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Project Executive Summary
Proposed Deliverables:
A small drone capable of carrying packages up to 3 pounds.

Budget:
The Project Budget is $600 and the amount spent is $1,420. We needed the additional $600 for quality LiDAR and Motors to ensure safety and performance. A bigger cut of our budget should have been allocated for the flight controller.
· The operation of the drone needs to be safe
-FAA guideline compliant and extensive pre-flight checks
· Obstacle Avoidance capability
-Simultaneous Localization and Mapping(SLAM) algorithm using Light Detection and Ranging (LiDAR)
· Autonomous Capability
-Arducopter autopilot software
-GPS module + Radio telemetry
· Capable of carrying packages up to 3 pounds
-Hexacopter motor configuration with 1000KV or lower brushless motors with at least 1045 propellers
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1. Project Scope
1.1 Problem Statement
The current trend of greenhouse gas emission in the world will soon make life as we know it unsustainable if we do not identify and implement solutions to rectify the various contributing factors. Transportation is still largely powered by fossil fuel and it is the largest source of greenhouse gas emissions in the U.S. About 25% of transportation (approx. 415 million metric tons of carbon dioxide) comes from medium to heavy duty trucks that are the kinds of vehicles that deliver freight to warehouses, businesses, and consumers’ homes. Drone delivery of a small package would result in about .42 kg of greenhouse gas emissions while standard truck delivery results in about .92 kg when factoring in the emissions created by the generation of electricity used to charge the drone batteries. 

1.1 Client Identification
Our target audience for this project is the Transportation and Courier Industry. Companies such as Amazon, UPS, and FEDEX would see great benefits from this type of technology.  If this project was applied on a larger scale with efficient logistics, the delivery of packages using drones would help reduce fuel consumption, reduce carbon emissions, and increase the speed of local package delivery.

1.3 Project goals and objectives
The goal of this project is to construct a drone capable of autonomously delivering packages with a weight up to 3 pounds to a destination within a 1-mile range as a stepping stone to developing greater capabilities.

1.4 Contemporary issues relevant to project  
A major contemporary issue  relevant to the project is safety. The drone we constructed has the size and power to cause considerable damage to people and property so ensuring safe operation is absolutely critical for a large scale application like package delivery. Things like signal loss, power loss, system malfunction, electromagnetic interference, and lack of air space for delivering packages are major safety considerations that must be taken into account before mass adoption of this technology.   The Federal Aviation Administration has a strict set of guidelines and restrictions for drone operations that we follow for this project called the “Summary of  Small Unmanned Aircraft Rule Part 107” (see in appendix A). Following these guidelines minimize the potential damage to people and property. Another major contemporary issue relevant to this project is the emission of CO2 resulting from the transportation of goods. Our proposed solution to this contemporary problem seeks  to ease the CO2 emissions resulting from the medium - heavy duty trucks delivering small packages.

1.5 Potential impact of project on society 
Safety Impact
More sky traffic will inherently increase the potential for damage to people and property without proper safety systems or if system failure occurs. We will minimize the chance of system failure with extensive pre-flight checks. 
[image: ]
Table 1: Preflight Checklist
A delivery drone system can also improve the job safety for delivery drivers in America. According to a study done by USA Today, Delivery Driver was rated as the 7th deadliest job mostly due to fatal motor vehicle accidents. About 80% of delivery driver fatal injuries come from driving accidents.
 
Environmental Impact
Lawrence Livermore National Laboratory conducted a study on the environmental impact of drone delivery while also considering the impact of regional electrical energy production that drone and electric vehicle batteries will use for charging between deliveries. They found that in the cleanest energy production state of California, drone delivery of a small package would result in about .42 kg of greenhouse gas emissions while standard truck delivery results in about .92 kg. That is a savings of 54 percent.  In the state of Missouri, who still relies heavily on fossil fuel and coal for power generation, that improvement would be about 23 percent less but still better. That would be approximately .64 kg of greenhouse gas emission by drone if truck delivery in Missouri were to produce .92 kg CO2. The table below quantifies this research and shows why small drones delivering packages are better for the environment than large drones and trucks. Regular gas powered vehicles are actually still better for the environment than large drones depending on which state you live in.
[image: ]
	Graph 1: CO2 emissions Attributable to Package Delivery

Technical / Social / Economic Impact
A drone delivery service will revolutionize the way packages are delivered worldwide! We would see a decrease in delivery times, increase in access to goods, increase in high paying jobs, possible increase in customer satisfaction and a reduction in traffic congestion in many cities.
According to Amazon CEO Jeff Bezos, about 86 percent of orders at the global online retailer ships weighs less than 5 pounds! Amazon is investing billions in developing autonomous aircrafts that can drop a book or a pair of shoes at your home within 30 minutes of receiving an order. This will reduce 1-2 day prime shipping to an astounding 30 minutes for millions of customers.

