Rotary-Wing Open Source Autonomous Miniature
(ROSAM) Unmanned Aerial System (UAS) Design
and Implementation for the 2012 AUVSI SUAS

Competition

Jarret Bone and Nathan V. Ho er
Department of Mechanical and Aerospace Engineering, Utah tate University, Logan, Utah, 84321, USA

Aaron Dennis
Department of Electrical and Computer Engineering, Utah Sate University, Logan, Utah, 84321, USA

Christopher Co n and Kason Bennett
Department of Computer Science, Utah State University, Logn, Utah, 84321, USA

Dr. YangQuan Chen
Department of Electrical and Computer Engineering, Utah Sate University, Logan, Utah, 84321, USA

Figure 1. The ROSAM UAV Team: Aaron Dennis, Kason Bennett, Ja rret Bone, Nathan Ho er,
Christopher Con

The Rotary Open Source Autonomous Miniature Unmanned Aeria | Vehicle (ROSAM-
UAV) team is using the Quadtavius quadrotor for the 2012 Asso ciation for Unmanned
Vehicle Systems International (AUVSI) Student Unmanned Ae rial Systems (SUAS) Com-
petition. This document details the systems engineering fo r the development of the Quad-
tavious Unmanned Aerial System. This unique rotary-wing sy stem is comprised of four
parts: the airborne system, the payload system, the ground c ontrol station (GCS) and the
imaging ground station (IGS). The airborne system is descri bed with its subsystems: air-
frame and autopilot. The payload system is composed of paylo ad avionics, payload control,
and robust automatic target detection algorithms. The GCS i ncludes autonomy supervi-
sion, Command and Control (C&C) and real-time response to ac tionable intelligence. The
IGS integrates an autonomous target recognition and the rea I-time imagery display. These
four components work together to create a robust and reliabl e system, and likely, the most
unique of any seen at the AUVSI SUAS competition.

Team ROSAM hopes to make history as the rst quadrotor to comp lete the AUVSI
SUAS mission. Team ROSAM is condent in their UAS and its abil ity to safely com-
plete the mission. Team ROSAM's UAV Quadtavious, is a unique blend of high-integrity
avionics, durable light weight composite construction, ri gorous testing and tuning, system

validation and teamwork.
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. Introduction

The Rotary-Wing Open Source Autonomous Miniature Unmanned Aeiial Vehicles (ROSAM-UAV) Team
is a part of the Center for Self-Organizing and Intelligent Systems CSOIS) at Utah State University. CSOIS
has been developing innovative Unmanned Aerial Systems (UAS) foPersonal Remote Sensing (PSR) for
several years. Within CSOIS are two groups of UASs: AggieAir ( xed wing) UASs and AggieVTOL (rotary-
wing) UASs. As part of AggieVTOL, Team ROSAM has developed a new gadrotor UAS named Quadtavius.
This new design is based on previously eld-tested systems with impreements to airframe, electronics, and
software. These improvements enable the new quadrotor UAS toamplete all mission requirements.

A. Team ROSAM

Team ROSAM is an interdisciplinary group of Utah State University und ergraduate engineers specializing
in Computer, Electrical and Mechanical Engineering and Computer S$ience. Jarret Bone serves as team
captain and is heavily involved with construction and tuning of the Quadtavius rotorcraft. Aaron Dennis
leads the autopilot system development and implementation. Kason Bnnett is the lead for human-machine
interfaces, namely Ground Control Station (GCS), and Sitautional Awareness System Enhancement Monitor
(SASEM). Payload control and target recognition software desig is lead by Chris Co n. Nathan Ho er is
the graduate mentor and assists in airframe design and systems gimeering. Though team work, innovation,
and solid engineering, ROSAM continues on the tradition of researchdevelopment, and demonstration of
solutions for success in this competition.

