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Abstract. This paper is the first of two papers that together provide an example of how to use the 
systems engineering processes outlined in the INCOSE Systems Engineering Handbook and 
ISO/IEC/IEEE 15288:2015 to develop a SysML system architecture from a user’s statement of 
need and then to develop a mathematical system model for system reliability, availability, and 
maintainability that may be used to perform system design and cost-effectiveness trade-off anal-
yses. This paper focuses on the development of a SysML architecture for a drone system that 
provides surveillance and delivery services. 

Introduction 
This paper is the first of two papers that together provide an example of how to use the systems 
engineering processes outlined in the INCOSE Systems Engineering Handbook (primarily chapters 
4.2–4.6, 5.3, 9.1–9.4, and 10.8) and ISO/IEC/IEEE 15288:2015 to develop a SysML system archi-
tecture from a user’s statement of need and then to develop a mathematical system model for 
system reliability, availability, and maintainability that may be used to perform system design and 
cost-effectiveness trade-off analyses (Walden et al. 2015; Organisation Internationale de Normal-
isation 2015). These two papers draw heavily from exemplars that were developed as part of the 
University of Maryland’s core curriculum for its master’s program in systems engineering. 

We have selected an airborne drone (aka unmanned air vehicle (UAV)) system as the system of 
interest for two reasons. First, over the last 15 years there has been an explosion in the use of drone 
systems to provide a wide variety of services (especially in the areas of delivery and surveillance). 
Second, the University of Maryland has a significant investment in drone-related research. This 
investment includes the University of Maryland UAS Test Site (http://www.uas-test.umd.edu/), the 
Maryland Robotics Center (http://robotics.umd.edu/), and the Autonomous Vehicle Laboratory 
(http://www.avl.umd.edu/index.html). 

While most of the current focus is on airborne drone systems, there is a growing interest in ground 
and surface and subsurface waterborne drone systems. It should be noted that while the drone 
architecture developed in this paper is expressed primarily in terms of an airborne system, it could 
apply equally well to ground or surface or subsurface waterborne drone systems. 

Approach 
This paper will use a SysML-based approach to develop a system architecture that is roughly based 
on Sandy Friedenthal’s Object Oriented Systems Engineering Method (OOSEM) and will follow 
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the processes outlined in Sections 4.2–4.5 of the Systems Engineering Handbook (Friedenthal, 
Moore & Steiner 2000; Walden et al. 2015). Specifically, in this paper we will: 

1. Identify the user. 
2. Provide a statement of need. 
3. Identify key assumptions regarding the mission profile. 
4. Identify some top-level user requirements. 
5. Develop a system concept. 
6. Develop supporting context-level SysML Diagrams (Domain Definition Block Definition 

Diagram (BDD), System Context Diagram (as a SysML Internal Block Diagram (IBD)), 
and SysML Use Case Diagram (UCD). 

7. Develop an operational concept and a maintenance concept as Use Case Narratives. 
8. Develop supporting SysML Activity Diagrams. 
9. Propose a reference design and some alternative design options. 
10. Identify some performance and trade-off analyses that should be performed to support pro-

gram decisions regarding the design. 
11. Propose some modeling and simulation needs associated with performing the performance 

and trade-off analyses. 

While technically all of these could be considered part of the “Stakeholder Needs and Require-
ments Definition Process,” many of them may be used to illustrate many of the later processes. 
Specifically, step 4 above could be considered part of the System Requirements Definition Process, 
steps 6 and 8 could be considered part of the System Architecture Definition Process, step 9 could 
be considered part of the Design Definition Process, and step 10 could be considered part of the 
System Analysis Process. 

The SysML modeling in this paper may be considered an example of the methods described in 
sections 9.1–9.4 of the Systems Engineering Handbook, while, steps 9–11 may be considered part 
of the Decision Management Process (chapter 4.3 of the Systems Engineering Handbook). It 
should be noted that the second paper in this series will address performance analysis and the 
development of system models and simulations in more detail. NoMagic’s Cameo Systems Mod-
eler was used to develop the SysML-based architecture provided in this paper. 

User Needs and Requirements 
This section of the paper identifies the user of the system, provides a statement of need and mission 
profile/assumptions, and provides an abbreviated list of user requirements. 

