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Abstract
This paper presents a model-based systems engineering methodology for employing architecture in system analysis (MBSE MEASA) for the
cooperation of cross-domain unmanned vehicles conducting humanitarian assistance and disaster relief (HA/DR). The comprehensive framework
developed in this paper uses Systems Modeling Language (SysML), which supports the assessment of system requirements for systems engineering.
The research develops architecture to analyze collaborative cross-domain unmanned systems performance. The architecture models focus on the
interaction between UAVs and UGVs and use the relationship of system architecture products and model-based systems engineering analysis to
quantify system performance. This methodology will also identify those design features which are most impactful to mission effectiveness. The MBSE
MEASA incorporates the iterative process of systems engineering in determining the optimal solution for the architecture products. This research will
demonstrate the usefulness of model-based systems engineering analysis in the design of UAV-UGV cooperation while conducting a mission scenario.
The result of this research will be a validated and executable system architecture for cross-domain unmanned vehicle cooperation. The architecture
will serve as the conceptual template to guide future research and development of unmanned vehicles.
© 2018 Wyatt T. Middleton.
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1. Introduction
As the usability and accessibility of unmanned vehicles increase, it is highly likely the Department of Defense (DOD) will use
unmanned vehicles to be “first on the beach and first through the door on tomorrow’s battlefield.”1 In recent studies, the exploration of
a team of heterogeneous unmanned systems conducting collaborative autonomy in order to execute specific military operations has
increased. This technological scenario is becoming a growing trend amongst various nations and will continue to redefine the future of
unmanned systems missions. However, to date few articles discuss the methods necessary to explore what is technologically feasible
or discuss the operational utility of the collaborative unmanned systems. In addition, there is a lack of studies quantifying changes in
performance specifications for heterogeneous unmanned vehicle swarms with their impact on operations. The original motivation for
this research comes directly from the Commandant of the Marine Corp, who stated, “we [US military] have to focus on the capabilities
required for near-peer competitors, including cyber, information warfare, electronic warfare, unmanned air and ground systems and
robots.”2 A key step to creating a collaborative autonomous system is the development of the system architecture for the cross-domain
system.
This paper contributes a comprehensive architecture for cross-domain UGV and UAV conducting expeditionary operations, which
will use the relationship of system architecture products and model-based systems engineering analysis to analyze system feasibility
and system performance. For the purpose of this study, a cross-domain system is defined as an unmanned system that can operate
® 2016 The Authors.

Wyatt T. Middleton

3

operations. Following the requirements analysis, the functional architecture for the system, the system design, is developed. During
this phase, the system is decomposed and partitioned into various critical functions that meet the system requirements. These critical
functions in the system’s decomposition will capture its functionality6. Once the system’s functional architecture is generated, the
physical components of the system can be applied to the architecture, resulting in the physical architecture products. Finally, a system
model can be developed. A unique function of the MBSE MEASA is that the analysis “utilizes the combined functional and physical
architecture products as a basis for the development of external models and simulations.” 4 This process allows for the model to be
generated based on the system’s architecture which allows the model to focus on the system’s operational effectiveness by evaluating
physical and functional components of the system. As stated earlier, this paper focuses on the development of the system’s
architecture for the unmanned vehicle systems and the iterative process of implementing SysML products in order to help determine
the system’s technical feasibility and operational effectiveness.
3.0 Introduction to humanitarian assistance and disaster relief operations
This research used humanitarian assistance and disaster relief (HA/DR) as the context for exploring the utilization of MBSE
MEASA. The MBSE MEASA allows for the analysis of various levels of collaborative autonomy while conducting HA/DR amphibious
operations. Figure 2 illustrates expeditionary operations with emphasis on amphibious operations. It also identifies amphibious
operations of interest to MBSE MEASA.

Figure 2. Adapted from: Office of the Chairman of the Joint Chiefs of Staff (OCJCS)5. Amphibious Operations activities

An amphibious operation is defined as “a military operation launched from the sea by an amphibious force, embarked in ships or
craft with the primary purpose of introducing a landing force (LF) ashore to accomplish the assigned mission.”5 Conducting amphibious
operations allows the US military to strategically mobilize their military forces, giving the military the capacity to strike at a position
of choice and assert a strong projection of power for ground forces. The majority of amphibious operations are carried out by Navy
and Marine Corp forces. Amphibious ships such as amphibious assault ships, amphibious transport docks, and amphibious command
ships were specifically designed to support the Marine Corps doctrine to operate from sea to land. These ships may support assaults,
raids, withdrawals, demonstrations and humanitarian assistance and disaster relief operations. As natural disasters strike, the US
military has proven to be a key member of the relief support system. Within the scope of the recent natural disasters, for which the US
military has provided support, there has been a focused effort to avoid placing service members in a life-threatening environment while
conducting humanitarian assistance and disaster relief operations. Operationally, it is envisioned that unmanned air vehicles and
unmanned ground vehicles will keep service members out of harm’s way by performing some or all HA/DR missions.
4.0 MEASA SysML product generation for cross-domain unmanned vehicles conducting HA/DR
This paper conducts a requirements analysis (Stage one), develops the functional hierarchy (Stage two), and develops the physical
hierarchy (Stage three) for a cross-domain unmanned vehicle system conducting HA/DR operations and implementing the following
stages into the system analysis. Stages one to three develop the comprehensive framework for the system which can then be related to
an external model, simulations, or field experiment to determine operational effectiveness and technical feasibility. Stages four and
five represent the model, simulations, and or field experiment used to complete the MEASA. This paper does not present the results of
Stages four and five of the MBSE MEASA. It highlights only the first three stages of MBSE MEASA by identifying system
requirements and developing the system’s architectures. Future work will fully implement the entire methodology of MBSE MEASA.
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monitor the vehicles performance and to help identify PIDs.
Conclusion
The MEASA methodology develops an iterative, and systematic approach to developing a solution for the system collaborative
system. By focusing on Stages one, two, and three, the operational requirements were clarified and the functional and physical
architectures were developed. This allows those inquiring about collaborative autonomous systems conducting HA/DR missions to
have the critical functions and physical components of the system identified, organized, and analyzed. Multiple designs for potential
cross-domain unmanned vehicle systems maybe generated and analyzed using this methodology. Future work will consist of
developing a field experiment using the SysML products generated in this paper to determine the operations effectiveness of the system
based on the architecture and provide a cost-effective option of constructing a collaborative autonomous system that has military utility
and technical feasibility. This paper presented the functional and physical architecture required to execute amphibious missions such
as HA/DR, which will catalyze further development for the use of robotics within expeditionary operations.
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