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Abstract

Control Stations (CS) is an interface that allows for Unmanned Aircraft Systems (UAS)
operators to operate their aircraft. During a flight, the operators must be capable of
monitoring the health and status of the unmanned aircraft system. Three main functions
of a control station are mission planning, observing, and piloting. Control Stations can
range from a small handheld controller, a laptop computer, a large mobile container, or a
complex building-based system. Most unmanned aircraft accidents are attributed to
operator error, part of which is related to due to excessive workload. To reduce
contributing to operator workload, the operator’s control station should be comfortable,
and the interface should be intuitive. Human factors engineering uses scientific
knowledge about human behavior, physical characteristics, and cognitive capability
specifying the design and use of a human-machine system. The objective is to improve
system efficiency by minimizing human error and optimize timely performance, comfort,
and safety. The operator within the control station must be able to access all relevant
information when needed; however, they must not be overwhelmed with a cluttered
control station. The number of controls and displays should be limited to what is needed
to operate the unmanned aircraft system effectively. The software/algorithm should have
a design to contain a menu-driven interface, to allow the operator to find the necessary
information in a timely and error-free manner commensurate with the urgency of the task.
Clearly defined standards for control stations would enable human factors engineers to
develop efficient and intuitive designs for unmanned aircraft system operators

Keywords: unmanned aircraft systems, human factors, menu layering, control

station, workload
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Workload Analysis of Menu Layering in Unmanned Aircraft Systems Control Stations

The research paper focuses on the effects of menu layering in Unmanned Aircraft
System’s (UAS) Control Stations (CS). A Control Station is the interface for a remote
pilot to control their Unmanned Aircraft (UA). This interface is used by the pilot to
perform multiple tasks associated with the operations of the UA. Accidents associated
with the effects of human factors accounted for 69% of all unmanned aircraft accidents in
the United States Air Force (Rogers, B., Palmer, B., Chitwood, J., and Hover, 2004)
Although the Department of Defense (DoD) UAS mishaps differ between systems, an
average of 50 mishaps occur every 100,000 flight hours, in contrast to the Department of
Defense manned aircraft average one mishap per 100,000 flight hours. (Weibel &
Hansman, 2005). The Department of Defense defines mishap, and an accident where
personnel are injured or the UAS sustained damage or was destroyed (Department of
Defense, 2018). The Department of Defense uses the terms mishap and accident
interchangeably throughout their reports and research.

Information access, command and control functions, and communication
functions for UAS operators should be efficient, easy to learn, and easy to use. According
to NATO (2019), the design, location, and access of critical controls that may require
immediate action must be compatible with the quick and accurate reaction of the
operators during emergency operation. If an interface utilizes pull-down menus, the
controls that require immediate reaction of the operators must be accessible at the first
level of the menu pull-down (NATO, 2019). The accessibility of information and actions

by the operator is critical for the safe use of the UAS.
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Department of Defense standards of design for the UAS was updated with a
manual from the Under Secretary of Defense in 2012 and more recently by NATO in
2019. These standards take into account nearly all facets of design considerations for
control stations used for unmanned aircraft. The standards for menus for the Department
of Defense are that menus should have no more than 10 but no less than three options per
menu (Under Secretary of Defense, 2012). Options, in this case, are the selectable
functions in a system, and a menu is a window with a list of options. The reason for this
is to ensure there are not too many menus by having multiple menus with only two or
fewer options and by avoiding overloading the menu options for the operator by having
more than ten options. The manual explains that complex menus with deep hierarchies
should not exceed more than four steps (Under Secretary of Defense, 2012). By ensuring
there are a lower number of menus and options to a task, there will be fewer steps
required to complete the task. If the operator is required to complete multiple steps to
complete a task, it could be indicative of options that are layered deep in the user
interface of the control station.

The learning outcomes addressed in this research paper are:

e Analyze the effects of menu layering for unmanned aircraft systems and their
impact on the operator's ability to perform flight functions.

o Evaluate the advantages and disadvantages of unmanned system control stations
concerning their current and future intended uses as they relate to human factors.

o Identify and describe the significant human factors issues surrounding the design,
use, and implementation of unmanned systems in today's commercial and military

environments.
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o Evaluate the commonalities and differences of human factors issues surrounding
the design, use, and implementation of unmanned systems as they are compared
to the manned systems.

e Describe the issues surrounding crews with a higher workload caused by poor

human factors design in the control station and human-machine interface.

