.3 -5.35 -3.35 -4.35 5 .24 24
-3.3 - -1.3 -3.35 -1.35 -2.35 1 .05 5

-1.3 - +0.6 -1.35 +0.65 -0.35 0 0 0 -
+H.6 - 42.6 +0.65 +2.65 +1.65 0 0 0
+2.6 - +4.6 +2.65 +4 .65 +3.65 2 .09 9

@
+4.6 - +6.6 +4.65 +6.65 * #5.65 1 .05 5
+6.6 - +8.6 +6.65 +8.65 +7.65 1 .05 5
21 1.00 100

e
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APPENDIX (V)
RESULTS
DEPTH MEAN SID MSE PERCENTAGE
0-5 2195 2.86 0.52 10
5 -10 -1.82 2.47 0.57 6
10 - 15 -3.52 3.25 0.79 5
15 - 20 —4.18 4.83 1.1 6
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MATHEMATICS IN SURVEYING : A RECALL PAPER

By K.N.Toms, MBE, B Surv, B Econ, MUS (Qld), FIS Aust, FRICS and
S.H. Pearse, B Econ, MUS (Qld), FIS Aust.

INTRODUCTION

It is likely that the profession of surveying is about to enter
an age of continuing professional development. This will involve
practitioners in wupdating their professional knowledge through
such avenues as continuing education courses, workshops and
self-study.

Surveying technology is solidly based on mathematical and
scientific principles. For efficient practice of the profession,
surveyors at all levels need to be able to follow, generally at
least, new developments as they appear in the technical
literature or in short courses. To do this successfully the
practitioner needs an understanding of mathematics which, for
many, may rest on formal studies undertaken at a considerable
distance in the past. 1In short, many are likely to be "rusty"
and to be in need of updating their knowledge of calculus and
matrix algebra. This paper briefly recalls some basic concepts
and gives examples of their application to surveying. Hopefully
it will help to regenerate an interest in mathematics that will
be of use to practising surveyors and survey technicians.

SOME BASIC CONCEPTS

Differential calculus gives information about rates of change of
variables. When there is a known relationship between the
variables x and y it can be expressed in a formula such as:

= ax3+ bx? + cx + d

Differentiation merely tells us what change gy will occur in vy
that corresponds to a change sx %n x when these become infinitely
small. 1In other words the ratioif , becomes, in the limit, the
expression EE generally known as The differential coefficient.

Rules have been developed to compute %& and these are to be
found in any intermediate mathematics textbook. Applying these
to the formula

dy . 3ax2+2bx + c
dx

N

This can itself be differentiated giving: ~L = 6ax + 2b

[-S
x

All that one needs to be aware of is that when%%(or a similar
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i | g . e
partial ratio 3% ) occurs, the reader is merely obtaining
information about what change is occurring in y which corresponds
to a very small change in x.

Integration reverses this process. It starts with the rate of
change, and it works back to the function itself. Thus given

d
3% - Baxz + 2bx + ¢

the rules may be applied to obtain easily

¥ - ax3 + bxz + cx

However, this does not say anything at all about the last
constant d in the original function known as a "constant of
integration". The value of d can be determined by a limiting
case, for example, when x = 0 then d = y.

Integration can also be used to give information about the sum of
all values of a function y between different values of the

function x or whatever variable occurs in the format. Thus the
symbol
x =2
Y =
xfn 0 fx) dx

gives the sum of all values of y between x = 0 and x = 2 having
in mind the way in which x changes. Thus use if often made of
integration when the analyst wants to determine the area under
the curve, between certain values of x.

Take an example, let y = ax® + bx + c. The shape of this curve

is shown in Figure 1.
Y

-x 0
Figure 1.

Integration can tell us the sum of all values of y when x varies
from say, -3 to +1, as in Figure 2.
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-x =3 0 1 x
Figure 2.

The notation need not turn one off if one understands what is
happening.

Sometimes surveyors take observations of a quantity and are aware
that they are changing in unknown ways. One can also plot the
values and see how they cange (alternatively how they vary from
the average), as illustrated in Figure 3.

[Y
Regression Line
ooty = 247 + 0.06x
Average value of y o o _ __ L . N

|
: i

I Average value of x

1 ’ i 1 ! 1 1 1 M i

0 x

Figure 3.

Statisticians have developed ways of working out the formula that
best fits such observed values. An example is the "regression"
line Y = 2.47 + 0.06x shown in Figure 3.

All the preceding discussion has dealt with single values x, vy,
a, b etc. Sometimes we are interested in groups of numbers and
how they change in relation with each other - for example, in a
network of observations. These can be resolved as systems of
simultaneous equations which may be dealt with by the ordinary
rules of algebra. The techniques of matrix algebra however, make
the manipulation of these systems much easier.
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Many of the processes are identical but there are some
limitations to the ways in which groups of numbers can be
manipulated and this causes some confusion amongst those not
familiar with matrices. For example, although matrices can be
added, subtracted, multiplied by a scalar (ordinary number) and,
subject to certain conditions, multiplied by one another, a
matrix cannot be divided into another. But it can be inverted
(which involves some processing of the numbers in the matrix) and
then multiplied by another matrix.

In ordinary algebra x- my" in which y 1is inverted. So in
matrix notation we never show X.¥y-! to get around the problem of
division. The capital letters represent matrices in this paper.
Peculiar looking expressions such as AX = K or A.7a merely refer
to groups of numbers (usually the coefficients or constant terms
of simultaneous equations) that are being dealt with as units.
With a basic understanding of what is going on, the detailed
unravelling of the theoretical analysis contained in a technical
article or textbook can be followed more easily.

To assist practitioners in gaining a better understanding of the
application of calculus and matrix algebra to Surveying, some
examples follow in which the mathematical processes have been
explained in full detail. None of these 1is claimed to be
original but it is hoped that the explanations may inspire
practitioners to develop or re-develop an interest in mathematics
and its relationship to Surveying.

TO FIND A SUITABLE FORMULA FOR A VERTICAL CURVE TO JOIN TWO
INTERSECTING GRADIENTS

A sudden change of grade encountered at a gradient intersection
will cause discomfort to passengers and mechanical stress to a
vehicle. It is obvious that the intersection must be eased by a
vertical curve which, amongst other things, must ensure a
constant rate of change of gradient and be symmetric about the
intersection point. The purpose of this example is to illustrate
differential and integral calculus in action.

In Figure 4 let the two intersecting gradients (expressed as
percentage gradients) be g, and g,. For ease of analysis g, and

g, are positive or rising gradients.
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AC is a curve of horizontal length x = L springing from the first
tangent point A. The reduced level of A above datum is HA'

The basic requirement of the curve is that the rate of change of
gradient is constant. Since the gradient (or slope of the
tangent) at any point on the curve 1is given by the first
differential coefficient%i the rate of change of gradieng at that

peint is obviously the sedond differential coefficient % . To
satisfi the comfort requirement we require 8% _, dx
where k is a constant. o

The change of gradient between x = 0 and x = L is given bygs-g
=g the so-called "grade angle". Since the rate of change of
gradient is constant it will be given by 92~ 9% _ g .

o & -

We can now set up the second order differential equation

2
-k
dx

from which we find %& and then an expression for y.

Integrating,
4 2
Xow Y dxmfkdx kx4 m cee (1)
dx .
where m is another constant (the constant of integration). At

the corigin where A is the first tangent point
x =0 and & . m.
dx

Since %f is the slope of the tangent at x = 0, at that point m=g, .
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Substituting in (1) we have,

I :
dx R 9
= 2 awis
. =+ 9 (2)
Int i - dy ox ax?
ntegrating again, , s rEdxm [(FE4g) dxmFagxra oo (3)
where a is another constant of integration.
When x =0, y = a = HA = the reduced level of a and (3) becomes
i 2
y-HA+g1x+g{- (4)
which is a parabola of the general form
Yy = a+ bx + cxz
The question now arises, does the curve satisfy the reguirement
™ of symmetry about the intersection peint 8 (at x -%)?
From the two gradients q1 and g,
&
" L L
& He = M*913+97
‘ - 7 £ - &
Hato b+ 5-9,7
= L
HA+91 L“‘(GZ'Q‘)'{
= L
Mot Ll+ag ves (50
But from (4) above, we have for x = L
2
= L
fe Matot +%f
= Hatg L +-92—L- (i.e. Equation (5))
Whence the curve must pass through C. It remains only to show
that it is tangent to gradient 95 at e
Recalling (4)
2 .
y = “A*gax"fi and differentiating,
Q€ . g, + 2, which, because differentiation and integration are
dx { [N 4 < . .
At x = L reverse processes, has given Equation 2 again.
a
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e e 1L . reverse processes, has given Equation 2 again.

= g, *9 (but g = 9; - 9y the "grade' angle)
=9ty
= g9, the gradient of the tangent BC.

The above analysis shows guite conclusively that the parabola

2
gx
¥ Wy ey e

satisfies the stated conditions for suitability as a vertical
curve.

DERIVING SIMPSON'S RULE OF AREAS

All surveyors will be familiar with the application of Simpson’s
Rule to the determination of areas betwen a traverse line and a
non-right 1line bounday such as a creek bank. It is instructive
to apply the integral calculus to the derivation of Simpson's
Rule which states -

A= %—(yl +hyy 2yt by ot 2y by vy) ... (8)

n~-2

Consider three equidistant ordinates from the x axis as in Figure
5.

(0,y
(=L YI) 21 U"Yj)
=% -L 0 L +x
F'Egure 5.

Pass a parabola of the form axp

+ bx + c through the extemities
of the three ordinates.

The area (A) under this section of parabolic arc is given by
summing all values of y between x = -L and x = L.
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- It Is stated as:
Yoo g
e J_'L(ax + bx + ¢) dx
g ’
3 2 L
- - X b’ which, following the rules
[ 3 + 7 + ex :l - 9 €
3 3 2
al al bL b
= I: % T3 rg Z—L +cl + cL]
3
= -?.'-a_.ll + 2cL (7)

\\ 3
From the equation to the curve we also have

¥y = a? - bL + ¢
Yy = ¢ (where x = 0)
Y3 = aL2 +bL + ¢

From which, by subtraction, or addition we have

-
P
al™ - bL = ¥ =Y
2 blL = -
® al.2 + Y3 ¥
2al” = Y, + vy " ZYZ
Rearranging (7) by taking % outside a bracketed term:
A %(zaﬁ + 6c)
and substituting for 22 and 6c
L -
we have A = 3[“’1 +y, 2y,) + by, :l
= Ly vty --(8)
Now a creek bank or similar boundary will follow, in general, a
curve as shown in Figure 6.
L]
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7y
¥y :\7 n-1 n
a -— L - ) b X
Figure 6.

Each separate piece of the curve covering an x interval of 2L
(the unit for integration) is approximated by an arc of a
parabola. The area under each parabolic arc is then given by an
expression like Equation 9. The results are then summed to give

L
g j[yl M R N o Ry R ]

which is Simpson’s Rule as stated in Eguation 6 above. The
function requires an odd number of ordinates.

LEAST SQUARES ADJUSTMENT OF A SMALL NETWORK OF LEVELS

Figure 7 shows diagrammatically a network of levels joining bench
marks O, A, B and C. The objective of this exercise 1is to
determine the MOST PROBABLE VALUES of the differences in height
OA, OB and OC. These "MPV s" are the unknowns, three in number.

Figure 7.

All observed quantities are considered to be of equal weight. No
observed quantity is considered to be more precise than any
other. The first step is to allocate symbols to the three
unknown height differences as follows:

Unknown Helght Symbol
Difference ppeSm—

0-A 4
0-8 )
0o-¢C A
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These can be written in matrix notation as a column matrix
(column vector) of order 3x1, that 1is to say 3 rows "by" 1
column.

Matrix x =

Referring to the observed height differences shows in Figure 7,
we note that the reduced levels of A, B and C could be determined
(without checks) by simply applying the observed height
differences 0O-A, A-B and 0-C to the known RL of O. The
additional observed height differences C-A and B-C are redundant
measurements BUT PROVIDE A CHECK. The redundant observations
show that there are no blunders so that any of the five
observations can be used to determine the required height
differences X1+ X2 and x3 . But, by choosing different
combinations of 3 out of the 5 observations, slightly different
values for x,_ x, and xjare obtained. These inconsistencies arise
not because 'of any mistake or carelessness on the part of the
observer but due to the presence of small random errors which are
inherent in the measuring system. To be of any use the data must
be consistent so that the same result is obtained no matter
which combination of observations is used, and the values finally
chosen must be the best, or MOST PROBABLE VALUE. The procedure
of doing this will now be traced. It is known to surveyors as
"least sguares".

The first step is to form "observation equations" to link the
unknown guantities x;, x; and x; to the observed quantities. For
example, the MPV of the difference in height between A and C is
given by the algebraic sum x; and x;. Its observed value (from
the diagram) is 3.11. Again, the observed value of x; 1is 6.42
and the observation equation is x; - 6.42. From the diagram we
can write the five observation eguations, one for each
observation, as follows:

(1):-:' t (0) x, + (o) x3 = 6.42 -
(Mxy + (0)x, + (.|)x3 " 3.11
(@x + (0x +  ()x3 = 3.3 ‘ g )]

+

(-0x + ()%, (0)x3 =  2.66

*

% * (1%, (-)%; = 5.74
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The figures in brackets are the coefficients of the unknown
quantities.

The coefficients of this set of simultaneous eguations can be
written in matrix form as shown below. It is commonly given the
symbol A and is known as the "Coefficient Matrix".

1 0 0 It is of order
1 0 -1 5x3 (5 rows and
A =10 0 1 3 columns)
-1 1 Q
0 1 =1

Finally, we may write the observed values as a single column
matrix:

6.42
3.1
D o= 3.30
2.66
5.74

of order 5x1

Matrices of a single column, such as b, of a single row, are
frequently referred to as column or row vectors.

