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Drones are able to perform air operations that are difficult to execute using manned aircrafts. The use of 
drones in different domains brings significant environmental benefits and economic savings while reducing 
risks to human life. Recently, a number of approaches have been introduced to support the development of 
drone software systems. However, developing a customized drone software system based on end-user needs 
is still a time consuming process. Such delay in software production does not match end-users expectations. 
Therefore, in the COMP4DRONES project, we propose an agile-development process that is based on reuse 
to shorten the drone software development. In this process, based on the user requirements, a set of reusable 
components are selected from a repository that matches the requirements. These components are then 
integrated to have a fully functioning drone system. This repository will be filled by reusable components 
that are going to be developed during the COMP4DRONES project as key enabling technologies for drones. 
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1 Introduction 

Drones are able to perform air operations that cannot to be executed using manned aircrafts. 
The use of drones in different domains (e.g. transport, constructions, logistics, etc.) brings 
significant environmental benefits, and economic savings while reducing risks to human life 
[1]. In recent years, drones have reached millions of sales in the leisure market. Therefore, 
evolution on enabling technologies, regulation rules, and society acceptance need an 
accelerated development of drone systems for professional applications [2] [3]. 

The development of drone avionics is driven by certification requirements as indicated in 
the DO 178C standard [4]. Thus, a development lifecycle following this standard has a clear 
separation between phases with dedicated reviews and Stages of Involvement (SOI) to be 
acceptable by certification authorities. These reviews and SOIs ensure that the transition criteria 
for next phase are achieved (i.e. quality gates). However, the key problem of the DO-178C is 
that software errors that are detected late during the development lifecycle leads to much re-
work which is costly and leads to many delays in the software delivery. In addition, a software 
project that needs to comply with the DO-178C could see a cost increase from 25 to 40 percent 
compared to a project that does not require such compliance [5]. 

The solution to the above problems can be provided through a careful deployment of agile 
methodologies [6].  Within agile process, the size of software increments is reduced, so that 
they can be implemented through one sprint. It also promotes close collaboration between all 
stakeholders, while ensuring that the certification objectives are met.  Following this solution, 
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a number of approaches in avionics domain have been introduced [7] [8] [9] [10]. These 
approaches provide a good step towards speeding up the development process and reducing the 
time to market while considering the drone safety.  

In the COMP4DRONES (C4D, for short) project, the aim is to provide a framework of key 
enabling technologies for safe and autonomous drones [11]. In particular, the project is 
leveraging modularity and composability concepts to develop customizable and trusted 
autonomous drones for different civilian services. The project is taking into account recent 
regulation development [12]. To support the proposed project framework, an engineering 
methodology is provided. The methodology is based on reusability and agility to go a step 
ahead of existing approaches for speeding the system development and its qualification. 

In our proposed development process, after the planning and requirements identification 
phases, a repository that contains software components is checked to identify COTS 
(Commercial off-the-shell) components that exist and can be used to satisfy the end user 
requirements (this can be done by the use of assume-guarantee contracts approach [13]). In case 
of such a COTS component exists, the development process starts from the integration phase. 
Otherwise, the full development cycle needs to be followed from design to delivery. The main 
idea of this process is to speed up the development process through reusing existing components 
that support the end user requirements. This reuse-based strategy is also adequate to smooth the 
qualification process when used with the concept of a dependability certificate that contains all 
information on the dependability attached to the reusable components [14] or the concept of 
Safety Element out of Context (SEooC) development [15]. 

In the C4D project, we have identified three technologies groups: system functions, 
payloads, and tools [16]. There are also technologies needed to support the U-space services 
that enable secure, safe, and efficient access to airspace by drones. These technological groups 
in a form of reusable components will be developed during the C4D project to feed the 
repository of COTS components and support the proposed process.  

