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Abstract—This paper presents a remote, human-controlled,
immersive Unmanned Robotic System (URS) designed to assist in
search and rescue operations. The system is being designed and
constructed by the Embry-Riddle Aeronautical University
Department of Electrical, Computer, Software, and Systems
Engineering 2011/2012 Senior Design Team. Described in this
paper are two different implementations of the URS - one is
controlled using a handheld tablet and the other is controlled by
way of a Human Robotic Interaction (HRI) head-mounted
display. This paper outlines the architecture, implementation,
and design considerations for each system.

1. INTRODUCTION

In emergency situations, it is preferable to deploy an
unmanned vehicle in place of a human. Using robots to handle
hazardous environments originated in the early 1970’s when
the Irish Republican Army (IRA) planted many explosive
devices throughout Northern Ireland and England. After the
loss of many Explosive Ordinance Disposal (EOD) personnel,
it was decided to use a remote, unmanned vehicle to move car
bombs to a safe distance [1]. A recent example of the necessity
of having robots on hand is the Fukushima Daiichi nuclear
power plant disaster. Rapidly-deployed robots enabled the
exploration and assessment of the facility while minimizing the
risk to personnel [2].

The Embry-Riddle Aeronautical University Department of
Electrical, Computer, Software, and Systems Engineering
(ECSSE) Senior Design project for 2011/2012 explores this
technology through the design of an immersive unmanned
robotic telepresence system. Unmanned Robotic Systems
(URS), designed by the ERAU Senior Design class, will be
built for the purpose of assisting a user in a hazardous
environment.

Two similar systems designed by the class will have the
capability of immersing the user in the environment of the
vehicle. Each vehicle has on-board cameras, microphones,
speakers, various environmental sensors, and the ability to
transmit the data collected to a ground station for real-time
evaluation by the user. The system presents the user with the
ability to see and hear the vehicle’s environment, and allows
access to the environmental data being captured by the on-
board sensors. This particular functionality assists the user in
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evaluating the potential dangers present in the immediate
vicinity of the vehicle.

The 2011/2012 Senior Design class is split into two teams
of 15 students each. The objective of the two ECSSE Senior
Design teams is to design and implement the URS as an
immersive, multi-user environment monitoring system. Both
teams are multidisciplinary and include students from the
Electrical, Computer, Software, and Systems engineering fields
of study, thus allowing for a much wider pool of experience to
be used in the development of the URS. There are two
implementations of the URS being constructed in parallel,
designated as the “on-board” and “off-board” models. The on-
board implementation uses a head-mounted display, by which
the user will be able to control the vehicle and view various
status data transmitted from the vehicle. For the off-board
processing implementation, a tablet controls the movement of
the URS and displays information about the URS’s
environment for the user. The project is to be completed by the
end of April 2012.

This paper describes the approaches taken by each team and
their solutions to the design problem. Section II contains a
description of the overall implementation and interface choices
of each team. Section III contains a more-detailed look at the
system architecture and wireless link. Finally, Section IV
contains a description of the interoperability capabilities and
the JAUS protocol chosen for standardization between the
teams.

II. ROBOTIC AND INTERFACE IMPLEMENTATION

The Human Robotic Interface (HRI) of each URS provides
the user with robotic control capability and auditory and visual
immersion in the URS’s environment. The task of creating an
experience of virtually seamless immersion, coupled with a
limited budget, requires creative, cost-efficient solutions using
a combination of off-the-shelf and in-house products. Although
the goals of each team are similar, differences in the
capabilities of the two robotic platforms necessitated two
different approaches to this task. This section describes each
implementation along with an outline of the major hardware
components.



Figure 1. Vehicle platform for Team 1.

a) Team 1: On-Board Processing

The platform for Team 1 is shown in Fig. 1, and is the
larger of the two vehicles. This platform provides plenty of
room to include all major processing elements on-board the
vehicle. The vehicle gathers video data using an array of six
COTS webcams (C910 HD Pro by Logitech) and audio data
using an array of eight simple microphones processed using a
FPGA. Data are processed in a high-performance Auxiliary
Processing Unit (APU) prior to transmission to the ground
station.

