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Abstract: The Fit-For-Purpose Land Administration (FFPLA) approach uses flexible techniques
under basic regulations, avoiding complicated systems and aiming to fulfill the objective of land
tenure security for all. In addition, a land administration system should evolve, starting as a simple
system in rural areas and gradually evolving into a more complex system in more populated areas
where requirements and quality increase progressively. The system can develop to a precision system.
Implementing the FFPLA methodology in Colombia has allowed processes to be developed for data
capture in the field using real-time technology and efficient methods for information management.
These processes are under quality control by applying technical specifications in alignment with
the FFPLA principles. This article presents the results of creating a FFPLA quality assurance model,
which includes the application of the ISO 19100 family of technical standards based on the product’s
life cycle and quality model concepts. Furthermore, the article documents essential aspects for
controlling the quality of the parcel boundary data collected in the field, using direct and indirect
methods to measure the applicable spatial data quality elements (logical consistency and positional
accuracy) preserving FFPLA principles.
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1. Introduction

New policies in Colombia include the use of a multipurpose cadaster that allows
for the formalization and registration of land and property rights in rural areas where
cadaster systems and data are outdated. Many projects are being developed in Colombia
that aim to update the Colombian cadaster, especially in rural areas. One of them is known
as the ‘Modernization Land Administration Project’, the aim of which is the collection
of cadastral data (physical, legal, and economic) as a basis for public policy design and
implementation of a Land Management System, in which is essential the production of
quality information according to the standards established by the cadaster and mapping
agency (IGAC) [1]. Therefore, the possibility of implementing a fast, simple, and low-cost
methodology for land administration, such as a Fit-For-Purpose approach, allows the
right holders to register the boundaries of their parcels using a smartphone application
connected to a GPS receiver. Using this methodology, landholders walk along the borders
of their land to survey their parcels by collecting points, creating a polygon as a spatial
representation of their land parcels. Then, in a public inspection process in a community
meeting, the owners or possessors mutually agree on the boundaries of their parcels. This
is related to an efficient process of conflict resolution and the parcels can be formalized by
the government organizations in charge of this mission in the country [2].

In the Colombian context, the Fit for Purpose Land Administration methodology
has been implemented in several pilot projects with the participation of governmental
organizations involved in the land administration process and in join efforts with academic
institutions such as ITC of Twente University and the Universidad Distrital Francisco José
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de Caldas to evaluate this methodology in the Colombian context through a Memorandum
of Understanding with the Cadastre, Land Registry and Mapping Agency (Kadaster) of
the Netherlands [3].

The implementation of Fit for Purpose Land Administration in Colombia is restricted
by rigid rules regarding data acquisition procedures for cadastral information, especially in
terms of the quality of the data. For this reason, it is necessary to determine how to control
and measure the data quality for the data collected with the FFPLA methodology in order
to ensure the correct application of the technical specifications for cadastral surveys in the
country, and thus to show that it is not only about the question if the procedure of this
methodology is applicable in Colombia, but also about ensuring the quality of the data.

This paper aims to show the results of a project that had as its primary purpose
the creation of the Fit for Purpose Land Administration quality assurance model, which
includes the application of ISO 19100 technical standards for spatial data and the concepts
of the product life cycle and the FFPLA data quality model. In order to validate the quality
assurance model, the quality elements of Positional Accuracy and Logical consistency were
measured in order to demonstrate how well a dataset conforms to the product specifica-
tions and to determine whether FFPLA data are of sufficient quality for the Colombian
multipurpose cadaster.

2. Materials and Methods

The Fit for Purpose Land Administration methodology is based on gradual quality
upgrades, which must guarantee total coverage of cadastral data with adequate quality
to be included in the Colombian Multipurpose Cadastral System. This implies that the
capturing and recording of land information must be maintained permanently until gradu-
ally reaching the highest levels of quality; in other words, the methodology involves the
following five levels of quality [4]:

(a) Quality Level 1: Recording of Land Interest;
(b) Quality Level 2: Recording of Land Claim;
(c) Quality Level 3: Recording of Recognition;
(d) Quality Level 4: Registered Land Right;

() Quality Level 5: Published Land Right.

In Colombia, the Fit for Purpose Land Administration approach was focused for the
Land Titling process; for this reason, we considered starting with a basic quality level,
which means quality levels one to four, and then making continuous improvements to
reach optimal quality with level five [4].