Name Major Specialty/Team Position
) ) ) Airframe design and construction/
Jarret Bone Mechanical Engineering : o
team captain/mission operator
) Human-machineinterface engineer/
Kason Bennet Computer Science
GCS operator
Payload and target recognition
Chris Coffin ComputerScience Y & B
software /IGS operator
Aaron Dennis Electrical Engineering Autopilotsystems /safety pilot
Nathan Hoffer Mechanical Engineering Graduate advisor

Figure 2. Team ROSAM structure

B. Mission Requirements Analysis

The goal of the SUAS mission is to provide real-time Intelligence, Sureillance and Reconnaissance (ISR)
and relay data from the Simulated Remote Intelligence Center (SRIGQ to a team of Navy Seals. To ensure
mission success, the UAS must set up within 40 minutes, take o, naigate waypoints, search an area for
targets, recover target imagery, and relay data. Points are aweded based on level of autonomy in takeo and
landing, actionable intelligence, in- ight re-tasking, automatic targ et recognition, and total mission time.
Safety is the highest priority of the mission; therefore safe-y ard no-y zones are enforced. In addition to
providing imagery of ground targets, the UAS must be able to relay déta acquired from a directional WiFi
antenna. A rotorcraft is best suited to this part of the mission due to its ability to hover, thus ensuring its
ability to relay data from the SRIC.

This document provides analysis of mission requirements in correlatio with how the ROSAM design will
ensure safety, actionable information, and overall mission succes
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C. System Overview

Over the past several years CSOIS has developed several UASy tivilian PRS. The SUAS competition

provides an opportunity to demonstrate an improved UAS. The following paper is dedicated to the motiva-
tion, implementation, and system overview of the CSOIS AggieVTOL gstem named Quadtavius. For this

competition, a new mission parameter is the relaying of SRIC data. Tls requires new payload software and
wireless communication hardware.

Modem R/C GPS GX3 IMU/ Barometer
Receiver Magnetometer
i I I I |
5 |
b
>~ Autopilot Motors
(LISA-L)
5.8 GHz ‘,)
AggieCap | Wi-Fi
AggielD
(Panda Board) [* | 2.4 GHz
Wi-Fi 'I)
595 Camera
— P —
- - s
GCS R/C SRIC Image
Transmitter Station

Figure 3. System architecture

The AggieVTOL system architecture can be seen in Figure 3. AggieVOL adds a higher level of nav-
igation and payload capability building on the existing Paparazzi opensource architecture. The system
architecture of AggieVTOL decouples the responsibility of lower levé navigation control and higher level
payload control to ensure a robust performance

D. Mission Preview

Upon authorization, team ROSAM will enter the air eld and will be prov ided a 40 minute setup window for
the Quadtavius UAS and support equipment. At the start of the mission, the team will conduct its pre- ight
checklist procedures. If all systems are fully operational accoiidg to the checklist, the GCS operator will
give the go-ahead to signal the start of the mission operation. Thesafety pilot will then switch o the
motor kill switch and start the motors. With the motors on, the saf ety pilot will signal the GCS operator to
commence launch. The rotorcraft will remain in standby until the signal is given to commence reconnaissance
and surveillance. A payload camera underneath the rotorcraft will provide real-time aerial imagery. This
imagery is processed on board for potential targets and identi edtargets are veri ed on the ground at the
imaging station.

Since the rotorcraft has a limited endurance, "refueling” may occu up to three times during the mission.
When a critical battery voltage level is reached the GCS operator Wl signal the safety pilot and will return
the UAV to the prede ned landing point and the batteries will be repla ced. The UAV will then be launched
and will resume gathering ISR. When all waypoints have been navigadd, and all actionable intelligence and
SRIC data has been received the GCS operator will signal the safetilot and will commence landing. Once
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Figure 4. Mission preview

the rotorcraft is on the ground, the motors powered o, and all target imagery has been transferred and
veri ed, then the mission will end by turning in the mission data sheet and turning the transmitter o.
Support equipment will then be taken down to clear the eld for the next team.

Il.  System Engineering

A. Design Methodology

To ensure mission success, key performance parameters for A@gTOL were identi ed. These performance
parameters were then broken down into three groups: airframeautopilot, and payload. The parameters
were prioritized based on how critical each was to mission success.

Airframe

1. Reliable
Stable/Controllable
Portable
Repairable in- eld
Payload capacity
6. Endurance

o bk wDn

Autopilot

1. Reliable
2. Stable/Controllable
3. Accurate attitude and position estimation
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4. Able to perform waypoint navigation
Payload

1. Reliable
2. Able to automatically detect targets
3. Able to upload and relay WiFi data

Reliability is the top parameter in each category. If any system failed the mission as a whole would be
a failure. The design of each system to meet these key performa@garameters is discussed in the following
sections.