1.6 Initial Project constraints 
Budget is the biggest constraint. High performance parts are VERY expensive while inexpensive parts can be unreliable. We had many electromagnetic interference and poor sensor performance issues with our chosen flight controller because of how cheap it was. The flight controller we choseis a pixhawk 2.4.8 and it is a clone of the original 3DRobotics pixhawk. It came in a $70 kit that included many of the necessary flight peripherals such as GPS, radio telemetry, buzzer, etc. The one we have is using a MS5607 barometer when it should have the MS5611 like the original. The price difference is only a few pennies but the performance difference is wide. This difference causes bad attitude estimation and creates imu reset and EKF resets errors in the autopilot software. These resets happen when the software deems the sensor readings as being inconsistent or unreliable. This creates inconsistent drone performance and safety concerns.
Another project constraint is our drone is not waterproof so we will only be able to operate in clear weather conditions. Due to restrictions on airspace defined by the FAA, we cannot fly above 400 feet, stadiums, buildings, crowds, highways, or busy streets without explicit permission from the local supervisory PVAMU/TAMU authorities and/or FAA. We are also constrained by any part of the FAA Summary of Small Unmanned Aircraft rules (Called Part 107) that we do not obtain a waiver for.


2.Project Planning and Task Definition  
2.1 Task identification 
[image: ]
Figure 1: Task Identification for DragonFly Design
The project had three phases: Simulation & Theory, Hardware Implementation, and Testing. Our first phase for the project was to lay a sound foundation to build on. This meant researching what we would need to meet our end goal, doing the theoretical calculations, and simulating a drone to not only familiarize ourselves with drone operation but to also ensure some of our preliminary calculations were correct such as the flight time calculations. We also simulated drone physics, vision and navigation algorithms, and sensors  using Gazebo robot simulator with ardupilot and ROS/MAVROS plugins. The following diagram illustrates the software flow for simulating the drone physics and operation.


[image: ]
Figure 2: ArduPilot Software in the Loop
After we lay a strong foundation, we move on to the second phase and build upon our sound foundation. This phase of the project meant additional power analysis/calculations using device data sheets and building a prototype we called “Firefly” to test some of our theory on and familiarize ourselves with real time operation of a drone.

Finally, phase 3 meant extensive flight testing of both the Firefly and the DragonFly prototypes when and where permitted following our pre-flight checklist.

	2.2 Gantt Chart
[image: ]
Graph 2: Gantt Chart












3. Literature review
3.1 List of all sources of information
[1] ArduPilot Dev Team “ArduCopter Documentation”	 2020	https://ardupilot.org/copter/
[2] ArduPilot Dev Team “Ros for ArduPilot Documentation” 2020				
https://ardupilot.org/dev/docs/ros.html

[3]Tiziano Fiorenzani Playlist “Drone Tutorials” Youtube, 2017
https://www.youtube.com/watch?v=TFDWs_DG2QY&list=PLuteWQUGtU9BcXXr3jCG00uVXFwQJkLRa
[4]Tiziano Fiorenzani Playlist “Visual Odometry and Vslam” Youtube, 2017
https://www.youtube.com/watch?v=T5Y6OPG-d08&list=PLuteWQUGtU9AoAgFtZYRSoyTTIJ5WgRqP
[5]Tiziano Fiorenzani Playlist “ROS Tutorials” Youtube, 2017
https://www.youtube.com/watch?v=N6K2LWG2kRI&list=PLuteWQUGtU9BU0sQIVqRQa24p-pSBCYNv
[6]Tiziano Fiorenzani Playlist “MAVROS = ROS + MAVLINK” Youtube, 2017
https://www.youtube.com/watch?v=e2krAUKs9G8&list=PLuteWQUGtU9AqqWgwdEJukAhawpcoIaF3




3.2 Statement of Learning from each source 
We performed a literature review by first reviewing ardupilot.org/arducopter. Ardupilot is the flight controller firmware the drone will use to manage flight. The developers of Ardupilot have created documentation that gives curious minds all of the information needed to design, program, and construct your very own autonomous drone or simple multi-rotor. Here, you can find tons of videos, step by step guides, and links to other resources.. It is the main resource we reference throughout the project. After identifying the sources, we compile everything into a shared google drive and we take notes on what we read so we can extract the most crucial information. We also used YouTube channels such as Tiziano Fiorizani. Tiziano provides excellent tutorial videos on software setup, hardware interfacing, and drone programming. 