The remaining of the paper is organized into five sections. Section 2 reviews existing 
approaches for the drone software development. In Section 3, we present our proposed reuse-
based agile process to shorten the development time. The reusable components that are going 
to be developed within the C4D project are listed in Section 4. The expected gain from the 
proposed C4D process is presented in Section 5. Finally, conclusions and future work are put 
in Section 6. 

2 Drone Software System Engineering 

To develop a drone software and enable its qualification, a process that can be followed is the 
development lifecycle described in the DO-178C standard (see Figure 1) [4]. This process 
recommends the use of the waterfall model. In this model, each phase of the development is 
finished completely before starting the next phase. In addition, there are four stages of 
involvement (SOI) for the certification liaison process. Further to these four stages, there is a 
software development review after each lifecycle phase.  
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The purpose of DO-178C is to guide the development of airborne software while ensuring 
that it performs the intended functions with a level of confidence to meet airworthiness 
requirement. DO-178C is objective-driven and companies can use different ways to achieve 
compliance as long as the objective(s) in question are met. To comply with the DO-178C 
standard, companies have to provide multiple documents and records about their development 
processes. 

The main problem of the DO-178C is that errors that are detected late during the 
development process leads to much re-work that is costly and introduces many delays in drone 
software delivery. In addition, projects that comply with the DO-178C standards may see cost 
increases from twenty-five to forty percent compared to projects that do not require such type 
of compliance. The sources of these additional costs include: developer productivity is reduced 
due to the development process complexity; overall traceability is needed during product 
development; manual documentation and reporting processes; qualification activities that are 
involved in compliance; and running manual SOI to communicate to authorities.  

 

Fig. 1. DO-178C software development lifecycle [4] 

As discussed above, a drone software system (which can be used by multiple customers) 
needs to be developed according to a process that complies with the DO-178C standards. It also 
needs to reduce risks, qualification cost, and the time to market. This raises a very important 
question: how can this be performed knowing that the system development process follows the 
waterfall model. 

Recently, a number of approaches have been proposed to shorten the drone software 
development lifecycle. In the following, we describe some of them. First, within Airbus, the 
software development follows the “Requirements-Based Engineering” paradigm.  In such 
paradigm, every software function is justified with a user requirement [8]. The requirements 
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should be validated for ensuring the right system is built, and verified so that the system is built 
in a right way. The early requirements verification and validation can avoid high cost of late 
detection of software errors. Airbus has also introduced the use of agile development process 
for shortening the software development time. In this process, the development is done rapidly 
in an incremental way using several iterations. 

Second, a new development process that combines advantages of agile and model-based 
development has been proposed to introduce a Model-Based Agile (MBA) process. This 
process is capable of satisfying Federal Aviation Administration (FAA) objectives for software 
of different Design Assurance Levels [7]. A key element of this proposed process is the use of 
incremental and iterative approach to requirements’ collection and verification. In addition, in 
case of an appropriate modeling tool is used that enables the specification of executable models. 
A software engineer can start by creating the use cases and then iteratively refine them to have 
executable models. These models bring the advantages of agile requirements’ collection before 
the detailed system design, implementation, and testing begin.  

Third, Scrum framework has been applied to the development of avionics software and its 
verification processes described in DO-178C [9]. During the preparation phase of Scrum, the 
system requirements (or a subset of it) are taken to produce high-level requirements (HLRs) in 
the form of features. These features are further split into user stories. A software architecture is 
then defined which together with the prioritized HLRs are provided to the development phase. 
The development phase is composed of a sequence of sprints with same fixed duration (from 
one to four weeks). The result of each sprint is a number of implemented and validated user 
stories which are integrated with the software under development. The sprint also produces 
information required by the assessors. To start the closure phase, a sufficient set of features 
should be completed to grantee the software release. During the closure phase, all data items 
required for compliance with DO-178C standard that already exists are updated. In addition, a 
number of remaining data items are created by processes such software configuration and 
certification liaison. As required by DO-178C, all processes’ outputs are verified through 
review or analysis methods. Furthermore, the software planning process that is responsible for 
creating and updating all plans is kept outside the Scrum framework. 