Problem Statement

The control station for UAS presents information to the operator as well as allows
them to fly the aircraft through a Human-Machine Interface (HMI) that includes layered
menus on displays. The Human Machine Interface is the part of a system at which the
human and the machine meet and interact to allow for the operators to input controls and
read output from the system using displays (Under Secretary of Defense, 2012). The
interface for each UAS varies based on the objective, requirements, and the complexity
of the system.

Menus should be consistent across the design of the control station to ensure ease
of use by the operator. The information that is available through the HMI should be easily
accessed by the operators to ensure ease of use to minimize user workload through the
use of the menus and information display. Minimizing workload allows the operators to
have additional time to allow them to grow their situation awareness (SA) by giving them
the ability to focus on more than one area. Menu layering with the use of pull-down and
sub-menus that require the operators to navigate multiple menus can affect their

workload.
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Significance of Issue

The workload for UAS operators can affect their performance during flight.
NATO (2019), explains that the operators must have access to critical actions or options
with rapid and precise reaction when they are faced with an emergency situation. The
reduction in workload would allow the operators to focus on more critical and timely
tasks that may be required based on the environment. With a rate of 69% of all unmanned
aircraft accidents caused by human factors, workload reduction may help reduce the
number of accidents that may occur.

Excessive workload has been listed in multiple human factors guidelines, studies,
and research to be determined as a critical piece of a human factors engineers design for
the Human-machine interface and the control station. NATO (2019), Ahlstrom, & Longo
(2016), and Yeh, Swider, & Donovan (2016) have gone into great detail with their
standards or guidelines for human factors design to ensure that operator workload is
minimized to ensure the operators are not oversaturated with tasks or information. If the
menu design for UAS can reduce user workload, there is a potential to lower the number

of accidents or mishaps related to human factors.

Review of Relevant Literature
Guidelines
Human Factors Guidelines for Unmanned Aircraft Systems is an article written by
Hobbs & Lyall (2016) that focuses on the control station. The authors explain that
existing control stations were designed without human factors design principles in mind

(Hobbs & Lyall, 2016). Design problems that were commonly found on control stations
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are a reliance on textual presentation of information, complicated sequences of menus to
perform time-critical or frequent tasks, unguarded safety controls placed in areas where
they can be easily activated, controls that perform critical functions, controls that cannot
be reached from the pilot seat, and multiple displays (Hobbs & Lyall, 2016).

It is believed that some of these design deficiencies were due to rushed production
to meet wartime needs (Hobbs & Lyall, 2016). The authors believe there are currently no
human factors guidelines for the design of control stations of unmanned systems. In
Table 1, the authors explain the considerations that are necessary to ensure adequate
design in a UAS. The authors explain that although the control station of a UAS
resembles both an aircraft cockpit and an office room, the design must be modified to
ensure the crews operating the aircraft have access to relevant information during the
flight.

The authors also cover five aspects they may be addressed by their designated
guidelines for designing a UAS human-machine interface. The first area that is covered is
the task description. The designers of the interface must understand what the intent is
behind their UAS. If the mission is an Intelligence, Surveillance, and Reconnaissance
(ISR) mission, the task description should indicate this. The designers will take this
information into account for the design.

Two more guidelines are display requirements and control requirements. Display
guidelines describe what information must be provided to the operators; however, it does
not specify how that information is displayed (Hobbs & Lyall, 2016). The control
guidelines indicate what inputs the control station must be capable of receiving from the

operators without specifying how it is designed (Hobbs & Lyall, 2016). The fourth
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guideline is the properties of the interface. These physical properties for the interface

include the layout, shape, color, visibility, and the use of color (Hobbs & Lyall, 2016).

This guideline explains what the operator will be utilizing to fly the aircraft from the

control station.

