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The basic and multipurpose roles of cadastres
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GiS and the LAND SURVEYOR

oo

MULTIPURPOSE CADASTRE COMPONENTS

{ Based on NRC model )




The multipurpose cadastre

Household Income
Annual in "'000 LS

Population
No. in household

Land Use
R=Residential
A=Acgriculwral

Buildir:g Type
B=Brick
W=Wautle & Daub

Morntgage
in ‘000 LS

Land Value
in '000 LS

Land Ownership
F=Freehold
L=Leashoid

Basic Parcels

Cadastral layers
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Positive effects for individuals
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GIS and the LAND SURVEYOR

¢7

'—-——-— —
Data Collection

" Attributes | Linked by | j—— .
1______i Unique Identifiers ie"!:_Spana] Data |

N .
 Registration ;

___._! Rectification

| Digitize | Scan

"———-_-4

v 2

! CO%\"Cﬂ to
. Text File | st
i I |

Build
Topology

 Visual Gwck?
2
— i

Add Identifiers
Manually

Link Attributes

el e
[ .L -

i GIS Database -

Database Creation Process

Adapted from PA. Burough, 1986,
Principals of Geographical Information Swsiems for A - O - B
Land Reasources Assessment, Oxford, Fig. 4.7, p.os.
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GIS and the LAND SURVEYOR

‘ IMPLEMENTING A CADASTRE )

* DEVELOPMENT OF DATA STANDARDS

[ 7

* SPATIAL REFERENCE FRAMEWORK
* 'BASE MAPPING

* COMPILATION AND MAINTENANCE
STANDARDS FOR CADASTRE

* PARCEL IDENTIFICATION

* TECHNOLOGY / SYSTEM




G and the LAND SURVEYOR

‘ DATA STANDARDS )

* INFORMATION CONTENT

* DATA COLLECTION

* DATA ENTRY

* DATA CODING

* DATA INTERCHANGE




G and the LAND SURVEYOR

‘ PARCEL IDENTIFIERS )

* CONTROL AND ASSIGNMENT

Vi

* UNIQUE

* FAMILIAR

* SIMPLE

*  FLEXIBLE

* MANAGEABLE




G and the LAND SURVEYOR

‘ CADASTRE STANDARDS )

* DATA STRUCTURE

* METHODS OF UPDATE
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GIS and the LAND SURVEYOR

‘ SPATIAL REFERENCE FRAMEWORK )

* INTEGRATED SURVEY AREAS

274

* ACCURACY OF CONTROL

* DENSITY OF CONTROL

* ACTIVE CONTROL SYSTEM




GIS and the IAND SURVEYOR

774

DIGITAL  MAPPING

DATA ACQUISITION
* LINE DIGITIZING
DATA CLASSIFICATION
* ALLOCATING FEATURE CODES
DATA STRUCTURING
* VECTOR, RASTER, TOPOLOGY
DATA RE-STRUCTURING
* RASTER TO VECTOR CONVERSION
DATA EDITING
* UNDERSHOOTS, OVERSHOOTS, SQUARING BUILDINGS
DATA TRANSFORMATIONS
* MAP PROJECTIONS, DATUMS
DATA SELECTION
* FEATURE OVERLAYS
DATA GENERALIZATION
" * SMALL SCALE MAP COMPILATION
DATA ENHANCEMENT
®* GRAPHIC DISPLAY ENHANCEMENT
DATA ANALYSIS
* CALCULATING AREAS




FlaS slas il
Lasals el

(03300 p&in ) (K50 slets -

Oladad O e
Al eslizad J6 IS LG
AL S B unobas
Al J g g Jgow 5 2T
W P
Al Gl LG

Aib cupiae BB

SIP$SS (e
S SRE =S EHC N C R
Al 5L
AL 5l OLLTL

Al ann g JlB

Al L



(Digital Mapping) 4, s)lu 425

031 (5,91 par -

19_,]::‘- Q:“".QJ‘_;“’EJ:

o315 gl aab.

ool se 4 WS 00 el
o3l jlasmli slowl

SIP R ¢ s Sy
ﬁJIIJJL:.';-L—nﬁ_‘iJ-

MNop ey hids

e3ls ulg.