The customer and user of the system is Drone Systems, Inc., a fictitious small provider of local 
drone delivery and surveillance services. The specific users of the system will be the system’s 
operators and maintainers. 

The customer’s Statement of Need (SON) is “A drone system is needed that is capable of providing 
reliable and timely drone delivery or surveillance capability to a given area.” 

Upon further interaction with the customer, we have identified the following mission profile/as-
sumptions: 

1. The expected demand will be five missions per hour (and must be met). 



  

 

2. Each mission will require a devoted drone. 
3. The area of operations will have a radius of 10 mi. 
4. The operating base will be in the center of the area of operations. 
5. Delivery packages will weigh up to 5 lbs. 
6. Drones will be maintained and refueled/recharged after each flight. 

From the mission profile and further discussions with the customer/user, we derived the following 
system requirements: 

1. A drone shall have a fully loaded time of flight of at least one hour. 
2. The drone shall be capable of performing surveillance missions. 
3. The drone shall be capable of performing package delivery missions. 
4. The drone shall be capable of carrying packages of up to 5 lbs. 
5. The drone system shall have an operational availability of Ao = 0.95. 

System Concept and Architecture 
In this section, we develop the system concept, the operational concept, and the maintenance con-
cept. In the process, we also develop the SysML artifacts that constitute a context-level system 
architecture. 

Figure 1 provides a SysML BDD that defines the system’s domain and system-level architecture. 
It also identifies the key performance/design metrics and the top level functional requirements 
associated with the system and its elements. In doing so, it illustrates the potential power of a BDD 
(and an object-oriented architecture approach) to convey key information about the system and its 
domain. Note that (1) MTBFs is the mean time between failures of the system; (2) a failure consists 
of fewer than 5 drones being in operation; (3) MDTs is the down time for the system; (4) MTBMd, 
MTBMctl, and MTBMchg are the mean times between maintenance of the drone, control station, 
and charging stations, respectively; and (5) MDTd, MDTctl, and MDTchg are the mean down 
times for the drone, control station, and charging stations, respectively. 



  

 

 

Figure 1. Drone System Domain BDD 

Specifically, this BDD indicates that: 

• The system consists of Nd drones, Nfs charging (fueling) stations, and Nc control stations. 
• The environment consists of the operating base (which includes a launch area, drone 

maintenance area, storage area, and control facility) and the operational area (where the 
delivery or surveillance mission is performed). 

• The users consist of drone operators (responsible for operating the drones), drone main-
tainers (responsible for (1) moving drones to and from the launch/landing, maintenance 
area, and storage area; (2) preparing drones for flight; (3) maintaining and charging the 
drones after each mission; and (4) ordering replacement drones as needed), and control 
element/charging station maintainers (responsible for (1) moving control elements to and 
from the control center/maintenance area and the storage area; (2) maintaining charging 



  

 

stations and control stations for the drones after each mission; and (3) ordering replacement 
charging stations/ as needed). 

Generally, the high-level needs of the user are expressed in a context-level Use Case Diagram. 
Figure 2 provides such a diagram. 

 

Figure 2. Drone System Context UCD 

This UCD indicates that (1) the drone system must provide drone services for the user; (2)  the two 
principal drone services are surveillance and package delivery; and (3) drone operator, area of 
operations, and operating base are involved in providing these services (i.e., they interface with 
the system). It also indicates that the user needs the system to be maintained and identifies the 
external actors and systems that are involved in this maintenance. 

Generally a context-level architecture will include a “System Context Diagram” that illustrates 
what the system does, how the system interacts with external systems, and what flows across those 
interfaces. Figure 3 indicates how a SysML Internal Block Diagram may be used to provide a 
System Context Diagram. 



  

 

 

Figure 3. Drone System Context Diagram (as an IBD) 

An Operational Concept describes how the user uses the system to accomplish their goals, and a 
Maintenance Concept describes how the system will be maintained. In this paper, we will use 
abbreviated Use Case Narratives (aka descriptions or scenarios) to provide the operational concept 
and maintenance concept. See Cockburn (2000) for more information on Use Case Narratives. In 
the case where one has a SysML-based architecture, one generally has a high-level use case de-
scription for each use case identified in the high-level UCD. It should be noted that the Operational 
Concept should also be consistent with the Context IBD.  