Forth, an agile DO-178 development process has been introduced [10]. In this process, the 
development plans are developed, analyzed, and approved in the same way as traditional 
methods. After the approval of the process document, the development process starts and 
differences become apparent from the traditional methods. In the agile DO-178 process, all 
artifacts that are required for a specific feature are created in same iteration. After a pre-defined 
number of iterations, the FAA through the Designated Engineering Representative (DER) 
performs an SOI audit that covers all the objective tables for features that are developed since 
the last performed audit. After the audits and all necessary features are developed, the software 
becomes ready for the final certification review by the DER. 

The above discussed approaches represent a good approach to reduce the development time 
while taking into account the qualification requirements to ensure drones safety. Thus, in the 
COMP4DRONES project, we go a step ahead by introducing a reusability aspect with agile 
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development process (described in the next section) to shorten the time to market as required 
by the end-users. 

3 C4D Reuse-based Agile Development 

In the current economic environment, it is important for companies to minimize the additional 
costs related to DO -178C development.  In Table 1, we re-list the reasons for the additional 
costs presented above, and our suggestions to reduce them. This leads us, in the 
COMP4DRONES project, to propose a reuse-based agile process for cost minimization. 

Table 1. DO-178C problems and suggested solutions 

Problem Proposed Solution 

Reduced developer productivity Introduce more automation through increased usage of qualified tools as a 

support (e.g. code generator, certified compiler, automated testing, etc.) 

Establishing overall traceability 

during product development 

Use of model-based approaches (e.g. SysML, Simulink, AADL, etc.) and 

tools interoperability 

Manual reporting and documentation Model-based document generation 

Qualification activities involved in 

compliance 

Incremental certification through increasing the reusability of qualified 

components (or sub-systems)  

Running manual SOI to communicate 

to authorities 

Having a workflow engines to enable standard compliant engineering and 

generation of certification reports 

 
Our reuse-based agile development process is shown in Figure 2. In this process, after the 

planning and requirements identification phases, a repository that contains software 
components is checked to identify COTS (Commercial off-the-shell) components that exist and 
can be used to satisfy the requirements by the use of assume-guarantee contracts approach [13] 
[17]. If such a COTS component exists, the development process starts from the integration 
phase. Otherwise, the full development cycle needs to be followed from design to delivery (see 
Figure 2). The main idea of this process is to speed the development process through reusable 
components that satisfies the users’ requirements. This reuse-based strategy is also adequate to 
smooth the certification process if it is used with the concept of dependability certificate (such 
certificate contains all information on the dependability attached to the reusable components 
[14]) or the concept of Safety Element out of Context (SEooC) development [15]. 

Following this reuse-based agile process, the workflow for developing a drone software 
system can be divided into two main phases: development and integration as shown in Figure 
3. In this workflow, the drone system is decomposed into sub-systems which are later divided 
into components. These components are either reused or fully developed from scratch. After 
having all required components developed or made ready for integration, the integration phase 
starts where the components are integrated together to form a sub-system. These sub-systems 
are then integrated to have a fully functioning system. 



6      M. Hussein and R. Nouacer 
 

The proposed reuse-based agile process will be constructed following a model-driven 
engineering approach. Indeed, interest in using model-based system engineering/design 
(MBSE/D) has been steadily increasing in the system engineering community [18]. The 
INCOSE defines MBSE as “the formalized application of modeling to support system 
requirements, design, analysis, verification, and validation activities beginning in the 
conceptual design phase and continuing throughout development and later lifecycle phases” 
[19]. MBSE relies upon system level models and offers convenient frameworks to integrate 
different dedicated analysis views within a global modeling environment. Hence, to be 
successfully implemented, an MBSE approach necessitates the following tree elements: a) a 
modeling language, b) a modeling methodology and c) a modeling framework that implements 
the modeling languages, preferably customized to support the development methodology. 

