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Roadman
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2.0 Background and Context

Over the past decade, new technology has allowed the overall size of unmanned aerial systems (UAS) to
decrease dramatically allowing for the development of useful micro air vehicles (MAV). MAVSs typically
have a maximum dimension of 6 inches and a total mass of 90 grams or less, leaving less than 18 grams for
payloads. Typical payloads include visual, acoustic, and chemical sensors, which can be used for
surveillance, communication, and chemical detection.

The most important feature of this, or any UAS, is the lack of risk for any human involved in the mission.
Sending a MAV into a “danger-zone” allows information to be obtained by a remote controlled or automated
aircraft while the pilot remains safely out of harm’s way. A number of factors make a MAYV ideal for many
missions instead of a larger unmanned vehicle which could carry a much heavier payload. A conventional
UAV costs upwards of $50,000 and often requires an elaborate launch and retrieval system. A MAV could
cost on the scale of hundreds to a few thousand dollars, making it expendable in the case of it being lost on a
mission. Its much smaller size makes it extremely difficult to intercept, track, or even notice. The small
payload a MAYV is capable of carrying can be offset by the deployment of a fleet of micro aircraft each
carrying different sensors or equipment, making it possible to complete the same mission as a larger UAV
which could carry all the load at once. Finally, the MAV could be hand launched or deployed from a small,
man-portable mechanism, and only a small open area is required to recover the MAV since the aircraft flies at
a low enough speed that, once the mission is completed, the MAV can glide directly to the ground and sustain
negligible damage.

With the rapidly increasing interest in MAVS, many commercial companies and other universities have
already produced mission-capable aircraft which have been put into use in a variety of applications. The
University of Florida, considered a leader in MAV development, produces a range of aircraft which regularly
place well in international competitions. An example of this is the 2006 Surveillance MAV with a 4.5 inch
wingspan. This aircraft features a cambered/reflexed wing with vertical stabilizers above and below the
wing. It carries a color camera and video transmitter and won the 2006 International Micro Air Vehicle
Competition (IMAVC) . Additionally, industry has slowly started investing money into MAVS, such as the
MicroSTAR surveillance aircraft developed by BAE Systems for the armed forces. This aircraft is also a
flying wing with vertical stabilizers. The MicroSTAR is fully autonomous and follows a trajectory hand-
drawn into a laptop containing navigation software. A camera onboard uploads real-time imagery to the
soldier’s ground station. Finally, hobby planes such as the Micro Room Flier from Micro Flier Radio are
available to any hobbyist and can still fit in the palm of the hand. This plane has a conventional design, and
can not carry payloads. The Micro Room Flier is maneuverable enough to be flown inside small rooms.
Unlike Florida’s and BAE Systems MAVs, which are constructed from advanced composite materials, the
Micro Room Flier is made mainly from balsa wood and foam.

The University of Colorado has previously invested time and money in developing the electronic control
systems and sensor packages for MAV applications, and many specialized low-Reynolds number analyses
have been developed to design the airframes of MAVS; however, to date, no working airframe and
propulsions package has been designed on the size scale of a MAV. The smallest aircraft to be considered to
date was the Colorado Micro Air Vehicle (CMAV) as an Aerospace Senior Project in 2003. With all the
advanced research, the University of Colorado needs a MAV to showcase the University’s theoretical low-
Reynolds number work on a practical level. Additionally, since MAVs are not readily available on the
commercial market and their design is highly application driven, the only feasible solution is to design,
manufacture, and test a custom MAV design.
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3.0

4.0

Goal

The primary goal of the MARVLIS project is to design, fabricate and test a micro air vehicle (MAV) capable
of surveillance missions. MAVs are ideal for surveillance missions because of their small size, low cost and
their ability to travel to locations that are not safe or feasible for other vehicle travel. Another goal of the
MARVLIS project is to use the surveillance MAV as a building block for MAYV research at the University of
Colorado. Ideally, the MARVLIS project would promote research and development of more MAVs at the
University of Colorado.

Objectives

The objective of the MARVLIS project is to design and build an RC MAV, with the ability to be launched
from a portable launch system, and capable of aerial photography. Therefore, the project shall be deemed
successful if the MAV is able to maintain flight long enough to obtain a set number of images and transmit
them (within a certain noise tolerance) to the ground station. This means that the launcher, the camera, the
data acquisition system, and all of the subsystems of the MAV necessary for controlled flight must be
verifiably operational in a single demonstration or test period. If the MAV successfully demonstrates flight
without a successful demonstration of the imaging system it would be classified as a partial success. If both
systems work concurrently the project will be classified as a full success.