2.1. FFP Quality Assurance Model

The Fit for Purpose (FFP) quality assurance model, as shown in Figure 1, integrates
the methodology’s production flow, the product’s life cycle (stage 1 to stage 5), and the
quality evaluation specifications (Q1 to Q5); therefore, this model involves the following
stages in the Colombian context [5]:

e  Stage 1: The people involved must understand and become familiar with the FFPLA
methodology and the activities in which the respective technical specifications must
be applied.

e  Stage 2: The main activity is focused on exploring and analyzing existing informa-
tion in different databases of governmental entities (municipalities) in the area to
be measured.

e  Stage 3: Field work preparation and data collection are the activities carried out at this
stage. Likewise, the technical specifications for the creation of the property data must
be defined (Q1, Q2, and Q3 requirements, according to the level of quality).

e  Stage 4: Data storage and post-processing are then carried out, applying the technical
specifications to accomplish the quality requirements.
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Stage 5: This stage involves activities such as public inspection, FFP validation and
product elaboration, quality evaluation, and quality reporting (Q4 and Q5 require-
ments, according to the level of quality).
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Figure 1. Fit for Purpose (FFP) quality assurance model.

The quality assurance model comprises five types of conformance (Figure 1), namely

Q1, Q2, and Q3, associated with the conceptual quality assessment, Q4, associated with
the internal product evaluation, and Q5, referring to the valuation of data confronted with
those in the terrain. The conformance results in functions Q1-Q5 are registered in the
verification system, a conformance report that allows for a clear vision of the product’s
quality and for improvement actions to be carried out based on that report.

Quality Model

The FFP quality model determines the first activity as defining the quality of the

product framed in the product life cycle, which involves five stages, as follows (Figure 2) [6]:

(a)
(b)
(©
(d)

Conceptualization stage: defines the needs and demands of the product and describes
the general product features;

Design stage: defines the product itself and includes evaluating its effectiveness, the
definition of the quality model and the production methods, and quality control;
Production stage: this activity is based on the Product Specifications
(Technical specifications);

Stage of preparation for exploitation: defines the activities before the exploitation of
the product itself;
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e) Exploitation stage: defines the activities after the production, and it refers to geo-
P g p g
graphic information or the product itself.

Product life Quality assurance
cycle J model
- 3 Ql
Conceptualization
stage Q2
_
i P
N B Quality model .
stage
P
- Q4
— Production stage
./ ¥ Q5
. P1 P2 P3 P4 P5
Preparation
—+  Exploitation Q6
\ stage
( \ Q7
Exploitation
L,
stage
N,

Figure 2. Product life cycle.

In this way, the FFPLA quality model is defined as a model describing the quality of
spatial data as a component of the quality assurance model (Figure 2). The conceptual
model of the FFP quality model includes three components according to ISO 19157:2013,
namely requirements, conformance, and evaluation processes, which address the following
items [7]:

P1—Product specification: here, the definition of the specification of the desired product is
given such as is specified in the international standard ISO 19131;

P2—Quality objectives: the quality objectives and requirements are identified, addressing
the quality elements of the ISO 19157 standard, thus giving complete product specifications;
P3—Production specifications: this item addresses product control, establishing require-
ments and production guidelines, where established procedures, manuals, and documenta-
tion are related to quality;

P4—Quality evaluation, reporting, and monitoring specifications: this item focuses on
control methods, routine checks, quality sampling, and aspects to be used to evaluate
the quality of the elements of interest. The quality is checked with levels of conformity
pre-established according to the ISO 19157 standard;

P5—Quality improvement specifications: this item establishes the need for specific methods
and tools for quality improvement in the product and production processes; thus, feedback
on the quality of the product in each production process allows for the execution of
improvement actions.

In addition, the quality model establishes an action framework for the quantitative
information of the dataset from the quality elements; the production through its require-
ments and technical specifications; the evaluation specification that establishes control and
checking methods, sampling methods, the way in which the quality of the product should
be informed; and the production stage, articulated by a quality assurance model and a
general quality scheme [7].
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Conceptual
model

As a relevant component of the quality model, the “Technical Specifications Profile for
the Fit for Purpose LA methodology in Colombia” defines the FFPLA dataset’s characteris-
tics. At the same time, it defines appropriate items that allow for the control of elements
such as spatial and temporal reference systems, the type of spatial data, the conceptual
model of the dataset, and others. Therefore, as part of the action framework, the evaluation
of positional accuracy and logical consistency evaluation was carried out considering the
FFP quality model and the FFP technical specifications profile [6].

Quality Standards for FFP

For this work, the ISO 19000 standards of geographic information, published by
the Spanish AENOR Technical Standardization Committee 148 [8], were adopted by the
Colombian government. Therefore, these series of standards were formalized in the year
2020 by the Geographic Institute “Agustin Codazzi”, the cadastral and mapping agency
of Colombia, to produce cadastral information in the frame of the multipurpose cadastral
project. Consequently, for this study, these standards were explored, and the definition of
how to apply them to the FFPLA quality assurance model is presented in Figure 3.
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Figure 3. Standards of the FFP quality assurance model.