B. Airframe System Design and Implementation
1. Airframe

The design evolution of the AggieVTOL airframe has gone through seeral iterations. Each iteration has
solved speci c issues with respect to how reliable, controllable, po#ble, and repairable the UAS is, as well
as its payload capacity and endurance. The initial design for the AU\SI SUAS 2012 competition was an
octorotor. This design solved endurance and payload capacity is®s but was less controllable and reliable due
to increased vibration and possible electromagnetic interferenceSeveral vibration damping techniques were
employed to isolate the Inertial Mesurement Unit (IMU) with little impr ovement. Due to time limitations it
was decided that a quadrotor would best suit the competition missionbased on its vibration characteristics,
ight heritage, and reliability.

2. Propulsion

Figure 5. Quadtavious airframe in tuning con guration

The new Quadtavius quadrotor design employs a novel in-house siesm that reduces the overall airframe
weight while maintaining strength and providing planer mounting surfaces for the avionics and motors. The
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design consists of a chromoly cross tube joiner at the center of thairframe which inserts into carbon ber
spars as shown in Figure 6. Carbon ber plates are attached to thends of the spars serving as motor mounts
as shown in Figure 6. The carbon ber spars are laminated togetheat the center by several layers of woven
carbon ber fabric. Traditional metal or nylon fasteners, used in the previous octorotor design shown in
gure 6, require holes in the carbon spars to connect structures These holes weaken the spars and reduce
the strength of the frame. Using woven carbon ber fabric insteal of traditional fasteners ensures strong
structural connections. The extensive use of carbon ber compsites allow for in- eld repairs to be performed
using superglue or a 5 minute epoxy for structural connections. Te result is a light weight, extremely rigid
and strong airframe with planer mounting surfaces which increaseshe airframes controllability.

Figure 6. Top Left: Chromoly cross joiner with carbon spars. Top Right: Carbon plate motor mount. Bottom
left: Octorotor mounting system. Bottom Right: Octorotor m otor mounting system

The propulsion system, made up of four propellers and motors, an Ectronic Speed Controllers (ESC),
and two Lithium Polymer (LiPo) batteries, has a direct e ect on missio n success. A responsive and e cient
motor-propeller combination is required for stable and controlled ight. Since reliability is a key indicator
of mission success the propulsion subsystems must also be reliablanitially a set of jDrones® motors were
used on the octorotor airframe. The propeller mounting system fo the jDrones motors was found to have
low-precision components causing the propellers rotating out of plae. This out-of-plane motion induced
vibration such that the IMU was unable to stabilize the rotorcraft. It was decided that a quadrotor with
higher quality motors and a higher precision propeller mounting systen would solve the issues of vibration
resulting in a more reliable, stable, and thus controllable UAS.

The current propulsion system consists of:

4 AXi 2117/20 Gold Line motors
4 APC 12x4.7 propeller blades
4 Mikrocopter Electronic Speed Controllers

2 8000mAh 4 cell LiPo batteries
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These components maximize e ciency and response improving the @rall controllability of AggieVTOL.
The components attributes are based on previous AggieVTOL sysims. The Quadtavius quadrotor UAS is
signi cantly more reliable and stable than previous versions of AggieVTOL.

C. Autopilot and Navigation Design and Implementation
1. Introduction and Performance Criteria

AggieVTOL utilizes an open source autopilot hardware and softwardrom France developed by the Paparazzi
project known as Lost lllusions Serendipitous Autopilot Large (LISA-L). % LISA-L hardware consists of:

32-bit ARM Cortex MCU that operating at 72MHz
On-board power management
On-board barometric sensors

SPI, UART and 12C communication

Rotary wing platforms such as quadrotors are inherently unstable In order to maintain stable ight,
constant stabilization control loops must run up to or faster than 125 Hz. An accurate IMU is required for
a fast Altitude Heading and Reference System (AHRS) as well as amtegrated Navigation System (INS).
The performance criteria for a reliable autopilot are as follows:

