
Low Cost Arduino Based Auto-Stabilizing 
System 

There are a lot of choices when it comes to picking a flight controller for your 

quadcopter.   If you are looking for a low cost way to auto-stabilize your quadcopter, this is the guide for you! 

Before we get into the details of this project, let me say there are cheaper ways of creating a auto-stabilizing 

system such as using the sensors out of the Nintendo Wii controllers, but I choice this method for it’s simplicity 

and small form factor.  The skill level for this project is Intermediate.  This guide requires you to have experience 

uploading Arduino code and reading schematics.  That said, let’s get started! 

The parts list is as follows: 

1 Arduino Nano Board / Arduino Nano from UK store 

1 Breadboard 

1 Jumpers Wires Set 

1 Sparkfun 6DOF IMU 

1 Logic Level Converter 

2 Break-Away Headers 

This project is based on the Arduino Nano board.   This board features a 

ATmega328 the same micro controller as the Arduino Uno.  The Nano pack the same functionality as a Uno 

(minus the DC power jack) all in a small form factor.   The sensor board (IMU) is the Sparkfun 6DOF IMU.  This 



IMU contains the 3-axis ADXL345 accelerometer and the 3-axis ITG-3200 gyro.  The IMU is used to sense the 

orientation of the quadcopter in space.   The next component in our parts list is the Logic Level Converter board. 

 This board converts a 5V signal to a 3.3V signal or convert a 3.3V signal to a 5V signal.  The Sparkfun IMU is 

3.3 volts board and the Nano is a 5 volt board.  In order for the Nano to read the IMU’s data we need to bring the 

IMU signals voltage from 3.3 volts to 5 volts. 

I am using a breadboard and jumper wire for demonstration and experimenting purposes.  If you choice to use this 

flight controller in a quadcopter, please use a ProtoBoard and solder your connections. 

First place the Nano board along the center of the breadboard.  Each row of pins need to be on each side of the 

center divide (See photo).  Note: Each numbers row is electrically connected.   The center divide separates the 

numbered rows electrical connection. 

 

Next place the Sparkfun 6DOF IMU along the F column.  Place the Logic Level board across the center divide. 



 

Before we wire the components, we need to upload the flight controller code to the Nano. 

The firmware and software I am using is the Aeroquad software.  The Aeroquad platform uses regular Arduino 

boards to run their flight controller software. 

1. Download the firmware 

2. Download the Software for PC or Mac 

3. Upload the firmware via Arduino. 

4. Install the software for your PC or Mac 

Once the code is uploaded to the Nano and the software is installed on your computer, we can now wire up the 

boards. 



 

The wiring in this picture looks scary but it’s actually pretty simple. 

Use the following schematic diagram to wire your board with the jumper wires.  For this guide it is not necessary 

to wire the motors, RC Receiver and RC battery.   I have included those connections, if you wish to proceed 

further with this project. 



 

Open the Aeroquad software type in ’57600′ for the baud rate. Under ‘Com Port’ take note of the listed ports. 

Connect the Nano board to your computer. Click refresh under the ‘Com Port’ and select the newly listed ‘com 

port’ and click connect. 

Once connected a 3D quadcopter will appear on the screen. Move the flight board around, the onscreen 

quadcopter will mirror your boards orientation. 

 

This guide stops short of wiring the motors and RC receiver.  These connections should be soldered, but if you 

wish to experiment further and wire the motors and RC receiver here’s how. 



Take the Straight Header pins and break them off into 3 pins headers. Place the 3-pin header into the female 

connector of the ESC.  Make the signal wire (usually the white wire) of the ESC is connected to the signal wire 

from the individual pins of the Nano board. 

 

For the R/C receiver order this Jumper Wire and connect one female end to the signal row of your receiver.   Cut 

off the other female end and solder the individual wires to their respective pins on the Nano board. 

