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2. Project Description 

2.1 Problem or Need 

The purpose of this project is to modify a TBD multirotor platform by designing a control system that allows 

flight through a standard doorway, measuring 3’x6’8”.  The onboard control system will consist of a sensor suite, 

capable of tracking position that will integrate with a TBD autopilot system.  Starting within 1 m from a 

featureless wall, the platform will travel along the wall while tracking its three dimensional absolute position, until 

a doorway is detected.  Upon detection of an open doorway located within 1 m from the system’s closest sensor, 

the system will begin tracking its relative position to the doorway, and maneuver through it. The results of this 

project could be used for future developments of autonomous search and rescue platforms.   

 

2.2 Specific Objectives 

2.2.1 Sensing Requirements Level 1. 

The project requires design of a sensor suite capable of integrating with a multirotor platform. When a doorway 
is detected, the error in the relative position, from a specified point on the structure to the doorway, must not 
exceed ±3 cm.  The same positioning error requirement is made for the altitude data, relative to the ground, 
while 1-2 m high. The system must also be capable of synchronizing its onboard position and state sensor data 
with position and state data collected by the indoor flying laboratory. 

2.2.2 Motion Requirements: Level 2. 

In order to achieve level two success, the control system must maintain hover, as well as achieve stable dynamic 
motion of a multirotor platform. The chosen autopilot software must be capable of integrating with the sensor 
suite, and allow incorporation of GNC algorithm(s) that read position and state data from the sensor suite to 
facilitate motion. With the additional weight of the sensor suite, the control system must control the relative 
position of the platform to ± 6cm of a commanded position. 

2.2.3 Doorway Searching & Maneuvering Requirements: Level 3 

As the autonomous multirotor is intended for use within buildings, the highest level of success of the project 
would entail a system, consisting of a multirotor platform, the control system and sensors that can move 
laterally along a wall, searching for a doorway.  Once the sensor suite senses a doorway, it will initiate 
navigation through the doorway.  

2.3 Functional Requirements 

The subsystems of the project and their interactions can be seen in Figure 2. The project will consist of a sensor 
suite comprised of sensors used to acquire the state and position data, along with sensors to detect the location of a 
doorway. Command and data handling will filter and process this data and pass it to two places. The data will be 
written to a storage device, either onboard or wireless storage, and will be validated through comparison of data 
acquired in a testing lab. The data will also be inputted into a control device (autopilot). The control subsystem 
will then command the multirotor platform and provide instructions to navigate it through the doorway. Power 
will need to be provided to all electronic subsystems and physical integration will exist between the multirotor, 
control system, and sensor suite. 

Figure 1 contains the CONOPS diagram of this project. As can be seen in this diagram, the results of this project 
will allow the multirotor to identify the doorway and allow it to move through the door while tracking its position 
to the door’s sides and the floor. The minimum requirements for success of this project will assume that the 
multirotor is already present in front of the doorway.  However, highest level of success of the project will require 
the multirotor to travel along a wall, and detect when a doorway is present, before beginning to navigate through 
it.  What the multirotor does after going through the doorway is a matter addressed by the customer, and not 
within the scope of this project.  
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Figure 1. Concept of Operations Diagram 
 

 

 

Figure 2. FBD of Required Design Solution 
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3. Design Requirements 

3.1. The sensor suite shall measure its relative position to wall/doorframe/ground. 

3.1.1. The sensor suite shall measure its relative position while it is 0-1m from the wall at an altitude of 0-2m. 

3.1.2. The sensor suite relative position measurement shall be accurate to within ±3cm. 

 

3.2. The sensor suite shall mechanically integrate with the multicopter to form Scout. 

3.2.1. The sensor suite shall be within a TBD weight range supported by the multicopter. 

3.2.2. The sensor suite and multicopter shall have an endurance of 10 minutes. 

3.2.2.1. The sensor suite shall utilize regulated power from TBD source                                            

(multicopter/additional battery). 

 

3.3. The sensor suite and control system shall communicate and send proper signals to control the multicopter. 

3.3.1. The sensor suite shall communicate with the control system. 

3.3.1.1. The sensor suite shall output data that could be interpreted by the control system. 

3.3.2. The control system shall actuate the motors of the multicopter to achieve the desired motion. 

 

3.4. Scout shall maintain controlled flight with error no greater than ±6cm from its desired position 

3.4.1. Scout shall be capable of hover, with a designated orientation, at altitude of 1-2m  

3.4.2. Scout shall be capable of tracking forward trajectories. 

3.4.3. Scout shall be capable of maneuvering at a speed between 0.2 – 2 m/s. 

 

3.5. The system (Scout) shall maneuver through a doorway autonomously. 

3.5.1. The sensor suite shall be capable of distinguishing a doorway from a wall. 

3.5.2. Scout shall be able to maneuver through the doorway while adhering to the positioning and control 

requirements detailed in 3.1 and 3.4 

3.5.3. Scout shall be recoverable, once through the doorway, for further testing.   

 

3.6. Scout shall traverse laterally along a wall until a doorway is detected. 

3.6.1. The system shall traverse laterally along a wall at a distance of 0-1m. 

3.6.2. Once a doorway is found Scout shall navigate through it. 

 

3.7. Scout shall be capable of comparing its onboard data with the RECUV indoor flying lab. 

3.7.1. Scout shall be capable of mounting IR trackers, used by the flying lab 

3.7.2. Scout’s data shall be stored in such a way that it can be compared to the flying lab’s data 
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Table 1. Functional Requirement Validation Checklist 

Functional Requirement Validation 

3.1 The sensor suite’s relative position will be compared to “true” relative position 

data, given by the RECUV indoor flying lab.   