An analysis of the applicable Colombian regulatory framework for field data collection
and geographic information management was also made, taking into account the principles
of the Fit for Purpose methodology. In this way, Resolution 471 of 2020 of IGAC [9]
establishes the measures, methods, and levels of conformity for each quality element of
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topographic data, without the concept of the quality assurance model that is open to
producers, who have to report the data quality in a document. This resolution makes
an adaptation to the quality measures of ISO 19157, such as the Root Mean Square Error
(RMSE), which uses an external direct method for quality evaluation and implies the use of
more accurate external sources and a confidence level of 95% [9].

In addition, the authors analyzed the IGAC resolution 643 of 2018 [10], which adopts
the technical specifications for planimetric surveying of massive rural property data within
the framework of the social ordering of rural property implemented by the National Land
Agency (ANT). Therefore, based on this resolution, in the case of rural premises, the
positional accuracy must ensure a 95% level of conformity and an RMSE of 0.41 m.

Finally, due to the Colombian context, the FFP methodology focuses on the capture
of parcel borders and legal information related to the property. In this work, the authors
adopted the specifications for capturing borders given by the ANT, which indicate the
application of a direct method using GNSS equipment for small parcels or orthophotos for
large parcels in order for the parcels to reflect their real form on the terrain.

Quality Scheme for FFP

The concept of a quality scheme, according to the NTCA_01003, is the materialization
and synthesis of a quality model and is a matrix tool with product-related categories and
attributes arranged in a simple and orderly manner. The categories are the objects, which
are established in columns, and the quality elements to be evaluated are arranged in rows,
with their respective measures and sampling methods to be applied according to the nature
of the predefined product [7].

The quality scheme is a simple way of organizing and showing the information
depicted in the FFP methodology’s general quality model applied in Colombia (Figure 4).

The quality scheme in Figure 4 shows the geographic objects defined for the FFPLA
approach in the Colombian context, such as spatial unit, anchor point, and reference
object. The quality elements to be measured for each object include logical consistency,
completeness, positional accuracy, thematic accuracy, and temporal accuracy [11]. The
quality scheme also includes the identifiers of the quality measure (ID) [11], the quality
measure expressed in rate (T) or indicators as count (Co) and Boolean (B), and the confor-
mity expressed as a percentage (%). The yellow color indicates the sampling criteria objects
selected for evaluation, and the peach color means the inspection is conducted for 100% of
the data.

For instance, for the Anchor point object in Figure 4, the quality element “absolute
positional accuracy” is presented in the following way [5]:

e  Quality measure identifier related to the object: ISO 19157 [11];
e  Quality measure indicator: expressed as a rate (T);
e  Objective’s conformance expressed in percentage: 95% conformance.

In the case of the positional accuracy quality element, sampling can be carried out
by selecting the geographical objects; however, the selection of the elements based on the
area can also be considered. For this work, the population was defined for the sampling—
first the object-based selection and then the object area-based selection, according to the
specifications given by ANT [12].

A procedure was performed, as shown in Figure 5, to evaluate the quality of the data
regarding the positional accuracy quality element [13].
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Figure 5. Procedure to evaluate positional accuracy quality element for FFPLA.

3. Results

Once the quality assurance model was determined based on the quality model and
the quality scheme for FFP, the quality elements according to the ISO 19157:2013 stan-
dard [11] were determined to evaluate the quality of the data collected in the Municipality
of Apartado (Vereda Los Mandarinos) in the year 2018 using the FFP methodology. The
results of this work are presented below, and the points related to the parcels are classified
as presented in Figure 6 [6]:

(@) Anchor point: a point located in more than two boundaries, or it represents a change
in the type of boundary (e.g., the change from river boundary to road boundary);

(b) Vertex point: the point between two anchor points (without a change in owner or
type of boundary);

(c) Reference point: this point records the type of object hat borders the boundary; it
indicates the element of the landscape that is part of the boundary, such as rivers,
roads,, etc.

Figure 6. Types of points in the FFP methodology. Source [14].
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3.1. Positional Accuracy Evaluation

The quality evaluation of the positional accuracy element [11] was performed for data
collected in the Vereda Los Mandarinos, using the following product specifications [5]:

Quality measure: UNE-EN ISO 19157 standard [11];
Circular error to 95% of significance level (CE95): identifier 45 [11];
Root Mean Square error: identifier 47 [11].