Radio 

 
Futaba 7C 2.4 GHz Radio 



The R/C radio controls the throttle and the direction that the quadcopter travels.  When choosing an R/C radio, the 

most important feature is how many channels the radio supports.  One channel independently controls one servo 

or ESC.  The more channels, the more devices that can be independently controlled.  The minimum number of 

channels for a quadcopter is 6.  Four of those channels are for the four motors and the other two are for switching 

between stable or acrobat mode and to enable or disable GPS location on the fly.  A radio with more than 6 

channels will allow auxiliary devices to be controlled.  Some devices that could be controlled are lights, robotic 

cameras or landing gear. 

Sensors 

 
ArduPilot Mega IMU board 

For Scout to auto-stabilize, it needs sensors to find its orientation in space.  No one sensor can do this on its own.  

It takes several different sensors working together to calculate Scout’s orientation.  The sensors used to calculate 

orientation are gyroscopes and accelerometers.  More recently, magnetometers are being incorporated to calculate 

direction. 

Conveniently, there are boards that incorporate all of these sensors together.  These boards are called inertial 

measurement unit, or IMU.  An IMU uses accelerometers and gyroscopes to measure and report the aircrafts 

velocity, orientation and gravitational forces on multiples axis. 

Scout uses the ArduPilot Mega IMU shield.  I chose this board because it was developed to work with the 

ArduPilot Mega board. 

 
 



Wireless Communication 

 
XBee 1mW Wire Antenna Series 1 Modules 

The ArduPilot Mega supports serial communication between the quadcopter and a 

computer.  This serial communication is used to upload the software, change tuning 

settings and to update the flight path.  The ideal wireless solution is XBee.  XBee modules 

are available at different frequencies and power outputs.  I am using the XBee 2.4GHz 

1mW with the wire antenna modules.  The XBee 2.4GHz modules are more than sufficient 

for initial setup, tuning and short range use.  The XBee 2.4GHz modules operate at the 

same frequency as microwave ovens, WiFi routers and just about any other wireless 

consumer device.  These modules have to contend with radio interference and this why 

they are not ideal as a robust long range solution.  For applications requiring longer range 

and robust communication, using the XBee Pro modules is a better solution.   The XBee 

Pro’s operates at 900MHz the lower frequency allowing for a longer transmission range for 

the same power output as the 2.4GHz modules and are less susceptible to interference.  

The XBee Pro’s are offered in different power outputs. The higher the power output, the 

longer the transmission range. 

 
 
 
 



The Brain 

 
ArduPilot Mega board with soldered header pins 

The brain of Scout is the ArduPilot Mega.  This board is based off of the Arduino Mega processor and uses the 

Arduino IDE (integrated development environment) for programing the board.   This board is capable of auto-

stabilizing and navigating Scout.  If a GPS unit is connected to this board, it can then auto-navigate the aircraft to 

user programmed locations. 

Building Materials 

 
Uncut piece of carbon fiber from HobbyKing 

I have experience with using aluminum, copper, steel, plastics and wood. All of these materials have their strength 

and weaknesses. The one material I have never used is carbon fiber. Carbon fiber is an expensive material 

compared to other materials. I managed to find a supplier that sells carbon fiber at prices that are cheap enough for 

me to use for this project. Carbon fiber�s strength to weight ratio is far superior to any of the aforementioned 

materials and therefore perfect for an aircraft. 



If carbon fiber is not in the budget, a worthy substitute is Garolite. Garolite is a fiberglass composite that has 

similar properties as carbon fiber. Garolite is not as cool looking as carbon fiber but at a tenth of the price, it is 

hard to beat. 

I found that the equivalent strength of Garolite is twice the thickness of carbon fiber.  E.g.,  a Garolite sheet with a 

thickness of 2mm is equal in strength to a 1mm thick carbon fiber sheet. 

 
CNC cut motor mount pieces in Garolite 

Batteries 

 
Hobby King Zippy 11.1v 30C 3000mAh LiPo Battery 

LiPo batteries (short for “Lithium Polymer”) are the latest and greatest when it comes to battery technology.  

When considering power to weight ratio, LiPos are far superior compared to NiCad (Nickel-Cadmium) or NiMH 

(Nickel-Metal Hydride) batteries. 

