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Chapter 1
Introduction

1.1 Photogrammetry and Cadastre in General

Photogrammetry is a method which has been applied to various types of land survey and
other measurement applications. Although photogrammetry has been used extensively in
the production of topographic maps, its adoption in cadastral surveys has been much
slower. However, the lack of confidence of some cadastral authorities concerning the
adoption of photogrammetry for their surveys, has been mainly due to their limited
knowledge of the more modern photogrammetric instrumentation and procedures and the
results that can be achieved with them. Yet there exists a very substantial literature and
evidence that shows that photogrammetric procedures can be implemented successfully to
meet the requirements of cadastral surveys and mapping tasks.

Cadastral surveys have to serve different cadastral system types and the specific
requirements of a particular system is the determining factor for the selection of the
appropriate cadastral survey technique. On the other hand, a cadastral system has to be
organised in such a way that its demands can be satisfied by a cadastral survey technique
which it will be feasible to apply. The primary task of a cadastral survey is to produce a
description of each parcel of land. Although photogrammetry started originally to be used
as a graphical method, it was soon adapted in such a way to serve the needs of either a
numerical or a graphical form of a parcel description or both. The need for the cadastral
data to be in one or other of the forms mentioned above, is influenced directly by the
accuracy required for the cadastral data. In each case, these accuracy requirements are
determined by the cadastral regulations of the system which are a prerequisite for its proper
function. The required accuracy itself is affected to a great extent by the value and the use
of the land. Different accuracy specifications are usually set for urban and rural areas,
which in turn may result in the adoption of different types of survey techniques for different
types of terrain and land use.

The matter of the accuracy of photogrammetry in cadastral surveys, has been a subject
for investigation over many years and successful examples of implementations like that in
Switzerland have shown that, by using the appropriate technique, high standards of

accuracy can be maintained. Assuming that the accuracy standards being set by the
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cadastral regulations can be achieved both by a suitable ground survey method or a

photogrammetric technique, the advantage of choosing photogrammetry should be the
gains it can offer in terms of speed, efficiency, flexibility and low cost - provided of course
that the area requiring survey reaches a certain minimum size. However, it should be stated
that photogrammetry cannot completely replace ground survey, since the latter will be
required for the establishment of the photogrammetric control and for field completion
operations. Furthermore, the survey of a small area or an individual plot using
photogrammetric methods would be wholly uneconomic and the use of ground survey
techniques on such a task would be both obvious and sensible.

Apart from accuracy, another factor which may influence the selection of a particular

photogrammetric technique is whether a cadastral system operates on a centralised or a

decentralised basis. Generally speaking, given the need for the optimum use of very
expensive equipment such as aircraft, cameras, stereoplotting equipment, etc., the use of
photogrammetry is best done on a centralised basis. However if the collection of cadastral
data is organised at a regional level, there will be certain advantages of performing the
measurements at the regional cadastral offices. Given the very high costs and the necessary
resources for buying and running more advanced photogrammetric systems, alternative
techniques should be considered if data capture has to be done on a regional basis. In this
respect, photogrammetry can indeed offer alternative techniques, for example, the
techniques of monoplotting or orthophoto which require lower cost investments and less
photogrammetric expertise at least for the cadastral data capture operations.

The increasing demands for data suitable for input to modern land information systems
(LIS), which are usually organised on the basis of the cadastral parcel, have imposed the
requirement for the cadastral map data to be in digital form. This requirement has had a
direct influence on survey instrumentation and procedures which increasingly have been
developed specifically to allow the acquisition of data in this form. Thus photogrammetry,
no less than ground survey, has been adapted to the needs for digital data, so that the
current instrumentation and techniques can satisfy the needs of a modern land information

system.

1.2 The Cadastral Situation in Greece.
This project and dissertation has been concerned with Greece and its cadastre. In the
first place, this arises because the author is Greek and has a strong personal interest in

undertaking a project which is of direct concern to his country and its people at the present
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time. Secondly, there is a long history of attempting to introduce a cadastral system in

Greece, which meets the needs of its people, legal system, particular terrain types and land
use. The many attempts to do so in the past have been unsatisfactory and have had many
shortcomings. Now at present, another serious attempt is being made to rectify the
situation and introduce a much improved system. In particular, the opportunity to establish
a modern computer-based LIS should be considered carefully. Unfortunately, so far, the
quite recent establishment of the Hellenic Mapping and Cadastral Organisation (HMCO),
has made little progress towards the creation of a cadastre on a national basis.
Photogrammetry has not been used for cadastral work in Greece up until now. However
the need to investigate the potential use of newer photogrammetric techniques was
considered to be a matter of great importance, at least by the present author. Based on all

. the above factors, the decision was taken to undertake the present research topic.

1.3 An Overview of the Thesis

In Chapter 2, a historic account is given about land ownership and registration in
Greece, the latter being a Register of Deeds. Information is also given about the Deed
Registries which are distributed all over the country and operate on a decentralised basis.
This is followed by an account of the relatively recent legislation about the supplementation
of deeds and covenants by cadastral plans. The various cadastral information sources in
Greece and their operation are covered, with particular attention given to the HMCO.
Finally in this Chapter, a short description is given of a research programme carried out in
Greece in the mid 1970s about the potential contribution of photogrammetry to the
solution of the Greek cadastral problem.

The two basic cadastral survey systems being the numerical and the graphical cadastre,
are described in Chapter 3, as well as their requirements in terms of surveys, coordinate
information, maps and their respective accuracies.

A review of the past and present application of photogrammetry to cadastral surveys is
given in Chapter 4 where the photogrammetric techniques ranging from the most simple
and economical to the most sophisticated and expensive are examined through a variety of
test projects and application examples from various countries. The first part of the chapter
deals with purely graphical photogrammetric techniques, whereas the second deals with
numerical photogrammetric techniques which can be used for both graphical and numerical
applications.

The chapters following Chapter 4 deal with tests of three photogrammetric techniques,
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namely, digital stereoplotting, monoplotting from digitally rectified images and digital data

derived from orthophotography, which were believed to have a good potential application
for cadastral work in Greece. The selection of these specific photogrammetric techniques
was based on the assumption that the cadastral system to be established would require the
acquisition of digital data and, if possible, should follow the decentralised basis of the
present Greek deeds registration system, in order to be more easily adapted to this existing
structure. Also, the selection was based on the types of boundary likely to be encountered
in Greece, which are defined by physical features. The terrain of Greece, being to a great
extent mountainous, is probably the single most important factor in making the selection of
the appropriate photogrammetric technique with respect to the obtainable accuracies.

Photogrammetric material of two test areas of moderate and hilly terrain in Greece was
used for a comparative evaluation of the three tested methods. This material is described at
the beginning of Chapter-S and was used for all the tested photogrammetric techniques.
For the selection of individual techniques, considerable importance was given to their
relatively modest requirements in terms of the money and photogrammetric expertise
needed for their implementation, as well as the need to capture data in digital form to serve
a modern land information system. All these techniques were tested for direct production
use in cadastral surveys and their relative accuracies, merits and drawbacks were
investigated.

Chapter 5 deals with stereoplotting using digitally encoded analogue stereoplotting

machines. The tests were made to verify the suitability of these stereoplotters to capture
data in the required digital form with many information levels, and the need for further
editing of this data prior to its entry into a digital cadastral database. The use of
stereoplotting was considered to be the most appropriate photogrammetric technique, at
least for the more mountainous areas of Greece or those parts requiring high accuracy
standards, as required in urban areas. The stereoplotting tests also served as the basis or
standard for the comparative evaluation of the other two photogrammetric techniques
tested in this project.

In Chapter 6, an evaluation is given of a more modern technique, that of monoplotting

from digital rectified images. This technique seemed potentially to be very interesting for
application both in rural areas with lower accuracy requirements and for its implementation
on a decentralised basis. This potential of digital monoplotting was based on the
assumption that it not only requires relatively low photogrammetric expertise but also

needs easily and cheaply available computer hardware for its implementation.
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The last technique tested, that of acquiring digital data from orthophotographs

produced from stereopairs, is discussed in Chapter 7. Orthophotography could be
considered as a possible solution for cadastral surveys in Greece, at least for the largest
part of the rural areas. Although this has traditionally been regarded as a purely graphical
technique, the high production rates that can be achieved and the possibility of capturing
cadastral data in digital form by direct measurement and digitising on the orthophoto
document itself make it very attractive for serving the needs of a modern cadastre in those
areas having graphical accuracy demands.

A comparative analysis of the test results is given in Chapter 8, where both the accuracy
and the relative completeness of the plotted detail among the tested techniques is examined.

The . final concluding remarks about the potential application of the examined
methodology in cadastral surveys, especially in the case of Greece, are given in Chapter 9.
Also recommendations are made for further investigations and developments that should be

undertaken, prior to the adoption of photogrammetry for cadastral mapping in Greece.
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Chapter 2
The Problem of Cadastre in Greece Today

2.1 An Historic Assessment of the Attempts to Constitute

the Cadastre in Greece

A critical analysis of the attempts to confront the cadastral problem in Greece might
prove to be a positive contribution to and a correct starting point for an effective and total
solution of that problem. Such an analysis should include an objective assessment of the
reasons. for the failure to tackle the problem at both the scientific and socio-economic
levels as well as the identification of the principal points of the problem.

The great quantity of laws pertaining to the Greek cadastre, enacted since 1836, shows
a purely mechanical attempt to transfer foreign prototypes into the Greek environment,
without any links to the specific necessities of the country. In particular, they appear to
pay little or no respect to the political and socio-economic environment of Greece or to its
development state in general.

In many countries, there is a clear and complete institutional framework relevant to the
prevailing form of land ownership. This covers the technical, juridical and socio-economic
aspects of such ownership as well as the state of its use and management. Furthermore, the
system which is implemented attempts to incorporate the constitutional and social
limitations of the exploitation of land within the country. By contrast, Greece has only
temporarily, occasionally and inconsistently implemented a series of laws on land
ownership that either were not valid or have contributed to the chaotic condition of recent
times. These laws began with the decree of 2.12.1836 "About Cadastres" followed by
about twenty five decrees and other laws on this subject area up to the most recent one of
the 19.6.1961 (A175). Most of these only came about as a result of national economic and
social happenings or disasters. Essentially they tried, without success, to tackle a work of
national extent without an essential preliminary study and programme that would have
classiiied the priorities and the necessities of the country. Furthermore, the laws governing
land ownership in Greece appear to lack any perspective regarding its multi-dimensional
and dynamic nature. The institutional framework, comprising the organisation, management
and renovation of land; the process of data collection, including the quantitative and

qualitative elements of the land and its use; the control of natural resources; etc, are all
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matters that have received minimal attention in Greek legislation pertaining to land.