L‘-;LQ-:}.'L‘EIJJ‘,-: CJ-;;J..&:J{.;J:_NJJ
o3> l._'.J‘)‘!._IJH.T_

Lt (6 3t 3 A28 3 3o o
o3l i.__.JBk.:.'ll_

baY .Sy

L:J'JJ..«.: a_',:.HJ_:_-:-_-_

obie S S sl g
LI PO

SIS Sl 3 g

o3l> Ll

Jle



G and the um SURVEYOR
‘ BASE MAPPING )

* DATA INTEGRATION

* DATA SCALE

* TYPE OF MAPPING
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1. Uncontrolled aerial photograph

I

Scale checked aerial photograph

3. Primitive base maps
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4. Orthophoto d 5!
5. Early Sterecplotted base maps.
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6. Modern photo grammetric mapping
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1. Mclaughlin , Dale , (1989) : Land Information Management.

2. Mclavghlin , Nichls , (1986) : Parcel - Based Land Information Systems.
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Abstract
Photogrammetry, is essentially a graphical method, yet provides, in some instances,
more precise, economical and efficient results than any practical surveying methods that
could be used. Can today’s a truly multipurpose cadastre be established and satisfy modern
requirements, without the use of photogrammetry, and if so, at what price and in what
time frame? Some major applications of photogrammetry in a multipurpose cadastre
reviewed in this paper.

Introduction

Multipurpose cadastre is a term used in land studies to refer to the general utility
of land information. This term combines three major characteristics of land studies:(1) legal
aspects such as property ownership;(2) physical aspects such as topography and land
cover ;and (3) cultural aspects such as demographics and land use. The common factor
among these aspects in a multipurpose cadastral system is the selected reference
framework (Antenucci, 1991).

A city encompasses different types of business, health centers, schools, traffic and
population.These features can be interpreted from space products and supported by land
information system (LIS) to serve city requirements. Attributes of features such as street
names, land use classes and other heuristic information are also acquired and input to the
LIS data base. Accordingly new information , different analyses and critical decisions can
be obtained or supported by integrating LIS information and proper space products such
as aerial photographs and remotely sensed data which lead LIS to cost effective tools for
monitoring and managing earth resources (Lanter and Veregin,1992;Treitz et al,
1992).This is actually one of the main conceptual objectives of this paper.

1) The Concept of a Multipurpose Cadastre

Like fiscal and juridical cadastres, the multipurpose cadastre is a parcel-based LIS
providing a standardized. complete and up-to-date public record of land interests for a
given jurisdiction. The multipurpose cadastre can however offer several improvements over
traditional parcel-based systems including: a.the provision of a geodetic spatial reference
system and large-scale mapping which have erormous economic and social benefits
beyond the particular information system; b.the ccordination of existing fiscal and juridical
records to reduce duplication and to provide an improved information base
(e.g.,completeness and reliability of records, indexing. and graphical display) for both
property assessment and land registration; c.linkage mechanisms to allow integration of



cadastral information with information in other LIS/GIS for planning and resource
management (Al-garni,1996).

To meet the demands for national development, the cadastres in several countries
evolve from fiscal via legal to multipurpose cadastres. In the present view, the real
objective of a multipurpose cadastre is to provide a service through which the dynamics of
land use can be studied. This can be obtained if the cadastre serves as a basic registration
system, ie., a systematic collection of data on every parcel which, for a complete area, is
kept uniformly up to date for use by users responsible for providing various services. The
implementation of data processing will enhance the use and effectiveness of the
multipurpose cadastre. Within data processing, emphasis has been shifted from hardware
via software to network structures. These network structures make it possible to meet the
multipurpose functions of the cadastre as part of a geographic or land information flow.
For data acquisition modern survey instruments such as global positioning system (GPS),
totalstations, digitizer stations, photogrammetric instruments and interactive graphic
systems with a very high performance and flexibility can be used.