A secondary objective is to mount a GPS tracking device onto the MAV so that the exact position of each
photograph would be evident. One possibility for satisfying this objective would be to program the digital
camera to display the GPS coordinates in the corner of each picture taken. However, regardless of the method
of logging the GPS coordinates and associating them with their respective pictures, the objective cannot be
achieved without a test to prove functionality. This test will likely be to compare the MAV coordinates with
GPS coordinates from a handheld transmitter, or perhaps simply known coordinates from certain landmarks
(i.e. buildings) during a field test of the MAV.
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5.0 Functional Block Diagram

- Propulsion
Aerodynamics Wing Control Surfaces
Power Source
Structure
> Electronics Package

Time/Position Verification

Imaging System

Data Acquisition (Antenna)
Figure 5.1: Function Block Diagram

Error! Reference source not found. provides a block diagram of the entire system. The connections made
with the arrows signify necessary integration or reliance on another subsystem.




Error! Reference source not found. AES-SRP-018
Aerospace Senior Projects ASEN 4018& 4028

6.0 System Operational Timeline (Concept of Operations)

The operational concepts of the MARVLIS project include several different operational modes and are
provided in the following table.

Table 6.1: Operational Modes

Operational Modes Requirements

Place MAV on launcher and establish launch settings
Setup (launch velocity, pitch angle etc)
Pre-Launch Check Ensure all systems on M
Launch Launch the MAV from the launcher
Climb Achieve height of TBD
Loiter Stabilize aircraft and loiter around target area

Capture Image

Acquire an image via onboard camera

Time/Position Stamp

Record the time and position regarding when and
where an image was captured within requirements

Transmit

Transmit image data and time/position stamp data

Receive image data and time/position stamp data via

Receive ground station
Descend Controlled descent to target landing area
Land Disengage propeller and land MAV as specified by

requirements

Post-Landing Check

Ensure that no systems were damaged and record any

damage to MAV

Loiter

Transmit

Climb &

Receive

Pre-Launch Check I Descend

Land Post-Landing Check

Setup Launch

Capture Image

Time/Position Stamp
Figure 6.1: Mission Diagram

Figure 6.1 provides a typical mission diagram. The mission diagram coincides with the operational modes as
provided in Table 6.1. The mission diagram describes a mission which would satisfy the objective of this
MAYV and launcher system.
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7.0 Project Requirements

7.1

7.2

7.3

Maximum MAYV Dimension

7.1.1  Requirement
The MAYV shall not exceed six inches any linear dimension.

7.1.2  Discussion

DARPA defines a MAV as having a maximum linear dimension of six inches [12], meaning that the
MAV should be able to fit into a six inch cube without any interference. However, the overall design
should focus on minimizing the maximum dimension. For example, the University of Florida’s 2006
Surveillance MAV has a maximum dimension of 4.5 inches. The small size simplifies transport,
makes it usable by soldiers for “over-the-hill missions”, minimizes the possibility of detection in
covert missions, and allows the MAYV to operate in tight urban spaces.

7.1.3  Verification

This requirement is a mechanical design condition and can be verified in the mechanical drawings or
by simple measurement of the final product.

Image Acquisition

7.2.1  Requirement
During the loitering mode of the mission, the MAV shall take a picture at least every thirty seconds.

7.2.2  Discussion

The customer has given the specification that the MAV should be able to take a picture at least every
30 seconds. If video or more frequent pictures are feasible possibilities, they will be considered.

7.2.3  Verification
Verification of picture acquisition will be assessed through a time tested demonstration.

Data Transmission

7.3.1  Requirement
The MAV shall transmit two data packages a minute.

7.3.2 Discussion

Each data package includes one picture and the associated time and location that each picture was
taken.

7.3.3  Verification
Verification of data transmission will be completed through demonstration and ground testing.
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7.4

7.5

7.6

7.7

Flight Duration

7.4.1  Requirement

The MAYV shall maintain a minimum of ten minutes of continuous powered flight during the loitering
operational mode.

7.4.2  Discussion

The customer has specified that the MAV shall maintain flight for duration of at least ten minutes as
this is the minimum duration to observe time-lapsed changes in a target object or location.

7.4.3  Verification
The verification of flight duration will be achieved through flight demonstration.

Minimum Loitering Altitude

7.5.1  Requirement

The MAYV shall be deployed to a minimum elevation of seventy feet above the ground for loitering
operations.