From the days of the revolution for independence (1821), a series of technicians and
professionals have made very strong efforts for the implementation of legislation for a
"National Cadastre" resulting in the approval successively of legislation based on Prussian,
French, Australian and other models of the times. In each case, the possibility for their
direct adoption was frustrated by the obviously different Greek reality. As a result, the
cadastres of Athens and Tricala which were decided to be established in 1910 by a royal
decree were never established. These are non-existent even though governments have
legislated since then for the institution of the "Council of Urban Cadastre", the "Office of
Cadastre Keeping" and the "Central Cadastral Archives".

Coming to the most recent period, starting in 1959, Sokos published his proposal about

the registration of urban properties. There was no continuation of this proposal in terms of

legislation or implementation. In 1970, without any institutional framework or prior study,
the dictatorship then in power in Greece, began the compilation of a cadastre which ended
with its decline and removal from power. In 1974, a collective effort undertaken by the
government with the representatives of T.E.E. (The Technical Chambers of Greece) and
the Society of Topographic Engineers, ended with the legislation of a "Forest Cadastre,"

despite the opposition of the T.E.E.. In parallel, without any authority or publicity and
without any technical specification, the Ministry of Agriculture executed the "Vinecultural
Cadastre" under the government's efforts to bring Greece into the EEC.

In 1976, the Ministry of Public Works started the formulation of a draft law for the
Greek Cadastre taking into account some of the basic considerations of the engineers
mentioned above, but rejecting until today their essential contribution to its development.
Unfortunately the latest governments continue to ignore the suggestions of the T.E.E. with
a view to confronting the problem of the Greek Cadastre. In this manner, they repeat the
errors of the previous governments and consciously neglect the specific needs but also the
potential of the country by failing to provide the framework of a policy for its social and

economic development.

2.2 The Lack of Cadastre and the Consequences

The lack of a cadastre leads to a series of very important consequences. First of all, the
extent of public property was and will remain unknown and unregistered despite the
management of only a small fraction of it. The same applies for the ecclesiastic property

which in Greece is enormous in extent. Furthermore, the encroachment of individuals into
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public lands and the lands of the local authorities remains unquantified and uncontrolled.

The expense of a public project then becomes double due to the costs for the alienation of
land which in fact belongs to the public domain. Without any knowledge of the cadastral
element, and therefore of the structure of the rural land holdings and the traditional
_production of one area, the study of any one project can only assess the economic and not
the social value of the land. The result will be a decrease of productivity or possibly a very
intense social disturbance. More importantly, the development and imposition of a land

policy remains restricted and, as a consequence, the following are instigated:

i) The _excessive subdivision of urban and rural lands, and the uncontrolled and

un-scheduled increases in land values;

ii) The deterioration of the life quality in towns (e.g. no parks .and
overexploitation of constraints with respect to the building height);

iii) The abandonment of agrarian lands, as they become more and more
subdivided and cannot keep the farmers, as a result of the slow rate of land
consolidation that does not assure the long term enlargement of the lots; and

iv) The inability to protect and manage the coasts, the forests and the natural

environment of the country.

2.3 Land Ownership in Greece

2.3.1 Land Policies in Greece Since Independence (1821)

A critical consideration of the Greek Constitution and legislation with respect to land
ownership that have applied from 1821 until now, can reveal the framework within which
the main aspects of Land Policies have been operated.

The "Legal Decree of the East Mainland" of the 15th of November 1821, constituted
the first integrated attempt to draw up a land policy. The aims of it were;

i) to obtain an exact knowledge and assurance of the National Lands,

ii) the creation of a cadastre at least for the National Lands,

iii) the selection of the appropriate agricultural land use in order to optimise the
productivity and the economy of those lands; and

iv) to institute a centralised control and maintenance of National lands and of
public buildings.

The majority of the land which was liberated belonged to the Turkish state, or was



19
owned by Islamic religious organisations. Other land was in dispute between Turkish and

Greek farmers (feuds). The former group became the first Public Parcels, the National
Lands of Greece. These lands and the way that they were distributed and used have formed
the principal elements of the land policy since 1821.

The law of 1835 and the Royal Decree of 1843, allowed farmers to buy pieces of these
National Lands at public auctions.

The constitution of 1844 protected private land and accepted the idea of a social
limitation over the individual's rights on this type of land, for the benefit of public need, but
ohly after an appropriate compensation had been given.

The first free cession or disposal of National Land was given by the law of 1848 for the
restitution or rehabilitation of farmers. In the period up to 1882, a total of 3,146,500 acres
was distributed by the laws of 1835, 1836 and 1871, all having titles related to "the
National land distribution and endowment of the citizens".

With the constitution of 1907, for the first tilﬁe, the land owner had the right to protest
to the courts regarding matters relevant to the state compensation that he acquired for the
alienation of his land. Special orders of the constitution of 1907 covering the autonomous
state of Crete, attempted to regulate the sale of lands and give compensation for the
damages caused by the rebellions of the time (1896 -1897). It also proposed a programme
of public works as an attempt for development. A general confiscation of land was
forbidden for the first time.

Later constitutions (from 1911 up to 1952) attempted to improve and regulate matters
of land ownership and the protection of individual rights. They also covered land
distribution for the indigenous population and placed restrictions on land alienation. During
the military dictatorship of 1967-1974, specific laws allowed the alienation of land in the
cases of public works of common interest and the possibility for land consolidation and
reallotment of rural lands for their "optimum use".

The latest constitution of 1975 sets the basis for urban development with the rendering
of a percentage of the new buildings, or the benefit of using the new developments (e.g.
public roads) as a return, instead of monetary compensation and only potentially legalises
land consolidation policies. The potential distribution of abandoned land and the later
compensation of its traced owner is also legislated for, as well as the responsibility of the
state to protect the environment and the forest by reserving the forest lands and
establishing development programmes. Finally, the organisation of the state on a

decentralised basis (Article 101), the management subdivisions and the establishment of the
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local authorities as legislated, follow the concept of a decentralised model of development

and promise to optimise the efficiency of the relevant programmes.

2.3.2 Transfer of Land Ownership

Having given a brief account of the legislation and overall policies concerning the land
and its distribution in Greece, as traced through the various constitutions, laws and decrees
enacted since independence, it is now time to see how this land is being transferred from
one owner to the other; to describe the system of land registration; and to see in effect the

assurance, if any, this registration gives to the owner of the land.

2.3.2.1 Registration of Deeds

According to the Article 1033 of the Civil Code (CC), being last revised in 2/1945, the
conveyance of the land parcel demands an agreement (covenant) between the vendor and
the new owner to certify that the transfer is done for a legal reason. This agreement is
conducted through a notarial deed which is subject to registration.

This notarial deed, is not a proof of the agreement, but it is a constituent element of it.
Hence, with the non-existence of a legal national cadastral system, this should prove with
its data the validity of the ownership rights. However, these notary deeds of conveyance of
land ownership, may be internally defective and so they cannot be regarded as legal titles.

The registration of deeds is the sealing of the real agreement of ownership transfer.
According to the Article 1200 of the CC, the registration is done in public books which are
available to every citizen to consult via a lawyer.

The law of 29/10-6/11 of 1856 "About the registration of the ownership of land and the
overlying real rights" as well as the law of 11-23/8.1836 "About mortgages" were in effect
a transfer of the French law of that time into Greece.

With respect to the Articles 1192 and 1193, the following are liable to registration:

- the legal acts for the transfer of ownership or any other real right on a parcel, whether

it is about a sale, an exchange, a grant, etc.;

- the legal acts with which a real right is created or abolished over a land parcel,

- the adjudications, or ratifications of ownership;

- the reports for a juridical distribution of land,

- the acceptance of a heritage or bequeathment;

Having considered the lack of a definition of the land identity as a result of the absence
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of a National Cadastre, the law 533 of 14/21.9.1963 orders that, for a registration, every

parcel must be described by:

- its kind (urban, rural, mine, etc.),

- its administrative location (municipality, parish)

- its exact(?) geographic location (name of location, postal addréss, quarter, etc.);
- its physical limits and neighbours;

- its approximate extent;

- the percentage ab indiviso of the land to which the act applies;

- the percentage of sharing and the number in the case of a building flat

2.3.2.2 The Process of Registration - The Deeds Registers

Initially, with the law 31.10.1856, Article 1, and for about one hundred years
afterwards, the registration of the deeds of conveyance was performed, by being entered
into the Registry Books as well as in the Index of Registries which were considered as a
unity.

In practice however, the Registry book was not kept up to date or nor was it complete
due to limitations in terms of space. This could mean that the registrations were legally
void.

So today, with the law 533 of 1963, the following were established.

(a) The General Book of Statements (Article 1 of the law 4201/1961 ). In this, all
the paperwork submitted for the entry in the Registries is entered by order of
submission.

(b) The Special Index of Registrations (Article 19 of the law 533/1963), in which a
separate section is given to every person who is involved in a legal act to be
registered. The identification of the above persons, the description of the parcel
and the subject of the registered act are recorded there.

(c) The General Alphabetic Index (Article 3 of the law 4201/1961) where the
names of all the persons related in any way to the registered acts, are entered in
a strict alphabetic order.

(d) The Book of Registrations or "The Volume" (Article 6 of the law 4201/1961),

in which all the registered paperwork is bound.
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Every entry in the Registries' books, is done after the submission of a written

application by the person concerned. A registration can be done any time and this is a
defect of this system, since at any time, somebody else might not be considered as the true
owner. A

According now to the Article 1198 of the CC, "without registration, the transfer of
ownership of a parcel or the formation, transfer and abolishment of a real right on that
parcel, is not allowed".

Today there are 380 Registries, under the control of the Courts in the first instance. The
selection, distribution and structure of these Registries, is made with respect to the extent
of the district they cover, the number of plots, the population, the number of transfers per
year, etc. From the above, it should be clear that this is a highly decentralised system of

deed registration.