2) Applications of acrial triangulation

While the surveying profession has long been involved with photogrammetry,
many of its members regard it as a mapping tool only.Thus aerial triangulation has not
really gained much acceptance in cadastral surveying.

2-1) Aerial triangulation for ground coordinate determination of networks

The most mature and well-documented alternative to field surveying is
pbotogrammetric triangulation. Photogrammetric triangulation provides as much as a 3-
to-1 cost advantage over first order ground traversing.

2-2) Aerial triangulation for cadastral blocks

One of the main arguments that often arises in using aerial triangulation for
cadastral surveying is the accuracy limitation. While several studies (i.e. Ackermann, 1974;
Brown, 1976) have clearly demonstrated that aerotriangulation can provide very
competitive absolute accuracies, there appears to be a hang-up on relative accuracies.
Since photogrammetric accuracy is independent of point separation, relative accuracy is a
poor measure, as it would be unacceptably low for points very close together, and
incredibly high for points far apart. If relative accuracy is important, directly measured
short distances could be included into the photogrammetric adjustment thus eliminating
the problem. With this ,aerial triangulation becomes a powerful tool for large area
cadastral surveys (El Hakim, 1981). Bundle block adjustments with additional parameters
and ideal control can provide an accuracy of 2-5 micron at photo scale in planimetry and
5-10 micron at photo scale in height.

3)Base mapping

A standard set of base maps for the jurisdiction is required both as reference for
cadastral information and for efficiently integrating environmental and other
information. The base maps must be at scales large enough to depict property information.
A display at a scale of 1:1000 or 1:2000 often being required where parcel size is smaller



and more detail is involved. The type of mapping (e.g., orthophoto, rectified photo, or
planimetric map) will depend on user requirements, such as cost, and timing.

The scale of the cadastral map system is principally a function of the size of the
predominant land parcel. This criterion generally corresponds to the level of land value or
degree of urbanization. Listed in table 1 are the scales that have been selected almost
universally for each type of area (Multipurpose cadastre :procedures and standards ,1983).

Urban 1:500 0.5
Urban 1:1000 05,1
Suburban 1:2000, 1:2500 05,12
Rural 1:2000 , 1:5000 05,12
Resources 1:10000 1.8
Resources 1:25000 25,10

3-1) Accuracy

A control survey is necessary to determine the ground positions of check points for
comparison with their corresponding mapped position. Evaluation of the check point
results, using the National Map Accuracy Standard, can be accomplished by first
computing the standard error, observed at the check points. Assuming a normal
distribution for the check point errors ,the 90 percent error can then be computed as 1.645
and then compared with the accuracy standard.

3-2) Base maps with cadastral overlay

The cadastral information that cannot be observed in a photograph can then be
added to the base map by using coordinate geometry software from the nongraphics
records of legal descriptions and surveyors notes. This process is usually difficult because
the legal records must use the same monuments for survey control as are identified on the
photographs.

Some jurisdictions use a combination of map cadastral information to create their
base map for LIS. This is common among jurisdictions that do not maintain cadastral
maps of land parcels or that have such maps but they are either inaccurate, or out of date,
or physically unusable for digitizing/scanning. In these jurisdictions, planimetric maps are
produced from orthophotographs, and the parcel boundaries are added from the legal
descriptions of the parcels, using reference points common to sources. These references
are usually physical features identified on the orthophotograph and also referenced in a
parcel's legal description: the center line of a street, a railroad, the shore line of a river or
lake, and other physical entities that, while too small to see on an aerial photograph, have
been temporarily marked with a larger object (known as a target). Locating parcels in
relation to these common reference points is often difficult and in a densely populated area
is very time-consuming because ofthe large number of parcels and the small number of
reference points common to both map sources (Huxhold, 1990) .