4. Preliminary Design 
4.1 Concept Generation
We generated the design concept of the DragonFly using the Arductopter documentation. Right from the beginning, we knew we would need a 6 motor (Hexa-copter) configuration. The six motors together provide the ideal 2 to 1 thrust to mass ratio we need for ideal flight behavior. With this extra thrust, we can carry more weight. Additionally, you only need four motors for a multi-rotor aircraft to fly, so the motor redundancy in a hexacopter configuration increases our safety margins. We can lose up to two motors before the drone plummets to the ground. Finally, a hexacopter has much greater flight stability than a quadcopter design.
[image: ]
Figure 3: Potential Motor Configurations
	
	4.2 Concept Evaluation & Selection
Considering the details stated above and our testing of the Firefly quadcopter prototype, the hexacopter configuration proved to be the ideal choice for carrying payloads for any considerable distance in terms of safety, energy efficiency, and power. Additionally, we observed first hand the benefit of having motor redundancy when our Firefly prototype crashed after losing a single propeller during a test flight.

	4.3 Design Constraints and Applicable Codes and Standards
Constraints
-Budget 
-Can only operate in clear weather conditions (Not waterproof)
-Restricted Airspace: We cannot fly above 400 feet, stadiums, buildings, crowds, highways, or busy streets without explicit permission from the local supervisory PVAMU/TAMU authorities and/or the FAA.
-Space on the chosen frame for mounting the electronics and payload.
-Flight controller performance
Codes and Standards
-FAA Small Unmanned Aircraft rules Part 107 (Attached in appendix)










4.4 Preliminary Design Analysis
[image: ]
Table 2: Preliminary Calculations

We began our preliminary calculations by adding up the total weight of the drone. Once we have the total weight, we can identify how much thrust we would need to generate to achieve hover and ideal flight behaviour. A general rule of thumb is to have a 2:1 thrust to mass ratio to achieve ideal flight behaviour. However, after takeoff you only need to generate thrust equal to the weight of the drone to maintain altitude (hover). Using device data sheets we calculated the total power draw at 60%, 75%, and 90% load. We assumed we would be operating the drone at 75% for most of the time which is actually an overestimation to be safe. At a constant 75% load and consuming 80% of the total battery with two 14.8V 16A Lipo batteries, we approximated a flight time of around 20 minutes. We would definitely be able to transport a 3 pound package a mile away and return safely if we travel at least 5 miles per hour. However at the time of part purchasing, neither the batteries nor the motors were available so our design calculations had to change slightly. (see section 5.2 for calculation differences)
4.5 Preliminary Design

[image: ]
Figure 4: Preliminary Design
This diagram shows the general idea behind each component and how they work together. Starting with the bottom left box you have the environmental sensors. They are measuring the distance between the drone and its environment and feeding that data to the companion computer. The companion computer is the Nvidia Jetson Nano and it is responsible for running Robot Operating System and updating the flight controller with new flight paths to avoid collision with its environment. The flight controller is responsible for stabilizing flight by directing the rpm of each motor using the IMU sensor data.  The flight peripherals such as the GPS and radio telemetry are attached to the flight controller. During the project we actually discovered that the LiDAR can be connected directly to the flight controller as if it were a flight peripheral since the autopilot software we used actually has obstacle avoidance algorithms built in. Opting for this connection would actually remove the need for a companion computer.

The flight controller communicates with the ground control station via radio telemetry at 915Mhz. The GCS we use is called Qgroundcontrol. It is a robust fully featured GCS that displays real-time data on UAV performance, position, and even a camera’s live video stream. It can also be used to control a UAV in flight, upload new mission commands and set mission parameters. It even has a “male siri”  that will announce vehicle states, error messages, and other necessary information for the pilot in command!