Recalling that

we can now write the observation equations in matrix notation as:

1 0 0 6.42

10 -1 “xl 3.1

Q 0 %y = 3.30
=1 1 0 xg 2.66 i B10)
0 I | 5.74

or more simply Ax = b.

This may be verified by multiplying matrix A by matrix X using
the normal rules of matrix multiplication, i.e. by multiplying

row elements by column elements and adding the resulting
multiplicands. This process will yield the observation equations
in their original form.

Now if we put into the Observation Equations (9) and (10) in
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their original form the MPV’'s of x,, x, and x; the resulting
computed values will differ slightly from the observed guantities
in the b column matrix. These differences are called the
"residuals" and are denoted as Vir V2, V3, vyand v

G
%y -6.42 = \r1

x] '13 =3:11 = Vz . (1)
1) Xy -3.30 = vy
=% +xy -2.66 = vy,
X3 Txy -5.7h =%

1 /0 0 '6""? i
0 -1 R.l - -3.1 " "2 (12)
o o0 1 %, -3.30 Y3 i
o 1 0 3‘3 '2.66 V‘.
01 - =574 Vs

AXx - b =v

Now that we have set up the five residual equations for the three
unrknowns *1:x23"d*3 we can go ahead and apply the principle of
least squares to obtain the most probable values of the unknowns.

In order to facilitate an understanding of this process it will
pay us to apply classical least squares theory to the generalised
case of m residual eqguations in the three unknowns Xps %y and xg.
These equations take the form of:

+ -y
ay %y + by Xy +ey X3ty 1

. (13

ag %, + by Xy c Xy + ko W
We can write the ith equation in this general set as:
= e LY
aixl+bix2+c|x3+kl i .

The principle of least sguares requires that the sum of the
squares of the residuals shall be a minimum, i.e.:

2 2 2= ,Evz
Srmig ok Vot e Ny i=1 1
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m "
w oy lagxy #iby g Hiepag ¥ k) ven. S1S)

= minimum

Now we know from calculus that a variable has a minimum value
when the first differential coefficient is equal to zero. For
example the simple function y.-,2., 1is minimised

when

&

dx 2k~ 1 =0
i.e. when X = 4
1f y 1is a function of two variables such as y=xt+ul we have

two "partial" differential coefficients _iand %E-

51 15 obtained by treating u as a constant and differentiating to
get —1 - 2,

Similarly, 2 = 2u

For e & 42 to be minimised we have the necessary conditions

%’iaz;{io

%1-2;1-0

u
Restating Equation (15)

m
2.2
S = E_l(aI *, +2a;x,byx, # 2a;x,C.%g + Zblxzcrx3 + 23, k;x,

22)

+ b kxy * 2c]kix3 +b zxz *exg (17)
Differentiating partially we get:
m 2
gs ;‘(Zai :t.|+2a|i bI xzﬁia! < ::3'!-2ai kI) = 0
) i
3 g(Zabx+2b2x+2bcx+2b k) =0 (18)
Ty i i ™ iR i 73 1N
as T

2
5-3 I_1(2a € Xy *+2b; cl X el Xy + Zci k‘) = 0

Cancelling th 2°s and carrying out the summations we have:

B oo T et rem '
i 2 x3|za°+z“l "
s _ " ~m 3 =
3:} %1 IEI a; by + %, f . b‘ * %y IZ bl ¢, * zbi k' i gy ... (19)
& 2
38 L m
T a,c.+x, Lb + 2 3
B MR sy L AT Tk -0
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Equations (19) are the so-called "normal equations" of least
squares theory. Their solution yields the most probable values
of x1-¥2andxy They are easily formed from the observation
equations Dby carrying out the squares and cross multiplications
of coefficients and appropriate summation. The normal equations
derived from the Observation Equations (9) and Residual Equations
(11) are:

Ixg ¢ oxy - x5 = 6.87 = 0 . (20)
B T T T 8.ho = o0
X - M kg + 555 = 0

The normal equations may be solved by algebraic substitution
methods one of which is given below:

Constant
x| % x3 Term
(1) 5 3 -1 -1 - 6.87
(2) =1 2 -1 - 8.4
(30 =1 -1 3 5.55
(2 =1 2 -1 - 8.400
(W - 3333 - .3333 -2.290 (1) x .3333
(1) o 1.6667 -1.3333 -10.690 (2) + (b)
(30 -1 -1 3 5.55
(5) 1 = 3333 - .3333 - 2.290 (1) x .3333
(6) o -1.3333 2.6667 3.260 (5) + (3)
(n 0 1.3333 =1.0667 - 8.552 (rr) x 0.800 -..
(rzzx) o 0 1.6000 - 5.292 (6) + (7)

whence X3 = 3.308 = 0 and x3 = 3.308

Back substitution yields the values of x; and x,. The MPV's of
the three unknowns are:-

X - 6.412

%, = 9.060

%3 = 3.308

An alternative solution is available by the use of matrix
notation.

Those of you who have "twigged" that matrix multiplication
involves the summation of the products of corresponding elements
in a row and in a column will probably realise that the
coefficients of the Normal Equations (19) can be obtained by
premultiplying the matrix of coefficients in the Observation
Equations (13) by its transpose. The procedure is demonstrated
below.
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( a b, < 7
, i
2 ) )
ay b <
an b, c J
a a P | oo B a & ab o a
1 2 I b €
i n B BB 5 esy ]
b b e b . b to give: Mb.a mhz b
1 L L <
2 i m i=1 Ut 51 i i!':tl i
m m m_2
c < . . c I €. c.b, c
1 2 i m | =1 13 | iE-I (ot IEI i

1 o o o7 -6.42 T
1 0 0 -3 xy =3.11 vy ’
:‘ o 0o 1 Xy -] -3.30 - vs

1 1 0 % -2.66 vy
o 1 -1 =1 -5.74 Vg

or AXx - b =v

: § " B
Consider now the product aTa where A is the transpose of A, i.e.
a column of A becomes a row of ,7  We get from Equation 12:

’ 1 1 0 =1 0 1 0 0

ATa = 0 0 0 1 X 1 0 -1
o -1 1 0 A e

-1 1 0

0o 1 -
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These are conformable (the number of columns in AT equals_ the
number of rows 1in A) hence they can be multiplied and A'A is
effectively the "sguare of matrix A". The arithmetic of the
multiplication is given below.

1x 11 140x0+ (= 1) x(=1)+0x0  1x0+1x0+0x0+(=1) x140x1  1x0+1x(=1)+0x1+{=1) x0+0x(-1)
Ala= 0x140x1+0x0+ (1) x(=1)+1x0  0x0+0x0+ 0x0+1x+1x1 0x0+0x(=1) +0x1+1x0+1x~1
0x1+(=1) x1+1x0+0x (1) +1x0  0x0+(=1) %0+ 1x0+0x 1+{~1)x1 OxOH=1) (= 1) +1x1+0x0+ (= 1) x(~1

3 = =1
- =i 2 =
-1 -1 3

which 1is the N (or coefficient) matrix of the normal Equations
19

Now multiplying Iy by the column vector b we have

R T = TR -6.42

. 0 0 0o 1 1 % -3.11
Al = 0 =1 1 i A -3.30
-2.66

-5.74

-6.42+(-3.11)+0+(=1) x(-2.66)+0
= 0+0+0+1x(2.66)+1x(5.74)
o+ (= 1) x(-3.11)+1x(-3.30)+0+(-1) x (-5. 74)
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-6.87
= | -8.40
5.55

which is the b matrix of the Normal Equations (20) which can be

written in matrix form as Nx - k = 0. From the preceding
argument Nx = ATA and k = AT, It follows then as we can write
the normal equations directly in matrix form as:
ATax - ATb = 0 Compare this with Eguations (19)
ATax = ATo

and x = (ATA}-‘ATb

where (ATA)”! is the inverse of A'A

By the rules of matrix inversion we can find that:
5 %, 3

[T
4

We can now solve the normal eguations to determine the values of
the components of the column vector x.

x = (ATa)"TaTy .

b 37 -6.87
= /84 8§ 4 «» -8.40
3 4 s 5.55_1
which yields X = l's.m -
9.060
3.308 )
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= 6.412

*1

2 = 9.060
'

*3 = 3,308

The arithmetic of the inversion of matrix(A'A)is not shown.
Hopefully the reader will seek the precedure from a text and
carry out the inversion himself.

CONCLUSION

It can be seen from the examples above, that the application of
calculus and matrix algebra to Surveying problem solving is at
once elegant and interesting.

It is recommended to practitioners whose mathematics are rusty
that they should purchase and indulge in some self-study of an
intermediate mathematics textbook such s T.omas and Finney
Calcules and Analytic Geometry, published in paperback by Addiscn
and Wesl=y. This could be a good investment.
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SOFT SCIENCES AND HARD REALITIES IN LAND MANAGEMENT
IN PAPUA NEW GUINEA
by

Ron Crocoibe
Institute of Pacific Studies
University of the sSouth Paciric
FIJI

When your Association generously invited me to give the keynote
address I pointed out that I wouldn't know which end of
theodolite to 1look into. In fact about 25 vears ajo Diana
Howlett taucht me the rudiments of chain and compass fapoing  in
relation to some land tenure studies we were then iaveolved in,
and I 've never cot past that stage, but an invitation to return
to Papua New Guinea is too hard for me to decline. It remains
one of the world’s most interestine countries and one with
tremendous potentia:. So when Mick Larmer oi.tec out that you
already know which end of a theodolite +o look at, I readily
succumbed.

We have a very valuable set of papers before us which I read with
great interest and I hope you have too, because the last thing we

want to hear is people reading what we should read for ourselves.
We are mainiy here to discuss options.

The people present embody a wealth of experience, and we hope
that you will all participate, for =vervone has something cf
value to contribute. And we hope that everyone, througaout tnis
meeting, will focus on what can Dbe deone that 1s usetful,
achievable and realistic for Papua New Guinza. I have no doubt
that, if your recormmendations are positivze and constructive, they
will be civen full consideraticn oy the public, and by tae
National and Provincial Governments.

Anywhere in the world, human develooment 1g a continuing >rocess.
Here in particular the surveving profession has an inportant
contribution to make to it. I am sure you will work hard on that
contribution this week.

From the wealth of material covered by our agenda this week, 1
will focus on five topics for discussion:

FPIRST: On the registration of custowmary land: Acuiszvenents and
potentials, both positive and nejative, nere and in
comparable situations that have relevance for what might
be done herao.

SECOND: About the land tenure syst=ms that existed in this
country in the past, about the customary systeins today
(which have probably changad more than we realise), and
about likely systems tomorrow - and the day after.
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THIRD: The reiated topic of custom and law.

FOURTH: About the land rights of women, so we can be aware if
coming changes, and

FIFTH: Apout training for surveying and related tasks, making
sure wve focus on the neds of this country at this time.

1. REGISTRATION

Tonga is the only country in the Pacific which never became a
colony. It uadertook mcre radical land reform than any colonial
power has ever done in the Pacific. Tonga was also the first
country in the Pacific to survey and register all its land. It
alse achieved for a long +ime, the highest productivity per
person and por unit of land in the Pacific. Now over a hundred
vears after the major reform was introduced, they have a Royal
Coimission looking into further improvements. I mention the
Tonwa case because colonial powers nave seldom been able to do as
much about equisping their public with relevant systems of tenure
and registration as independent ones.

Andrew Lakau's excellent naner really contains enough by itself
for us to concentrate on for the whole week. His main focus is
appropriately on registration, hut ne is also concerned with the
cuite different topic of tenure. Tim Davay’s equally important
paper places the emphasis on Tenure.

I will make only three comments before leaving the topic of
reagistration for your deliberations. First, we must not assume
that there is such a thing as a "true" owner. Interests in land
in all customary systems are evervwhere muitinle, conditional on
a wvariety of other factors, and adaptable. That flexibility is
their greatest advantage. Determining who will have what
registered rights calls for wisdom, judgement and understanding -
not for science. The Prime sinister of Fiji was probably rignt
when ne denied everybody accezss to the information on wnich the
Fiji wLands Commission made its decisions, for as he said, all
customary claims are likely to be challenged and a cooling off
period 1is necessary after the decisions are made. He is talking

in terms of two generations.

Second, Papua New Guinea, once among the st egalitarian
societies in he world, is rapidly becominc nichiy stratified.
Neither customarv tenure nor registraticn will stop that ovrocess,
but either could modify it if appropriate legislation was
efficiently adninistered.

Third, people debate endlessly about whether to rejister groups
or individuals. The short answer is not either/or, but hoth.
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Small isolated societies wita subsistence econowies and without
centralised government, anywhere in the world, were wusualiv
orzanised into ¢roups on the basis of closeness of Dblood
relationship, seniority of descent, fragmentation iato sub-clans,
clans, lineages, tribes etc., on various related princinles.
Land richts were recognised at each of these levels, and land
rights of individuals were of course recognized - you can only
sleep at one place at a time and seldom does more than one ian
plant in the same garden at aany one time.

In those Pacific societies where land was first reaistered by
groups, some form of occupation rigint, lease or licanse to
individuals soon becomes necessary. And in those wihilca
registered by individuals, larger group rights often later
emerve. The realities of today necessitate a range of levels of
rights being recognized, from those of mnational ana lo=al
governments, through those ¢f clans, coanunities and other
corporate qroups, to those of the component individuals. 2ut
registration is oniy merited wnere <disoutes are nuercus.
Computers can help store intormaticn, but the i rask is to
accumulate to the basic zata.

