
Human guidance of mobile robots in complex 3D
environments using smart glasses

Ryan Kopinskya, Aneesh Sharmab, Nikhil Guptaa, Camilo Ordoneza, Emmanuel Collinsa, and
Daniel Barberc

aDepartment of Mechanical Engineering, Florida A&M University - Florida State University,
College of Engineering, Tallahassee, FL, USA

bDepartment of Computer Science, Florida State University, Tallahassee, FL, USA
cInstitute for Simulation and Training, University of Central Florida, Orlando, FL, USA

ABSTRACT

In order for humans to safely work alongside robots in the field, the human-robot (HR) interface, which enables
bi-directional communication between human and robot, should be able to quickly and concisely express the
robot's intentions and needs. While the robot operates mostly in autonomous mode, the human should be able
to intervene to effectively guide the robot in complex, risky and/or highly uncertain scenarios. Using smart
glasses such as Google Glass∗, we seek to develop an HR interface that aids in reducing interaction time and
distractions during interaction with the robot.
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1. INTRODUCTION

The focus of this paper is two-fold. First, we are studying human-robot interaction (HRI) for dismounted military
applications built upon Smart Glasses, a special class of head-mounted displays (HMDs). Second, this paper
explores what it means to create an effective and efficient human-robot (HR) interface for supervisory control of
mobile robots. Finally, we present an HR interface prototype and early experimental results.

1.1 The Use of HMDs in Dismounted Military Applications

Prior research1 has focused on comparing task performance, workload and user preferences for HMDs and other
display types (e.g., handheld displays). While many concerns were raised about HMDs, key benefits were
also presented. Some of the major concerns for HMDs are binocular rivalry,2 attentional limitations,3 mental
overburden,4 eye strain and blurry vision,5 loss of local situational awareness (SA), reduction in movement speed,
nausea, and inferiority to other displays in stationary operations.1 Major benefits for HMDs include hands-free
operation, light weight, less glare, lower power consumption (i.e., smaller batteries needed), better portability
for dismounted movement (i.e., dynamic operations) and the potential to improve global SA.1

This paper proposes software and hardware that emphasize the benefits of HMDs. In this study, Google
Glass was used as a prototyping device. The hypothesis is that in the right scenario, carefully-designed and
tested software in combination with the right hardware can offer a solution acceptable for fielded dismounted
operations. The military has shown significant interest in such a system since it has the potential to provide
soldiers with improved quality and delivery of critical mission information.6 The software and hardware will be
explained in further detail in Section 2.
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1.2 Effective and Efficient HRI for Supervisory Control

In order to make HMDs truly useful for dismounted soldiers in the field, the HR interface running on these
displays needs to be effective and efficient. Soldiers are required to quickly understand changes in the operational
environment for the purpose of building SA and to respond appropriately and rapidly.7 For this reason, HRI
needs to be effective and efficient in relaying information to the soldier and having them act on it. Extensive
research has addressed how to design and quantify the performance of HR interfaces.

HR interface design has to take into consideration the human and robot capabilities and especially the
limitations. As a guideline for HR interface design based on HMDs, this research used Weinschenk and Barker’s
Twenty Laws of Interface Design.8 While these laws are focused on speech-based computer interface design,
many of them are applicable to HRI.9 We briefly highlight the most relevant laws in Table 1.

Table 1. Most Relevant Laws of Interface Design by Weinschenk and Barker.9

Interface Law Relevancy

User Control - The human must
think they control the system.

While the robot operates in mostly autonomous mode, the human
can view relevant information and can intervene with control at all
times. For example, the human should be able to abort a mission
at all times.

Human Limitations - The inter-
face must not overload the hu-
man.

Cognitive constraints such a limited short-term memory should
be taken into account. For example, chunking information or
grouping numbers8 reduces overloading of short-term memory.

Modal Integrity - When there
is sufficient evidence of intent,
the interface should automati-
cally adapt.10

For example, if the robot hits an obstacle, switching to a live
video mode on the human-robot interface should be automatic.
The human should not have to manually switch to that mode
during such a critical event.

Simplicity - The interface should
present information and actions
as simply as possible.

Only essential information should be presented in a very intuitive
manner.

Predictability - At any point, the
human should be able to predict
what happens next in the inter-
face.

For example, when commanding the robot to abort the mission,
the robot should immediately do so.

Consistency - gestures and user
interface screens have to follow a
specific pattern

In order to avoid confusion and minimize human error, gestures
and user interface screens have to be consistent. For example, if a
specific gesture executes a command on one screen, that gesture
should execute commands on every other screen as well.

Forgiveness - Safeguard the
human for unrecoverable com-
mands.

Any time the human commands the robot to do something po-
tentially dangerous or unrecoverable, the interface should prompt
the human to confirm before executing the command.