5. Detailed System Design 
		
5.1 Project Part Summary

[image: ]
Table 3: Project Part Summary

After much consideration and unavailability of some parts at the time of purchasing, these are the parts we settled for. In hindsight, we should have allocated more of the budget towards the flight controller rather than the LiDAR and the frame since the poor performance of the flight controller made it unsafe to actually mount the LiDAR during testing.





5.2 Engineering Analysis
[image: ]
Table 4: Final Calculations

Here, not much has changed from our preliminary calculations besides the battery capacity/weight and the motors. Initially, we wanted to use a 14.8V 16A Lipo Battery and 680KV motors but due to unavailability, we went with a 22.2 V 12A Lipo Battery and 380 KV motors. We actually see a performance increase with our final motor choice. We see equivalent thrust being generated for less energy in comparison. At a constant 75% load, we approximate a flight time of around 8 minutes and 45 seconds. With a 8 minute and 45 second flight time, we would have to be travelling 6.8 miles per hour to reach a mile right at the end of that time. We would have to be traveling at about 14 miles per hour to fly a mile and back within that flight time. We can double the batteries in a parallel connection to increase flight time but we would lose the approximate 2:1 thrust to mass ratio which would impact overall flight time.
5.3 Hardware Layout/ Detailed Drawings/ Equipment Selection & Specifications 
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Figure 5: Hardware layout
Despite the unavailability of the batteries shown in the diagram, we left the diagram as is because they are still our ideal choice. The batteries are going to feed power to the power distribution board which is of course distributing to the rest of the electronics. 
The 22.2 V battery we chose is illustrated in the following figure:
[image: ]
Figure 6: Turnigy LiPO Battery

The Power distribution board and specifications are illustrated in the following figure:
[image: ]
Figure 7: Mateksys Power distribution board
The flight controller requires 5V so we need a voltage regulator to step down the incoming power. Not only is the power module stepping down the voltage, it is also measuring the battery current and feeding that data to the flight controller which is relaying that information to the ground control station for the pilot to monitor. The power module can take between 6-30V and measure up to 90A continues. The GPS is connected to the flight controller via i2c and the radio is connected via UART. 
The flight controller and kit we used is illustrated in the following figures:
[image: ]
Figure 8: Pixhawk Flight Controller
[image: ]
Figure 9: Pixhawk Flight Controller Kit (Flight Controller + Peripherals)

The flight controller is directing the motor rpm via pwm signals to the electronic speed controllers. The electronic speed controllers take the input signal and control the motor speed and direction by activating the appropriate MOSFETs to create the rotating magnetic field as illustrated below.
[image: ]
Figure 10: Electronic Speed Controller Diagram
The companion computer also operates on 5V so it also needs a voltage regulator to step down the incoming 22.2 V (14.8V in the diagram). The jetson nano is illustrated in the following figure:
[image: ]
Figure 11: Jetson Nano Pin Diagram
The following figure illustrates the connection between the pixhawk and the jetson nano via UART:

[image: ]
Figure 12: Connection between pixhawk and jetson nano










The following figure illustrates the LiDAR and its specifications:
[image: ]
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Figure 13: RPLiDAR A3M1



5.4 Application of Engineering Standards used in Final Design
For this project we primarily used the FAA Summary of Unmanned Aircraft Rules as the standard for our drone design and drone operation(see appendix A). In the rules, it details the performance and safety requirements that we must abide by if we want to be compliant with the U.S aerospace authority. Our preflight checklist (figure 1) and choice of components revolved around their guidelines. We could not perform flight tests that went beyond the boundaries laid out by the FAA and thus designed the drone around what we could actually test.
5.5 Economic Analysis
[image: ]
Table 5: Economic Analysis
While there are still issues that need to be addressed with the Dragonfly such as inconsistent flight controller performance, our project is competitively priced. Flytrex boasts better performance than the DragonFly but it does not have a collision avoidance system. The LiDAR and companion computer we chose for the collision avoidance system actually makes up half of our total budget. If you were to remove those two components considering we never attached them for a test flight due to safety concerns, the total cost would be $713. The DragonFly is currently not competitive at all with the other market options performance wise but that will change.

5.6 Final Design 
[image: ]
Figure 14: Starting Mission, Ready for Liftoff!
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Figure 15: Liftoff and travelling to GPS waypoint


[image: ]
Figure 16: Return to launch and Landing!