 
Fig. 2. Reuse-based agile development process 
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Fig. 3. Reuse-based agile development process workflow 
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The modeling language defines the notation (i.e. visual representation) and the semantics 
(meaning) used to construct the model. Recent studies place the Unified Modeling Language 
(UML) as the most used, tool supported and disseminated modeling language [20]. UML 
provides a standard extension mechanism called profile, which allows enriching the language 
with domain specific concepts. SysML [21] is such an UML profile that specialized UML 
concepts for system engineering. SysML is designed to provide simple but powerful constructs 
for modeling a wide range of system engineering problems. It specifically addresses the areas 
of requirements, structure, behavior and allocations/constraints to support various engineering 
analyses. SysML can be itself further specialized using profiles to cope with a specific 
methodology depending of the domain or application. 

In C4D, the modeling methodology will be realized by an agreed meta-model. We are aware 
that agreeing on common modeling structures is a long process, and then the project will be 
built on existing modeling methods, such as RobMoSys project  [22] (to enable composition 
and separation of concerns in robotics) and AADL (for timing and performance concerns) [23]. 
For instance, our proposed approach will follow the RobMoSys composition approach. 
RobMoSys has developed a System Engineering Approach to enable the design of safe and 
efficient robots based composability of qualified components. In RobMoSys, system 
composition requires a structure. This structure has requirements coming from three different 
perspectives: composability, workflow, and tools.  Composability is the ability to combine (re-
combine) components into different compositions by a workflow that involves all steps with 
the support of a proper tooling. 

System composition is enabled through composability feature of system parts (i.e. making 
them building blocks) [24]. This enables the putting of different existing parts together in a 
meaningful way to create a new whole (system). Composability is not just about making the 
individual parts work together; it is the capability for selecting and assembling components in 
different combinations into valid simulation systems to meet specific user requirements. The 
composability should also be addressed between different components (i.e. syntax), alternatives 
of same component (i.e. semantics), and components with the application requirements (i.e. 
application and technical level perspectives). 

The composition workflow is the activity to bring together all participants and building 
blocks to create and use a structure for system composition. It has to address each participant 
needs for the system composition. Stakeholders provide components and consume them for 
composition. To do so, a prior alignment of what is provided and what is needed (e.g. interfaces, 
functional boundaries, etc.) need to be considered. Within the workflow, these artifacts 
(components) are exchanged between stakeholders and the workflow steps while maintaining, 
managing, and ensuring composability during the whole process. The two main stakeholders 
are suppliers that provide building parts and system builders that use the parts to compose new 
systems. While there is a connection between both stakeholders, they do not necessarily work 
in the same team or even know each other. This is done by having a stable structure and all 
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suppliers and system builders can rely on it. The suppliers can work within clear boundaries 
and the blocks can be connected through well-defined interfaces. 

Structure support can have multiple shapes. One of the adequate supports is tools for the 
participants in a system composition. Tools assure that the developed system complies with the 
architecture defined at the model level. Tools realize the underlying structure and are utilized 
to prevent errors and provide automation (i.e. speeding the development lifecycle). Without 
adequate tools, the stakeholders of the ecosystem will have a hard time “accessing” the methods 
and concepts. The concepts remain unused or are going to be used in a wrong way, causing 
fewer acceptances and decreasing consistency. As a tool support, Papyrus for Robotics is an 
open-source [25], Eclipse-based modeling tool for robotic systems. It is a customization of the 
Papyrus UML modeling tool. Papyrus for Robotics conforms to the RobMoSys modeling 
approach. This implies that the tool supports different views for different stakeholders (i.e. 
service designers, component developers, safety engineers, and system architects).  