Challenge

Reduced sensory cues

Control and communication via
radio link

Physical characteristics of the
control station

Transfer of control during
ongoing operations

Unconventional characteristics
of unmanned aircraft

Flight termination

Reliance on automation

Widespread use of interfaces
based on consumer products

Description

The pilot of an unmanned aircraft has no out-the-window view to assist with navigation,
collision avoidance, or weather awareness. The absence of auditory, proprioceptive,
and olfactory sensations may also make it more difficult to monitor the state of
the aircraft. Onboard cameras, where available, typically present the pilot with a
monocular image covering a restricted field of view.

The UAS pilot must monitor and anticipate the quality of the control link and be prepared
for link interruptions. Link latencies may make direct manual control difficult and may
disrupt voice communications when these are relayed via the radio link.

Control stations increasingly resemble control rooms or office workstations more than
a traditional cockpit. The relative spaciousness of many control stations enables
additional information displays to be added easily and without the forethought that
would be needed to add them to a cockpit. It may be difficult to enforce sterile cockpit
procedures if the control station is housed in an office environment.

Control of an unmanned aircraft may be transferred during ongoing operations
between adjacent control consoles within a control station or between geographically
separated control stations. Each transfer may involve a risk of mode errors,
inconsistencies between control settings, or miscommunication.

Ultra-long-endurance flights may be monotonous and fatiguing, and a single flight may
require multiple transfers of control at crew shift changes. Loitering flight patterns
and slow rates of climb and descent may present challenges for air traffic controllers.
The pilot may be required to interact with systems not typical of manned aviation, such
as electric propulsion, fuel cells, and catapult launch systems.

We assume that a UAS will not be used to carry passengers. Therefore in an emergency,
the UAS pilot may choose to destroy the aircraft by ditching or other means rather
than attempt a landing that could present a risk to people or property on the ground.

The pilot of a conventional transport aircraft will generally have the ability to turn off
or minimize the use of automated systems and transition to manual control of the
aircraft, even if this is accomplished via fly-by-wire systems. However, the nature of
UAS design with the pilot remote from the unmanned aircraft requires reliance on
automated systems for basic flight control and cannot provide options for complete
pilot manual control.

Current control stations increasingly resemble office workstations, with keyboard,
mouse, or trackball interface device, and interfaces operating on consumer computer
software. Some control stations are housed entirely on a laptop computer. A control
station that contains controls and displays sourced from diverse commercial off-
the-shelf providers is likely to suffer from a lack of consistency and other integration
issues.

Table 1. Some Unique Human Factors Challenges of Unmanned Aircraft Systems.
Note. Reprinted from “Human Factors Guidelines for unmanned aircraft systems,” by
Hobbs, A., & Lyall, B. 2016, p. 24., Copyright 2016 by Hobbs, A., & Lyall, B.



WORKLOAD ANALYSIS OF MENU LAYERING IN UAS 9

The final guideline is general human factors principles. This is a broad guideline
that covers the entirety of the UAS. The guideline covers all areas to ensure
inconsistencies are dealt with in the design of the control station. The guidelines will help
when all of the systems in the human-machine interface are put together. If there are
mismatches in how information is controlled or displayed, this guideline will help create
the path to merging the systems to ensure there is an intuitive and efficient design.

This is relevant to menu layering research in that it explains the areas and
guidelines that should be taken into account when designing a system. These guidelines
assist designers in ensuring the control station is designed appropriately to allow for the
systems to meet the requirements of the user and provide an efficient system for the
operators to control their aircraft. The designers for the system would need to ensure the
control station is designed to execute the tasks that were listed in the requirements for the
UAS.

The Office of Under Secretary of Defense (2012) developed guidelines and
standards titled “Unmanned Aircraft Systems Ground Control Station Human-Machine
Interface” for the design of the control station for UAS. The guidelines are extensive and
cover a large area of design standards for CS. One of the concepts that are explained is
the act of Card Sorting. Card Sorting is the act of having a user assist in the design of the
Human Control Interface (HCI). This method allows the users of the UAS to help
determine the layout by showing designers what is essential to the users and also shows
how the user would define the grouping of the information that is being displayed.

The manual also explains that menu hierarchies should focus on shallow and

broad menu designs over narrow and deep. Menus should require no more than three
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steps to complete a task to ensure the design takes into account the response time and
display rate of information so that when the computer response to the user’s action, it can
enact the requests of the operator more quickly (Under Secretary of Defense, 2012).
Having no more than four steps allows operators to get to the information they need more
quickly. Fewer steps in the menu design also allow the operators to choose the correct
menu more quickly. By having multiple menus to choose from, the operator can more
quickly select a specific menu to a specific function as opposed to starting with one menu
to access numerous functions.