2.3.3 Deeds of Conveyance (Covenants) and Cadastral Plans

The covenant of sale between the vendor and the new owner is the actual document that
the latter has in his hands. This is an exact copy of the prototype which is kept at the
archives of the notary from which it is issued. It is a summary of this covenant that is sent
to the Deeds Registry for the registration. The original Deed Registry certificate which
states that the land has been conveyed is also kept by the notary. The notaries now, are
juridical persons assigned by the state.

After 1977, with the law 651/77, every legal act related to the conveyance of a land
parcel must be accompanied by a cadastral plan (this is actually referred to as a topographic
plan), signed by the issuing surveyor, and the covenantors.

According to the above law, on the cadastral plan, the boundaries with the adjacent
owners are demarcated with their corresponding lengths and the names of each of them.
The legend on the plan should include information on the location of the parcel, and in the
case of urban areas, the number of the parcel block, the name of the owner, the parcel area
and a declaration by the surveyor that the parcel fulfils the building regulations. The
surveyor also certifies whether or not the relevant parcel is a part of a larger parcel and can
still fulfil the above regulations. It is also noted that the boundaries were indicated to the
surveyor at the responsibility of the owner or with respect to another, specified covenant.

Three copies of the plot are produced. The first copy is held at the Deeds Registry, the
second by the owner and the last by the surveyor, who also has the original plan on a

transparent base. The cadastral plan cannot be altered during the ten first years after its
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issue and any copies required must come from the original transparency.

According to Article 2 of the law 105/1969, the surveyor or the signing covenantors can

be prosecuted in those cases where they declare fallacies.

Referring back to the covenants again, these are lengthy verbal descriptions. Each

covenant states the identity of the issuing notary and its number. The following information

is also included:

- the identities of the vendor and the new owner;

- details of the covenant of the vendor;

- details of payment;

- parcel description;

- details of the transaction and also any other agreements, conditions, or easements

relevant to the parcel.

2.4 The Various Cadastral Data Sources in Greece Today

After the reference to the Deeds Registries, the various cadastral data sources will be
presented here (Rokos, 1981, Arvanitis, 1992).

i)

iif)

The first source is the Cadastral Offices of Rhodes and Kos, that have been in
operation since the times that the Dodecanese Islands were under the Italian
occupation. These Cadastral Offices, like the Deeds Registries, are under the
Ministry of Justice.

The second source is the Cadastral Office of Athens, where cadastral data of
the quarters of Kallithea and Faliro can be found. Cadastral operations had
already been carried out there before the World War II. This office is under
the Ministry of Environment, Planning and Public Works (MEPPW).

Other relevant departments are also under this Ministry. One of these is the
Department of Topographic Surveys and Cadastre (DTSC) which was founded
in 1918. This Department employs the greatest number of the Survey Engineer
graduates produced by the universities and is supposed to be the main civil
department for the production of topographic and photogrammetric maps.

The Urban Development Company (UDC) is also under this Ministry which
produces cadastral data for the application of the urban plan expansion

projects.
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(a)
(b)
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Finally the Hellenic Mapping and Cadastral Organisation (HMCO) which will
be described in more detail later is also under this Ministry.

The Ministry of Agriculture now also produces cadastral data concerned with:
The land consolidation and reallotment programmes.

The distribution of lands for cultivation and settlement.

The vine-register. This holds vineyard related information (who owns them,
where they are and their extent) and has been developed with the cooperation
of the EEC. An olive-tree and a citrus-tree register is also under development.

The Department of Forest and Forest Land Registration.

The Ministry of Finance with the Departments of Public Lands and Alienations,
keeps as well cadastral data within its public land lists.

Various other Ministries produce cadastral data such as the Ministry of Culture
with the registration of ancient ruins and monuments, the Ministry of
Education under which is the School Buildings Organisation; the Ministry of
Domestic Affairs with the technical services of the municipalities or parishes all
of whom do public works.

Other publicly owned organisations such as the Public Electricity Company,

the Organisation of Telecommunications, the Hellenic Tourist Organisation,

etc., have land survey departments and produce some sort of cadastral data.

2.4.1 The Hellenic Mapping and Cadastral Organisation (HMCO)
The purpose of the HMCO as stated by its foundation law 1647/86 is to compile, keep

and update a uniform cadastre of Greece, the geodetic cover and survey of the country, the

registration and mapping of the natural resources and the establishment of a land and

environment information data bank.

Within the jurisdiction of the HMCO are the following:

(a)

(b)

The coverage of the country by the basic cadastral maps that will be the
cartographic basis for a uniform cadastre of Greece, the expansion of the
natural resources and the databank for land and the environment.

The programming and execution of the photogrammetric operations, from the
acquisition of the aerial photographs up to the final restitution (plotting) for the
fulfilment of its own requirements as well as the programmes for development

of the national organisations, services and local authorities.
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(c) The compilation, systematic updating and printing of thematic maps.
(d) The programming and execution of all the operations for the compilation,
keeping and updating of the national cadastre of Greece.
(e) The compilation of standards, regulations and fees, lists for its operations.

(f) To develop research into matters related to each purpose.

(g) The execution of any other work necessary for its purpose.

In order to legislate for and allow the efficient operation of the HMCO, it was
considered appropriate that any development should come directly under the Department
of Mapping and Cadastre (DMC) of the Ministry of Environment, Planning and Public
Works (MEPPW). Its role was coordinative and temporarily executive for the covering of
needs until the HMCO become fully operative.

Hence, the Department of Mapping and Cadastre (DMC) of the MEPPW was
constituted, taking over from the DTSC, with the prospect to be later fully integrated with
the HMCO. Through the DMC, the following departments are now under the HMCO.

a) The Department of Cadastre

b) The Department of Mapping

c¢) The Department of Geodesy

d) The Department of Photogrammetry
e) The Department of Aerial Photography

The HMCO has already made studies for the organisation of the cadastre on a national
basis. It is planned and legislated for by a decree that also stipulates that local cadastral
offices can be established. Hence although the HMCO was legislated as a centralised
authority, decentralisation will, in this way, be promoted. Before this is done however, the
cadastral survey of a municipality must be complete (Livieratos, 1993). Such a task has
been already performed as an experiment at the municipalities of Kallithea and Faliro in
Athens by the Cadastral Office of Athens, as has been mentioned earlier. The surveys of
Kifissia in Athens and Komotini in the north-east region of Greece are going to follow.

The legal aspect of the cadastre with respect to the land registries will be studied by a
committee. This committee will be formed by members of the Ministry of Justice (judges,

professors) and the MEPPW. All these matters have already been covered by legislation.
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2.5 Land Consolidation and Reallotment

As a starting point, it should be noted that land consolidation projects are one of the
most important sources of cadastral data in Greece. Land consolidation has a close relation
to cadastral surveys, since these are a pre-requisite of it. A brief consideration will be given
here for the situation in Greece. Land consolidation now, is a land policy implemented
according to the last law 674/1977 "About land consolidation and the enlargement of
agricultural exploitation". An exact knowledge of the cadastral state of the areas concerned
is needed for the implementation of such a policy. This necessitates the existence of a
National Cadastre for a Land Consolidation which should be a programme of national
extent.

In Greece, before a land reallotment project can be implemented, the necessary cadastral
surveys are made according to the provisions of the above law. The Topographic
Department of the Ministry of Agriculture is responsible for the above operations. The
methods which are followed, are the traditional ground survey methods. Only after a

special decision of the Minister, can the photogrammetric method be used.

2.5.1 Urban Land Consolidation

The idea of land consolidation may also apply in urban areas where it contributes to
urban planning and development.

The first legal framework in Greece for the Urban Consolidation started with the
Articles 49 to 51 of the law of 1923 "About town plans, cities and quarters of the country
and their building", and were followed by the adjustments given by later laws. These
regulations however, only applied to those cases concerning a great number of parcels, and
were rarely applied.

Today the law 947/1979 "About habitation areas" (which is still to be revised), states
the meaning, and sets out the ways, the publicity for and the process of an urban
consolidation. Such a task can be undertaken either directly by a public organisation or
service, a public town-planning agency or by a building association after a presidential

decree announced by the government.

2.6 Cadastral Survey Regulations
The regulations and standards for a cadastral survey in Greece, coincide to a great
extent with those for geodetic, topographic and photogrammetric surveys. Since a cadastre

of national extent has not yet been developed, these existing survey standards cover only
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those individual cadastral surveys that have been undertaken.

The presidential decree 696 of 1974 "About payment of surveyor engineers... ... and
related standards", regulates the payments for cadastral surveys. Also, in its second part, it
includes the standards which are required for the geodetic, topographic, cadastral and
cartographic operations. According to the later Article 108, they are liable to adopt the
latest technological improvements and to regulate the accuracy standards and uniformity
of the above surveys.

According to the Article 116 of the same presidential decree of 1974, the purpose of a
cadastral survey is the exact determination of the parcel boundaries; the depiction of these
and of the "natural and artificial features of the ground"; the compilation of a cadastral plan
"at an appropriate scale"; the inscription of the parcel identity number; the compilation of
areas and owners' lists; and finally contouring, where the height measurement is not
restricted by dense settlements. |

The determination of parcel boundaries is done after their designation by their owners,
or a rural judge being placed in charge by a public, municipal or parish authority.

The scale of a cadastral plan according to Article 116 is a function of the extent, the size
and the value of the parcels and is determined by the constructor of the plan. At the same
time, by the Article 119, the scale is fixed at 1:500 for the densely settled areas and 1:1,000
or 1:2,000 for the "urban areas".

The methodology that "should be used" in the case of urban areas is the survey by
rectangular coordinates, and in the case of rural areas by tacheometry.

An "appropriate" photogrammetric method, may be used in any of the above cases. For
the optional case, where photogrammetric methods are used, the limits of the ratio C of the

photograph scale to the final map scale are given by the formula:

oo M
VM

where 100<C<300; My, the photograph scale denominator; and M the map scale

denominator respectively.

This formula relates to graphical stereoplotting using analogue photogrammetric
instruments and does not consider the numerical, analytical or orthophotogrammetric
methodology.

The cadastral survey regulations for the urban areas make no comment on or provision

for the use of photogrammetric methods. The only exception is the use of enlarged
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photographs for the preliminary operations. Since the cadastral surveys of urban areas

usually relate to individual cases of small areas, for which photogrammetry is not suitable
or legalised, this absence of regulations is justified.

With the legislation however of the HMCO which is given the responsibility to keep and
update an archive of aerial photographs of the country for planning and development

programmes, this comes in to a direct conflict.