Quality evaluation method:

The quality evaluation method applied was direct intern, where the population was
based on the polygon area, and by criteria sampling. Data acquisition involved fieldwork
using a GPS receiver.

Conformance results:

e  Result: Boolean, true or false;
e  Specification: conformance levels (New classes in Table 1).

Table 1. Classification of anchor points (conformance level).

Class RMSE-P (m) Radius (m) Scale
A [0-0.30] [0-0.50] 1:500-1:1000
B [0.30-0.60] [0.50-1] 1:1000-1:2000
C [0.60-1.5] [1,2] 1:2000-1:5000
D [1.5-3] [2,3] 1:5000-1:10,000

The sampling criteria were based on the following elements:

e  Anchor points (boundary points) must be collected by fieldwork. The points collected
by another source are excluded;
One anchor point must have two measurements;
The sampling data must be distributed homogeneously in the dataset.

The anchor points were classified into four classes, as shown in Table 1 [5].

The Root Mean Square Error of planimetry (RMSE-P) corresponds to a measure in
meters (m) of additional control that verifies the data’s behavior in the evaluation process
(Table 1). The radius in meters (m) describes a circle where the true location of a point with
95% probability is located (Table 1). Classes A, B, C, and D establish a quality classification
to discriminate different levels of data quality. In this way, at least 90% of the points
must have a classification so that the dataset can be considered reliable and conforming
(Figure 7).

The result of this evaluation of data quality in Los Mandarinos, regarding the posi-
tional accuracy quality element for the total 52 points, was 96%, thus meeting the estab-
lished conformance levels, and the points were classified within one of the four classes.

3.2. Logical Consistency Evaluation

Next, the logical consistency was evaluated in the post-processing phase, which began
by loading information into PostgreSQL from the ArcGIS Geodatabase, since the latest
version of Collector for ArcGIS can generate information in a PostgreSQL scheme. The
post-processing activities are shown in Figure 8.
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The spatial database was built using the following three schemes with specific pur-

poses (Figure 9) [14]:

(a) Survey: Scheme to store the final information. It contains all the information of the
area of study for this case, namely the data of Vereda Los Mandarinos.

(b) Load: Scheme to load the information from external sources. In this schema, the
data are cleaned, and the topology consistency verification between neighboring
boundaries is carried out.

(c) Inspection: Schema used in the public inspection. Shows and verifies the information
from the owner’s point of view, including the adjustment between neighbors” bound-
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aries. The database is prepared to store all participants’ concepts, digital signatures
and fingerprints in the public inspections.

AreSDE Technology

Figure 9. Spatial database schemes.

After loading the information into the database, the spatial information is included
in the form of a polygon feature; likewise, the data can also be stored as points and its
accuracy. If the points do not exist, it is necessary to generate them, because they will apply
the algorithms that adjusts from the polygon representations of the parcel boundaries to
real line (boundary)-based topology (starting from the situation as visualized in Figure 6).
Figure 10 represents the objects and activities performed in the load schema.

LOAD Spatial Unit

Reference
point

b A 1L L b

' '
ADJUSTMENT OF PROPERTY
[ TOPOLOGICAL ] POINT [ BOUNDARIES ] [ GEOMETRY ]

CONSISTENCY BEERL BETWEEN NEIGHBORS UPDATE

I
wL i

Anchor point Vertex point

Figure 10. Objects and activities for the load schema.

A distance tolerance between points is defined according to the scale. Those points
(from polygon representations of the different parcels) within the tolerance distance will
be merged unless a reference point is associated with a boundary parcel that includes
the merge points. The adjustment between points is accomplished by the “Weighted
Symmetric Adjustment Algorithm” (WSAA), which works with two (Figures 11 and 12),
three (Figures 13 and 14), or four points, and the function of which is to find an adjustment
point, where the other points converge, using the accuracy of the GPS points to obtain the
best locations for the placement of each point.
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Figure 11. Symmetric point between points A and B.
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Figure 13. Symmetric point between points A, B, and C.
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Figure 14. Weighted symmetric point between points A, B, and C.

For example, suppose that two points in two parcel boundaries have been captured
with a GPS device (A and B), at different times, but which reference the same point. The
distance between points A and B is 156.5 cm. If the precision of the GPS collected points
is not captured, the best alternative is the automatic adjustment of the two points in a
common position to find the midpoint of the line that joins the two points, assuming that
the real point is found somewhere between the two points in the space between them, as
shown in Figure 11.

