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GPS METHODOLOGY FOR CADASTRAL
SURVEYING AND MAPPING
IN ALBANIA

by

Grenville Barnes, Bruce Chaplin, D. David Moyer*
with
Eric DesRoche, Mark Eckl, Michael Sartori

1. ASSESSMENT OF EXISTING SURVEYING AND MAPPING
POTENTIAL FOR GPS METHODOLOGY

The Immovable Property Regidration Sysem (IPRS) Project is part of the Albanian Land
Market Action Plan (LMAP). The goal of the LMAP isto asss the Government of Albaniain
developing the technical and ingtitutional support necessary to operate a property title registration
sysem. The title registry system is a critical component for the Government of Albania as the
country moves from a planned, centrally controlled economy to an open, market-based economy.

This paper is a compilation of three reports written over the 1993-96 period in the
development and testing of a cadastral surveying and mapping methodology to support land
regigration. Section 1 covers initial fieldwork by an international team (Grenville Barnes and
David Moyer) contracted by the LMAP during a two-and-a-half-week period in July 1993 to
evaluate options for cadastral surveying and mapping in Albania. Section 2 contains the results
from a second team (Barnes, Moyer, Michad Sartori, Ramesh Shrestha, Bruce Chaplin, and Eric
DesRoche) that worked, in June 1994, on defining and testing a methodology utilizing Global
Pogtioning System (GPS) technology and on evaluating the costs and benefits of various
surveying and mapping options. Finally, Section 3 reports on further testing, in 1995, by Barnes
and Mark Eckl, of the newly developed GPS methodol ogy.

1.1 BACKGROUND

Any current or future property registration system for Albania must be viewed within the larger
context of land rights and should be designed to support the massive trandfer of land from sate to

! Grenville Barnes, Michad Sartori, and Mark Eckl are affiliated with the University of Florida in Gainesville;
Bruce Chaplin and Eric DesRoche, with the Measurement Science, Inc., in Englewood, Colorado; and D. David
Moyer, with the U.S. National Geodetic Survey.



private ownership. This transfer defines the most immediate needs in terms of parcel
demarcation, delineation, and registration.

It is estimated that over 2 million parcelswill need to be surveyed and registered. In the state
cooperatives alone, land privatization involves some 531,000 hectares and approximatey
375,000 families (Stanfield et al. 1992). In addition to this, rights to urban, sate farm, pasture,
and forest land will aso be trandferred. The transfer of agricultural land is already under way,
and it is crucia that a reliable IPRS be put in place to both protect these rights and allow for an
orderly land market. The need for a quick response is regarded as paramount in the desgn and
implementation of an IPRS for Albania.

There is newly available technology in the West that could support much of the surveying,
mapping, and general land information system (L1S) work that needs to be done. However, we
believe that the enthusasm for adoption and use of this technology must be tempered by the
realities that exist in Albania at the present (1993) time (e.g., high unemployment, little support
available for technology, relative isolation in terms of obtaining off-dte support, as yet
undeveloped ingtitutional framework to support and manage a complex, multi-faceted project).
Therefore, the general approach on which this proposal is based is to take advantage of the
drengths that exist in Albania while, at the same time, not overextending the resources and
capabilitiesthat do exigt.

Basaed on discussons with project personnel and our review of project materials written
earlier, we suggest the following general guidelinesin moving the IPRS project forward:

1. The IPRS needs to be put in place as soon as possible, snce land has already been
digtributed and is being farmed by many new owners.

2. As part of the IPRS, it would be useful to prepare a plan that would help guide the
development and integration of all land information needed to maximize the efficiency of
the Albanian economy (i.e., a long-range plan for a multipurpose land information system,
MPLIS).

3.  Anincremental approach isneeded, for example:
a. firg, amanual IPRS, which may be computerized later; and
b. afterward, implementation of an MPLIS, which can serve the needs of a wide variety of
land information users.

4. Maximum attention should be given to the current Stuation (use available ills and
resources as well as maximize the benefits from donor-provided resources).

5. Given the spotty success rate of property registration sysems in many lesser developed
countries (LDCs), the system in Albania should be kept as smple as possible.

6. The modernization of surveying and mapping technology in Albania should begin with
adequate training and education and the cost-efficiency of specific technologies (e.g., GPS,
GIS) tested before adoption.

1.2 EXPERIENCE IN OTHER LESSER DEVELOPED COUNTRIES

The implementation and modernization of land titling and registration sysems have been key
components in a number of economic development projects in many parts of the world. In spite



of the provison of significant amounts of technical assstance and other resources to these
projects, results have been spotty at best. This section reviews what happens when land
registration and titling projects fail, suggests several reasons why the use of such systemsis often
lower than expected, and discusses lessons that can be learned from these earlier efforts.

1.2.1 WHAT HAPPENS WHEN SYSTEMS FAIL?

Land titling projectsin LDCs have been financed by several different funding agenciesincluding
United States Agency for International Development (USAID), World Bank (WB), and other
major development banks. In spite of the sgnificant resource commitment by the funding
agenues, the current property-registration situation in many LDCs s characterized asfollows:
the majority of land parcels are not registered in the public registry office,
the titling processis subject to lengthy delays (often 5 years or more),
most of the governments involved gtill have little knowledge of the extent and location
of gate landsin their country, and
maps that describe the current land tenure satus for an entire area (such asa digtrict) are
non-exisent, making it impossble to integrate tenure and other related geographic
information (such as natural resources).

Thefailure of these projects to produce better results raises two fundamental questions:
How can these failures be explained?

Why have titling projects not developed into longer-term programs that provide
continuity and benefits that extend beyond the initial titling effort?

A firgt step in answering these questions is to examine several reasons that suggest why these
earlier efforts have been less than successful.

1.2.2 WHY TITLING PROJECTS FAILED TO PRODUCE EXPECTED RESULTS

One critical factor isthat ingtitutional support for the land titling system is not developed by the
country itself. This means that once the project ends, the host country finds it impossible to
sudtain the rate of processng of titles that was generated during the titling project. With no
ingitutional framework to maintain and expand the information, the system tends to collapse.
For example, as new titles are created and previoudy titled parcels tranderred, the sysem
becomes more and more out-of-date and therefore less useful.

Thefallure to regigter transfers and new titlesin turn suggests that the owners do not believe
that it isworth their effort to record their titles. It seemslikely and logical that the reason for this
failure to register isa belief that the costs of doing so (in terms of time, money, and dealing with
the bureaucracy) are not worth the benefits (such as increased value, greater liquidity of land, or
ability to borrow money for improvements). This belief about relative benefits and costs of titling
may be due to actual conditions which owners have experienced or to perceptions about what the
owners believe the stuation to be.

If the success of cadastral and property-registration syssems is to be improved, there are a
number questions that need to be answered and a number of issues that need to be addressed.



1.2.3 LESSONS LEARNED

The experience gained in previous projects can be used to suggest ways to improve the success
rate of future cadagtral and titling projects. As the above discusson suggedts, there is no single,
guaranteed approach that will assure the success of property regidtration projects. However,
earlier projects suggest several principles which are useful as guidelines to hep maximize the
likelihood of success.

1.2.3.1 Rapid registration

The gpeed of operation isimportant both for initial registration and for registering all subsequent
trandfers and other transactions that affect the rights of the property owner. Long delays tend to
reinforce negative perceptions that owners may have about the importance of land-title
registration.

1.2.3.2 Simplicity and economy

A smple, inexpensive property registration system is important if property ownersin LDCs are
to support and use the system as intended. Simplicity in itself will help keep costs down, as well
as make the system easy for landowners to use and understand.

1.2.3.3 Clear, simple cadastral maps

A clear, smple graphic of the parcd is a good way to help assure the owner that the map is a
correct reflection of the stuation on the ground and to indicate that the property registration
system isindeed working properly.

1.2.3.4 Clearly demarcated parcel boundaries

Clear marking of parcel boundaries helps assure that owners and their neighbors have common
understanding of the location of each land parcdl. If visble from above, parcel boundaries will be
discernable on air photos (e.g., that are part of a photogrammetric program), thereby suggesting a
photogrammetric approach (see subsection 1.4 on surveying and mapping options).

1.2.3.5 Education programs on the benefits of Property Registration Systems

Owners need to be made clearly aware of the benefits of the property registration system. Many
approaches may be used for such a program, including written brochures or booklets, radio,
tdevison, or personal contacts by personne from the registry, university, or other public
agencies.

1.2.3.6 Timely delivery of other promised benefits

Acceptance and use of the property registration system will be accelerated if related programs
that have been used to judtify and support the registration program are made available in the
timeframe and in the quantity promised. For example, availability of credit to finance
improvements to the property is important. Unfulfilled promises of improved credit availability
can be a serious deterrent to the implementation and use of the property registration system.



1.3 SURVEYING AND MAPPING ENVIRONMENT IN ALBANIA

Although Albania is attempting to become an integral part of the European community, it is
unlikey that it will be able to emulate the sophisticated property registration syssems of Western
Europe. For this reason alternative systems, which will be consstent with the severe time and
cost congtraints under which the IPRS must be implemented, are being explored. In the process,
the design of the system should not prevent Albania from moving toward a more sophiticated
solution at a later date. Before outlining the various options available to Albania, the general
environment in which these activities will take place is consdered in terms of its advantages and
disadvantages.

1.3.1 ADVANTAGES

Unlike many other LDCs, Albania has a dense network of geodetic control points
(approximately 4-km dendgty) which in many instances are clearly demarcated by means of tall
tripod sgnals. Provisonal tests usng GPS (see MSl 1992) confirm that this network has been
surveyed to a high degree of accuracy. Although this study dealt with a small sample, other
evidence (such as surveying standards, academic qualifications) suggests that the geodetic
network should be adequate for cadastral surveying purposes. Nevertheless, it would be
advisable in the long term to reobserve part of the network and use this for a complete
readjustment. If GPS proves to be cogt-efficient in Albania, this will place more demands on the
geodetic network than the current graphic approaches. Other geodetic requirements, such as
gravity observations, are dealt with in MSl (1992). However, it is important to retain a higher
priority for IPRS needs and not to cause delays by committing current resources to satisfy lower
priority, longer-term needs.

Albania is fortunate to have a relatively high number (etimated at around 300) of well-
educated surveyors who have graduated from the five-year surveying program at the Polytechnic
Universty of Tirana. The curriculum includes a strong mathematical and measurement science
foundation in the first three years (see Appendix A for curriculum details). The latter two years
are more general than most surveying programs and deal with such diverse topics as ecology,
urban planning, mining technology, and hydrotechnic congtruction. The surveying program
graduates approximately twenty students per year and has apparently maintained this leve for
the past twenty years.

There are also several survey technicians who have specialized in surveying at the
secondary school level (called middle school in Albania). The number of people with these
qualifications is esimated at 500. The pool of expertise (many of whom are currently
unemployed) in the area of surveying and mapping appears to be adequate to support the IPRS
project. However, given the dramatic changesin land law and the introduction of a legal cadastre
to support the new IPRS, additional training and education will be required to update the ills
and expertise of both the university- and secondary-school-trained surveyors. Recommendations
for curriculum reform are included in subsection 1.6 of this report.

The subgtantial set of maps that currently exist in Albania, especially at larger scales (1:500—
1:10,000), provides a valuable base of land information on which to build an effective cadastre.
Details of the distribution of these maps and the agencies in which they are held are given in
Annex 5 of the Land Market Action Plan (LMAP), prepared by the Land Tenure Center, dated



15 May 1993. In addition to this map information, the Land Research Ingtitute (Ingtituti i
Studimit te Tokave) has a well-organized and referenced archive of survey records, one set
dealing with control dendgfication (triangulation) and the other with tacheometric surveys. The
dengfication records span the period 1947-1989 and the tacheometric records are kept for a ten-
year period after which they are destroyed (the most recent records are dated 1991).
Unfortunately, many of the triangulation points were not permanently demarcated in the field
and are therefore of little use as a tertiary network for controlling local parcd surveys We
strongly recommend that in future these points be permanently demarcated and location sketches
drawn so that they can be reused in subsequent surveys.

Albania is one of the smallest countries in the Balkans (approximately the sze of
Massachusetts), which means that the physical scale of a national IPRS project will be smaller
than in many other countries where smilar projects have been implemented. However, this is
offset to some extent by the rugged terrain in much of the country as well as the small,
fragmented nature of landholdings (see next section).

The fact that Albania recently moved to a private property system offers opportunities that
are rarely available even in Eagtern Europe: the IPRS can be designed from the ground up.
Provided firm foundations are laid over the next few years, there is no reason why Albania
cannot become a mode for other countries contemplating property registration reform.

1.3.2 DISADVANTAGES

While the recent move to a market economy and private property has advantages from a design
perspective, the novelty of the IPRS also brings many implementation challenges. Government
agencies have little or no experience with private property concepts and new ingitutional
gructures will have to be developed to support the IPRS. Property relations and activitiesthat are
taken for granted in the west (mortgage, liens, valuation, etc.) have no ingditutional support at
present and are poorly understood by the landholding populace (see Sjoberg 1991). This will
require a sgnificant effort in terms of ingtitutional development and educating landholders as to
their rights vis-a-vis the government.

The government agencies that hold the primary responsibility for land administration (Land
Research Indtitute, LRI; Geology and Geodesy Enterprise, GGE; and Military Topographic
Indtitute, ITU) currently operate in an isolated manner. Although accuracy standards exist for the
surveying and mapping work carried out by these agencies (see Appendix B), they were
generated at a time when the military dominated the administration of land and most other
resources. It is essential that inter-ingtitutional working groups be formed so that all these
agencies contribute to the generation of sandards, data exchange protocols, and other areas of
mutual concern. Albania must attempt to capitalize on the synergism that can result from
cooperative effort. This will not be easy given the recent history of Albania where information
on land and other economic resources was overprotected and used for political interests.

Although large areas of land are being subdivided and allocated to individual families, we
were not convinced that serious surveying work was in fact taking place. This was borne out by
our inability to find an area where such work was being undertaken as well as by the dates of the
recordsin the LRI. The stagnation in the land adminigtration ingtitutions is due mainly to the lack



of finances to mobilize field teams and, to some extent, to the current transtory nature of land
adminigtration.

Albania has suffered to some degree from an inability to retain qualified personnd. While
slary levelsremain at their current (1993) level ($35-$50 per month for a qualified engineer), it
will be difficult to retain staff who receive advanced training in the newer technologies and
sysems. However, if these people are allowed to enter the private sector and provide further
momentum for privatization of surveying and mapping services, the drain on human resources
could be averted. Training and education requisites must be addressed regardless of the above-
mentioned retention problems.

The physical facilities for housing the personnd and information that will flow from the
large IPRS project are presently totally inadequate. The improvement of these physical facilities
must be consdered within the project budget.

Perhaps the most challenging aspect of the Albanian Stuation is the Sze and fragmentation
of landholdings. In our interviews we found villagers who had been allocated between one and
four parcels of land (up to seven parces are allowed by law). These individual parcels may be
several kilometers apart and involve agricultural land as well as pasture and land with olive or
fruit trees (defined in terms of the number of trees). From a surveying and mapping perspective
this presents a challenging environment in which to identify cost-effective solutions for the
creation of an IPRS.

1.4 CADASTRAL SURVEYING AND MAPPING OPTIONS IN ALBANIA

1.4.1 CURRENT TECHNIQUES

The only cadastral records that have been maintained historically in Albania relate to agriculture
and land use. In rural areas, the 1:5,000 map series has provided the basic spatial information on
land-use units (supplemented by village-based sector maps). The detail shown on these maps has
been surveyed by means of tacheometric techniques. In some instances, these tacheometric
surveys have been connected to the geodetic network by means of a mixture of triangulation
(mainly resection) and tacheometric traverses. The resulting maps provide an excellent source of
graphic control, particularly in areasthat are crisscrossed with irrigation canals.

In other instances, “schematic” or “sketch” maps are produced from isolated tacheometric
surveys. These sketch maps contain several isolated surveys on the same sheet, which means that
the relative positions of features on the map are not true.

1.4.2 OPTIONS FOR THE FUTURE

There are various options that could be considered for surveying and mapping cadastral parcels
in Albania. Such factors as accuracy needed, labor and sills available, and tradition followed
should be considered. Among the many possihilities, we suggest four that are good candidates
for further consderation and study as to their applicability to Albania. (See Figure 1.1 for a
taxonomy that indicates the relationship among these options.)



FIGURE 1.1 Four options of property boundary delineation
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1.4.2.1 Enlarged 1:2,500 scale maps (option 1)

As discussed above (see subsection 1.3.1), Albania is fortunate to have a relatively accurate,
large-scale (1:5,000) map series for most of the agricultural areas in the western part of the
country. The LRI has the equipment and has demonstrated the capacity to enlarge these available
maps to 1:2,500 for use in mapping cadastral parcels. These enlarged maps are then taken to the
individual villages where the parcels recently distributed by the Government of Albania are
surveyed by means of tape or tacheometric techniques.

1.4.2.2 Sketch maps tied to local survey control with a permanent monument
(option 2)

This option is applicable in areas covered by sketch maps where no 1:5,000 maps exi<. In this
approach the sketch maps are tied to one or more permanent monuments or reference points that
are placed in the ground. Cadastral parcels on the sketch map are then tied to the(se) monuments,
using classical tacheometry. This approach provides at least two important advantages.

Firg, by tying cadastral parcels on the sketch map to a permanent survey monument, it will
be possble later to return to and reuse the same monument to map new parcels or relocate
existing boundaries. Perhaps more importantly, the monument will provide a link to other land
information that the village, digtrict, or Government of Albania may decide to add, if and when a
decison is made to develop a land information system (LI1S) or geographic information system
(GIS). For example, soil type, dope, land use, land cover, roads and irrigation networks are just a
few of the “layers’ of data that may become part of a GIS system. This approach also allows for
the subsequent survey by GPS or some other modern techniques of the reference points so that
the sketch map data are connected to the geodetic control network.

1.4.2.3 GPS and total station/electronic tacheometer survey (option 3)

This option may be characterized as the high-tech, digital approach. GPS would be used to
provide control for surveying specific parcel details that are required to be mapped. The detail
survey will use GPS, total dations, or eectronic tacheometers (which should prove to be more
efficient than traditional tacheometry, once surveyors have overcome the learning curve). A
amilar approach to option 2 may be followed here where the detailed total station/tacheometer
work is done firg relative to certain monumented reference points which are connected later to
the geodetic network via GPS.

We recommend that this option be tested as soon as possible so that relevant training can be
provided should this option prove the most cost-efficient. A proposal to investigate this option is
included in Appendix C.

1.4.2.4 Photogrammetric options

When congdering any photogrammetric approach in Albania, one factor that must be of serious
concern is the total control that the military has over any flying of aeria photography.
Experience in other countries has shown that conforming with a military agenda can lead to
serious delays in the implementation of IPRS projects. Any photogrammetric option will also
entail a sgnificant training component as the current skills are based on outdated technology [see
Annex 5 of LMAP (1993) for more detailg].

Figure 1.2 describes three different photogrammetric approaches that can be used for parcel
mapping.
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FIGURE 1.2 Photogrammetric approaches toward cadastral mapping
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Unrectified photographs

In this method all parce data is delineated directly on the aerial photos, or on a transparent
overlay to the photo. The unrectified photo then becomes the graphic record for defining the
parce boundaries. While this option has many cos-efficiency advantages where boundary
fences or other physical boundary features are clearly visble on the photography, it has two
serious disadvantages. Fird, the aerial photo is unrectified and therefore contains a distorted
image (scale varies across the image) which cannot be regarded as a true map. Given the
mountainous nature of much of the terrain in Albania, this scale distortion could be quite
sgnificant. Second, this approach will provide a set of distinct photo records that cannot easly
be integrated to provide a consstent record across the whole digtrict. This option is not
recommended for Albania.

a) Base map derived from photogrammetry (option 4)

The second photogrammetric method is one that follows a traditional photogrammetric approach
toward mapping. Control points are surveyed to control the position of the aerial photographs.
Using a conventional stereoplotter (or one fitted with digital encoders), a map of the parce
boundaries is produced together with any other required details (e.g., buildings, fences, roads,
rivers). No attempt should be made to plot contours unless they are urgently needed for some
other purpose. The base map produced in this manner will then become the Registry Index Map.
This method should be tested in Albania, particularly in large areas where no reliable large-scale
mapping is availlable and where physical boundaries (visble in the photography) are
predominant.

b) Orthophotos

The third photogrammetric method is to produce orthophoto maps from the aerial photography.
The technology required for this does not exis in Albania at the present time. Further
disadvantages include the lack of control over the amount and type of detail that appears on the
map (since this is an image map) and the difficulties associated with updating the orthophoto
map. This method is not recommended for Albania.

1.5 EVALUATION OF CADASTRAL SURVEYING AND MAPPING OPTIONS

Surveying and mapping of cadastral parcels is a critical component of the IPRS project for at
least two reasons. Firgt, reliable surveying and mapping of the ownership parcels isimportant to
the effective operation of cadastral systems in general. Second, given the limited resources
available in the Albanian economy, it isimportant that cadastral surveying and mapping be done
in the most cogt-effective manner possble. Therefore, it isimportant that the most cost-effective
technology be applied to the surveying and mapping task.

The cost-effectiveness approach suggested here is based on a number of consderations we
believe are important.

1. Avoid misakesthat have been made in the past in other countries.

2. Take advantage of the unique Stuation in Albania, where the IPRS is being put in place
as part of the move from a controlled to a free market economy.

3. Provide the survey and mapping component of the IPRS at the least cost possible.
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4. Provide a framework for measuring the effectiveness of the surveying and mapping
system that will be useful not only in Albania, but also in Eastern Europe and possibly
other parts of the developing world aswell.

As noted, one critical criterion for measuring the cost-effectiveness of the surveying and
mapping system isthe least costly method. Other criteria that are important include:

How effective are the resulting surveying and mapping products in avoiding conflicts
among property owners?

How effective are the productsin resolving those conflicts that do occur?

The latter criteria suggests the importance of re-examining the effectiveness of the Albanian
surveying and mapping sysem periodically to determine how effective it has been in both
avoiding conflicts and solving those that do arise. For instance, such an evaluation would be
extremely useful in the context of any problems that occur at the time of inter-generational
transfer of land within the family.