There are several options when choosing a LiPo battery.  The first is the voltage level that the propulsion system 

runs at.  A single cell LiPo battery outputs 3.7 volts.  To increase the overall voltage, LiPo cells are connected in 

serial.  Connecting the LiPo cells in serial, cumulatively adds to the overall voltage.  For example, two 3.7 volt 



LiPo cells will output 7.4 volts and a three LiPo cells will output 11.1 volts and so on.  For Scout, the motors and 

Electronic Speed Controllers that I have chosen run at 11.1 volts and so I chose 11.1 volt battery. 

The second option is capacity.  Capacity is how much power the battery can hold measured in milliamp hours 

(mAh).  For example, a LiPo battery rated at 1000 mAh will discharge in one hour with a 1000 milliamp load 

placed on it.  If the same battery had a 4000 milliamp load placed on it, the battery will discharge in 15 minutes.  

The higher the capacity of a battery, the longer the flight time, but also the bigger and heavier the battery will be. 

The third option is discharge rate.  Discharge rate is how many amps can be discharged at a time.  The discharge 

rate is multiple of the total capacity of the battery and represented as the “C” rating.  For example, a battery with a 

capacity of 2000 mAh and a discharge rate of 10C is capable of withstanding 20,000 milliamp or 20 amp loads. 

Battery Charger 
LiPo charger needs to be capable of charging a 3-cell battery.  A battery charger capable of balance charging the 

battery is also recommended.  Balance charging reads the voltage of the individual cells of the battery and charges 

each cell equally to the other cells.   This feature will increase charging time but will prolong the life of the battery 

and provide slighter longer flight times. 

 Calculate Flight Time of LiPo Battery 

Before we can calculate flight time, we need to know the average amperage the quadcopter will draw.  Once we 

have the average amperage draw we can then calculate flight. 

To calculate flight time, take the battery’s capacity in amp hours, then divide that into the average amp 

draw of the quadcopter and then multiply it by 60.  The total is theflight time in minutes. 

For Scout, I chose a 11.1 volt 30C 3000 mAh LiPo battery.  I calculated the average amp draw of Scout to be 

around 20 amps.  This will give me a flight time of 9 minutes. 

Flight Time Calculator 
Battery Capacity: mAh 

Average Amp Draw: A 

Flight Time:  Minutes 



Power connectors come in various of shapes and sizes.   Choosing a power connector is dictated by power 

requirements and compatibility.   The most common power connectors are XT-60, Deans Ultra Plugs and EC3 

and EC5 Bullet Connectors. 

I use the Deans Ultra connectors but I found they can lose contact when fully plugged in.  This is an inherent 

design flaw with the T type connector.  I would choose the XT-60 connector if I was not so invested in the Deans 

connector.  I favor the XT-60 because they are easier to solder and connect and disconnect with ease. 

 

Motors 
When choosing a motor, there are several different types to choose from.  The first decision is to choose between 

a brushed motor or a brushless motor. 

Brushed Motors 

A brushed motor uses brushes that physically contact the rotating shaft of the motor.  This physical connection is a 

point for wear and inefficiency in a brushed motor.  Eventually the brushes will wear and the rotating shaft will 

gradually corrode. 

Brushless Motors 

The benefit of a brushless motor is that there is no physical connection between the electrical moving parts; this 

makes the brushless motor virtually maintenance free and very efficient. 



 
Great Planes Rimfire .10 Brushless Motor 

The future is brushless motors, the only negative is the cost, the initial cost of these motors are higher than 

brushed motors, but because they are brushless, there are no parts to wear out.  Therefore, they are virtually 

maintenance free and will out last any brushed motor. 

The second decision is to choose between an outrunner or inrunner motor.  This refers to whether the rotation 

shaft is on the outside of the magnets (outrunner) or on the inside (inrunner).  Outrunner motors are designed for 

low rpm, high torque applications.   Inrunner motors are the opposite as they are designed for high rpm, low 

torque applications, such as electric ducted fans or small diameter propellers. 