A user of Papyrus for Robotics can specify a robotic (or drone) system as an assembly of 
component instances. The components in turn provide or require services via ports. These 
services are ideally not project specific but standardized by domain experts in order to facilitate 
the reuse of component definitions. In case of Papyrus for Robotics, the service definitions are 
part of a set of model libraries that have been obtained from ROS message and service 
definitions via reverse engineering. This means that a Papyrus for Robotics user has access to 
a wide range of service definitions that have been established by the community of several 
years (e.g. geometry-related messages or messages that are needed for navigation). A 
component instance can be configured, i.e. the configuration parameters of the component 
definition can be specified for a particular instance.  

4 Reusable Components to be Developed as a support for Reuse-based Agile 
Method 

To support the reuse-based agile methodology, a set of reusable components need to be 
developed and made ready in a repository. To identify and develop such reusable components 
for drones, a workflow has been proposed in COMP4DRONES project as shown in  

Figure 4. First, the different project demonstrators are specified and analyzed to get a 
unified list of requirements (WP1). Second, the unified list of requirements is used to identify 
the key enabling technologies that are going to be developed during the project (WP2). Third, 
the identified key technologies are characterized and decomposed into the technical work 
packages: the architecture and its generic components (WP3), technologies for safe 
autonomous decision (WP4), trusted communication technologies (WP5), and tools for design, 
verification, performance analysis, etc. (WP6). Finally, the key technologies are integrated and 
evaluated by using them for the development of different demonstrators (WP1). 

Following the C4D workflow, we have identified the key enabling technologies for drones 
(see Figure 5) [11]. First, to gain access to the U-Space, the drone’s systems must be enhanced 
with the required U-space capabilities. Second, we have identified a set of technologies on the 
bases of the different usages of drones, the state of the art drone systems, and the best practices. 
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These technologies are grouped into system functions, payloads, and tools.  In the following 
sub-sections, we list and describe all identified technologies. 

C4D Framework Specification 

Demo 1 
Demo 2 

… 
Demo 9 
Demo 10 

KET 1 
KET 2 
KET 3 

… 
KET n 

WP2: Regulation (SORA & DO178) 
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Q
s
 

*KET: Key Enabling Technologies  
Fig. 4. The overall work flow of the COMP4DRONES project 
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Fig. 5. C4D Key Technologies Framework 

 

4.1 Drone Capabilities for U-space 

The capabilities expected to enable U-space services are divided into three groups to support 
different types of service: foundation, initial, and advanced [26]. First, the capabilities for the 
foundation services include e-identification, geofencing, security, telemetry, operation 
management, command and control, surveillance, communication, and navigation. Second, the 
initial services capabilities include tracking and emergency recovery. Third, the capabilities for 
the advanced services are: detect and avoid, vehicle to infrastructure communication, and 
vehicle-to-vehicle communication. 

4.2 System Functions 

The drone system functions are the core functions (see Figure 5) required for the drone to 
perform its flying stages in safe and efficient manner. First, the flight control system includes 
(a) Intelligent Mission Management (IMM) that is onboard and/or ground technologies for 
providing a desired mixture of human-directed and autonomous drone operations; (b) 
Intelligent Outer-Loop Control (IOLC) which is an on-board capability to enable autonomous 
and semi-autonomous operations.  
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Second, the flight navigation system contains (a) Flight planning and scheduling that are 
general technologies that take higher-level goals, constraints, and objectives and then turns 
these into detailed plans and schedules; (b) Fail-safe Mission which is the ability of a drone 
system to adapt to software or hardware failures for having an acceptable level of safety; (c) 
Contingency Management that is an on-board capability for reacting to unforeseen events to 
minimize the likelihood of property damage and human casualties; (d) Deconfliction which is 
a function that is used to resolve potential conflicts that can occur between drones’ trajectories 
in the phase of planning of trajectories; (e) Detect and Avoid (DAA) which involves capturing 
the surrounding environment, assessing potential of colliding with hazards that are detected, 
and taking corrective actions to avoid the hazards when a collision is coming. 