We should also note that the surveying and mapping system put in place for the IPRS will
have important implications for the Albanian economy far beyond the property registration itself.
In particular, the sysem adopted will likely serve as the foundation for a variety LIS and GIS
efforts that are needed to support the continued development of the Albanian economy. We have
also condgdered the needs for LIS and GIS in our efforts to develop an evaluation plan for the
cost-effectiveness of the surveying and mapping component of the IPRS.

In the following sections we consder the factors that impact the cost-effectiveness of
cadastral surveying and mapping programs, the parameters that will affect the cost of each
option, and the criteria by which we propose that cost-effectiveness of the options be judged.
This approach is summarized in Figure 1.3.

1.5.1 [INPUTS AND COSTS OF SURVEYING AND MAPPING

The inputs required to undertake the surveying and mapping process comprise the typical needs
of any field surveying exercise. Most importantly, appropriate personnd must be identified. In
most cases (except when traditional methods are used) additional training will be required to
familiarize project personnd with the requirements of the project and to make them proficient in
the surveying and mapping technique to be used (e.g., GPS or photo interpretation). In the case
of Albania, surveying and mapping personnel will be able to bring a sgnificant kill base to the
project, given their university education and field experience.

The kind of equipment required for surveying and mapping will depend on the specific
technique, but in amogt all options at least some equipment will be required (whether it be
tacheometric rods or GPS receivers). Trangportation to allow personnd to get around the field is
also fundamental to getting the work done in an efficient manner. In Albania it is particularly
difficult to purchase reliable 4-whed drive vehicles, making this input especially important to
project planning. The fina input that is identified in the surveying and mapping process is
exiging information. This may include maps, geodetic control data, or higorical land tenure
records. One of the major reasons why the graphic approach (option 1) is so attractive in Albania
is that the existing map information base offers a reliable record of landscape features (canals,
roads, rivers, etc). However, before any existing information base is used as input, it should be
evaluated with respect to accuracy and currency.
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FIGURE 1.3 Schema for evaluating cost-effectiveness of different cadastral
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During our review and analyss of the current status and operation of cadastral surveying
and mapping in Albania, we talked with several agencies regarding their approaches to
monitoring and estimating costs. The Land Research Inditute (LRI) and the Geology and
Geodetic Enterprise (GGE) were particularly patient and helpful in explaining their procedures
and answering our questions. Our conclusion is that given the current status of the IPRS project,
the best approach is to have field crews complete an additional form while surveying in pilot
areas over the initial part of the project. These data can then be used in the measurement of the
most codt-effective approach for surveying and mapping. Since it can be expected that
technology, labor costs, and other factors will change over time, we believe that the approach
suggested here will be helpful as the project evolves over time, to assist in the selection of the
most cost-effective approach, at any time, for any set of ¢circumstances.

Appendix D contains a proposed data collection form for the collection of relevant data by
the field survey crews. The following items are included in the data collection form.

1.5.1.1 Labor

The most expensive part of most surveying and mapping projects, including those for cadastral
purposes, is personne. Various options require various mixes of skills for various amounts of
time. Documentation of labor costs for the various pilot areas of the IPRS project should provide
a good sample of labor costs under a variety of conditions. We suggest the collection of
personnel data based on educational level of each category of persons on the survey team. This
approach will provide flexibility for various techniques used, as well as providing management
with information that will continue to be useful over time.

1.5.1.2 Equipment

Equipment includes al items that last beyond the life of a particular survey job. The cogts to be
included here are mainly a depreciation or amortization cost for each item. That is, the life of
each item should be estimated in terms of years, or jobs, or number of hectares or parces
surveyed and mapped. Then, a depreciation charge can be made for each surveying job. This
approach will provide the funds needed for equipment replacement as items wear out or as
technology changes.

1.5.1.3 Supplies

Material that is used on each job such as pegs, concrete, fiedd books, and computation paper
should be included in this category.

1.5.1.4 Transportation

Thisitem refersto the costsincurred for transporting the surveying and mapping crewsto the job
location. The smplest way isto charge a andard charge per kilometer for each vehicle used for
the job. (It is assumed that drivers will be provided for each vehicle, and that their wages will be
included in the labor category discussed above.)

1.5.1.5 Per diem

Per diem refers to the costs of lodging and meals when survey and mapping crews travel to Sites
outsde of Tirana and stay overnight. The method of charging ether a flat rate by location or a
percentage of wages would seem to be an appropriate approach for charging per diem to each
job.
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1.5.1.6 Preparation time

While we did not include this item on the data collection form itsalf, we believe that managers
and adminigtrators may find it useful to include costs that are incurred in preparing materials for
each job before the team goes to the field. This item could be added to the form or tallied on a
form or book in the central office.

The data collection form in Appendix D should be consdered a draft form that is tested
during the upcoming working in the three pilot areas. After use for a period of time, the form and
the data collected should be analyzed to be sure that: (1) the data collected are serving the needs
of managers and adminigtrators, and (2) the forms are as Smple as possble, so as not to unduly
burden the field teams who are completing them.

1.5.2 FACTORS AFFECTING THE COSTS OF SURVEYING AND MAPPING OPTIONS

The effectiveness of any surveying and mapping technique is influenced to a large extent by the
conditions in the field and the capacity of existing ingtitutions to deal with the vast amount of
information that typically flows from cadastral and registration projects. Field conditions will
vary according to the terrain, land cover, and type of boundary used. When boundaries are
defined by easly identifiable physical features (e.g., roads, hedges, canals), they are eader to
locate for surveying and mapping purposes than boundaries defined by corner markers. In the
former case, a general boundaries approach usng maps graphically to define the parcels will
generally be more cogt-effective. In a fixed boundary system, a numeric approach (e.g., usng
GPS or tape/theodolite to measure parcels) is often preferred.

Access can have a significant effect on the speed with which parcels can be surveyed and
mapped. In extreme cases, where roads are scarce and it is necessary to resort to more basic
modes of trangport (e.g., mule, foot), the time required to get to a parcel may actually exceed the
time needed for measurement. When it is necessary to obtain information from individual
landholders, as is generally the case in any IPRS project, access to these persons may also
present problems. Thisis particularly true where absentee ownership is common (typically, not
the case in Albania).

Parcel sze and dendity can influence the surveying and mapping process in several ways.
Small parcesthat are close together offer advantages since equipment and people do not have to
be moved very far from one parce to the next. However, this high parcel dengity increases the
amount of work as well as the cost per unit area. For this reason it is a good idea to evaluate
output in terms of both number of parcels and area covered.

In countries like Albania, where land tenure ingdtitutions are either nonexistent or extremely
week, lack of ingtitutional capacity can severdly condrain the ability to move from data capture
(survey) to mapping and ultimately to the delivery of information to the regidtry. It is for this
reason that “technical” projects often include an ingtitutional strengthening component or regard
thisasamajor objective,

1.5.2.1 Terrain

The degree of dope and the general terrain affect costs of surveying. While distances (e.g.,
between property corners) are relatively short, the severity of eevation changes impacts on cods.
For example, severe dopes may require drop taping, which increases costs. The difficulty of
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assessing the impact of terrain change is difficult since this generally dictates which surveying
techniques are used (e.g., in hilly areasit may be extremely costly to use traversing, but relatively
inexpengveif triangulation techniques are employed).

1.5.2.2 Parcel size and density

Parcel sze and dendity affect cadastral surveying and mapping costs in a number of ways. Small
parcels that are close together can lower costs snce equipment and people do not have to be
moved far in going from one parcel corner to the next. However, if cogts are being compared on
the bads of land area, smaller parcels have a higher cost per unit of area (e.g., a higher cost per
hectare).

1.5.2.3 Type of boundary being surveyed

One gdgnificant advantage of a general (versus fixed) boundary system is that a physcal
boundary (hedge, fence, canal, etc.) is usually easier to locate than a boundary marker (fixed)
planted at the parcel corners. This means that field searching times (even with the ass stance of
owners) for boundary points are usually shorter with a general boundaries approach. A general
boundaries approach may also offer cost-effective photogrammetric options for mapping parcel
boundaries. In our field vidts we identified both types of boundaries (general and fixed) and,
given the provison for both systems in the Land Registration Act, we recommend that this
flexibility be maintained.

1.5.2.4 Land cover (vegetation)

Thetype of land cover in the general area of the cadastral surveying work may have a sgnificant
impact on cogs. Costs are much less for flat, agricultural fields than for dense stands of forest
timber. Thisincreasein cogt is related both to the difficulty in moving and setting up equipment,
aswdl asto theincreased number of setupsthat are typically required in forested areas.

1.5.2.5 Road network access

Easy access by road to the area for which cadastral surveys are being prepared can significantly
lower the cogts. Movement of people and equipment to the Site by vehicle reduces pack time and
allows crews to complete more parcels or hectares in a given unit of time. In some cases there
may also be a correlation between road access and other cost reducing factors (such as vegetative
cover and terrain).

1.5.2.6 Skill base of the surveying community

In addition to the physical factors, there are also a number of ingtitutional and organizational
factors related to cadastral surveying and mapping cost-effectiveness. One of these non-physical
factors is the kill base of the personnd who are available to work on surveying and mapping
projects.

Three aspects of skill base need to be consdered. Fire, surveyors and cartographers need
the training and skills necessary to carry out the required tasks. Therefore, educational facilities
available, educational levels attained, and relevant experience all affect the quality of the
available labor pool. Second, sufficient numbers of these trained personne need to be available
to do the required cadastral surveying and mapping and complete the task in the time specified
for the project. (Our cursory review of both of these aspects in Albania indicate that neither will
be a condraint on the surveying and mapping aspects of the IPRS.) Third, there may be a
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ggnificant cost element associated with the learning curve if new skills have to be taught to
surveyors.

1.5.2.7 Technology available

A second ingtitutional/organizational factor is the availability of technology (i.e., equipment and
supplies) to support the surveying and mapping effort. Since several options are usually available
and congdered (asis true in this effort to evaluate the cadastral surveying and mapping options
for the IPRS project), the availability of each feasble technology is an important cons deration.
In many developing countries, there is a wide variation in the supply of equipment needed for
cadastral surveying and mapping, depending on the technology selected. Our discussions with
knowledgeable personnel in Albania suggest that this is the Stuation in Albania as well. For
example, as would be expected, there are currently no GPS or total stations available for use by
the public sector in Albania. Therefore, if one of these technologies is sdected, immediate
purchase or lease of such equipment would be necessary. However, equipment shortages in
Albania are not restricted only to high technology surveying options. There is even a severe
shortage of quality 30-meter tapes.

1.5.2.8 Match of skill base and technology

People are necessary to operate the equipment and carry out the techniques, regardiess of what
surveying and cadastral option is used. It is important that the consderation be given to how
compatible personnel skills match up with technology used. In considering the possible options
for Albania, it appearsthereisawide variation in how compatible these two items are.

For ingtance, the kills necessary for classcal tacheometry appear to be readily available,
and, with the addition of relatively inexpensive items such as survey tapes, this option could
move forward. Therefore, there are few congraints as to the match of personnel and technology
for this option.

In Albania, there are currently much more substantial constraints as to other options such as
total gtations and GPS which require substantial amounts of relatively expensve equipment.
Also, training, ranging from moderate to substantial in terms of time, would be required. The
time needed to move to the productive portion of the learning curve could also vary subgtantially.

1.5.2.9 Institutional and organizational capacity

Two kinds of indtitutional capacity are relevant. Thefirst isthe capacity of individual agenciesto
provide the organizational support (both technically and intellectually) necessary for their portion
of the surveying and mapping effort. The second kind of capacity is the overall and coordinated
ingitutional and organizational support of all relevant agencies in the Government of Albania.
This second capacity is more difficult to attain and more important if cadastral surveying and
mapping is to move forward in the most cost-effective manner. Our review of the dtuation in
Albania is that the first capacity is in place, but that the ingtitutional integration is yet to be
achieved.

1.5.3 CRITERIA FOR EVALUATING COST-EFFECTIVENESS

Criteria for evaluating different surveying and mapping techniques should be solidly based on
the needs of the project and not on the biases of individual professonals. Given rapid
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privatization and the pressng need to create the IPRS before a land market develops, the most
important criterion in Albania must be speed. In the short term, continuing with traditional
tacheometric techniques (option 1) will often be more efficient Since it does not require any lead-
time for equipment acquisition and training. However, once project personnd learn techniques
and equipment is purchased, this advantage will be reduced. Ultimately, it may be more
beneficial to adopt a more modern approach (e.g., GPS), which will almost certainly be more
efficient over thelong term.

Cogt is an important criterion in any Stuation, but this is especially true in poorer countries
like Albania. Labor-saving, capital-intensve solutions should be avoided in dtuations where
capital is minimal and labor is cheap and plentiful. Surveying and mapping options should be
evaluated on the basis of cost per unit area aswell as per parcd.

In countries (such as Albania) where unemployment is exceptionally high, it would be
inappropriate policy to pursue an approach that islabor saving. Therefore, the extent to which the
surveying and mapping process brings people into employment will reflect the effectiveness of
the process within a more general economic context. It will generally be more effective in this
regard when the surveying and mapping technique matches the existing skill base. Skill-base
match is therefore included as an evaluation criterion, though it is recognized that these kills
may change over time as new educational and training programs take effect.

Land surveyors have often been faulted (rightly so) for their concern with accuracy. While
thisis clearly a factor that must be consdered in this evaluation, it is certainly secondary to such
criteria as speed and cost. The GPS approach, for example, is an attractive alternative mainly
because it appears to offer ggnificant gains in terms of cost and time. Depending on the
technique and the type of receiver used, it may also provide more accurate results. However, this
should be seen as an additional as opposed to the primary advantage.

Thefinal criterion in the evaluation model is dispute resolution. Theoretically, the surveying
and mapping option that provides the least ambiguity and provides certainty will achieve the
highest rating in this category. Sometimes, greater accuracy and precision will promote this, but
thisis not always the case. For example, a general boundary (e.g., ssone wall) defined graphically
on a map can offer greater clarity and certainty than a very accurately surveyed fixed boundary.
The underlying goal of the surveying and mapping process is to resolve existing boundary
disputes and minimize the possibility of future argument. However, this must be pursued through
a drategy that considers not only this criterion but all of the above-mentioned guidelines.

1.5.3.1 Cost per unit

Cogt per unit (such as hectare or parcel) is the most frequently used and most easily understood
of the evaluation criteria that can be used. Many of the preliminary estimates of resource
requirements for the I|PRS project have been based on needs per hectare,

1.5.3.2 Time

Because of the importance of having the IPRS in operation as soon as possible, time to complete
the surveying and mapping task could be deemed more important than the total cost (or any other
criterion).



19

1.5.3.3 Avoiding and solving disputes

Another criterion regarding the effectiveness of surveying and mapping programs is how well
they support two critical tasks: preventing conflicts and resolving conflicts that do occur. These
criteria may be deemed more important than cost or time, particularly if political considerations
are amagjor factor.

1.5.3.4 Employment levels

A fourth evaluation criterion is the amount of labor (including all personnd from engineers to
laborers) employed in the surveying and mapping effort. The importance of this criteria will
depend on such factors as general employment levels in the economy, employment levelsin the
surveying and mapping sector, and excess (or deficient) capacity of people with surveying and
mapping capabilities (education and training).

1.5.3.5 Efficiency

An increase in efficiency can be defined as doing more work (i.e., producing more output) with
the same amount of resources (with the same inputs) or as producing the same output with less
resources. For the IPRS project, efficiency can be used to measure changes over time (e.g., as
surveying teams become more proficient). Efficiency can also be used to compare two or more
options (e.g., with a given amount of labor or time or money) as to which approach can produce
the most output. The latter isa measure of cost-effectiveness.

1.6 THE FUTURE

This report has focused generally on the IPRS and more specifically on options for evaluating
the cogt-effectiveness of options for carrying out the cadastral surveying and mapping portions of
the IPRS project. During the course of our field work in Albania, we have had the opportunity to
vigt with a wide variety of government officials, university personnel, owners of newly formed
private busnesses, and owners of recently distributed private agricultural lands. In this section
we discuss the cadastre, possible future directions as to development of a multipurpose land
information system (or multipurpose cadastre) for Albania, the educational needs that face
Albania in regard to newly attained private ownership of land and the development of a market
economy, and the role for private sector surveying as the new Albania continues to unfold and
develop.

1.6.1 CADASTRE

A cadadre is “a record of interests in land, encompassing both the nature and extent of these
interests’ (McLaughlin 1975, p. 60). Since cadastral information is about property ownership,
the usual object on which the cadagtre is based is the ownership parcd. The cadasire, therefore, is
an information system, based on parcels, containing information about the ownership, use, and
value of these parcels.

In some sysems, cadadre information is divided into three subsystems. juridical
(ownership), fiscal (value), and environmental (use and management).
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1.6.2 MULTIPURPOSE LAND INFORMATION SYSTEMS

Ownership of land has been a concern of many societies for hundreds or even thousands of
years. As time has passed, populations have increased in Sze, societies have become more
complex, and the value of land and the need to manage it wisaly have increased. These changes
have increased the need for information about land, and consequently the value of land
information.

During the last 20 to 30 years, there has also been an explosion in technology that can serve
as the basis for meeting the increased need for land information. These technology changes have
included computers (ranging from personal computers (to large mainframe machines), digital
mapping, orthophotography, and high quality, automated cartographic product production
processes.

These two trends—the need for more, better, and integrated land information and the
availability of technology to meet this need—have set the stage for the development of
Multipurpose Land Information Systems (MPLIS). An MPLIS, by definition, is a system that
serves multiple purposes (Hendrix, Moyer, and Strochlic 1992). The MPLIS contains many
kinds of land data, ranging from ownership (cadastral) to soils, land use, geology, planned uses,
useredtrictions, and other related information.

Information in the MPLIS includes both graphic (map) information and textual (or attribute)
information. Thus, the cadastral map being produced in the IPRS project would be part of the
graphic material of an MPLIS and the property register information (such as registry books, tapi,
and Form 6) would be included as part of the attribute record in text form.

MPLIS information is generally stored by layers (see Brown and Moyer 1990, Appendix D,
Figure 7-5). The ownership parcel provides the basic unit for data in many layers (for instance
zoning and ownership), while resource polygons provide the second major spatial units for other
data (e.g., soil type, wetlands, floodplains, geology, and land cover).

An MPLIS isonly as good as the data in the systlem. Quality of data relies on at least two
major seps putting good quality data in the system initially, and then assuring that data are
updated on a regular basis. Each data layer is generally the respongibility of one specific agency.
This agency is responsble for building the layer of data initialy, and then being sure that all
changes are made to keep the MPLIS current. Thus, each agency is the custodian for specific
layers of datain the MPLIS. This custodian approach is also the least disruptive to government in
general, since no major changes in data respongbility occur—each agency continues with its
normal respongbility, just being sure that all changes in their data are made available in the
MPLIS quickly and accurately.

Updates to the MPLIS layers are usually based on the occurrence of transactions that affect
data in the MPLIS. For example, a land sale reported in the registry office would generate a
change in the ownership layer of the MPLIS. A permit to build a new house or business might
generate changes in the land use layer or land cover layer. Changes in data by other agencies
would result in Smilar updates.

The above discusson suggests that an MPLIS is a relatively complex system, but one that
covers many needs of both government and the private sector. We recognize the current need to
focus on the IPRS as part of the Land Market Action Plan. However, we also believe that the
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Government of Albania should begin planning for the future when the needs for an MPLIS will
continue to increase and the market economy will make such a system economically feasible,
Therefore, we suggest several steps that will help lay the foundation for the future devel opment
of an MPLIS for Albania.

1.6.2.1 Research

Research should soon begin on the scope and detail of data that might be included in the Albania
MPLIS. Such research could be funded by one or more grants from the Land Market Project
(LMP), with the faculty of the Polytechnic University of Tirana playing a major role. Other
researchers and advisors (e.g., from U.S. univergties or government agencies) could be included
in certain parts of thisresearch activity.

1.6.2.2 Educational efforts

The research should involve several government ministries that rely on and are concerned with
various kinds of land information. These agencies, or designated working groups representing
them, should help design the scope of any MPLIS research effort. These discussons would
provide education for all involved, as to the potential benefits, likely cods, and other
congderations of implementing an MPLIS.

We suggest that faculty of the Polytechnic University of Tirana take the lead in developing
one or more research proposals to address the MPLIS issue. This will provide opportunities to
increase the knowledge base of the faculty. Efforts should also be made to involve studentsin the
research efforts as much as possible, snce this group of sudents are the ones who will carry out
actual development and implementation in the years ahead.

The needs for MPLIS and GIS capabilities already exist and will continue to grow. It
appears quite likely that the Albanian economy will soon have the capacity to develop and
implement such systems, particularly if their funding partners continue to support land
information system modernization efforts.

1.6.3 EDUCATIONAL NEEDS IN SURVEYING AND MAPPING

Earlier in the report we discussed briefly the surveying curriculum at the Polytechnic University
of Tirana and its apparent strength in surveying fundamentals. The entire land administration
framework in Albania has been altered dramatically from the system that existed under the
centralized regime just a few years ago. It is highly likely that the Didtrict Registry Offices will
be managed and staffed by qualified surveyors. In the firs instance the university will have to
educate surveyors who are familiar with and undersand the implications of this new
decentralized, market-oriented ingtitutional structure.

In the second ingtance, the universty will also be responsible for providing education and
training in modern technologies associated with surveying, computations, mapping and
information management. The university should be educating surveyors who will be familiar
with technologies like GPS, total gations, and GIS so that these can be assmilated into the
routine land adminigtration functionsin the future.

While we have favored a low technology approach for the initial survey cadastral and
registration work, there is no doubt that thiswill change as the technology becomes available in
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Albania and, most importantly, as Albanians are trained to use this technology. Education and
training therefore play a key role in triggering and enabling the move to a higher level of
technology and ultimately to its acceptance within the land information management community.
We srongly recommend that Albanians be given the opportunity to gain such education and
training through graduate study and short courses in the United States and that study tours to
other European countries be encouraged.

The change from a land-use cadadire to a legal cadastre that supports property registration
has several implication to the current surveying curriculum (see Appendix A for details). It is
essential that future surveyors be familiar with the general legal framework (such as courts and
code) as well as the specifics of land law in Albania. This can be done as part of a cadastre
course, but should preferably be treated as a separate course.