6 Results and Discussion
6.1 Summary of Goals and objectives
We were able to successfully complete the following objectives we laid out for ourselves
1. A working prototype 
2. A demonstration of the drone operating by April
3. A comprehensive final project report by April
Despite the fact we did not test the LiDAR on the drone, we did test the LiDAR connection with the flight controller and it did work. However, due to safety concerns we did not proceed to a flight test. After we install a new flight controller we will be testing the obstacle avoidance capability.
6.2 Summary of Constraints and Codes met by design
Advantages:
· Can carry packages up to 3 pounds.
· Can be controlled remotely or operate autonomously
· Easily maneuverable 
· Cost effective for an autonomous drone.
· Motor redundancy
· Adheres to FAA Rules (Academic use)



Disadvantages:
· Short battery life, 8 minutes of flight time based upon flight speed.
· Exposed circuitry on drone.
· Very cheap flight controller with poor performance
· Drone isn’t waterproof.





6.3 Discussion of Results and other use cases
Our project will not have a performance advantage over any of the commercially available solutions. We simply do not have the budget to purchase the parts that would make the DragonFly competitive so this project will purely be a proof of concept. The only advantage we could claim is the price of the DragonFly.. However, in terms of quality and performance, you get what you pay for. Commercially available drones with obstacle avoidance capabilities, 5+ pound payload, and 20+ min flight time generally cost $2,000 or more. While our drone may have similar obstacle avoidance capabilities, we cannot compete in terms of payload and flight time. 
The potential use cases for commercial drone technology are only limited by your own imagination! Other use cases include:
1. Surveillance
2. Photography
3. Tourism
4. Humanitarian / Disaster Relief
5. Disease Control
6. Advertising
7. Agriculture
8. Weather Forecasting
9. Construction
10. Sports and Entertainment!
7. Conclusions and Recommendations
This is a very comprehensive project and every single course we have taken in the Electrical & Computer Engineering Department aids us in understanding the various technical aspects. Everything from Freshman C++ programming, Calculus and circuit analysis to Senior Electromagnetism, Communication Theory, Microprocessor System & Design, Energy Conversion, Control Theory, and Principles of Solid-State devices has been revisited.
For the team members with no robotics or programming experience, there is a steep learning curve. Skills required for this project that were not taught in our coursework include advanced C++, real control systems, Robot Operating System, and soldering. Thankfully, everything you could possibly want to know is freely available online. We used YouTube videos, online forums, and developer documentation / guides to accumulate the necessary knowledge.
However, much work still needs to be done before this is a commercially viable product ready to be scaled up! We recommend further development of this project beginning with a flight controller replacement and extensive LiDAR testing.

	






List of References 
[1] ArduPilot Dev Team “ArduCopter Documentation”	 2020	https://ardupilot.org/copter/
[2] ArduPilot Dev Team “Ros for ArduPilot Documentation” 2020				
https://ardupilot.org/dev/docs/ros.html

[3]Tiziano Fiorenzani Playlist “Drone Tutorials” Youtube, 2017
https://www.youtube.com/watch?v=TFDWs_DG2QY&list=PLuteWQUGtU9BcXXr3jCG00uVXFwQJkLRa
[4]Tiziano Fiorenzani Playlist “Visual Odometry and Vslam” Youtube, 2017
https://www.youtube.com/watch?v=T5Y6OPG-d08&list=PLuteWQUGtU9AoAgFtZYRSoyTTIJ5WgRqP
[5]Tiziano Fiorenzani Playlist “ROS Tutorials” Youtube, 2017
https://www.youtube.com/watch?v=N6K2LWG2kRI&list=PLuteWQUGtU9BU0sQIVqRQa24p-pSBCYNv
[6]Tiziano Fiorenzani Playlist “MAVROS = ROS + MAVLINK” Youtube, 2017
https://www.youtube.com/watch?v=e2krAUKs9G8&list=PLuteWQUGtU9AqqWgwdEJukAhawpcoIaF3




Appendix A:
FAA Guidelines for SUAS
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Motors = 90% = 15A(x6 = 90A) (1600g x6 = 26008)

Total Adraw=3A____=A_ +A +A +A_+A,
=4+ 5 1A 157 +TI=A, +577 P

‘ Turnigy Mulfstar 4225 610KV Motor Thrust Vs.