The Federal Aviation Administration published the “human factors design
standard” by Ahlstrom & Longo (2003) that is a compilation of human factors practices
and principles for the procurement, development, engineering, and testing of Federal
Aviation Administration systems, facilities, and equipment (Ahlstrom & Longo, 2003).
For HMI design, designs should focus on the visual and spatial representation of
information instead of text or verbal displays to avoid high workload (Ahlstrom &
Longo, 2003). To help reduce the workload on the operators, dynamic menus should be
used to ensure options are displayed to the users that are relevant to the current
environment (Ahlstrom & Longo, 2003). This shows that dynamic menus should be used
instead of layering options through multiple menus to allow the user to reach their desired
information or selections when they are trying to complete a task.

The North Atlantic Treaty Organization (NATO) (2019) developed the
Unmanned Aircraft Systems Airworthiness Requirements (USAR). These guidelines
define the requirements of UAS design to achieve airworthiness certification of rotary

and fixed-wing aircraft that operate between 150 and 20,000 kg (NATO, 2019). NATO



WORKLOAD ANALYSIS OF MENU LAYERING IN UAS 11

(2019) defines workload as the amount of work assigned to or expected from a person in
a specified time. According to NATO (2019), the workload of an individual operator for
a UAS must take into account operations of essential elements of a UAS, navigation,
flight path control, communication, compliance with ATC, and command decisions
(NATO, 2019).

NATO (2019) explains that safety-critical controls must be available to the
operator to allow for the rapid and precise reaction of the UAS crew in an emergency
situation. If the UAS has a "pull-down" menu, the operators must be capable of accessing
information in the first level of the menu to allow for prompt reaction (NATO, 2019).
The access to information or options in the first layer of a pull-down menu would allow
the crews to have access to relevant actions in a short amount of time. If the users can
access the information more easily, it can reduce workload by lowering the amount of
time the user spends trying to access the information.

The Human Factors Considerations in the Design and Evaluation of Flight Deck
Displays and Controls Version 2.0 was created by Yeh, Swider, & Donovan (2016) to
identify and prioritize guidance on human factors issues in the design and evaluation of
flight deck displays and controls for all types of aircraft. The report explains that
hierarchical structure in menus should be designed to allow the operators to step through
the available menus or options in a logical way to complete their tasks (Yeh, Swider, &
Donovan, 2016). This type of navigation allows the operators to logically reach their
menu or options based on the grouping and path of the options to ensure an intuitive and

easy to use menu design.



WORKLOAD ANALYSIS OF MENU LAYERING IN UAS 12

The number of sub-menus should be designed to allow for quick access to the
desired options without over-reliance on memorizing the steps of the menu structure
(Yeh, Swider, & Donovan, 2016). The number of steps required to choose the desired
options should be consistent in frequency, importance, and urgency of the operator's task
for the environment (Yeh, Swider, & Donovan, 2016). By designing the menus to allow
for quick and intuitive access to relevant information, the operator should experience a
reduction in workload by having easy access to their desired options or data.

Menu laying of information should not hinder the pilot's ability to identify the
location of their desired options or control (Yeh, Swider, & Donovan, 2016).
Considerations should be made by the human factors engineers on the location and
accessibility of control functions within various menu layers and how the pilot will
navigate the menus (Yeh, Swider, & Donovan, 2016). For menu-based controls, ensure
the number and complexity of the steps required to retrieve or access a control or option,
is appropriate to the intended task or use of the control (Yeh, Swider, & Donovan, 2016).
The number of sub-menus layered should allow for easy access without over-reliance on
memorizing the location of the menu structure (Yeh, Swider, & Donovan, 2016). Menu
design that is intuitive for intended use can allow operators to access controls or
information without memorizing the steps to reach their intended location in the

hierarchy.
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Mishaps Related to Control Station Design

Marshall et al. (2016) found that human error accounted for roughly half of all
UAS mishap accidents (Marshall et al, 2016). The authors compared the U.S. Air Force,
Navy, and Army UAS mishaps. They found that the mishap rates for U.S. Air Force UAS
were higher due to the high autonomy in their UAS (Marshall et al, 2016). This increase
in human factors for the U.S. Air Force was determined to be higher than other services
due to the higher stress environments where the UAS are flown and have a lower
opportunity for human interaction with the UAS (Marshall et al, 2016). Other military
services that fly unmanned aircraft regularly maintain manual control of the aircraft
throughout the flight, which maintains the operator’s attention. Increased use of manual
control increases the workload on the operator.