A component (three or four courses) of the future surveying curriculum should focus on the
cadastre and property registration sysem. Surveyors will no longer be confined to dealing with
the definition of different land uses, but rather with the demarcation, delineation, and mapping of
legal rights to land. It is also anticipated that surveyors will play a maor role in running the
digtrict registry offices. Topics that need to be covered in the cadastre and property registration
component of the curriculum include:

"~ land asimmovable property;

public and private rights to land;

higory of land tenure in Albania;

evolution of the cadastre concept in Europe;

functions of a cadadtre (fiscal, legal, multipurpose);

cadastral surveying techniques (in Albania and elsewhere);
functions of a property registration system;

registration of deeds versus regigration of titles (and hybrid sysems);
integration of cadastre and property information;
computerized, parce-based, land information systems (LIS);
multipurpose L1S and geographic information sysems (GIS);
property valuation and assessment;

land taxation systems,

land reform; and

land use regulation (e.g., zoning).

Modern surveying programs are driving to drike a balance between the measurement
science component (the dominant part of the current Albanian curriculum) and the broader
aspects associated with land adminigtration and land information management (see Barnes and
Palmer 1993 for a comparison of three surveying curricula). It isthe latter component that needs
to be developed in Albania.

From our discussions with the surveying faculty at the Polytechnic Univerdity of Tirana, it
became clear that very few of them have the background necessary to implement this expanded
vison of surveying. This problem can be addressed in several ways. through the creation of
vigiting faculty positionsto allow qualified individuals to offer courses to Albanians, through the
use of video-based ingruction (lectures are videotaped abroad and sent to Albania); and by
gaining practical experience through involvement in the development of the cadastre and
property registry system in Albania.
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1.6.4 PRIVATIZATION OF SURVEYING AND MAPPING SERVICES

In many western countries the bulk of the cadastral surveying work is carried out by private
surveying companies. The same trend can be observed in the field of large-scale mapping. In
these gdtuations the government surveying and mapping agencies provide the basc spatial
infrastructure—geodetic control, national small-scale mapping, geoid definition, coordinate
system definition—and coordinate the collection of thisinformation by the private sector.

Albania needs to develop a dynamic private surveying and mapping sector which would be
consggent with their move to a market-oriented economy. With the large number of qualified
surveyors (mostly unemployed) in Albania, there is no doubt in our minds that, given the right
opportunities, this could occur rapidly.

When all surveying and mapping services are in the public sector, the issue of standards (of
surveys) and qualifications (of surveyors) is relatively smple to control. However, these issues
become more complicated when privatization occurs. In most other countries, this problem is
resolved by creating a professonal organization which is neither public nor private, but
represents the interests of the surveying professon as a whole. This organization then defines
qualifications necessary for entry into the professon and develops relevant surveying standards.
Although a surveying “association” was formed some years ago in Albania, it was limited to
surveyors working within the military.

Given the dominant role that the public sector has played in surveying, mapping and other
activitiesin Albania, we believe it essential that this be countered by an equally strong surveying
organization which emanates from the private sector and represents the interests of all surveying
professonals. Although organizations like American Congress on Surveying and Mapping
(ACSM), National Society of Professonal Surveyors (NSPS), and date societies of land
surveyors may have some relevance to the Albanian stuation, it would be useful to examine the
models that have emerged in other European countries.

1.6.5 SURVEY ACT AND REGULATIONS

A Survey Act provides the legal framework within which surveyors perform their duties. The
regulations framed under this Act describe more specifically the activities called for in the Act
and the standards to which thiswork must be done.

There are two pieces of exigting legidation that will have a direct influence on the future
Survey Act and Regulations. The firgt is the Land Regigtration Act which defines such terms as
“survey plan” and “registry index map” (Section 2), as well as dealing with maps, parcels and
boundaries with respect to property registration (Part 1V). Although the Land Regidtration Act is
broad, covering many surveying requirements, a Survey Act is required to provide additional
guidance to surveyors, particularly in the following areas:

minimal qualifications required to be dedgnated as a land surveyor (or
licensed/registered surveyor);

powers and duties of public officers (e.g., registrar) with respect to the examination and
archiving of cadastral survey information;
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powers and duties of professional bodies regulating the practice of surveying, licensng
requirements, including the creation of boards for controlling survey regulations and
educational standards,

relationship of Regulations with regard to the Survey Act;

duties, responghilities, and liabilities of private land surveyors,

quasi-judicial powers of land surveyors with respect to boundary disputes and
disagreements;

resurveys and the standing of new information vis-&-visthe existing cadastral record,
survey requirements for subdivision, consolidation (merging of parcels), and boundary
disputes,

the legal standing of survey data from initial allotment with respect to the registry index
map and survey data collected when boundaries are fixed;

setting of reference marks and connection to geodetic control network;

rights of entry to undertake survey work on private land and reasonable notice to
landowners,

penalties for destroying or moving property monuments, and

nature and format of survey plans and other information collected to support the
cadastre.

The Survey Act should promote standards and procedures that will lead to the unambiguous
definition of land parcels. In this way it will support the development of a reliable land
regigration syssem and provide the bass for the broader integration of geographic data into a
multipurpose land information system.

The Survey Regulations should be designed to achieve three objectives, namely: (@) to
enable the ordinary landowner to identify hisher boundaries and the surveyor to define them, (b)
to standardize the presentation of boundary evidence so that it can be used in subsequent
resurveys, and (c) to control the reliability of boundary evidence (Simpson and Sweeney 1973,
p. 101). These regulations essentially deal with the rules that apply to field measurement,
monumentation, and the precise format and content of the information (plans, computations,
records, etc.) that must be submitted to the cadastral office.

Albania aready has a detailed set of measurement regulations contained in Legidative Act
110 of 1984 (see Appendix B). This Act lays down the standards for all first and second order
geodetic control surveys as well as standards for all mapping at scales 1:500 to 1:50,000. It also
definesin great detail the standards for the vertical control network and the survey of detail (map
features) for mapping purposes. We were informed that all government agencies involved with
surveying and mapping had conformed with these standards. Since they are de facto standards
and appear to be adequate for control and mapping purposes, any future Survey Regulations
should take these standards into account. This Act does not, however, deal with the requirements
of cadadtral surveysnor doesit provide for modern surveying techniques.

Time condraints prevented a more detailed investigation of this component, but it is vital
that a Survey Act and Regulations be framed to guide and control the practice of cadadral
surveying. Thisis particularly important in a country that has an abundance of surveyors but very
few lawyers.
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2. DESIGN AND EVALUATION OF GPS METHODOLOGY

This section provides a follow-up on the 1993 fieldwork described in Section 1 and documents
activities carried out in the summer of 1994. The major thrust in 1994 was to define and test a
methodology utilizing GPS technology and to begin implementation of the proposed study on
costs and benefits of various surveying and mapping options. There were four components of the
work plan:

(@) Dedgnand test a cadastral surveying and mapping methodology usng GPS.

(b) PrOV| de adviceto the Project Management Unit (PMU) in three major areas.
predicting future changes and how to plan for the impact of these changes,
suggesting directions the PMU should take regarding surveying and mapping of
cadadtral parcelsin the pilot digtricts, and
recommending training requirements to support the proposed surveying and mapping
methodol ogies.

(o) Evaluate the costs and efficiencies of current surveying and mapping activities being carried
out by the PMU through the District Cadastral Offices and compare with costs to amilar
work using GPS equipment.

(d) Outline an action plan for surveying and mapping activities to be completed in the next year
(that is, by 30 June 1995).

2.1 METHODOLOGY FOR GPS TESTING IN ALBANIA

The following three procedures were used to carry out the components described above for
testing GPS methodology in the Albanian setting..

2.1.1 DEFINE AND TEST GPS METHODOLOGY

GPS began as a system to support military activities, but in the past ten years it has been adopted
widdy in the private sector for a broad array of applications. Today GPS is regarded by many as
the “next utility,” which in due course will make geographic positions as easly available astime.

In the area of cadastral or property surveying, GPS has been used primarily as a means of
densfying geodetic control networks, or establishing such networks in areas where they had not
previoudy existed. The focus in surveying has therefore been at the high-precision (centimeter)
level responding to geodetic requirements. As GPS technology has evolved it has become more
affordable and portable and has made observing times shorter, 0 the appeal for usng GPS
directly to survey property corners has increased. Why not use existing control, skip the
dengfication step, and use GPS for the complete cadastral survey?

While GPS appears to be an attractive aternative for surveying at the parcel levd, there are
few studies that test the cost-efficiency of a GPS methodology and compare it with traditional
approaches. This study was designed to fill this void by developing and testing a GPS
methodol ogy that would be most appropriate for the cadastral needs of Albania.
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The first step in this process was to identify existing GPS techniques that were likey to be
appropriate for Albania. This was achieved by forming a team comprisng GPS and cadagtral
gpecialists who were familiar with conditionsin Albania. The team conssted of individuals from
the Univergty of Florida and from M S, a private GPS company in Denver, Colorado. The team
met in a workshop forum over a period of three days to identify candidate GPS techniques and
integrate the ideas of individual members of the group.

The second step was to test the candidate techniques under controlled conditions and begin
to develop fidd and office procedures. For this reason a test dte was established on the
Univergty of Florida campus. A number of monuments were set as parcel corners so that the
resulting parcels approximated the parce szes in Albania. These points were accurately
surveyed and the coordinates used as a bass for testing GPS techniques under different
conditions. From these tedts, a sngle GPS methodology was designed for further testing in
Albania.

The third step included testing the methodology under Albanian conditions and further
refinement of the required procedures. This also involved an assessment of the training needed in
Albaniain order to ingtitute the GPS approach for cadastral surveying.

2.1.2 COMPARISON OF TRADITIONAL AND GPS TECHNIQUES

The analysis to compare the currently used surveying and mapping techniques involved two

components:

(@) callecting and/or compiling of information on resources required for current (traditional)
surveying and mapping activities, and

(b) callecting of information while testing GPS technology in the field.

These data for the two surveying and mapping options were then analyzed in order to provide

suggestions to the PMU as to the most cost-effective approach they might wish to follow. Cost

effectiveness as used here includes personnd time, equipment, training requirements, use of

available resources, and smilar relevant prerequisites.

Two major activities accounted for the bulk of the activity carried out in the summer of
1994. Firgt, information was acquired on procedures being used for the surveying and mapping
activities that were being supervised by the PMU, housed in the Land Research Ingitute (LRI).
Thisincluded interviews with Spiro Lamani, Ahmet Jazoj, Mehmet Grepsa, and Leart Lira. Also,
trips were made to several field locations in IPRS pilot areas for the purpose of interviewing
cadastral office and village land commission personnd. In the village of Zhurje this included
Wilson Cami from the Tirana Cadastral Office and a village elder.

In addition, a vist was made to the Military Topographic Ingtitute (ITU) where the option of
usng photogrammetry techniques was explored. This vigt included a tour of the various
|aboratories and work areas of 1TU where Edmond Leka, director of ITU, explained the relevant
processes.

2.1.3 ANALYSIS OF PRELIMINARY RESULTS

Our work in 1993 had identified four potential surveying and mapping options (see Section 1).
These included the use of: (a) enlarged 1:2,500 scale maps updated by means of tape
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measurements to include individual parcels, (b) sketch maps tied to local survey control with a
permanent monument (in areas where no 1:5,000 maps exist); (c¢) Global Podgtioning System
(GPS); and (d) photogrammetry (Barnes, Moyer, and Gjata 1994). The work described in this
report focuses on the evaluation of the first (enlarged map and tape) and third (GPS) options
since these were viewed as the most viable.

2.2 TRADITIONAL SURVEYING AND MAPPING METHODOLOGY

2.2.1 PROCEDURES

Regardless of the surveying and mapping option used, certain steps must previoudy have been
carried out. These sepsinclude:
= digtribution of the land by Village Land Commission,

completion of Form 6,2

preparation of tapi (Certificate of Allotment),

sgning of tapi by owners,

preparation of 1:5,000 mapsfor usein the field, and

identification of parce boundaries in the fiedld and resolution of any disagreement

between adjoining landowners (this determination is made by the owners and the village

elder, with Cadagtral Office personnd documenting the result).

In addition to the above, the following steps are also necessary to complete the fieldwork for the
taping option.

2.2.1.1 Base map enlargement

This step entails the enlargement of 1:5,000 maps to 1:2,500 (on which officials in the Cadasiral
Office later sketch parcels). In itsdf thisis an involved process and includes considerable hand
drafting. A 1:2,500 enlargement is made from the 1:5,000 map using a photo enlargement
process. The resulting 1:2,500 output is a film posgitive that is then re-drafted onto a paper copy.
This latter Step is necessary because the line width produced by the enlargement process is too
thick for usein thefield.

2.2.1.2 Boundary adjudication and measurement

One cadagtral survey official and two technicians measure the dimensions of the parce. The
length of time required is determined primarily by the number of problems encountered in
getting agreement as to the location of parcd boundaries. In Zhurje, the cadastral surveyor
indicated that there were very few boundary disputes, therefore the work proceeded relatively

rapidly.

2 Form 6 is filled out for each household receiving land and signed by the District Land Commissions, indicating
approval of the land digtribution done by the Village Land Commission. This form includes information on the land
digributed to a household, the name of the household head, and names of the neighboring owners for each parcd in
the holding. Form 6 is also sgned by the household head, indicating agreement with the land alotment. The
information on Form 6 isthen transferred to the tapi.
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In addition to the actual taping of the parcel, the Cadasgtral Office field crew also prepares
field sketches. In Zhurje, these notes were made on loose sheets, usually one sheet of paper per

parcdl.

2.2.1.3 Office checks and cadastral map

After returning to the Cadastral Office (either the same day or soon theresfter), the cadastral
surveyor completes a “land area balance’ calculation to be certain that the measurements are in
conformance with information contained in the tapi. If there is a problem, measurements
apparently are calibrated.

Next, the cadastral surveyor uses hisfield sketch, field notes, and measurementsto prepare a
draft parcel layout on the 1:2,500 parcel map that had been prepared earlier by employeesin the
LRI offices. The draft 1:2,500 map is then delivered to the LRI, where the staff reviews the map
and transfers the information, by hand, to a mylar copy of the 1:2,500 map. This is the fina
version of the parcel map. When all work is completed, a copy of the final product is returned to
the Digrict Cadastral Office.

2.2.2 RESULTS

During the course of field vigtsto three digtrict offices, several villages, and the PMU in Tirana,
the following information was obtained on the cost of the taping approach for parce mapping.
These data are included to document the 1994 field data-collection results. It should be noted that
there are several inconsgstencies and discrepancies, which will require additional data and further
analyss. One of the primary objectives of the Data Collection Forms (see Appendix D) designed
in 1993 (and not yet utilized in June 1994) was to eiminate these inconsstencies and provide a
more systematic base for the analyss.

By June 1994, thirty-seven crews had begun work in the three pilot digtricts (Kavaje = 10,
Lushnja = 10, and Tirana = 17). In addition, thirty-three crews had started working in a number
of other didricts in an effort to demongtrate that activity is under way throughout the country
(i.e., isnot limited to afew sdlected pilot digricts).

Survey crews from the Digrict Cadastral Office (DCO) can complete about 7.5 hectares per
day. Thisincludes compiling data on maps and finalizing field notes in the office. In cases where
boundary problems arise, usually a dispute between adjoining owners as to the location of the
boundary, the time per hectare doubles (i.e., production dropsto 3.75 hectares per day per crew).
The crews also indicated that determining the location of parcel boundaries is the most time-
consuming part of their job, often accounting for as much as two-thirds of the total field time (the
remaining one-third is required for taping to determine parcel dimensions).

The typical DCO survey crew for the taping operation condgds of three persons, one
topographer and two assstants. Crews for the tacheometry approach apparently (we did not see
any of these teams) require four persons, two topographic specialists and two assstants.

The completion rate by crew varies both by district and by type of terrain. In the village of
Zhurje (Tirana Digrict), the DCO crew apparently measures 5-6 parcels per day, which islower
than average. The number of parcels surveyed varies widdy in the didrict, but 10-12 parcds
(approximately 0.5 hectare each) per day is the average. The average parcel gze is 0.25 hectare
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(2,500 square meters). These numbers are inconsistent, snce an average of 10 parcels per day
and 5 hectares would equate an average parcel size of 0.5 hectare per parcd.

Skender Sheme, the DCO officer in charge of Lumthi (in Lushnja Didtrict), indicated that he
IS usng two-person crews instead of the typical three-person crew, and that these smaller crews
can gill complete 8—12 hectares per day.

2.2.3 CosTS

Current (1994) salaries for topographic specialists on the DCO fidld crews are US$70 per month.
This compares to a 1993 salary of US$30 and an expected 1995 salary of US$100. Therefore,
inflation of wagesisa major factor and will require periodic reevaluation in order to keep abreast
of the most cost-effective way to complete the surveying and mapping work.

Assigants currently earn US$45 per month, which is expected to rise to US$50 per month
within the next year. Assstants salaries are also supposed to cover equipment and travel codts.
Current meal costs are US$2 per day. Since most crews return home at night, little cost for hotel
rooms is incurred. Vehicles dedicated to the surveying and mapping project are not available, so
private cars are often hired. For example, topographic specialists were paying 100 lek (about
US$1.10) for around trip from Tiranato Zhurje, a distance of about 50 kilometers.

2.3 GPS SURVEYING AND MAPPING METHODOLOGY

2.3.1 DESCRIPTION OF RECOMMENDED GPS METHODOLOGY

The GPS methodology tested and implemented in Albania utilized the technique known as
“Differential Pseudo-Range Pogitioning.” A minimum of two GPS receivers is required for this
technique. The first receiver, known as the “reference’” or “base” recelver, occupies a known
geodetic control monument. The second recelver, known as the “remote’ or “rover” receiver,
occupies points that require pogtioning, for example, parce corners. The data collected at the
reference recelver are used to compute actual corrections to the pseudo-range measurements.
These differential corrections are then applied directly to the remote receiver, either in real-time
via a communication link or in a post-processng mode. Provided that the distance between the
reference receiver and remote unit is not too great, the magnitude of these correctionsis common
to both units. The technique is capable of yielding podtions with submeter accuracy at the
remote station when utilizing the appropriate hardware, software, and observational procedures.

The technique has the following advantages:.

© implementation isrelatively smple;
observational technique isrobugt, therefore requiring minimal training;
only one base gation is required to support multiple rover units (productivity can then be
sgnificantly increased at ardatively low cost); and
no coordination is required between rover units (fiedd crews can therefore operate
independently of each other).

A description of the methodology is outlined below. This description serves to document the
procedures involved in the process rather than provide a detailed operations manual. The
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methodology may be divided into the following three categories. office planning and
preparation, field procedures, and post-processing operations.

2.3.1.1 Office planning and preparation

a) Satellite coverage

Comprehengve planning and organization make up an essential part of the GPS methodol ogy.
Therefore, prior to the survey, the satellite coverage must be evaluated in the area of interest for
the given time period.® Recent ephemeris data, which describe the most up-to-date computed
orbital parameters of the satellite congtdlation, should be acquired. The ephemeris data are
obtained by utilizing a GPS receiver to collect data from at least one satellite for approximately
15 minutes. Thisensuresthat the full navigation message is obtained.

The collected data are downloaded (transferred) to a personal computer (PC). Quick Plan,
the misson planning software supplied by TRIMBLE, is used to generate a number of satellite
vishility plots and reports. Graphs include the number of satellites, PDOP (Position Dilution of
Precison), elevation, azimuth, satdllite availability, and a skyplot. PDOP is an indication of the
geometric strength of the satellite configuration. It accounts for the relative location of each
satellite in the congtdlation to predict the accuracy of podtions obtained utilizing that
congellation. Lower PDOP values indicate good satellite geometry. The graphs depicting
“Number of Satellites’ and “PDOP’ offer a convenient means of quickly assessng whether or
not sufficient satellite coverage is available. The assessment of satellite coverage is based upon
the following criteria:

aminimum of 4 satellitesisrequired to determine a 3-D position, and
low PDOP values are required for reliable point positioning.

b) Creation of a data dictionary

A data dictionary is created using the PFINDER software. Thisis a catalog of information about
the definition, structure, and usage of the data. The use of a data dictionary is recommended
gnce it structures and guides the data collection process and provides additional meaning to the
resulting data files. Each dictionary conssts of:

alig of features,

alig of attributes for each feature, and

alig of valuesfor each attribute.

Each data dictionary created mugt be tailored to the type of data being collected; for
example, for parcel mapping a sngle feature, “Parcel Corner,” was deemed adequate in the tests.
Attributes such as “Parcd ID,” “Date,” and “Time’ were also included. The test areas in urban
Tirana required a more detailed dictionary, including features such as “Power Pole,” “Building
Corner,” “CL of Road,” “Concrete Bunker,” “Fence Corner,” and so on.

Each data dictionary is uploaded to the TDCL1 datalogger for subsequent use in the field.