Preliminary Calculations

Amp chart using 12°3 8 prop|
-
2 %

148V
@75% w/ 2 battery w/o payload = ([32x.80]/78) *60 = 20 minutes

Flight time = [Battery Capacity x Battery Dischargel * 60
Avg. Amp Draw.

111V
@60% w/ 2 battery w/o payload = ([10.2x.80] / 66) *60 = 7 minutes
Travelling 1 mile and back is possible but it will greatly depend on speed




image9.png
Preliminary Design

Companion Computer: Pl

~Nvidia Jetson Nano

“Robot Operating System
MAVROS node

“Responsible for obstacle avoidance

path planning

Environment Sensors:

LiDAR
“Intel realsense D435 depth camera

Flight Controller:

Pixhawk 2.4.8 3DR clone
“Runs ArduCopter 4.0 autopilot firmware

“Responsible for stabilizing flight using IMU sensor input to

direct motor rpm

~Uses MAVLisik protocol for system intercommunication.
~Can also directly take the LIDAR data and plan obstacle

avoidance via the telemetry port

Data Flow

<« Presentation flow

Flight peripherals:

-GPs
~Servo Motors

“Provides additional features. (Video
streaming is also possible)

Radio Telemetry:

“Holybro 915mHZ, 500mW
-Communication link with
ground conirol station via
MAVLink protocol

&

Ground Control Station:

Computer running software o monitor the drone and

command the flight mission

-QGroundControl and MAVProxy

15
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Part Name

Frame Tarot Foldable Carbon Fiber Hexacopter frame

Battery Turnigy 22 2V 12Ah 6S 12C Lipo Battery

Electronic Speed Controll Readytosky 30A 2-65 ESC

Motor Tarot TL6BPO7 6S 380KV Brushless Motor
LiDAR Slamtec RPLIDAR A3M1
Radio Telemetry 3DR Radio Telemetry 915Mhz 500 mWW

MatekSys PDB-Hex

Receiver FS-iab8 receiver

Flight Controller Kit Pixhawk Flight Controller + Flight peripherals

Companion Computer  Nvidia Jetson Nano

Miscellaneous Parts. Velcro, tape, zi

les, Vibration pads, wire etc

Total

159.88

11184

69.98

175

599

3299

2679

16.99

70

108

50

1,420.47
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Preliminary Calculations Power:(max draw) TAROT 68

Nano =5-10W; 5V; 2-4A {3 i | a
Weight Pixhawk=2W ; 5V/; 5A (all peripherals attached)
Frame = 600g _ ey
Nano = 2505 Camera =2.85W;5V; 57A
Pixhawk = 30g

LiDAR=35W; 5

30AESC=6.01g(x6=36g) 7A

Motor = 86g (x6 = 516g) Motors  60% = 8 A (x6 = 48A) (1180g x6= 7080g)

Denth Cometa - 2555 Motors = 75% = 10A (x6 = 60A) (1380g x6= 8280g)
o Motors  90% = 12A(x6 = 72A) (1530g x6 = 9180g)
Wiring =10g B B
22.2V12A 65 Battery = 1,600g Total AdraW = YA~ At Arct At A s
31bs= 13608 4 55T e TeA
@60%=5377A
+Total weight w/o battery w/o payload = 1552268 || @75% - 65.77A
@%0%=77.77A

+Total weight w/ 1 battery w/o payload = 3,152.26 g
512265 || Approximate Flight time:

Flight time = [Battery Capacity x Battery Discharge] * 60
Avg. Amp Draw

+Total weight w/1 battery w/ 3ibs payload =

222v

@75%=([12x.80]/ 65.77) *60 = 8.76 minutes

@75%=([24x.80]/65.77) *60=17.5 minutes
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Jetcon Nano

haw
b
Controller

Bozrer &
Safety Switch,

16 Ah Battery
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+&-:LiPO & ESC power pads.
6~60V (2-125)

PDB/Current Sense resistor: 140A confinuous, 264 bust

Vbot: Battery voliage

G: Ground

Cur: current sensor signal, 264A range

Tim: Dupicates Tim pads for BLhel32 ESC felemetry,
Tim pads ore all shorfed fogefher