The authors explain the use of the human factors analytics and classification
system (HFACS). As seen in Figure 1, the HFACS classified four levels of failure. This
system is used to determine which areas contributed most to a mishap to enable
investigators to determine where to focus their attention. This guides investigators to
understand how to enable future operations to avoid future mishaps by fixing specific
failures that occurred. The model looks at the 4 Ws of What, When, Why, and What. This
system can be used to help determine the workload of the operator during an incident to
try and find the contributing factors that may have been related to how much work the
operator was doing at the time of the incident. This type of investigation can help
determine if the workload was related to the HMI of the mishap UAS.

Marshal et al (2016) gather multiple studies regarding UAS mishaps and

determined that the impact of human factors performance is significantly mitigated by
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operational context, human-system integration, system automation, crew composition,
and crew training. Human system integration is the human element in all aspects of a
systems lifecycle to reduce resource utilization and system costs from inefficiency while
dramatically increasing system performance and productivity. System automation can be
great to reduce operator workload; however, there are requirements for large amounts of
mission planning, and there is the possibility of distrust of the automation if the system
does not respond to how the pilot expects.

Crew size, composition, and crew training can have a significant impact on the
ability of the operations teams to execute their mission (Marshall et al, 2016). New UAS
are commonly upgraded and do not share similar control stations or crew constructs. This
causes a delay in crew training as it can take time to change crew training to meet the
advances or changes in new UAS upgrades. This is similar to a manned pilot learning to

fly a new aircraft.
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Figure 1. Human Factors Analytics and Classification System (HFACS). Reprinted from
“Introduction to Unmanned Aircraft Systems,” by Marshall, D. M., Barnhart, R. K.,

Shappee, E., & Most, M. T. (Eds.). 2016, Copyright 2016 by Marshall, D. M., Barnhart,
R. K., Shappee, E., & Most, M. T.
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The Department of Defense UAS control stations are full of human factors and
ergonomic deficiencies. In studies on mishaps for UAS, 69% of mishaps were human
factors related to where 24% of the mishaps are directly attributed to the control station
(Waraich et al, 2013). In 2005, the Department of Defense started creating road maps and
designating guidelines for the design and acquisition of UAS. According to the authors,
the DoD has failed to create a specific standard for the creation of the control stations of
their UAS. The authors explain that the Government Accountability Office (GAO)
interviewed multiple UAS manufacturers and found that development and design lacked
incorporation of human factors engineering. This led to the creation of numerous UAS

with different types of control stations.

Control Station Design

In the book titled “Remotely Piloted Aircraft Handbook of Human Factors in Air
Transportation Systems, Alan Hobbs (2017) looks at requirements and deficiencies in the
design of UAS. One of the deficiencies explained by Hobbs (2017) is “complicated,
multistep sequences required to perform routine or time-critical tasks, often involving
menu trees.” This type of deficiency is key to this research paper as it shows that
layering information inside menus can cause even the simplest task to be difficult to
complete. If the operator is required to navigate these menus often, it can add time to
completing the task while making the task itself tedious. If the operator simply wants to
check their oil temperature, menu layering can increase the time it would take over a

gauge that may show continuously throughout the flight.
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Another deficiency the author goes over is an operator’s heavy reliance on
memory to keep track of a UAS’s status or flight plan details (Hobbs, 2017). If
information is buried deep through menus or behind multiple layers of information, it can
make it difficult for the operator to view the information often without detriment to the
task at hand of flying the aircraft. This is relevant in that is explains that data fusion, or
the combination of information in a single location, is essential for the displaying of
information to the operator. If information is buried inside multiple layers of menus or
displays, it is possible to force the pilot to simply write down their information or attempt
to memorize it for later recall. This is dangerous for emergency operations. If a pilot is
under stress while dealing with an emergency, it is unlikely they would be able to recall
the information easily (Pastor, Royo, Santamaria, Prats, & Barrado, 2012).