4) Different methods of photogrammetric mapping in cadastre

There are six major methods by photogrammetry which have been used for
cadastral mapping.The type of accuracy which can be expected from the different methods
of cadastral mapping and how suitable are the results for LIS database development are
discussed below.



4-1) Photo interpretation of unchecked photographs

Uncontrolled aerial photographs provide simple overhead perspective views.Scales
can be approximated based on camera focal length and the flight height.Scales and
accuracies vary greatly over each photograph or "map" due to such factors as aircraft tip,
tilt, changes in ground elevation, and camera lens distortions. Mapped features from
adjacent uncontrolled aerial photographs do not match up because of these factors.
Uncontrolled aerial photographs should not be used as source documents for LIS database
development (See e.g. Larsson, 1991).

4-2) Scale-checked aerial photographs

The method of scale checking involves measuring on the ground while a
surveyor's tape the distance between two photo-identifiable points such as a utility pole
and a fence corner.The aerial photo isthen enlarged to "fit" the measured distance and
used as a base map. In many New England towns, clear mylar or linen overlays showing
property lines were prepared from both uncontrolled and scale checked aerial photographs
and used for tax maps. Lot numbers were added and a set of property record cards were
prepared.These types of maps are not useful as source documents for LIS database
development. The method has been extensively used in Kenya to establish a complete land

registration (Raymond ,1985).

4-3) Hardcopy stereoplotted base maps

In the late 1960's and 1970's some tax maps were compiled using analogue
stereoplotters. This method improved the accuracy of maps by providing a base map with
a more reliable scale.This method of base map preparation can result in source documents
which can be used for LIS database development because of their consistency of scale.

4-4) Rectified photographs
This method is widely used for cadastral or other mapping in many countries,
especially in the developing countries. It can give good results in flat terrain.

4-5) Orthophotos

Orthophotos are aerial products which have been optically or digitally corrected for
most of the distortions caused by the effects of aircraft tip, tilt, changes in ground
elevation, and camera lenses. In this sense the orthophoto is a map.Orthophotos are a
relatively good source material for a municipal LIS if properly controlled and prepared.
Orthophotos can be digitized or used as the base for overlay compilation of surveys and
subdivision plans. However it is difficult to identify streams and property lines in the
woods. In most European countries this is the main method for photogrammetric
mapping.

4-5-1) Production of digital cadastral photomaps in the newly-formed German
states

The photography were carried out using high-performance cameras and suitable

black-and-white or color films at image scales 1:3000 to 1:5000 for built up areas and



1:8000 for rural areas.The image material was suited for stercoscopic plotting and is the
basis for production of photomaps from rectified points or orthophotes.The control points
can also be signaled. For example the survey flight over the area of Muncheberg was
arranged by the State Surveying Board after the determination of the survey flight
parameters (Gomon, 1993):

-image scale - 1:3000 ~calibrated focal length = 300 mm
-forward overlap(p) : 90 % -image motion : <30 micron
-side overlap :30% -acrial film : PAN 200

For checking the planimetric accuracy of the photomap the signalized point and the
grid intersections were digitized and an affine transformation was carried out. The
following results were obtained: Scale mp mp

ignalized point ___signalized pointand grid net
1:1000 008m 0.057 m
1:500 0.059 m 0.066 m

4-6) Modern photogrammetric mapping (analytical or digital pletter)

Maps are produced by high-precision analytical plotter or digital plotter from
photos mostly after pre-marking of the boundaries.This method is normally used as an
alternative to ground surveys in European countrics when substantial areas are to be
surveyed at one time, for example ,after reallotment or if a totally new or revised cadastral
map is desired.