Vi Reguiator output
V= 5V by defaull, SA cont. o
V=9V, 4A cont. SA burst

V= 12V, 4A cont. 5A burst
S1/S2/53/54/55/36: ESC signal
1721 Vbat: 1K:20K voltage divider Gl

‘can be connected drectly 1o MCU ADC pin
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Safety Switch Button

Speketrum DSM Receiver =
SuzzeR Rz

SWTcR

Telemetry /0SD Port 2 serial

Telemetry /OSD Port 1 GPs

CAN (Controller area network)

Power. ADC 6.6V
ADC 3.3V

LED

9 channel transmitter Recelver

Primary output ® Servo system

WA Lm

Flight M
Inpot/Outpot Reset light Management Reset  Mirco-SD
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—

x Pixhawk px4 2.4.8 32 bit ARM Flight Controller with shell
x Safety button 2

x Shock Absorber for pix board 3

x PPM module

x NEO-M8N GPS 5~

x Power Module T-plug type 1

x Pixhawk-12C Splitter Expand board ?

x 3DR radio Data Transmission Module(tﬁ@mHZ)g
x mini USB cable <

xmini 0SD | &

x GPS bracket | |

x SD adapter } 77

X Buzzer 179
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Eectronics Speep ConTroLLER

Brushless Motor

MICROCONTROLLER

THROTTLE

SIMPLIFIED ILLUSTRATION
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Button Header

Camera Conn. #2

Gamera Conn. #1

USB30Type A
(@ Stacked)

Power Select Ha.
HOMI Type A/ DP
Power Jack

-

1438] POE Header

1918] M2 Key E Slot

1J41] 40-pin Exp Header

2] SODIMM Conn
V151 Fan Header
1943] Ethernet Jack

053] Power LED

1128] USB Miro B
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Red  VCC Power  Total Power v sy 55v

Yellow  TX OQutput  Serial port output of 3av 3s5v
the scanner core

e put SErsLport imputf the . .
scanner core

Black  GND Power  GND o o
Scan motor /PWM

Blie  MOTOCTL  Input  ControlSignallactive 3av 5

high, internal pull
down)
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Name

Cost

Pros

Cons

Amazon Prime Air

Millions invested into
the project

(exact price is not
public information)

-Flight speed up to 50
mph within a 10 mile
range. 60 min ft

-5 pound payload

-More expensive

UPS Flight Forward

Millions invested into
“ the project.

(exact price is not

. -+, public information)

-Flight speed up to 150
mph with a 75 miles
range. 60 min ft

-55 Ibs payload

-More Cost Effective

Flytrex

$649

-Flight speed up to 32
mph with a 3.5 mile
range.

-6.5 Ibs payload

-No collision
avoidance system.

DJI Matrice 600 Pro

$5,699

-Flight speed up to 40
mph with a 3 mile range.
-12 Ibs payload

-Designed for
photography

DragonFly

$1,420

-Flight speed up to 20mph
with a 1 mile range
-3 Ibs payload

-Shorter range,
Payload,Flight time
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Operational Limitations

Unmanned aircraft must weigh less than 55 Ibs. (25 kg).
Visual line-of-sight (VLOS) only; the unmanned aircraft must
remain within VLOS of the remote pilot in command and the
person manipulating the flight controls of the small UAS.
Alternatively, the unmanned aircraft must remain within
'VLOS of the visual observer.

At all times the small unmanned aircraft must remain close
enough to the remote pilot in command and the person
manipulating the flight controls of the small UAS for those
people to be capable of seeing the aircraft with vision
unaided by any device other than corrective lenses.

Small unmanned aircraft may not operate over any persons
not directly participating in the operation, not under a
covered structure, and not inside a covered stationary
vehicle.
Daylight-only operations, or civil twilight (30 minutes before
official sunrise to 30 minutes after official sunset, local time)
with appropriate anti-collision lighting.

Must yield right of way to other aircraft.

May use visual observer (VO) but not required.

First-person view camera cannot satisfy “see-and-avoid”
requirement but can be used as long as requirement is
satisfied in other ways.

Maximum groundspeed of 100 mph (87 knots).

Maximum altitude of 400 feet above ground level (AGL) or, if
higher than 400 feet AGL, remain within 400 feet of a
structure.

Minimum weather visibility of 3 miles from control station.
Operations in Class B, C, D and E airspace are allowed with
the required ATC permission.

Operations in Class G airspace are allowed without ATC
permission.