High integrity attitude stabilization
Accurate attitude and position estimation
Adequate communication

Waypoint navigation

2. LISA-L Software Architecture

An overview of the on-board system architecture can be seen in Fige 7. In this system, four sensor sources
are used to calculate the attitude and the position. The 6 Degree ofreedom (DoF) IMU with internal
Attitude and Heading Reference System (AHRS) provides data to he Integrated Navigation System (INS)
along with positioning data from a GPS module and a barometer. This d&a is then processed through
the use of a Kalman Filter to form an estimation of the vehicle's true pasition and altitude. The attitude
and position information is used by the controller, along with any control information from either an RC
transmitter at 2.4GHz for manual control or a Ground Control St ation (GCS) via the 900MHz modem.

3. Attitude and Heading Reference System

The most critical component for the AggieVTOL system is the AHRS. Although xed-wing system can be
own with relatively slow control loop, a dynamically unstable vehicle such as a quadrotor requires high
bandwidth and a high degree of accuracy. To help improve performace AggieVTOL is equipped with
the Microstrain 3DM-GX3 OEM IMU. The 3DM-GX3 is a micro-electrical- mechanical system (MEMS)
IMU with integrated AHRS which requires no calibration. The 3DM-GX3 is a commercial IMU with more
than adequate performance for AggieVTOL. With advanced Iterin g and high integrity AHRS, the 3DM-
GX3 enhances the overall system performance of mission criticalspects such as dynamic stabilization and
waypoint navigation.

4. Control System

The attitude and position control systems within the LISA-L autop ilot are simple PID controllers. The
control of Quadrotors is a well explored topic, however it is commoly accepted that a simple PID controller
is su cient for stable attitude control. ® Global position control can also be accomplished with a simple PID
controller.® There are several control systems that are being tested for &étude and position control, yet
PID controllers, due to their simplicity and reliability, are currently be st suited for AggieVTOL.
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Figure 7. Autopilot architecture

5. Communication System

Reliable medium to long range communication is required for robust UASCommand and Control (C&C) and
telemetry link. AggieVTOL utilizes Digi Xtend 900Mhz serial modems to provide the telemetry communica-
tions between the UAV and the GCS. The serial modem can provide téable transmission up to 7 miles in an
unobstructed outdoor environment. Manual control of the Quadrotor can be accomplished through the use
of a Radio Control (RC) system. This system also provides a conveaant kill-switch for safety considerations.
A Spektrum 2.4 GHz RC systent! is used on AggieVTOL due to its simple and robust performance.

D. Payload Design and Implementation
1. Choice of Payload Computer

The two viable choices for the payload computer are the Overo andhe Pandaboard. The payload computer
selection is based on the ease of interfacing with the SRIC via WiFi. Edt computer has its advantages and
drawbacks, the down-selection process is shown in Figure 8. Fronhis process the Pandaboard is selected
as the payload computer.

2. Choice of Camera

The imaging camera selected for AggieVTOL is the Canon PowerShot &. The S95 supports Remote
Capture, and download functionality via USB. These functions are essential for the imaging camera to
integrate with the payload control system. The payload camera is &0 smaller and lighter than comparable
alternatives.

3. AggieCap Payload Control

AggieCap is a modular payload control system developed by CSOIS ahis implemented using Python.
Python is used because of its interpreted nature, so running it on derent architectures, such as a standard
x86 machine and the Overo, is trivial. This is because the part of Pytlon that needs to be compiled, the
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Figure 8. Payload computer comparison

interpreter, is precompiled for a variety of platforms. Python is inherently a slow language, this is mainly
due to its memory management algorithms. If this slowdown a ectedimage capture time it could make it
impossible to get the image cover that is needed for mission succesmwever the payload system speed is
bound by the 10 devices. Since the camera speed is slower than Pyih, the payloads performance is not
signi cantly a ected, and this means that mission success is not thieatened by Python's speed. AggieCap
can handle any sensor and maintain resilience in the event of sensaailure. If a sensor takes longer than
expected to gather data, AggieCap handles this by skipping the neixcapture and continues capturing data.