2.7 An Attempt at Assessment

As can be seen from the above and by a closer inspection of the regulations, the latter
cannot be considered as sufficient or efficient even in the case of individual surveys which
are made here and there under no commonly organised schedule.

The "authority" or "constructor" which undertakes an individual cadastral work for
example, will inevitably specify his own arbitrary and obviously independent way of
measuring and plotting a cadastral plan.

By inspecting Article 116 of the decree 696/74, it is clear that the regulations make no
comments for the clarification of the titles of ownership or their easements, the land use or
value and other qualitative information for the ownership and legal status of it. In general,
there is not yet a regulation for the desired accuracy of demarcation or recording of the
parcel boundaries or for their standard deviation values.

The consideration of a different quality and weight of the cadastral surveys becomes
most evident with Article 119 of the decree 696. This Article states that cadastral surveys
are not made for the lands owned by the state or those that have been conceded to
municipalities or parishes and are free from buildings and crops. Hence, the areas that
demand the greatest attention and protection, the National land according to the law, are
not surveyed and registered and are left free to fall into the hands of squatters.

It should be stated however, that the HMCO is now developing new standards and
regulations that will eventually have a universal application in Greece. However what has
been done so far does not have such an application, since it is not complete and most

importantly, it has not been legislated.

2.8 The Potential Contribution of Photogrammetry to the
Solution of the Greek Cadastral Problem
In order to assess the potential contribution of photogrammetry for the formation of the

Greek cadastre, a research programme had been carried out from 1973 until 1977 (Rokos,
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1981). This research programme was carried out after the order of the MEPPW by a team

of graduate surveyors under the supervision of the DTSC and the Technical Chambers of
Greece (T.E.E.). A starting point for the design of this programme had been the systematic
survey of the conditions and construction of the rural ownership carried out during the
period 1963 to 1973. A further impetus was given by the employment of professionally
qualified personnel in the sectors of cartography, topography, photogrammetry and
cadastral surveys within a great number of areas in Greece.

Enlarged aerial photographs of scale 1:5,000 were utilised for this test, obtained from
the Geographic Agency of the (Greek) Army (GGA). These photographs had been
previously used by the GGA for the photogrammetric stereoplotting of topographic maps
at 1:5,000 scale.

A detailed critical analysis of the relation of the field conditions with the corresponding
images on the available photographs, created first of all a general picture of the situation.
This then had to be checked and evaluated quantitatively within specific areas which were,
as far as possible, uniform and representative for the whole country.

Thus seventeen municipalities of West Peloponnese were selected that could be said to
represent to a smaller or greater extent, the economic, social, geographic,
goemorphological, topographic and demographic characteristics, encountered over the
greater part of Greece. In total, these comprised 8 areas of flat terrain, 7 semi-mountainous
areas, and 2 mountainous areas.

For these specimen areas, the following items were designated on magnifications of the -
original photographs at 1:5,000 scale.

(a) using photogrammetric methods, the possible ownership limits were delineated
by graduate surveyors, as the directly visible or the reasonably designated
natural limits of rural land plots.

(b) with ground measurements (i.e. traversing) and investigations, the specific
limits of ownership of land were designated, computed and drawn.

Consequently, the data obtained by these two methods were compared in order to
investigate the quality, the extent and the degree of coincidences and deviations of the
physical boundary limits, that were interpreted as being the ownership limits with those
that were really proved to be the cadastral limits.

The implementation of this programme was carried out under Greek conditions without
any effort at the idealisation of the materials, means and processes that were followed, and

despite the fact that they might be considered as inappropriate in many developed
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countries. Rural judges were used as designators of the parcel limits, since they were

considered to be the most reliable, informed and authoritative persons available for this job.
The problems concerning the insufficient identification of the physical parcel boundaries
due to the progressive abandonment of the rural land were solved during the ground survey
operations, so the exact status of the boundaries of the investigation area was known.

The given conditions even involved the use of 12-16 year old photographs. By the use
of the photo-interpretation method, the following were verified. The 48.9% in terms of
number and the 49.8% in terms of area of the photogrammetrically determined parcel limits
were in coincidence within the actual accuracy limits set for the experiment. For the flat
areas, the agreement was up to 49.7%, while for the mountainous terrain, it was up to
47.9% in terms of number of ownerships. This roughly indicated that, if the production of
topographic maps at 1/5,000 scale through the use of photogrammetry, and with
appropriate standards is decided upon, then 50% of the cadastral diagrams of Greece will
be produced as a by-product.

For 31.7% of the number of properties and 28.3% of the area out of the total, there
was a reliable coincidence of the photogrammetrically determined parcel limits with the
cadastral limits of a single ownership. So for these percentages, a simple graphical joining
on the plot, after the indications of the approved designators would suffice to produce the
diagrams of the true ownerships.

For 7.4% of the number of properties or plots and 9.4% of the area out of the total,
there was a coincidence of the photogrammetrically determined parcel limits of one
ownership with the actual limits of more than one ownership. Hence for those percentages,
field operations are necessitated for the subdivision of parcels, after the indication of the
true limits by the owners or rural judges and their drawing on the obtained
photogrammetric plots.

Finally, for the remaining 12%, both of the number and of the area of the total, there
was a complete deviation of the photo-interpreted limits from the actual limits. For this
percentage, a complete cadastral survey, based on traditional ground methods, will be
necessary.

These results were considered as the basis for legislating the Hellenic Mapping and
Cadastral Organisation (HMCO) as well as for the presumption of the claims of T.E.E. in

terms of the accuracy, economy and speed of the photogrammetric method.
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2.9 An Evaluation of the Cadastral Situation Today

As can be seen from paragraph 2.4, there are a number of sources or organisations
producing cadastral data. However, all this data remains useless and indeed has never been
gathered by the HMCO despite the fact that there is a requirement to do so in its
constitutional law. Also, such data will become or remain useless since there is no plan for
updating it by any of the bodies which produces it. Indeed these surveys were only
produced occasionally to cover the specific needs of the times. Furthermore, each one of
them produces cadastral data which comply to their own (if any) standards, something
which greatly restricts their gathering.

According to the opinion of the president of the HMCO, D. Katsieris, after a
conversation in person with the authpr of this dissertation (4/1993), and also the opinion of
a great part of the public, this situation is first of all the result of lack of political
willingness. The fears of political repercussions restrains the government from taking any
essential steps to rectify the present situation.

A relevant example of this inaction is that of the Department of Mapping and Cadastre
(DMC), which, according to the constitutional law of the HMCO, was going to be fully
taken over by the latter. A conventional problem was the transfer of the employees to the
recently established HMCO. They reacted against their transfer since this was going to
have an effect on their pensions.

Similarly, despite the last regulations for the creation of the Cadastral Offices, their
operation will be very restrictive. When an agreement of ownership transfer is made, the
notary will have to submit a summary of the agreement at the local Cadastral Office first
and then to the Deeds Registry. Merging the planned Cadastral Offices with the Deeds
Registries would be an obvious solution, but for the same reason as before, something like
that has not happened yet.

Similarly, another reason for the delay of any positive step towards the creation of the
National Cadastre is the need for the HMCO to invest a great amount of money for a long
term result. Since this will not give a return very quickly, it causes the organisation itself to
be very inert or inactive over this subject. Also the attitude of the lawyers and notaries
who are supposed to benefit from the disputes arising between land owners is important.
The lack of a cadastre might increase the number of such disputes.

There are however other opinions for the inaction of the HMCO. According to D.
Kalimeris, head of the Department of Cadastre of HMCO, after a personal contact with the
author (4/1993), there is a lack of organisation within the HMCO itself which restricts any
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remedial actions. According to him as well, there is no knowledge and especially no

experience, even within the HMCO of how the cadastre will operate when this becomes
systematic (as it is intended to be) and has a national extent. Finally he reckons that lawyers
and notaries will actually benefit from the establishment of a National Cadastre since any
disputes that may arise, will be more easy to resolve.

The latest news concerning the lack of the cadastre in Greece (4/1993), is that the
government is now planning to entrust its formation to a private company that will have
the necessary experience on the matter. Rumours say that this will probably be an Italian

company, but this is where all the relevant information ends.



CHAPTER THREE
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Chapter 3

Cadastral Survey Systems

3.1 The Two Methods of Parcel Definition

The relationship of boundaries on the ground to the corresponding maps, plans,
diagrams and their written descriptions which define the registered unit of property has
often caused great controversy.

There is a wide range of terms used, such as general boundaries, guaranteed boundaries,
fixed boundaries, general map, etc, which have evolved from the establishment of various
land registration systems, These terms are often used in different senses and even the word
boundary has two quite different meanings. Thus, a boundary can be an invisible line
showing the limit of what somebody owns and is only marked at turning points on the
ground, or it can be a physical feature, such as a wall, a ditch, a row of trees, by which that
limit is marked. Going on from this, boundaries have been divided into natural and artificial,
in the case when the physical objects have or not been created by the man.

Whatever the case for the use of the above terms, there are two quite distinct methods
of parcel definition and an attempt will be made here to indicate their relative merits and

drawbacks.

3.1.1 Parcel Definition by Officially Emplaced and Mathematically Coordinated

Boundary Monuments,

In this case, the authorised surveyor places monuments at corners or turning points
along the boundaries of the properties so that the parcel is precisely delineated and carries
out a survey that links these points to the national triangulation control. These monuments
are mathematically coordinated and a deed plan is prepared on the basis of these
coordinated points and then authenticated by the state survey authority.

The points favouring the use of this method, are that the monuments are precisely and
unambiguously defined in terms of the national coordinate system. They can be reinstated
at any time to the prescribed error limits by reference to survey records. In this way, the
surveyors should be able to settle disputes relatively easily - provided of course that no
mistakes were made in the initial surveys. These initial surveys can be carried out when the
registration is required and in a fast manner since the coordination of boundary beacons is

a task with a limited and specific purpose (not involving the survey or mapping of
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topographic detail).

In terms of survey charges, the landowner pays the full cost of the work and not the
state. Normally a professional surveyor will carry out such a work, but it will be checked
and verified by the state cadastral authority, since usually the survey errors can be detected
by rigorous office computations. With respect to further checking, field checks will
reassure the accuracy of the survey quite apart from the office checks.

On the other hand, if the accuracy of the control network proves to be low, or if
surveys are not kept to the specified acceptable standards, the reinstatement of monuments
might not be easy and disputes may arise due to the mismatch between documents and the
owners' accepted boundaries.