2. TENURE

All of us, Europeans at least as much as Melanesians, suffer from
cultural lag. We are all conditioned more LYy past experiences
than present realities. We find security in established patterns
and fear the unknown. But in times of change the feeling of
security in past models can lead to disaster as we move into a
new world, which 1is incidentally as unknown to Auericans or
Australians or Japanese or Russians as 1t is to Papua New
Guineans.

We are all feeling our wayv and Papua New Guineans are likely to
adapt better than Duroneans, for if we look at the aistory of
empires, the dying empires fossilise, and tne growti and
adaptation takes place outsia= *“hem.

How far should a government of Papua New Guinea (which is based
on democratic parliamentary electicns more thaan on Melanesian
principles) and administered on orincinles of bureaucratic
management (which are guite different from traditional
principles) and with a conscious policy of develowping the
monetarised economy (which is vastly different from a traditional
econonmy) and encouraging use of the nost modern technelocy in the
world, and a complex system of formal education, racommend that
their people should adhere to traditional principles in relation
to land tenure?

The opposite tendency applies to some extent in the case of
certain aspects of douestic life, some foriis of <dancae andg
creative expression, some aspects orf language. Wita land aore
than witn wmost otner aspects of life, people are confused about
which way to turn in looking for models. Thiz is to be expected.
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With communications it’s easy - tne transistor radio, the video
set, the Honda, Air Niugini and %Talair are everybody’s choice

over the drum, ths foot and the canoe.

But with 13, sorme veopls insist on ancient models. There are
serious limits to the extent that the old models anply, Dbecause
they depenued on clan and :triosal governments, not sroviacial ang
central governments: on total subsistence rather than a money
aconomy : on most people living their whole lives in one small
locality ratier than the hich mebility that is apparent today;
and wnole range of other raccors winich nave so changed the
context that traditional precodents can onlv be applied to a
lisited deoree.

People often deceive themselves, nct only in Papua Hew Guinea but
antwhere in the world, as all parties try to vet the nest deal
for themselves out of a rapidly changing situation. what
constitutes custom gets distorted and reinterpreted to accord
with the interests of the person or persons maiting the claim.

Some people consider that the wroble.s will be overcome if the
custom is docuseénted and ceodificd and civen the power of law.
Thiz coal can never pe achieved, because once custom is codified
it is no longer the sam2 custon and a great deal of the
C[lexibility is gone fron it. Ana once an independent Jjudicial
body is set up to apply "custom" it can only be a distortion of
the former custom, which was that it was applied bv members of
the society very viagorously pushing their own self-interest. The
al arbitrator in custom was physical vower, wnich today is
discourated as much as possible.

In a rapidly changing eituation like that in this country +today,
there 1is very good reason to make accurate studiss of the
2xisting tenure svstem in particular nlaces, but trying to make
evervbody keer te tne system that applied at any one point of
tim® can only create more problems tnan it solves. To study and
uncerstand customary tenure is essential. But to fossilise thenm
is disastrous.

Some recommend a return to the ‘"itraditional" system -~ in the
sense of the system that operated before national goverament,
before the introduction of steel tools ané complex technology,
befere tihe introduction of international markets for the supgply
of goods and the sale of iocal products, and oefore ravid
mobility and fast poguniation increase. That option is out - at
least as a total ontion.

Both impossinle To apply, and tocally unacceptable to the eogie
of tne country today if it was applied. Burt sclectad traditional
orinciples will aevertheless remain important. The principle of
"evolution from a custoamary base" sxpounded py the cummittes of
enquiry on land matter in 1974, remains imoortant.
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A second approach is te adopt a foreion uedel in tot-=1, whecher
from Australia, Japan, China, Fiji, Russia, WUSA, 1Israsl or
elsewhere. Likewise, no other sgystent would be publicly

s from various systens nay be
very usefui.

Another option 1is to leave the situation to deteriorate. The
comment one sometimes nears, to the eifect that the systew has
worked for thousands of years, so why not leave it a bit lonuer,
is simply not true. “The system that workeu for thousands of
years 1is no longer workinc as it woriked for those thousanas of
vears, and the context within which it operates is totally
different.

It leaves us with a fourtn option: to gst down to some hard work
to sort out which traditional precedents are still reasiple and
acceptable, which foreign precedents micht be useful whersver
they come from, and which new adaptationc micht be wmade here in
Papua HNew Guinea to suit tha unigue 1local <onditions of
particualr land tenures.

0f course the final decisions in *hese matters rest with the
political leaders, but political leaders anywhere - especially in
a democracy - respond to informed public opinion and workable
ideas. The surveying profession has a maior contribution to make
in this and should not be afraid tc wmake it. RBut in the
long-term interests of the nation, not in the short-term of
survevors.

Some tenure changes are perceptinle in a wide range of soclieties.

For example, in most Pacific Isalnd societies, older relatives
had superier rights to the juniors in matters of land allocation,
but there has been a perceptible shift in this across .uch of the
Pacific (and beyond) as seniority of descent becomes a less
important critericn of thes allocation of rights and privileges.

And there are chanaging patterns orf acquisition. In pure
subsistence societies a great majoritv of people accuired access
to their land rights primarily through a few dominant principles
such as that of inheriting frow the fatner’s relatives in
patrilineal societies, inheriting mainly in one particular
locality and son on. High mobiiity, occupationali specialization
and differential access to factors of production are leading to
significant changes in this.

People marry nuch more widely than rtuey usad to, people move much
more, and the actual processes of acguisition change. Last weelk
I was in Malaita in Solomon Islands with a Malaita man who was
just coming back by Solair from another marketing trip to
Bougainville, selling "Traditional" shell necklaces. He did zhe
trip reqularly and said the necklaces were boucht by neovle from
various parts of Papua Wew Guinea for two nurposes: to accuire
wives and to acquire land. '
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Taking work as a micrant labourer, to dig copper, toc use the
wages to buy Solowmon Islands beads flown in by jet-prop, in ordar
to buy land is custom in a sense, but a very different sense from
tnat of the anciznt custon.

3. CUSTOM AKD LAW:

Custom is always in process of chanye, and codifying custom
fossilises it and, particularly in countries where custonary
patterns are many, generally creates more problems than it
solves.

But to some eaxtent custom gets codified when literacy is
introduced. Codification simply means turning a series of
custoimary practices and princinles which are conveyed orally,
into written rules nade more or less binding on independent
courts. For ood or ill, Pacific countries, like all countries
of the world, are increasingly handliny; land natters in terms of
formal law. That 1is inevitably associated with a usually slow
process of makine the diverse practices in various narts of the
country less diverse and moving towards more uniform nationally
recognized patterns. This is not because it is necessarily good,
or the best way of doing it: it is because it is an inevitable
by-product of national government and centralized bureaucracy.

But we should not be too intimidated by law. Much of it doesn’t
worx anyway, and much of it that does work, works in a very
different way from what was intended. To take a few exawples
Tiji law has provided, for about 80 years, for persons leaving
their home comiunities for a period of 2 years or wmore, to be
deprived of their rights to the land in those communities.

In a country of a quarter of a million Fijians, over a period of
80 vears, the law has never been agplied once. I think it is
still the law. In French Polynesia, the colcnial government
irovidad that the only adoptions that would have any effect in
relation to land riyhts were tinose .ade in  accordance with the
law and confirmed by the courts. sut arter approximately 100
vears of application of this law (and it still applies), the
actual rights of adopted rural Tahitians have more to do with
Tahitian custom than with law. The Cook Islands government in
1975 introduced a law to orovide for short term leasing which it
wag confident would overcome the orobiens associate¢ with the
very frequent "customary" pattern of borrowing and tenporarv use
of land. 3But the legislation has hardly ever been used, despite
the continuing problem. One couid go on very extensively citing
cases of land legislation which simply have not worked.

Unz can also cite many cases of legislation which has had a very
different effect from that which vas intended. As Tim Davey’'s
paper points out, Mijian land is controlled today by legislation
which was broucht 1in by the colonial g¢overnment gseveral

d=

cgenerations aco as a tenporary ex—~edient. It was not 1in any

!
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realistic sense based on Fijian custom, but Ilike so many
temporary expedients, it has now gone on for so long that [ijians
assume it was their custom anGg are resistant to changing it. The
Tongan law that provides for nobles to be consulted Dopefore
government allocates land in their area, and allows for lana to
be allocated to commoners informally for a period to ensure that

they are really going to work the lana, has not had that
desirable effect, but rather provided an avenue for exploitation
of commoners by unscrupulous nobles. And Vanuatu has found it

necassary to change quite recent lawv rapidly because of
unintended effects.

Tim Davey s paper refers to the need for lawyers who are not only
specialists in Land law, but have close and continuing working
experience with various aspects of Land Management so that th
laws they draft can achieve the goals they intended. Your
association might consider having its next annual rieetin¢ jointly
with lawyers concerned with land, valuers, planners,
administrators and peoliticians. That could achieve a great deal
for all parties.

In the same way that it is necessary for lawyers, planners and
administrators to learn more about, and to get more closely
involved, the work of surveyors and otner land managers - so it
is important for surveyors to get a fuller appreciation cof the
law and the government, of what can and cannot be done, and not
to be afraid to press for appropriate evolution of the legal an
administrative system.

4. THE RIGHTS OF WOMEN

The land rights of women in all Pacific 1Island lana tenure
systems were minimal. That situation is likely to chanje faster
than we think. 1In Tahiti and the Cook Islands, tne rights of
women used to be as minimal as they are in most of Papua iNew
Guinea today, but today in these places, the rights are equai to
those of men and, witnh all the land registered, women are
landowners to the same extent as aen. Recent studies iu the Cooxk
Islands have shown that in the las generation a reversal of
roles has taken place. Whereas a yeneration avo land natters
were almost entirely handled by men, todav they are hanaled by
women in more than half the cases. One reason is that the lanz
is registered and land matters require studies of records,
attendance at hearings and so on.

With men beinc more frequently away at work, more andé more of
this has been left to women. Moreover, whereas & generation aco
it would be rare to see a woman speak at a meetiny involving land
matters, today 1in Rarotonga women participate more than men in
such meetings. There sesem to be two reascns: one is that women
seem to be more concerned than men to ensure that they get land
for their children (now that they have the sanie rights as men ia
land) and the second 1is that many men now prefer teo leave the
debates to the women because land issues are sensitive and likely
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to provecke aggression, wnich seems to he considerably less when
the matters are handied by wowen.

The main point I°d like to brin¢ out is that when I first went to
the Ccok Islands, pnoth male and female would have thought it
inconceivable that women could become as important in land
matters as nen, land still heinyg recarced as a "male" ureserve.
But within a generation more effectively women s land rights have
likewise increased markedly in Kiribati, Niue and even Samoa in
the last generation. I realise that most peogle in Papua HNew
Guinea will be of the view, as were most Cook Islanders, that "it
can never happen here". Get ready, it’s coing to.

S TRAIMING SURVEYORS FOR WHAT SURVEYORS WILL BE DOING:

Survevins, at least the older conventional form of surveying, was
based verv :uch on hard science assunptions. The key aims were
for pracision measurement, readily identifiable and easily
reconstructable.

Nobodv doubts the continuing importance of accurate records, but
technologyical advances have made many of these Ifunctions much
easiar.

As [ see it, the so-called "hard" sciences are ratner soft - or
at least easy, purely because they are crecise, measureable,
absolute. I would like to add indisputable, but with land even
thae most indisputable facts get aisputed! The important things
in real life are never precise or measurable or absolute. The
more important the issue, the more it is likely to depend on the
"soft" sciences: on understanding psychological, cultural,
social, economic and political systems and processes - which are
in reality much "harder" to deal with. It is in these so-called
"soft" areas that all the critical arise and the crunch decisions
have to he made: issues rzlacing to cultural values, to
apparently "illeogical" reactions, struggies for power and
property and wnrestige. Some of these occur in rural villages,
but there is just as much tribal rivalry between government

departments (whether in Waigani or Canberra or Tokyo or
Washington) as in any village, and zven more between political
parties. Cultural systems and political processes are vital

determinants of the way any systean of land tenure and use
actually works, and learning their dvnamics is as important as
measuring and marking the land.

Ken Toms  most interesting paner shows that partly because
gstudents come in with less mathematical and scientific background
the cannot take the elective subjects which allow some
broadening in other countries. And I 'a 1like to highlight his
sentence that emphasises +the importance of keeping up witn
technical and social change.

The technical change is likely to be kept up with better than the
social. 1It’s social change that you will perhaps need to give
higher opriority in the future. As Ken Toiis s paper points out,
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learning is today 2 life-long process - ai  exciting worthwhile
and fulfilling process if we do it well.

In a country like Papua New Guinea, where land development is so
vital to the achievement of the country’'s goals, surveyors have
much more to contribute than their counterparts in couantries
where most of the income is aenerated by Commerce and Industry in
urbhan areas. To carry out your role most effectively you need
not only the high quality technical training that you have nad,
but the widest possible expansion of your horizons to better
understand and deal with +the cultural, social, economic anc
political context within which you work. That necessitates first
being aware of its importance, and second, waking a conscious
effort to understand it better. Short courses in particular of
Management, Psychology, Anthronoloc¢y, Accounts or Econoimics will
be as important as advanced courses in Surveying. If we each
resolve to read a little more widelv in fields wnich impinge on
our own specialization, to listen more carefully to those in
fields which relate to our own, to attend Courses in fields
outside our own, to think through realistic improvements and to
put serious effort into seeinc if some reasonable part of those
improvements can actually be broucght about, then Surveyors will
make an even yreater contributiocn to the development of this
nation. .