3.2 To assure the sensor suite is within its weight range measure its weight with a 

scale.  To validate that the system meets endurance requirements, run it fully 

powered (e.g. flying and taking sensor data) for at least 10 minutes.    

3.3 Validating communication between the sensor suite and the control system will 

require recording the output of a specific signal, and comparing it to the expected 

signal.   

3.4 Scout’s control accuracy shall be validated by comparing its position, as recorded 

by the RECUV flying lab, to its recorded desired position.  

3.5 Scout’s ability to maneuver through a doorway will be validated by finding, or 

building, a suitable test doorway in the RECUV flying lab and having Scout fly 

through it.   

3.6 Assuring Scout can traverse laterally along a wall will require a suitable test wall to 

be located and or built, and then flying along that wall 

3.7 Assessing Scout’s ability to integrate into the indoor flying lab will require 

researching operations of the flying lab and flying Scout with all relevant 

equipment in the lab and analyzing the collected data.     

4. Key Design Options Considered 

Before designers proceed with developing a design concept for a given project, they must first define properly 
what constitutes a design concept for their given problem. A design concept provides a general picture of the final 
design’s key layout and is the first step where choices are made on specific components. The aspects of the design 
that are decided upon at this stage are those that are selected in direct response to the critical project elements of 
the design problem and the final design solution’s functional requirements. Components of the final system that 
are investigated and decided upon based on information on other system components are not brought to light at 
this stage of design. Doing so would bring upon premature design requirements on the project while not directly 
serving the system’s functional requirements. Later design options would thus be limited and the overall project 
would most likely suffer. 
After comparing the general system components of all possible design solutions of this project, as presented by 
Figure 2, to the design requirements of section 3, only the multicopter platform, control system component and 
sensors were judged to be relevant to a design concept for Scout. Other components in the functional block 
diagram are present to support these three main components and each other and are thus designed later on based 
on design requirements flowing down from Scout’s design concept. Therefore, to develop a design concept for 
this project, a multi-copter platform, a commercial flight-control system and a relative positioning sensor must be 
selected. To select these components, trade-studies for each category were done between specific models of each 
component as described by Figure 3.   
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Figure 3: Design Concept Flow Down 

4.1 Multi-Rotors Considered 

Arducopter Iris 

The Iris quadcopter by Arducopter is a small lightweight platform with an X configuration. The Iris will use the 
Pixhawk autopilot system which is an open-hardware project. The Iris comes assembled, with USB connections 
for ground station configuration. The width of the Iris is approximately 0.55m. It has a payload capacity of 400g 
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with an average flight time of 10-15minutes. The full consumer release will come out later in the year, while pre-
ordered versions were released Sept. 16, 2013. The cost of this quadrotor platform is $659.99. 

 

Figure 4: Arducopter Iris 

Pros Cons 

Low cost, well within the $3000 budget Moderate flight endurance (10 – 15 minutes) 

Autopilot system provides additional I/O and 
memory   

Mounting Capabilities only available on the 
bottom of the quadcopter 

Small in size. Highly limited payload capacity. Payload weight 
would need to be minimized. 

 

Arducopter-3DR Y6 

The Y6 multicopter by Arducopter is a 3 armed multicopter that has dual rotors on each arm. The dual rotor 
design allows for higher payload capacity without adding additional arms or significant structural mass. This 
copter utilizes the APM 2.6 autopilot system and GPS control. It comes preassembled so minimal construction 
time required. Mission planning software is available to run way-points and analyze flight data. The Y6 is 
approximately $700, but is available with assembly required for a cheaper price. The Y6 has a carrying capacity 
for the payload of 1kg. 

 

Figure 5: Arducopter 3DR Y6 

Pros Cons 

Moderately low cost, easily within the $3000 
budget 

Moderate flight endurance (10 – 15 minutes) 

Autopilot comes with ground control software 
and configuration. (APM 2.6+)   

Mounting Capabilities only available on the 
bottom of the platform 

About 1.7’ wide. Payload capacity limited to 1kg 

Landing legs to protect payload. Potential Sensor obstruction of view. 
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Arducopter RTF X8 

The RTF X8 has an 8 motor coaxial configuration that allows for a greater payload capacity, while maintaining 
high stability even in a motor loss scenario.  This platform comes with the APM 2.6 autopilot system which 
includes a wide variety of autonomous flight features and a redundant sensor system that provides unparalleled 
accuracy and precision.  The RTF X8 costs about $1000 and comes almost completely assembled.  The platform 
has a width of 0.5 meters which will easily be able to maneuver through a doorway and a payload capacity of 
about 1.6 kg.  