3 With the full constellation of satellites available since 1996, there is adequiate coverage in most areas of the world.
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c) Base receiver configuration

Achieving submeter accuracy with the Pathfinder Pro XL is possble only under specific
operational conditions. These conditions relate to the circumstances under which data are
collected. The reference and rover receivers should be configured to ensure compliance with
certain requirements. The following parameters were set for the reference receiver:

logging interval: 5 secs
elevation mask: 10 degs
PDOP mask: 8

SNR mask: 4

The logging interval specifies the regularity with which postions are sored within the
receiver. This is dictated mostly by the amount of internal memory stored in the receiver. An
interval of 5 seconds should be selected, since this provides a balance between the volume of
data generated and the occupation time required by the rover at each point. The eevation mask
should be set at 10 to ensure that satellites too close to the horizon are excluded, since
atmospheric effects may result in sgnal degradation. The PDOP mask is et to a value of 8 to
ensure that data are collected only when a favorable satdlite constellation exists. The SNR ratio
provides a measure of the strength of the sgnal being received; low signal strength, for example,
would have an adverse effect on positional accuracy.

d) Rover receiver configuration

The rover recelver should be configured in asmilar way. However, values for the parameters set
may in some cases differ from those of the base receiver. The following values should be
specified:

logging interval: Ssec

elevation mask: 15 deg

PDOP mask: 6

SNR mask: 6

In order to achieve submeter accuracy with the given hardware configuration, the logging
interval at the base and rover receivers should be identical. This obviates the need for
interpolation of pseudo-range corrections at the base station. In addition, a requirement of the
differential correction process is that the rover collect a subset of the satellites being tracked at
the base gation. The remaining parameter values are thus dightly more stringent than for the
base recaiver; for example, elevation mask is higher, therefore satellites would be excluded at the
rover prior to the base dation. In addition, the following parameters were set at the rover
receiver:

antenna height: 200m
minimum no. of podtions 6
datum: WGS 84

Although the Pathfinder Pro XL yields submeter accuracy on a second-by-second bagis, it is
recommended that more positions be collected. These postions may then be averaged after
differential correction to yied a more rdiable pogtion. The minimum number of postions
should be 6, therefore requiring each point to be occupied for 30 seconds.
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2.3.1.2 Field procedures

a) Reconnaissance

A thorough reconnaissance is an essential part of the fieldwork if efficiency and productivity are
to be maximized. This applies to all surveying techniques but is especialy true for GPS
surveying. The productivity that can be realized usng GPS technology is largely dependent on
comprehensive planning of the fieldwork. A thorough reconnaissance is required primarily to
identify suitable existing geodetic control pointsin the vicinity. The selected control point should
be accessible, preferably by vehicle, and should have an open horizon.

Furthermore, the area to be mapped must be identified. Sketches of the fields should be
drawn to facilitate parcel-level sketches drawn during the measurement process. These
procedures enable the measurement process to be optimized and organized in alogical fashion.

b) Base receiver set-up

The base receiver is set up at the recovered control point and the configuration is checked once
more. The recaeiver must be centered over the mark using a precise optical plummet. It must then
be powered up and st to begin collecting data. The height of the antenna must be measured and
recorded in a field book, together with the station name, the date and time, and other pertinent
information. Care should be taken to ensure that the base gation is collecting data prior to any
rover receivers, snce only smultaneous data between base and rover receivers may subsequently
be differentially corrected.

The issue of security should also be addressed during all phases of data collection. It may be
necessary to recruit a local person to “guard” the receiver throughout the day. This could be
avoided if access to the control point is redricted, for example, on the rooftops of certain
buildings. If thisis not possble, alternative arrangements should be made during the planning
phase of the survey.

c) Data collection with rover receiver

The rover receiver (Pathfinder Pro XL) is enclosed in a backpack, which affords a convenient
means of conducting the data collection. The antenna is mounted on a range pole, and the data
collector is held by the operator. This configuration is well suited to the mobility required for the
fieldwork.

Once the receiver is powered up, the configuration should be checked once more. Before
data can be collected, it is necessary to specify the name of the file in which the data will be
gored. The default filename should be selected that reflects the date and time of file creation.
The measurement process then involves the identification of each parcel corner by the village
community leader/elder, the collection of GPS data at each point, and the annotation of a field
sketch. It should be noted that the identification of each parcel corner as well as any conflict
resolution by members of the community can be a time-consuming process. However, it is
fundamental to the creation of a sound cadastre and should not be taken lightly. Furthermore, the
time required for this processis independent of the measurement technique utilized.



d) Field sketches

Field sketches are an essential part of the data-collection procedure. Since GPS measures point
positions, it is necessary in the post-processing stage to connect these pointsin order to depict the
boundary lines to be shown on the cadastral map. It istherefore imperative that adequate notes be
maintained in the field to allow the reliable generation of the cadastral map, preferably by a party
not involved in the data-collection process. The sketch should therefore depict as clearly as
possible the point name, the boundary lines as determined in the field, any parcel identification
numbers, and other relevant field features.

2.3.1.3 Post-processing operations

a) Downloading and archiving

At the end of each day’s work, the data should be downloaded to the PC and archived on
removable media prior to any processng. This ensures that a back-up copy of all raw data is
maintained for security reasons.

b) Processing

All data collected and stored in the receiver relate to the World Geodetic System of 1984 (WGS
84) reference dlipsoid. It is recommended that the data be processed on WGS 84 and converted
to the local datum once processing has been completed. However, these transformations require
some knowledge of the relationship between the two systems. The differential correction process
may be conceptually divided into the following steps:

specify and prepare the base datafile(s),

enter the reference postion of the base sation,

specify and prepare the rover data file(s),

differentially correct the data,

output the results, and

transdform the resultsto local datum.

These are executed as functions within the PFINDER software and are discussed in more
detail asfollows.

i) The base data file should contain all data collected for the observing sesson. If a power
failure occurred during data collection, more than one base data file may exist. These files
may be concatenated into one file, so that the differential correction procedures need be run
only once.

i) The reference postion of the base sation entered should relate to the WGS 84 dlipsoid. It
may therefore be necessary to transform the position from the local datum to WGS 84.
However, as mentioned previoudy, this requires some knowledge of the relationship
between the two sysems. Furthermore, extreme care should be exercised in the
transformation and subsequent entering of this pogition, sSince any error in the base reference
position will be reflected in smilar magnitude in the differentially corrected positions.

i) If multiple files exist for the rover receiver, these files may also be concatenated to avoid
duplication of processing effort.
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iv) When the differential correction procedures are executed, two files are created. Thefirsisa
difference file, which contains the actual correction values for the satellite measurements on
an epoch-by-epoch basis. This file may be used to differentially correct other rover files
collected during the same time period. The second file is the correction file, which contains
the differentially corrected rover postions.

v) Thedifferentially corrected rover positions should be exported from the PFINDER software
in a usable format. Note that the software automatically averages all positions collected for
each feature, for example, parcel corner. An ASCII output format containing point name,
latitude, longitude, and dlipsoidal height was deemed adequate for the tests conducted. This
file then serves asinput into the transformation software.

vi) Thefinal results should be transformed to the local datum for the production of the cadastral
map. The trandformation package Geographic Calculator (verson 3.0) was used for this
purpose during the tests.

c) Map production

The data collected and processed as described above are of little value to the property and land
registration system unless they are presented in graphical format. This formatting represents the
final step, and one of the most critical, in the proposed GPS methodology, since it ensures that
the GPS data are compatible with the traditional measurement process currently utilized for
parce mapping in Albania. The computer-aided drawing software (AutoCAD verson 11 386)
was used during tests conducted in Albania for the production of the final “cadastral map.” All of
the GPS-based maps included in this report were generated by this method. It should be noted
that the production of a reliable representation of the data is highly dependent upon the
compilation of comprehens ve sketches during the data-collection process.

2.3.1.4 Geodetic considerations in Albania

The use of GPS techniques within Albania raises some important geodetic issues. All GPS data
arerelated by definition to the WGS 84. This system is an earth-centered, earth-fixed (ECEF), 3-
dimensional coordinate system, with an dlipsoid that best approximates the surface of the earth
as awhole. The local geodetic datum presently in use in Albania is based upon the Krassowsky
ellipsoid. The established triangulation network was based upon seven basdalines (initial Sdes), at
the ends of which astronomical (Laplace) azimuths were performed. Furthermore, an initial point
was sdected at Kamza, and the astronomical coordinates determined by astronomical
observations. Astronomical azimuths were also determined at this point, and at one other
(Tapiza). These observations form the bass of the present geodetic datum in Albania. However,
snce no gravimetric observations have been performed, the geodetic coordinates of the point of
origin at Kamza could not be accurately determined from the astronomic coordinates. For this
reason, geodetic coordinates for the origin point at Kamza were based upon existing triangulation
performed in 1955 and are therefore based upon the Pulkovo 1942 datum (Isufi 1993).

The Albanian datum is therefore based upon a locally best-fitting dlipsoid. The relationship
between the local dlipsoid and the global geocentric reference systems, such as WGS 84, is
therefore not easly determinable, making accurate transformations between these systems
difficult to achieve. Since al GPS data relate to WGS 84, it is recommended that all processing
and analysis of the data be conducted on this system. Final corrected postions may then be
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transformed onto the local datum in Albania using the appropriate transformation routines. This
approach also requires that the reference station coordinates be known in the WGS 84 system.

As mentioned above, the parameters for transformation between these data are unknown.
These parameters may be approximated in a number of ways. Fird, ties may be made to global
reference gations that are known in the WGS 84 system, such as sations comprisng the
Cooperative International Geodetic Network (CIGNET). These continuoudy operating stations
track GPS satdllites and store the data, which are then available through a number of agencies,
for example, through the Internet. Such dations exist within relatively close proximity to
Albania, for example, Matera in Italy, and Ankara in Turkey. Basdines may be processed to
known gtations within Albania and used to compute mean DX, DY, and DZ trand ations between
the systems. These trandations may be applied with appropriate signs to transform between the
WGS 84 and the local system, using the following simple three-step process.

(.1 ))LOCAL =>(X,Y,Z)LOCAL =>(X,Y ,Z)WGS 84 =>(j |, )WGS 84

An alternative means of determining the required transformation parameters utilizes the
methods of satellite geodesy, which has the capability of providing high-accuracy geocentric
coordinates. The determination of at least three points in both coordinate systems enables the
solution of a 7-parameter transformation, that is, three trandations, three rotations, and a scale
change. However, regional parameter variations may exist due to network inhomogeneity. It is
therefore advisable to get as many waell-distributed common points as possible to obtain
increased redundancy and more reliable determination of the parameters for the complete region
of interes.

The U.S. Defense Mapping Agency (DMA) is currently undertaking a countrywide GPS
campaign in Albania. The results of such a campaign will enable the computation of “accurate”’
transformation parameters. Discussons with DMA representatives indicate that transformation
parameters may be available as of October or November 1994,

2.3.2 SELECTION OF CANDIDATE GPS TECHNIQUES

A three-day workshop, entitled “Digital Cadastral Surveying Usng GPS,” was held at the
Univerdsity of Florida in Gainesville on 1-3 June 1994. The objective of this workshop was to
define and develop a methodology for surveying land parcels usng GPS so that cogt-efficiency
would be maximized under conditions typically found in Albania. It was designed to integrate
the knowledge and experience of the participants in the two areas of GPS and cadasiral
surveying. Details of the workshop are included in Appendix E.

2.3.3 CONTROLLED TESTING AT UF TEST SITE

These tests involved the two most promising GPS methodologies identified in the workshop
(options 1 and 3 in Appendix E). The primary focus was on the effect of basdine distance (i.e,
distance between reference base sation and rover receiver) on the accuracy of the GPS postions
and the establishment of efficient field procedures. Tests were carried out on a test Ste created
specifically for this project on the University of Florida campus.
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Details of the test results are given in Appendix F. The significance of these resultsisthat no
densification in geodetic control is required to support the recommended GPS methodology. As
can be seen on the map of Albania in Figure 2.1, a Sngle base gation in Tirana (e.g., on the roof
of the LRI building) can serve aimost the entire country, since the required accuracy is attainable
up to a basdine distance of 135 kilometers. This implies a significant saving in resources and
time and allows greater control over the base gation.

2.3.4 FIELD TESTS IN ALBANIA

Tests were carried out in various environments where there is perceived to be a high demand for
surveying and mapping. Although the earlier focus of the Immovable Property Registration
System (IPRS) project was on rural aress, it has become apparent that the highest frequency of
land transactionsis likely to be in the urban fringe around the larger cities, particularly Tirana. If
this project is to support the land market that will evolve in Albania, then it is essential that the
emphasis shift more toward the peri-urban areas. As a result of these changing needs, we
conducted testsin both rural and urban areas.

2.3.4.1 Rural sites

a) Zhurje

The village of Zhurje is located approximately 20 kilometers west of Tirang; it is part of the ex-
cooperative of Ndrog. This village was sdected because it was currently in the process of being
surveyed by traditional methods and a direct comparison of the GPS and traditional approaches
could therefore be made. Approximately three-quarters of the 100 hectares of the village had
already been surveyed. Zhurje is a typical example of nonmountainous farmland and has the
further advantage of being easly accessble from Tirana. The average parcd szein the villageis
approximately 0.25 hectare (2,500 square meters).

An exigting control point at the top of the LRI building was used as one reference point for
the GPS survey and an additional point was located in the vicinity of Zhurje. All of the geodetic
control points are shown on the 1:50,000 map sheets and the coordinates of these points were
obtained from the LRI. Many of the observation sgnals that were typically erected over these
geodetic control points are missng (they were taken by local inhabitants for bed frames) and so
it is not always easy to locate them in the field. GPS proved to be useful for navigating and
locating the general area (within 50—100 meters) of these points.

Once the two reference or base gation receivers (both geodetic receivers) had been set up,
the survey of the parce corners was begun. This was done by means of a TRIMBLE Pathfinder
Pro XL receiver, which is extremely light and designed to be carried in a backpack. The antenna
is attached to a range pole and attribute data (e.g., point type and name) are entered through a
hand-held data collector.

It is essential in the process of cadastral surveying in Albania to include a village
representative in the survey team in order to identify the location of the parcel corners. Parcel
corners are generally not monumented, but are identified by the edge of a field of crops or a
gamall irrigation furrow. In Zhurje, we were fortunate to have the services of both a village elder
who had been involved with the original allocation of individual parcels and the surveyor who
was undertaking the survey of the village.
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FIGURE 2.1 Base station coverage in Albania
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A total of 29 parcels was surveyed over a period of 4 hours and 35 minutes (excluding 40
minutes to set up the base station) usng GPS. Besides individual parcel corners, GPS podtions
were also determined for the boundaries of the resdential area (“economic zon€’), a village
parcel (Ndrog), and two buildings. The results of this survey are shown in Figure 2.2.

b) Lumthi

The second rural test area was located in the village of Lumthi (Lushnja Didgtrict), about 15
kilometers south of the city of Lushnja. It is flat, well-irrigated farmland that is crisscrossed by
numerous irrigation canals and furrows. The village contains 208 hectares of land digtributed to
131 different families (average of 1.6 ha/family). Each family has been allocated between two
and four parcels, with the large majority (90%) having three parcels.

We were accompanied into the field by the head of the Lushnja Cadastral Office and one of
the surveyors from this office. Once again we enlisted the help of a village leader who had been
involved in the original allocation of individual parcels. We were able to recover a nearby
geodetic control point, which was used as the base sation for the GPS observations.

A total of 17 parcels was surveyed in 1 hour and 40 minutes (excluding 35 minutes to
recover and set up the base dation). Some problems were experienced with the fied
identification of the parcel corners because Lumthi was one of the first villages to be subdivided
and allocated to individual families. This meant that aimost 3 years had passed since the work
had been completed and the village elder had problems identifying several boundary lines. This
indicates the need for the surveying and mapping process to follow closely behind the allocation
process, especially where no physical markers are used to demarcate corners (typically the case
inthisarea). The results of thissurvey are portrayed in Figure 2.3.

2.3.4.2 Urban sites

a) Selita

Sdlitaislocated on the urban fringe of Tirana just outsde the “yellow line,” which designates the
urban boundary of Tirana. It conssts of a mix of old buildings (mainly around the periphery),
recently completed buildings, and houses in the process of construction (from foundations to
amost completed sructures). The buildings are substantial and solidly built from brick, a
testament to the building skills developed during the communist era when apartment blocks were
built usng communal labor.

The only boundaries that could be construed as property boundaries were the walls built
around several of the houses. There does not seem to be any preconceived subdivison plan and
building is occurring in a random fashion. The corners of 30 buildings in different stages of
development were surveyed using GPS as well as road centerlines and power poles. The control
point on the LRI building was used as a base dation to differentially correct al GPS
observations.

The Pro XL receiver performed very well and only on a small number of occasions were we
unable to obtain sufficient satdlites for a podtion fix. These problems were experienced
primarily where buildings of two or more stories were Stuated close together. A tape was used to
establish the podtion of the corners that could not be measured by GPS. A total of 124 points
was measured over a period of 3 hours (excluding the time for base ation set-up). The results of
thissurvey areillusrated in Figure 2.4.
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FIGURE 2.2 Parcel plotin Zhurje
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FIGURE 2.3 Parcel plotin Lumthi
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FIGURE 2.4 Urban plot of Selita
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b) Priest Hill

Thisisa 12.2-hectare area on the east Sde of Tirana. A former vineyard and olive grove, the Ste
is undergoing rapid transformation into a densdy populated suburban neighborhood.
Approximately 85 resdences exist on the Site; they are in various stages of completion, ranging
from occupied dwellings complete with fenced gardens to bare foundations with no apparent
boundaries save the groundwork itsalf.

The ste was surveyed by the Pathfinder Pro XL in five hours. Again the existing control
point at the top of the LRI building was used as the base station for differential correction of the
rover data. All roads, irrigation channds, power lines, and bunkers were located, as well as an
irregular boundary line on the west sde that conssted of the existing school wall and factory
buildings (see Figure 2.5). A total of 100 points was surveyed. No attempt was made at this stage
to locate individual parcels or foundations, the intent being to produce a working map of the area
which could later be completed with the Pathfinder Pro XL or updated by means of taping and
sketching. The Pathfinder Pro XL performed well in this setting since there are no dense,
multistory buildings to interfere with satellite sgnal reception. The production of this map
required an additional three hours of office time.

c) Kamza

Site of aformer state cooperative, Kamza is an 88-hectare area west of Tirana on the highway to
Kruja. Thisgteisalso undergoing rapid transformation from agriculture to suburbs.

The entire 88-hectare parcel was outlined and divided into subsections in one-half day of
fiddwork with a threeeman crew using the Pathfinder Pro XL, with an additional 4 hours
required to produce a working map of the area (see Figure 2.6). Again the point on the roof of the
LRI building served as the base station for differential corrections. Field location was done on all
periphery roads as wel as wel edtablished interior roads, major drainages, bunkers, and
powerlines. The location of these features to submeter positional accuracy will enable a follow-
up survey to locate individual parcels and structures more easly and efficiently.

In this environment the Pathfinder Pro XL is an effective and efficient tool for rapid and
accurate data collection and map production.

2.3.4.3 Road mapping using vehicle-mounted GPS

A small test was done to ascertain whether the Pathfinder Pro XL could be used for rapid
surveying of roads and other features. The antennae of the Pro XL were mounted on the roof of a
vehicle by means of a magnetic attachment. We then drove from Tirana to Kruje, about a 1-hour
drive. Along the way we entered specific features of interest, such as bridges, the Agricultural
Univergity, and road intersections.

On our return to Tirana we processed the data and produced a map of the route with the
selected features. Thismap is shown in Figure 2.7. The accuracy of the resultsisin the region of
50 to 100 meters, but this can very easly be improved to the meter level by usng a differential
approach (i.e., by setting up a base station receiver at a reference sation).
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FIGURE 2.5 Infrastructure plot of Priest Hill
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Infrastructure plot of Kamza
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FIGURE 2.7 Plot of Tirana-Kruje road
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2.4 EVALUATION OF EXISTING METHODOLOGY IN ALBANIA

Surveying and mapping of cadastral parcels is often the most time-consuming and costly
component of a cadastral or land regigtration project. However, it is also the cornerstone of
modern property registration systems since it defines the spatial unit—the parcel—to which most
other cadagtral data are referenced. An appraisal modd has been developed to evaluate the
various surveying and mapping options in Albania. This modd is composed of four distinct
components, namely:
* the surveying and mapping process under evaluation,

inputs required by the process (see subsection 1.5.1),

factors affecting the performance of the process (“degree of difficulty”) (see subsection

1.5.2), and

criteria used to evaluate the process (see subsection 1.5.3).

The different processes of surveying and mapping consist of the various techniques described in
the previous section. Theoretically, each of the techniques would be subjected to a separate
evaluation. In a practical sense, those techniques that are not viewed as being viable in Albania
will not be evaluated.

2.4.1 INPUTS

The inputs required for the existing surveying and mapping method include an adequate supply
of personnd trained in the surveying and mapping techniques. Because of the high quality of
surveying education available at the universty level in Albania, available personne have the
required skills. As reported in Section 1, the supply of such persons a year ago (1993) appeared
to be adequate to complete the surveying and mapping of all cadastral parcelsin Albania using
current methods. However, in the year since we first reviewed the matter, consderable inflation
has occurred in Albania and the number of opportunities for employment has increased.
Scattered reports of difficulty in finding adequate numbers to fill the field crews have been
received. Therefore, we are less confident as to the adequate supply of trained surveying
personnel than we were a year ago.

2.4.1.1 Equipment

The equipment for the existing method (i.e, taping and/or tacheometry) is available and
inexpensve. The maor items needed for the current surveying and mapping method are 30-
meter tapes. While not initially available last year, an adequate supply of stedl and fiberglass
tapes has been obtained for the project. In certain parts of the country, tacheometry equipment is
needed; this also appears to be available in adequate quantities.

2.4.1.2 Information base

The current base of information on which to build the surveying and mapping system for parcels
isinadequate. Thisis due not to a lack of information but rather to an inability to gain access to
information that exists in a variety of ministries and offices. The net result is that while progress
is being made, the output would be greater and the quality higher if a government policy of open
sharing of available data werein place.
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We note that smilar problems with data access, such as the existing geodetic network, exist
in other Eastern European countries as well. For instance, the Parliament in Romania only
recently approved the release of the coordinate location information for seven geodetic control
dations spread across the country. Open access to such information is needed for both parcel
surveying and mapping and for related geographic information system (GIS) activity. Further, in
addition to in-country benefits, open access to geodetic network information facilitates ties to the
European Reference Network.

Finally, it is critical to note that the traditional method is based on existing maps. if such
maps do not exis, this method breaks down and, at the same time, alternative approaches
become more effective as to both cost and quality of output.

2.4.1.3 Training

As noted under gtaffing inputs, the university system in Albania has trained, and continues to
train, an adequate number of surveying and mapping personnd. The key unknown, given the
major shifts that are occurring in the Albanian economy, is whether these personnd can be
attracted to these surveying and mapping jobs. Given the scarcity of resources for both
equipment and training, a major advantage of the traditional surveying and mapping method is
that little additional training is required. Therefore, if the salaries are adequate to attract the
required personnel, traditional surveying and mapping can proceed full-speed ahead, with little
condraint dueto ether training or new equipment costs.