And while there is a strong case for more training for some,
there may also be a casa for less training for others. when
Tonga decided in the 1950°s to survey every plot of land in the
nation, it hired a professicnal surveyor (the former Surveyor
General of Malaysia) to do the job, using a team of Tongans with
no surveying background, whom he trained in three to six wonths
to do the great bulk of the surveying. He taught them only what
they needed to know to do that job, under minimal professional
supervision, in the minimum time, with appropriate levels of
accuracy. There were only two or three professional survevors on’
the job at any one time, and the whole nation was surveyed in
about four years at a total cost of about K50,000. I realise
that Tonga is small (about 105,000 people today), that tne
terrain is easy, and that the pattern of land holding was simple.

But nevertheless, in those same conditions, a conventional
approach to surveying would have cost vastly more. Likewise in
PNG vou have no doubt given careful thought to the minimum
requirements, in both training and technicues, needed to record
the boundaries of customary land where this is desired.
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CONCLIUSION:

When land development gets held up by personal jealousies or
departmental rivalries or posturing by political parties, we
sometimes wish we were in a benevolent dictatorship, wnere wisdom
would come from the top and all would do as they were told. 3But
dictatorshins never are benevolent, at least never for long. And
they are never eificient for long - and wusually hnopelessly
inefficient, 1involving waste anéd coercion on a massive scale.
And there is seldom much in the way of wisdom at the top of
dictatorshins anvwav.

If we look at some oi the real alternatives around the werld, the
people of selunesia have much to be grateful for in the working
democracies that run their countries. Of course we are all aware
of the defects, serious defects in many cases, and we should do
anything within our power to minimise the defects. But we should
also be aware of +the benefits of the present systems of
relativelyv open, elected goveraments.

And while we regret wnhat has not been achieved, we should also
remember the tremendous aiount tonat has. I first lived in this
country more tnan twenty years ago, and every time I come back I

am amazed at the developments - ost of them positive. The
government set up the Commission of Inquiry on land matters and
adopted a broad policy. The next stage 1is implementation.

Immediately after independence land does not get top priority.
That 1is natural, but now that the national government is well
¢stablished, any body of clear workable proposals from your
grganization i1is likely to receive serious consideration. I
congratulate the Papua New Guinea Association of Surveyors for
facing +this complex problem, and recommend vou to set up a
working committee to help evolve a rolling programme of action to
facilitate the procressive use of the land as the basis for the
Cevelopment of this wonderful country.
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SOME NOTES ON THE STATE OF THE ART AND CURRENT TRENDS

P. DONE

MA MSc CEng FI huc & ARIC3 MI5 (aust)

Abstract

The author has attempted a review of some aspects of the current
‘state of play” in land and hyvdrographic surveving, and wishes to
emphasise its personal, subiective nature. However, a fairly
comprehensive bibliography is given, so that any individual can
draw his own conclusions.

1. Geodetic surveying is the term used to describe any form of
surveying which involves work either to a high order (euv. first
order levelling with change-over points of the order of tens of
metres apart) or which incorporates comparatively lonyg distances
between control peints, thus necessitating computations which
account for the curvature of the earth (sg. planimetric surveys
with leg lengths of tens of kilouetres) - or both. The natural
reference surface for neichts (the Z coordinate), is the geoid,
or mean sea level, whereas that for planimetry (X, Y) 1is the
theoretical ellipsoid. If the two, historically separate,
systems are subseguentlvy to be combined, then a knowleage of the
geoid - ellipsoid separation (N) over the area concerned shnould
be well known. This is not generally the case.

2. The advent of satellite surveying has led to a new
vosition-fixing strateqy. Three dimensional (X, ¥, Zor , , h)
coordinates are determined directly with accuracy and
convenience, without the need for line-of-sight between control
stations. The best technicue in terms of accuracy, logistic
feasibility and for the provision of a solution in real time from
the TRANSIT Doppler system would apnear to be that of
translocation, which has proved very successful in Papua New
Guinea and elsewhere. This is a relative positioning technigue
whereby (ideally the same) satellite passes are observed fron
poth a station of known coordinates and £from a station to be
fixed. Provided that the satellite orbits do not pass between
the two stations, fixing errors such as those due to an imperfect
knowledge of the ceonotential model, which lead to errors in the
broadcast ephameris are subztantially common to bhotn, and the
relative interstaticn vecter is comparatively unaffected.

The Journai of the A.5.P.MN.G., March 1985.




103

3. At present it is probably true to say that there now obtains
a period of world-wide transition between use of the classical
geodetic methods, giving results on Gifferent reference surfaces,
and use of satellite-based methods with results in three
dimensions, and especially conveniently expressed with respect to
gaocentric ellipseids - i.e. geocentric datums. As a result
some countries have decided to base their future surveys,
maprcing, and national coordinate systems on the latter type, but
this is bv no seans a universal trend. The implications,
coriplications and unavoidable transitional pains are such as to
have convinced several that no such change should be made.
Periiaps to the logically minded the ideal solution would be for
all countries to adopt the same geocentric datum. Equally, it
would be logical and convenient for all mankind to speak exactly
the same universal language, without any national or local
dialects or inflections. Will either international development
ever take place?

4. The latest entrant to the space surveying field is the Global
Positioning System (GPS), and in particular the use of its coded
signals merely as strong, pseudo-random noise so as to generate
results from application of the interferonetric methods
previously restricted to Very Long Base Line Interferometry

(VLBI). sSmall, portable units are available, performing relative
fixing to accuracies of the order of centimetres. The further
refinement and increasingly more widespread use of this

development 1s certain to accelerate.

5. Much research in recent years has been directed towards
quantification of the cumulative, systematic effects of
refraction in first order levelling. This has been carried out
with some success; retrospective corrections have been applied
to some historical data in America, where current first order
levelling procedures now include measurements of vertical
temperature gradients for wuse in the appropriate correction
algorithm. However there are kxnown to be other systenmatic
influences, notably geomagnetism and crustal movement, and work
is continuing on this aspect. A significant improvement in
conventional differential levelling can be expected before leng -
the laser level, having comparative immunity from refraction
effects and lines of sight of the order of a kilometre. This
will make levelling faster, cheapsr and substantially more
accurate.

5. The development of inertial surveying technicues is described
elsewhere in this issue. This branch of surveying endeavour
should not be seen as being in competition with Doppler -
essentially, inertial surveying is an interpolative technique
ideally to be used for densification and infill. The two
separate methods are nicely complementary; Doppler should
provide the primary contrel and I.5.S. that of lower order. At
present it seems that research effort is mostly directed at
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improvements in the soft-ware, especially those concerning
post-mission adjustment and the separation of systematic errors
in the error budget. Currently work volume of at least four
weeks 1is usually required to make hnire operations economical;
given that, the most impressive advantages of 1I.5.S. over
conventional surveying are the time saving (80 to 90 percent) and
reduction in «costs (50 to 65 percent). Accuracies of 1 in 250
000 are attainable now, provided that the system is used to best
advantage - wviz. in the area mode, with constraining cross-over
points used in the final adjustment. Prograss rates have reached
60 to 80 stations daily wusing helicopter, 120 - 150 wusing
vehicles. It is considered that I1.S.8. has a areat future in
Australia; effective utilization however requires the carefully
planned pre-positioning of large numbers of points, provision of
peripheral geodetic control, goocd logistical support and an
efficient operating team.

o In the hydrographic field, the trend is increasingly towards
microcomputerized, integrated and automated survey systems for
charting. In these sophisticated developnents, the fix is
generated through a least sguares solution froir more than one
Navaid (if such be available) with appropriate weighting, and
continuously updated in real time. Digital and graphical
displays of position, ship’s track, off-line distances, distances
to datum points such as end of line, and depth data are
available. Bathymetry is reduced in and by the system (using a
mathematical tidal model) at every fix, and reduced soundings
plotted automatically, often in colour-coded form so as to make
the task of hand contouring easier.

8. The problem of accurate marine positioning is acute - the oil
industry, for example, recuires well head and drill rig
positioning to 3 - 5 metres in real time and oil and gas pipelies
to 1 - 8 metres. Bearing in mind that marine lease bids have
reached approximately US$35,000 per hectare it is obvious that
delineation of Exclusive Economic Zones and deep-sea mining
concessions reguires accuracies of ceodetic order. Such surface
positioning should present no problems as GPS Navstar develaops,
but there will be a clear requirement for ocean bottomn control
stations (OBCS) or beacons. Acoustic beacons have been used for
exanple by the oil industry for some time and the most versatile
are of the transponder tvpe, although passive reflector types
have also been used. For example, a ‘network” of three or four
such bottom mounted devices may be fixed by successive passes of
a surface vessel, using satellite or inertial techniques to fix
its own position. When the network has been so fixed, it uay
itself then be wused as a means of position fixing with high
relative accuracy. The problem with such acoustic systems is
that they are subject to the vagaries of the path taken by the
sound waves tnrough columns of water often of a complex and
unknown thermohaline structure. These problems obviously attain
greater significance for greater depths.
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9. An anchored control buoy, fixed by GPS satellite observation,
in turn can be used to fix a transponder array on the ocean
bottom to provide further control: it is possible to envisage an
array of OBCS’'s covering the world’s oceans, comparable to
conventional first order geodetic networks on land. Once
established and adjusted, such an array could serve several
applications, inter alia surveying and mapping (perhaps using
submerged vhotogrammetric techniques), marine geoid and sea
surface topography determinations, studies of tectonics and ocean
floor spreading, together with, of course, marine positioning and
navigation.

It is a truism that the oceans are inadequately mapped: even
the shallow seas are largely unexplored. Aas exploration of the
oceans for food, fuel and minerals continues, geodetic control
will have to be extended to the oceans botn for the precise
positioning required for boundary demarcation and as the
necessary basis for the measurement and representation of the
seafloor topography, about which so little is known.
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The Chimbu E pedltlon

New Guinea — February 1

by Charles Marshall

an adventurer tells:-h

1983 marks the fift
Europcan man's first sigl
a vast, heavily populated
between the main mountain runiing up
the centre of Papua New Gu Called the
Wahgi Valley. this magnificent vista of great
open valleys surrounded by towering peaks was

unknown to the outside world until February 15,

1933, Its discovery, by Charles Marshaill, Mick
and Danny Leahy, had a profound ¢ffect on
subsequent exploration of the Central-and
Western Highlands of Papua New Guinea.
Charles Marshall in all Spent 12 years in New
Guinea working for mining companics: After a

- first expedition ook |

brick stint at the New South Wales Department of
1 Roads, then the Joint Coal Board as-an
open cut expert, he formed his own engineering
and mining consultancy in 1958. Charles
Marshall is an Officer of the Order of Australia
and holds the prestigious Medal of the
Australasian Institute of Mining and Metallurgy.
bool First-Conteact —
1l 1
footage tiken inthe: s
— still showing in
cingmas throoghout Ausircali .

Charles Marshallis particolacly timely.
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his story concerns the first ex-

Ploratory  activities on the Central
Highlands of the Territory of New
Guinea ranging from the Bena Bena
River, Garfuka River and the Chimbu
to Mt Hagen and beyond. Until 1933
this was a blank area. unseen, un-
knoun and unmapped. Written from
[irst band knowledge it contains some
of the matters I was concerned with but
the complete tale s too long to cover in
this article. It is an endeavour to record
Jacts and some fun as well as being an
antidote to the sloppy research written
and published in the press about these
events. I write as a professionally train-
ed explorer, engaged in a modest way
i exploration six years before the
events, related below, bappened. [Until
naw I have aluays foliowed the dictum
of my mentor in exploration, Henry
George  Foxall. “‘Surveyors, mining
engineers, geologists and certain
seafaring types are trained in'explora-
tion but are paid not to talk about it
Explorers are often il trained for ex.
Ploration but get paid to write abonut
i’

The first question we ask is — Why
did it take place? What is the origin of
this exploratory activity which stretch-
ed from the Bena Bena Valley out to the
west of Mount Hagen and bevond, over
towards the head of the Sepik and Fly
Rivers and the Duich Border

Kainantu in the Upper Ramu, on
the edge of the Central Highlands, was
opened up by Edward (Ned) Rowlands
an expericnced prospector in 1929
Subsequently, Mick Leahy and Mick
Dwyer. both prospectors, passed
through on their epic expedition down
the Purari River in mid 1930. They did
not quite know where they were until
they arrived on the south side of the
Papua/Mandated Territory Border and
were addressed as “Taubada’ — the Pa-
puan form of address instead of
"Master’

in late October 1930, Leahy and
Dwyer re-entered the Bena Bena
country

In 1932 the Morobe District Mining
Warden, concerned for the safety of
miners, in the area requested the Ad-
ministration take steps to protect them
As a result a police post was established
by Assistant District Officer. Jim Tavior
and a patrol officer

The goldfields around Wau, the
Bulolo, Edic Creck and many other
places in New Guinea had been
cstablished on whar were originally rich
alluvial gold areas. By 1930, however,
they were being rapidly exhausted
Costs of production in New Guinca,
whether for an individual prospector or
big mining company operations, were
excessive and often prohibitive. The
main costs were transport. fac
communications and stores, since much
of New Guinea, with the exception of

104 the highlands and some of the coastal
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areas. was sparsely populated  Excepr
for small sporadic native gardens there
were few sources of good food supplies
available in the then knowa hinterland
So it was essential that new areas be
discovered. to prolong economic min-
ing life

It was quite obvious. even after the
first few years of testing that the
established goldficlds of Edie and Namie
Creek were not going to be ‘new Mount
Isas’. Thought needed 1o be given as to
where and when companies should
move their activities. Of the scores of
finds reported, few if any, were not in-
vestigated by New Guinea Goldfield's
Limited's (NGGL) geologists. SUrveyors
and their prospectors

The question of what minerals lay
in the high mountain spine of New
Guinea and what sort of topography
might be hidden under the great cloud
banks scen from around the distant
perimeters, often came under discus-
sions by the company 's senior staff.