Also, the sporadic surveys employed are expensive and are more prone to errors than
systematic surveys of land parcel blocks. Furthermore, the high costs of these surveys tend
to inhibit land dealing.

3.1.2 Parcel Definition by Reference to Topographic Detail

In this latter method, the state survey authority produces large scale maps containing all
the relevant topographic detail. These are used to produce special cadastral maps with
explanatory notes entered in the case where property boundaries do not coincide with the
physical detail shown on the map. Since the state pays usually for the production of the
topographic maps, the contribution of the owner to the survey costs might be smaller. If
this is the case, land transactions are not inhibited.

This method has the advantage that the location of physical features such as walls,
fences and hedges is known to land owners while the surveyed beacons might not be
known or become overgrown or are destroyed. These physical features are less likely to be
moved by someone and any such movements will normally be apparent. Registration can
take place systematically, as soon as the topographic maps are complete which also serve
many other purposes.

The negative points of this method are that the boundaries can be replaced only to the
plottable accuracy of the topographic map or plan, and also physical features are not
always present to define the parcel boundaries.

Also, registration is not possible until the topographic mapping is complete, which can
result in long delays. Furthermore the payment of the surveys by the state benefits the
owners who only contribute to the survey costs to the same extent as any other citizen who

does not own a land parcel. Also the continuous revision which will be necessary, is
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expensive even when it is carried out by technicians, since it will involve the revision of the

topographic base map which carries much more information than the physical features that
are or also serve as boundaries. If the topographic maps do not serve cadastral purposes,
their revision cycles might be longer, whereas a map with only boundary information can
perhaps be revised more quickly. Furthermore there is no absolute guarantee of accuracy
without an extensive checking system.

Having considered these points, it should be noted that it is the actual form of parcel
demarcation carried out on the ground that will determine the parcel definition method
used for the register. Further determining factors can be matters such as the form of land
use, the feasibility of enclosure, and the social attitudes, since there are cases (Africa),

where the erection of boundaries would be considered anti-social.

3.2 Cadastral Survey System Types

There are two ways in which cadastral surveys can be carried out and classified. Based
on what has already been written above, these are the essentially graphical or pictorial
system and the essentially mathematical or numerical system. These are quite distinct types,
although some meshing may result when, for example, a numerical system appears to be
purely graphical simply because all the measurements are omitted from the corresponding

plan.

3.2.1 Graphical Cadastral Systems.

What distinguishes these cadastral systems is that, with them, the land holdings recorded
on the register are illustrated in a graphical or pictorial manner. The degree of precision of
that depiction is directly proportional to the selected scale.

Such a system will be favoured in the cases where linear features such as walls, hedges,
fences, etc which are visible on the ground, define the majority of the properties and the
main role of the map in the registration system is one of acting as an index map, without
intending to give any guarantee of the exact location of the boundary corners of land . If
this remains the only role of the map, then there are only a few survey constraints on the
overall consistency, of a survey over the whole country - keeping the appropriate standards
and techniques, being the primary one.

Graphical methods and products can be easily and effectively comprehended even by
less skilled users. Most of the relevant information can be obtained in a relatively quick and

inexpensive way. Obviously, numerical values such as coordinates, distances and angles can
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always be read or measured from the map but only a limited accuracy can be expected from

the graphical map.

The larger the scale employed for the maps or plans, the more expensive these will be to
produce. One suggestion for these scales is given in the Table 3.1 below (Dale and
McLaughlin, 1988).

CUSTOMARY IMPERIAL METRIC
TYPEOF PLOT - MAP . .. MAP .
AREA . .-FRONTAGE. . SCALES . --; ;. SCALES
Urban  Smtoi5m  1:600 (1"=50) = 1:500
Urban ** *15mto30m- ' 1:1200 (1"=100) " 1:1000° °
% Suburban: "’ 30m to 60m ° * 1:2400 (1"=200") * -* 1:2000;1:2500
{ Rural: "% 60m & greater ~1:4800 (1"=400) ‘<7 1:2000;1:5000 ..
“Resources ... =11 1:12000;1:24 000 1:10 000;1:25 000

Table 3.1 Property maps - Suggested scales.

3.2.2 Numerical Cadastral Systems

The distinctive feature of these systems as opposed to the graphical systems, is that
although data may also be presented in a map form, with or without the addition of
dimensions, the boundary data can be recorded or presented primarily in the form of
printed or digitally stored lists of coordinates, bearings and distances between boundary
monuments. Maps produced by a numerical system as compared to those produced by a
graphical system have an essential difference. When the boundary data are recorded in
numerical form to the measurement standards specified by the system, they are quite
independent of the map scale. Hence, the maps can be produced at any convenient scale
and the dimensions do not need to be scaled off the graphical plan.

It is clear that the intrinsic qualities or characteristics of the numerical systems may
extend to satisfy needs other than merely those of a registry index map. Apart froni
supporting a register of land rights, they can be utilised in such a way to give additional
benefits to the land owner or to the state. Hence, they can potentially satisfy the needs of a
legal cadastre in which the positions of the boundaries are the most important element
rather than simply the surface area of the land holding.

Also, if the boundaries in the field are later endangered, then it will be possible for them
to be reconstructed with an accuracy in accordance with that of the original survey. So, in
addition to providing a land register support, these survey systems may translate more
accurately the plan to the ground, and furthermore allow for the better planning of a plot

layout, as well as giving a positive location and recording of the positions of services and
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individual plots.

It will also be apparent that, in areas such as certain rural parts of the North European
plain, where there are no physical boundaries (such as walls, fences, hedges, etc) between
parcels, a numerical system based on the use of monuments is a very obvious solution to

the problem of boundary definition within a cadastral system.

3.3 Factors Which Affect Cadastral Survey Methods

The matter of the different parcel definition methods which have been discussed earlier
affects directly the selection of the methods and techniques to be used in the survey stage.
In the case of using physical features to define boundaries, no matter how imprecise the
measurements, it is likely that the features will still be there; the danger of total destruction

.of a boundary is usually minimal. In the case of invisible boundaries, the surveyor will
either:

(a) record the positions of corner marks which are shown to him as delimiting the
property, in which case, if these disappear, their correct re-establishment
depends on the accuracy of the survey and the control network on which this
survey was based, and hence the survey is critical; or

(b) the local marks can be of a permanent nature, emplaced prior to a survey, in
which case, the responsibility is shared between the survey evidence and the
owner.

Hence the kind of boundary and how this is treated by the law will affect the cadastral
survey method employed.

Accuracy will inevitably be another decisive factor - but also derivative with respect to
the possible boundary type. However there are various other relevant aspects which have
to be considered. It is frequently believed for example, by the cadastral authorities, that if
the owner of valuable land can afford accurate - and so, expensive - survey, then the more
valuable the land, the more expensive the survey should be. However, it should be made
clear that, as far as boundary definition is concerned, much importance is focussed on the
permanence or otherwise of the demarcation on the ground. In practice, more valuable land
is more likely to be demarcated by solid features. So, although extraordinary, the need for
survey in connection with boundary definition may be inversely proportional to the value of
the land (Simpson, 1976).

Whatever the case, there will never be an absolute accuracy that can be stated. Instead

there should be a meaningful and useful accuracy that the administration can guarantee to
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the owner.

The question of accuracy can be debated endlessly. Even in the case of the more "strict"
systems, as for example the Torrens system (Simpson, 1976), where high accuracy of
boundary coordinates can give a positive and hopefully unchallengable setting out survey
for the settling of a dispute over a minute subdivision between adjacent owners, the
question is how often such a dispute will arise. Even if this is the case, it can be only then
that the accuracy requirements will seriously affect the survey.

In any case, a cadastral survey system should allow for well defined, maintained and
acceptable standards of accuracy. If all the surveys are carried out by a single government
organisation, then there will be in a sense a "self-control". If others, such as private
contractors are involved, then more formal arrangements are necessary and a legal
provision should be made, although standards should be kept by anyone who carries out a
cadastral survey. This leads to another factor which affects the survey method which is the
survey law. The survey law sets the survey regulations defining the standards to be
achieved and hence can restrict the possible methods to be applied to one or two
alternatives. Certain methods (e.g. photogrammetric) have been forbidden in some
countries due to previous bad experience encountered through their use or simply dué to
ignorance and hence a lack of trust of these methods.

Another decisive factor is the method by which the survey data are kept. The exact
nature of the survey data recorded and the method of storing it will vary with respect to the
requirements of the registration system. Data which supports the maintenance of a registry
index map, as for example in the case of general boundaries, will be different to whatever

data is necessary for a numerical cadastre.

3.4 Cadastral Survey Methods
It is now time to classify the various cadastral survey methods that can be employed to
satisfy the requirements of the cadastral systems into two categories. These are the ground

survey techniques and the photogrammetric survey techniques.

3.4.1 The Ground Survey Techniques

These can be either graphical, graphical-numerical or numerical surveys, according to
the criteria needed to satisfy requirements of the cadastral system.

One first approach is that involving_the annotation of existing topographic maps. If

properties can be identified unambiguously from the map and only an index to the register
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is needed, then the technique might be satisfactory. When no suitable topographic maps

exist, then the graphical survey method based on the use of a plane table might be
employed. This is a simple and effective method but with limited accuracy and is rather
tedious and slow in terms of its execution. It could still be seen used in India or in the Nile
Valley at least up to the mid 1970s (Simpson, 1976).

The next technique which could be considered, is a graphical-numerical survey by
compass and tape or, as a development, by a tacheometer. The latter will suit even the
cases of non-flat terrain since distances can readily be reduced to the horizontal. The angles
and distances which are recorded can be converted to rectangular coordinates or the
boundary points can be plotted directly with polar coordinates. This technique has been
adopted in Greece for the production of the individual Land Registry parcel plans.
However, since it utilises measurements only for the production of a graphical plan, there is
no provision for adjustment.

The last ground survey alternative is the use of more rigorous field survey techniques,
whether a theodolite and EDM, catenary taping or precise tacheometry are used. If all the
coordinates obtained are expressed in the local or national coordinate system, adjustment is
possible and thus, the greater accuracy that can be achieved does not restrict its use only

for index map purposes.

3.4.2 The Photogrammetric Survey Method

This method is the alternative to the ground survey method. Although the various
possibilities which photogrammetry offers for each cadastral system will be examined in
detail in Chapter 4, it is worthwhile to make the following notes at this point.