The third decision is motor size.  The motor size is based on the propeller size.  If the motor is too small for the 

propeller, then the motor will struggle to spin the propeller.  If the motor is too large, then the excess weight of the 

motor will contribute to the overall weight of the quadcopter. 

I chose the Great Planes Rimfire .10 35-30-1250 outrunner brushless motors because they are well made motors.  

They are capable of handling propeller sizes from 10×4.5 to 10×7.  These motors make for explosive acceleration 

and maximum torque, eliminating the need for a gearbox.  The faster acceleration is useful for faster stabilizing.  

The housing is made out of aluminum, which is great for reducing overall weight.  They have double-shielded 

bearings, which make them virtually maintenance-free and efficient. 



 
Assembled Turnigy 2213 Motor 

The Rimfire motors are excellent motors.  I used them for Scout simply because I already had them from past 

projects.  A much cheaper and more than capable alternative is the Turnigy 2213. 

 

Propellers 
Propeller choice is one of the most important decisions of your quadcopter.  These are the sneakers of your 

quadcopter.  Propellers affect the agility, stability and efficiency of your quadcopter. 

Propellers commonly come in 2, 3 and 4 blades.  The more blades on the propeller, the less efficient they 

become.  However, more blades produce less noise and are able to handle higher power requirements. 

Propellers are specified by their diameter and pitch.  The diameter is measured length of the propeller.  The pitch 

is how far the propeller will advanced in one revolution.  For example, a 10×4 propeller has 10 inch diameter and 

will travel 4 inches in one revolution. 

Propeller Size 
The diameter of a propeller dictates how much thrust can be generated.  The larger the propeller the more thrust 

can be generated and also the more energy is needed to spin the propeller. 

Propellers come in two spinning directions: clockwise and counterclockwise.  The spinning direction is also 

referred to as “tractor” (counterclockwise) and “pusher” (clockwise) propellers.  Tractor propellers are more 

common than pusher propellers.  A quadcopter needs a matched set of tractor and pusher propellers.   Because 

pusher propellers are less common than tractor propellers, propeller choice will be dictated by which propellers 

are available in pusher configuration. 



Importance of Propeller Pitch 
I discovered that my initial propeller choice of a 3-blade 8×6 propeller was the root of all my frustration in trying 

to stabilize Scout’s flight.  After weeks of tuning Scout’s stability, I began to hit a wall.   Even with the best 

tuning, Scout would still drift and sway during flight.  I could not get Scout to hover in one place.   I began to 

track down why Scout was so unstable.  I initially thought it was too much vibration that was overloading the 

sensors.  I added more foam padding to the sensor board and balanced the propellers.  The stability marginally 

improved, but not as much as I would like. 

I then thought it was the ArduPirates code that was the problem so I switched to the ArduCopter code.   Scout was 

still unstable.  I then remembered I had bought a set of 2-blade 8×4 propellers.  I decided to give them a try.  

Eureka!  Scout’s performance was remarkable.  Scout transformed into a different animal.  Without changing the 

tuning settings from the previous propellers, Scout’s stability is as smooth as glass.  I surmised that the issue was 

not the 3-blade to 2-blade choice but the pitch of 6 inches was creating choppy turbulent air and the quadcopter 

could not stabilize. 

I recommend using APC propellers.  They are both rugged and perfectly balanced from the factory. 

Software 
There are several communities developing software for the ArduPilot Mega platform.  Currently, the communities 

supporting ArduPilot Mega are ArduCopter, ArduPirates and AeroQuad. 

The Arducopter and ArduPirates share the same code base.  The ArduPirates community has branched off and is 

developing the ArduCopter software for their own needs.  I initially chose ArduPirates but recently switched to 

the ArduCopter code because the code is well commented, simpler and easier to understand.  Both code bases 

work well, but I find Arducopter code easier to modify. 

The only reason why I did not chose AeroQuad is because I could not get wireless communication with Scout 

working as I could with both ArduPirates and ArduCopter. 

Wireless communication allows the freedom for on-the-fly tuning and reading sensor data from Scout without 

having to connect a USB cable to it.  If I had GPS installed, wireless communication would also allow for real-

time updating of the flight path without having to bring Scout back to the base station for programming. 