7.5.2 Discussion

The height requirement of 70 feet is based on Denver Forestry’s recommendations for urban shade
trees which reach maximum heights of about 70 feet [8]. Flying above this limit will reduce the risk of
collision.

7.5.3  Verification
The minimum altitude will be verified through a demonstration.

Launch Mechanism

7.6.1  Requirement
The MAV shall be accompanied by a portable launching system.

7.6.2 Discussion
This is a customer’s requirement for consistency in launching the MAV and portability in the field.

7.6.3  Verification
The launch system will be verified through demonstration.

Time and Location of Image Captured

7.7.1  Requirement
The MAV shall obtain the information of location and time of each image captured.

7.7.2 Discussion

The time and location of a picture can be as important as the picture itself. This information provides a
reference of each picture allowing for a more meaningful analysis of the data at the ground station. It is
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7.8

8.0 Top

8.1

also important to have this information available to the MAV's operator while it is in flight to verify
the MAV's location.

7.7.3 Verification

The time and location of an image will first be verified in a stationary setting, when an image is
successfully captured with its time and location information within acceptable tolerances (TBD).
Next, the imaging system will be moved along a predetermined path on the ground and several pictures
will be captured and transmitted with their time and location information to the receiver.

Aircraft Analysis

7.8.1  Requirement

The MAV must be designed to a known Reynolds number (approximately 100,000), and aecrodynamic
properties such as forces and moments must be verifiable using existing aecrodynamic analysis tools.
Numerical predictions will be compared to experimental results, and the resulting error will be
correlated to the error associated with low Reynolds number flow.

7.8.2 Discussion

One of the difficulties in designing an aircraft on the scale of a MAYV is that aerodynamic design tools
which work very well for flows with Reynolds numbers over 100,000 and for aircraft with high aspect
ratios become inaccurate at the lower Reynolds numbers and aspect ratios at which a MAV operates.
This is due mostly to the unpredictable nature of the laminar flow separation along the wing [ 14]. For
our purposes, however, standard aerodynamic analysis methods such as XFOIL and AVL will be used
to design the MAV. It is assumed that the standard aerodynamic tools will give a reasonable estimate
of the vehicle performance, and experimental testing will allow the actual vehicle performance to be
characterized. The customer is especially interested in the error that is associated with the standard
aerodynamic tools and the experimental data. The error should be documented for the customer.

7.8.3  Verification

The MAV’s aerodynamics will be tested using a wind tunnel. Testing apparatuses will be made so that
forces and moments on the MAV can be measured. The measured forces and moments will be
compared to numerical predictions from standard aerodynamic analysis tools, and the error will be
documented.

Level System Requirements
Fixed Wing

8.1.1  Requirement
The MAV shall be a controllable fixed wing aircraft.

8.1.2 Discussion

The customer requires that the MAV have a fixed wing and not be a rotary or lighter-than-air vehicle.
This is based on the customer’s desire to use the vehicle in the future for research in fixed-wing low-
Reynolds number flows. The customer requires the MAV to maneuver in a circular surveillance
pattern.
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8.2

8.3

8.4

8.1.3  Verification
This requirement can be verified through inspection and demonstration of control surfaces in flight.

Radio Control

8.2.1  Requirement
The MAYV shall be controlled through remote control from a distance of up to 300 feet.

8.2.2  Discussion

Autonomous controls, usually associated with other UAVs, are out of the scope of this project. The
customer has requested that a remote control system be used to reduce the complexity of the project
while also increasing feasibility. The customer requests that the MAV be controlled within a range of
300 feet.

8.2.3  Verification

This requirement will be verified by ground testing the receiver and control system before flight
testing. The MAV will be moved away from the transmitter until the signal is no longer received (the
controls will no longer work), at which point the distance between the MAV and the transmitter will be
measured. It should be possible to calculate and test the ranges for various antennae/receivers.

Data Transmission System

8.3.1  Requirement
The MAV must transmit two data packages a minute to a receiver within a 300 foot range.

8.3.2  Discussion

The range of the transmission system needs to be no more than the range of the flight receiver. The
customer requires data be transmitted rather than stored in the case that the vehicle is unrecoverable
after the mission.

8.3.3  Verification

Ground tests will be used to verify the MAV’s data transmission ability. The ground test will consist of
an isolated transmission system test, followed by an integrated systems test to prove that no
interference with other systems is present.

