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Abstract: Urban informality in developing economies like South Africa takes two forms: freestanding
shacks are built in informal settlements, and backyard shacks are built in the yard of a formal house.
The latter is evident in established townships around South African cities. In contrast to freestanding
shacks, the number of backyard shacks has increased significantly in recent years. The study assessed
the spatial patterns of backyard shacks in a formal settlement containing low-cost government houses
(LCHs) using Unmanned Aerial Vehicle (UAV) products and landscape metrics. The backyard shacks
were mapped using Object-Based Image Analysis (OBIA), which uses height information, vegetation
index, and radiometric values. We assessed the effectiveness of rule-based and Random Forest
(RF) OBIA techniques in detecting formal and informal structures. Informal structures were further
classified as backyard shacks using spatial analysis. The spatial patterns of backyard shacks were
assessed using eight shapes, aggregation, and landscape metrics. The analysis of the shape metrics
shows that the backyard shacks are primarily square, as confirmed by a higher shape index value
and a lower fractional dimension index value. The contiguity index of backyard shack patches is
0.6. The values of the shape metrics of backyard shacks were almost the same as those of formal and
informal dwelling structures. The values of the assessed aggregation metrics of backyard shacks were
more distinct from formal and informal structures compared with the shape metrics. The aggregation
metrics show that the backyard shacks are less connected, less dense, and more isolated from each
other compared with formal and freestanding shacks. The Shannon’s Diversity Index and Simpson’s
Evenness Index values of informal settlements and formal areas with backyard shacks are almost
the same. The results achieved in this study can be used to understand and manage informality in
formal settlements.

Keywords: backyard shacks; informal settlements; unmanned aerial vehicles; object-based
image analysis

1. Introduction

The proportion of people living in urban areas is expected to increase to 70% in 2030 [1].
Most of this growth is expected to occur in developing countries already struggling with the
increased expansion of informal settlements or slums and overburdened infrastructure [1].
There is an increasing demand for accurate and timely information regarding the extent,
environmental, and socioeconomic characteristics of urban areas and settlements to support
the planning and development of evidence-based policies [2].

Countries like South Africa, which struggle with rapid informal settlement devel-
opments, also battle with the development of shacks in the backyard of formal dwelling
structures known as backyard shacks [3]. Backyard shacks are primarily found in town-
ships around cities, home to medium-to-low-income populations [4], and have become
the most prevalent and fast-growing form of informal rental housing [3]. The growth of
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backyard shacks can be attributed to urban-rural migration, the lack of affordable rental
opportunities in the cities, and the slower rate of house provisions for people experiencing
poverty. Backyard shacks do not have direct access to essential services but generally have
access to services from the existing formal property [5].

Most occupants have more formal jobs than those living in informal settlements [6].
Accessing services from a formal property attracts more people to move or rent backyard
shacks than to stay in informal settlements [7]. The development of backyard shacks
is also observed in newly developed government-subsidized low-cost houses, as many
beneficiaries of the houses are unemployed and end up renting out their backyards to
generate income, creating informality in formal areas [8]. Information on backyard shacks
is usually captured during censuses [9], resulting in temporal gaps.

Unmanned Aerial Vehicles (UAV) or drone technology provide more evidence-based
decision-making and accurate spatial information than conventional remote sensing tech-
niques [10–12]. The UAV mapping technology provides products such as 2D orthophotos,
digital surface terrain models (DTM), digital surface models (DSM), and 3D point cloud
data. The use of these products in geospatial applications has been on the rise in recent
years. This may be attributed to reduced costs relating to drone operations compared with
ground surveys [13]. Drone technology provides imagery with very high spatial resolution
at sub-decimeters compared with satellite and aerial observations [10,14]. In addition,
drone technology can provide high-temporal-resolution imagery required for accurate and
on-demand spatial data to support urban planning and infrastructure monitoring [15].
Another advantage of drones is their flexibility to define spatial and temporal resolutions
of images depending on the applications [4].

Integrating 3D information in urban land use mapping increases classification accu-
racy by reducing some of the challenges posed by 2D images, such as spectral signature
confusion [16,17]. Several studies have investigated building morphology using 3D in-
formation from LiDAR or orthophotos [18–20]. Other studies have extracted or assessed
topographic information using UAV products [21,22]. The high spatial resolution data and
height information provided by drone images provide detailed information to classify and
assess land-use changes in informal settlements compared with aerial photography or satel-
lite imagery [23,24]. Methodologies for the classification of urban land use features using
very high spatial resolution images and 3D information include spatial pattern analysis [20],
Object-Based Image Analysis (OBIA) [20,22,25], and machine learning techniques [26–28].

Spatial information on housing informality, i.e., free-standing informal structures and
backyard shacks, is crucial for effective planning, decision-making, and interventions to-
ward improving the lives of people living in informal settlements [29]. Even though several
studies have focused on developing tools to map and monitor informal settlements [30–35],
limited studies have focused on mapping backyard shacks [4]. Understanding the spa-
tial patterns of informal settlement structures can help develop the required emergency
responses during health, natural, and man-made disasters [36].