All sightings of the great highland
ranges. stretching across the middie of
the country indicated very heavily
timbered country

H. M. Kingsbury of NGGL. a top
class geologist of his time, forecast the
general direction of the ranges and
valleys, but their exact nature was still
not known. Whether they were rugged,
densely forested mountains or open
grassed valley was still a mystery

Although acroplanes came to New
Guinea in 1926 very little or no acrial
feconnaissance was carried out apart
from the occasional flight over known
valleys. This was mainly because planes
lacked modern instrumentation and
were only equipped with an altitude in-
dicator and magnetic compass. No
planc, until the late 1930's carried a
radio. and none had homing beacons
Any plane trip over the mountains
quickly involved flying through any
available gaps in the clouds. No pilot
dared to deviate his course because it
was time consuming and dangerous

The limiting altitude of planes
available in New Guinea was well under
3500 metres while many of the known
gaps between the mountains, as bet-
ween Wau and Salamaua, were about
2600 metres. Further to the west moun-
tain gaps were often higher than that. so
exploring was usually a case of shank’s
pony. blind travelling mosily, and living
off the land as much as one could
Acroplanc supply drops were, at that
time, unknown in New Guinea. From
German days right up to. and including
the 1930°s, there had been many brave
exploratory ventures in search of
wealth. Ever since the establishment of
NGGL in Wau, in 1929, staff and pro-
spectors were employed to search the
country still unknown to Europeans

After one of my trips from Bena
Bena to Wau. 1 had long discussions
with Harrison, general manager of
NGGL, and Kingsbury . in regard to the
potential of country further to the west
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Kingsbury felt we should find other
great valleys due to the geo-folding
systems, and | advanced my long-held
theory that areas of clear sky visible to
the west of Bena Bena could indicate
open grasslands. Mick Leahy, by that
stage a well-known prospector and
previous employee of NGGL, agreed
with me. | urged that we should go into
this country before any other people,
and take up areas if warranted. Harrison
and Kingsbury had reports of other
groups preparing expeditions and we
also knew that the Leahys were talking
with local mining companies which
were in opp osition to us.

With this in wmind, Kingsbury made
a .special flight to Bena Bena in
January/February 1933, to sign the
Leahys on contract to NGGL. Following
discussions on my brief visit to Wau,
Kingsbury agreed with recommenda-
tions that the company should acquire
any suitable areas in unknown regions
He wrote to Mick Leahy, instructing him
to penetrate the ranges to the west and
search for parallel valleys. It was part of
NGGL's intention and plan that further
westward penetration should take
place.

I flew out in January 1933 to look at
Bena Bena River and the Garfuka areas
With more in this than just 2 ‘look-and-
see’. | was later able to peg areas that
could possibly be dredging claims. This
allowed me, on the company's behalf,
to have a general lookaround and get
the feel of the topography, inhabitants
and 10 note the geological and geo-
graphical features

This year, 1983, marks the anniver-
sary of the expedition when, on Feb-
ruary 15, 1933, I, together with Mick
and Dan Leahy first saw ‘The Long
View'. — We had climbed to the top of
Mt. Irimbadi, at about 2,700 metres and
saw this magnificent ‘Vista’ of great
open valleys, surrounded by towering
peaks, many in excess of 3,500 metres,
with the Great Mt Wilhelm over 4,500
metres to the northwest, spread out
before our eyes. This was the highlight
of a trip which confirmed the existence
of country that was potentially suitable
for future dredging areas. Looking out
to the west from Bena Bena one saw
clear sky indicating open country,
predicted earlier by H. M. Kingsbury,
Chief Geologist of NGG

Three men, myself, Chief Surveyor
for NGGL, Mick Leahy with his line of
highly trained natives and younger
brother Danny, comprised the field
walking party. This expedition was to
have a profound effect on subsequent
exploration of the Central and Western
Highlands

The background to this trip which
first penetrated the Chimbu Highlands
and found what is now known as the
Wahgi Valley follows below. This was
thie expedition that triggered off the
rash of exploration wesiwards, which
was only interrupted by the 1939-45
war.
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It was a project planned by NGGL's
senjor staff. The Leahy's came very little
into the long term planning. but they
were very useful with their well rrained
native line, efficiently carrying out the
immediate objective in the field

In 1932, Mick Leahy approached
NGGL to look at the Bena Bena arca
The company thought it was ap-
propriate to use Mick Leahy because he
knew how 1o handic new people, ex-
plore new country and had a trained
line of natives experienced in this activi-
ty. NGGL employed Leahy 1o do further
work in October 1932 in the Bena Bena
arcas

In November 1932, Kingshury, the
geologist and Whyte, surveyor's assis-
rant of NGGL, flew to the Larumpa
airstrip near Kainantu. They walked in-
to the Upper Bena Bena, looking at the
Valley and came out again. Kingsbury
instructed the Leahys 1o make an
airstrip at Bena Bena. It was completed
in December 1932

All this activity was completed with
the minimum of publicity. lan
Grabowsky. pilot, and | flew up the
Markham River at 2500 metres altitude
Eventually, after a very rough trip
through the clouds we crossed into the
Ramu, came down low through Ramu
Gap and landed at the airstrip at Larum-
pa. near Kainantu  There Assistant
District Officer. James Taylor and a
patrol officer were at the new police
post constructing the new Kainanw
alrstrip

After the clouds lifted we just got
off the ground at the old Larumpa strip,
eventually arriving at Bena Bena. The
plane at this altitude with its heavy load
only cleared the trees at the end of the
strip by two metres. | arrived at Leahy's
camp on January 19, 1933, did some
test dishes of workings, as well as
surveving and measuring angles bet-
ween some of the dominant hill tops

The next morning, | set out with
Mick Leahy and seven natives to inspect
the junction of the Bena Bena and Gar-
tuka Rivers returning to hase camp later
in the day. We walked 32 Kilometres
surveving and testing. Mick for some
curious reason made the pace a cracker
Same of his natives commented on my
performance saving | was a “dri bone
finish™* which is pidgin for being in very
good physical condition

Before leaving head office in Wau,
Harrison had given me a blank cheque
on the company to cover any possible
expenses. He also gave me a letter
authorising hire of an acroplane, sea-
plane. or motor boat, to obiain stores
eic These documents were wrapped in
oiled silk and fastened with a big safety
pin. He said at the time. “"When 1 was in
Russia. Marshall, 1 found this was a
useful way of keeping valuables safely in
the legs of oncs trousers”” On being ask-
ed for any other instructions, the only
answer was — “"Don't let those damn
Yanks beat you in”'. We didn't"!

On January 26, | returned to Wau to
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make my report, not returning to our
camp until January 29. On January 31,
Mick Leahy and I walked to the Garfuka
River upstream to the Asaro Villages,
near the now famous 'mud’ men's
villages.

Over the last couple of days in
January and first few days in February,
we were in more or less unknown ter-
ritory, although Mick Leahy and Mick
Dwyer had been near the area.

[ was especially keen to find where
they had been so I could record the
topography. Mick was very vague about
where he had actually been on his trips
and this proved to be one of his main
weaknesses. He was a very good and
courageous man on the march but
somew hat dependent on his natives for
4ny exac. information on location.

This was a good trip for our party
as daily routine could be tested. The
Leahys had never worked with a profes-
sional surveyor before, and I had to
break them into the routine of stopping
for mapping, testing and surveying as
we went along,

I wrote up my work diary every
night or on the following morning. It
was brief and technical and an essential
aid to making my reports.

February 2, the diary entry: “Had a
very big day. Looked like a fight at
liam from Kamiufa Village on north
side of Bearded Mountain. Natives
came down with wooden shields from
village on west bank but we managed
to make friends"".

After passing Kamiufa Village we
pushed on to the Ashinoni villages
where we estimated the population o
be about 2,000 | washed many dishes
of alluvial gravel whenever we paused.

It was a peculiar feeling having (o
turn your back on a seething mass of ex-
cited bowmen — some visible and many
hundreds of others hidden in the pit-pit.
or bamboo-like reeds. I had to close my
mind to all of this and concentrate on
washing a dish of gravel, examining the
very fine minerals and estimating their
value with only the doughty Mick Leahy
and a handful of faithful natives to pro-
tect my back. This was all achieved
bearing in mind that only a few hours
before, first contact had been made. It
was much casier to face the seething
mob with your hands free and with all
senses  alert, assessing moods and
movements of the natives prowling
around.

February 4. "“Left Kabisup (near
where the present Goroka stands) at
Tam and reached our base camp af
Goritufa (Bena Bena) by 11.30am after
passing through Mahometo Village
where we had a great reception. Passed
a war party from there on the way fo

© fight Kawisup — they threw doun their

bows and arrows when they met us. Joe,
one of Mick Leaby's boys, was speared
by Krou villager late this afternoon
(Kropu was about three kilo-
metres east of Bena Bena strip)”’.
February 5. “Left camp at 5.30am
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to interview Kropu Village — they
came oul to greet us with shields and
bows, etc. — Fight took place —

Barononoa. (one of Mick’s boys) was
wounded in bead with arrow We
called fight off at Yam on receiying sur-
render from them, with excention of
bownten still biaden in pit-pit cane in
the gully. Five pronged attack — we
were on a ridge. We descended on three
spurs to within 50 metres of their
village when they broke off fight which
was bectic while it lasted They are not
as good bowmen as the Kuru men
(Oriomo River — Western Papua). Tuo
Pigs were fetched over to camp when we
gut back as a peace offering on Sunday
night

I had sent in 2 request for our com
pany medical officer — Dr lan Dickson
to come out to give the statutory TAB
(typhoid) injections, as insisted by the
Assistant District Officer. A< a result Dr
Dickson was flown out by Pilot Orme
Denny. Jim Leahy also came out to build
up our strength. It was an Administra
tion requirement that all persons enter
ing uncontrolled Territory must have
current TAB injections and the local ad-
ministration  officers  allowed the
NGGL's field staff linde latitude ar all
while we were in the area. Dr lan
Dickson gave us all the injections and at
tended the two boyvs who received ar-
row wounds

He also left me a hypodermic syr-
inge. needles and morphine tablets,
carefully explaining the strength of the
dose required in case it should be need-
ed. He has seen some of the terrible
two-way barbed arrows used by the
natives in these parts.

February 9. 'Still awaiting plane
Rained all night. These moonlight
nights are a bloody nuisance — nice for
making love at Manly maybe, but good
for a bate from the kanakas' poinf of
view. Saw three natives swallow 22
inch dowbled % inch Kunda (lawyer)
vine, they pushed it down their gullet. It
is @ secref ceremony as all piccaninnies
and wamen are chased away before it
can he done. They seem to always carry
their swallowing kunda cane with
them. Wish the plane would burry up”™

February 10, “'Rained all night and
we all slept bettér” Dogs quiel. Saw a
dead enemy’s finger banging in a
Jellow s bair. Quite bardemed to the pig-
greased old buck natives manling me
— or having a nice pig-greased band
fvery ancient pig grease) chucking me
under the chin. Will g to drome (1o
await plane with the guns efc, lomor-
row and [bave for the Western trip as
planned) whbether or not the plane
comes — am afraid | cannot afford to
wait any longer””

Up to January 1933, Mick Leahy
was employed on a letter type agree-
ment by NGGL. In the course of negotia-
tions for his further employment. he in-
dicated he was prepared to work for
rival mining interests unless we met his
increased demands. We were uncasy

about his attitude, so Kingsbury flew
out to the Bena Bena No. | camp on a
sceret flight to sign him up formally in
January/February 1933 before commit-
ting our plans to him

These expeditions were fairly cost-
Iy exercises and all information gained
was to be held in strict confidence

Pilot Ray Parcr flew Kingsbury in
on a day when there were threatening
black clouds over the Gap. Ray in-
dicated that he wanted to get away as
soon as possible Kingsbury quickly
disembarked. handed me urgent mail 1o
be dealt with, and collared Mick to sign
him up — We both went quickly to our
separate grass huts nearby to complete
our business in haste — as the weather
was closing in over the Gap. Then the
unexpected happened!

Kingsbury's wife was hidden in the
tiny cabin of the little plane and in our
hurry had not been noticed. Stowing
away with instructions from Kingsbury
to keep out of sight, she was illegally in
a proclaimed Uncontrolled Area and in
breach of Administration Regulations
Nevertheless, her desire to be the first
white woman to set foot in the new
Bena Bena area was really too much for
her 1o resist. So out she stepped among
a large crowd of curious natives. She
was dressed in 2 white silk blouse —
New York cut — pale yellow riding
trousers, and her long black hair in a
plait down to her waist, standing tall in
her shiny riding boots. This of course
amazed the locals as they had never seen
such an apparition before

Now the local ceremonial form of
greeting was shoulder in groin, hand
through the fork of the legs and an en-
thusiastic pinch in the lower regions ac-
companied by certain customary words
of rude meaning

At this c¢ool altitude, the natives
cover themselves in a thick layer of pig-
grease and soot. To say the least, she
really did get a sudden and very en-
thusiastic welcome from the elders of
the tribe. We white men were about our
own urgent business dealings nearby,
out of sight of the plane. Suddenly, the
silence was split by picrcing series of
shrieks and calls for King! King!'(ther
husband) and Charlic! Charlic!! 10
rescue her. We all rushed over with
guns at the ready to see this lady marked
all over her bosom, belly and backside
with sooty hand marks and in a bearlike
hug of greeting from a Bena Bena native
VIP. We made the mistake of laughing
instead of an immediate rescue of a
damsel in distress! | was in consequence
treated with considerable coolness for
some time afterwards when | returned
to Wau

The official business was quickly
completed and without giving her a
chance to remove the black grease
marks, the lady was strapped into a
cramped plane seat as Ray Parer raced
for the Gap in the mountains before the
clouds closed in g

The first stop was at Wau airstrip
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where she arrived, all the greasy marks
on her clothes still plainly showing. She
had to walk up the one in ten grade
strip, past the crowded pub verandah in
full sight of the groups of white miners
assembled for their late Saturday after-
noon booze-up

1 paid the penalty for my unseemly
mirth and received no invitations for
dinner for many months after [ returned
to Wau — Mrs. Kingsbury was a splen-
did cook!