Imaging Quality

8.4.1  Requirement

The MAV’s onboard camera must take pictures in which 3x3 foot objects are recognizable from 70
feet. Statistically, based on the Johnson’s criteria, this will require TBD pixel area [9]. Blur must be
limited to 10%.

8.4.2 Discussion

The target size and maximum blur are defined by the customer. Blur is defined as the percent
deviation in width or height of a dimensioned object between photos taken from a fixed platform and a
moving platform. Research has given the imaging quality constraints in order for objects to be
recognizable.

10
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8.5

8.4.3 Verification

This requirement can be tested in two ways. First, an in-flight picture can be analyzed. Alternatively,
the camera can be mounted in a test area and moved at speeds similar to its usual operating conditions.
A picture of the defined test area could then be analyzed for image quality, using Johnson’s criteria.

Launch Mechanism

8.5.1  Requirement

The launch system shall launch the MAV with the following criteria; wings level launch, a controlled
variable velocity, adjustable pitch angle and angle of attack.

The mechanism shall accurately control the launch velocity within a range of 0 to 30 mph with a
tolerance of ° 1 mph. Additionally, the pitch angle and angle of attack shall be adjustable between 5
and 45 degrees and 0 and 15 degrees, respectfully. The tolerance on the pitch angle shall be ° 1 degree,
and the tolerance of the angle of attack must be less than °0.5 degrees. The entire mechanism shall be
portable with a collapsible mode stowed within a 1 foot tube with a 3 inch diameter. The command for
launch shall be remote controlled. In addition, the launch system shall be adaptable for various sized
MAVs.

8.5.2 Discussion

Using a launcher will help remove inaccuracies inherent in hand-launches and will allow the vehicle to
be launched remotely. The range of launch angles and speeds, with their tolerances, are important
because they will allow the launcher to be adaptable to launch differently designed MAVs at their
optimal launch angles and speeds and account for environmental conditions. Portability is a driving
design parameter as the utility and effectiveness of such a system depends on its performance in the
field.

8.5.3  Verification

Since these are mechanical requirements, they should be verified in the mechanical drawings; however
the requirements can also be verified by taking consecutive high speed photos of the MAV following
its launch. The photos along with the time elapsed between frames will allow the velocity, pitch angle,
and angle of attack to be determined. Other options for verification include using a well calibrated
radar gun to measure the aircraft's launch velocity or photogates along the launcher to calculate the
MAV's speed at launch.

9.0 Minimum Requirements for Success

In order for MARVLIS to be evaluated as a successfully completed project, two basic requirements must be
met. First and foremost, the aircraft must fly in a steady level fashion with the ability to loiter. This will
correspond to a practical knowledge of how the MAYV is affected by low Reynolds number aerodynamics and
a successful integration of the aerodynamics and propulsion subsystems. An aircraft incapable of flight
renders the rest of the project completely useless, and therefore the MAV must fly for the project to succeed.

The second basic requirement for success is the imaging system must be able to take and transmit images
from a remote location to a ground station. As this is the purpose of the surveillance mission, it is necessary
for the system to operate successfully to accomplish this objective. If necessary, this requirement can be
achieved independently from the aircraft through the use of a remote testing stand.

11
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10.0 Deliverables

10.1

10.2

Micro Air Vehicle
10.1.1 A micro air vehicle that satisfies the requirements set forth in this document.
Launch System

10.2.1 The second deliverable for the MARVLIS project is a portable and adaptable launch
mechanism that satisfies the requirements set forth in 8.5.

11.0 Technical Risk

111

11.2

11.3

Propulsion

11.1.1 Details about risk

The propulsion system contains the highest level of technical risk in the MARVLIS project. In order
for the MAV to achieve the flight requirement, the propulsion system must provide enough sustained
force to overcome the total weight. Furthermore, the propulsion system must have a power source to
run the propeller during ascent and loiter.

11.1.2  Approach to mitigate risk

In the event that the designed propulsion system is insufficient, the mission duration will be reduced.
This will allow higher voltage batteries to be used to increase the propulsion system’s power.

Stability

11.2.1 Details about risk

Stability of the MAV is the second technical risk of consideration for the project. Stability will be
essential in any demonstrable test of the MAVs endurance and imaging system. Furthermore, stability
is of first-order importance to the MAVs ability to fly, which is a primary requirement for the project.

11.2.2  Approach to mitigate risk

If the MAV is found to be unstable, the wing configuration and toed-in vertical tails may be altered. If
this does not satisfy the stability requirements then electrical components on the MAV may be moved
or removed altogether, as an emergency step.