The objectives of this paper are threefold: firstly, to investigate a methodology to map
land-use features in an area that has both informal settlement and formal settlement with
backyard shacks using 2D and 3D information acquired by UAV, and secondly, to assess
the spatial pattern of backyard shacks using landscape metrics. Lastly, the study assesses
the degree of association between selected shape and aggregation metrics.

2. Study Area

The study area is in Mamelodi Township, in the City of Tshwane Metropolitan Munici-
pality. The rapid growth of informal settlements and backyard shacks is a problem in South
Africa’s big cities, including the City of Tshwane [37]. In 2013, about 83,378 households
in the City of Tshwane lived in backyard shacks [38]. The number of backyard shacks in
the City of Tshwane increased by almost 400% between 2001 and 2011 [39]. The backyard
shacks contain similar physical characteristics to informal settlement dwelling structures [9].
The study area contains single-story government-subsidized houses, low-cost houses, back-



Drones 2023, 7, 561 3 of 16

yard shacks, and freestanding shacks. The formal area also contains “backrooms” houses.
These are houses that are built using suitable-quality building materials.

3. Material and Methods
3.1. Materials

Drone Solutions International flew the drone images on 11 December 2020. Table 1
contains information about the drone used and the parameters of the flight plan.

Table 1. The drone specifications and the flight plan parameters.

Characteristic Specification

Camera Sony A6000, 20 mm lens

Altitude 120 m

Side lap 80%

Forward lap 80%

Spatial resolution 3 cm

Ground control points 29

Imagery bands Red (R), Green (G), Blue (B)

The images were received as orthophotos. The images, DSM, and DTM were processed
and projected to the Transverse Mercator, Lo 29◦, and Hartebeeshoek Datum. Figures 1–3
show the orthophoto, DSM, and DTM used in this study.
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Figure 3. DTM of the study area, generated using data collected the flyover.

3.2. Methods

The methodology followed in this study is shown in Figure 4. The workflow contains
four main steps: estimation of height values, classification of informal and formal structures,
classification of backyard shacks, and assessment of spatial patterns of informal, backyard
shacks, and formal settlements.
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Figure 4. Flowchart illustrating the methodology followed to extract backyard shacks and assess the
spatial patterns of backyard shacks and informal settlement dwelling structures.

3.2.1. Classification of Formal and Informal Building Structures

Image classification was completed using Trimble eCognition Software 10.2. We
used the OBIA technique to classify land use features in the study area. Unlike pixel-
based classification, OBIA techniques use spectral, spatial, topographical, and contextual
information to classify land cover and land use objects. These techniques have been used in
urban land use mapping and provide better results than pixel-based classification methods.

The first step in OBIA classification is the segmentation of an image into image
objects that represent the objects of interest. The multiresolution segmentation algorithm
created image objects representing land use features in the study area. Multiresolution
segmentation is a bottom-up, region-merging technique that segments an image into
image objects of homogeneous regions at any given resolution [40]. In the eCognition
environment, the size of image objects resulting from the multiresolution segmentation
algorithm is determined by scale parameters, shape, and compactness values. The ortho
photo’s spectral bands, i.e., R, G, and B, were used with equal weight during segmentation.
We used a supervised segmentation process to determine the parameters that best separate
informal and formal dwelling structures. A supervised segmentation approach is a trial-
and-error approach that allows the user to test the segmentation parameters and compare
the results with expected objects via visual image recognition [16]. Scale parameter, shape,
and compactness values of 60, 0.3, and 0.5, respectively, were used during segmentation.
To improve the quality of the image objects, the spectral difference segmentation technique
was applied to multiresolution segmentation results to allow for the merging of spectrally
similar image objects, resulting in larger image objects representing the objects of interest.
The spectral difference threshold of 4 was selected using the supervised segmentation
method used during the multiresolution segmentation. We tested and evaluated the
effectiveness of the Random Forest (RF) Classifier and rule-based classification technique
that uses height information and OBIA to detect formal and informal building structures.
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Random Forest Classifier

Object-based machine learning algorithms are becoming an area of interest in feature
extraction [41–43]. The RF classification algorithm is an ensemble of decision trees trained
using a combination of learning models [44]. An RF classifier is defined as a classifier made
up of several tree-structured classifiers {h(x, Θk); k = 1,. . .} where x is the input vector and
{Θk} are the independent and identically distributed random vectors [44].

The classification was completed using the eCognition built-in RF classifier. We used
radiometric values, excess green vegetation (ExG) [45], and estimated height information
during classification. We used 16 maximum categories, 50 maximum trees, and 0.01 forest
accuracy during the training of the RF classifier. The height information was estimated by
subtracting the DTM from the DSM. The ExG index was suitable for the classification since
the UAV imagery lacked the Near Infrared (NIR) band. ExG is calculated as follows:

ExG = 2G − R − B (1)

Training samples representing informal, formal, tree, and grass classes were created
using visual image interpretation. 25 formal and 46 informal structures, 10 grass, and
19 tree samples were created and used as samples. The classification used the RGB layers,
height information, and ExG index. Maximum categories, maximum trees, and forest
accuracy of 16, 50, and 0.01 were used during the classification.