 

Figure 6: Arducopter RTF X8 

  

Pros Cons 

Low cost, within the $3000 budget Moderate flight endurance (10 – 15 minutes) 

Open source autopilot allows for alterations to be 
made if the multicopter is modified in the design 
process.   

  

Mounting areas available on multiple regions of the 
copter 

  

The included APM 2.6 autopilot system is one of the 
best available.  

  

30 minute assembly time   

 

DJI Phantom 

The DJI Phantom is a quadrotor platform with a maximum payload capacity of 1 kg and a width of approximately 
0.35 meters. The aircraft stabilization is controlled by the Naza-M closed source autopilot.  The quadrotor and 
autopilot will cost about $700, but comes almost completely assembled. 



 
Conceptual Design Document 2013 

 

 
Aerospace Senior Projects ASEN 4018 

 

 

9 

 

  

Figure 7: DJI Phantom 

Pros Cons 

Low cost, within the $3000 budget Moderate flight endurance (10 – 15 minutes) 

Mounting areas available on multiple regions of 
the copter 

Approximately 1 lb of payload capacity is available.  
Limiting to the power and sensor design choices which 
may hinder mission capabilities. 

Small width allows for plenty of space for 
doorway clearance 

  
  

30 minute assembly time   

 

MikroKopter Hexa2 

As its name suggests, the MikroKopter Hexa2 is a six-rotor platform. The Hexa2’s six 10” blades make it capable 
of carrying a 0.8 kg payload, with an impressive flight endurance of 36 minutes. The included autopilot provides 
stability in flight, while tall skids allow cameras or sensors to be mounted safely on the belly. Whereas the price 
falls well within the budget, the Hexa2’s width leaves little clearance when maneuvering through a doorway. 
Nonetheless, the combination of valuable capabilities described above makes this multi-rotor platform another 
viable option. 

 

Figure 8: MikroKopter Hexa2 

Pros Cons 

Great flight endurance (36 min) Limited max payload (0.8kg) 
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Falls within $3000 budget Width leaves little leeway for positional error when 

traveling through doorway 

Allows for integration of gimble for hanging 

cameras/sensors 

Rotor booms appear flimsy and easily breakable 

Autopilot/flight control included in MikroKopter 

kit 

Requires 7.5+ hours of assembly 

 Limited Manipulation of Autopilot 

 

 

 

Aeroquad Typhoon 

The Aeroquad Typhoon provides a construction kit for the quadcopter. Additional features may be added, such as 
mounting plates, to customize the design of the quadcopter. Also included is the Aeroquad 32 board, an autopilot 
system developed by the company, which is pre-assembled and calibrated for the Typhoon specifically. The 
estimated endurance of the Typhoon while fully loaded is 10minutes, while its naked configuration is 14minutes. 
No payload capacity is given for the Typhoon, however due to the endurance while fully loaded, and the frame 
itself being 422 grams, its payload capacity is likely in the range of 0.4-0.8 kg. The Typhoon is listed at $450 for 
the frame, motors, blades, and Aeroquad 32 board. 

 

 Figure 9: Aeroquad Typhoon 

Pros Cons 

Very low cost Low flight endurance (8-10 minutes) 

Customizable configuration   Exact payload capacity is not listed 

Wires and connections are all internal and 
protected. 

Capabilities of autopilot are unknown. 

Durable frame   
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Aeroquad Cyclone 

The Aeroquad Cyclone is a self-constructed assembly kit. It features light weight arms that are susceptible to 
breaking in the event of a crash, but are very cheap and easy to replace. Similar to the Typhoon, the platform can 
be customized to the builder’s needs. Landing gear can be added to protect payloads on landing, and has a 
carrying capacity of approximately 800 grams with an endurance of 7-10 minutes, depending on configuration. 
This quadcopter will come with the Aeroquad v2.1 Flight control board autopilot system. This assembly kit costs 
$535. 

 

 Figure 10: Aeroquad Cyclone 

Pros Cons 

Low cost Low flight endurance (7-10 minutes) 

Customizable configuration   Exact payload capacity is not listed 

Cheap and replaceable arms Viewed as an advanced quadrotor 

Autopilot is open-source with I/O board   

 

SteadiDrone QU4D 

Designed by SteadiDrone in South Africa, the QU4D is a new quadrotor platform boasting high performance, and 
excellent flight stability. The QU4D is roughly 2 feet in width, allowing it to pass easily through a standard 
doorway while adhering to the positional requirements. Its carbon fiber booms not only provide great durability, 
but also fold at different angles for different flight modes. This feature would allow a wide viewing angle for any 
sensor added to it. Further, the $995 price tag is well within the $3000 budget. These strengths, in addition to the 
included autopilot and ability for sensor mounting make the SteadiDrone QU4D a viable platform option for this 
project. 
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Figure 11: SteadiDrone QU4D 

 

Pros Cons 

Great flight endurance (25 min) Limited max payload (0.4-0.8kg) 

Width allows easy fit through doorway Advanced capabilities may require advanced 

experience 

Allows for integration of gimble for hanging 

cameras/sensors 

Potential shipping/purchasing issues from S.A. 