When designing a new control station for a UAS, it is essential to iterate your
designs continuously to ensure they are meeting your intended goal. A method that can
be used to do this is the “Modified Cooper Harper Evaluation Tool (MCH-UVD) for
Unmanned Vehicle Displays” by Cummings, Myers, & Scott (2006). The MCH-UVD
Tool is used to evaluate designs for UAS to ensure they are operator friendly. Cummings
et al. (2006) explain that unlike losses in productivity due to poor application design for
some businesses, a poorly designed UAS interface can be catastrophic enough to cause
human casualties. As seen in Figure 2, the Display Qualities Rating Scale helps interface

designers ensure their concepts are taking human factors into account.



WORKLOAD ANALYSIS OF MENU LAYERING IN UAS 18
Display Qualities Rating Scale
Adequacy for Selected Interaction Display Characteristics Demands on the Operator Rating

Excellent & . . @
Display is Highly Desired Operator not compensating for desired results
Acceptable Good with Negligible  [Very minor issues not hindering performance. @
Deficiencies Questions of preference for individual operators.
. Automated assistance or display visualization
— - Mmg;:site'gzlizrsable facilitates enhanced human decision making. @
Does the display Deficiencies Occasionally requires additional editing or time.
facilitate efficient Warrant =< | Moderately Objectionable [Displays do not identify alternate decisions or
decision making? Improvement Deficiencies courses of action.
Very Objectionable . . .
Deficiencies Displays do not predict decision consequences. @
. . Displays do not clearly or rapidly depict changes in
Major Deficiencies critical information that is required for analysis.
Is the depicted e Display overhead is excessive. Multi-ayered search
display what is NO DeﬁCIer]mes Major Deficiencies is required for basic analysis. Display navigation @
needed to analyze the Require requires operator's complete attention.
situation? Improvement Display does not support direct perception
Major Deficiencies interaction or direct manipulation. Operators must

derive critical information relationships.

Is the displayed

Major Deficiencies

Information visualization or automated alerts fail to
direct operator's attention in a timely manner.
Deficiencies cause degraded human and system
performance that threatens mission success.

information easily
acquired?

Major Deficiencies

Display is missing critical information, operator is
unable to locate essential information, or retrieval

time makes information irrelevant. Mission fails.

| Operator Interaction |

Figure 2. Modified Cooper-Harper (MCH-UVD) Scale. Reprinted from “Modified
Cooper Harper Evaluation Tool for Unmanned Vehicle Displays,” by Cummings, M. L.,
Myers, K., & Scott, S. D., 2006, Copyright 2006 by M. L. Cummings, Kevin Myers,
Stacey D. Scott.

Using the MCH-UVD, designers can create a product and have a test user try and
utilize the design. As the user goes through the use of the control station, the diagram is
used from the bottom left to show where the operator interaction starts to show
deficiencies in the design. An ideal score or rating from the MCH-UVD is a one, and the
worst-case scenario is a 10. A 1 would indicate that the display is providing adequate
information to the operator with little requirement for the operator to make up for the lack
of information display. A 10 on the scale indicates that the design does not show the

operator their desired information.



WORKLOAD ANALYSIS OF MENU LAYERING IN UAS 19

The scale is relevant to layering on the UAS control station by helping designers
understand where deficiencies exist in the current iteration of the display for the
operators. An area of concern for using this diagram for the design and testing of control
station displays is “variation in opinion can be significant and subjective opinions should
not necessarily guide interface design because often what users like can be detrimental to
their performance” (Cummings et al, 2006).

Research by Fern et al (2012) was completed to determine how a Cockpit
Situation Display inside a UAS control station can help reduce the workload of Air
Traffic Control (ATC) with unmanned aircraft flying in the Nation Airspace System. The
research uses both ATC controllers and UAS operators to determine the workload of the
controllers when the UAS operators had the capability to see other traffic around them
(Fern, Kenny, Shively, & Johnson, 2012). The research determined that with a CSD
installed on the control station of a UAS, both the pilot and the ATC controller saw
reduced workload from each other, thus allowing each to focus their attention on other
areas during the flights.