No person may act as a remote pilot in command or VO for
more than one unmanned aircraft operation at one time.

No operations from a moving aircraft.

No operations from a moving vehicle unless the operation is
over a sparsely populated area.

No careless or reckless operations.

No carriage of hazardous materials.
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« Requires preflight inspection by the remote pilot in
command.

« Aperson may not operate a small unmanned aircraft if he or
she knows or has reason to know of any physical or mental
condition that would interfere with the safe operation of a
small UAS.

«  Foreign-registered small unmanned aircraft are allowed to
operate under part 107 if they satisfy the requirements of
part 375

«  Extemal load operations are allowed if the object being
carried by the unmanned aircraft is securely attached and
does not adversely affect the flight characteristics or
controllability of the aircraft.

« Transportation of property for compensation or hire allowed
provided that-

o The aircraft, including its attached systems, payload and
cargo weigh less than 55 pounds total;

© The flight is conducted within visual line of sight and not
from a moving vehicle or aircraft; and

© The flight occurs wholly within the bounds of a State and
does not involve transport between (1) Hawaii and
another place in Hawail through airspace outside
Hawail; (2) the District of Columbia and another place
in the District of Columbia; or (3) a territory or
possession of the United States and another place in
the same territory or possession.

Most of the restrictions discussed above are waivable if the
applicant demonstrates that his or her operation can safely

be conducted under the terms of a certificate of waiver.
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Remote Pilot in Command
Certification and
Responsibilities

Establishes a remote pilot in command position.
A person operating a small UAS must either hold a remote.
pilot airman certificate with a small UAS rating or be under
the direct supervision of a person who does hold a remote
pilot certificate (remote pilot in command).
To qualify for a remote pilot certificate, a person must:
o Demonstrate aeronautical knowledge by either:
*  Passing an initial aeronautical knowledge test at
an FAA-approved knowledge testing center; or
= Hold a part 61 pilot certificate other than student
pilot, complete a flight review within the previous
24 months, and complete a small UAS online
training course provided by the FAA.
© Be vetted by the Transportation Security Administration.
o Be at least 16 years old.
Part 61 pilot certificate holders may obtain a temporary
remote pilot certificate immediately upon submission of their
application for a permanent certificate. Other applicants will
obtain a temporary remote pilot certificate upon successful
completion of TSA security vetting. The FAA anticipates that
it will be able to issue a temporary remote pilot certificate
within 10 business days after receiving a completed remote
pilot certificate application.
Until international standards are developed, foreign-
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certificated UAS pilots will be required to obtain an FAA-
issued remote pilot certificate with a small UAS rating.

A remote pilot in command must:

*  Make available to the FAA, upon request, the small UAS for
inspection or testing, and any associated documents/records
required to be kept under the rule.

« Report to the FAA within 10 days of any operation that
results in at least serious injury, loss of consciousness, or
property damage of at least $500.

«  Conduct a prefiight inspection, to include specific aircraft
and control station systems checks, to ensure the small UAS
is in a condition for safe operation.

«  Ensure that the small unmanned aircraft complies with the
existing registration requirements specified in
§91.203(a)(2).

A remote pilot in command may deviate from the requirements

of this rule in response to an in-flight emergency.
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Aircraft Requirements

FAA airworthiness certification is not required. However, the
remote pilot in command must conduct a preflight check of
the small UAS to ensure that it is in a condition for safe
operation.

Model Aircraft

Part 107 does not apply to model aircraft that satisfy all of
the criteria specified in section 336 of Public Law 112-95.
The rule codifies the FAA's enforcement authority in part
101 by prohibiting model aircraft operators from endangering
the safety of the NAS.
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~Assess battery charge
inspect sl components fo any damage or cebris

Check and update Srmware
Check racio lelemetry comecton

Check system insiument calteation
~Caibeate compass, accelercmeler, Gyroscope,
barometer

~Caitate RTL feature and max situde

~Positn for Launch
Clearany obstrucons intakeofl enveonment
Check fight conkolerstahs LEDS
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‘What's the environmental impact of delivering a package?

The greenhouse gas emissions associated with package delivery vary based on whether it's a small drone, a
large drone or a vehicle on the road. Small package deliveries with small drones have lower emissions in
grams of CO2 equivalent per package than trucks. For larger packages, its probably betier 1o use electric
trucks than large drones.
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