First of all, photogrammetry can not completely replace the ground survey techniques.
The need for survey control as well as the establishment of the scale relationship between
the Earth and the air photographs remains. It is also undeniable that the photograph cannot
record invisible boundaries any better than the field surveyor. Both the surveyor and the air
photograph can only record what has been indicated or signalised to them. In the case of
photography, no further clarification is possible during the survey process. In terms of
economics nowadays, photogrammetric surveys are favoured for large scale (i.e.
extensive) operations since flights and equipment are expensive. Once such a
photogrammetric survey is complete, ground surveys may then be used additionally,
something which will prove to be much cheaper.

Other advantages associated with the use of photogrammetry is that the process is not



41
affected by the weather (apart from cloud interference during flying) and the terrain. Also,

the photographs are a permanent record and can be consulted at any time. What is more
however, is that with photographs, other information besides the actual boundary
information can be obtained, as for example in urban areas, power or sewage lines can be
identified. This can be of particular interest for inclusion in the more advanced land
information systems. Part of the story is the possibility of multiple uses being made of the
photography which leads to the sharing of costs between users. On the other hand, it
should be noted that photogrammetry is also of benefit to systematic survey (as required
for a cadastre) since all plots join up with one another at the plotting stage and possible
mismatching is eliminated. Individual ground surveys will obviously measure common
cadastral points more than once to allow linking of data. Such a task of creating some
redundancies could mean a lack of data consistency.

However, photogrammetry cannot only be used to produce maps of physical boundaries
with or without other topographic detail. Perhaps most importantly, taking account of the
way in which it has evolved after its first stages, photogrammetry can produce numerical
coordinate data which is of particular interest both for the signalised boundary points of a
numerical cadastral system and for the mapping of the physical boundaries if these are

required by the system.

3.4.3 Field Survey Versus Photogrammetry

The establishment of the Napoleon's cadastre in various European countries initially
meant that simple field surveying, based either on the use of tapes and chains or on plane
table mapping, was the method used. More modern procedures such as optical and later
electro-optical distance measuring instruments, subsequently replaced these first methods.
This approach may be the correct one even now in cities and densely populated areas.
Especially in Europe, there are many regions which are extremely densely built up where
the use of field survey methods is optimal for the purpose as well as satisfying long
standing traditional technical systems concerning the cadastre.

However, tradition can sometimes be against progress and in developing countries,
with the increased need for cadastral and large scale maps, the use of photogrammetry
seems to be the only alternative. Photogrammetric methods can also offer superior,
comprehensive products by making available additional thematic or attribute data, a
necessity of the modern cadastre. Apart from the time savings, the provision of all of these

items can be achieved with good absolute accuracy. Technical projects and planning are
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greatly in favour of this.

Various experiments have been carried out in many countries to assess the suitability of
photogrammetry as an alternative method to carry out cadastral surveys. Some significant
ones from the late fifties being in fact discussed in Chapter 4, were the Chesa experiment in
Zimbabwe, the Bulacan photogrammetric project in Philippines, the Tahoe experiments in
U.S.A. and many others. The common points of such early experiments were to find out
whether this method can give the desired acceleration of cadastral survey, a decrease in its
cost and an acceptable accuracy in the final results.

Photogrammetric and ground survey techniques should probably be seen as
complementary and a combination of them is often ideal. Some boundary corners of land
parcels will inevitably not be visible on aerial photographs even if signalisation is carried
out on the ground. There should be a careful selection of signalised point dimensions and
clearing of surrounding areas when such points are used. The use of higher flying heights
with longer focal length cameras can also help to reduce the obstruction of some boundary
points from other high standing objects, but even so, some points will be missed out.

The relative accuracy of photogrammetry and ground survey has been a matter of
repeated discussion and investigation. It is important however to visualise the importance
of what can be achieved for a given cost in the given circumstance. Some techniques will
be more favourable than others for specific circumstances and very often this is not catered
for by the relevant cadastral survey regulations. The legal validity of photogrammetric
evidence can often complicate the matter of applying of photogrammetry as an alternative
method to ground survey techniques. Again, lack of confidence and familiarity with
photogrammetric techniques and measurements can make them unacceptable as evidence
before a court. Further opposition to photogrammetry can be seen in countries where the
licensed surveyor by custom or by law, claims responsibility for the surveys under his
supervision and their quality. In Kenya for example, a licensed surveyor has to sign on each
land title survey the following: "I certify that in person made... .... and completed the survey
represented by this plan on which are written the bearings and lengths of the lines surveyed
by me....". Hence, a photogrammetrist is not likely to be able to acquire such a licence or to
make such a statement.

In the following chapter, various alternative photogrammetric techniques for cadastral
surveys will be examined. Relevant examples of comparative tests with ground surveys
from various countries will be given, as well as the extent to which photogrammetry has

been adopted by these countries for the execution of their cadastral surveys.



CHAPTER FOUR
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Chapter 4

Cadastral Surveys and Photogrammetry

Possible Techniques and Examples from Various Countries

4.1 Photogrammetry and Property

Photogrammetry and cadastre have grown up in different environments. Property
surveying began in ancient times and has always been closely related to law, sociology and
economics. Photogrammetry was born in a scientific family and grew to serve mankind
with quantitative spatial data. During the past generation, photogrammetry has been a boon
to topographic mapping, and this success allowed this science to be considered as a tool for
cadastral surveys.

Perhaps the earliest use made of photogrammetry for cadastral surveys was that
performed in Italy in 1931. Prior to World War II, it was also used in Germany with
success for reallotment surveys. As it will be seen in this chapter, similar surveys were also
performed in the Netherlands, Sweden, France and Belgium (Masters, 1960). In Austria, a
quite sophisticated survey was conducted for land registration (Eldridge, 1967). Several
experiments were also carried out in California and Utah in the United States in the 1950s
(King, 1957, Zandt, 1959). A number of such surveys have been carried out in the 1970s in
Canada, New Zealand, Australia, Sri Lanka, Malawi, Kenya, Uganda and Jamaica (Dale,
1976). By and large, however, the cadastral systems in many countries have not been
adapted to allow for the efficient use of photogrammetry, since there has been a fear that
the results would be inadequate or the costs too high.

Photogrammetry is the science of determining metric data from photographs. Virtually
anything that can be registered on or sensed by the photographic film or plate can be
measured in distance, direction and elevation. However, before photogrammetry can be

used for cadastral surveys, several points must be considered:

1. The accuracy and reliability of photogrammetric measurements.

2. The adaptability of the photogrammetric method to property surveying
procedures.

3. Economy.

4. The advantages of photogrammetry over conventional field survey procedures.

5. The effect and implications of using photogrammetry on the professional
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responsibility of the person conducting the survey.

6. Legality.

Each of these matters is interrelated with the others and overlaps exist, but a careful
examination of each will help the cadastral surveyor decide for himself to what extent
photogrammetric methods should be employed when locating property lines.

In accommodating the use of photogrammetric techniques, a look should first be taken
at survey regulations. According to Stirling, quoted by Dale (1976), these are a form of
indicative planning and can do much to influence the survey methods of the future. At
present, they tend to press on photogrammetry at its weakest point - that is its larger
proportionate error over short lines - and to disregard its strength in terms of its uniform
accuracy of position.

In cadastral surveying, the present standards of accuracy have not been derived from
any theoretical investigation as to how much error may be tolerated in boundary positions.
Usually no such investigation has taken place. The general practice in surveying has always
been that tolerances have been set with respect to the average precision that can be
achieved by the available equipment and not by social requirements. The primary
requirement is of course to ensure that the cadastral system is free from gross errors. In
some countries, a relaxation of standards is allowed in those areas where the land value is
low or where survey by ground methods is difficult. But, in general, photogrammetry is
treated as an exceptional technique to be used only when ground survey methods are
unacceptable rather than as a possible alternative which should, at all times, be considered.

However it can be said that indeed photogrammetry can and is being used for cadastral
surveying. It is a rare cadastral survey that cannot be aided by photographs both for
qualitative and quantitative information (Eldrigde, 1967). It is imperative, therefore, that
cadastral surveyors understand photogrammetric principles and are able to discuss the

merits of this science with proper intelligence and knowledge.

4.2 Remarks Concerning the Accuracy of Photogrammetry in Cadastral Surveys

As noted above, a large number of studies have been made to assess the accuracy of a
photogrammetrically-based cadastre. Many of these have made the assumption that the
ground information is correct and compare the photogrammetric results as if they were the
ones containing the errors, which is not necessarily the case.

Early tests had shown a number of big discrepancies between the positions of points
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obtained by photogrammetry and the positions of the same points from conventional

ground surveys. At the same time though, it was realised that first order stereoplotting
machines were entirely capable of meeting the most exacting accuracy requirements. Often
such requirements for greater accuracy meant simply an increase in the photographic scale
and a lower flying height. Of course, this meant that more models and more control points
needed to be measured - which did impact on the economy of the method.

The results of the early tests such as the Alnwick test in Canada (Blachut, 1959) and
the Chesa or St. Faiths' experiments in Southern Rhodesia (Dale, 1976), showed that there
had been a steady increase in the accuracy of photogrammetric cadastral surveys and a
decrease in their costs relative to that of ground survey since the early pre- World War II
tests. The point had been reached where, over sufficiently large areas, photogrammetry
could be regarded as one of the most serious options open to the cadastral surveyor in
selecting the most appropriate technique for any particular task. Brown (1973) also
demonstrated that the use of analytical aerial triangulation methods could be extended to
produce accuracies competitive with those of first order ground surveying. Even at that
time, horizontal accuracies equivalent to D/238,000, where D is the base length (the
distance between the two stations from which the photographs were taken), have been
realised. More recent tests by Brown have resulted in still higher accuracies being
achieved.

Furthermore nowadays, it should be realised that the coordinates, being only one
(admittedly major) evidence of the location of the boundary points, do not have to reach a
higher accuracy than what is possible within reasonable economic constraints. There is also
a practical rule applied in progressive cadastral systems, which tries to establish the
accuracy of cadastral work as a function of the value of the land being surveyed. Thus, for
example, the required accuracy of cadastral work in urban areas can be higher than the
accuracy required in remote and undeveloped regions of the country by the order of a few
magnitudes. In other words, the prescribed accuracy in cadastral work should not simply
reflect the capability of modern technology in surveying, but rather the realistic needs of the

surveys. Abstract thinking should be replaced by common sense.