2.4.2 OUTPUTS

One output from the current surveying and mapping method is a map for each ownership parce
in Albania. The maps are produced by hand at a scale of 1:2,500 and contain a graphic depiction
of each parcdl. A second output is a variety of tabular data concerning dimensions and area of
each parcdl, owner name, and parcel identification number.

The quantity of output in tests in the three pilot districts was discussed earlier in subsection
2.2.2. Spiro Lamani of the Land Resources Ingtitute (LRI) has indicated that plans are to
complete surveying and mapping of 188,000 hectares in the next 9x months (i.e, by 31
December 1994). Mr. Lamani is confident that the crews will meet this goal and pick up the
leftover work from the previous sx months as well. To meet the 188,000-hectare goal requires
that each crew complete an average of 10 hectares per day or 200 hectares per month. The DCO
requires that these rates be maintained in order for the crewsto be paid, a substantial incentive.

We edimate that 156 crews will be necessary to reach the target production goal. Mr.
Lamani reported that the PMU plan calls for 168 crews, so if a full complement of personnel can
be hired, the surveying and mapping system has the employee capacity to reach the PMU goal.
Office personnd at LRI will need to complete a final map for 600 parcels per month in order to
keep pace with the 188,000-hectare goal.

Edmond L eka of the Military Topographic Ingtitute (1TU) also provided output estimates for
a second parcel surveying and mapping option: photogrammetry. Mr. Leka said his estimate of
cost per parce for surveying and mapping in the flat areas of the country using the current
method being pursued by the LRI is $10 per hectare. This cost is based on dengties that range
from 3 to 20 parcels per hectare. Mr. Leka estimates that by usng photogrammetry in the
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mountainous aress, the cost could be held to $4 per hectare. Thisis based on the assumption that
parce dendty islessin the mountains, (i.e., about 10 parcels per hectare). It is not certain if this
estimated cost includes field identification of the parcels.

It must be emphasized that much of the data on costs and output rates is based on hearsay
and anecdotal evidence, hard numbers are needed. Therefore, to facilitate the collection of such
information, we urge the PMU to begin using the Data Collection Forms which were designed in
1993 as soon as possble. In addition to making more accurate cost and production estimates
possble, these data will help program managers make decisons concerning changing
technol ogies as the economy of Albania continues to expand and devel op.

2.4.3 PERFORMANCE

The goal for the sx-month period (July—December 1994) is 188,000 hectares, or 10 hectares per
crew per day. Spiro Lamani istracking progress by monitoring a number of indicators, including
number of field teams and workers, hectares surveyed, field costs, number of office drafting
personne, months worked, and costs. We emphasize our belief that these data could be improved
and made more useful if the Data Collection Forms we suggested last year were put into use.

We have used the information provided by Mr. Lamani to make some estimates of the costs
of the existing methodology. The current salaries for crew members are $70 per month for the
topographic specialist and $45 per month for each of the two assgtants, for a total wage cost of
$160 per crew per month. In addition, each crew member receives $2 per day for meals and
about $1 per day for transportation, for an additional cost of $180 per crew per month. Therefore,
the total costs per month for one fied crew are estimated to be $340, or $1.70 for each of the 200
hectares surveyed and mapped each month.

Costs are also incurred for additional work that takes place in the office by the office
mapping personnd in the LRI. While estimates of these costs were not available, total costs for
the 188,000 hectares were obtained from Mr. Lamani. These costs are summarized in Table 2.1.

TABLE 2.1. Estimated costs of existing methodology

ITEM LEK DOLLARS
Updating of maps 40,879,068 $441,992
Enlargement 2,800,000 $30,720
Total 43,679,068 $472,212

Therefore, total cost per hectare for the surveying and mapping program is $2.51 ($472,684
divided by 188,400 hectares). Subtracting the estimated field cost of $1.70 per hectare leaves an
estimated office cost of $0.81 per hectare. This method of computation is somewhat inflated
sgnce some tacheometry costs are included in the total. These estimates appear reasonable, since
the production rate for office personnd is three times the production rate of field crews (i.e., 600
hectares per month in the office versus 200 hectares per crew per month in the field).



49

In an attempt to define and identify costs more precisaly for surveying and mapping, we
sought to reconcile available information on number of parcels, households, and persons per
household. We believe that such data would be very useful in tracking the overall progress of the
surveying and mapping program as well as the performance within each district and even within
individual field and office crews. However, we were unable to reconcile these data because of
incompl eteness and incong stencies in information

The difficulties we encountered are due to various factors such as topography and size of
villages, inconsstencies in the data available to us, and the relatively few direct observations we
were able to make. As an example, land distribution data available nationwide suggest:

0.22 hectares per person,

1.39 hectares per household,

6.33 parcels per hectare, and

5.37 persons per household.
Other data suggest a household size of 4.5-5.0 people. The net reault is that we were unable to
verify the number of parcels per household or the average size of household. However, in two
villages where we conducted GPS tedts, the average number of parcels per family was
subgtantially less than the national estimate (i.e., about 3 parces per household in Zhurje and
Lumthi).

Our primary concern for raising the issue of these data—and the inconsstencies that we
beieve exis—is to emphasze the need for a consstent database on which IPRS program
managers can make decisons.

2.5 EVALUATION OF GPS METHODOLOGY

2.5.1 INPUTS

Certain inputs such as transport are common to all surveying methodologies and can therefore be
disregarded in comparative analyses. The inputs discussed in this section are those that are most
important to implementing the GPS methodology described earlier in this report. One of the
primary questions in this context is what inputs are required before GPS can be adopted so that
Albania will be in a postion to maximize the potential benefits of this technology. The inputs
discussed bel ow include training, equipment, and base information.

2.5.1.1 Training

Training is undoubtedly the most important input required in this approach, which makes use of
a technology that has not previoudy been used in Albania. While there are Albanians who
possess many of the skills necessary for implementing the GPS methodology, these kills are
fragmented across different groups with different professonal backgrounds. This means that
there are almost no individuals who currently possess the range of skillsrequired.

Thereisa small group of computer scientists who are extremely computer literate, but who
have no background in geodesy or mapping. Similarly, there are almost no geodessts or
cartographers who have the necessary computer skills. Although there are a few AutoCAD
ecialists (AutoCAD is the software used to create maps from GPS coordinate data), most of



50

their experience has been in the areas of architecture and engineering drawing. They have little
or no experience with mapping or dealing with data imported from GPS or other sources.

One of the quedtions that arises when facing this fragmented skill base is which group
should take the lead in implementing the GPS. Our fedling is that those with a geodesy and
cartography background, such as graduates from the surveying program in Tirana Polytechnic,
can more easly be taught the required computer kills than computer specialigts taught geodesy
and cartography. However, in the short term it would be advisable to approach training in a team
environment, which involvesindividuals from all of these groups.

The field operation of the GPS receiversis arelatively smple process, which could be done
by the surveyors who currently do field surveying by traditional methods (mainly tape). The
more difficult tasks are planning the survey, solving problems, adjusting observations, and
resolving issues related to post-processing. A more detailed list of areas that should be included
inatraining programis.

* basc DOS commands and file handling,

directory and subdirectory structure,

setting up adata dictionary,

previewing satellite availability and PDOP,
planning a GPS survey,

geodetic congderations (datums and geoidal undulation),
map projections,

file naming conventions and file organization,
configuring base and rover receivers,
downloading data from receivers,

applying differential corrections,

viewing data graphically,

running checks and quality control,

exporting GPS data to AutoCAD or GIS,
applying basics of AutoCAD,

creating mapsin AutoCAD,

plotting of final maps, and

problem shooting.

This training should be provided in the first insance by an international consultant who is
familiar with conditionsin Albania and has an appreciation of the cadastral needs of the country.
This consultant should provide in-depth training to a selected group of Albanians who will
become future GPS trainers.

2.5.1.2 Equipment

Given the complete absence of GPS hardware or software in Albania, new equipment will have
to be purchased. A minimum configuration would be advisable in the initial stage of
implementation. Thiswould include one or two (preferably) geodetic receivers (with appropriate
chip) to serve as base gations and at least two roving receivers. The roving receivers must be
capable of measuring to an accuracy of lessthan 1 meter and should be portable. A code receiver
(eg., TRIMBLE Pathfinder Basic) is not adequate since it measures only to an accuracy of 2-5
meters. While this accuracy may be sufficient in certain cadastral environments, the extremely
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small parcels in Albania demand a higher level of accuracy. (A detailed lig of hardware,
software, and accessoriesis contained in Appendix G.)

2.5.1.3 Information base

The GPS methodology developed in this project requires reference points for differentially
correcting the GPS measurements of parcel corners. Fortunately, Albania has a relatively dense
network of geodetic control points which appear to be adequate for supporting this methodol ogy.
The specific information required for this support are the coordinates of the control points
(available from LRI) and 1:50,000 maps showing the location of these points relative to roads
and other topographic features. Part of such a map is shown in Figure 2.2. Although loca
reference points would be useful as a back-up and check, we recommend that, where possble, a
centralized reference station be used (e.g., at the LRI building)

Base maps, such as those at a scale of 1:5,000 (or enlargements of these), are extremey
useful for aiding in the planning and execution of the fieldwork. In the absence of such mapsthe
drawing of field sketches, which show the association of point positions and parcels, can become
quite challenging.

One dgnificant advantage of a GPS approach is that the technology can be used where no
maps exist to provide generalized base maps of the area (Smilar to the approach used in the
urban test areas). Where the information base is either nonexistent or impossible to acquire from
a government agency, the traditional taping approach becomes almost unusable. On the other
hand, the GPS approach offers an efficient means of acquiring general map information such as
roads (this can be obtained by mounting a receiver on a vehicle), buildings, fences, bunkers, and
other topographic reference data.

2.5.2 PERFORMANCE

A summary of the results obtained in the field tests together with an indication of the
productivity of the GPS methodology are givenin Table 2.2.

TABLE2.2. Examples of GPS productivity

STUDY AREA AREA (HA) SURVEYED UNIT NO. OF UNITS FIELD TIME
Zhurje 16.97 parcels 29 5h 15m
Lumthi 7.58 parcels 17 1h 15m
Selita 3 houses 30 3h 20m
Priest Hill 12.2 points 100 5h
Kamza 88 points 53 4h

The work done at the University of Florida test Ste demongtrated that the accuracy leve of the
GPS methodology is under 1 meter, provided the distance from the base sation to the rover
remains less than 250 kilometers. This was the case for all the tests conducted in Albania. In
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addition, the relative distance between certain points (e.g., corners of a building) was checked by
tape and found to be accurate within 1 meter.

An accuracy of around 1 meter should be more than adequate for most rural parcels snce
the corners are generally not identified by any physical markers or monuments. It appearsthat in
most cases the corners are identifiable only to within about 1-2 meters The accuracy
requirements are likely to increase in the future as land values increase and will undoubtedly be
most stringent in urban areas where land values will be highest.

2.6 CONCLUSIONS
The limited data available on the performance of the current approach and the experimental
nature of the performance data collected on the GPS approach make it impossble to do a

detailed comparative analyss. However, we do have sufficient comparative data to obtain a
general idea of the productivity of the two methodol ogies. These data are summarized bel ow.

TABLE 2.3. Comparison of daily field and office productivity

FIELD SURVEY PRODUCTIVITY OFFICE
METHODOLOGY Area Parcels Points PRODUCTIVITY
Current 10 ha/day 6-12 - 5 ha/day
GPS (rural) 37 ha/day 76 (25)° - 37 ha/day
GPS (urban) - - 190/day

a. Takes into account adjudication time.

The above figures assume that an average workday is 8 hours. One dgnificant difference
between GPS and traditional productivity rates is that the latter includes time spent on
adjudicating boundaries. This can apparently account for two-thirds of the total field time, but
will obvioudy depend on the level of boundary consensus in a community. In order to take this
into consderation, an additional productivity rate has been computed (shown in parentheses in
the above table), based on the assumption that measurement takes up only one-third of the field
time.

Office productivity for the GPS methodology is not based on actual data collected in
Albania, but on a best estimate, which assumes that an equivalent amount of time is required for
field and office. The preliminary evidence, therefore, indicates that GPS is twice as productive in
the field and 7—8 times more productive in the office.

2.6.1 GENERAL OBSERVATIONS

Consgent data are needed on a nationwide bass to support and evaluate progress in the
cadastral parcel surveying and mapping program. For example, data are needed for each didtrict,
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and idedlly for each village, on the number of hectares, families, and parcels as well as on the
number of hectares for each land use (i.e., agriculture, pasture, fores, etc.).

a) The Albanian project needs to begin now to keep detailed records on codts, time, and so
forth for each village and each survey crew.

b) Urban areas, particularly in fringe areas, should be given priority for surveying, mapping,
and regigration.

c) Smple, condstent, and written procedures, supported by a quality-control review process,
are needed for field crews to assure a minimal, consstent level of performance.

d) Data should be collected, for each field crew for each day, to provide:
information on the progress of the surveying and mapping process compared to program
targets, and
information on the cogts for each function of the surveying and mapping program to
compare with budget resources (these data will be of critical importance to the PMU
Executive Committee when faced with decisons regarding review of methods for
surveying and mapping, for example, when wage rates and equipment costs change).

2.6.2 BENEFITS OF GPS APPROACH

The only data available on the GPS methodology in Albania are those accumulated during the
fied tests. However, there is sufficient evidence that the GPS approach offers significant
advantages in terms of productivity. Other advantages of this approach are discussed below.

All data are collected on a unified system, thereby ensuring compatibility between
surveys conducted by different parties.

The methodology generates digital data, which will facilitate the trandtion to a
Multipurpose LIS/GIS in the future.

Even if the data collected at present were not directly utilized in this trangtion, the
introduction of digital technology into Albania will prepare the foundation of expertise
required for thistrangtion.

The cadastral maps are easily reproduciblein the event of loss or damage of the original.

Different cadastral map scales may be generated with minimum effort to support
alternative applications.

The steady increase in salaries in Albania points toward the need for more economical
mapping solutions. The steady decrease in the cost of GPS hardware, coupled with the
high productivity attainable, makes this methodology an attractive solution for the
future.

The introduction of current technology, and the gradual transfer of this technology in Albania,
will prepare the way for future surveying and mapping activities such as for environmental
assessment studies and AM/FM (Automated M apping/Facilities Management) applications.






3. EVALUATION OF TRIMBLE PRO XL GPS UNIT

The 1994 phase of this study included the design, definition, and testing of a medium accuracy
GPS methodology for cadastral surveying in Albania. This was undertaken through a workshop
held at the University of Florida (UF) to define the most feasible GPS options and to integrate
cadastral needs with technological options. Controlled testing was then carried out on a
“cadadtral test dte’ established specifically for this purpose on the UF campus. Tests were
carried out using basdine lengths from 2 to 235 kilometers. Field tests were then undertaken in
two rural dStes and three peri-urban sites in Albania. The results of these tests and
recommendations are available in Section 2. This section reports the performance of different
types of global positioning system (GPS) equipment using medium-accuracy methodology.! This
testing was donein 1995.

3.1 SCOPE OF ACTIVITIES

David Stanfield of the Land Tenure Center sent letters of inquiry to the major GPS vendors
(Trimble, Ashtech, Leica) requesting their cooperation by making their receivers and software
available for a short period of time for testing on the University of Florida campus. Grenville
Barnes followed up on this request to arrange for ddivery of the GPS equipment and software.
Although these companies were contacted several times by telephone and by fax, Trimble was
the only company that responded. While the central offices of these companies are interested in
doing international business, they rely on their local offices to provide equipment needed insde
the United States. We were not successful in obtaining any equipment from these local offices,
but did manage to obtain Trimble receivers from the Latin American Office of Trimble based in
Miami and from MSl, a private company based in Denver. All further tests, therefore, used
Trimble equipment.

3.1.1 INVESTIGATION OF POSITIONAL ACCURACY VERSUS BASELINE DISTANCE

Based on the 1994 experience, it was decided that further tests were needed into accuracies over
basdine distances between 50 to 150 kilometers. Longer distances tested in Phase | did not
produce accuracies acceptable for cadastral surveying in Albania. Furthermore, Albania is small
enough that two base stations could provide coverage for the whole country at basdline distances
of lessthan 150 kilometers.

! Two types of receivers were used for the tests of the previous phase, namely Trimble Pathfinder code receivers
(Pathfinder Basic and Pro XL) and Trimble 4000 series geodetic receivers, which were used to occupy the base
gations and provide differential corrections. The Pathfinder Basic was subsequently rejected for cadastral purposes
asits accuracy leve of 2-5 meters was deemed inadequate for Albania. Since other vendors have developed “sub-
meter” receivers Snce the sart of this research, it was proposed that additional tests to evaluate these receivers be
carried out before Albania purchase their own receivers. Further testing of the Trimble GPS receivers was also
proposed basad on the experience gained in the previous phase of this research project.
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3.1.2 INVESTIGATION OF 12-CHANNEL PRO XL AS BASE STATION

In 1994, geodetic receivers (with Maxwel chip technology) were used as base dations to
differentially correct the GPS observations. These receivers are more accurate than the Pro XL
rover receivers, but they are also more expensive. Subsequent to these tests, Trimble released a
12-channdl Pro XL receiver which they claimed could be used as a base gation for the Pro XL
rover recaivers (instead of the geodetic receivers) without any loss in accuracy. Since the best
arrangement for Albania appears to be a mix of permanent base stations (initially only in Tirana)
and movable base gations (located on control in the project area), the 12-channd Pro XL was
seen as an affordable and viable solution for the movable base stations. The tests in this phase
investigated the performance of this recelver when operated as a base station for differentially
correcting GPS observations.

3.1.3 INVESTIGATION OF OCCUPATION TIME VERSUS POSITIONAL ACCURACY

Cadadtral surveying in Albania demands a rapid field measurement approach if it is to improve
on current boundary delineation techniques (taping and plotting on large-scale maps). However,
occupation time must be balanced againg the accuracy required. Occupation times of 30-60
seconds were found to be practical in the field tests in 1994, but additional investigation was
needed to ascertain the effect on postional accuracy of occupying a point for an additional 30
seconds.

3.1.4 USE OF A SECOND BASE STATION

In the 1994 investigation of podtional accuracy over varying basdine distances, an apparent
gysematic bias in the results was noticed. The accuracy appeared to vary significantly more
along the line between the base station and the point occupied by the rover receiver than in a
direction perpendicular to that line. In order to improve this as well as provide a check on the
results, tests were carried out using a second base station located at approximately right angles to
the baselines observed in 1994.

3.1.5 TEST OF “PHASE PROCESSOR” SOFTWARE

During the 1994 research, Trimble introduced a new software product known initially as the
“decimeter processor,” claiming that it would deliver decimeter-level accuracy when used with
the Pro XL. (Trimble have snce withdrawn this claim and changed the name to “phase
processor” to recognize this fact.) Decimeter accuracy is highly desirable in the urban areas of
Albania and for surveying small rural parcels. Tests were carried out to investigate whether this
product could in fact deliver the promised accuracy and to determine what additional constraints
(e.g., longer occupation times) were associated with this approach.
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3.2 [EFFECTS OF BASELINE DISTANCE ON POSITIONAL ACCURACY

3.2.1 OBJECTIVE

The distance between the base gation (known position) and the rover (unknown postion) is a
crucial dement of differential GPS because postional accuracy decreases with increased
basdline distance. However, by maximizing this basdline distance the need for control is reduced.
This test was designed to determine the maximum baseline distance which could be used but
which would 4till deliver meter-level accuracy. These tests build on previous work completed at
the University of Florida during the summer of 1994.

3.2.2 METHODOLOGY

During the summer of 1994, a test Ste was established to test GPS equipment for cadastral
surveying. The dte congdts of 47 points located by using geodetic-accuracy GPS receivers and
traditional survey methods (i.e, total station). The computed coordinates of these points are
considered the “true” values for testing purposes. Four additional points, tied into the Florida
High Accuracy Reference Network (HARN), were sdlected as base dations for the Phase |
testing. These points were at distances of 2, 65, 135, and 235 kilometers from the test Ste. Based
on the results of the Phase | tedts, it was decided that additional tests should focus on distances
from 50 to 150 kilometersin order to obtain a better understanding of the accuracy obtainable at
these digtances (see Table 3.1 and Figure 3.1). Larger basdine distances do not meet the
accuracy requirements of this methodology.

TaBLE 3.1. Positional accuracy by distance

SESSION BASELINE DISTANCE PHASE

2 kilometers

65 kilometers

135 kilometers

235 kilometers

Al [W|IN|F

35 kilometers 1

87 kilometers
6 107 kilometers Il
87 kilometers
7 147 kilometers Il
87 kilometers
8 178 kilometers Il
87 kilometers
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The tests were performed with a Trimble 4000 SE geodetic receiver at each base sation and
a Trimble Pro XL roving receiver at the test ste. Test Ste points were occupied for 1 minute
each while using a logging interval of 5 seconds. This procedure was repeated at each basdline
distance (except the 87-kilometer distance). At the 87-kilometer distance a 12-channd Pro XL
was used as a base station. This receiver was in place and collecting for every sesson that the
4000 SE was in operation. Each test ste position was then differentially corrected relative to the
4000 SE and the 12-channd Pro XL base gations. The 12 positions logged for each point over
the 1-minute period were then averaged and compared to test Site points' true value.

3.2.3 RESULTS

Figure 3.2 isa plot of the mean values showing the decrease in accuracy as distance between the
rover and base recelver is increased. The additional tests conducted in Phase |1 show that the
relationship between basdine distance and accuracy is much more linear than previous results
showed. It also appears that results obtained at basdine disance of 135 kilometers were
unusually good and are not indicative of the typical trend between accuracy and basdine
distances.
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FIGURE 3.2
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Table 3.2 shows the satistical breakdown of data collected for each basdine distance. These
data indicate that basdine distances should be kept below 100 kilometers to ensure a mean
difference of lessthan a meter.