The Operational Concept for the Drone System may be succinctly summarized by the following 
abbreviated Use Case Narrative. For the sake of brevity, we have not included the many possible 
extensions to the main success scenario. 

Use Case ID & Name: UC 1 – Provide drone services 

Trigger: A drone is called into service. 

Main Success Scenario: 

1. The drone maintainer moves the drone from the storage area to the launch area, verifies 
that it is flight ready, and notifies operator. 

2. The drone operator controls the flight of the drone. 
3. The drone executes its mission (deliver package or perform surveillance). 
4. The drone operator returns the drone to the launch/landing area. 
5. End 

Use Case Narratives can be captured in a SysML-based architecture using an Activity Diagram 
(with swim lanes). Figure 4 is the Activity Diagram that reflects UC 1. 



  

 

 

Figure 4. UC 1 Activity Diagram 

The Maintenance Concept for the Drone System may be succinctly summarized by specifying a 
Use Case Narrative for UC 2.1, UC 2.2, and UC 2.3. For the sake of brevity, we will only provide 
the abbreviated narrative for UC 2.1. 

Use Case ID & Name: UC 2.1 – Maintain the Drone 

Trigger: A drone has returned to base (landed). 

1. The drone maintainer moves the drone to the maintenance area. 
2. The drone maintainer performs any required maintenance on the drone. 
3. The drone maintainer connects the drone to the recharging station. 
4. The charging station recharges the drone. 
5. The drone maintainer moves the drone the storage area. 
6. End 

Figure 5 is a SysML Activity Diagram that reflects this Use Case. 



  

 

 

Figure 5. UC 1 Activity Diagram 

Proposed Reference and Alternative Designs 
Based on the requirements identified in the User Needs and Requirements section (which requires 
5 drones flying at all times) and the system architecture provided in Figure 1, we propose the 
following reference design for the drone system: 

Nd = 10 drones.  

Nchg = 6 charging stations. 

Nctl = 5 control stations. 

Mean MTBMd = 90 min. 

MDTd = 90 min. 

Since (for the sake of brevity) we will not be addressing failures of charging stations or control 
stations, we will not specify design values for MTBMchg, MDTchg, MTBMctl, or MDTctl. 

Note that the Use Case Narratives developed in the System Concept and Architecture section pro-
vide useful frameworks for performing timeline analyses and allocating time to various activities. 
Specifically, The MTBMd may be associated with UC 1 steps 2–4, while the MTd is the sum of 
the times associated with UC 1 steps 1 and 5 and UC 2.1. 



  

 

Alternative designs could consist of using: 

• Different values for Nd, Nctl, and Nchg, 
• Different values for MTBMd (i.e., use of different drones), 
• Different values for MDTd (i.e., use of different charging stations or procedures), or 
• Different combinations of these. 

In the next section we will discuss the analysis, modeling, and simulation needs associated with 
determining a cost-effective design. 

Analysis and Modeling Needs 
At least two related types of design-related analysis must be performed for this system. The first 
analysis is a performance analysis focused on determining whether the reference design (or any 
other design) is able to meet the system’s availability requirement. The second type of analysis is 
a cost-effectiveness analysis to determine (1) the trade-off between system availability and cost, 
and (2) which design option best meets the overall needs of the customer. 

In order to perform the performance analyses, we require a mathematical system model (and/or 
system simulation) that will predict the system’s availability based on its design characteristics. In 
order to perform the cost-effectiveness analysis, we also need a cost model. 

The second paper in this series (MacCarthy 2019) will address the development of a system per-
formance model that could be used to evaluate system designs. 

Conclusions and Future Work 
In this paper, we used a fictional drone system to illustrate how the systems engineering processes 
from the INCOSE Systems Engineering Handbook could be used to develop system requirements, 
a SysML-based system architecture, and a reference design from a user’s statement of need. We 
also identified the types of analyses that needed to be performed in order identify a design that 
would best meet the user’s needs and the kinds of performance and cost models (and/or simula-
tions) required to support such analyses. The next paper in this series will address the development 
of a system performance model. 

We hope that the methodology and examples provided in this series of papers will serve as a useful 
guide for those who are learning to implement model-based system engineering within the frame-
work provided by the INCOSE Systems Engineering Handbook. 
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