Rule-Based Classifier

A rule-based classifier makes a class decision based on “if-else” rules and is one of the
most commonly used object-based classification techniques. The rule-based classification
relies on expert knowledge of the classes under investigation. The rules and facts about
the objects under investigation are converted into a sequence of logical statements [46].
We developed a rule set that uses ExG and height information to classify formal, informal,
grass, and tree classes through visual assessment. The classification was completed using
a thresholding technique. The first step performed was to classify vegetated and non-
vegetated areas using ExG. Vegetated areas have higher ExG values of 20 or higher than
non-vegetated areas. The vegetated areas were further classified into grass and trees using
the estimated height values. Vegetated areas with less than 1 m of height were classified
as grass, while those taller than 1 m were classified as trees. Building structures were
separated from non-vegetated areas by thresholding the height values. Non-vegetated
areas with less than 1 m height values were classified as open. Building structures taller
than 2.3 m were classified as formal dwelling structures, whereas those shorter than 2.3 m
were classified as informal dwelling structures. Formal and informal dwelling structures
were classified using estimated height information. Formal structures are expected to be
taller than informal settlement dwelling structures.

3.3. Classification of Backyard Shacks

Backyard shacks are informal dwelling structures in the yards of formal properties
and have the same properties as informal settlement dwelling structures. The classification
of backyard shacks was done using the classification results achieved from a methodology
that achieved higher accuracy. We developed a rule set that uses contextual information to
classify backyard shacks as informal settlement dwelling structures. We used proximity
to formal structures to classify backyard shacks as freestanding, informal structures. The
distance between formal structures and backyard shacks was assessed visually and used to
classify backyard shacks as freestanding informal settlement structures. Backyard shacks
are situated within 5 m of the formal dwelling structures.

3.4. Accuracy Assessment

The accuracy assessment of the classification results was done using the similarity
metrics of STEP (Shape, Theme, Edge and Position) [47]. The STEP measures the accuracy
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of the boundaries of the classified objects compared with reference shapes. The overall
accuracy assessment was done by evaluating the weighted theme error matrices. Reference
objects were digitized using visual image interpretation of the images due to a lack of
ancillary data mapped at similar spatial resolution and during the date of acquisition. A
quality assessment was done in an area that covers about 10% of the study area.

3.5. Spatial Pattern Analysis

We used landscape metrics to assess the characteristics and spatial patterns of backyard
shacks and formal and informal dwelling structures in the study area. Landscape metrics
have been widely used in landscape ecology to understand the relationship between
landscape patterns and ecological processes [48,49]. Understanding the spatial patterns of
land use activities in a settlement or city can help manage a city or settlement and develop
policies to manage development in a city or settlement [50,51]. In addition, understanding
the spatial pattern of dwelling structures in informal settlements can help improve decision-
making when planning informal settlement upgrade projects. Understanding the spatial
patterns of land use can also help manage biodiversity in cities or settlements, which is
crucial for achieving sustainable development goals [52].

In this study, we assessed eight shape, aggregation, and landscape metrics to analyze
the shape and spatial patterns of the backyard shacks and informal and formal structures.
The metrics assessed are listed in Table 2.

Table 2. List of landscape metrics assessed.

Landscape Metric Type Landscape Metrics Assessed *

Shape
Shape index (SHAPE)

Fractal Dimension Index (FRAC)
Continuity Index (CONTIG)

Landscape Simpson’s diversity index (SIDI)
Shannon’s Evenness Index (SEI)

Aggregation
Euclidean Nearest-Neighbour Distance

Aggregation Index (AI)
Cohesion Index

* developed by [53].

We used Fragstats software [53] to derive and assess the spatial metrics of backyard
shacks. The shape and aggregation metrics were assessed at the patch and class levels. The
diversity analysis was done at the settlement level, i.e., informal settlement and formal
settlement with backyard shacks. In addition, we used the Pearson correlation coefficient
to assess the degree of association between the shape and aggregation metrics of backyard
shacks and formal and informal dwelling structures. The Pearson correlation coefficient is a
statistical method that assesses the strength of a linear association between two quantitative
variables. The results of this analysis vary from +1 to −1, where +1 represents a strong
positive association, whereas −1 represents a strong negative association.

4. Results and Discussions
4.1. Segmentation Results

The multiresolution segmentation with scale, shape, and compactness values of 60,
0.3, and 0.5, respectively, created images representing formal and informal building struc-
tures and other land use features. Most of the building structures in informal were over-
segmented. The formal building structures were also over-segmented but with bigger
segments than the informal settlement structures. Some of the backrooms were also over-
segmented. The spectral difference segmentation technique reduced the over-segmentation
of some of the building structures (Figure 5). Most informal settlement building structures
continued to experience over-segmentation even after applying the spectral difference
segmentation algorithm. This may be attributed to the heterogeneity of the roofing material
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of informal building structures. Some of the roofs in informal settlements contained old,
corrugated iron sheets, resulting in different grayscale levels on one roof (Figure 5). The
same results were observed in some parts of the backrooms in the formal area. After
applying spectral difference segmentation, most formal structures were covered by one or
two image objects.
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4.2. Classification Results