TABLE 3.2. Descriptive statistics of positional accuracy over varying baseline

distances

BASELINE DISTANCE

2km* | 32km** | 65km* | 87km** | 107km™** | 135km*| 147km** | 178km** | 235km*
Mean 0.592| 0.491 | 0.692 | 0.92 1.013 0.722 1.742 1.62 1.857
Standard error 0.004| 0.003 | 0.004 | 0.00 0.007 0.004 0.014 0.01 0.016
Standard deviation 0.342| 0.271 | 0.358 | 0.67 0.666 0.400 1.255 1.06 1.418
Minimum 0.096| 0.148 | 0.124 | 0.05 0.150 0.248 0.171 0.24 0.332
Maximum 1.924| 1.106 | 2.011 | 3.03 2.318 19011 4.676 4.15 5.685
Confidence 0.063| 0.125 | 0.066 | 0.13 0.326 0.151 0.465 0.41 0.525
level(0.9500)

* Data are from tests completed in 1994.

** Data are from tests completed in 1995.

The 87-km baseline testing was done with a 12-channel Pro XL with 4 megs of RAM.
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Figure 3.3 shows how the observed coordinate values are scattered around the “true’ value
at different baseline distances. All dots within the 1-meter circle indicate observations that are at
the sub-meter accuracy level.

3.2.4 CONCLUSIONS

Our analyss concurs with Trimble' s claims that the Pro XL will yield sub-meter accuracy on a
second-by-second basis for basdline distances up to 50 kilometers. Furthermore, analysis of the
results would support a claim of meter-level accuracy (averaged point podtion is within one
meter of the true podtion) for basdline distances up to 100 kilometers. Although the mean value
of the positional error from a basdline distance of 100 kilometersis approximately 1 meter, when
the sandard deviation is consdered the error approaches the 1.5-meter range. Therefore, base
gations beyond 50 kilometers are better suited as secondary base stations when sub-meter
accuracy isvital.

3.3 TESTING OF THE 12-CHANNEL PRO XL AS A BASE STATION

3.3.1 OBJECTIVE

The objective in this test was to investigate the viability of usng a 12-channel Pro XL as a base
gation. To differentially correct a rover receiver’s data files the base gation must use a Trimble
receiver with Maxwell chip technology. The Pro XL isthe least expensive Trimble receiver with
this type of technology. Due to its versatility, portability, and low cogt, the Pro XL would be
auitable for Stuations where a movable (nonpermanent) base sation is required. The antenna was
gpecifically desgned to work in areas with obstructions so if the receiver loses a satellite sgnal
dueto atemporary obstruction, it regainslock within seconds.

3.3.2 METHODOLOGY

A Trimble 12-channel Pro XL receiver was st up as a base sation over a control point 87
kilometers from the test Ste. During thistime an 8-channel Pro XL roving receiver at thetest Ste
occupied 25 points for 1 minute while logging a podtion at intervals of 5 seconds. This
procedure was repeated for a total of 4 sessons. Each position was then differentially corrected
relative to the control point and the mean of postions for each point was computed and
compared with itstrue value.

The base recaiver we used had 4 megabytes of memory for storage (sandard memory is 640
kilobytes) which is sufficient for several days of observations. After 24 hours of data collection
only one-third of the available memory had been used. Four megabytes of memory is strongly
recommended, especially if stuations may occur where the field crew is not able to download
daily.

This test was done concurrently with the Phase 1l testing of the “Effects of Basdline
Distance on Pogtional Accuracy” which is outlined in subsection 3.2. Every position logged by
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the rover receiver (Phase I1) was processed twice, once using the 4000 SE base gtation data (see
subsection 3.2) and again using data from the Pro XL base tation.

3.3.3 RESULTS

The 87-kilometer basdline distance results are shown in Table 3.2, Figure 3.2, and Figure 3.3.
The resulting accuracy of the Pro XL as base station is consstent with those of the geodetic
recelver (see subsection 3.2). Even beyond 50 kilometers the mean accuracy was gill around 1
meter and the andard deviation was approximately the same as that of the geodetic receiver at a
comparable distance.

3.3.4 CONCLUSIONS

The 12-channd Pro XL meets the requirements for a movable base station and achieves the same
level of accuracy as a geodetic receiver used in conjunction with the Pro XL rover.

3.4 EFFECTS OF OCCUPATION TIME ON POSITIONAL ACCURACY

3.4.1 OBJECTIVE

Trimble documentation (19944, pp. 4—30) Sates that the Pro XL can achieve sub-meter accuracy
(root mean square, RMS) on a second-by-second basis when a differential correction is applied.
By collecting multiple positions on a point and averaging the results, a more rdiable point
position can be obtained. Trimble suggests that positions be recorded at intervals of 5 seconds for
each set of pogtions to allow the geometry of the satellites to change. This test was to identify
accuracy achievable for different occupation times and to determine the shortest possble
occupation time without a Sgnificant loss in the accuracy of the results.

3.4.2 METHODOLOGY

An 8-channd Pro XL was set to record a position at 5-second intervals. Each point at the test Site
was then occupied for one minute. After all the points at the test sSte were occupied, the base
dation (i.e., 4000 SE) was moved to a different control point. This process was repeated until the
base station occupied control points at the distances of 32, 68, 107, 148, and 178 kilometers from
thetest Ste.

Pogitions were then computed from 15, 30, 45 and 60-second subsets of each 1-minute data
set. With each subset of data a difference was calculated between the computed value and the
“true’ value of the point. This difference represents the postional accuracy of each subset of
data. The average of the positional accuracy and standard deviation of the positional accuracy for
each subset was then compared.
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3.4.3 RESULTS

Figure 3.4 shows the mean positional accuracies for different occupation times while Figure 3.5
shows the corresponding standard deviations. Each graph shows data grouped by sesson. Each
session is based on the basdline distance between the base station and the rover receivers. The
dataisthen divided into 15, 30, 45, and 60-second occupation-time data sets.

3.4.4 CONCLUSIONS

The data show that an increase of occupation time from 15 seconds to 60 seconds does not
sgnificantly affect positional accuracy. A point’s postion computed from a 60-second data set
consgsof 12 positions (i.e., pointslogged every 5 seconds) that are averaged, while a 15-second
data set is averaged with only 3 postions. From the authors' field experience, it has been found
that it takes less than a minute to enter a point’s attribute data into the data logger (i.e., TDC1),
and therefore an occupation time of 30 seconds is sufficient. In addition, this provides some
redundancy of measurement at each point.

3.5 UTILIZATION OF SECONDARY BASE STATION FOR DATA
AUTHENTICATION

3.5.1 OBJECTIVE

The purpose of thistest was to identify data authentication techniques that can be used to check
the integrity of the processed Pro XL data files and possibly improve positional accuracy of their
final coordinates by use of redundancy (i.e., more measurements than required to solve for the
unknowns).

3.5.2 METHODOLOGY

A 12-channel Pro XL and a 4000 SE geodetic recelver were both used as base sations while an
8-channel Pro XL was used as a rover receiver at the test ste. The azimuth of the basdline from
the 12-channel Pro XL to the test Ste was approximately 90 degrees to the azimuth of the
basdline from the 4000 SE to the test Ste. With the rover receiver set to log a podition every 5
seconds, 25 test points were occupied for 60 seconds each. This test was repeated for 4 sessons.
For each sesson the 12-channel Pro XL remained at a control point 87 kilometers from the test
gte, but between sessions the 4000 SE was moved to different control points at varying distances
from the test dte. The 4000 SE occupied base dations at distances of 32, 107, 147, and 178
kilometers from the test Site (see Figure 3.6). Coordinates for every point of each sesson were
then computed twice, once using differential corrections from the 12-channel Pro XL and again
using differential corrections from the 4000 SE.
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FIGURE 3.6
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3.5.3 RESuULTS

All point positions for each sesson of Phase Il were computed from both the Pro XL and 4000
SE base files. The plots in Figure 3.7 show the difference between the “true¢’ and observed
valuesfor each point’s position.

The mean postional accuracy (the distance from the “trug’ postion of a point to the
computed position of the same point) for each of the nine basdine distances (see Figure 3.1) was
computed (see Table 3.3). The mean value from each sesson was then plotted in relation to
basdline distance. A linear regresson using these data points was performed to show how the
positional accuracy was effected by basdline distance (see Figure 3.7 and Table 3.5).

For four of the sessons where coordinates of each point were computed from two baseline
distances, a Sngle set of weighted coordinates was calculated. The weighting was based on the
inverse of the distance the point is from each base station. From these weighted coordinates a
positional accuracy was computed. From these values, a mean positional accuracy could then be
computed for each sesson (see Figure 3.6 and Table 3.4). These mean values from each of the
four sessons were then plotted in relation to basdline distance. A linear regresson using these
four data points was performed to show how the weighted postional accuracy was affected by
basdline distance (see Figure 3.7 and Table 3.5).
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TABLE 3.3 MEAN POSITIONAL ACCURACY FOR DISTANCE

SESSION(S) BASELINE DISTANCE MEAN POSITIONAL ACCURACY
1 2 kilometer 0.592
5 35 kilometer 0.491
2 65 kilometer 0.692
5678 87 kilometer 0.921
6 107 kilometer 1.013
3 135 kilometer 0.722
7 147 kilometer 1.742
8 178 kilometer 1.623
4 235 kilometer 1.857
TABLE 3.4 Weighted positional accuracy
SESS|ON # BASEUNE PA|R POS|T|ONAL ERROR OF THE
WEIGHTED MEAN
35 kilometer
5 0.422
87 kilometer
107 kilometers
6 0.529
87 kilometer
147 kilometers
7 1.162
87 kilometer
178 kilometers
8 0.991

87 kilometer
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FIGURE 3.7
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FIGURE 3.8
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TABLE 3.5 Regression results of single baseline and weighted

mean

REGRESSION OUTPUT

SINGLE BASELINE

WEIGHTED MEAN

Constant 0.37724 0.22031
Standard error of Y estimate 0.27319 0.23121
R squared 0.76573 0.71931
No. of observations 9 4

Degrees of freedom 7 2

X Coefficient(s) 0.00633 0.00479
Standard error of coefficient 0.00132 0.00212
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3.5.4 CONCLUSIONS

When collecting parcel corner data it isimperative that 100 percent of all the point positions are
resolved. We have had occasions where none of the postions from the rover file could be
differentially corrected because of a problem at the primary base station. We could save that
day’'s data because we had a secondary base gation as a backup. Just as any survey method,
redundant information is always preferred.

To differentially correct GPS data, the true coordinates of the base station must be entered.
If differential corrections are based on the wrong coordinates all the corrected points will be
shifted. Without a secondary base station there is no way on knowing if this shift has occurred.
By comparing coordinates computed from the primary base station to those computed from a
secondary base station a major mishap can be avoided.

Redundant data from a secondary base station can be used to improve the postional
accuracy. Our tests show that accuracy of the differential corrections is dependent upon the
distance the rover receiver isfrom the base station. When using the inverse of the distances from
a point to two base gations as a weight to compute a point position, positional accuracy can be
improved (see Figure 3.8).

A secondary base gtation also gives us the opportunity to check our results. From the results
of the regresson analyss of the podtional accuracy (see Figure 3.8 and Table 3.5) we can
predict the amount of expected error for any basdine distance. By comparing the expected error
to the distances between the final weighted point and the two original points (computed from
each basdline), we can determineif thereis problem with a point position.

3.6 TRIMBLE'S*“ PHASE PROCESSOR”

3.6.1 OBJECTIVE

Trimble markets a software package called the “Phase Processor” which can be used in
conjunction with the Pro XL to improve positional accuracy. Trimbl€' s documentation states that
by following recommended field and post-processing procedures and then processing the data
with the Phase Processor software it is possble to get postional accuracies of one decimeter.
The objective of this test was to see if we could improve the positional accuracy of the Pro XL
by using the phase processor without introducing other constraints (e.g., unacceptably long
occupation times).

3.6.2 METHODOLOGY

A roving 8-channd Pro XL was et to collect data in “decimeter mode” at four test points on the
test Ste. While in decimeter mode the rover receiver collected data for 10 minutes at each of
these points while the base recelver smultaneoudy collected base data on a control point.
Between the four sessions that the rover recelver operated, the base station was moved to a
different control point. This gave us basdine distances of 32, 107, 147, and 178 kilometers from
the test gte resulting in four points being occupied four times each (producing sixteen data
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points) using the Phase Processor techniques. The logged positions were then post-processed
using the standard post-processng software (i.e., Pfinder) and then processed again with the
“Phase Processor” software. The resulting positions were compared with the true value of each
point to find positional accuracy.

3.6.3 RESULTS

Figure 3.9 compares the positional accuracy of each point before and after processng with the
Phase Processor. The graph has a pair of bars for each of the sixteen points occupied for this test.
The first bar of each pair shows the postional accuracy achieved by just usng the Pfinder post-
processing software. The second bar of each pair shows the positional accuracy achieved after
processing with the Phase Processor software.

FIGURE 3.9
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3.6.4 CONCLUSIONS

The results from the Phase Processor show that there is no sgnificant improvement in positional
accuracy as compared with results processed using the sandard software. Trimble now maintains
that the Phase Processing kit is better suited for use with the Geo Explorer (2-5 meter receiver).
This may be true, but their documentation indicates that postional accuracy should improve
when using the Phase Processor with the Pro XL (see Trimble 19944, p. 7/22, for example).

Carrier phase recelvers pose greater problems than code phase receivers when using
medium accuracy techniques. The first problem is that the occupation time must be increased.
While in decimeter mode, each point must be occupied for at least 10 minutes. In large areas
where travel times between points are relatively large, this is acceptable, but where points are
easly accessble 10 minutes per point is overly restrictive. The second problem is that a GPS
recelver must maintain continual lock on a satelite when it is collecting carrier phase
information. This is a problem when there is a loss of lock due to thick foliage. One of the
drongest attributes of the Pro XL is its ability to gather information even with moderate



71

overhead obstructions. This attribute is lost when collecting carrier phase information. The third
problem is with the memory used when collecting carrier phase information. For Phase
processing it is required that the Pro XL rover receiver log phase data every second for at least
ten minutes. This produces a data file that rapidly exceeds the standard memory (i.e., 640
kilobytes) of the receiver. In our tests, usng arover with 640 kilobytes of memory, we were only
able to collect data on five points before we ran out of memory. This means that a field crew
would need to download data about every hour.

The results show that the Phase Processor did not consstently improve positional accuracy.
Figure 3.9 shows that by processng the differentially corrected postions with the Phase
Processor only eight positions improved. Conversely, positional accuracies of eight of the points
were degraded. Even if podtional accuracy were improved, the occupation time, memory
requirements, and satellite lock problems would limit the use of this software for medium-
accuracy survey methods.

3.7 CONCLUSIONS

3.7.1 PROBLEMS WITH THE PRO XL

3.7.1.1 OBSTRUCTED SATELLITES

During Phase Il of this research we discovered a basic problem which affects the selection of
reference gations and post-processing of GPS observations. The problem arises when thereis an
obgruction at the base station which blocks a satellite that is visble at the rover receiver.
Theoretically at least four satellites are needed to compute a point’s position. When a differential
correction method is applied, both the base and the rover receivers are required to have a
common st of four satellites. However, these theoretical circumstances do not apply when the
Pro XL systemisused.

The divergence between theory and practice is due to the data storage method employed by
the rover receiver and the Pfinder post-processing software. To conserve storage space, the Pro
XL rover receiver does not sore all the raw observations but uses them to compute a
pseudorange position which is stored instead.? All other information needed for computation of
the differential corrections is stored at the base dation. While processing, if a satdlite is
encountered in the rover filesthat is not found in the base files (due to an obstruction at the base
gation), the post-processng software (i.e., Pfinder) cannot compute the coordinates for those
positions.

In one of the tedts described earlier in this report, only 77 percent of the differential
corrections for the rover points could be computed by using the base gtation files from the
geodetic receiver (4000 SE). In all instances the problem could be traced to an obstruction at the
base gation that blocked a sngle satellite from the base recelver that was visble at the rover
receiver.

2 Chiqui Alvarez (Trimble), personal conversation, August 1995.
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With proper planning this problem can be minimized. The selection of a totally unobstructed
horizon around a control point is one precaution that should be taken. If any obstruction is on the
horizon (i.e., radio towers, trees, buildings) the preplanning software should be used to compute
observation times in which no satellites are obstructed.

A second precaution is to make sure that the elevation masks at the base and rover receivers
are properly et (the elevation mask isarecelver setting that controls how far above the horizon a
satellite must be before the receiver will start to track it). To reduce the possibility of observing a
satellite at the rover and not at the base dtation, the elevation mask at the rover must be more
congtraining. For tests described in this report, eevation masks of 10 degrees at the base receiver
and 15 degrees at the rover receiver were used. This did not, however, prevent the problem from
occurring, due to obstructions.

A final consderation for alleviation of this problem is selection of the base station receiver.
A GPS receiver can be categorized by number of channds (i.e., 8- or 12-channel recelvers). The
number of channels determines the total number of satellites a receiver can track at any time. To
avoid the problem previoudy discussed the receiver at the base station should have the same or
more channels then the rover receiver. Pro XL receivers can have either 8 or 12 channels. We
recommend that a 12-channd receiver be used as a base gation and less expensve 8-channe
receiversasrovers.

3.7.1.2 Installation

The post-processing software Pfinder is a DOS-based program. Ingtallation of this program can
be difficult if the person ingtaling it is not familiar with DOS memory management. The Pfinder
software requires 580 kilobytes of free conventional memory and will not run with less. This
forces the user to reconfigure the boot files (i.e, CONFIG.SYS and AUTOEXEC.BAT)
gpecifically for Pfinder. There is no ingtallation program for this process and must therefore be
done manually.

3.7.1.3 Documentation

The Pro XL comes with five manuals covering the equipment and software (Trimble references).
These documents can be vague and ambiguous. Tasks such as creating a Data Dictionary are
difficult to follow for userswho do not have a great deal of GPS experience.

3.7.1.4 Control of GIS output

The Pfinder software allows for output in many different formats. In the Phase |1 tests, data was
output to AutoCad by usng Pfinder to create files in a DXF format. This process is smple but
gives little control over the attributes of the data (e.g., text sze). This forces the user to go
through the time consuming processing of reformatting data imported into an AutoCad drawing.

3.7.2 ADVANTAGES OF THE PRO XL

3.7.2.1 Physical suitability

When consdering the purchase of any GPS system, its compactness and ease of use must be
appraised. The Pro XL comes in two compact packages with about everything needed to
complete a survey. Included with the software package are the misson planning and the post-
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processng programs, hardware lock, and documentation. The hardware package comes in a
small case that contains the recelver, datalogger, antenna, batteries, battery charger, cables, and
backpack. The only additional equipment that the user needs to supply is a computer for the
software and atripod or arange rod for the antenna.

One of the mogt attractive aspects of the Pro XL system isits physical compactness and ease
of use. Recalver, batteries, and all cablesfit into a small, light-weight backpack. Initial assembly
of the field equipment takes five minutes and is easly managed by one person. The receiver is
carried in the backpack and is controlled with the handheld datalogger (e.g., TDC1).

The TDCL is a DOS-based computer that comes equipped with the “Asset Surveyor”
software. This software controls the receiver functions, data collection processes, and file
transfer protocols. The TDC1 has a sandard memory of 640 kilobytes for data storage, but can
be upgraded to 4 megabytes. Although the 640 kilobytes of memory are adequate for an average
day, the 4-megabyte option is recommended if the system is to be used as a base sation or if the
“Phase Processor” option is used (see Section 3.6).

3.7.2.2 Software

Pfinder post-processng software is relatively easy to learn. Trimble provides examples in the
documentation with sample data files for common tasks that can be accomplished with the
software. After working through the sample data for a particular task, users should have enough
experience to apply it to their own data. When a problem does occur, users within the United
Stated can call Trimble's technical support (1-800-TRIMBLE). All requests for help are
responded to promptly either by phone or by fax.

3.7.2.3 Position attributing

A Data Dictionary can be designed usng the Pfinder software. This is then uploaded into the
datalogger for use with the Asset Surveyor software. A Data Dictionary can be customized for
each job. It isa hierarchical structure beginning with each feature being classfied asa point, line,
or area. Once it is classfied, each feature is given a name (e.g., parcel corner). Each feature can
then be given an attribute (e.g., iron rod) and a value (eg., 5mm). Within the Pfinder
environment these attributes can be used asfilters to view, sort, or process specific data and will
remain with the position when the data is brought into a GIS.

3.7.2.4 Conversion to a GIS

The Pfinder software allows for output into many different GIS formats and the format chosen
can be specified for individual coordinate syssems. The verson of Pfinder used in the tests
(V. 2.4) can export data in 20 different formats. When exporting to AutoCad, a DXF format is
used. Thisisthen imported into an AutoCad drawing with all attribute information attached to its
reference point. Pfinder also allows data to be output in a user-defined ASCII format. The ASCI|
output feature allows the user to create an ASCII file from coordinate data within the database
which can then be used in spreadsheets, text reports, and databases.
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APPENDIX A
SURVEYING CURRICULUM

AT TIRANA POLYTECHNIC UNIVERSITY

COURSES

YEAR 1

YEAR 2

YEAR 3

YEAR 4

YEAR 5

Sem 1

Sem 2

Sem 1

Sem 2

Sem 1 |Sem 2

Sem 1|Sem 2

Sem 1|Sem 2

Engineering methods

3

2/3

Foreign language
Informatics

Physical training
Mathematics

Physics

CAD |

Theoretical mechanics
Chemistry

Geology & geomorphology
Topographic drawing
Surveying equipment
Least squares theory
Physical & math geodesy
Triangulation

Leveling

Surveying adjustments
Astronomy

Cartography

Sociology

Fieldwork training
Topography

Urban & civil construction
Ecology

3-D geodesy (GPS)
Photogrammetry
Hydrography

Urban planning

Photo lab

CAD I

Mining technology
Hydrotechnic construction
Road & railway surveying
Urban planning in altitude
Surveying engineering
Cadastre

Remote sensing

Digital mapping

Market economy
Underground construction
Legislation

2/2
2/2
0/2
4/5

2/2
2/2
0/2
5/5
2/3
2/3

2/2

0/2
2/3
2/2/1
1/3
2/2
3/1
2/2

2/2

0/2
2/3
2/2/1
2/2
2/2
3/1

0/4

3/3
2/3

- 3/4
- 1/3
2/1
- 2/2
- 2/0
0/3

2/2
0/3
3/4
3/2
2/1
2/3

2/2 -
1/2 -

3/2 -
3/2 -

2/1
3/2

2/2 -

0/2 | 0/3

2/3 -

2/2 -
- 2/1

Planning

- 11

Weekly workload
Total hours/year
Projects

24/30
810

32/32
960

32/34
990
30

34/36
1050
40

33/32
975
40

TOTAL HOURS 4895 (in 5 years)

" First number refers to lecture hours per week, and second number to discussion or laboratory practice.
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APPENDIX B

Legislative Act for Surveying and Mapping in Albania
for Cartographic and Topo-Geodetic Work,
Decision of Council of Ministers, No. 110,
17 May 1984

(trandated by Gezim Gjata)

. The Defense Minigry in consultation with the other minidries is assgned to prepare and

publish within the year 1984, the booklet of regulations entitled “ Cartographic and  Topo-
Geodetic Work in the Peoples Socialist Republic of Albania”

. All topographic and cartographic activities must be done in accordance with the requirements

of these regulations.