Durable and lightweight carbon fiber construction  

Folding booms for wide angle sensing  

Thorough user manual  

Falls within $3000 budget  

 

Parallax ELEV-8 

The Parallax ELEV – 8 is a platform that creates lift using four fixed rotors that have fixed-pitch blades attached 
to each.  The stabilization of the aircraft is controlled by the HoverFly microprocessor which is an open source 
autopilot.  The ELEV-8 has a maximum payload capacity of 1 kg and a width of approximately 0.55 meters.  The 
kit is available for purchase for $600.00 and includes all of the parts necessary for flight, but will take 
approximately 8 hours to assemble.  
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Figure 12: Parallax ELEV-8 

Pros Cons 

Very low cost, well within the $3000 budget Moderate flight endurance (10 – 15 minutes) 

Open source autopilot allows for alterations to be 
made if the quadcopter is modified in the design 
process.   

Mounting Capabilities only available on the bottom of 
the quadcopter 

  Eight hour assembly time 

  Approximately 1 kg of payload capacity is available.  
Can be limiting to the power and sensor design choices 

 

 

 

4.2 Autopilots Considered 

When considering the options for the autopilots, two categories of autopilot systems emerged.  One category 
consisted of autopilots with close-sourced software, while the other had open-source software.  
The closed-source autopilot systems do not allow for tampering with purchased software and components, an 
example of such an autopilot can be seen in Figure 13.  
 

 
Figure 13: The NAZA-M autopilot system 

 

Essentially, all that can be done with these autopilots is to incorporate them in such a way where information sent 
to the autopilot is received at a set format, and then digital commands from the autopilot are sent to the quad rotor 
using a fixed format.  These autopilots are purchased with a circuit board of computational hardware and sensors 
as well as necessary software to make decisions based on input.  The only closed–source autopilot considered was 
the NAZA-M by DJI. The following table provides the pros and cons of a closed-source autopilot. 
 

Pros Cons 

Simple input/output concept and easy set-up Loss of hackability may emplace the constraint of not 
allowing the course commands be determined within 
the autopilot itself. 
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Professional-grade performance Input/output formats are harder to negotiate, as the 
control logic is never described 

Customer support comes from trusted source Issues with the autopilot must be addressed by the 
company’s customer support division 

Can be far more durable if given a shell around circuit 
board. 

 

 
Like the closed-source autopilots, open-source autopilots usually come with circuit boards of hardware and 
sensors as well as necessary control software; this system type can be seen in Figure 14.  
 

 
Figure 14: The PX4FMU Autopilot 

 

However, unlike closed-source autopilots, open-source autopilots allow for tampering with purchased software. 
They even allow users to purchase boards and software separately to be integrated later on.  Open source 
autopilots considered were based on commercial packages with circuit boards and software included. The 
software of these packages could be modified or entirely replaced by new software compatible with the board. 
The candidates considered included the PX4 FMU autopilot which can be adapted for use on most autonomous 
vehicles. The hardware of this system can run on the Arducopter firmware or run on its own modified firmware 
written in its NuttX operating system. The Arducopter firmware is an open-source autopilot software that is 
adaptable to any multi-rotor UAV. Also considered was the APM2.6 packages which both run on Arducopter 
software. The Aeroquad 32 Flight Control Board Version 2 and the accompanying Aeroquad autopilot software 
were considered. All modifications to the Aeroquad software would be done in C and uploaded through Arduino 
software. Finally, the AutoQuad vehicle controller offers an open-source software solution with a closed source 
hardware solution.  The following table provides the pros and cons for open-source autopilots. 
 

Pros Cons 

Hackability of product allows wider design options 
for where course selection is determined in the design 

Customer support becomes less useful as modifications 
to software increases. Also, customer support comes 
from questionable sources 

Input/Output format easier to negotiate, as control 
logic is described in great detail. 

 

Hackability of product allows for easier determination 
of sources of error 
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4.3 Sensors Considered           

In terms of proximity sensors, there are several different types to consider, each using a different method of 
determining relative distance. For use on board Scout, infrared, sonar and laser rangefinders sensors were 
investigated. Since each sensor type uses different methods to achieve its measurements, they each have different 
characteristics which lend to or detract from their usefulness in relation to Scout’s sensing requirements. 

Infrared Sensors 

Infrared sensors work in two ways, the first of which sends out a beam of infrared light at an object and detects 
the magnitude of reflected light of the object to determine distance. Similarly, the second type uses infrared light 
beam to measure reflectance, but differs in that it uses trigonometry between the IR beam and IR detector to 
calculate distance to the object, and thus is less sensitive to the reflectivity of the object’s material than the first. 
IR sensors have the drawback that they are unable to gain accurate measurements for ranges close to the sensor, 
with a typical minimum range of around 10-20 cm. Furthermore, there are concerns that the infrared sensor may 
interfere with the infrared cameras used in the testing facility. For this project, the Sharp GP2Y0A02YK0F IR 
sensor was considered in a trade study. 