Whether to pre-mark or not, is determined not only by cost and the degree of
accuracy desired but also by the type of land. In areas of intensive land use one can usually
identify boundaries between different parcels by features such as ditches, tracks ,hedges
and fences. In areas with extensive land use, these features are less common ,and
boundaries might, therefore, have to be premarked so as to make them visible and well
defined in the aerial photographs.

4-6-1) Standards for the photogrammetric production process

The photogrammetric production process is split up in three major steps, one data
acquisition step and two data reduction steps : 1) flightingplanning and photoflight ;2)
(aero)triangulation and block adjustment ;3) plotting and field completion. In 1994 a pilot
project took place in which a smaller photo scale was tested for the production of the
large scale base map of the Netherlands. The applied photo scales were 1:5000 instead of
1:3000 in built-up areas and 1:12000 instead of 1:6000 in rural areas. This reduction in
photo scale resulted in a 30% reduction of the costs but the map contents were reduced as
well (Heuvel and Salzmann, 1996). For eliminating error influence coming from different
identification levels of individual detailed points to minimize the beaconing before flight,
and for minimization of fieldwork after restitution, images at the optimal 1:ms scale must
be utilized. It is recommended to determine the maximum usable scale figure magnitude by
the empirical formula : ms=S/0.025 mm, where S is the deviation in mm corresponding to
relevant class of required precision, i.e. the required resultant value of mean coordinate
error of points that are determined. Geometric quality consists of two components, namely
precision and reliability. Precision of coordinates is described by a variance-covariance
matrix or drived quantities such as standard deviations and error ellipses. Reliability is
often described by internal and external reliability parameters. Reliability is only defined if
a redundant measurement set-up is used and statistical testing is applied.



4-6-2) Influence of squaring on relative precision

Line intersection and squaring can be used during or after photogrammetric
measurements of buildings. The advantages of such algorithms are that the
photogrammetric product is more complete and better represents the terrain situation. The
quality of the algorithms of four companies has been tested with simulated observations
using differemt building types.Computations in a cadastral area showed that the relative
precision in building mapping increased by about ten per cent if squaring algorithms were
applied. A further increase in accuracy to about twenty per cent could be achieved if
corner points were not measured directly but were computed instead by digitizing three or
more points on the roof edges, followed by line intersection (Van Voorden, 1997).

4-6-3) Field completion

The goals of the field completion phase of a photogrammetric project are the
completion of the map and a check on the map contents and accuracy. Field completion
consists of; 1) preparation; 2) field work and 3) updating of plotting results. For the
preparation of the field work (color) plots are made.The field work normally includes the
gathering of semantic information and terrestrial measurements, for example the
measurements of roof eaves. Updating the plotted results includes the processing of the
terrestrial measurements and the integration of the resulting coordinates and the rest of the
information that has been gathered.

4-7) Vision-based image processing of digitized cadastral maps

The method includes two major algorithms: a segmentation and a raster-to-vector
conversion.Those algorithms use a simple data-list structure for recording data created
during single-pass, row- majority scanning and line tracing. The segmentation algorithm
obtains the positions and sizes of symbols and characters, in addition to completing map
segmentation and proving useful for pattern recognition. The raster-to-vector conversion
algorithm obtains topological information necessary to relate cadastral map data to line
start points, mid points, intersection points, and termination points. Therefore, using
computer vision techniques, all algorithins can provide a feasible solution to automate
digitization of cadastral maps (Lee and Su, 1996).

4-8) Applications of satellite images and photos in cadastre

Once satellite-based cadastral system is established throughout the country, it
enables a considerable savings to the government for its currency and realistic
implementation towards any changes in the use of a particular land. Updating the cadastral
information is very essential so that transformation/changes of ownership/division of
properties can be recorded in an orderly manner for documentation and further use. In the
past, this exercise was done by using chain survey and recorded in registers by village
patwairs. With the advent of remote sensing technology these records in the form of maps
can be updated as satellite remote sensing can provide details of the study area within a
week. Satellite imagery which forms the base for the generation of action plan maps, if
overlaid on cadastral maps, can improve the details of the maps. It also helps in the
monitoring of changes that can be measured at plot/survey level.