Ingtitutions and enterpris eswhich carry out topo-geodetic and cartographic work based on the
technical parameters of these regulations must prepare al technical procedures within 198S
for all activitiesin which they are involved.

Ingtitutions and enterprises which carry out topo-geodetic projects and work are obliged to
send, within 3 months of completion, one copy of the technical documentation to the Military
Topographic Ingitute as listed below:

general planimetrics (after the location of natural features is fixed on them) of industrial
congtruction, socio-cultural objects, hydropower, irrigation systems, hydrographic data, and
forest boundaries;

coordinates and heights of road and railway centerlines, of irrigation systems, of pipelines
and all other surface and underground linesaswell astheinitial points of bridges and tunnels;

catalogues of coordinates and heights of densfied geodetic networks which serve to
support large mapping projects as wdl as for other purposes in which other ingitutions or
enterprises are interested to support the economic and military arm;

catalogues of coordinates and heights of geophysi cs exploration pointsfor gas.

Enterprises and ingtitutions during the month of June of each year must send to the Defense
Ministry sketches ( cartograms) of areas mapped at scales 1:1,000 to 1:10,000, when these
areas are greater than 100 hectares, as well as present for signing all other scale maps that are
to be published, regardless of their destination and scale.

. The Military Topographic Ingitute must dispolay immediately on a map copy at scale 1:25,000

all changes of terrain which are sent in by inditutions, enterprises and military topographic
units.

. TheMilitary Topographic Ingitute within the year 1986 mugt finish acatal ogue of coordinates

and heights of the national geodetic network (triangulation and national leveling network) and
digribute to all inditutions and enterprises of Albania which are involved in large
topogeodetic works.

. The Defense Minigry during the month of February each year mugt inform minigtries and

central ingtitutions of new cartographic publications by the Military Topographic Inditute.
Thisdecisonisto take effect immediately.
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STANDARDS AND PARAMETERS
FOR TRIANGULATION, LEVELING, AND MAPPING

ional network)
banian territory.

Based on Krasovskij elipsoid.

Map projection: Gauss transverse cylindrical projection, 4th zone (6° belts), central
meridianis21°.

Origin isthe intersection of central meridian (21°) and equator.

National network consgts of three orders (all in orthogonal coordinates).

Triangleis base figure of Albanian triangulation network.

Heights of triangulation network are orthometric heights.

TABLE 1. Triangulation parameters

Orders Average distance Mer?grii?)%?gle;r:r?é ! Misclosure of
of triangles (km) g triangles
measurement
' 15 +0.90” +3.0”
I +1.5” +6.0”
Il 4 +2.5" +9.0”

The basdlines (the initial line for computation) are located every 100 km and are measured with a

precison of 1:1,000,000.

TABLE 2. Baseline parameters and equipment

Equipment

Parameters

High precision
(1st order)

Medium precision
(2nd & 3rd order)

Telescope magnification

Sensitivity of horizontal level bubble

Sensitivity of vertical level

Sensitivity of spherical bu

Smallest division of micrometer

Microscope magnification

bubble
bble

42X
4-7"
10”
o
0.2"
37X

31.5x
20"
20"
8’
17
31x

Series and combination are two methods used for angle measurement.




In the following table the results using the series method of angle measurement (with two kinds of

equipment) are given:

TABLE 3. Standards for horizontal angle measurement

2nd Order 3rd Order
Instruments
High Medium High Medium
precision precision precision precision
Horizontal angle misclosure 6” 8” 6” 8”
Difference between arcs 7" 10" 7" 10"
Collimation error (CL/CR) 10" 14" 10" 14"

2nd and 3rd order points are based on the firgt order network.

Each triangulation point covers 14 sq km.

Heights of triangulation points are determined as follows:
spirit leveling in thefields [flat aread];

geodetic leveling in mountainous areas (height misclosures are f=+30 cm in
vertical traverses).

1. National leveling network

The origin of this network is the tide gauge point at Durres which defines mean sea
level.

This network is run along the main roads of Albania through leveling traverses with a
mean perimeter over 500 km.

Second order leveling network is created ingde the first order network (over 300 km in
perimeter).

Other leveing traverses are open and less than 200 km.

Leveling points of any network are established every 2—4 km.

Leveling instrumentsfor first and second order networks have the following parameters:
telescope magnification 40 x;
bubble sengtivity 12" /2mm,;
smallest divison of optical micrometer 0.1 mm.

In the firg order leveing network the MSE for 1 km is less than £1 mm, and the
sysematic error lessthan 0.15 mm.
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TABLE 4a. Parameters of national leveling network

Order of Lli?/gfimgf Tele's.cop.e Sensitivity of bet'\\:lvi::rljgtglr:::;pe
network traverse (km) magnification level bubble and level bubble
I 500 40x 12 +20”
1] 150 40x 12 +20”
[l 80 30x 15" +20”
TABLE 4b. Parameters of national leveling network
bDeIt?/\t/Zgﬁez ! T No. of Tolerance r Tplerance
Order of legs of distances | distances | i ions |forward and | misclosure
network leveling to station | in sector per km back loops | in leveling
station (m) (m) (m) traverse
| 50 1.0 3.0 <15 +4d +4d
>15 54 (R
1] 50 2.0 5.0 <15 +12d +d
>15 +150
[l 75 3.0 10.0 <15 +204 +204
>15 +d

L = distance of leveling lines or traverses (closed).

V. Mapping at scales 1:500 and 1:1000
a) Local Geodetic Network (dengfication range)

For mapping of cities (or towns), congtruction sites,  hydrotechnic works, mining congtruction, etc., a
local geodetic network must be created to fit the requirements of mapping at 1:500 and 1:1000 (LGN
isdengfication based on the NGN that is appropriate for mapping of cities).

The coordinates of these networks must be on the same system as national networks of
coordinates and heights.

Tolerance for triangle misclosuresof LGN is0.1 mm * scale.

The geometric formsused for LGN are:

triangles,

trilateration (with EDM),
electro-optical traverse,
combined forms (with EDM).
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TABLE 5. Parameters of triangles in local geodetic network

MSE of z?rlgtl}/r? MSE of Relative z?rlgtl}/r? Baseline
Ranges anales baseline baseline error in weakest distance in
9 L angles baseline . rhombic form
(initial base) line
| +2" 1:2,000 +1.5” 1:400,000 1:100,000 Ya*b
Il +3” 1:100,000 +1.5” 1:300,000 1:50,000 Ya*b
Triangle r misclosure in ; : : : ;
. . Collimation| r directions Distance of
Ranges L :
9 misclosure honzontaj for %2 error between series| traverse lines
(w) of series
| +7" +8” +10” +8” 2-3
Il +10” +8” +10” +8” 0.8-1.2

b) Mapping at scalesof 1:500 and 1:1,000

Accuracy of topographic plansat 1:500 and 1:1,000 scales for contours must be less than
0.44 mm * scale. For unimportant objects tolerance may be 1 mm * scale (maximum).

Traverses used for the process of mapping in the field (eg., sations) must have an
accuracy of 0.2 mm * scale.

TABLE 6. Parameters of traverses for field mapping

Traverse components

Mapping scale

1:1,000 1:500

Traverse distance 1.5 km 0.8 km

Traverse misclosure 0.50m 0.25m
Angular misclosure +1'dn +1';n
Misclosure of vertical traverses 1.5n 1.5

n = number of traverse points (stations).

Digance of traverselineis 20150 m.

Accuracy of angle measurementsin traversesis0.5’.

Accuracy of disance measurement in traverses estimated in relative error ratio is 1:5,000.

Measurement of horizontal and vertical angles for points of detail is done with one
position of the telescope and the distances of these points are measured optically.
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TABLE 7. Accuracy requirements for topographic survey

. . Largest distance from instrument to staff (m)
Mapping Distance between
scale points of detail | Major contour line| General contour line Terrain detail
1:500 h=0.5 15-20m 50 80 100-150
h=1.0 20-30 m 80 80-100 150-200

h = contour interval.

Plans at scales 1:500 and 1:1,000 are mapped on sheets with dimensions of 90 x 60 cm
and 50 x 50 cm.

V1. Mapping at scales of 1:2,000 and 1:5,000

Low order triangulation network (LTN) is the proper densfication of points to support
traverses for mapping at scales 1:2,000 and 1:5,000 (especially in cities).

MSE in reciprocal postion of LTN pointsis +0.15 mm * scale, and for heights +1/10 * h
(h = contour interval).

Traverses are based on LTN for field mapping. Distances of traverse lines are 100250 m
with an accuracy of 1:300—1:4,000.

Angular misclosurein traverses +40° On (n = no. of traverse points).

Field mapping at scales 1:2,000 and 1:5,000 is performed by tacheometry, planetable
methods, photogrammetric methods (terrestrial and aerial), and combined methods.

Largest MSE in object location should [not] be more than +0.3 mm * scale, and for
contour lines +0.4 mm * scale.

Contour interval:

TABLE 8. Contour interval

Contour interval
Scale - - - -
Main contour Intermediate Field contour | Mountainous area
lines contour lines lines contour lines
1:2,000 1.0m 0.5m 0.25m 0.50 m
1:5,000 1.0m 0.5m 0.25m 1.25m
TABLE 9. Distances between instrument and staff
Largest distance between detail points

Scale

Important contour lines| Unimportant contour lines | General detail points
1:2,000 100 m 150 m 250 m
1:5,000 150 m 250 m 350 m
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APPENDIX C
Proposal
Development of a Prototype "Digital Cadastral Surveying
Technique" Using GPS and Total Station Technology

Grenville Barnes
Department of Civil Engineering
Universty of Floridain Gainesville
1993

GOAL:

To develop a methodology or prototype sysem for surveying land parcel corners using a combination of
GPS and Total Station technologies. This prototype system will be desgned so that cost-efficiency is
maximized under conditions typically found in Albania and other Eastern European countries undergoing
massive privatization.

OBJECTIVES:

a) Formulate a st (3 or 4) of approaches usng different GPS techniques (rapid datic,  kinematic, etc.)
and varying levels of GPS and total dation use (from basic contral to key boundary points to all
parcd corners);

b) Ted these approaches under controlled conditions taking into account time, costs, and accuracies
achievable and sdlect the mog cogt-effective (the prototype);

c) Define a gep-by-gep procedure to implement the prototype in Albania (including both office and
field procedures);

d) Trainateam of Albanian surveyorsto be proficient inimplementing the prototype;
€) Implement the proto typein apilot areain Albania, Smultaneoudy monitoring cods, times,

f)  Evaluate the performance of the prototype againgt approaches that are currently being implemented
(primarily tacheometry) to ascertain how appropriate it will be for defining parcels outdde the pilot
areain Albania and esawherein Eastern Euraope.

JUSTIFICATION:

Albania isin the process of privatizing mog of the land that had been callectivized into sate farms and
cooperatives under the previous regime. Thiswill involve over 2 million parcds. Thereisa vital need to
survey these parcels and regiger rights to them before land transactions take place. Although dedling in
land is currently forbidden, it will inevitably take place as Albania movesinto a market-oriented economy.
Thereistherefore a grong need for a cadadral surveying methodology that is quick, but which at the same
time provides an unambiguous definition of parcel boundaries

Given the availability of qualified surveyors and the history of tacheometric surveysin Albania, the most
logical short-term solution is to use a tacheometric approach that relies on the graphic control of exising
large-scale maps. However, initiativesto update this skill base and test the applicability of more modern
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technologies mugt gart now so that the mogt cost-effective approach is used for the tremendous task of
surveying al parcelsin Albania Electronic tacheometers and total Sationsare certainly more efficient than
their manual and optical equivalents (theodolite, tape, etc). GPS has also proved its cost-effectiveness (and
accuracy) for geodetic control densfication. The extent to which GPS can be used to determine the
coordinates of parce corners (i.e, for cadastral survey purposes) directly can only be ascertained by
testing different approaches and evaluating them in terms of speed and cogts. This project will carry out
these tess and define what istermed a prototype digital cadagtral surveying system.

METHODOLOGY:

1. Sdect and demarcate a controlled sudy area in the Gainesville didrict so that it Smulates the
cadadral conditions in Albania In particular, the parcd Szes in the sudy area will be based on
typical dimendgons of parcels found in rural Albania. An attempt will also be made to emulate types
of boundaries (monuments, canals, crop rows, €etc).

2. The firg phase of the project involves desgning three or four promisng digital cadadral surveying
approaches. These approaches or options will differ both in terms of the GPS techniques used (atic
versus kinematic) aswell asin the way that GPS is combined with total station measurements. One
option will involve surveying al parcd corners usng only GPS, the remainder will use GPS less
intensvely (concentrating on key comersonly) by supplementing measurementsusing atotal gation.

3. Survey al parcds in the sudy area usng four different options, recording time and personndl
requirementsin each case.

Compute coordinates of all points usng four sets of measurements.

Compare reaults in term s of time, accuracy, cos (hardware, software), geodetic control and
personnd requirements.

6. Sdect the option that performs best (giving particular weight to time)—this will be termed the
prototype system

7. Develop a gep-by-step procedure for all com ponents of the prototype, including: reconnaissance,
office preparation, observing procedure, fieldbook recording procedure, field checks required, post-
processing procedures, coordinate lising, and parcd mapping. Thisinformation will be contained in
aprogressreport to be ddivered at the end of the sixth month.

8. Acguire any necessary equipment and material not available in Albania (this may indude GPS
receivers and software, total station unit(s) and accessories,  fieldbooks, etc).

9. Sa up the prototype in Albania and train a team of Albanians on al necessary procedures and
requirements.

10. Provide support for implementation of prototypein pilot areain Albania.
11. Writeupfinal report to be ddivered at the end of the ninth month.

PERSONNEL REQUIREMENTS:

The success of the project hinges on the integration of expertise in the two areas of Cadagtral Surveying
and GPS/Geodesy (most GPS projects have focused amog entirely in the second ared). Dr. Grenville
Barneswill provide the cadagtral surveying perspective and will coordinate the project and sere as
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Principal Investigator. Mr. Eric DesRoche and Mr. Bruce Chaplin from MSl will provide their experience
and knowledge of GPS and measurement techniques using this technology. Both individuals are familiar
with conditions in Albania and MSl is regarded as one of the foremost GPS companies in the United
States They will also provide any GPS hardware and software that is required in the initial phase of the
project. Two graduate sudents from the University of Florida will participate in the project. The firgt will
assg with the fiedld work phase in Gainesville and the definition of the prototype (6 months). It is
envisaged that the second graduate sudent will beinvolved in all aspects of the project but would provide
mog of the handson training and prototype implementation in Albania. A team of three qualified
Albanian surveyorswill be sdected or GPS training and implementation of the prototype.

Barnes and one graduate sudent will be required for the duration of the project (9 months), while
DesRoche and Chaplin will contribute for a short period in the firg phase (desgning the options and
preliminary GPS work in study area) with additional involvement in the prototype implementation phase
(3 weeks).

Sdect and demarcate sudy area
in Gainesville

Dedgn digital cadadral
surveying options

Perform initial GPS ¢

Perform all total station work ¢

Carry out follow-up surveys ¢

Compute coordinatesfor all
points

Compare cods, times and
accuracies of options

Sdlect prototype option ¢
Develop procedures for
prototype

Acquire additional equipment
for usein Albania

Set up prototypein Albania ¢

Train Albanian team ¢

Initiate implementation in pilot
areain Albania
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APPENDIX D

DATA COLLECTION FORMS
(field and office)

DAILY LOG (FIELD)

Date:
Fieldbook no.

Field team:

Weather:

Map sheet no.

____Surveying engineers

___Laborers ___Chainmen

Party chief:
Komuna

____Surveying technicians
___ Others (list)

District:
Village:

Drivers

Times:

Hours

Minutes

Comments

Travel time to site

Survey time

Reconnaissance

Control

Boundary survey

Corner point id

Down time
(explain)

Total for day

Terrain (circle)

flat

hills

mountain

other (state)

Land use/cover
(circle)

urban/reside

agriculture

olive grove

forest

other (state)

Equipment used
(circle)

theodolite

(___sec)

tape

(___meters)

rod/staff

EDM

other (state)

Surveying
technique (circle)

tacheometry

theord/tape
traverse

map and tape

theod/tape
radial survey

other (state)

Parcels surveyed
(listparcel id’s)

Total area
surveyed
(hectares)

Problems
(explain)

Objectives To measure the resource input, degree of difficulty in field, and productivity using a specific
surveying technique.

1) Itisessentia that parcd identifiers be alocated on a sysematic bass before survey. Theses  hould
preferably betheidentifiersthat will be used for regigration purposes.

2) ltisadvisablethat thetimebenotedinthe fieldbook for each set-up of theingrument.
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WEEKLY LOG (OFFICE)

Date: Office location: Recorder:
Personnel (number) Hours worked
Surv. Surv. Other Surv. Surv. Other Total Map sheet
Activity Eng. Tech. (state) Eng. Tech. (state) hours reference
worked
Retrieving
existing data
Computations
Personnel (give no’s) Production
Surv. Surv. Other Total Map % map Fieldbook
Mapping activities Eng. Tech. (state) | hours sheet sheet references
worked | reference | completed

Computations

Quality control (comps)

Map drafting

Quality control

Map production

Training (explain)

Other activities

Problems (explain)

Objectives To measure personne inputs (and related cogts) and productivity of office personnd in terms

of each individual mapping process

Notes.

1) Project manager should maintain achart illudratin - g the progress of the project asit advances through
the various mapping stages.

2) The log should be expanded to contain any activities that require sgnificant time or money

expenditure.

3) Itisessential that clear crossreferences be established betwe en fieldbooks, map sheets, and parcd

identifiers.

4) Theunit of measurefor office productivity isthe map sheet.
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APPENDIX E

WORKSHOP:
DIGITAL CADASTRAL SURVEYING USING GPS

308 Reed Lab
Surveying and Mapping Program
University of Florida
Gainesville

Objective:

To define and develop a methodology for surveying land parcels usng GPS so that cod-
efficiency is maximized under conditionstypically found in Albania. Specifically, this workshop
isdesgned to integrate the knowledge and experience of the participantsin the two fidds of GPS
and cadadtral surveying. It will congst of a roundtable discusson as opposed to formally
dructured presentations.

Participants:

Grenville Barnes, Asssant Professor, University of Florida
Bruce Chaplin, Geodetic Engineer, MSI, Denver

Eric DesRoche, Presdent, MS, Denver

Mark Eckl, Graduate Student, Universty of Florida

Michael Sartori, Graduate Student, University of Florida
Ramesh Shrestha, Associate Professor, University of Florida
Representative (Trimble)

Representative (Leica)

Workshop materials:

Prior to the workshop, general background material will be provided to al participants. Thiswill
serve two purposes. Firdly, it will facilitate discusson at the workshop as all participants will be
familiar with the issues to be discussed. Secondly, this material will also be used for training
purposes in Albania. Ultimately, we would like a good reading package that can be used for
training and reference purposes by individuals who are not necessarily GPS experts. The focus
will be on basic definitions, techniques, applications and experience relevant to Albania and
other countries contemplating the use of GPS for cadadral purposes. Please fed free to
contribute papersat any time.

Output:

The output of the workshop will be the definition of between one to three candidate
methodol ogies which appear to be most appropriate for Albania. These three methodol ogies will
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then be tested and compared to identify the one that best meets the evaluation criteria. The
definition of the methodologies will include details on reconnaissance, control requirements,

fidd procedure, fieldbook recording, post-processng, checks adjusment of redundant
observations, point labding, hardware and software requirements, and so forth.

AGENDA

Wednesday, June 1, 1994
10:00 am.-12:00 p.m.

Introduction (Barnes)
(background, workshop structure and materials)

Cadadral Environment and Issuesin Albania (Barnes)
(land allocation, parcd szesand boundaries, control, etc.)

Discusson
1:00 p.m. - 5:30 p.m.

GPS Techniques and options (DesRoche and Shrestha)
(private sector and academic perspectives, potential techniques and advantages of each, post-
processing requirements)

Discusson

Thursday, June 2, 1994
8:30 am. - 12:00 p.m.

Vendor perspective (Leica)
(products, support and maintenancein Albania, training)

Selection and definition of candidate methodol ogies

1:00 p.m. - 5:30 p.m.

Problem areas and issues

Workplan for evaluating candidate techniques and reporting on workshop findings

Friday, June 3, 1994
8:30 am. - 12:00 p.m.
Miscellaneous (if needed)
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SUMMARY OF WORKSHOP FINDINGS

1. INTRODUCTION

A brief overview of the cadadtral environment was presented. Size and physical characterigtics of
the “typical” Albanian parcd was estimated to be one-tenth to two-tenths of a hectare, ranging
from tredess and relatively flat cropland to mountainous and rugged terrain. The evaluation of
competing methodologies for parce surveying in Albania should be based on the following

criteria
cost,
match with skill base,
employment levd,
attainable precison, and
dispute resolution.

The current method of creating land parcel maps in Albania is referred to as the traditional
method. This method congsts of updating an existing parcd map or schematic by usng atapeto
measure the dimensions of the new parcels and drawing the new boundaries onto the map. This
method isrelatively inexpensve, and requires no training beyond that which aready exigsin the
field and in the office. This method also has many problems, not the least of which are:

(@) Exigting maps, covering approximately 80% of the country, are badly out of date.

() The reference dlipsoid is different in different areas- the  Bessd dlipsoid isused in
some places, the Krassowsky dlipsoid in others.