In this section, we compare the results achieved using RF and rule-based classification
techniques. The classification results of the RF classifier are shown in Figure 6. The results
show that the study area is mostly covered by building structures compared with trees and
grass classes. The backyard shacks are located closer to the formal structures. The informal
structures are located at the top right corner of the study area. The assessment of the results
shows that some of the formal building structures were classified as informal dwelling
structures or backyard shacks. This is attributed to the misclassification of the backrooms
as backyard shacks, as some of the roofs of the backrooms contain old corrugated iron
sheets similar to those of informal building structures. Some of the pixels on the edges
of the formal building structures were misclassified as backyard shacks or trees. Some
fences around the formal areas, edges of trees, and shorter trees were misclassified as
grass. There were also a few cases where the edges of the trees were misclassified as grass.
In addition, some of the formal busing structures were classified as informal settlement
dwelling structures. This may be influenced by using proximity measures to classify
backyard shacks as informal settlement structures.

The rule-based classification technique was able to separate backyard shacks, formal
and informal dwelling structures, grass, and tree classes with high accuracy compared with
the RF classifier (Figure 7). Most of the edges of the formal structures were misclassified
as backyard shacks compared with results achieved using the RF classifier. There were a
few cases where building structures were misclassified as trees. Most informal settlement
dwelling structures were correctly classified. Some of the backyard shacks were misclassi-
fied as free-standing informal settlement dwelling structures. This may be attributed to the
use of proximity analysis to classify backyard shacks as free-standing informal dwelling
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structures, as some of the building structures in informal settlements are almost the same
height as formal structures.
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The tree class is scattered around both formal and informal settlements. The big
patches of trees and grasses are found on the top left, closer to informal settlement structures.
The separation of the green spaces from other classes is attributed to using the ExG index
used during the classification. The use of the ExG and height information was able to
separate the tree class from the grass class. There were, however, areas where the shadows
of the trees and fences were misclassified as grass. The number of grass patches is limited
in the study area. However, more grass patches can be observed around the informal
settlement. The tree class in formal areas is located mainly in the streets, while the trees in
informal settlements seem more organic.

The RF classifier could not separate some informal settlement dwelling structures
from backroom structures, even though the two structures have different heights (Figure 4).
Spectral values might influence this during the RF learning process, as the two dwelling
types have similar spectral values. Therefore, using spatial analysis to classify backyard
shacks resulted in some backroom structures being classified as backyard shacks due to their
proximity to formal dwelling structures. The rule-based classification method, however,
distinguished backroom structures from informal settlement dwelling structures. The
rule-based classification method also reduced the confusion between formal and informal
structures, thereby reducing the confusion between backyard shacks and formal classes
(Figure 5). There were, however, a few cases where parts of informal settlement dwelling
structures were classified as formal during rule-based classification. This resulted in some
informal settlement dwelling structures being classified as backyard shacks.

Some of the edges of formal structures and trees were misclassified as informal settle-
ment structures or backyard shacks during the RF classification. This can be attributed to
creating image objects that combine the edges of the structures and shadows, resulting in
the average height of the structures being like that of informal structures. Some man-made
structures, such as cars, were also misclassified as backyard shacks or informal settlement
structures, as some of the cars have height and spectral properties like those of informal
dwelling structures.

4.3. Accuracy Assessment

The STEP metrics assessment results for the RF classifier are shown in Table 3. The
STEP accuracy measurements range from 0 to 1, with 0 representing poor and 1 represent-
ing excellent. The similarity assessment results show that none of the assessed metrics
achieved excellent accuracy, i.e., a value of 1. The theme similarity metric achieved higher
accuracy than position, edges, and shape metrics, with the backyard shacks class achiev-
ing the highest accuracy of 0.86 compared with other classes. The results show that the
shape similarity was poor for all the classes produced during the RF classification method
compared with edges and position metrics.

Table 3. STEP accuracy assessment results of land use classes derived using RF classifier.

Category Shape Theme Edge Position

Backyard shacks 0.28 0.86 0.59 0.29

Formal 0.27 0.49 0.33 0.34

Grass 0.07 0.10 0.07 0.08

Informal 0.35 0.67 0.41 0.46

Trees 0.44 0.84 0.49 0.73

The similarity assessment of classification results achieved using rule-based classifica-
tion techniques is shown in Table 4. The theme similarity assessment results range from
0.61 to 0.85, presenting the most accurate metrics compared with shape, edge, and position
metrics. The shape, edges, and position similarity assessment results achieved using the
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rule-based classification method were slightly higher than the results achieved using the
RF classifier.

Table 4. The STEP metrics assessment results of land use classes derived using rule-based classifica-
tion method.

Category Shape Theme Edge Position

Backyard shacks 0.22 0.74 0.50 0.34

Formal 0.42 0.83 0.57 0.43

Grass 0.44 0.61 0.43 0.46

Informal 0.33 0.71 0.42 0.49

Trees 0.48 0.85 0.49 0.75

The overall accuracy assessment of RF and rule-based classification results is shown
in Table 5. The overall quality assessment of the RF classifier was 60%, with informal
settlement dwelling structures achieving the highest producer and user accuracy compared
with formal and informal dwelling structures. The formal building structure and grass
classes achieved the lowest user accuracy of 12% and 11%, respectively.