Third, the positioning system includes (a) an Indoor Positioning System (IPS) that is a set 
of devices used for locating people or objects when GPS (Global Positioning System) and 
satellite technologies fail or lack precision; (b) Geofencing which is a virtual barrier that can 
be created by combining GPS network and LRFID (Local Radio Frequency Identifier) 
connections (e.g. Wi-Fi, Bluetooth, etc); (c) Georeferencing that is the task of assigning real-
world coordinates to the pixels of a raster; (d) Simultaneous Localization and Mapping (SLAM) 
which is the process of recording environment and location awareness in a map of an 
autonomous vehicle. 

Forth, system and environment status contains (a) Data Fusion which is the task of 
integrating many data sources to produce consistent, useful, and accurate information that 
cannot be provided by an individual source; (b) Intelligent System Health Management (ISHM) 
that is a technology designed for assessing the “health” of a system and performing actions that 
ensure the vehicle will remain healthy in future. 

Fifth, the coordination system includes (a) the necessity of coordination between unmanned 
aerial vehicles (UAV) and unmanned ground vehicles (UGV) is particularly evident to do 
missions in remote areas where human may be exposed to dangerous situations; (b) Swarm 
Formation and Cooperation that is the reasoning and making decision entity that is responsible 
for using mission requirements, observations, and system constraints to have a specific 
organization of the UAVs. 

Finally, the communication system contains (a) Net-centric communications which is the 
concept of operations that uses advanced technology for shifting to a data-centric paradigm 
from an application-centric paradigm; (b) Over the Horizon Communications (OTH) that is a 
basic function required for UAVs to operate in the global airspace. 

4.3 Payload Technologies 

The drone system includes a set of payload technologies to support the drone mission specific 
operations. The payload technologies include optical sensors, microwave sensors, in-situ 
sensors, and external sensors (see Figure 5). First, the optical sensors incudes (a) Active Optical 
sensors (i.e. lidar) that use optical source such as a laser for sensing either hard or the 
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atmosphere; (b) Passive Optical sensors which capture infrared radiation emissions, and direct 
or reflected solar energy to photosensitive detectors through an imaging optics system. 

Second, microwave sensors include (a) Active Microwave sensor that is an imaging device 
for emitting microwave radiation and then records the echoes returned from the scene to be 
observed; (b) Passive Microwave sensors, which are used for both surface imaging and 
atmospheric measurements through gathering data through detecting light, vibrations, 
radiation, etc. 

Third, in-situ sensors contain (a) Chemical Sensor Arrays technology that allows 
measurements for a range of chemical species in the UAV’s surrounding environment; (b) 
Meteorological Data such as air density, temperature, and wind affecting UAV operations need 
to be measured; (c) Difference Frequency Generation (DFG) Lasers that are used as advanced 
in-situ detectors for tracing gases and their composition in the mid-infrared; (d) the CO2 
Detection sensor that measures CO2 using a quantum cascade laser spectrometry in the flight 
configuration. 

Finally, external sensors include (a) Dropsonde which is a weather reconnaissance device 
that is designed to be dropped from an aircraft to measure temperature, pressure, winds, and 
humidity; (b) Seismic (Geophysical) Sensors that are deployed on the ground to record sound 
wave velocities coming from an activated seismic source (like vibrator truck); (c) a Weather 
Station that is very useful to monitor the changes in real time for allowing the UAV system to 
detect and act when important changes in the forecast happen; (d) Perimeter Sensors that use 
light-detecting, passive infrared (PIR), and infrared (IR) sensors to monitor surroundings. 

4.4 Tools 

To support the development of drone systems, a number of tools need to be developed (see 
Figure 5). These tools are divided into two groups: tools for service specification, and tools for 
system development. First, the service specification contains tools for (a) User Requirements 
that referred to as needs that specify what the user wants from the system (i.e. what activities 
the system enables the users to do); (b) Acceptance Testing which is a level of testing, where a 
system is tested for user acceptability; (c) Data Analytics which is a process of cleaning, 
inspecting, transforming, and modeling data with the aim to discover useful information and 
conclusions to support decision-making; (d) Mission Planning that is the process to produce a 
flight plan that describes a proposed drone flight.  