@ii)  Inditutional control of these exising maps is by different government agencies
which higorically do not cooperate well with each other.

(iv)  The output of the traditional method is an updated copy of an exiging paper map
with questionable rdlative and absolute positional accuracy—not a digital product on a
worldwide or country-wide datum.

2. GPS TECHNIQUES

Some of the main concernsfor any GPS based parce surveying technique are asfollows:
the selected methodology must be user-friendly,
technology trandfer isan important consderation, and
Albanians get computer training that applies to all aspects of surveying as well as
gpecific GPS software training.

GPS surveying methods generally involve a trade-off between occupation time and
podtional accuracy. Severa different GPS techniques were discussed, each with different
hardware, software, and training requirements. Each technique variesin its suitability to different
applications and yields varying levels of podtional accuracy. These techniques and their
auitability for usein Albania were summarized briefly asfollows:

a) Classic static: Requires at least two sngle or dual frequency geodetic recevers
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Occupation time varies from 45 minutes to several hours. Geodetic (centimeter) accuracy is
obtainable. Basic application is control densfication. Recelver costs range from $15,000 (Sngle-
frequency) to $25,000 (dual-frequency) per unit. Not practical for parcd mapping due to very
low productivity.

b) Rapid static: Requires at least two dual-frequency geodetic receivers. Occupation
timeis cut to 10—-20 minutes to get centimeter accuracy. Still not practical for large-scale parce
mapping dueto low productivity and high equipment cogt.

¢) Kinematic: Requires at least two geodetic recavers Centimeter accuracy is
obtainable in seconds, but this method requires a very high degree of coordination and expertise
both in the field and in the office to be productive. Not recommended for this reason.

d) C/A code differential positioning(Basc Pathfinder): Requires a sngle geodetic
recalver as base dation and less expendve rover units Occupation time is in the three minute
range but accuracy is2—5 meters. The productivity ishigh but questions remain asto whether the
positional accuracy is high enough for cadastral surveying.

e) C/A code differential positioning with carrier smoothing and advanced
processing (Pathfinder Pro XL): Requires a geodetic base dation recaiver with an advanced
processor and Pro XL Rovers and data collectors. Occupation time is 30 seconds to one minute.
Average accuracy is submeter. This is the recommended hardware, with availability being the
main concern asthe Pro XL hasonly recently been released.

The leve of accuracy needed for parce mapping in Albania is dependant o n a number of
factors such as parcd sze, value, and location. At the time of the workshop it was not known if
Trimble s new line of submeter GPS equipment known as the Pathfinder Pro XL serieswould be
availablefor usein Albania; therefore several aternative methodol ogies were discussed.

3. GPS-BASED ALTERNATIVES

A representative from Leica presented an overview of the Leica Sysem 200. System 200
conggts of adual frequency receiver with a data collector known as a controller. The softwareis
known as SKI. Thisis a Rapid Static configuration, yieding centimeter accuracy in 10 to 20
minutes of occupation time. Base cost for two units plus software is $68,000.

Three options emerged as GPS-based alternativesto the traditional method.

a) Option 1

One promising methodology was a three-team approach for the establishment of a “block map.”
Team one, the “Geodetic Team,” would recover existing geodetic control and set new control
points using the classc datic technique (sngle frequency geodetic receivers) as necessary. This
geodetic control would be provided on a map sheet by map sheet or “block” bag's, two to four
points per block. Team two, the “ Map Team,” would proceed on a sheet by sheet bas's (within
the block ) establishing control on topographic features and key parcd corners usng Basc
Pathfinders with 2—5 meter accuracy. Each block would have a minimum of four to Sx of these
points Team three, usng traditional methods (tapes and theodolites), would map the final
parcelswithin each block, tying into any and all previoudy established contral.
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Equipment required:

One dngle-frequency geodetic receiver as a base sation. Four or more Basc Pathfinder (2-5
meter accuracy) astheroving units. Two 486 - 25Mhz PC’ s or better, PFINDER software, range
poled tripodd tribrachs batteries. Theodolites and tapes.

Advantages:

3-minute occupation times, inexpend ve equipment, unified datum.

Disadvantages:
Questionable usefor all but the most rural of parcels due to the low accuracy.

b) Option 2

Thiswas a briefly consdered method, usng only the classc datic technique to survey all parce
corners.

Equipment required:

Four or more sngle-frequency receivers used in gatic mode. Two 486 - 25Mhz PC's or better,
Trimvec and GEOLAB software, range poles/ tripods  tribrachs batteries

Advantages:

Greater accuracy (5-15 cm)

Disadvantages:
Long (4575 minute) occupation times means unacceptabl e productivity

c) Option 3

Thiswas the preferred option, depending only on hardware availability. The exigting network of
geodetic control would be utilized as reference sations and the Pathfinder Pro XL would locate
all parcd cornersto submeter accuracy, with occupation times of 30 secondsto 1 minute.
Equipment required:

Pro XL Pathfinder. Needs geodetic base ation (with appropriate chip), four or more Pathfinder
Pro XL Rovers with data collectors, PFINDER Verson 2.5 software, Rangepoles /Tripods
[Tribrachs/Batteries Two 486 - 25Mhz PC’ sor better.

Advantages:

Submeter accuracy, 1 minute occupations.

Disadvantages:
Availahility of hardware is questionable.
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4. REDUNDANCY ISSUES

The output from GPS Pathfinder surveys would be coordinates. Midakes in antennae height
readings at the rover or base gations, occupying the wrong point or  inputing the wrong control
coordinates would result in inaccurate or wrong parcel coordinates. Therefore quality control and
rgjection criteriafor parce corners must be established.

The use of two base gations would provide a check for all but rover antennae errors but
would effectively double the office work load and increase theinitial hardware cods.

S. DESIGN OF FIELD TESTS

Fidd teds to determine attainable postional accuracy of the Pathfinder Basic and, if possble,
Pathfinder Pro XL in actual use were discussed. A number of variables were to be sudied for
their effect on postional accuracy and productivity, among them: Type of hardware (Pro XL
versus Basc), length of basdline between the reference and remote receivers, and technique
employed (rapid Satic, kinematic).
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APPENDIX F

RESULTS OF CONTROLLED TESTING ON
UNIVERSITY OF FLORIDA TEST SITE

TEST AREA

In May 1994, a parce test area containing 49 capped iron rods was surveyed on the campus of
the Univerdty of Florida. Each rod was 15 inches long and was st flush with the ground. The
points were st as to approximate average agricultural parcd szes in Albania, ranging in area
from 0.10 hectare to a maximum of 0.23 hectare.

A datic GPS survey was performed to establish State Plane Coordinates on Sx of the par  cel
cornersusing two control points—ROOF and A109. ROOF is a high precison station located on
the roof of Reed Lab, 2 kilometers northwest from the test Ste, and A109 isan  Alachua County
GPS control point (Second Order) 2 kilometers southwest from campus. A total of 27 vectors
was observed and a network adjustment was performed holding the two control points fixed.
Standard errors of less than 5 millimeters were obtained on five of the test parcd corners 8
millimeters on the Sixth point.

Each of the 43 remaining parcd corners was then surveyed independently from two
different control pointswith two Top-Con total stations, yielding two sets of coordinates for each
remaining point. If the calculated distance between each pair of coordinates was less than 2
centimeters, the control coordinate was fixed at the halfway mark. If the calculated distance was
more than 2 centimeters, the point was resurveyed.

PATHFINDER PRO XL

The TRIMBLE Pathfinder Pro XL is representative of the “next generation” of GPS equipment,
combining improved pogtional accuracy with wideranging and flexible data collection
capabilities. Due to the limited number of these units available from the manufacturer prior to
departure to Albania, field testing was redricted to a sngle 5-hour sesson; the cables and
software for downloading and processng were not available until the following week.
Consequently, it was not until field testing in Albania was completed and the equipment back in
Gainesvillethat extensve testing of the Pro XL could begin.

The objective of the testing in Gainesville began on 21 July, with the focus being to
determine the maximum length of basdine separation that would ill allow for submeter
positional accuracy.

In the fird series of teds increasng basdine separations of 2, 65, 135, 192, and 235
kilometers were observed and the rover data from the Pro XL was differentially corrected. Only
one dua frequency TRIMBLE 4000SSE geodetic receiver was available for testing, making
smultaneous occupation of the 2 kilometer basdine impossible. Rover positions were occupied
for 30 secondswith a 5.0 second logging rate. PDOP was aways|essthan 6.0 and averaged 3.0.
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Satdlite devation masks were set at 10 degrees at the base and 15 degrees at the rover to ensure
that the rover was collecting a subset of the satellites being observed by the base receiver. Signd
to noise masks were also st at manufacturer recommendations. Results are graphically
summarizedin Figure 1.

FIGURE 1

THFINDER PRO XL

AGCURACY OVER VARIABLE BABELINES

MIECLOSURE (METERS)
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¥ —— ——
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BASELINE LENGTH

Figures 2 through 5 show the digribution of points in various ranges of postional accuracy
across increasng lengths of basdine separation for differentially corrected data collected by the
Pathfinder Pro XL. Tables 1 through 4 summarize the average postional accuracies obtained, as
well asthe gandard deviations, maximum, and minimum  misclosures.

FIGURE 2
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FIGURE 3
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FIGURE 4
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TABLE1 Pathfinder Pro XL: Positional accuracy
over 2 km of baseline separation

MEASUREMENT 2 KM BASELINE
Average misclosure 0.59
Standard deviation 0.32

Maximum misclosure 1.92
Minimum misclosure 0.11

All values in meters.

Total points measured: 112.

TABLE2 Pathfinder Pro XL: Positional accuracy
over 65 km of baseline separation

MEASUREMENT 65 KM BASELINE
Average misclosure 0.63
Standard deviation 0.47
Maximum misclosure 2.01
Minimum misclosure 0.12

All values in meters.

Total points measured: 28.

TABLE3 Pathfinder Pro XL: Positional accuracy
over 135 km of baseline separation

MEASUREMENT 135 KM BASELINE
Average misclosure 0.72
Standard deviation 0.39
Maximum misclosure 191
Minimum misclosure 0.25

All values in meters.

Total points measured: 28.
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TABLE4 Pathfinder Pro XL: Positional accuracy over
192 km of baseline separation

MEASUREMENT 192 KM BASELINE
Average misclosure 1.22
Standard deviation 0.32
Maximum misclosure 1.76
Minimum misclosure 0.61

All values in meters.

Total points measured: 4.

GENERIC BASE RECEIVERS

Another series of tests was performed concurrently with the increasng basdine tests usng a

sangle frequency ASHTECH geodetic recelver asthe base sation. The purpose of thistest wasto
determine if a lower cogt recelver could be used as a base gation without a sgnificant loss of

postional accuracy. The ASHTECH receiver has no L2 capahility as well as no advanced
electronics comparable to TRIMBLE'S newest generation of central processors. By use of
RINEX, which is an ASCIl-based GPS data exchange format, differential corrections based
solely on code phase pseudoranges can be used to correct the rover pogtions The reaults are
summarized below (Figure 6).

FIGURE 6

PATHFINDER PRO XL

MISCLOSURE DISTRIBUTION - 2K
BASELINE

MISCLOSURE (METERS)
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TABLES. Pathfinder Pro XL: Positional accuracy
over 2 km of baseline separation, using an
ASHTECH base receiver

MEASUREMENT 2 KM BASELINE
Average Misclosure 1.58
Standard Deviation 0.84
Maximum Misclosure 4.52
Minimum Misclosure 0.09

All values in meters.

Total points measured: 56.

ANALYSIS AND RECOMMENDATIONS

The Pathfinder Basic was found to yield podtional accuracy of lessthan 5.0 meters 95 percent of
the time with basdline separations of 50 kilometers or less with 3 minutes of occupation time
(based on a normal digribution with mean value +2 Sigma). For rural or mountainous conditions
in Albania, with cogt as a primary condderation, this option could be viable. The primary
argument againg using the Pathfinder Basc isits accuracy levd of 2-5 meters. Given the amall
land parcelsin Albania, thiskind of inaccuracy is Sgnificant, especially when the dimensons of
the 9des of a parcd arein the 10-meter range. Additional congderations:

(@) The Bagc Pathfinder requires 3 minutes of occupation time as opposed to 30
secondswith the Pro XL.

() The Badc Pathfinder performs best with 1-second datalogging rate which
ggnificantly increases memory requirementsin the base recaiver.

Teds conducted reveal that the Pathfinder Pro XL will yield positional accuracy of lessthan
1.50 meters 95 percent of the time (normal didribution, 2 Sigma) with basdline separations of
less than 135 kilometers and 30-second occupation times. At separations longer than 135
kilometers sgnificant degradation begins to appear, and at the 235 kilometer digance and 95
percent confidence level the misclosure disance is 5.5 meters; the Pathfinder Basic yields 7.2
meters at the same confidence leve at adightly longer separation of 260 kilometers.

These numbers indicate that in areas that require high podtiona accuracy such as high
growth urban and suburban areas, and valuable agricultural areas with amall plots, the Pro XL is
amorejudifiable option provided that basdline separations are kept below 135 kilometers

The use of a angle-frequency base receiver other than the TRIMB LE 4000SE such as the
ASHTECH MD-XII could result in a hardware savings, but at the cost of at least 1 meter of
postional accuracy. The processng of data collected by receivers of different manufacturers also
adds complexity and time to the office procedures.
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APPENDIX G

GPS EQUIPMENT SPECIFICATIONS FOR
PARCEL MAPPING IN ALBANIA

1. SOFTWARE

1.1 MISSION PLANNING SOFTWARE

The GPS mapping sysem should include software that provides satdllite vishility information
for given locations and times, that is, misson planning software. The misson planning software
should display pogition dilution of precison (PDOP) versustime. The software should allow the
user to smulate vighility masks produced by topographical features, for example, buildings, tree
cover, and the like. The misson planning software should accept satdllite dmanac information
uploaded from the GPS receiver to a personal computer (PC).

1.2 POST-PROCESSING SOFTWARE

The pogt-processing software should be capable of differentially correcting individual postions
to yield median accuracy of 1 meter or less. The software must be able to differentially correct
those positions that were not corrected in real-time viathe RTCM-compatible radio link.

The software should utilize a method of differ ential correction that does not require that the
base dation and the rover be tracking exactly the same satdllites. The base Sation should be free
to track al satellites above the devation mask, while the rover should be free to use those
satdlitesthat yield the mogt accurate position, that is, the lowest PDOP.

Differential correction should be possble in post-processed mode, without the use of a
communications link between base and rover receivers. The software should be able to convert
base data files from RINEX format for use in differential correction. There should be an
additional package available to post-processthe carrier phase GPS data.

1.3 GIS SUPPORT SOFTWARE

The GPS system should include software that allows the following:
complete definition of geographic features prior to fieldwork,
dorage of datain a Gl S-compatible, sructured format during data collection and on the
F{:;
generation of ructured GIS interchangefiles, and
provison of selected output to GIS interchange files based on feature name or attribute
values

The software should also allow the following:
dorage of pointsin afile,
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creation and editing of points on the PC, and transfer to the recelver, and
creation of new points on the PC by reading points from an ASCI| file.

The software should organize and segregate data files via a “project-based” working
environment, which allows the user to create projects and relate DOS directoriesto projects.

The software should provide a function for combining multiple datafiles into asnglefile.

The software should allow a function for averaging postions of featuresin afileto create a
new file with a Sngle mean postion for each fegture.

The software should allow the computation of the following for each file:
number of records,
mean pogition,
maximum and minimum postions, and
gandard deviation of mean pogtion.

The software should allow the computation of the area enclosed by pogtionsin afile.

The software should allow the output of datain the following forms.
user-defined ASCII files,
gandard GIS/CAD interchange formats, and
graphic displays which can be tranderred to all sandard printers.

The user must have control over the units of measurement and the decimal precison.

The following coordinate systems should be supported by the software:
geographic latitude/longitude/eevation, and
user-definabl e coordinate systems.

The software should allow for the creation and use of user-definable dlipsoids.

Thefollowing units should be supported for angular measure ment:
decimal degrees,
degrees, decimal minutes,
degrees, minutes, decimal seconds, and
radians

Thefollowing units of measurement must be supported for distances.
meters,

feet, and
survey feet.

The ASCII output function must give the user control over:
datafiedsto output,
location of fidddswithin arecord,
fidd, record and gtring ddimiters, and
field formats.
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2. BASE STATION UNITS

2.1 GENERAL

The system should comprise the receiver, a built-in or external antenna with cables , batteriesand
battery charging facilities, data download facilities, operators manuals, and software required for
data downloading.

The GPS hardware should be waterproof and dust-proof and should be capable of
functioning reliably under extreme and adverse weather conditions. The GPS recaiver should
have an internal solid-gtate datalogging capacity of 18 hoursof 5 L1 satellite data, at a 15-second
logging interval.

The GPS receiver should be capable of tracking both Block | and Block |1 satdllites, both
exigting and presently proposed.

The manufacturer should provide, at no additional cod, all available softwarefirmware
upgrades for the receivers and software and should provide routine software enhancements to
ensure continued operation with any changes in the Global Positioning System for a minimum
period of 1 year from delivery and acceptance of the system.

The receiver should be capable of downloading data to an IBM-compatible computer
through astandard RS 232 port, even during data collection.

2.2 RECEIVER OPERATION
Therecaver should be capable of being powered by either 11.5-35.0 Volts DC or 115/230 Volts
AC.

The receiver should perform self-checks to detect eectronic malfunction and/or faulty data
collection.

Thereceiver should allow the operator to select t he epoch interval to record data as often as
once per second, up to as seldom as once per 60 seconds.

The GPS acquistion time should be lessthan 2 minutes.

The recelver should have an audible alarm to alert the operator of low battery power, too
few satelites, high PDOP, and other warnings.

The receiver should be capable of tracking a minimum of 8 satellites Smultaneoudy. The
recaiver should be upgradableto 12 channds.

The receiver must be capable of tracking the L1 carrier and C/A code and must  measure
carrier phase, Doppler, integrated Doppler, and pseudo-range data.
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2.3 DATA QUALITY AND MEASUREMENT ACCURACY

Time tags should be accurate to within 10 ms. Cycle dips should be detected and quality flags
&t to indicate that cycle dips have occurred. Observation data from all receivers should be
provided at the samereceiver clock time.

The GPS recaiver shall provide measurements having the following effective accuracies
© Carrier phase Imm,
I ntegrated Doppler 3mm,
Doppler 0.001 HZ (0.2 mnmv/second),
Code Phase 1 meter,
Timetags0.1 ms, and
Horizontal distance accuracy 1 cm + 2 PPM of basdine distance.

3. ROVER UNITS

3.1 GPS CONFIGURATION

The GPS configuration should consst of the following items, in addition to the GPS receiver and
display sysems. hard carrying case, remote antenna with cables, antenna mounts, rechargeable
batteries with battery charger, automobile power adapter, data download cables, and misson
planning and processing software.

The GPS receiver should be waterproof and sho ck resgtant.

The GPS receiver should be a C/A-code recaiver, utilizing 8 L1 band channds. The receiver
should be capable of tracking at least eight satdllites smultaneoudy.

The GPS receiver should be capable of being upgraded to a 12-channd receiver .

The GPS receiver mugt be capable of yidding postions with better than 1-meter median
accuracy with real-time differential correction or post-processng on a point-by-point bass.

The GPS receiver should have a minimum update rate of 1 second.

The GPS recelver should be able to display and log differentially corrected postionsin real-
time viaa communications link compatible with the RTCM SC-104 standard.

The GPS recalver should be capable of operating continuoudy on portable battery power for
at least 8 hours. The GPS recaiver should also be capable of being powered by a sandard 12-
Volt car battery, with the use of a portable voltage converter, if required.

The GPS receiver mugt alow sdection of a satellite elevation mask, sgnal level mask, a nd
position dilution of precison (PDOP) mask. Satellites below the devation mask should not be
used in calculating the pogtion; satdlites below the signal leve should not be used in calculating
the pogition; and positions should not be recorded when the PDOP value is above the mask.

The GPS recaver mugt automatically seect the satellites above the devation mask that
provide the lowest PDOP.
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The user should be able to disable the use of specific satellites

The GPS recelver should have a display option for viewing the following information:
elevation, azimuth, sgnal strength, and User Range Accuracy (URA) for each satdllitein view.

The GPS digplay must digplay the PRNs used and the PDOP of the congtellation of satdllites
used to determine position.

The GPS recaver mug alow the sdection of metric, nautical, or English miles and feet
units of measure.

The GPS receiver must be capable of gtoring points for navigational use. The recaeiver
should allow at least 50 points to be stored. It should display the sdlected point number, the
range, bearing, azimuth, and crosstrack error from the present postion to any selected point
number.

The GPS receiver should display the geographic latitude/longitude and height above the
elipsoid relative to the World Geodetic System of 1984 (WGS 84). All information must be
updated on the screen every second, assuming a sufficient number of satdlites for fixing
position.

The GPS receiver must be capable of acting either as a rover or as a base sation for
differential correction determination. When acting as a base dation, the recever should
automatically track the highest satdlites in view, up to a maximum of eight. When acting as a
rover, the recaiver should automatically track the congtdlation of  satellites which yields the most
accurate pogtion, that is, the lowest PDOP.

The GPS recaver should have an externa antenna, and the display should show the antenna
datus.

The GPS data logger mug trandfer data to a personal computer (PC) via a gandard
communicationslink, such asRS232, and utilize sandard protocols.

3.2 DATA LOGGING
The data logger should record latitude, longitude and dlipsoidal height relative to the WGS 84
datum.

Data loggers for the GPS system should have a minimum of 640 Kbytes of memory, and
should be upgradableto at least 4 Mbytes of memory.

The data logger should be able to sore pogtions in the internal memory at a minimum
update rate of 1 per second.

The data logger should be capable of continuoudy and internally storing u p to 20,000
positions.
The datalogger should alow datato be sored in at least 30 files.

The data logger must cease to log data once memory is exhausted and should not overwrite
exiging records.
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The data logger should be capable of logging data wit h real-time differential GPS positions,
or non-differential GPS positions. These postions should be tagged differently to allow pos-
processing of only the uncorrected positionsin the samefile.

The GPS receiver should be capable of collecting carrier p hase data at user selected intervals
of 5, 10, 15, or 30 seconds.
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