The HRI modules for Team 1 consist of a head mounted
display (HMD) for audio and visual output. The HMD presents
all pertinent data of the URS’s surroundings to the operator. A
COTS headset (VUZIX WRAP 1200 VR) is used for this
purpose, and integrates stereoscopic 852x480 LCDs,
headphones, and a six-axis head-tracking module [3]. User
input is gathered with a combination of the head position
sensors, a USB Joystick, and a Neural Analysis Headset

(NAH).

The HMD receives a processed video feed from the vehicle
through multiple abstraction layers. At the bottom layer, the
visual sensory hardware (VSH), captures raw video data from
the URS’s environment and sends the data to the APU. The
next layer consists of a video processing unit that receives raw
video (from the VSH) over an IEEE 802.3 network. This layer
then stitches the video into a single panoramic video stream.
The top layer crops and packetizes the video stream and
transmits it to the HRI system and ultimately to the HMD. The
angle of the user’s head, gathered with the HMD’s head
tracking sensors, determines which portion of the panorama is
cropped and sent to the HMD. In this way, the field of view
presented by the HMD corresponds to the user’s head position.
Current capabilities are limited to flat (non-3D) images, though
with the stereoscopic capabilities of the HMD, approaches to
3D panoramas such as those described in [4] can be considered.

A secondary function of the HMD is to provide the user
with audio from the URS’s environment. The delivery of the
audio to the headset relies on multiple layers of processing. The
Audio subsystem uses an array of Omni-directional

Figure 2. Neural Analysis Headset and Head Mounted Display.

microphones distributed in a circular pattern along the trim of
the URS. These are operated in various beam-forming modes.
The raw audio travels from the microphones to the onboard
FPGA, which performs the necessary filtering and
beamforming of the input signals before multiplexing and
packetizing them. Data are gathered by the APU and
retransmitted to the HRI and HMD. User input configures the
audio system in multiple modes, including stereo audio,
beamforming, and direction-finding modes.

The final module of Team 1’s HRI is the Neural Analysis
Headset, a COTS Emotiv EPOC. This technology is being
explored to allow the user to interact with the system by
mental, rather than physical, action. The NAH analyzes the
specific neural patterns associated with the emotional states,
facial expressions, and cognitive functions of the user and
correlates those patterns to specific commands. This, in tandem
with adaptive interfaces provided in the SDK, can track user
excitement and frustration levels in real time [5]. The NAH
supplements the ability of the joystick to provide a means of
locomotive control, and might free the user’s hands for other
interface actions.

b) Team 2: Off-Board Processing

Although the goal of providing a natural, immersive
interface is the same for both teams, the implementation is
different for the second team. Fig. 3 shows the robotic
platform for Team 2, which is much smaller than that of Team
1 and has a limited payload capacity (about 5 1bs). The limited
payload capacity requires performing most data processing
off-board the robot, so the APU is located at the ground station
in this model. Raw data (e.g., unstitched video streams and
sampled audio) are conveyed to the APU over the wireless
link between the robot and ground station. This choice
mandates a more-limited video resolution than for Team 1, but
otherwise the sensors on the robot are similar.

The second major difference between the two HRI
implementations is that Team 2 utilizes a tablet computer rather
than a HMD. The Motorola XOOM serves as the primary
component of the HRI subsystem. It has a resolution of
1280x800 and runs the latest Android OS. The tablet interfaces



Figure 3. Vehicle platform for Team 2.

with the APU via an 802.11n protocol, connecting it to the rest
of the system.

Fig. 4 illustrates a candidate layout for the tablet HRI,
containing both control inputs and data outputs. User input is
gathered using a combination of the touch-screen interface as
well as the inertial (orientation) sensors native to the tablet.
Initial concepts utilized the tablet orientation to control vehicle
navigation, but analyses determined the risk of unintentional
command to be unacceptable in this mode. Current layouts
utilize a virtual-joystick on the touch-screen for capturing
navigation inputs. The tablet orientation is used for directional
panning of the video. Additional touch-screen commands are
provided for video zoom and audio mode control. Data
overlays include navigation, vehicle status, and information
from other sensors.

III.  SYSTEM ARCHITECTURE

Figs. 5 and 6 show the system/sub-system architectures for
both the on-board and off-board models. In this diagram, a
solid block denotes a sub-system. Arrows indicate an interface
between sub-systems. The outlined blocks nearest each arrow
describes the type of data transmitted through that interface.
The color of the outline of each box denotes the sub-system
which is responsible for controlling that interface.