Parts List 



Last Updated on December 22, 2011 

Hello DIY’ers!  If you would like to skip the construction section and buying all of the materials and nuts and 

bolts.  You can buy a Scout Quadcopter kit.    The kit includes the frame and all of the nuts and bolts, motors, 

ESC’s and propellers.  The kits ship worldwide.  Enter coupon code “DIYSCOUT3″ at checkout and receive a $30 

discount. 

  

The “Parts List” is organized with the quantity and recommend part first e.g. (Quantity) Part Name.  If that part is 

unavailable or if you prefer to order from a US store, I listed substituted parts, (indicted by Sub: quantity part 

name) below the recommended part. 

Remember, you only need to order one of the parts and their quantity from each section. 

Note: HobbyKing have great prices but because the items are shipped from China, orders will take up to 3 weeks 

for delivery. If you live in the United States and wish to get your parts sooner only order from US suppliers. I 

marked US supplier next to each parts description. 

  

Cost of this Project 

I did not include prices for the parts because prices fluctuate, but the cost of this project for all the items you need 

to fly, will be around , $600-$1000.  This price is if you were starting from scratch.  If you have your own 

radio, batteries, charger, tools, etc. then the price to build Scout will be considerably less. 

  

Airframe Plates 

(3) Carbon Fiber Sheets 300×100 1.0mm thick (HobbyKing) 

http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=9781 

Sub: (1) Carbon Fiber Sheet 1/32″ Thick, 12″x12″ (US supplier) 

McMaster #8181K12 

Sub: (1) Garolite 1/16″ Thick, 12″x12″ (US supplier) 

McMaster #85345K611 

  



Airframe Arms 

(1) Carbon Fiber Square Tube 750×10.5mm 

http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=9012 

Sub: (1) Aluminum Square Tube 1″x36″ Note: if you use 1″ tubes also buy 3mm x 30mm hex screws, item 

#91290A130 (US supplier) 

McMaster #88875K513 

  

Motors 

(4) Scout 2830 Brushless Motor / Suggested prop: 10×6, 10×4.5 (US supplier) 

http://store.scoutuav.com/products-page/power/scout-2830-850kv-motor/ 

Sub: (4) Turnigy 2213 Brushless Motor / Suggested prop: 10×6, 10×7 or 11×5.5 

http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=5688 

Sub: (4) HobbyKing Donkey ST3007-1100kv Brushless Motor / Max Prop 10×4.7 

http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=15193 

  

ESC 

(4) Scout 20A ESC (US supplier) 

http://store.scoutuav.com/products-page/power/scout3-esc/ 

(4) Turnigy Basic 18A ESC 

http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=2168 

Sub: (4) Turnigy Plush 18 amp ESC 

http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=4312 

  

Intelligence 

(1) ArduPilot Mega (US supplier) 

http://store.diydrones.com/product_p/br-ardupilot-01.htm 

(1) ArduPilot Mega IMU (US supplier) 

http://store.diydrones.com/product_p/br-0012-01.htm 



(2) XBee 1mW Wire Antenna (US supplier) 

http://www.sparkfun.com/products/8665 

(1) XBee Explorer Regulated (US supplier) 

http://www.sparkfun.com/products/9132 

(1) XBee Explorer Dongle (US supplier) 

http://www.sparkfun.com/products/9819 

  

Connectors 

(2) Jumper Wire 2-pin 4″ (US supplier) 

http://www.sparkfun.com/products/10362 

(6) Servo Extension Cable 5cm Female-Female (US supplier) 

http://store.scoutuav.com/products-page/robots/parts/servoextensionff/ 

(1) Break Away Right Angle Headers (US supplier) 

http://www.sparkfun.com/products/553 

(4) 3 Pair of 3.5mm Gold Plated Bullet Connectors (3 Male + 3 Female) (US supplier) 

3 Pair of 3.5mm Gold Plated Bullet Connectors (3 Male + 3 Female) 

(5) Battery Connectors Female & Male Deans Ultra Plug Set (US supplier) 