Figure 9. Payload system architecture

Cameras can be characterized to determine exactly how long aftehe capture starts the data is actually
taken. Using this delay we can use a GPS and IMU data bu er to obtain highly accurate position data
about the rotorcraft when the data is captured. This data is later used in the geo-recti cation process.
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Knowing the exact position of the rotocraft allows the imaging operdor to nd the positions of the targets
more e ciently.

Small Unmanned Aerial Systems SUASs often make use of consumlervel hardware to accomplish their
mission. Such hardware is prone to failure. In order to mitigate this isk an intelligent error logging system,
as well as multiple levels of software abstraction are used to increasthe reliability of the hardware.

AggieCap is composed of three main parts: sensors and actuatgrsigger, and Go/No-Go (GNG) logging
interface. Sensors gather data and then create logs showing sar and data status. Similarly actuators are
responsible for controlling the physical actuation of the payload. The sensors are organized into payload
objects which are then further inherited by the trigger. The trigger controls the sensor capture timing,
receives the platforms current attitude and position from the autopilot. The trigger associates this position
data with each sensor capture. The trigger also sends the GnG redar messages to verify operational status.
The GnG Logger produces a log of all errors including unhandled exgtions that occur in the system. The
GnG is a separate process from the AggieCap software; using a medrk socket interface, the GnG functions
whether running locally or on a separate computer for fault tolerarce.

4. AggielD Target Recognition

AggielD is a real-time target detection software that can be run either on-board the UAV or on the imaging
ground station as a part of post-processing. AggielD is implementa in C++ and utilizes the open-source
image processing library OpenC\8 As the targets are located, the following aspects of the target mst be
identi ed.

Figure 10. Example image data from AggielD: RGB color; extra cted edges; identi ed target

Geometric Shape
Color

Orientation
Alphanumeric

Alphanumeric color

AggielD is designed to autonomously identify as many target attributes as possible and do so quickly
to provide truly actionable intelligence during the mission. AggielD is cgyable of autonomously identify-
ing ground targets in- ight independently of the imaging station operator. AggielD runs on the payload
computer (Pandaboard). The targets are detected by conveiihg the RGB image to the grayscale and Hue,
Saturation, Value (HSV) color spaces. Contours are then identied and ltered by size. These remain-
ing contours are then compared to shape pro les as shown in Figurd0. This gives us automatic shape
recognition.

Conversion of the image into the grayscale colorspace allows for thdenti cation of most targets. There
are some targets that are more easily identi ed by looking at the imagp in the Hue Saturation and Value color
space. To ensure the highest possible identi cation ratio, target @tection on both colorspaces is necessary.
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Targets are not the only objects that will register contours in a given image. To reduce the number of
false positives, a size constraint is implemented to only register copurs approximately the same size as a
target. To determine the shape of a contour, it must be comparedo known shapes. There are two methods
of contour comparison used in AggielD:

Hu Moments
Perimeter Signatures

A contour moment in OpenCV is a characteristic of the contour computed by integrating over all pixels
of the contour. These moments are made translationaly invariant ly displacing the x and y values in the
equations by the center of the contour. These are then made stainvariant by normalizing the equations
with the length of the contour. Finally, Hu Moments are linear combinations of these normalized central
moments. This creates invariant functions representing di erent aspects of the image in a way that is
invariant to scale, rotation and re ection.

OpenCV contains functions for computing and comparing Hu Momens of di erent contours. These
functions are well tested and optimized for performance. The OpeCV function cvGetHuMoments() com-
putes several Hu Moments for a given contour. Once these Hu Moemts are obtained, the function cv-
MatchShapes() returns a value corresponding to the similitude of wo contours. The smaller this value is,
the more similar are the two contours. This method is e cient and its a ccuracy is improved with the use of
perimeter signatures. Perimeter signatures are rotation- and sae-independent representations of contours.
They are calculated by rst nding the centroid of the contour and the pixel that is furthest away from the
centroid. Then, for each pixel in the contour, its distance from the centroid is calculated and normalized
with the furthest pixel's distance. This normalized distance is then pldted against the angular distance
between the line formed by the current pixel and the centroid and he line between the furthest pixel and
the centroid.

Both Hu Moments and Perimeter comparison algorithms are used to dtect the shape of the target. The
same algorithm can be used to determine the alphanumeric aspect tfie target. The colors of these aspects
are easily determined by looking at the hue component of the targetn the HSV colorspace.