4.2.1 Unrectified Photos
The first and simplest approach of photogrammetry as a method for cadastral surveys is
that one of using unrectified photos. Often these will take the form of an uncontrolled

mosaic made of aerial photographs which are enlarged accordingly to approximate the
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scale of some known distances. Since the photographs are simply enlarged and not

differentially rectified, the scale is not uniform due to the tilts of the camera at the moment
of exposure and the relief of the terrain. Simple analytical transformations of the digitised
enlarged photograph can give corrections of scale due to tilts of the photograph. Since the
influence of the terrain relief is not eliminated in any way, so this approach is best suited to
applications in areas of moderate relief.

There have been occasional attempts in some African countries to use uncontrolled
photo mosaics on which the physical boundaries are marked or overlaid. The main
requirements for ownership in rural land being the provision of title to land, the
identification of the occupied land using aerial photographs and the promotion in a timely
fashion, could be satisfied by less high standards of accuracy.

A pilot project carried out in 1986 at the University of Zambia (Bujakiewicz, 1988)

used enlarged photographs at a scale of 1:5,000. Results which have been obtained from
this pilot project in Zambia showed that, for terrain with a moderate relief, the use of the
uncontrolled mosaic can be considered for the cadastral surveys in the case of extensive
rural areas. However, the results of the actual project being based on a controlled
photomosaic, suggested that if a tolerable accuracy of boundary corners of e.g. £0.5m is to
be obtained, the measured mosaic coordinates should be transformed by either a projective
or an affine transformation based on the use of control points. In other words, the case of
rectified photographs should be considered. Furthermore, the very important stage of the
identification of the boundary corners on the aerial photographs has to be done in the field
very carefully. Obviously the photographs used for such cadastral surveys, apart from being
up-to-date, should be taken at the time of minimum vegetation. Experience showed that, in
bush areas, the beacons have to be premarked and the surrounding areas carefully cleared.
In terms of time, the premarking should be done as close as possible to the time of taking
the aerial photography to avoid destruction of the marks either by lapse of time or by
human activities in the area.

One other example of the use of unrectified photos or photomosaics is that successfully
undertaken in Thailand (Konecny and Kost, 1988). With this method, photographic
enlargéments were produced at an approximate scale of 1:4,000 to 1:5,000 and, if time
permits, rectifications can be also produced for flat terrain, which are already exact at the
final map scale. This can be done very quickly and independent of the progress in
aerotriangulation. From the legal point of view, the monumentation of parcel corners in the

field can start, based on these enlargements or rectifications.
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Only the clearly identifiable parcel corner points have been pricked in the enlargement.

Points not directly visible on the photogrammetric image are measured on the ground and
recorded on a special sketch. The viewing of stereopairs using a stereoscope is used to
assist the photoidentification process.

The enlargements can be used as preliminary map-related products, but not as a real
map substitute due to the inevitable changes in the scale, while the product resulting from

later rectifications for flat terrain can completely replace a map.

4.2.2 Rectified Photos

Rectified photographs are normally used for the construction of controlled mosaics, or
as the means to produce a planimetric map by tracing methods. If such a map is produced
and height differences are also known, relief rectification can be also introduced.

The pilot project carried out in Zambia mentioned in the previous section (4.2.1), also
allowed the comparison of boundary coordinates obtained from controlled photomosaics
with the corresponding coordinates obtained from field measurements and also from
stereoplotting.

The test area had moderate relief of £20m around the photograph and consisted of 28
land parcels. The photographic scale was 1:30,000, from which enlargements to an
approximate scale of 1:5,000 were produced on the basis of two distances known from
field measurement. All boundary corners were marked on the ground. The field control
points and boundary points were measured by traversing and the polar method respectively.
The actual rectification of the photos consisted of an affine transformation of the photo
coordinate system to the field coordinate system based on the control points. The
comparison of the boundary coordinates between the three sets of coordinates gave rmse
values of my = +0.46m, my = +0.41m between field and rectified photograph data and rmse
values of my = £0.46m, my = £0.32m between stereoplotting and rectified photograph
data (Table 4.1).

Tracing methods from rectified photographs of flat terrain with the use of a tracing
stereoscope have also been used successfully in the Netherlands at scales up to of 1:5,000
(Visser, 1958).

In the case of non-flat terrain, different techniques have been applied to single
photographs. One method is that devised by Dr B. Dubuisson of the French Ministry of
Reconstruction, which has been applied in urban cadastral mapping in France at 1:2,500
scale during the late 1940s and 1950s (Visser, 1958). With this method, a rather dense
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- network of ground elevations must be measured on the ground, by using tacheometric
levelling for example, and interpolated contours shown on the rectified photos. Tests
showed that the rectification of the zone between each pair of contours for the above scale

gave radial displacement errors of +0.12mm.

Differences between Differences in
No. of |Differences between|Stereoplotting & No. of | Areas Obtained
Boundaryv|Field and Mosaic Mosaic Points' Parcels| from Stereo-
Points'Coordinates | Coordinates Plotting & Moszic
ap
dx(m) dy(m) dx(m) dy(n‘.) . dk:ks—km el o
2 E (ir%
(m?)
1 2 3 4 3 6 7 E
1 -0.69 0.53 2 2 0.6
2 -0.29 . 0.67 -0.48 0.50 3 0] 0.0
3 -0.46 0.51 4 4 3.5
4 0.42 0.46 0.53 0.26 5 2 2.3
5 0.19 0.23 0.33 0.02 6 2 0.7
6 0.20 0.66 0.38 0.48 7 2 0.6
| 7 -0.06 .30 -0.83 0.37 <] 4 2.2
& 0.19 0.33 -0.83 0.34 9 6 2.3
9 -0.9% 0.42 -0.36 0.22 N 0 0.0
10 -0.41 0.1¢6 12 2 3.4
1" -0.28 0.37 13 0 0.0
12 -0.34 0.47 14 6 3.8
13 -0.46 0.28 15 2 4.6
14 0.43 0.132 16 2 4.2
15 -0.92 ¢.11 -0.39 0.00 17 4 0.7
16 0.36 0.35 18 10 2.1
17 -0.40 0.Mn 19 6 2.3
18 0.47 0.6 20 18 1.6
19 -0.44 0.19 21 6 1.0
20 -0.27 0.40 -0.40 | -0.22 22 4 1.9
21 -0.55 C.70 -0.46 0.22 23 4 1.2

Table 4.1 Results of measurement of the boundary corners and areas of the parcels.
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Differences between Differences in
No. of |Differences between|Stereoplotting & No. of [Areas Obtained
Boundary|Field and Mosaic Mosaic Points' Parcels|{rom Stereo-
Points'Coordinates |Coordinates Pilotting & Mosaic
Map
3 () 4 (m) X (m | Ym) GAEAs-An |44
(m?) A (in %)

1 2 3 4 ) ) 8

22 -0.27 -0.32 -0.32 | -0.20 24 2 0.4

23 0.43 0.23 0.47 0.33 25 6 3.6

24 -0.50 0.24 -0.34 0.17 26 24 2.2

25 -0.39 | 0.23 2 4 0.3

26 -0.62 -0.52 -0.46 | -0.L0 28 2 0.4
27 0.32 0.42 0.32 0.642
28 0.35 0.48
29 -0.36 -0.56 -0.47 0.939
30 0.30 -J.50 0.35 | -0.38
31 -0.52 -03.34 -0.64 | -0.25%
32 -92.37 -5.29 -0.44 | -0.20
33 -0.08 | -0.43
34 -0.47 | -0.22
35 0.43 -0.25 0.43 | -0.25
36 -0.26 | -0.40
37 -0.36 | -0.07
38 ) -0.38 | -0.17
39 ' 0.08 -0.34 0.18 | -0.50

Table 4.1(cont.) Results of measurement of the boundary corners and aerias of the

parcels.
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Another method which is even more specific to the subject area is that of the French

Cadastral Service itself (Visser, 1958). In this case, the terrain is assumed to be divided into
facets and the corresponding photos were perspectively rectified with the help of four
control points with known X,Y,H coordinates. Ground elevations were obtained with
aneroid barometers for the facet corner points, which are converted from a central
projection to an orthogonal projection by radial shifting of the amount ,

b -h,
ZR

where r is the radial distance from the nadir point, hy the height of a corner point, hq
the height of the reference plane and Zp the flying height. These facet corner points are
then transferred on to the drawing sheet with the aid of the plotted control points. The
original image is then introduced into a special projecting apparatus (rectifier) so that the
corners of each facet coincide. Then the image detail of each facet is traced off graphically
on to this compilation sheet directly from this image.

An accuracy test of this method has been carried out by comparing the lengths of lines
derived from the resulting map with the corresponding distances measured in the field. The
probable error of parcel width was +0.25m which gives an rmse of £0.38m. In the map
scale (1:2,500), this is £0.15mm which is remarkably good. However, when compared to
stereoplotting, these 38cm correspond to 76um at a 1:5,000 photo scale. Hence, this
method proves to be five times less accurate than stereoplotting where the total error using
fine marked points will remain less than 15pm. However for many purposes, this accuracy
of just under 40cm may be thoroughly acceptable.

~ In India (Agarwal, 1980), methods using rectified photos are also used. The initial
essential steps involved were:

a) Acquisition of aerial photography

b) Preparation of contact prints and enlargements

c) Traversing, enough to provide control for each photograph

d) Marking up on enlargements of all details required on the map by the
settlement staff in the field

e) Rectification of photographs

f) Inking up of all details on a rectified print

g) Tracing of the boundary detail on to transparent material for each
village sheet

h) Printing by Vandyke process (at that time)
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The economy of such air surveys over standard field surveys was estimated to be about
20 to 30%. Later tests also showed that the ground control required for each photograph
need not be provided by ground methods but aerial triangulation techniques could be
appropriate.

The advantages of using this method in Indian conditions seemed to be many and can be
summarised as follows:

1) Itis a very quick, economical and reliable method to obtain dimensional data in
respect of individual plots.
2) It gives the opportunity for a full check if it is necessary, to ensure justice and
fair play among the cultivators.
"3) It allows the use of photographs for other regional development and planning
purposes. |
4) Supervising officers of some experience will be able to analyse the soil related

information in a scientific manner at least in the case of adjacent fields.