Table 5. The overall producer and user accuracy assessment results are based on the theme similarity
metric of the land use classes.

Random Forest Classifier Rule-Based Classification

Producer
Accuracy %

User Accuracy
%

Producer
Accuracy %

User Accuracy
%

Backyard shacks 69 96 89 93

Formal 92 11 88 57

Grass 91 12 99 77

Informal 97 72 90 93

Trees 73 99 72 99

Overall accuracy % 60 82

The overall accuracy theme similarity of the rule-based classifier was 82% (Table 5).
These results are aligned with studies that assessed the use of UAV 2D and 3D products
and rule-based classification techniques to map urban land use features [54,55]. Overall,
the rule-based classification produced higher producer and user accuracies of over 70%,
except for the formal class, which achieved a user accuracy of 57% compared with the
RF classifier. The informal settlement class achieved the highest overall accuracy of the
building structure classes.

4.4. Spatial Pattern Analysis

The spatial pattern analysis was done using the rule-based classification results. The
Sections 4.4.1–4.4.3 describe the results obtained in assessing the shape, aggregation, and
landscape metrics.

4.4.1. Shape Metrics

The patches of formal structures had an average shape index of 1.6, whereas the
backyard shack and informal classes had an average shape index of 1.4. The slightly lower
shape index value of backyard shacks and informal dwelling structures can be attributed to
the heterogeneous roof material, which resulted in multiple irregular image object segments.
A shape index of more than one means that the dwelling building structure classes are
mostly square. The visual interpretation of the results shows that most of the backyard
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shacks are rectangular, especially those located on the sides of the formal structures. Formal
structures are mostly square. The backrooms seemed rectangular. The shapes of informal
settlement dwelling structures are mostly rectangular. The results achieved in this study
show the dependency of this metric on the accuracy of the shapes of the image objects
created during segmentation or used for analysis.

The average contiguity index of formal and informal class patches was 0.7, whereas
the contiguity index of backyard shacks was 0.6. The slightly lower contiguity index
implies that backyard shacks in the study areas share fewer edges than formal and informal
structures. The visual interpretation of the results shows that the study area contained
more formal structures than backyard shacks. The slightly higher value of the contiguity
index of formal structures in this study may be attributed to the availability of backrooms
that are classified as formal.

The average FRAC value of formal structures and backyard shacks was 1.2, whereas
the average FRAC value of informal structures was 1.1. These values show that the dwelling
structures in the study area have regular square shapes. Since the FRAC index is based on
patch area and perimeter and the shape accuracy of the informal and backyard shacks was
poor, the values of this index may change with improved shape accuracy.

The evaluation of the degree of association of the shape metrics shows that the CON-
TIG and Shape indices have an insignificant positive correlation with a Pearson coefficient
correlation, r, of 0.16. The CONTIG and FRAC indices have an insignificant negative
correlation coefficient of −0.27. The shape and FRAC indices have a lower correlation
coefficient of 0.45. Overall, the assessed shape metrics are not strongly correlated.

4.4.2. Aggregation Metrics

The results show that formal, informal, and backyard shack classes are connected,
as indicated by high cohesion index values (Table 6). The backyard shack class seems
less connected than the formal and informal classes. This can be attributed to the lower
density of shacks in the formal stand and the availability of backrooms, which increase
the average distance between backyard shacks. The availability of regular roads may also
increase the space between backyard shacks. The results show that informal dwelling
structures are more connected than formal structures and backyard shacks. The results
imply that informal settlements have smaller yards or stands than formal settlements. The
narrow paths in informal settlements may also contribute to a higher cohesion index in
informal settlements.

Table 6. Class aggregation metrics assessment results of building structure classes.

Class Euclidean
Nearest-Neighbour Distance Cohesion Index Aggregation Index

Formal 142.023 83.39 80.75

Backyard shacks 147.610 73.71 57.7

Informal 116.553 89.54 80.74

The analysis of the ED shows that the backyard shacks have the highest mean ED,
followed by formal class and then informal class (Table 6). This shows that the study area’s
backyard shack class is less dense than other dwelling types. This could be attributed to the
fact that this class is in the yard of formal structures separated by a formal road network.
The lower mean ED of the informal class means dwelling structures in informal settlement
structures are closer to each other compared with the formal and backyard shack classes.
This shows that the informal structure class is dense compared with the study area’s formal
and backyard shack classes.

The average AI value of the backyard shacks class is significantly lower than those of
formal and informal structures (Table 6). This shows that backyard shack structures are
more isolated than formal and informal structures. The higher AI values of formal and
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informal dwelling structures may be influenced by the availability of backrooms, which
increases the adjacency of formal structures and smaller yards in informal settlements.

The analysis of the degree of association shows the cohesion index and ED of formal
and informal settlement dwelling structures have a strong negative correlation coefficient r
of −0.88. In contrast, the cohesion index and AI have a strong positive correlation coefficient
of 0.92.