Pros Cons 

Very low cost Low max range usually around 1m  

Very low weight 
 

Inaccurate at close range (10-20cm minimum 
measurement range)  

Easy and simple to use Lower resolution and accuracy 

  Infrared may interfere with test facility equipment.  

 

Laser Rangefinders 

Laser range finders have different techniques for measuring distance, where the most applicable for this project’s 
use is a method called multiple frequency phase difference. This method analyzes the phase shift of the laser 
frequency upon reflection from the object to determine distance measurements. While the laser rangefinders use 
lasers, they are typically in the infrared spectrum so that they are safe for use without eye protection. For this 
project, the following laser rangefinders were used in the trade study: Hokuyo URG-04LX-UG01, FLIR MLR-
100. 

Pros Cons 

Longer range More expensive 

Accurate, higher resolution.  Heavier 

No minimum range More complex  

 

Ultrasound 

Ultrasound sensors are any sensors which use the time it takes an ultrasonic frequency noise to leave and return to 
the sensor and uses it to determine how far away an object is located. Since the speed of sound is known for any 
given temperature, multiplying the speed and the time it took for the signal to return will give the distance the 
sound wave traveled. There can be error due to temperature effects so most high quality ultrasound sensors come 
with their own temperature gages and can compensate for any effects the temperature may have on its 
measurements. For this project the following ultrasound sensors were used to determine typical standards: 
MaxBotics MB1443, Banner Q45U and the Sick UM30. 

Pros Cons 
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High accuracy Dead zone close to sensor 

Small resolution Interrupted by the airflow around rotors 

Usable on many different surfaces Requires higher voltage to operate 

Lower cost Inaccurate measurement with varying temperature 

Light-weight  

 

5. Trade Study Process and Results 

5.1 Multirotor Trade Study 

Table 2. Multirotor Trade Parameters 

Trade Parameters Description 

Power (Flight Endurance) The chosen multicopter will include multiple 
motors and require a large amount of power. The 
amount of electrical power supplied to each 
motor, and the nature of the mission will govern 
the flight endurance. For this trade parameter, a 
high score will represent a large endurance value 
given by the multicopter specifications. 

Cost The chosen multicopter cost must fit within the 
given customer requirement budget of $3000.  
Since most platforms do not come close to this 
budget limit, cost is rated in the low parameter 
weight category.  Although not limiting to this 
project, future applications will benefit from a 
cheaper multicopter. 

Payload Capacity The multicopter purchased, must have a payload 
capacity large enough to carry the necessary 
sensors and control system.  A large payload 
capacity allows for a wider range of control 
system and sensor suite options, thus increasing 
accuracy and precision within the design.  This 
aspect makes payload capacity one of the most 
important parameters of the multicopter design. 
A high rating in this section will represent a high 
payload capacity. 

Mounting Capability All of the control system and sensor devices will 
be mounted onboard the multicopter.  It is very 
important to have enough room for the necessary 
components, as well as the ability to modify the 
multicopter structure in order to accommodate 
these devices.  A low ranking in this category 
will mean that the mounting capability of the 
multicopter is low, and may not allow for all of 
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the components necessary for the mission. 

Durability During the testing of this project, the multicopter 
will operate near doors/walls.  Given the high 
potential for damage, it is very important that all 
of the system components be able to survive a 
crash.  This is why this parameter is ranked in 
the moderate weighting category.  A high 
durability value will correspond to high 
structural integrity and survivability qualities. 

Multicopter Width 
  
  
  
  
  
  
  
  
  

While the height of the multicopter is not a 
significant aspect of the mission requirements, 
the width of the multicopter must be small 
enough to fit through the doorway. Additionally, 
a smaller multicopter would provide greater 
positional leeway when traveling through the 
doorway. This parameter is very important to the 
multicopter decision so it will be ranked in the 
high weighting category.  In this category, a 
higher score is awarded to a multicopter with a 
smaller width. 

 

Trade parameters not included in table 

This team researched a large variety of different design options that gave a long list of parameters that could be 
included in this table. Only the parameters that helped evaluate the design choice’s ability to satisfy the mission 
requirements were chosen for comparison.  One of these parameters was the multicopter’s speed ability.  
Although a traveling speed of 0.2 – 2 m/s was given as a customer requirement, through research it was 
determined that none of the platforms came close to failing the minimum speed requirement.  The parameter was 
removed from the trade study because it would not have added any meaning to the analysis.   

Similarly, the team evaluated the required assembly time for each of the multi-rotor options. However, it was 
decided that whether or not the chosen multi-rotor platform must be assembled upon arrival would not be a design 
driver. Furthermore, any time spent assembling the multi-rotor would be minimal in comparison to other 
components of this project. As a result, this trade parameter would have no effect on the selection of the multi-
rotor and was removed from the trade study. 