However, she achieved her ambi-
tion of being the first white woman 10
set foot on land in the Bena Bena/
Goroka Valley. The Americans had
done it again!

On February 1933, after seven-
teen days of continuous activity, we
declared a holiday. 1 had sent for more
shotguns and was waiting for these to
arrive from Wau. By February 8, it was
time to think about the next step in our
operations. We had a good base camp,
one tent completely enclosed with pit
sawn timber, bought from the locals,
and the other, my tent. enclosed with
plaited pit-pit cane six feet high all
round, which does give a sort of bar-
ricade from arrows

On February 11, the shotguns arriv-
ed by plane. These were left at the base
camp with Jim Leahy and Ken Spinks,
my assistant surveyor. Then Mick, Dan-
ny Leahy and myself, with our native
carriers set out for the unknown coun-
try to the west of the Garfuka River
This expedition was to trigger off many
later major expeditions westward to the
Dutch border. Now we were a well
organised unit, and the impatient Mick
Leahy became used to the needs of a
scientific exploration party who knew
where they were geographically. Kings-
bury had given Mick Leahy written in-
structions to cross the river and moun-
tains to the west

Each man, black or white, knew his
job and the programme followed a
tight, well disciplined plan. I had learnt
this from Newbury who was the
geologist in Western Papua with me in
1927 and 1929, and also from Stephen
Maclean, surveyor who was out on the
Fly River in 1912. Newbury, who was at
Edic Creck in 1929 had passed some of
his exploration 'lore’, gained in Africa,
central Australia and Papua to Mick
Leahy who had a high regard for him

First contact with people who had
not seen whites before, always made
both sides equally cautious and nervous
of the other’s capabilities. On second
contact, the young bucks and/or locals,
secing the treasure in our hands often
became ambitious to possess it. On the
third meeting one had to be on guard
against an unexpected attack, unless a
psychological and physical superiority
had been established.

In the eastern Highlands, intruders
were always outnumbered by the war-
riors. It was quite common in Bena
Bena, Goroka and the Chimbu to have
300 to 500 warriors following, walking
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beside or mecting us. The only way o
deal with this situation was to put on a
demonstration showing the superiority
of European weapons

Early rising was an essennial ingre-
dient for exploration in a new couniry
The locals. knowing every inch of the
countryside. came in from their village
befare sunrise to establish their posi-
tions So the camp had to be fully awake
in this pre-dawn period. their favourite
time to atack

Secondly, stopping places for rest
or campsite were selected to gain the
best topographical advantage in case of
trouble  Sites  outside  villages were
chosen to allow for reading and slightly
upstream so that the water would not be
poliuted

At those altitudes, both the cool-
ness of night and rain came down quite
carly. As soon as the camp site was
selected. a barrier was constructed of
heavy cord. or something similar
around the perimeter of the camp. It
was a system often used by explorers in
Papua and other parts of the world, us-
ing cither saplings, fences, ropes. (Kun-
da) cane or simply by clearing or cutting
down the long grass around the per-
imeter. A definite boundary was est-
ablished and it was an unwritten law
that no-one, other than a member of the
party was allowed inside the barrier

On trips with the Leahy's, their
dogs would stop anyone coming inside
the ropes who didn't have the cloth
(lap-lap) around their body. Those in-
side the boundary could spot any move-
ment and better observe the faces and
attitudes of people outside the barrier

Camp was always made by three
o’clock in the afiernoon, because it was
a very busy time between then and dark
purchasing food and other essential
stores. In the Bena Bena area every stick
of wood had to be bought. Timber was
needed for tent poles, making fires to
cook food and drying clothes

Even under good conditions, with-
out being able to obrain native food; or
game, it was well known that the max-
imum period of one month was the limit
before carried food was exhausted. The
compulsory ration was a pound and a
half of rice per day per man. One would
extend this by supplementing the diet
with native food one bought. There was
an abundance of sweet potato, corn, ap-
plc cucumbers, beans, yams, bamboo
shoots and in some places, bananas
were generally obtainable Sugar cane
was also a great trading item. Pigs were
scarce and ecxpensive but a valuable
source of protcin. Shooting a pig also
demonstrated the cfficiency of our
weapons.

All trading was completed early
and intclligence obuained from the
locals of the country ahead as to the lic
of the land, rivers and streams.

All members of the expedition had
picked up the essential ‘lingua franca’
for travelling and trading. The first

110 phrases were "'we come in peace’’, “'we
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want to trade”, “‘unstring you bows"’,
“have you any sweet potatoes’'? and
essentials to make contact, such as, “can
we camp here’'? We tried o gain per-
mission wherever we could, otherwise
we risked giving offence.

The team knew exactly what to do,
where and how to erect our tents. We
bartered for firewood, food and obtain-
ed our water supply while it was
daylight to keep our men under cover
from interference.

It would usually take until about
four or five o'clock to trade. Food had
to be cooked and tents erected well
before dark. As soon as the tents were
erected, we would close the flaps and
stack our stores and cargo carefully. It
was unwise to let the crowds of curious
natives see how or where we slept

Usually the European slept with his
pack roll not far from his head, between
himself and the wall. We often went 1o
bed fully dressed. Meantime the lights,
kerosene or carbide, were lit s0 we
could write up our notes in the shelrer
of the tent. My job was to record the
topography, geology and geography of
the arcas we passed through as well as
descriptions of the people and natural
resources

As soon as camp was established,
onc of the party with our medical kit
would dress any wounds, cuts, bruises
and attend the sick. This was an carly
procedure, for the sooncr any wounds
or cuts were dressed and the sick given
attention. the chances were better for
them 1o be ready for the journcy next
day

Rarely did we set guards, and then,
only in an emergency because our day's
trip was always very strenuous both
physically and mentally. The strain of
mecting new people whose friendliness
was unknown was constant. Even the
most faithful of guards could easily fall
asleep

The morning routine started with
lighting fires, earing 2 good breakfast,
checking all the gear, reading the
ancroid baromcters and  instruments
and checking the carriers’ packs. All the
carriers fell into single line and were
often joined by hundreds of followers
After the first kilometre we checked all
the carriers’ packs again

On this Chimbu trip, as well as in
the Bena Bena and Goroka areas, we
were never less than 1,600 metres
above sea level, and, at times we
camped at over 3.000 metres. Needless
to say it could be very cold at night. The
natives were all quite curious, women
usually kept well in the background but
in the Chimbu, they came right out with
the men to meet us at close quarters

The Bena Bena Highland women
were as great traders as their men. More
than once they claimed us as some of
their dead ancestors.

Sometimes it was so hot in the
daytime we had to wear shorts. Often
pig-greased  tribal  volunteers  would
carry us across the streams — we agreed
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because it was essential to keep our
boots dry.

As the natives carried us across the
streams, they would sometimes pull the
hairs from our legs and swallow them —
or wrap them up in leaves and hang
them around their necks.

There was always the possibility of
having to defend ourselves when
heading into new country. The carriers
accounted for the pack loads but never-
theless, the three white men looked like
Christmas trees. Each of us carried a
revolver, the standard Winchester
32-20 rifle with a ten magazine. My own
revolver fired a full sized 32-20 rifle car-
tridge. We carried a full belt of rifle car-
tridges, twenty rounds for a revolver, as
well as 2 pouch with a hundred more
rounds and spare revolver cartridges.

Ever since arriving in Bena Bena on
January 19. 1. nor any of us, was ever
out of reach of a weapon, Whether hav-
ing a bath or in bed. our guns were
always with us.

New Guinea in 1933 was a2 man-
dated country under the League of Na-
tions so the only people allowed to
carry arms of a military nature, such as
303 rifles. were government men and
native police. No white person could
import a '303". Some of the native
shiclds were made of a very heavy type
of ironwood and ordinary light sporting
ammunition would not penetrate it.
Even a nickel jacketted '32-20" would
seldom go right through these timber
shields.

We always shared a tent and if one
of us happened to get a call of nature or
anything else in the night, he would
never move out of the tent without first
waking the others. We all slept very
lightly and could almost ‘hear a mos-
quito walk’, as the saying goes

Each man carried a long bladed
sheath knife, camera, and watch in 2
pouch. | carried compass, barometer,
abney level, magnifying glasses ctc, a
small bag full of necessities to identify
rocks, acid, field books, maps and pro-
specting pick. Most of us wore khaki
woollen shirts and our sandshoes or
slippers were dyed brown. Even our py-
jamas were brown so if one got up in
the night he would not stand out against
the sky and make an easy target

The maximum load a carrier was
permitted to carry, under New Guinea
regulations, was 20 kilos but natives
would normally carry no more than 14
kilos due to the high altitude, rough ter-
rain and strenuous nature of the trips. In
addition, they carried their eating uten-
sils, blanket, spare pullover and 2 dry
lap-lap. This brought the pack to about
16 kilos. The government required ex-
peditions into Uncontrolled Territory
to have a prescribed number of fire
arms. As well as the normal food load
etc, there was tentage for Europeans
and natives. Sometimes it would be
necessary to carry tent poles because
timber was scarce and natives were
reluctant to sell any. Cooking utensils,
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food for Europeans, medical supplies’

and a large quantity of trade goods to
buy native food also had to be carried
The trade was mainly knives. plane
blades. looking plasses. pearl shell
beads and cowrie shells

For a carrier line of thirty, at least
twenty would be carrying very little in
the way of foodswffs except that
Bought casually on the march

The first thing 1 did of a morning
was to look at the weather, then see if |
could notice any natives. Invariably a1
the first light of dawn they would be
around the camp looking for trade. or
simply being curious

Old meat tins and packages were
valued, as they had never seen these
things before. They would place paper
and other discarded rubbish in their
hair As the sun dricd the tents thes
would be shaken out and rolled up as
wet tents made heavy carrving

After breakfast packs were in
specied and the bovs all fell into line
The "boss’ boy checked them and we
would set out again. The three white
men would take it in wrns as leader
middle man or ‘tail end Charlie’. chang-
ing places at intervals end Charlie
was always the most vulnerable
position

The carrier line would often grow
from thirty 1o sixty or more, with the
volunteer locals: They would carry cane
bought for our boys, native foods and
firewood for all of us

I had already made maps of the
Bena Bena and Garfuka Valleys and this
upen grass country of high peaks lemt
itsclf to rough triangulation methods

Everviime we came to the top of a
hill 1 took a round of compass bearings
to all peaks in sight and sketched the
silhouette of the horizon ahead My base
for triangulation was the full length of
the small airstrip at Bena Bena. Mean-
while. the two Leahy brothers and our
faithful carrier line kept their eves and
ears open cliciting information from the
locals, sometimes through many
interpreters

It is a peculiar feeling sitting on a
maountain peak at 1,000 to 3,000 metres
surrounded by hundreds of warriors
and camp followers. It was difficult to
concentrate on the task of taking bear-
ings, notes, describing the country and
recording possible types of rock forma-
tion. This work had to be done fast and
accurately

The keynote for all of our party was
constant vigilance, using all our natural
senses — sight, hearing, taste and smell

INTO THE CHIMBU

Mick, Danny Leahy and myself left
Bena Bena base camp on February 11,
1933 and made camp due west at
Mohometo Village. This was country
we already knew. Nevertheless, from
the time we left camp everyone was on
full aleri, because we passed through
Korafagu Territory and these people

112 had artacked the Leahys, Kingsbury and
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Whyte at the end of 1932,

We crossed the Garfuka River on
February 12, 1933 and camped on a nar-
row ridge. At first it looked as though
there could be passive resistance to
trading. However, some other natives
from above the 2,000 metre altitude line
brought down food and firewood.
These natives were apparently seeing
whites for the first time and taking off
our hats caused quite a stir.

The ranges all around, were echo-
ing with natives shouting across ridges
to villages with the message that ‘poon-
poona’ or white men were coming into
their area. 'Poonpoona’ was the original
name given to white men by the locals
in this area. | think it was derived from
the sound made by guns, which had a
deeper and echoing sound effect ar this
alutude

We didn't understand all of the
message but we could pick out the em-
phasis on the word ‘poonpoona’. A
word which preceded us throughout
this trip

Just before dark, men, women and
children from a village only about a
hundred merres away, came and
brought food for trade. While they were
doing this, another tribe. about 400
metres from the food village attacked
them, causing several fatalities

When there is a fawlity in the
village the ornamental barbed arrow, a
dreadful weapon, mostly used to finish
off a victim, is broken. We saw a
number of these. We also saw them
covering wounds with a large leaf and
clay, then binding them with strands of
bark

That night, February 135, we all
slepr badly. Our senses were sharpened.
probably as a result of having scen the
fight. Even the dogs picked up the ten-
sion in the air

I remember in the pre-dawn of
February 14, going out to the edge of
camp, which was on a very narrow
long. grassed ridge with steep sides, to
attend to a call of nature. In the middle
of it, 1 looked up and saw, in the long
grass, scores of male and female natives
watching the process. The women were
all giggling and chastering like parrots
This sort of thing does tend (o cause
constipation’

About midday we reached a grass
knoll at 2,400 metres which 1 had used
as one of my survey points from way
back in the Bena Bena base area

There appeared to be very heavy
population ahead. That was good for
food provided the villagers were
amicable

We saw first sign here of the
famous green stone axes as well as a
Kunai grass valley in the distance,
which was especially heartening. The
high wet rain forest was depressing
That night we made camp at 2,500
metres. It was cold, wet and miserable

At every creek we crossed, rock
formations were inspected for
mineralisation and a dish of gravel
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washed for gold. It kept me very busy
recording it all €

On February 14, we dropped down
from 2,500 metres then up again to
2,200 metres making camp in a beautiful
glade. The mountains echoed with the
news of our arrival.