4.4.3. Landscape Metrics

The SIDI values of the formal and informal settlements are 1.24 and 1.18. The lower
value of SIDI in the informal settlement may be attributed to the limited patches of backyard
shack class in informal settlements. The SIEI values of formal and informal settlements are
0.79 and 0.87, respectively. The slightly higher value of SIEI in informal settlements is likely
attributed to the limited patches of backyard shacks, which increased the chance of equally
spreading the classes in informal settlements.

5. Conclusions

The study demonstrated that 2D and 3D datasets acquired by UAV were successful in
capturing land use features in an area containing formal properties with backyard shacks
and informal settlements. The study shows that the rule-based classification was more
effective in classifying formal and informal settlement dwelling structures than the RF
classifier. The results show that both methodologies failed to extract boundaries similar
to reference data, as shown by poor edge, shape, and position accuracy. The proximity
analysis was successful in classifying backyard shacks as free-standing informal dwelling
structures. The assessment of the landscape metrics showed that there is no significant
difference in shape characteristics of backyard shacks or formal and informal dwelling
structures extracted. Since the shape index metrics strongly depend on the shape of the
objects assessed, there is a need to investigate the methods that can improve the accuracy
of the shapes produced during segmentation and the impact of accurate shapes on shape
metrics analysis. The study revealed that the cohesion index, AI, and ED characteristics of
backyard shacks are more district compared with the shape metrics of formal and informal
structures. The results show backyard shacks are less connected than formal and informal
dwelling structures. AI showed an excellent split of the aggregation of backyard shacks
from other dwelling structures in the study. The degree of association between aggregation
metrics was significantly high. This means that the aggregation metric may be used to
classify backyard shacks as formal and informal structures in a settlement with similar
characteristics as the study area.

The results achieved in this study demonstrate that drone images and landscape met-
rics can be used to map and derive new information on the spatial distribution of backyard
shacks and other building structures. The spatial patterns of backyard shacks may vary
from one settlement to the next due to several factors, including the age of the township.
The information derived from this study can be used to understand the degree of informal-
ity in formal areas. This information can be used to develop plans to formalize or manage
backyard rentals in low-income formal areas. The information can also be used during the
management of health pandemics such as COVID-19, where spatial information, including
the density of dwelling structures and access to services, is required to support the manage-
ment of the pandemic. Spatial distribution of informal settlement dwelling structures is
also required during decision-making relating to fire disaster management, planning of
services, and upgrading or formalizing informal settlements and backyard shacks.

Author Contributions: Conceptualization N.M. and P.M.; methodology, N.M.; software, investi-
gation, N.M.; writing—original draft preparation; writing—review and editing, N.M. and P.M.;
supervision P.M.; All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Results data may be shared upon request.



Drones 2023, 7, 561 14 of 16

Conflicts of Interest: The authors declare no conflict of interest.

References
1. UN-Habitat. World Cities Report: Envisaging the Future of Cities. 2022. Available online: https://unhabitat.org/wcr/ (accessed

on 30 June 2023).
2. Jing, Y.; Cui, J.; Chen, Y.; Ma, D. (Eds.) Towards Sustainable Urban Development: Use of Geographic Big Data for Spatial Planning;

Frontiers Research Topics; Frontiers Media SA: Lausanne, Switzerland, 2023; Available online: https://www.frontiersin.org/
research-topics/31109/towards-sustainable-urban-development-use-of-geographic-big-data-for-spatial-planning (accessed on
12 August 2012).

3. Turok, I.; Borel-Saladin, J. Backyard shacks, informality and the urban housing crisis in South Africa: Stopgap or prototype
solution? Hous. Stud. 2016, 31, 384–409. [CrossRef]

4. Shapurjee, Y.; le Roux, A.; Coetzee, M. Backyard housing in Gauteng: An analysis of spatial dynamics. Town Reg. Plan. 2014,
64, 19–30.

5. Mahlakanya, I.; Willemse, L. A living conditions index for main and backyard shacks and backyard rooms in Gauteng’s
metropolitan municipalities: 2001 to 2011. Town Reg. Plan. 2022, 80, 21–39. [CrossRef]

6. de Kadt, J.; Hamann, C.; Mkhize, S.P.; Parker, A. Quality of Life Survey 6 (2020/21): Overview Report Johannesburg. 2021.
Available online: https://gcro.ac.za/outputs/data-briefs/detail/quality-life-survey-6-202021-overview-report/ (accessed on 30
June 2012).

7. Tshangana, A. Local Government Position on Municipal Responses to Backyarders and Backyard Dwellings Specialist: Sustainable Human
Settlements; South African Local Government Association (SALGA): Cape Town, South Africa, 2014.

8. Bank, L. The Rhythms of the Yards: Urbanism, Backyards and Housing Policy in South Africa. J. Contemp. Afr. Stud. 2007, 25,
205–228. [CrossRef]

9. Statistics South Africa. GHS Series Volume VII, Housing from a Human Settlement Perspective; Statistics South Africa: Cape Town,
South Africa, 2016.