Due to the nature of Hu Moments orientation of the target is not computable, and must be left to the
imaging operator to determine.

5. WIiFi Communication and Data Relay

Figure 10, illustrates the Bullet 5M, a 5.8 GHz WiFi transceiver with Power over Ethernet (PoE) and
Atheros-based processor as the data link to the payload. The rage and data rate of the 5.8 GHz WiFi link
largely depends on the antenna used, as well as orientation, and déce from the Rocket M base station.
With an output power of 25 dBm, 802.11a communication can experieoe data rates of 1-24 Mbps. Flight
tests have shown an average of 1 Mbps WiFi data rate. With an aveaige image size of 3 Mb and an image
latency of four seconds the data link to the payload is nearly real-tine. Figure 7, also illustrates the use
of a 2.4 GHz USB WiFi adapter used to interface the payload with SRIC 5.8 GHz WiFi was selected as
the data link to the payload architecture because the RC manual catrol signal is encoded in pulse position
modulation (PPM) over a 2.4 GHz carrier signal. Interference testirg has con rmed high power 2.4 GHz
WiFi signals can saturate the RC receiver on the UAV airframe. For ight safety, the 2.4 GHz USB WiFi
adapter will operate as a non-routing node in promiscuous mode. Tis allows the 2.4 GHz radio to receive
all packets regardless of destination Media Access Control addss (MAC address) and forward them to
the payload computer. Once the SRIC WiFi Access Point (AP) is ident ed the payload computer can be
remotely commanded to leave non-routing mode and join the SRIC APonly long enough to satisfy mission
requirements. This procedure mitigates inherent risks of the 2.4 G WiFi interference with the RC receiver.
Further, the output power of the 2.4 GHz USB WiFi adapter can be adjusted and shielded from the RC
receiver.

E. Ground Control
1. Mission Planning

Even though every mission is unique, a mission is comprised of the sangeneralized procedures and objec-
tives. The biggest variance from mission to mission is the ight plan. Mission procedures and objectives
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are divided into necessary and optional tasks. Necessary taskdways have higher priority than optional

tasks. Once each task is de ned clearly, it can be incorporated withthe ight plan; however all necessary
and optional tasks should be included in the mission ight plan. Each pat of the mission is simulated to
validate feasibility and ensure mission success (simulation of the ightplan helps ensure rudimentary errors
are found early in order to improve the ight plan and reduce the risks of real ight failure). There are four

major tasks for the 2012 AUVSI Student UAS Competition: takeo , waypoint navigation, search area, and
landing. For the team, autonomous takeo and landing, autonomous waypoint navigation and search area,
and real-time target recognition are standard tasks. Pop-up waypoint and search are optional tasks which
are executed as mission time allows.

Prioritized mission list:

Autonomous takeo
Waypoint Navigation
Area Search
Autonomous Landing
Pop-up Waypoints
Pop-up Search Area

The user interface for the Paparazzi GCS can be seen in Figure 11

Autonomous takeo and landing are especially challenging due to grond e ect, therefore an experi-
enced safety pilot must supervise takeo and landing. Under windy ©nditions takeo or landing must be
done manually. This procedure ensures safe landings and takeo s iwindy conditions. Next, the aircraft
autonomously navigates to the search area. This task requires # ight code be updated with at least a
standby waypoint for safety and all the known waypoints in the conpetition search area. The ight plan
can be modi ed in real-time to accommodate error or to search popip waypoints.

Figure 11. Ground control architecture
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2. Paparazzi

The Paparazzi Center is the central hub for the Ground Control Station operator. It allows the GCS operator
complete control of tuning and other con gurations including: waypoints, type of actuator, comm link, and
controller. Once all the con gurations have been set, the code isampiled and can then be uploaded to the
LISA-L board via USB. After completion of uploading, the Center will run the GCS screen. From here, the
operator executes the ight plan.

A very useful feature of the Paparazzi GCS screen is the ability tcadjust the waypoints mid ight. This
will allow a completely dynamic ight and allows the freedom to investigate any location that the GCS
operator might nd interesting.