The study by Rao (1996) suggests that the high resolution (PAN) satellite data can
be registered with the rural cadastral maps and a remarkable accuracy (less than 1 pixel
size) can be achieved. Further, it reveals that the rural cadastral information in the form of
maps and records can be updated using IRS-1C/1D high resolution data at an appropriate
time or cropping season.

S) Advantages and disadvantages of photogrammetric method

Under favorable conditions the photogrammetric methods have many advantages
over ground methods. They can be used for large areas, even when known points are
widely spaced. A dense grid can then be established by photogrammetric block
triangulation. The method has a high degree of flexibility and can be adapted to meet
widely varying requirements for accuracy, cost, and type of products. Generally aerial
photos provide more extensive information than ground methods and require less
manpower for the production of cadastral maps. On the other hand the application of
photogrammetry usually requires a large investment, and the initial flying costs per unit
area will be high for small survey areas. However, aerial photos can seldom provide all the
necessary information, and must be supplemented by field investigations and ground
surveys. The choice ofan appropriate survey method should, therefore, be based on the
best combination of field and photogrammetric methods.However, in many countries
legal regulations prevent, to some extent, the combination of different methods.
Regulations requiring centimeter accuracy, surveying of boundary lengths, metes and
bounds descriptions, can effectively prevent the use of photogrammetric methods for
cadastral purposes. Therefore, before the initiation of large cadasiral/land registration
operations, a consideration of changes in exiting survey regulations may be advisable. The
possible variations in photogrammetric methods lead to varying degrees of accuracy and
expense. Cost and accuracy are influenced especially by flying height and the employment
of methods which more or less eliminate the effect of topographic relief, tilt of camera,
and other disturbing factors.

An advantage line maps produced using aerial photographs have over cadastral
maps to develop a spatial data base in a geographic information system is that the aerial
photographs fit together in a mosaic pattern, thus producing a continuous map of the
entire jurisdiction. Joining map sheets of cadastral information into a continuous map of
the entire jurisdiction creates gaps and overlaps where the map sheets meet because of the
variations In surveying techniques and conditions over many years during which the maps
were produced and updated. Since aerial photographs are taken at a specific point in time,
no such gaps or overlaps appear in the planimetric maps-even when they are subdivided
mnto separate map sheets.

With the capability for quick and efficient digital recording of evidence in the form
of sketches. photographs, and verbal testimony, combined with quickly acquired GPS
positions, the proposed model allows the use of versatile combinations of appropriate
technologies by field adjudication teams. The proposed process saves money and effort
and provides a high level of transparency in land administration procedures.



Conclusion:

~"Cadastral survey should be implemented through the appropriate combination of
surveying and photogrammetric methods. There is a definite trend towards the
establishment of digitized multipurpose base maps of high standard at least in urban areas.
For initial cadastral/land registration work covering large areas, photogrammetric methods
should be used in combination with corresponding ground surveys. If survey personnel,
technical equipment and know-how are in short supply, simple mapping methods must be
chosen, as a rule using enlarged or rectified aerial photographs in flat areas and
orthophotos, if possible, in hilly areas. If the boundaries are not clearly visible, simple
signalization may be considered. In developing countries maps produced by high precision
photogrammetric instruments are economically feasible mostly for some urban areas or if
the map is produced primarily for purposes other than cadastral/land registration.
Resources are simply too merge and the necessary work too extensive to permit the use of
expensive methods. -

Refinement of sketching techmiques is required. An investigation needs to be
conducted for the integration of digital images of aerial photographs as base-maps within
the electronic sketch-book. Uncorrected digital photo-images would be less expensive
since there would be no photogrammetric post processing , and the aerial photos would
also serve as a good ground-reference system.
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