The next day, February 15, was a
great day for us because from a height of
2.200 metres we had first glimpse of the
great, wide, grassed Wahgi Valley. Sur-
rounded by tremendous peaks, one well
over 4,500 metres and with Mount
Hagen in the distance this valley became
known as the 'Long View'. It inspired
the later rush of exploratory trips to the
centre of the Western Highlands

All the time we were on the move, |
was mapping and obtzining the native
names of crecks. rivers and mountains
If 1 had been ten kilometres to the
north, south, east or west of a particular
place, it would probably have had a dif-
ferent native name and this is what
some of our new map makers forget. All
the names on my maps. after much cross
examination of the locals, were agreed
upon by Mick. Danny and myself.

February 15, 1933 was really a day
to remember for us. We continued up 2
mountain, down the other side to the
valleys and then climbed Mount Iram-
badi (now called Elimbari) which is over
2,750 metres. The view was inspiring to
all our weary party. We had come
through cold, wet, dense forest all mor-
ning. The strain of heavy climbing, be-
ing surrounded by hundreds of excited
natives and the delicate task of making
fricnds with them as we moved along
was beginning to tell. We made the pace
as fast as possible.

To pass quickly through a country
for the first time was a matter of safety,
as it doesn't allow time for the locals to
overcome their awe. nor allow them
sufficient time to plan an attack

As we came down from Mt Iram-
badi. at 2,750 metres. a seething mass of
natives surrounded us. One dear old
soul broke the barriers we had set up, 1o
claim me as a lost husband and kept
closely embracing me. She was covered
with pig grease, soot and mourning
pigments which came off on my face
and clothes. This happened because |
removed my hat and as 1 was quite
white-headed even then she indicated |
was her husband back from the dead
This caused great amusement among
our carriers, until the younger women
of the village started to claim rhem as
brothers and so on, which, strangely
enough, they did not object 1o despite
the pig grease

February 16 “Here bad over 300
Sfollowers all day with crowds of up to
500 including women when we stop-
ped. | was taken by the band and led
along by virgins many times this morn-
ing — offered many wives, temporary
or otherwise. (Ornte old woman claimed
me as ber busband returned from death
— poor old thing — was mao:! embar-
rassing as she persisted in trying to hold
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me — and she made the bills echo with
ber bowling)”

We continued mak.ng friends
where we could but sometimes they
almost wore out our patience. On
February 106, after a very stiff climb
from 1,700 to 2,200 metres, we had to
sit down for over an hour to be
harangued by the local village speaker
Apparently, this was the custom, so we
conformed. When crossing to another
tribal boundary, the politicians always
get up and tell vou how good they are
so following the custom, Mick, Danny
and I on this occasion talked nonsense
in our loudest voices, much to the
amusement of our carriers. After that
we gave presents and went on our way
until crossing another tribal boundary

On February 16 and 17, we first
saw the great fighting spears used from
the Chimbu, right out to Mount Hagen
Their bows were still made of black
palm and some carried the green stone
axe, apparcntly the insignia of an im-
portant person. These axes are now
known as the “Wahgi Axes’. By this time
we were all fairly tired but the routine
of making camp, marching and breaking
camp, was continued en exactly the
same fines, without fail

On February 18, we struck one of
the most severe tests of the trip. We had
crossed the divide from the Chimbu
country back into the Garfuka River
headwaters at about 2,900 metres. On
the way down we traversed a long, nar-
row, cleared ridge at about 2.200
metres. There were long lines of native
huts on cither side In the centre of this
village were hundreds of armed war-
riors, decorated, befeathered and
splashed with pigs’ blood. The women
were also in war paint. All were dancing
and ehanting. It was a full moen and
they appeared 1o be yery worked up
Things looked threatening. They would
charge up to eur party with arrows in
their bows in a menacing manner and
thensetreat at the last moment

We moved on steadily, realsing it
was a cast of 'vou hit me, and I'll hit
vou'. They could have heard of the
white men but they had not seen one
We immediately gave our carrier line
the usual instructions to close ranks and
pull axes and knives from back packs
and make ready. Bush knives were
usually put down the sides of their
packs, inside the lashing, so as to free
hands for climbing

There was complete silence in our
ranks. We clapped on the pace from
steady to fast walking. The villagers
were taunting and trying to disrupt the
line and the air was electric. We had
two dogs, Bully, a white bulldog and
Bluey, a blue Queensland cattle dog
Bluey was on a tight lead. We stopped
for a moment to tighten the packs and
check all was ready in casc of trouble

1t seemed inevitable. Then husban-
ding our wind and strength, we quietly
moved on. We were still at 2,200
metres. The women had disappeared.

AUSTRALIAN NATURAL HISTORY




The warriors seemed to be getting cven
more daring, pulling hair from Bully's
back. He was used to having loose hairs
pulled from his back — the warriors us-
ed to wrap them up in leaves and hang
them around their necks — to give
strength. Bully didn't normally mind,
but one of the cheekiest and of
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the female natives threw a four kilo
sweet potato from the bank above
which knocked me to the ground.

It was a tense moment. There was a
sudden silence from the shricking
natives. Our line of natives only paused
for a moment and then walked on
holding the dogs tightly. We didn’t stop

the warriors then made a grave mistake.
He pulled a hair from near Bully's
privates, a tender spot even for a bull-
dog. Now, Bully roared and being 2n
angry English bulldog, roared as the
natives had never heard before. The
threatening mob disappeared in a flash,
and the hitherto cheeky warriors dived
into houses and onto roofs hotly pur-
sued by a very insulted and angry, white
bulldog. 3

This was the anticlimax we all
needed. There was a roar of laughter
from our boys but we did not hang
around to see if anyone was bitten. We
saw more than one painted, yelling and
very worried warrior on top of a hut,
but we just kept walking.

It was just as well that we had
Blucy, the cattle dog, on short leash as
he was very fierce, It had been a very
long walk through this village of 600 to
800 metres, Bully eventually fell back
into line as trained to do, intently listen-
ing to hear if there was a noisc in the
long grass or huts beside the track. If so,
Bully would sniff, snor, then rush and
we would see a warrior rocket up to the
top of his house with Bully after him.
Bully would fall in again with a
mouthful of warrior's finery from
somebody's rump. Short as we were of
food, there was no one who could not
spare 2 mouthful for Bully at camp that
night

We made camp near a group of
villages on the Upper Garfuka River
where Mick and | had been on January
27. We knew they had a wremendous
strength of warriors. This was also a
particularly bad night. We were quite
worried because it was a full moon, a
time when the villagers have their sing
sing and can whip themselves into a
dangerous, hysterical swate. They
brought their mongrel bitches on heat
to the edge of the camp trying to lure
our dogs away

February 19 — my birthday — we
had camped on the river that night,
among the Ashinoi people (as we called
them). They became cheekier and
cheekier. We decided to hasten down-
stream at first light, as we were low in
tucker and things were looking bad. The
moment we crossed the river, they
threw their missiles beside us. There
were over 500 warriors on top of a four
metre bank — and we had to walk along
a track below the bank.

On the narrow track amid a maze of
pit-pit, just over 400 metres from our
camp. some natives started throwing
sweet potatoes which grew very large in
that country. 1 was walking as ‘tail end
Charlie’ with an ex-sergeant of the Ger-
man native police behind me. One of
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to pick up the large sweet potato. Mick
and 1 estimated on our first trip a month
before this group of villages could
muster 800 bowmen.

We cventually passed out of the
dense pit-pit, which was several
kilometres long, past the other Ashinoi
settlements to a clear grass knoll which
was at least 100 metres in all directions
from the dense pit-pit as well as being a
good defensive position.

We reckoned that discretion was
the better part of valour, and after
breakfast streaked back to the old camp
sitt Mick and 1 used the previous
January. This was near the present town
of Goroka. There were three villages
near here, all close together. We camp-
ed on a2 narrow grass spur, in open
country just wide enough to erect our
tents and immediately cleared the long
grass around the tent site.

It was full moon but with heavy
clouds. The dogs were restless, and so
were our boys. We sensed that
something was afoot and everything
and everybody was uptight. It was silent
except for the dogs who were growling
in their stomachs. We let our boys arm
themselves with axes and knives as
usual and Mick, Danny and 1 had our
powerful torches ready and waiting.

We knew the natives were on the
slopes all around us because occasional-
1y there would be a shine of polished ar-
rows and bows. Movement at night was
very unusual, except for the Kuku Kuku
tribes from the mountain ranges in the
Upper Watut River area.

We waited until they were about 15
metres from.us, then we simultaneously
put on the bright beams of our powerful
torches. The bedecked warriors were
momentarily frozen in their tracks. It
was like a scene from Dante’s Inferno.
Blood curdling screams, flashing lights,
then the dogs broke loose and pan-
demonium broke out. These natives had
never seen torch lights, hence, we got
out of another awkward situation. We
were glad when it passed with no
casualties except for a few excited war-
riors with bitten backsides.

They outnumbered us by ten to
one. We were glad when dawn came.

We returned to base camp next day
to draw up the maps and plan the next
expedition

One of the greatest thrills of my life
after this rough trip to the Chimbu and
back was to find the Assistant District
Officer had erected a flag pole at the old
Bena Bena Camp. The Australian flag
was flying and I noted in one of my
diarics that night, “This day the Kings
writran"’.

My report, which was accepted by

Harrison and Kingsbury, recommended
further penetration to look at the Wahgi
Valley and out to Mount Hagen. A joint
expedition by NGGL's party consisting
of Mick Leahy. Danny Leahy and Ken
Spinks, {(one of my assistant surveyors)
with Assistant District Officer Taylor
and police from the Administration o
the Wahgi Valley and Mt Hagen area
resulted from the Chimbu trip.

The expedition was the last
without aerial reconnaissance, not ser-
viced by radios, and the last that was
not re-supplied from the air. It was a
casc of 'go into the blue’, not knowing
what we might find. Kingsbury's predic-
tions as to the general topography were
fulfilled. The belief by some of us that
where large spaces of clear sky occur,
one finds open country, was justified.

This was the expedition that pro-
bably brought half a million or more
natives under the Crown and spurred
on the mass of later great expeditibns in
as far as the Dutch border,

1S

..
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PRESIDENT S ADDRESS: 4 July 1984

PARTICIPATION OF THE SURVEYORS

This weeik we are holding the Association’s 1Yth Survey Conyress
with tue theme, Man and His Lané@ - the Surveyor ‘s challenge.

inis means that we are concerned with Land and what it means to
us.

Land and its availability are critical for any develonment to
take place.

On= nmajor issue Papua New Guinea is considering under its 5 year
developrnent plan is the creation of productive work
opportunities; I would interpret this to mean, what a piece of
land can offer in terms of economic development.

The general emphasis on economic development is to achieve growth
in economic production and extend benefits widely to all citizens
of the country, anc prevent inequalities in the distribution of
incomes and provide economic preoduction opvortunities to all.

Scme of tie issues which :iust be looked at more closely are:

. Customary Land Tenure

. What affects development of Alienated Land
. Review of Land Legislation

. The administrative procedure to be adopted.

what is Papua New Guinea’'s concern in terms of Land Development
should alsc be our concern, and we must provide the necessary
technical support, as we are already doing.

While we continuc to persue our objectives, we must also extend
our interests on matters concerning the people we aim to serve.
This means that we must share the same responsibilitv with those
having concern for Papua New Guinea land development problems.

In the past, the Association has been more concerned with
protection of its meibers” interests.

Let ‘s come out of our particular world and take the liberty to
talk with otner people about their land problems.

Let wus study the interest of the people we live with and share
tneir problem and if necessary, vwe offer our advice.

We nave had 18 survey congresses already where we have generated
discussion over various experiences we have had.

The Journal of the A.S.P.N.G., #Marxch 1985.




Some of the major issues most relevant to us include promotion
the professional and the ccncern for graduates not boing ahle to
register quickly.

Our Government doesn 't know that we are contributing our views to
the education svstem in our particular field.

We are doing this at will as we feel that survevors must ¢ain a
high quality of academic knowledre.

A vyear or two ago we gave support to the proposed amendment to
the Survey Act to allow for Certified Measurers. This is the
forethought, initiated by Surveyors, following the understanding
that sooner or later we will be reauired to register customary
land.

As many other people have said, the surveyor :nwust continue to
cbserve what is happening around hin, study the interest of other
people and offer his expertise where necsssary.

At this point in time, the Department of Lands and Surveys,
National Planning Office, Finance and the Department of Primary
Industry are looking at Land Policv generallv, and now it affects
developnment.

The issues mentioned earlier are being discussed. These of
course are of interest to Surveyors. fThe persons involved are
Surveyvors, Valuers and Econonmists. But an Economist doces not
know much about land; we ¢o and somehow we have to have our say,
particularly as an association.

Andrew Lakau has put his foot and mina in the riuht direction and
we will also have to do the same. We must praise him for a very
thought-provoking paper and let’s not make this day, the burial
day of his long months of work.

in summary, I have tried to emphasise that we take the liberty to
expand our ideas. We must take interest in making our view clear
to those having concern for land and its development policy. It
is hoped that at the end of this meeting we have developed
something out of the week s deliberations to the Government and
those directly affected.

P. Salaiau
PRESIDENT FOR 1983 - 1914

The Journal of the A.S.P.u.G., Marcn 1965.
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PRESIDENT

HON, SECRETARY

COUNCILLOR




The Association of Surveyors
of Papua and New Guinea

AUBARANA

The staff which appears on the right hand side of the
certificzare 1s an Aubarana or Tolai clan leader's staff., It was
.Cchoser. because of 1ts symbolic connection with Surveying.