Weighting Analysis 

The trade study parameters are separated into three general sections: Technical, Performance and Cost. Weights 
were applied to each category based on its influence on the overall success of this mission. Performance and 
Technical were given the highest weight (0.475 and 0.425 respectively), because the success of the project will be 
very dependent on the multicoptor’s ability to support and transport the sensor suite and control system. The 
payload capacity is the highest weighted parameter because it will have a large influence on the design.  The 
power sources, chosen sensors and electronic designs will all be affected by the payload capacity. Using this same 
approach, cost was given the lowest weight of 0.1. Each of the multirotor platforms under investigation had a 
price well below the given platform budget of $3000. Since each platform would satisfy the budget constraints, 
cost has minimal impact on platform selection. Trade study scores for each category were defined using the scales 
listed in the table below.  
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Table 3. Multicopter Trade Parameter Weighting System 

Trade Parameters Score 5 Score 4 Score 3 Score 2 Score 1 

Width < 0.3m 0.3 - 0.4m 0.4 - 0.5m 0.5 - 0.6m 0.6m < 

Mounting Capability Very Good Good Medium Low Very Low 

Durability Very Good Good Medium Low Very Low 

Flight Endurance > 25 min 20 - 15 min 15 - 10 min 10 - 5 min 5 min > 

Payload Capacity > 1.4 kg 1.4 - 1.1 kg 1.1 - 0.8 kg 0.8 - 0.5 kg 0.5 kg > 

Cost < $500 $500 - $850 $850 - 
$1150 

$1150 - $1500 > $1500 

 

 

Figure 15. Multicopter Platform Trade Study 
 

5.2 Autopilot Trade Study 

The trade parameters considered between individual autopilots are given by the following table. 

Table 4. Autopilot Trade Parameters 
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Trade Parameters Description 

Cost Finance is considered a critical project element 
for this project. The cost of the autopilot will be 
factored into the project budget of $5000, unless 
purchased with the multicopter frame. 
Autopilots seem to vary between $200-300. A 
higher cost will lead to a lower score under this 
category. 

Command Rate    The command rate is an important parameter 
because it is a measure of the autopilot’s 
performance. A higher command rate means the 
rate of control implementation is higher and more 
time steps are considered by the autopilot. 
Therefore a higher command rate leads to a higher 
score. 

Hackability The hackability of the autopilot is a concern 
related to the system integration project element. 
The command and data handling unit selected 
later on in the project may have to do extra work 
by coming up with commands of desired 
trajectory if the autopilot cannot be modified. 
There might even be other unforeseen 
limitations on the system’s design due to 
limitations of the autopilot. Hackability of the 
autopilot provides an option to address these 
constraints directly. Therefore, an autopilot that 
allows for a lot of modifications with relative 
ease scores well in this category. 

  Power The required power needed to operate the 
autopilot is a necessary aspect because it 
involved in the systems integration project 
element of the design. A large power drain of the 
component is going to affect Scout’s power 
source. Also considerations of how power is 
electrically provided to the autopilot is also 
affected by the power required. The lower the 
power supply needed, the less restraints are 
placed on the rest of the other system 
components.  

Weight The weight of the autopilot is important to the 
quadrotor platform which has a maximum 
payload it can support. A lower weight is 
therefore desirable.  

Documentation Documentation on the autopilot is a concern to 
the design process of the project. It should be 
noted that designers will most likely not 
understand all components of the autopilot on 
their own. Therefore, in order to modify it 
effectively, good documentation is desired. 
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Trade parameters not included in table 

In addition to the parameters above, “Included Sensors”, “Included Components” and “Resolution” were taken 
into consideration. However, upon further research on the product candidates, these parameters were removed. 
These parameters were removed because the autopilot candidates are packaged with multiple sensors and 
components. There are multiple resolution associated with each of those sensors. Therefore, it will be difficult to 
trade all the parameters across the candidates. 

Weighting Analysis 

The trade study parameters are divided into 4 main parts which are Technical, Performance, Cost and Third Party 
Support. Technical parameter is then further divided into Hackability, Weight and Power. Performance, Cost and 
Third Party Support categories only contain Command Rate, Total Hardware Cost and Documentation 
respectively. The Technical parameter is given the highest weight (0.5) because the success of project will be 
highly dependent on the ability to modify the autopilot in order to account for the sensor suite integration to the 
multicopter platform. Hence, the sub-parameter Hackability is given a weight of 0.8 while the Weight and Power 
are given weights of 0.1 each.  In addition to having the capability to modify the autopilot, a good knowledge base 
for the product is also essential. The knowledge base could be utilized to ease the process of autopilot 
modification. Therefore, the Third Party Support parameter is given a weight of 0.2. Equal weight is given for 
Performance parameter as a good command rate will yield better controllability of the system. The remaining 
weight of 0.1 is given to cost. Total hardware cost is not given high importance because preliminary research on 
the autopilots showed that they will be within the budget. The scores are given based on a relative scale defined 
below. 