Cockpit Situation Displays can show information to the UAS operator that would
normally be unavailable during flight. The shared picture between ATC and the operator
allows the UAS to fly in the NAS without hindering the air traffic controller's ability to
integrate the UAS with manned aircraft. Workload reduction by fusing data into a CSD
allows the UAS operator to see information more easily than having them navigate
menus to retrieve the information. This type of research shows that by displaying

information more easily to the operators, the workload is reduced.
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Alternative Actions

Initial Design

Unmanned aircraft systems require extensive planning and design to ensure an
intuitive interface is created for operator use. Human Factors Engineers must plan and
test their designs to ensure they are performing the intended function and safely
complying with the applicable regulations. In an interview with Mikel Atkins, a Senior
Human Factors / Crew Systems Engineer for Lockheed Martin, Mikel explained that
when designing an aircraft, one needs to know what the system will be used for (M.
Atkins, personal communication, March 29, 2020). Mikel explained that knowing what
the customer is looking for regarding the Concept of Operations (CONOPS), who will be
flying, and what the mission is for, will provide an understanding of where to begin with
control station design (M. Atkins, personal communication, March 29, 2020).

The design of a control station and the interface will go through many iterations.
The use of a measurement tool for performance like the MCH-UVD will allow designers
to understand where the design may have deficiencies. This is critical in the process of
determining information like how many layers of information should be displayed or kept
in menus. Many UAS initial designs look like engineering test tools, which is not what
most end users are looking for in a final design. When creating an interface, the engineers
want an interface that provides the end-user with proper Situation Awareness (SA)
without overloading them with unnecessary information (M. Atkins, personal
communication, March 29, 2020). Ensuring data fusion on the display can allow the user
to see relevant information without having to go looking for it. By designing the systems

with an adequate amount of information displayed at a given time, the user will have
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enough SA to complete their tasks while having enough capacity to work with any
additional tasks that may arise during flight.

Initial designs for UAS will typically change through the design process. The
engineers will take time to determine the useability of their systems by testing it with
users and measuring their capabilities using a table similar to the MCH-UVD. These
rating scales allow the engineers to understand where the deficiencies exist to modify
them and allow the UAS to have more human factors friendly designs. By using an
iterative process to design, test, and modify/redesign the interfaces, engineers can ensure
that significant deficiencies in the design are removed, and the users are capable of
performing their mission or task with little or no human factors that affect their
performance.

Design Standards or Guidelines

With the Under Secretary of Defense (2012) guidelines titled “Unmanned Aircraft
Systems Ground Control Station Human-Machine Interface,” the DoD has created
guidelines or standards for future UAS designs. These standards define how the DoD will
measure and expect their future UAS designs to follow. This guide should give engineers
an idea and best practices for where to start their design process to allow for DoD UAS
design to move in the direction of the requested systems (Under Secretary of Defense,
2012). It is not the goal of the guide to define every aspect of the design process but to
give an idea of where the designs should be starting to allow engineers to focus on
methods that have been proven effective in the eyes of the DoD (Under Secretary of

Defense, 2012).
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With a guide for the DoD, the private industry has an idea of where to start their process.

However, despite these starting points, there is no existing standard for all UAS.
According to Mikel (2020), as far as industry is concerned, there is not a definable
standard for UAS (M. Atkins, personal communication, March 29, 2020). He explains
that many engineers have come up with a so-called standard for what they do, but there is
no set design standard for all UAS.

One size does not fit all for design. The amount of information that an operator
has available has created many data fusion concepts and applications (M. Atkins,
personal communication, March 29, 2020). Data fusion is an alternative to layering
information inside a control station. By showing multiple pieces of information on a
single display, the operator can look at and comprehend whatever information they need
while still looking at all of the information available. An example of where this is used is
a HUD or Head-Up Display on some manned aircraft. A head-up display sits in front of
the pilots' windscreen so they can still have primary flight information in their field of
view while looking out-the forward window. The SA that is gained from this is similar to
fusing data in on a control station interface.