However, as the accuracy values associated with each point are provided, an automatic
adjustment can be made that favors the point with the best accuracy. Assuming that the real
point must be somewhere between the two points, the two points A and B are identified
as the limits of the distances of the accuracy of each point in the direction of the other
point. Then, the midpoint of the line formed between the accuracy limits is determined,
as shown in Figure 12. In the example, the new point is 19.91 cm nearer to point A with
better accuracy.

When there are three points as an input, none of which register the accuracy, the
algorithm finds the barycenter of the triangle, as shown in Figure 13.

In the event that the three points in three boundaries register accuracy, a new position
is determined for each point as a percentage of the distance, according to the accuracy of
the distance of the barycenter of the triangle, assuming that the adjustment error is in the
barycenter direction of the triangle formed by the three points. Once the new points are
found, a new triangle is created with a new barycenter as an adjustment point (Figure 14).

Figure 15 shows an example with some rural parcels where the Weighted Symmetric
Adjustment Algorithm (WSAA) was successfully applied, which was one of the real cases
where this algorithm was tested for the total number of parcels (100%) of the study area of
Los Mandarinos.

(a)

Figure 15. Properties and their points before (a), and after (b) adjustment.
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Once the adjustment is made, the parcels’ geometries are updated in the database in
the Survey scheme (Figure 16).

Figure 16. Structured dataset of Los Mandarinos.

4. Discussion

The quality assurance model for the “Fit-For-Purpose Land Administration” approach
in Colombia is the framework of action of the implementation of the FFPLA methodology,
which allows for quality control of the data collected in the field for the purpose of land
titling in the country. The model supports the creation of a product quality life cycle and a
quality model in the Colombian context, as shown in Figure 2.

In order to apply the quality assurance model, one of the objectives of the project
was to measure the quality of FFPLA data. This objective was accomplished because the
project showed how well a dataset conformed to its product specification and was able to
determine whether FFPLA data were of sufficient quality for the Colombian multipurpose
cadaster, specifically in the case of positional accuracy and logical consistency. The results
show that the data quality assurance model for the FFPLA approach allows one to evaluate
how the dataset meets the criteria of the product specifications defined for FFP data
according to the quality scheme shown in Figure 4. In addition, as the quality scheme
is a tool for supporting the understanding and application of the quality model, it also
allowed us to understand the methods, measures, and the evaluation procedures for the
quality elements and attributes of the dataset in order to accomplish the required levels of
conformity [10,13].

The technical specification profile for the positional accuracy quality element was
an essential issue for the project and permitted us to evaluate the quality of the dataset
according to the national standards and ISO 19157. The quality classification permits one
to determine whether the classes are heterogeneous; in other words, the anchor points in
a parcel may have all the quality classes, but classes C and B are pre-dominant for this
evaluation since they are related to scales of representation between 1:1000 and 1:5000 in
those areas with low land densities. As a result, the quality evaluation of the positional
accuracy for the complete dataset (52 points) was 96% in conformity, a value that is adequate
for the FFP perspective.
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The weighted symmetric adjustment algorithm (WSAA) allows one to save time in
the topology construction, and it processes most cases to adjust the boundaries between
neighbors. It can be used with rural and urban properties effectively with the appropriate
tolerance values. However, a review of the results is needed to ensure that everything was
correctly processed. It is important to highlight that the algorithm was built specifically for
this FFP project.

As the FFP quality assurance model is essentially producer driven, it is important to
include the level of conformance that permits the usability of the data to be evaluated from
the user’s point of view. In the same way; it is suggested that the other quality elements,
such as completeness, also be evaluated.

One of the problems in measuring the positional accuracy element in the country under
study is that Colombia experiences tectonic plate displacements that can reach several
centimeters per year, which generate accuracy problems between geographic datasets.

It was, therefore, necessary to adapt the MAGNA-SIRGAS reference system (WKID:
4686) and the reference year to 2018. Therefore, not only should international standards
such as ISO 19157 be taken into account, but they must also be adaptable to national
standards generated by the geographical and physical conditions of the country.

5. Conclusions and Recommendations

The study results were positive, showing that the FFPLA methodology can be estab-
lished for the land administration processes in the country, as framed by the Modernization
Land Administration project with a highly participatory approach and with a simple user
interface [15]. This concerns not only the implementation of processes, but also the quality
of the data collected in the field according to the standards used in Colombia for a rural
cadastral survey. However, as the FFPLA methodology is still in the process of being
implemented, this work is significant because it is the first project carried out in Colombia
to apply new FFPLA data quality standards.

Finally, in future work, it is recommended that the FFP quality assurance model
be applied in the process of implementation of the FFP methodology to facilitate the
comparison and selection of the dataset best suited to application needs and technical
requirements in the framework of the multipurpose cadaster and according to variations
in the data of the terrain.
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