Each subsystem is intended to be modular, with unique data
generation and handling capabilities. In the robot control sub-
system, incoming control data is processed and results in the
actuation of the robot’s locomotion system. This subsystem is
also responsible for gathering, processing, packaging and
transmitting environmental data. The audio subsystem receives
commands for audio focusing and dampening, and modifies the
data it is collecting accordingly. Similarly, the video subsystem
receives data which indicated the users desired subset of the
total field of view, and crops the data it receives as a result.

In the on-board processing model, illustrated in Fig. 5, all
processing  associated ~with  stitching, cropping, and
compressing video data is done on the robot. The audio and
environmental data are also processed onboard. All data is
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Figure 4. Candidate interface for the tablet.

packetized in its sub-system of origin and passed to the video
sub-system connection to the switch. This architecture is ideal
for larger vehicles, capable of carrying large processing loads.
It also tends to reduce the bandwidth required across the long-
distance data link, as the majority of data is cropped before
being transferred. In this model, the video subsystem also
implements the APU.

The off-board processing model, illustrated in Fig. 6, the
APU is placed on the user-side of the wireless link (drawn as
the “Local Processing Unit”). In this architecture, raw data is
transmitted from the robot to a switch located at the ground
station, and to the APU. The processed data can then be
accessed through the switch by the HRI module.

Both systems utilize a common wireless link design to
communicate between the ground station and vehicle. The
vehicle and ground station both use 8 dBi azimuthally-
symmetric antennas and 2.4 GHz 802.11n range extenders. The
system is designed to allow the vehicle to travel and maintain
communications at a distance of at least 200 meters from the
ground station.

IV. INTEROPERABILITY USING JAUS

The abstraction of the APU, and independence of its
location, allows for flexibility in future development as well as
interoperability between systems. The teams have defined the
APU-HRI interface link (rather than simply the wireless link)
as a standardized interface within both designs. This
standardization permits either HRI to operate either vehicle,
and provides a specification for both future vehicles and future
HRIs.

In order to support interoperability between the two
platforms, the teams selected the Joint Architecture for
Unmanned Systems (JAUS) as a communications architecture
for the system’s components. JAUS is a service-oriented
architecture that defines a strict message set used when
components communicate between one another. JAUS
specifies the source and destination component as well as the
service being provided in each message transmitted across the
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Figure 5. Illustration of the on-board processing model.

system with the UDP protocol, although it has implementations
using the TCP and Serial protocols also. All messages in JAUS
have a three—part structure, consisting of a header, a body, and
a footer [6]. A typical message structure would contain data
such as latitude, longitude, and elevation.

JAUS architectures are described as a “collection of
subsystems” [6] where the system architecture is divided into
subsystems, which are then divided into “nodes,” which are
further divided into “Components.” An example of the JAUS
architecture topology is depicted in Fig. 7.

Each component within the subsystem’s nodes provides a
service defining some capability, such as video streaming or
transmitting recorded environmental measurements. For the
immersive unmanned robotic telepresence system, the largest
subsystem will be the Unmanned Robotic Vehicle, which
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Figure 6. Illustration of the off-board processing model.

contains nodes pertaining to audio capturing and processing,
video recording and transmitting, and environmental sensory
devices.

Implementations for JAUS are available in a variety of
languages, and are described for example in C++ [7] as well as
Python [8]. The majority of services on the vehicle utilize
standard JAUS definitions. An exception is the audio
subsystem, for which no suitable service set was found. In this
instance, the teams developed a JAUS-inspired message set
conforming to the JAUS practices. Conformance to the JAUS
(and JAUS-inspired) messages enables interoperability
between the vehicles developed by the two teams.
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Figure 7. JAUS Architecture topology.

V. CONCLUSION

The technical goal of the URS project is to develop an
immersive platform providing some of the capabilities of
emergency response robots. The multidisciplinary structure of
the class facilitates teamwork among the four represented
disciplines. Individual students have the opportunity both to
contribute within their skill set as well as broaden their skills to
other areas.

The interoperability requirement placed on the two teams is
particularly useful to better-approximate an industry
experience. This immutable constraint forced early design
decisions for using industry standards (e.g., JAUS). Within the

teams, development makes use of agile techniques for more-
flexible design. These contrasting views provide an experience
illustrating  differing amounts of structure in different
circumstances, as appropriate to the project.
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