3. Paparazzi GCS

The Paparazzi Ground Control Station (GCS) consists of severhtools including the ight plan editor, real-

time displays and recon gurable switches. The Paparazzi GCS, ash®wn in Figure 12, provides the GCS
operator with the ability to reset the UAV ightpath in the event of e mergent targets. The GCS is also
responsible for displaying Paparazzi messages from the autopilot ireal-time to the GCS operator such as:

Air Speed

Battery Level

Total Flight Time

Current Location(GPS Location)
Altitude

Attitude

{ Roll
{ Pitch
{ Yaw

Current Destination Waypoints
Control Status
{ ADDITUDE STABLIZATION allows for the safety pilot to maintain direc tional control while the

plane maintains proper roll, pitch and yaw.
{ WAYPOINT NAVIGATION or fully-autonomous mode, allows for a comp letely unmanned ight.

Safety Status

{ RC Communication Link
{ Data Telemetry Link

{ GPS Accuracy/ Link

{ IMU Link

{ Out-of-Bounds Noti cation

This allows complete situational awareness and helps the GCS operat communicate with the safety
pilot to ensure the safety of the system.

4. Situational Awareness System Enhancement Monitor

The Situational Awareness System Enhancement Monitor allows infomation to be passed from the plane
and displayed on a convenient Graphical User Interface (GUI, Figue 14), which will be displayed on a
separate screen. This maximizes the Situational Awareness of thentire team, thus increasing the reaction
time to a problem, and increasing the safety of the ight. This system accepts the GPS, IMU, and RC
Communication Status of the UAV from a software bus called the Ivy Bus (Figure 11). It then displays the
most crucial information.
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Figure 12. Paparazzi Ground Control System

F. Imaging Ground Station

The imaging ground station consists of the hardware required to reeive the images form the UAS payload
as well as a network-based image classi er utility hosted from the GG that can be used to facilitate human
con rmation of targets ltered during the in ight onboard target detection, as well as review any images not
agged by AggielD. Human con rmation is imperative since a 100 perent target detection is impossible.
The network based utility can be accessed by any WiFi and JavaScripcapable device within proximity of
the IGC wireless AP. In addition all detected and classi ed targets @n be displayed in real-time through
this utility.

1. Imaging Ground Station Hardware

The imaging ground station hardware consists of the CGS laptop, a Biquiti Networks Rocket M wireless
AP as well as a Ubiquiti Networks Airmax Sector Antenna 5G-90-17,various WiFi and Java-enabled client
devices for the network based image classi cation utility including an iPad® .

2. Imaging Station

The imaging operator station receives the images from the airbornpayload via the WiFi connection discussed
previously, and presents the data to the user via the GUI seen in Figre 14. From here, an image operator
can view the data provided by the airborne target recognition sysem, and collaborate with other image
stations to discover more targets and reduce the number of duplate targets presented to the AUVSI judges.

[1l. Safety and Performance Test Results

A. Systems Safety Approach

UAVs have great potential to help save lives while at the same time thg can pose signi cant risk to infras-
tructure and personal safety. Team ROSAM has developed a sysmatic approach to identify and improve
the overall airworthiness of the AggieVTOL UAS. The systems safty approach is divided into the following
sections:

Hardware
Control Tuning

Testing
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Figure 13. Situational Awareness System Enhancement Monit or (SASEM)

Figure 14. gATR user interface for imaging
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Mission Training
Pre ight Checklist
Autonomous Navigation Flowchart

Airworthiness and safety starts with overall reliability of the UAS wh ich is tied directly to component
reliability. During the conceptual phases components are selectebased on reliability. Each component is
tested individually in-house and then as subsystems. For examplehie propulsions system is tested to make
sure propellers and motors are turning in the correct direction bedre it is integrated with the autopilot.

Once the UAS has been assembled and subsystems have been ckdckhen the control systems are
checked and tuned. Control system checking occurs on a test heh to ensure personnel and equipment
safety as seen in Figure 15. The control systems can be veri ed for to turning on the motors simply by
moving the UAS and tracking the autopilot's responses. The PID cotroller can then be tuned for auto-
leveling and impulse response. The controller is then systematically med in attitude, altitude, and hover
stabilization. Then GPS waypoint following is tested.