Table 5: Autopilot Trade Parameter Weighting System 

Trade Parameters Score 5 Score 4 Score 3 Score 2 Score 1 

Hackability Extreme High Medium Low Locked 

Weight [g]  8  -  17 18  -  27 28  - 36 37  - 45 46  - 55 

Power [W] 250 - 320 321 - 390 391 - 460 461 - 530 531 - 600 

Cost [$] 149 - 228 229 - 307 308 - 386 387 - 465 466 - 544 

Command Rate [Hz] 341 - 400 281 - 340 221 - 280 161 - 220 100 - 160 

Documentation Very Good Good Medium Low Very Low 
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Figure 16. Autopilot Trade Study 

 

 

 

5.3 Sensor Trade Study 

Table 6: Sensor Trade Parameters 

Power Supply The sensor must have its own regulated power 
supply to maintain accuracy. Power supply was 
chosen to be part of the technical category, as it 
is something that can be appropriated fairly 
easily, and is not a factor on performance. A 
sensor should require a relatively small power 
supply such that it does not burden the 
multicopter with excessive battery weight.  If a 
sensor requires around 5V it will score well.  

Frequency Frequency entails the sampling rate of the 
sensor. Easily the most critical element of the 
technical category, sampling frequency will 
dictate the speed at which measurements can be 
taken. Higher sampling rates will be capable of 
detecting changes in distance faster, and will 
therefore score higher.  

Integration Integration refers to the ease of properly 
integrating the sensor with the processor and 
autopilot. If a sensor is easy to connect 
physically (such as via USB connector) and is 
capable of communicating with the autopilot it 
will receive a good score.  

Range Scout has requirements related to distance 
sensing. Sensors must have a good range of 
detectable distances while navigating through 
doors. A sensor with both close range and mid-
range capabilities will receive a higher score. 
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Accuracy  Accuracy is a key requirement of Scout, and is 
therefore weighted heavily in the performance 
category. A good sensor will have a high enough 
accuracy to meet the ± 3cm accuracy 
requirement, and will greatly affect the 
performance of the multirotor in general.  

Resistance to Disturbances Disturbances could allow for sensor data to be 
skewed and therefore sensors must be resistant 
to dust, vibrations, and propeller wash. A sensor 
that is sensitive to disturbances will not receive a 
good score. 

Usable Surfaces Sensor performance can be decreased based on 
the surfaces they are facing. If a sensor has a 
high variety of surfaces it can accurately detect 
it will have a higher score. 

Weight Since Scout has payload requirements sensors 
must be lightweight in order to improve 
performance. A sensor will receive a higher 
score with lower weight.  

Resolution The resolution of a sensor dictates how fine a 
measurement reading it will output. Higher 
resolution translates to a better performance out 
of the multicoptor. A sensor will score better in 
this requirement the better its resolution.  

Total Hardware Cost Cost is a factor for this project, and some sensors 
can be costly, depending on the quality and 
complexity of their make. A sensor that is 
cheaper will score higher in this category.  

Documentation In order to properly integrate sensors, good 
documentation is required. Good documentation 
will give a sensor a higher score. 

 

Trade parameters not included in table 

The trade parameters that were not analyzed in the sensor trade study include data rate, field of view and 
temperature effects. Data rate can typically be set by the device reading the sensor from the data, and the 
frequency of the sensor is the main deciding factor for how fast the sensor is taking measurements. Field of view 
for almost all proximity sensors are limited to directly in front of the sensors field of vision, and having a field of 
view any larger would be more of a convenience than a requirement for operation. The only sensor that has a real 
field of view is the 2-D Laser. Temperature effects are typically compensated for on high quality sensors, however 
all tests performed on Scout will be indoors where temperature variations will be small. 

Weighting Analysis 

The trade study parameters are divided into 4 main parts which are Technical, Performance, Cost and Third Party 
Support. The technical category is then divided into power supply, frequency and integration. The performance 
category contained the most information with range, accuracy, resistance to disturbances, usable surfaces, weight 
and resolution. The cost and third party support categories only contained total product cost and documentation. 
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Since performance is key for sensor selection it was given a high weight at .6, technical was kept to a 0.25 since it 
must be feasible to place the sensor on an autonomous UAV, while cost and documentation were kept at the low 
weights of 0.05 and 0.1. This is because a large portion of our budget is set for sensors and good documentation is 
more of a convenience. Inside performance the power supply and frequency were given the majority of the weight 
at 0.4 and 0.5 since they drive the performance category. The technical section has more distributed weights with 
range, accuracy and resistance to disturbance being the most important at 0.25, 0.3 and 0.3 since precision and 
correct readings will be essential to the success of Scout. 