Planetable ' Rectifi-' Photogrammetric
_method ' cation ' nlottingz method
1 1
Provision of ' '
control 60 hrs, ' 40 hrs,! 40 hrs.
!
Verificstion of : 1
. plot boundaries -- , 48 hrs,, 48 hrs,
Plotting in the ' !
© field 280 hrs. ' -- ' 95 hrs.
Rectification - : 4 hrs., --
Transfer of bound- ! 1
aries on photos . ! !
(Rectified) -- : 6 hrs," 6 hrs,
1
] ]
Total time taken 340 hrs. ' 98 hrs.' 189 hrs.
1 1
' ! -
Saving in time -- v 714 ' 44, 5%

L 2

Table 4.2 Time comparison of three different techniques.

Tests had been carried out employing the use of the plane table method, the rectification
method and the graphical stereoplotting method. Although the latter method was beyond

doubt the most accurate, the rectification method gave greater savings in time of about
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70% over the normal plane table method, proving it to be the speediest and the most

economical of the three. The accuracy of tracing the detail was considered adequate from
the point of revenue assessment, the area of the property being only one factor of judgment
(soil, irrigation facilities, being the others). Also for the purposes of exact property rights, it
was believed that the data for each field could to be collected by field visits which would
not add much in terms of time and money. A comparison of the time needed by the

different methods is given in Table 4.2.

4.2.2.1 Digital Monoplotting of Single Photographs

The availability of Digital Terrain Model (DTM) data, has made possible new
approaches to the production of line maps using rectification procedures. In particular, the
development of methods of plotting from single photographs using. analytical
photogrammetric procedures was pioneered by Makarovic, (1973 a). This method is called
digital monoplotting. In this procedure, the rectification of single photographs is carried out
on the data derived from direct measurements on hard copy photographs. This kind of
digital monoplotting system (DMP) comprises a measuring / digitising unit, a digital
computer and a plotter for the graphical output of vector line data in the form of a map.

This approach is based on the assumption that the DTM of the area to be plotted is
either given or can be derived from an existing contoured map. The computations carried
out by the computer can either be carried out on-line during data capture from the photos
or later as an off-line operation. In any case, two basic tasks are carried out.

a) The computation of orientation parameters
b) The transformation of the measured image coordinates into ground coordinate
values

A space resection will give the solution to the first task. A minimum of 3 known ground
control point coordinates will be needed for the solution of this space resection (Methley,
1986). For the digital monoplotting approach, three sets of input data are required. These
are the digitised data (i.e. photo coordinates) of the cadastral detail to be plotted, the
orientation parameters of the photograph concerned and the DTM of the area covered by
the photograph. The photo coordinates of the data to be plotted are measured by the use of
a digitising tablet. Hence a DMP system comprises of three basic units; (i) a digitiser, (ii) a
digital computer and (iii) a vector plotter for the hard copy output.

An approximate value for the height Z of a point will be needed and the computational

process is iterative, selecting the corresponding height from DTM data. The transformation
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can be performed directly, or in phases (Figures 4.1, 4.2)

( Photograph ’

Orientation Simultaneous D.T.M. -data
data Transformation | (in map-system)

Photo - Map

|

Figure 4.1 One stage photo to map transformation.

( Photograph )
Orientation Collinearity D. T. M. -data
data Transformation (in model system)

Photo = Model

Planimetric
Model-data

Scale and Similarity
Rotation Transformation

Model - Map

1
(MBP>

Figure 4.2 Transformation in phases.

DMP can be considered as a more sequentional technique (Figure 4.3) as compared with
other photogrammetﬁc methods. This involves the acquisition of DTM and control data,
identification and digitising of the feature data, computations and finally output of plotting
data. Hence, for each stage, specialists with the appropriate knowledge and skills can be
employed and a better overall performance can presumably be achieved. The centre of the
DMP human operations, the actual measurement of data using the digitising tablet, will
merely require a knowledge of and familiarity with the kind of data required to be

measured.
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Start

1

lImtmte cycle
Examine | ___ _| Other ~
control Panel Routines
T
1
Madel X,y !
Correct. ' :
|
Photo Transformation "'——"——-l
Correct. Photo — Model
A
X, Y
Display
Routine
Sequence Control Transformation
Model — Map
1{2}3]4}5})... |n
y [ 3 & ‘ X l Y
Sampling Z
from D. T. M.

Figure 4.3 Monoplotting as a sequential technique.

Virtually no knowledge of photogrammetry is needed at that stage. On the other hand for
the separate phase of the DTM acquisition, no further knowledge with respect to
boundaries and cadastral data in general will be required. The fact that DTM data need to
be acquired only once (assuming that the terrain relief remains unchanged), as well as the
use of relatively cheaper equipment as compared with other photogrammetric methods,
make the digital monoplotting method a viable alternative solution for a decentralised
cadastral system, especially considering the aspect of revision. A quicker and more efficient
updating of the cadastral data base will be feasible using this method.

A summary of the results of the tests (Radwan and Makarovic, 1980) concerning the
use of the digital monoplotting method over the Oberschwaben and Pency areas used for
the other ISPRS tests will be given here (Table 4.3).

The main purpose of these tests was to test the feasibility of the DMP method for
operational use, rather than to produce extensive data for a wider statistical analysis.
Hence, the extent of these tests was limited to small but diversified test areas. Particular
importance was placed on the planimetric accuracy of the data obtained by DTM and

especially for the stationary mode of operation. Tests like these can allow the identification
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31 Inputs
Terrain Area Oberschwaben Peeny
Relief smooth and flat undulated
H max 63m 120 m
Max slope 330 (for d=20 m) 450 (ford=12 m)
Photographs ;orma( 23223 cem 23x23cem
rincipal <
distance 153 mm 152 mm
Scale 1:28 000 1:6 000
Fiving heicht 4300 m 900 m
Control data Ground control 4 points (X, Y, 2) 4 points (X, Y, 2)
DTM data DTM type 20 m square grid 12 m square grid
(Figure Sa) {Figurc 5b)
Recorded on paper tape mag-tap
Accuracy sec Figures 6a. 6b sec Figures 7a. 7b
Reference Radial zones 3 (Figure §) 3 (Figure 9)
data Sample areas No 1: X=400m Y=700m  wholc photograph
No2: 1000 800
No 3: 900 960
No4: 1000 880
No 5: 1100 920
Type in tota) 116 check points: 100 check points:
zone 1. 42 points zone 1: 20 points
zonc 2: 74 points zonc 2: 48 points
zonc 3: 32 points
Plot of planimetric
features
Recorded on paper tape mag-tape
3.2 Digitising
Area Oberschwaben Pecny T
Check points:
— operation: Stationary Stationary
— equipment: . Gradicon digtiser:
resolution 10 um the same
accuracy = 0,15 um
fallibility'F = 3.2% Fallibility *F = 4%
paper tape unit mag-tape unit
- Wild STK-1 Comparator:
resolution 2 um
accuracy = 3 Um
fallibility F = 2.4%
paper tape unit
Planimerric features: dynamic
— operation Gradicon digitiser
- equipment: mag-tape unit

Table 4.3 Monoplotting. Summary of tests.

of shortcomings, which are cherwisé difficult to isolate and, based on their results, it is
possible to optimise the operational procedure by the selection ‘of the appropriate
equipment. The Pency area test however, was of particular interest, since photographs of a
large scale (1:6,000) have been used, as would be the case for cadastral applications.
Furthermore the terrain is undulating and predominately smooth. The DTM data were also
dense and accurate, so the attained accuracy of the planimetric features was determined
mainly by the accuracy of measuring planimetric features by the use of the Gradicon
digitiser. Reduced to the photo plane, the planimetric accuracy was mp] = +£58um and as
seen from the Table 4.3, the density of DTM grid, up to the interval of 60m, only slightly

influenced the accuracy. For the Qberschwaben area, a significant improvement of accuracy
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Verification of raw data: |. Interpolating heights for

check points from DTM the same
. Graphic display and

inspection

Transformations inherent |, Digitiser to photo
in DMP . Photo to model the same
. Model to terrain
. Model to map (affine)

Mapping . Preparation for drafting
. Automatic drafting

*) Fallibility = probability of failing

3.4  Ourputs
Check points
— Digital files for: . Heights determined by . Heights determined by
bilinear interpolation from: bilinear interpolation
20,40, 60. 80 and 100 m from 12, 24, 36, 48 and
square grid. 60 m square grid DTM
. Planimetric locations . Planimez1ric locations
determined by the DMP determined by the DMP
system system
— Accuracy cstimates . Planimeuric locations
for: (overall and zonal):
. Standard and max errors the same
. Distributions of
discrepancies
Planimetric features . Digtal files (prepared
: and supplemented for
drafting)
. Planimetric plot
(Figure 10)

Table 4.3 (Cont.) Monoplotting. Summary of tests.

was obtained using the Wild STK - 1 comparator where the average accuracy achieved was
mp] = +33um. However such an instrument with its 1yum measuring resolution and its cost
amounting to at least ten times that of the tablet digitiser is hardly appropriate to the DMP
approach.

The planimetric accuracy obtained from DMP is not homogeneous since the errors tend
to increase with the radial distance from the nadir point. These errors also depend on the
terrain roughness, which is not represented by the DTM, and on the angular field of the
camera. When the terrain is smooth, and the DTM more accurate, the measurement of
planimetric features by a digitiser may dominate the overall accuracy and so it will be of
primary importance. DMP has been regarded mainly as a supplementéry technique rather
than a substitute for conventional stereoplotting, even for applications such as a graphical
cadastre. The alternative to DMP has been seen the compilation of cadastral line maps from
orthophotographs produced from stereo-pairs.

However, further developments have brought monoplotting methods closer to those
involving hard copy orthophotographs through the rectification of digital images and the
generation of digital orthophotos from single photographs. Hence, the results from digital
image monoplotting and traditional production of orthophotographs by stereoplotters have

come closer even though the process is quite different.
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4.2.2.2 Rectification of Digital Imagery

The all-digital photogrammetric systems have been the centre of development in the
field of photogrammetry in recent years. However, the need for the input into these systems
of images in purely digital form causes some problems mainly with respect to the
acquisition of digital images that can compare in terms of resolution, coverage and
geometric stability with the equivalent hard copy images produced by aerial photographic
cameras. At the present stage, the highest resolution solid state frame camera using an areal
array has a resolution of only 1,000 x 1,000 pixels giving 1M pixels as compared with the
530M pixels resolution that the present highly developed aerial photogrammetric cameras
can give. So the time when all-digital cameras will give the same resolution as the
photogrammetric camera still seems far off.

Consequently, digital image acquisition from aircraft or spacecraft is c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>