Each clan possesses an Autarana which is passed on from
one clan leader to the nexi. Apart from being a symbol of leadership,
the Aubarana is used in setiling disputes cver ownership of land. In
the event of an intra-clan land dispute, the clan leader almost
invariably acts as arbitrator and, having made a decision, makes it
known by thrusting the Aubarana into the ground at each of the corners
which d=fine ihe disputed boundaries. Each corner is then marked by a
stake which is subsequently respected as if the corner were still marked
by the Aubarana itself. There is no other native custom which so
closely paralleis the practicss of the modern surveyor.

The staff used for the certificate was the cne presented
to Mr. J.K. McCarthy, tne Director of District Administratien, by
Mr. Vin Tcoaining at Kokepo on the 25th July, 1962, on behalf of al:
the Tolai peopie. Mr. MzCarthy 1s fthe cnly BEuropean ever to have been
honcured in this way. It was, in faut, his suggesticn which l=2 1o
our us¢ of the Aubarana.

The Aubarana itself 1s a carved wooden pole abouty 5 feet
long wrapped in fine bark fibre bcund with bark string. The upper
pertion is embellished with cockarnco feathers glued and bound in
place.

Ed. This particular item found in 1973-74 addition to Congress Paper.
Further information is due to wonderful memories of J.M. and C.M.
Page 140.
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Paul ¥.L. ling

P, ©. Box 6173

BOROKO

National Cavital District.
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National Capital District.
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Western Highlands Province.

Edward E.L. Youny
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1985 SURVEY CONGRESS

RABAUL JULY 1 - JULY 5

SEEKING STABILITY IN A VOLATILE ENVIRONMENT

MONDAY JULY 1:
1.00 pJmi.

700 pJa.

TUESDAY JULY 2:
9.00 a.m.
10.00 a.m.
Evening

WEDNESDAY JULY 3:

5.00 a.m.

1.30 - 3.30 p.m.

7.00 p.m.

THURSDAY JULY 4:

9.00
Evening
FRIDAY JULY 5:
9.00 a.m.
1.00 p.m.

7.00 p.m.

PROVISIONAL PROGRAMME

Registration of delegates.

Official Opening followed by President s
Cocktail Party.

Technical sessions at Kulau Lodge all day.
Morning Tea for Ladies.

Free

Annual General Meeting A.S5.P.N.G.

Tours for interested delegates and their
wives.

Equipment displays and workshop - Sokkisha
and Wild

Annual Dinner

Technical Sessions at Kulau Lodge all day.

Free

Technical sessions at Kulau Lodce
Forum and closing ceremony at Kulau Lodge

Farewell Barbecue.

The Journal of the A.S.P.N.G., March 1985.
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1985 SURVEY CONGRESS
RABAUL JULY 1 - JULY 5

SEEKING STABILITY IN A VOLATILE ENVIRONMENT

NOTICE TO OVERSEAS MEMBERS AND PROSPECTIVE DELEGATES

This 1is an invitation for you to attend the twentieth Survey
Congress of the Association of Surveyors which will be held in
Rabaul from July ! to 5 1985.

Planning is well advanced and we already have more confirmed
papers than we can use. A copy of the provisional programme is
attached for your information.

RSt W e P e, v e
We are attempting to encourage ex-P.N.G. Surveyors to attend this
Congress. The last Rabaul Congress was held in 1971 at the Kulan
Lodge. We are using the same venue for this Congress. Rabaul is
still the best town in P.N.G. having changed little over the last
15 years.

Air Niugini are offering group discounts for travel and
accommodation. For South East Queensland Surveyors, former Air
Niugini Chief Pilot John ZXessey of Everton Travel Agency is
organising group travel.

Rabaul accommodation rates are guite reasonable compared to other
P.N.G. centres.

Approximate rates are as follows:-

KULAU LODGE Single K24 Twin K31
TRAVEL LODGE Single K49 Twin K49
KAIVUNA Single K40 Twin K50
HAMAMAS (Former Ascot) Single K35 Twin X50
NEW GUINEA CLUB Single K18 Twin K25

More detailed information can be obtained from Tom Jackson,
Sydney 2642076 or Clive Bassett, Brisbane 3554899,

Clive Bassett
for Congress Committee.

The Journal of the A.S.P.N.G., March 1985.
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i CW. MARSHALL AND ASSQCIATES

MINING & CIVIL ENGINEERS, GEOLOGISTS & SURVEYORS

PRINCIPAL CGold Fields House
1 Alfred Street

C.W. MARSHALL, A.O. SYINEY, N.S.W. 2000
AUSTRZLIA '
Telephone: (02) 27-2573
Private : 467-2308

27 February 1684 Telex 3 AA 73540

The President,

Association of Surveyors of Papua New Guinea,
P.0. Box 1422,

BOROKO.

Dear Sir,

I was requested recently to prepare scme notes for the

50th Anniversary of the finding of the Chimbu-Waghi Valley.

Please find attached a copy of the Australian Natural

History Vol. 21 No. 3 which includes my nctes. 474542’775*

Amongst those concerned were myself, asurveyorof New Guinea,
and one of my assistants, Ken Spinks. You may care to
place this in your records as evidence that the surveyors
did play a primary part in £finding and opening up these
areas.

Last Sunday I had my 80th birthday and am still running my
consultancy practice at the above address.

I hope in the cecming year to write an article irn which a
number of survevers were concerned, including S.M. McLean,
H.G. Foxall and myself between the years 1925-1929, in the
areas east and west of the lower and middle Fly River.

Wishing your association all the best for the future.
Yours faithfully,

/ S L )
Charles Marshall

Ed. An abstract from the Australian Natural History Vol. 21 No. 3 of the
Chimbu Expedition on Page 110.

_
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d. C. Macartney P.0.BOX 1,

140 MOUNT NEBO, QLD. 4520.
B. Surv, M.LS. (AUST), FA.S. (PNG), S

LICENSED SURVEYOR BENSON ROAD,
MOUNT NEBO, QLD. 4520.

Telephone: (07) 289 B157 .

The Fon. Secretary, 17th August, 1984.
The Association of 3urveyors of
Fepeu Rew Guinea, *
F.0. Box 201,
MCUNT HAGEN., WHF.,
PAFUA NEW GUINSA.
Dear Doug,

I refer to your letter dated 22nd July, 1984 in which you requested the back-
ground to the logo of A.S.F.¥.G.. Sorry to have been so long in replyinz to your letter
but I have been trying to track down some of the other members whose memories may have
‘ithstood the endurance of time better than mine. Finslly Graham Metheson and myself
discussed the matter over lunch and the following is the best we could recall.

Sometime in the mid 196Cs a competition was held for the design of a logo
for the Association., The winning desirn wes submitted by Niss. Denise Dent who was at
thet time secretary to Surveyor-Gemerazl Grahem Fetheson. iiss Dent's design wes fair =
drewn by Bernie Duncan, & semior draughtsmen of the Survey Division of the Department
of Lands, Surveys and Kines, The Logo was as portrayed on The Journel Vol.l No.1 i.e.
no stippling or horizontal arrow. Filling of the land masses by stippling or blocking -

was added for cosmetic effect to make them stznd out. The addition of the horizontel
arrow to the logo and the certificetes was also added for cosmetic effects, we think

by the printer, to give a balanced effect to those documents and was not intended to be
formally part of the logo. Votions that it portrays the shape and speed of leacartney
returning from the Border Survey are not true!! Yor wes it intended to sirnify any
chreat to FNG from the west!

You are correct in assuming that the staff on the certificates is of Tolei
origin., ‘e think it is celled en Aborana and was used by the Tolai headman when he
indicated the bounderies of land to be used by the various clen members, Alan Bale
should be zble to give you the correct spelling and more detsils of its usage. Graham
thinks that it was he thet approached lNr. Feith NcCarthy who wes the Director of the
then Department of Native Affairs for a sugrestion for a suitable emblem for t he
certificates. Ir. NcCarthy suggested the Aborana and 28 he either had one or had donated
one to the museum we were able to get the configuration and the colours. 4 brief
description of the staff was printed and used to be given with each certificate on
presentation., I would suggest that someone check with the musuem to see if there is
an Aborana there. I also sugzest that you mey find 1) the information on the lopo and -
the staff in the Associrtion minutes if they are all still to be found.

fnother item of interest re the logo was that it was used on 2 i
about July/august 1967. The Fost Uffice issued four stamps celled 'Higher

‘4 stamp .

Bducation’
(over) (




(2)

end the 7 cent strmr fes tured surveying =nd ueed the .z 2rintio Jcgo. There wes an

arrer in the reproduction =»d the logo only nrd eight divizsions to the qu-dr-«g

eruging auch coqatusios in the aurveving verld.
I hepe the above informetion is af aome help ie sclvisg your ‘ueries
end J +il" ottoanrt e rat mocc cdefinzte histurcy o the lovo and at-ff bt I au sure toe
minutes zre wor source,
Find regarde,
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v C.W. MARSHALL AND ASSOCIATES

MINING & CIVIL ENGINEERS, GEOLOGISTS & SURVEYORS

| PRINCIPAL Gold Fields House
1 . 1 Alfred Street
C.W. MARSHALL, A.O. SYDNEY, M.S.W. 2000
AUSTRZLIA ‘
- Telephone: (02) 27-2573
Private : 467-2308
‘ 27 February 1984 Telex : A7 73540

The President,

Association of Surveyors of Papua New Guinea,
P.0. Box 1422,

BOROXO.

Dear Sir,

I was requested recently to prepare scme notes for the

50th Anniversary of the finding of the Chimbu-Waghi Valley.

Please find attached a copy of the Australian Natural

| History Vol. 21 No. 3 which includes my nctes. : 474/12171;4

Amongst those concerned were myself, asurveyorcf New Guinea,

and one of my assistants, Ken Spinks. You may care to

place this in your records as evidence that the surveyors
did play a primary part in finding and opening up these

| - areas.

Last Sunday I had my 80th birthday and am still running my
‘ consultancy practice at the above address.

i I hope in the coming year to write an article in which a
number of survevors were concerned, including S.M. McLean,

H.G. Foxall and myself between the years 1925-1929, in the

areas east and west of the lower and middle Fly River.

Wishing your association all the best for the future.
Yours faithfully,
l : ‘/,’/Agfi%; f: fiiqg, <£,zf£
—_—
‘ Charles Marshall

| Ed. An abstract from the Australian Natural History Vol. 21 No. 3 of the
Chimbu Expedition on Page 110.




d. C. Macartney P.0. BOX 1,

140 MOUNT NEBO, QLD. 4520.
B. Surv., M.LS. (AUST), FAS. (PNG).

“LISSANOURE"
LICENSED SURVEYOR BENSON ROAD,

MOUNT NEBO, QLD. 4520.
Telephone: (07) 289 8157 .

The Fon. Secretary, 17th August, 1984,
The Association of Surveyors of

Fepau Kew Guinea,

F.U. Box 201,

MGINT HAGEN, WHE.,

PAFUA NEW GUINZA,

Dear Doug,

I refer to your letter dated Z2nd July, 1984 in which you requested the back:
ground to the logo of A.S.F.¥.G., Sorry to have been so long in replyinz to your letter
but T have been trying to track down some of the other members whose memories may heave
ithstood the endurance of time better than mine, Finelly Graham Mstheson end myself
discussed the matter over lunch and the following is the best we could recall.

Sometime in the mid 1960s a competition wss held for the design of a logo
for the Association. The winning desisrn wes submitted by Kiss. Denise Dent who was st
thet time secretary to Surveyor-General firsham Fetheson. iiss Dent's design was fair
drewn by Bernie Duncan, = senior draughtsmen of the Survey Division of the Department
of Lands, Surveys and kines. The Logo was as portrayed on The Journel Vol.1 No.1 i.e.
no stippling or horizontal arrow. Filling of the land masses by stippling or blocking -
wes added for cosmetic effect to make them stond out. The addition of the horizontsl
arrow to the logo and the certificstes was aslso added for cosmetic effects, we think
by the printer, to give a balanced effect to those documents and was not intended to be
formally part of the logo. Votions that it portrays the shape and speed of kacartney
returning from the Border Survey are not true!! For wes it intended to sirmify any
chreat to FNG from the west!

You are correct in assuming that the staff on the certificates is of Tolsai
origin, ‘e think it is celled en Aborana and was used by the Tolai headman when he
indicated the bounderies of land to be used by the various clen members. Alan Rale
should be zble to give you the correct spelling and more detsils of its usage, Graham
thinks that it was he thet approached Nr. Keith licCarthy who wes the Director of the
then Department of Native Affairs for a suggestion for a suitable emblem for t he
certificates. Lkr. NcCarthy suggested the Aborana and as he either had one or had donated
one to the museum we were able to get the configuration and the colours. 4 brief
description of the staff was printed and used to be given with each certificate on
presentation. I would suggest that someone check with the musuem to see if there is
an Aborana there. I also sugzest that you msy find 21] the information on the logo and ‘;

the staff in the Associrtion minutes if they are =211 still to be found,

Another item of interest re the logo was that it was used on 2 stamp ‘
about July/august 1967. The Fost Uffice issued four stampe celled 'Higher Zducation'
(over) (




(2) el

#nd the 7 cent strmr festured surveying =rd used the . s-aoniztio lcgn. There wis an

errer 94 the repreoductiop o+ the logo only wrd eight divizieone to the

udrent

.
L
crueing auch zoatrusios in the surveving vorlda
I hope the abeve informetien iz of seome help in s6lvisg wyour “ueries
and T +41° s4toemrs 4o ret wov o lefinzte histuscy oo the laoo and st ff Mt 1 20 sure toe

minutes gre vor anurce,

Find regarde,
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