Table 7: Sensor Trade Parameter Weighting System 

Trade Parameters Score 5 Score 4 Score 3 Score 2 Score 1 

Power Supply < 5V 5V-10V 10V-30V 30V-50V > 50V 

Frequency > 500 Hz 250 - 500 
Hz 

100-250 Hz 10-100 Hz < 10 Hz 

Integration Very Good Good Medium Low Very Low 

Range < $20     

Accuracy >±10 mm ±11-20 mm ±21-30 mm ±31-50 mm <±50 mm 

Resistance to 
Disturbances 

Very Good Good Medium Low Very Low 

Usable Surfaces Very Good Good Medium Low Very Low 

Weight < 10g 10 -70g 70 - 130g 130 - 200g > 200g 

Resolution 1 mm 6mm 50mm 10 cm 20 cm 

Cost < $100 $100 - $300 $300 - $600 $600 - $1300 > $1300 

Documentation Very Good Good Medium Low Very Low 
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Figure 17. Sensor Trade Study 

 

6. Selection of a Baseline Design 

Using the trade study matrix above, a number of multirotor options could be eliminated immediately. Namely, the 

Iris and Y6 Arducopters, the Cyclone and Typhoon Aeroquads, the MikroKopter Hexa2 and the Parallax ELEV-8 

were removed from consideration. As the shading suggests, these platforms scored poorly in areas critical to a 

successful multirotor vehicle. More specifically, the Iris and both Aeroquad copters received very low values for 

payload capacity. Since this project will require the multi-rotor to lift a sensor suite, such limited payload capacity 

justified automatic ejection of these platform options. Similarly, both Aeroquad models and the MikroKopter 

Hexa2 scored poorly in the width category. As described above, a low score in this category suggests a larger size. 

Each of the Aeroquads were found to be too large for traveling through a doorway within the specified position 

limitations. As a result, these options were eliminated. Reducing the number of potential multi-rotor platforms 

with this “outlier removal” method allows for a more thorough investigation of the more capable platforms. 

Ultimately, a large divide in the trade study total score left three primary options that scored significantly higher 

than the others. The total score for these multicopter options are highlighted in blue at the bottom of the trade 

study matrix, and will be analyzed more thoroughly. 

 

The autopilot trade study also eliminated design options that were clearly unfit to meet the requirements of the 

design.  For example, since the DJI NAZA - M scored poorly in aspects critical to the project’s success such as 

hackability and third party documentation that it could easily be removed from consideration.  Similarly, the 

Autoquad 6 fell short in areas such as cost, power consumption, and weight.  The remaining three choices provide 

feasible solutions to the design problem.   

  

An important design constraint to consider is the compatibility between autopilot and multicopter frame, since 

autopilot systems are not universally capable of controlling any platform. Since sensor integration can occur 

regardless of the pairing of autopilot and multicopter frame, it was not included in this consideration. It is 

important to note that using an untested pairing of autopilot and multicopter frame is unwise. Therefore, the 
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investigation of the baseline design led to considering what the best autopilot/multicopter frame pairing existed 

out of the potential design solutions.  This led to choices between an Aeroquad frame with an Aeroquad autopilot, 

the SteadiDrone paired with the PX4FMU, the DJI Phantom with onboard DJI NAZA-M, and the Arducopter 

RTF-X8 paired with the APM 2.6 board.  Even though he DJI Phantom provided a good frame solution, the DJI 

NAZA-M was a poor autopilot. Therefore, this pairing would provide a poor design solution.  Similarly, even 

though the Aeroquad provided a good autopilot solution, none of the Aeroquad frames proved viable frame 

solutions and therefore the pairing was not considered as a baseline design.  This leaves the SteadiDrone frame 

paired with the PX4FMU and the Arducopter RTF-X8 frame paired with the APM 2.6 board as potential design 

solutions.   

 

Since the sensors chosen for this trade study are capable of integrating with any platform the optimal decisions 

were based solely off of the performance on the trade study. The two sensors with the highest values were the 2-D 

Laser and Ultrasound. While both have similarly high performance however the difference comes in their variety 

of usable surfaces and resistance to disturbance. The 2-D Laser has very high resistance but a low number of 

surfaces it can be used on, whereas the Ultrasound sensor has a low resistance to disturbance but is usable on a 

multitude of surfaces. For this reason the 2-D Laser would perform optimally scanning walls. Furthermore, its 

high resistance to disturbances would help it ignore the airflow around the propellers, while the Ultrasound sensor 

would perform better measuring the distance to the ground. It’s compatibility with multiple surface types would 

come in handy going over carpet, concrete or even water on the ground all in one mission. 

 

The IR and laser range finders were considered insufficient for Scout’s performance. The main downfall of these 

sensors came in their range and accuracy, and even their resolution for a number of Mini laser range finders. Since 

these are the most important factors for the performance, and therefore the overall trade study, these sensors 

scored poorly overall and will not be used for this project. However it is important to note that the Laser Range 

Finder scored low on range because they are used for very short distances, which means they could be used to 

insure accuracy of Scouts position while going through doorways. The performance of the 2-D Laser is high 

though so the chance of needing secondary sensors for accuracy is low. The findings of the trade studies described 

above will be used  in selection of specific design components in later developments of this project. 
 

 

 

 


