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Abstract. This paper explores the potential applicability of a previously
proposed data quality model and metrics applied to the context of drone-
based waste detection. The proposed framework aims to assess the complete-
ness of waste detection data. The paper discusses the challenges and oppor-
tunities of adapting the existing model and quality indicators to this use case
and identifies potential areas for future research. The proposed framework
can inform the development of a more effective data engineering solution
adaptable to the context of waste detection using drones.
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1 Introduction

In the era of big data and edge computing, ensuring good data quality is increas-
ingly important. Edge computing, which involves processing data locally on devices
rather than sending it to a central server, has become a popular solution for han-
dling the massive amounts of data generated by sensors and devices. Drone-based
solutions are becoming popular for various applications, including waste detection
and management, due to their flexibility, cost-effectiveness, and efficiency. Drones
can be equipped with various sensors and computer vision technologies to detect
and classify different types of waste, such as plastic bottles, litter, and hazardous
materials. However, in a cooperative drone system, multiple drones collect data in
parallel under different conditions, which can lead to a deterioration in the quality
of the collected data. Decisions based on poor-quality data can be misleading and
result in wrong decisions. Data completeness is an important quality dimension to
help better understand the quality of the data. Data completeness, among other
quality dimensions, is essential to ensure reliable waste detection results in drone-
based solutions. However, this can be challenging due to the mobility of drones and
the need for comprehensive spatial completeness.

Different models and quality metrics for data completeness were previously pro-
posed for different use cases and sensors. In our previous work [9], we proposed a
model that identifies different facets of data completeness, such as spatial, temporal,
and sensor completeness used for air quality monitoring. This paper aims to explore
the applicability and relevance of the previously proposed metrics applied to the
context of drone-based solutions for waste detection. As a vision paper, we discuss
the applicability of adapting the existing model and quality metrics to the context of
drone-based waste detection, including considerations such as the mobility of drones
and the need for real-time data processing. We also identify potential areas of future
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research that can further advance the development of a framework for improving
data completeness in drone-based waste detection.

In the remainder of this paper, section 2 discusses existing data quality models
with respect to data completeness in the context of mobile sensors.In section 3, we
evaluate the effectiveness of the proposed framework in improving data completeness
and the accuracy of waste detection results. Section 4 presents identified challenges,
future perspectives, and conclusion.

2 Related Works

The completeness of the data refers to the degree to which all of the required data
are present in the data set [2]. Data completeness can be influenced by several fac-
tors in the case of waste detection using multiple drones. Data quality issues have
been addressed in many research papers. Some of them [3], [11], [6] have investi-
gated quality dimensions and their evaluation metrics. For instance, a framework
for data quality assessment was proposed in [1]. Dasu et al [5] proposed two types
of data quality checks, the first monitors the data acquisition process and checks
the incoming data, while the second monitors the data stream content quality and
investigates data quality according to four defined types of data constraints. The ap-
proach described in [10]defines local variations and a data quality level using graph
convolutional networks. Although there are several data quality evaluation frame-
works, these proposals do not take into account the specific characteristics of the
data in drone-based waste detection systems.

3 Proposed framework

We discuss in this section the applicability of existing data quality metrics on the
image data coming from drones. Drones can face complicated external circumstances,
such as weather conditions which could prevent the drone from taking video at times.
Other quality difficulties, such as a low battery, can limit the number of frames
the drone is able to capture, which will also deteriorate the completeness of the
collected data. The work of [4] discussed the importance of data quality to ensure a
decent quality of indicators. Data completeness is one of the most assessed quality
dimensions because a poor completeness level of the data has a significant impact
on deteriorating the quality of all the analysis that follows. Our previous works in
[8], [9] studied different data completeness for time series data coming from nomadic
sensors.

3.1 Drone (sensor) Completeness

In the work of [8], [9], the authors defined sensor completeness as a quality facet
that captures the extent to which the measurements of a given sensor are complete
over a certain time period. This completeness facet is also applicable in this con-
text because it gives an idea about the performance of the drone compared to its
expected behavior and end results. There are many factors that impact this facet of
completeness. The internal battery of the drone, other internal factors of the drone
such as the resolution of the collected data and the height at which they were taken,
the contrast, the quality of the frames collected, etc. There are other external factors
such as the weather conditions such as wind direction and speed, the presence of a
sand storm, or a fog. After the data has been collected by the drone, a pre-processing
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step is done to filter out all the frames that are damaged, of poor resolution, or even
not taken at the correct altitude and contrast.

The authors proposed to measure the drone (sensor) completeness of a drone Si

over a period of time P as the number of acceptable available data frames from drone
Si over the required/expected number of data collected by the drone. The required
number of frames is to be defined according to the requirements of the application.

3.2 Spatial Completeness

Spatial completeness was defined in [8], [9] as the extent to which data sufficiently
represents a specific spatial area, and it characterizes the coverage of this area con-
sidering the available measurements. In this context, spatial completeness is the
coverage of the collected frames over a particular spatial area. We assume, for ex-
ample, a drone is tasked with collecting video footage of the waste objects in a vast
designated area A in the desert. Consider the drone is low on battery, the drone will
not be able to well cover the entire area A with the desired altitudes and with the
proper quality of the frames.

One of the metrics proposed to measure spatial completeness is considering a
uniform distribution of the collected data over space. This means that the available
data is compared to a reference considered the ideal situation. This metric applies
to our drone’s context as one assumption could be to consider an ideal spatial com-
pleteness to have a uniform coverage of the collected frames over the designated area
A.

3.3 Temporal Completeness

Temporal completeness was defined in [8], [9] as the extent to which a considered
period of time is covered by the available data. This completeness facet is applicable
to our context as it is interesting to understand whether the data collected by the
drone are distributed over the time it was operating or not. We take as an example
poor weather conditions while a drone is operating, such conditions in a desert are
quite frequent. Assume a drone is expected to be collecting measurements at regular
intervals over a certain period P, and a fog or a sandstorm happens halfway through
period P. The drone will not be able to collect data at the second half of the period
which will degrade the temporal completeness of the data collected by the drone.

The authors of [8] proposed one metric that suggests measuring temporal com-
pleteness considering a uniform distribution of the collected data over the time pe-
riod. This means that the actual available data is compared to a reference that is
considered the ideal situation. This metric applies to our drone’s context as one
assumption could be to consider an ideal temporal completeness to have a uniform
coverage of the collected frames over the time period P.

4 Conclusion and future work

In conclusion, ensuring data quality and completeness is essential for effective decision-
making and planning in drone-based solutions for waste detection and management.
For monitoring large areas and inaccessible locations such as landfills, and desert ar-
eas, drones offer a flexible, cost-effective, and efficient solution[7]. However, ensuring
data completeness can be challenging due to the mobility of drones and the need for
comprehensive spatial coverage of the monitored area. In this paper, we proposed a
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framework that adapts an existing data completeness model to the context of drone-
based waste detection, with the goal of improving the accuracy and reliability of
waste detection results.

It is important to note the potential challenges and opportunities related to
data quality and completeness in this context. One challenge is the need to ensure
compatibility and integration of different sensors and technologies used by different
drones to collect data in parallel, which could lead to inconsistencies in the data
collected. Another challenge is related to real-time data processing and analysis
in particular for the computer-vision part of such a system. However, drone-based
solutions also offer opportunities to improve data quality and completeness, such
as the ability to monitor previously inaccessible areas and collect data at higher
frequencies and resolutions. Overall, addressing these challenges and leveraging these
opportunities is critical to developing more effective waste management policies and
practices, and ultimately contributing to a cleaner and healthier environment.
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