10. Gevaert, C.; Sliuzas, R.; Persello, C.; Vosselman, G. Opportunities for UAV mapping to support unplanned settlement upgrading.
Rwanda J. 2016, 1. [CrossRef]

11. Preethi Latha, T.; Naga Sundari, K.; Cherukuri, S.; Prasad, M.V.V.S.V. Remote sensing uav/drone technology as a tool for
urban development measures in apcrda. In International Archives of the Photogrammetry, Remote Sensing and Spatial Information
Sciences—ISPRS Archives; International Society for Photogrammetry and Remote Sensing: Bethesda, MD, USA, 2019; pp. 525–529.

12. Chaudhry, M.H.; Ahmad, A.; Gulzar, Q. Impact of UAV Surveying Parameters on Mixed Urban Landuse Surface Modelling.
ISPRS Int. J. Geo-Inf. 2020, 9, 656. [CrossRef]

13. Koeva, M.; Muneza, M.; Gevaert, C.; Gerke, M.; Nex, F. Using UAVs for map creation and updating. A case study in Rwanda.
Surv. Rev. 2018, 50, 312–325. [CrossRef]

14. Ruwaimana, M.; Satyanarayana, B.; Otero, V.; Muslim, A.M.; Syafiq, A.M.; Ibrahim, S.; Raymaekers, D.; Koedam, N.; Dahdouh-
Guehbas, F. The advantages of using drones over space-borne imagery in the mapping of mangrove forests. PLoS ONE 2018,
13, e0200288. [CrossRef]

15. Noor, N.M.; Abdullah, A.; Hashim, M. Remote sensing UAV/drones and its applications for urban areas: A review. IOP Conf. Ser.
Earth Environ. Sci. 2018, 169, 012003. [CrossRef]

16. Myint, S.W.; Gober, P.; Brazel, A.; Grossman-Clarke, S.; Weng, Q. Per-pixel vs. object-based classification of urban land cover
extraction using high spatial resolution imagery. Remote Sens. Environ. 2011, 115, 1145–1161. [CrossRef]

17. Mugiraneza, T.; Nascetti, A.; Ban, Y. WorldView-2 Data for Hierarchical Object-Based Urban Land Cover Classification in Kigali:
Integrating Rule-Based Approach with Urban Density and Greenness Indices. Remote Sens. 2019, 11, 2128. [CrossRef]

18. Mitra, S.; Aithal, D.B. Automatic Extraction of Buildings from UAV-Based Imagery Using Artificial Neural Networks. J. Indian
Soc. Remote Sens. 2020, 49, 681–687.

19. Huang, Y.; Zhuo, L.; Tao, H.; Shi, Q.; Liu, K. A Novel Building Type Classification Scheme Based on Integrated LiDAR and
High-Resolution Images. Remote Sens. 2017, 9, 679. [CrossRef]

20. Lu, Z.; Im, J.; Rhee, J.; Hodgson, M. Building type classification using spatial and landscape attributes derived from LiDAR
remote sensing data. Landsc. Urban Plan. 2014, 130, 134–148. [CrossRef]

21. Teng, Z.; Li, C.; Zhao, W.; Wang, Z.; Li, R.; Zhang, L.; Song, Y. Extraction and Analysis of Spatial Feature Data of Traditional
Villages Based on the Unmanned Aerial Vehicle (UAV) Image. Mob. Inf. Syst. 2022, 2022, 4663740. [CrossRef]

22. Sibaruddin, H.I.; Zulhaidi, H.; Shafri, M.; Pradhan, B.; Haron, N.A. UAV-based Approach to Extract Topographic and As-built
Information by Utilising the OBIA Technique. J. Geosci. Geomat. 2018, 6, 103–123.

23. Gevaert, C.M.; Persello, C.; Sliuzas, R.; Vosselman, G. Monitoring household upgrading in unplanned settlements with unmanned
aerial vehicles. Int. J. Appl. Earth Obs. Geoinf. 2020, 90, 102117. [CrossRef]

24. Ashilah, Q.P.; Rokhmatuloh; Hernina, R. Urban slum identification in Bogor Tengah Sub-District, Bogor City using Unmanned
Aerial Vehicle (UAV) Images and Object-Based Image Analysis. IOP Conf. Ser. Earth Environ. Sci. 2021, 716, 012133. [CrossRef]

25. Peeroo, U.; Idrees, M.O.; Saeidi, V. Building extraction for 3D city modelling using airborne laser scanning data and high-resolution
aerial photo. S. Afr. J. Geomat. 2017, 6, 363. [CrossRef]

https://unhabitat.org/wcr/
https://www.frontiersin.org/research-topics/31109/towards-sustainable-urban-development-use-of-geographic-big-data-for-spatial-planning
https://www.frontiersin.org/research-topics/31109/towards-sustainable-urban-development-use-of-geographic-big-data-for-spatial-planning
https://doi.org/10.1080/02673037.2015.1091921
https://doi.org/10.18820/2415-0495/trp80i1.4
https://gcro.ac.za/outputs/data-briefs/detail/quality-life-survey-6-202021-overview-report/
https://doi.org/10.1080/02589000701396298
https://doi.org/10.4314/rj.v1i2S.4D
https://doi.org/10.3390/ijgi9110656
https://doi.org/10.1080/00396265.2016.1268756
https://doi.org/10.1371/journal.pone.0200288
https://doi.org/10.1088/1755-1315/169/1/012003
https://doi.org/10.1016/j.rse.2010.12.017
https://doi.org/10.3390/rs11182128
https://doi.org/10.3390/rs9070679
https://doi.org/10.1016/j.landurbplan.2014.07.005
https://doi.org/10.1155/2022/4663740
https://doi.org/10.1016/j.jag.2020.102117
https://doi.org/10.1088/1755-1315/716/1/012133
https://doi.org/10.4314/sajg.v6i3.7