To quantify the effectiveness and efficiency of the interface design, metrics proposed in prior research were
used.10 The metrics relevant to this research are Robot Attention Demand (RAD) and Free Time (FT). In order
to define RAD and FT, Goodrich and Olsen10 define Neglect Time (NT) as the amount of time that a robot
can be neglected before average performance drops below a given threshold. In addition, Interaction Time (IT)
is defined as the amount of time required before performance rises from the threshold to peak performance. A
full cycle of IT and NT is shown in Figure 1. They then define Robot Attention Demand as

RAD ,
IT

IT + NT
, (1)



i.e., the fraction of human time dedicated to the robot. The goal is to have this fraction be as small as possible
and therefore minimize interaction time. Furthermore, Free Time is defined by

FT , 1−RAD =
NT

NT + IT
. (2)

The goal is for the soldier to have as much as FT as possible and therefore NT needs to be maximized and
the robot needs to be as autonomous as possible. Ultimately, FT will be used to quantify the effectiveness and
efficiency of the HR interface.

In an effort to deploy innovative, autonomous military robot systems into field operations, a transition will
have to be made from teleoperation to supervisory control.9 Supervisory control is defined as follows: “one
or more human operators intermittently programming and continually receiving information from a computer
that itself closes an autonomous loop through artificial effectors and sensors to the controlled process or task
environment.”11

This research therefore focuses on using the aforementioned design guidelines to create an effective and
efficient HR interface that enables supervisory control through HMDs (e.g. Google Glass). The performance of
the interface will be quantified by the metric FT as defined in (2).

Figure 1. A cycle of interaction and neglect that illustrates RAD and FT.10

2. THE PROTOTYPE

The HR interface developed in this research is called the Smart Glass Interface (SGI) and provides bidirectional
communication between the soldier and robot for dismounted military operations. Figure 2 shows that the SGI
consists of two main modules: the Commands (i.e., human to robot) module and the Information (i.e., robot
to human) module. Currently, the Commands module enables the human to command the robot to do the
following: 1) go to a location, 2) abort the ongoing mission, 3) learn the model of the interaction between the
terrain and the wheels or legs, and 4) reset the system in case of any errors.

It should be noted that commands {1}, {3} and {4} in Figure 2 are only available when the robot is not
executing an ongoing mission. The Abort command {2} and the Mission Progress screen {5} in the Information
module are only available when a mission is in progress. Finally, Notifications {6} work at all times; however,
the type of notifications {7} or {8} depend on the context. In Figure 3 the key SGI elements are shown in an
interaction flow diagram. This diagram shows how the interface elements interact with each other. The interface
elements are numbered consistently with their representation in Figure 2.

Each rectangle in Figure 3 shows a screen from the SGI. When the SGI is initialized, the user sees the Go To
screen {1}. From there the user can navigate to other commands by swiping left or right on the Google Glass
touchpad, which functions similarly to a laptop touchpad. For the purpose of simplicity and predictability, as
discussed in Table 1, a white scrollbar on the bottom of the screen shows the position of the current command
relative to the other commands. For added intuitiveness, the commands that are directly to the left and right



Figure 2. An hierarchical overview of the SGI modules.

of the Go To command are also displayed. The current command label, in this case Go To, is centered and
emphasized on the screen.

In order to maintain consistency, all screens follow the blueprint shown in Figure 4. This blueprint places
important information or actions in the center row. The bottom row displays the user interface elements that
provide hints (e.g., the white scrollbar and adjacent commands) to the user in order to make SGI intuitive and
efficient. These hints can also be seen on the Mission Progress screen {5} (i.e., “Tap to Abort”) and Reset
confirmation screen {4a} (i.e., “Tap to Confirm”).

While swiping enables the user to navigate between the various commands, tapping on the touchpad allows
the user to execute an action. For example, when the user is on the Go To screen, a tap will then show the screen
to enter in the Go To coordinates. It should be noted that entering coordinates is a temporary solution to test
the user interface. Ideally, the user would give the robot a more sophisticated, probably verbal, command, such
as “...go to the back of the building and send me a picture of any person that leaves wearing a red shirt.”9 Once
the user has entered in the coordinates using a scrolling gesture (i.e., left to increment, right to decrement) on
the Google Glass touchpad, the user can tap again to execute the mission. As soon as the mission is executed,
the Mission Progress {5} screen is shown.

In addition to the center and bottom rows, the Mission Progress screen also has information in the top row.
This row is dedicated to displaying any warning or error messages to the user while a mission is in progress. The
colored circle next to the warning or error message indicates the severity of the message (e.g., yellow signifies a
warning while red indicates an urgent error). The center row (i.e., the green bar) of the Mission Progress screen
shows the overall progress of the mission. When the green bar reaches the right side of the display, the mission
is complete. The bottom row shows the “Tap to Abort” hint. As soon as the user taps on the touchpad, the
mission will be aborted. This makes the user feel in control and further enhances the predictability of SGI, as
discussed in Table 1.