Mission training encompasses multiple mission ights, logistics, and teenwork. All are required for safe
and reliable intelligence, surveillance and reconnaissance from a UA$ultiple ights ensure that the UAS
and team can handle the challenges of the competition. Within missiontaining is a set of pre ight checklists
that check each component of the airframe and ground supportystems. Team ROSAMS's systems safety
approach increases the overall safety and airworthiness of the ggieVTOL UAS.

Figure 15. Safety test bench

B. Test Results
1. Flight performance

The AggieVTOL is a robust UAS platform that provides a unique approach to the ISR mission. With
steady ight and autonomous waypoint navigation, AggieVTOL is capable of conducting reconnaissance in
the standard y-by method, but also with a unique hover-and-seach method. Unlike xed-wing platforms,
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AggieVTOL needs an active control scheme to maintain stability. As uch, the attitude tracking controller
is one of the most important components.

2. Attitude Tracking

The roll and pitch tracking plots in Figure 16 demonstrate the e ectiveness of a well-tuned PID controller for
attitude tracking during an outdoor ight with a light breeze (susta ined wind speed of 5-7 knots). Roll and
pitch attitude tracking controllers exhibited an absolute tracking error of 2 and a variance of roughly 1.

The yaw tracking exhibited an absolute error of 5 and a variance of 3. This performance is satisfactory
for the goals and results in a well-controlled ight.

Figure 16. Attitude tracking

3. Position Tracking

Position tracking relies on the accuracy of the internal navigation ystem for optimal performance. In
Figure 17, a sample of the altitude control performance is shown @r a short period of time during an
outdoor ight. This performance depicts that the platform is able t o maintain an altitude of 1m, a
precision level unmatched by xed-wing platforms. Accurate altitude control is essential for AUVSI ight
missions to ensure the best imagery. The waypoint tracking perfans to a similar accuracy, though it is
more susceptible disturbance in the presence of wind gusts.

4. Image Capturing Results

The AggieCap and gATR software both proved to be very successf at identifying targets and providing
their positions. The gATR software was tested and debugged long é&fore the airframe was fully functional.
The software was tested by using captured images from previousompetitions, ensuring the reliability and
durability needed to successfully complete the mission.
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Figure 17. Altitude tracking

IV. Data Links

Team ROSAM uses the following frequencies for command and contf@f the UAS and payload: The
Telemetry/Ground Control Data Link is run on the 900 MHz band. It is used to transmit UAV sensor data
such as location, battery level, angular position, and wind speed tohe ground control station. Using this
link the Paparazzi Autopilot can be given new ight instructions, be advanced to later parts in the mission,
or be commanded to repeat aspects of the mission. CSOIS has déweed a high-bandwidth 2.4 GHz or 5.8
GHz WiFi communications link for use with the UAV's camera payload, transmitting images from the air
to the Imaging station. For the 2012 SUAS, 5.8 GHz shall be the primay frequency for the mission, while
2.4GHz shall be reserved for a backup frequency.

The Safety Link is used to take control of the aircraft using a remde control on the 2.4 GHz band in
case of an emergency. A switch on the remote control determineghether the UAV should follow the remote
control's guidance or its own autonomous navigation plan. A seasorteremote control airplane pilot in this
way can take control of the UAV if it appears the autopilot has lost control or if the pilot wants to navigate
the aircraft through a delicate procedure such as takeo or landirg. In practice, the Safety Pilot generally
does nothing more than watch the UAS while in ight.

V. Conclusions

In this paper the USU ROSAM team has outlined the mission requiremets for 2012 AUVSI competition.
A description of the ROSAM autonomous system has been given. Theomponents of the system have been
described and analyzed to show how each will contribute to succefsd completion of the AUVSI SUAS ight
mission. The ROSAM team has a reliable system, as well as strong teamork and a high level of commitment
from each team member.

The safety of the team and bystanders is a high priority. As such, afety features have been built into
every aspect of the system (the data link, the y-no-y zones, checklists and navigation).

A capable, safe UAS and team will ensure the e ectiveness of Utah tate University to complete the
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mission. Team ROSAM looks forward to the competition and the chane to demonstrate our abilities to
succeed and excel in the competition.
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