Drones 2023, 7, 561 15 of 16

26. Wu, Q.; Zhong, R.; Zhao, W.; Song, K.; Du, L. Land-cover classification using GF-2 images and airborne lidar data based on
Random Forest. Int. J. Remote Sens. 2019, 40, 2410–2426. [CrossRef]

27. Shih, H.-C.; Stow, D.A.; Chang, K.-C.; Roberts, D.A.; Goulias, K.G. From land cover to land use: Applying random forest classifier
to Landsat imagery for urban land-use change mapping. Geocarto Int. 2022, 37, 5523–5546. [CrossRef]

28. Touzani, S.; Pritoni, M.; Singh, R. Machine Learning for Automated Extraction of Building Geometry. 2023. Available online:
https://escholarship.org/uc/item/4vr8r3vk (accessed on 30 June 2023).

29. Housing Development Agency. HDA Informal Settlements Status South Africa; Housing Development Agency: Mahikeng, South
Africa, 2012.

30. Mudau, N.; Mhangara, P. Investigation of Informal Settlement Indicators in a Densely Populated Area Using Very High Spatial
Resolution Satellite Imagery. Sustainability 2021, 13, 4735. [CrossRef]

31. Fallatah, A.; Jones, S.; Mitchell, D. Object-based random forest classification for informal settlements identification in the Middle
East: Jeddah a case study. Int. J. Remote Sens. 2020, 41, 4421–4445. [CrossRef]

32. Hofmann, P. Detecting Informal Settlements from IKONOS Image Data Using Methods of Object Oriented Image Analysis—
An Example from Cape Town (South Africa). In Remote Sensing of Urban Areas/Fernerkundung in Urbanen Räumen; Jürgens,
C., Ed.; Institut für Geographie an der Universität Regensburg: Regensburg, Germany, 2001; pp. 41–42. Available on-
line: https://www.academia.edu/16561882/Detecting_informal_settlements_from_IKONOS_image_data_using_methods_of_
object_oriented_image_analysis_an_example_from_Cape_Town_South_Africa_ (accessed on 30 June 2023).

33. Kohli, D. Identifying and Classifying Slum Areas Using Remote Sensing; University of Twente Faculty of Geo-Information and Earth
Observation (ITC): Enschede, The Netherlands, 2015. [CrossRef]

34. Kuffer, M.; Barros, J. Urban morphology of unplanned settlements: The use of spatial metrics in VHR remotely sensed images. In
Procedia Environmental Sciences; Elsevier B.V.: Amsterdam, The Netherlands, 2011; pp. 152–157.

35. Leonita, G.; Kuffer, M.; Sliuzas, R.; Persello, C. Machine Learning-Based Slum Mapping in Support of Slum Upgrading Programs:
The Case of Bandung City, Indonesia. Remote Sens. 2018, 10, 1522. [CrossRef]

36. Abunyewah, M.; Gajendran, T.; Maund, K. Profiling Informal Settlements for Disaster Risks. Procedia Eng. 2018, 212, 238–245.
[CrossRef]

37. City of Tshwane. A City of Tshwane Integrated Development Plan: Revision for 2020/21 and Service Delivery and Budget
Implementation (SDBIP) Scorecard. 2020. Available online: https://www.cogta.gov.za/cgta_2016/wp-content/uploads/2020/1
1/City-of-Tshwane-Approved-2020-2021-IDP-and-SDBIP-City-of-Tshwane-30-06-2020.pdf (accessed on 30 June 2023).

38. City of Tshwane. Human Settlements. 2020. Available online: https://www.dffe.gov.za/sites/default/files/reports/
environmentoutlook_chapter5.pdf (accessed on 30 June 2023).

39. GCRO. Backyard and Informal Dwellings (2001–2016). 2018. Available online: https://www.gcro.ac.za/outputs/map-of-the-
month/detail/backyard-and-informal-dwellings-2001-2016/#:~:text=However%20backyard%20dwellings%20grew%20at,60
0%20000%20informal%20settlement%20dwellings (accessed on 30 June 2023).

40. Baatz, M.; Schäpe, A. Multi resolution segmentation: An optimum approach for high quality multi scale image segmentation. In
Beutrage zum AGIT-Symposium Salzburg; Angewandte Geographische Informationsverarbeitung XII: Heidelberg, Germany, 2000;
pp. 12–23.

41. Fan, Y.; Ding, X.; Wu, J.; Ge, J.; Li, Y. High spatial-resolution classification of urban surfaces using a deep learning method. Build.
Environ. 2021, 200, 107949. [CrossRef]
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