The Reset screen follows the same blueprint. However, when the user taps on the Reset command, a confir-
mation screen is shown. The Reset command will reset the robot’s system and the robot will therefore be offline



Figure 3. An overview of the interaction flow for the SGI. (Note that only key elements of the interface are depicted in
this figure.)

Figure 4. All screens in the SGI follow this blueprint for arranging information and actions in the user interface.

for a certain amount of time. During a critical mission, this could be detrimental to the success of the mission.
In order to avoid having the user accidentally execute a potentially harmful command, a confirmation screen is
shown, as discussed in the last row of Table 1. If the user taps again, the robot will be reset. If the user decides
that they do not want to proceed with resetting the robot or executing any other command, swiping down on
the touchpad returns the user to the previous screen.

Finally, to the left of the Go To screen is the Learn screen, which will be covered in future publications. With
just four gestures (i.e. swipe left/right/down and tap), the user can navigate through the intuitive SGI. SGI
offers the user simplicity and efficiency by presenting a limited number of commands and displaying only the
essential information. Section 3 will go into further detail on how the metrics discussed in Section 1 will be used
to quantify the effectiveness and efficiency of SGI.



3. EXPERIMENTS

To measure the effectiveness and efficiency of the SGI, experiments were conducted for which the human was
required to use the SGI while stationary, walking and running. As mentioned in Section 1.1, Google Glass
was used as the HMD for the experiments. While Google Glass does not offer the robustness and ruggedness
required for dismounted military applications, it does offer an HMD in a lightweight package that allows for
experimentation with effective and efficient HRI. The Husky A200 wheeled robot made by ClearPath Robotics
was used as the robot for the experiments.

In order to simulate a dismounted military operation, the experiments covered three types of scenarios for
which the human, in this case the first author of the paper, was 1) stationary, 2) walking, and 3) running. These
scenarios were executed for the same experimental setup as shown in Figure 5. The cardboard obstacles provided
the simulated complex environment. Future publications will cover more complex and realistic environments.

For these experiments, IT was measured as the time it took from opening up the SGI to sending the desired
command, in this case the Go To command, to the robot. In addition, if the human needed to intervene with
the robot, that time was also added to IT. NT was calculated by subtracting IT from the total time it took to
complete the mission. RAD and FT were then computed using respectively (1) and (2).

Figure 5. An overview of the experimental setup. The Husky robot is shown on the left at its starting position. The
cardboard cylinders serve as obstacles in the environment. The robot has to navigate through the environment to reach
the goal. The experimental setup covers an area of 20m x 10m.

4. RESULTS & DISCUSSION

The experiments as mentioned in Section 3 offer preliminary results for discussion of metrics for effective and
efficient HRI using HMDs in dismounted military operations. The results, as shown in Table 2, are based on the
average of six trials for each scenario (i.e., stationary, walking, running).

Table 2. The Results for the Experiments as Described in Section 3.

Scenario IT (s) NT (s) RAD FT

Stationary 9.141±0.773 37.298±0.616 0.1968 0.8032

Walking 8.188±0.569 36.692±1.185 0.1824 0.8176

Running 10.845±1.722 37.064±1.414 0.2264 0.7736

The preliminary results presented in this paper focus on the human in stationary and dynamic operations.
Initial data shows that IT for a specific scenario (e.g. walking) did not change with varying mission length (i.e.,



total mission time). It is expected that IT will change for varying mission complexity. In-depth results that
cover effects from variability in mission length and complexity will be discussed in future publications.

Interestingly, the IT for the stationary trials was on average higher than the IT for the walking trials. A
potential explanation is that the SGI was designed for dismounted operations with a focus on dynamic scenarios.
From subjective feedback, the human believed it was easier to use the SGI while walking as opposed to standing
still. Due to its preliminary nature, more data and human feedback has to be collected to elaborate or invalidate
this phenomenon. As expected, the IT for the running trials was the highest. User feedback suggests that it is
difficult but not impossible to use the SGI while running. It is expected that proper training and extensive use
of the SGI will improve IT for running scenarios.

All trials covered missions that lasted less than one minute. The results show that the human had approxi-
mately 80% of FT for the stationary and walking scenarios. For running, the human had less than 80%. It is
expected that FT will increase for all scenarios as the total mission time increases since IT is expected to not
vary significantly with mission length, as mentioned earlier in this section.

The metrics shown in Table 2 should not be interpreted as the absolute best, but rather as a benchmark
and a starting point for HRI for dismounted military operations using novel interfaces built upon Smart Glasses
(e.g., SGI).

5. CONCLUSION

The preliminary results discussed in this paper offer a benchmark for HR interfaces that enable supervisory
control of military robots through HMDs. Since the HR interface is used during dismounted military operations,
it has to be effective and efficient in both stationary and dynamic scenarios. The SGI presented in this paper is
a starting point for creating a robust and intuitive HR interface that will hopefully be used as a proof-of-concept
for military-grade HMDs.
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