Second, HW/SW system development cycle include tools for (a) System Requirements that 
are the main blocks that developers use for building the system; (b) System Design process that 
provides the sufficient detailed information about the system and its sub-system to enable the 
system implementation; (c) System Implementation which follows the structure created during 
the system design, and the system analysis results to construct system components; (d) System 
Integration which is the process to bring together the different component/sub-systems into one 
system; (e) Verification and Validation (V&V) that is checking that a system meets its 
specifications and fulfills its intended purpose (goals). 
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5 Expect Gains from Reuse-based Agile Method 

Traditional software development is complex as the effort required to add a functionality 
increases as the process progresses [27]. In the case of developing certification-driven software, 
at a project beginning (i.e. software phase), the development follows the curve of the traditional 
development. A divergence is seen when the software is ready to get tested in the field (see 
Figure 6). The process is slower due to hardware dependencies and semi-automation of 
acceptance testing (i.e. embedded phase). The significant slowdown is faced when the 
certification phase starts. In this phase, the software is supposed to be bug-free, however much 
manual testing and documentation are needed to provide artifacts that are required for the 
certification [28]. To reduce this complexity, agile development aims to have an ideal, flattened 
curve that allows a constant development step (as shown in Figure 6 - a modified version of the 
Figure presented in [28]) 

In the following, we discuss agile opportunities for every lifecycle phase, which define two 
new curves for the agile DO-178C and the reuse-based agile DO-178C processes. First, in the 
software phase, the software is developed independently and not affected by any constraint. 
Thus, all reuse-based agile practices can be used, and changes in requirements and hardware 
are not a problem. In addition, the user and acceptance testing of software are fully automated 
if needed. 

Agile 
Reuse-based Agile DO 178 

Ideal 

Agile DO 178 

Traditional  

Traditional DO 178  
Change Effort 

Project time 
Certification 

Label 
Certification 

Test 
Deployment 

Test 

Software 
Phase 

Embedded 
Phase 

Certification 
Phase 

 
Fig. 6. Software processes compared 

Second, during the embedded phase, the software is deployed and tested on the selected 
hardware configuration(s). In this phase, no fundamental reasons hinder the use of agility and 
reusability. The opportunities in this phase to speed the development include the automation of 
software installation, environmental tests, hardware retesting, and documentation generation. 
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Finally, the certification phase brings many additional tasks to be executed with each 
software change. These tasks include code coverage analysis, establishing traceability, 
reviewing, and manual testing. Evidences of these tasks need to be collected and documented. 
Therefore, there is a need to limit changes amount. This can be done through minimize 
requirements’ changes, and the use of model-based traceability capabilities to identify the effect 
of a change on the already completed activities and artefacts. Furthermore, time spent for 
managing, creating, and reviewing documents can be reduced through automatic documents 
generation, having all documents under version control system, and manage documents 
dependencies. 

Based on the above-suggested strategies to apply reuse-based agile methodology to drone 
software development, we expect a reduction in efforts as shown in Figure 6. The C4D project 
just stated its second year, and during this second year, we are going to use our methodology 
to develop the key enabling technologies described in Section 4. This will enable us to quantify 
the amount of effort reduction gained from the proposed methodology. 

6 Conclusion 

The development of drone avionics software is driven by the certification requirements as 
indicated in the DO 178C standard. However, the key problem of the DO-178C is that software 
errors that are detected late during the development lifecycle lead to much re-work which is 
costly and leads to many delays in the software delivery. Therefore, in the COMP4DRONES 
project methodology, we introduce a reuse-based agile development process. The main idea of 
this process is to speed the development process through integrating reusable components that 
supports the user requirements and incremental development. These reusable components are 
going to be developed during the C4D project. As the project just completed its first year, in 
the second year of the project, we are going to apply this proposed process to assess its 
applicability and the gain from using the reuse-based agile methodology. 
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