Electrical Systems Risk

11.3.1 Details about risk

The electrical system in the MAV, which includes the imaging system and the time and location
determination system, presents a large risk towards the success or failure of this project. Each of these
components adds weight to the MAV not only by itself but also in the batteries required to power
them. These systems are also small, fragile, and susceptible to weather.

11.3.2  Approach to mitigate risk

As with all aspects of aircraft design, the electrical system on the MAV will need to be chosen to
reduce its weight. This can be done by selecting only the newest and lightest components for use on

12



Error! Reference source not found.
Aerospace Senior Projects ASEN 4018& 4028

AES-SRP-018

the MAV. Additionally, not flying the MAV during turbulent weather would mitigate the risk of
crashing the MAV and/or getting the electrical components wet in the rain.

11.4 Weight Risk

11.4.1 Details about risk

As with all aircraft, keeping weight down is a major factor in its design. Everything that is put on the
aircraft adds to its weight, and therefore increases the structural and propulsive demands on the
aircraft. Therefore, the weight of the aircraft must be minimized as much as possible to reduce

production cost

11.4.2  Approach to mitigate risk

Ideally, the smallest and lightest components and materials balanced against monetary constraints will
be used to construct this MAV. Increasing thrust, and thus lift, would allow a greater payload.

12.0 Anticipated Engineering Expertise

Table 12.1: Anticipated Engineering Expertise

Technical Area

MARVLIS Relevance

Team Members

Aerodynamics Designing, optimizing, and testing | Lindsay Marek
of airfoil, wing shape, | William Foley
empennage(s), and control surfaces | David Berman
with special consideration given to
the aircraft’s stability

Propulsion Designing/choosing, optimization, | Christopher Aiken
and testing of  batteries, | Christopher Carnahan
motor/gearbox, and propeller William Holway

Matthew Shields

Electronics Designing/choosing,  optimizing, | Sean Hammervold
and testing the control | Cameron Hatcher
transmitter/receiver speed | Roland Pitcairn
controller, servos/actuators, the
camera/image transmitting
hardware, and time/position system

Mechanical/Structural Designing, optimizing, and testing | David Berman
the mechanical and structural | Lindsay Marek
elements and manufacturing plans,
including the MAV airframe, MAV
launcher, and wind tunnel
apparatuses

Pilot Flying experience TBD

13
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13.0 Resources

13.1 Facilities

This project requires two types of facilities. The first type is for manufacturing the aircraft
components and testing equipment. The second type is for flight testing the aircraft.

13.1.1 Manufacturing
Aerospace Machine Shop
9 Contains all of the equipment necessary for mold construction of MAV’s frame
1 Tools also will be used to create launcher mechanism and wind tunnel apparatus

Composites Lab
1 Space will be used for bulk of MAV’s construction

Carbon fiber layouts will be done here

Materials will be stored here

Freezer already available for long-term storage of carbon fiber and fiber glass
Space made available through Dr. Mosheni

= =4 A -4

13.1.2 Testing
Boulder Airfield
1  Flight testing might be done at the Boulder Airfield
9 Pilot must be American Model Association (AMA) member ($55)
1 Pilot must be Boulder Modeling Association (BMA) member ($15 for CU students)
9 Test venue complies with the FAA requirements for model aircraft

Wind Tunnel

1 Most of the MAV’s aerodynamics and propulsion will be done in a wind tunnel

Wind tunnel in the ITLL is available, however a more accurate wind tunnel is desired

1 Team might have access to new wind tunnel at the university if in place in the spring
semester

9 The wind tunnel at the Air Force Academy (AFA) could be used with permission

1 The wind tunnel at the AFA needs to be planned far in advance and cost associated with
trip estimated

13.2 Additional Advisors

Dennis Akos

Assistant Professor

Aerospace Engineering Sciences
University of Colorado

Boulder, CO 80309-0429
Phone: (303) 735-2987
dma@colorado.edu
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13.3

Penina Axelrad

Acting Department Chair
Professor

Aerospace Engineering Sciences
University of Colorado

Boulder, CO 80309-0431

(303) 492-6872
Penina.Axelrad@colorado.edu

Kamran Mohseni

Associate Professor

Department of Aerospace Engineering Sciences
University of Colorado

Boulder, Colorado 80309-0429

(303) 492-0286

mohseni@colorado.edu

Funds

Additional funding will be sought through UROP and EEF. This funding is not seen to be crucial
however, extra funding may allow for better electrical components and room for more field testing in

the event vehicles are destroyed. The total funding requested is $2,000.
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