A similarity between manned and unmanned aircraft with data fusion is the
display of information when it is needed and not displaying information when it is not. If
the pilot sees too much information when they are trying to accomplish a task, they can
be oversaturated with data. A manned pilot can select what is displayed in their HUD to
ensure they only see what they want to see. UAS displays should have selectable

information to ensure the operators are not overloaded with information. Ideally, CS
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would have adaptive or smart display systems that show relevant information only when
it is needed (M. Atkins, personal communication, March 29, 2020).

If the pilot can receive relevant information autonomously, it would allow less
work from the operator as the system knows what should be displayed during each phase
of a mission or flight. A method that most engineers start with to ensure an adequate
design is to start with the basics of Aviate, Navigate, and Communicate (M. Atkins,
personal communication, March 29, 2020). These are the most basic guidelines that
cannot go away during a flight. According to Mikel (2020), the basic methodology that
should be followed for new systems or system redesign are:

1. Aviate, Navigate, Communicate (Remember, communicate includes the platform,
not just people)

2. CONORPS for mission - What Components will I need to fly the mission?

3. Contingency planning - Loss of Com/Nav, Weather, System Malfunctions, etc.

4. The Look Ahead - As pilots, we are always thinking several steps ahead. Does
the system help me with this?

5. Data Fusion - Get the pilots in a room and discuss how they want/need to have
data displayed.

6. Pilot Expectation - Did the system react in the way the pilot expected. Surprises

are not good.

Menu Depth and Complexity
Operators must have access to information relatively quickly. The design,

location, and access to critical controls that may require immediate action must be
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accessible with a quick and accurate reaction of the operator in an emergency situation
(NATO, 2019). If an operator has to spend excess time navigating the menu hierarchy, it
can increase the time it takes to complete the task at hand.

If an interface utilizes pull-down menus, the controls that require immediate
reaction of the operators must be accessible at the first level of the menu pull-down
(NATO, 2019). This is similar to how most manned aircraft have immediate access to
emergency switches or handles during flight. UAS operators must be capable of
accessing information and actions to ensure they can complete a task with urgency. This
is a critical human factor deficiency for unmanned aircraft. UAS that operate on a
computer screen has the ability to easily modify the display at the needs or request of the
users. This has a disadvantage because UAS interfaces can be modified easily. This can
be difficult for the operators who would have to change their displays to either match
their preferences or standards for the company or unit that they fly for.

Over the years, three layers deep on menus have been found to be a good
guideline for menu layering (M. Atkins, personal communication, March 29, 2020). SA
can be fluid, and depending on the mission, SA can require more or fewer components.
Elements vital to the mission must be readily available to the operators, and engineers
love to layer elements of information (M. Atkins, personal communication, March 29,
2020). UAS operations that last for long durations would require crew changes. These
crew changes would require the control stations to maintain the same integrity or
positions of the HMI display between operators to allow each crew to have the same

baseline standards as they take over the aircraft.



WORKLOAD ANALYSIS OF MENU LAYERING IN UAS 25

The complexity of the control station is directly proportional to the complexity of
the UAS (M. Atkins, personal communication, March 29, 2020). Data fusion is important
for complex systems to avoid putting too many displays or showing too much irrelevant
information at the wrong time during the flight. It is difficult for the operators to have too
many displays during a mission if they are cluttered, especially if they do not need all of

the information at that given time.

Recommendations

Understanding human factors in UAS are critical to ensure efficient and intuitive
control station design. Future research should focus on defining standards and guidelines
for UAS. A set standard for UAS that complete the same types of missions would allow
for more focused research on the same types of control stations and interfaces. If there are
too many different types of control stations, the research will focus on different areas, and
it is possible to slow the progression of UAS in the military and civilian sectors.

Clearly defined standards can also define the maximum depth of data or
information depending on the active mission or operation. By defining the standards for
each mission, crews can create a common view of where to find information and also
when information is displayed. Standards for menu depth can also force engineers to fuse
information that is similar or relevant, depending on the mission set. Research should be
done to define what standard displays and menu depths would be most effective for each
mission set. These standards should be tested by a range of UAS operators from different

backgrounds or systems to ensure opinions from each type of UAS are recorded. Once
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these standards are established, all future UAS designs can follow these standards to

ensure common baselines for all UAS.

26
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