Ultra Plug,Male/Female Set 

(1) Novak 16 Gauge Silicone Wire (US supplier) 

16 Gauge Silicone Power Wire,3 ft:Black, Red, Blue 

  

Landing Skids 

(1) Scout Landing Skids (US supplier) 

Scout Landing Skids 

  

Propellers 

(2) 10×4.5 Counter Rotating Pair Propellers (US supplier) 

EPP 10×4.5 Black 1045R Counter Rotating Propeller Pair 



Sub: (2) APC 10×3.8SFP Slow Flyer Counter Rotating Pair Propellers (US supplier) 

APC 10×3.8SFP Slow Flyer Counter Rotating Pair Electric RC Airplane + Heli Composite Propellers 

  

Nuts and Bolts and Everything Else 

(1) Phillips M3 Machine Screws, 14mm Length 

#92005A124 

(1) Socket Cap Screw M3 Thread Size, 12mm Length 

#91290A117 

(1) Socket Cap Screw M3 Thread Size, 20mm Length 

#91290a123 

(1) Socket Cap Screw M3 Thread Size, 25mm Length 

#91290A125 

(8) Standoff Male-Female Threaded Hex Aluminum 25mm length 

#98952A067 

(4) Standoff Male-Female Threaded Hex Aluminum 31mm length 

#98952A073 

(1) 3mm Stainless Steel Washer 

#91116a120 

(1) 3mm Hex locknuts 

#90576A102 

(1) 3mm Plastic Phillips Machine Screw 16mm length 

#92492A126 

(1) Vibration Foam with Adhesive Back 1/4″ thick 

#86375K142 

(1) Hook & Loop width 1/2″ and 5 ft. 

#9273K113 

Heat-Shrink Tubing 3/16″ to 3/32″: 

(1) Black: #7864K22 

(1) Red: #7856K144 



If you will be buying all of your “Nuts and Bolts and Everything Else” from McMaster, you can create an order 

with all the listed items, by going to “BUILD ORDER” 

http://www.mcmaster.com/#orders/ 

and copy and paste the following in “Paste in items and quantities to add them to your order” box: 

1 92005A124 

1 91290A117 

1 91290A123 

1 91290A125 

8 98952A067 

4 98952A073 

1 91116A120 

1 90576A102 

1 92492A126 

1 86375K142 

1 9273K113 

1 7864K22 

1 7856K144 

  

RADIO 

(1) Spektrum DX6i (US supplier) 

DX6i DSMX 6 Channel Full Range without Servo MD2 

Sub: (1) Futaba 7C 2.4GHz (US supplier) 

7C 2.4GHz Air Tx/Rx Only 

  

Battery 

(1) Zippy Flightmax 3000mAh 20C 

http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=8851 

  



Battery Charger 

(1) Thunder AC6 LiPo Charger 

Thunder AC6 Smart LiPo Balance Charger/Discharger 

  

Tools 

(1) Soldering Iron (US supplier) – for soldering wires, headers to circuit boards 

Weller WLC100 Soldering Station for Hobbyist and Do-It-Yourselfer 

(1) Soldering Tip (US supplier) – for soldering headers to circuit boards 

Weller ST7 1/32″conical(St7) Weller St-Series Tips 

(1) Heat Gun (US supplier) – for heat shrinking wrap to soldering connections 

Wagner Power Products 503008 HT 1000 1,200-Watt Heat Gun 

(1) DeWalt Cobalt Pilot Drill Bits (US supplier) 

Dewalt DW1263 14-Piece Cobalt Pilot Point Twist Drill Bit 

(1) Dremel Rotary Router Table (US supplier) 

Dremel 231 Shaper/Router Table 

(1) Dremel 300 (US supplier) 

Dremel 300-N/10 300 Series 1.15 Amp 5,000 to 35,000 RPM Variable Speed Rotary Tool with 10 Accessories 

(1) Dremel 9901 Carbide Cutter Bit (US supplier) 

Dremel 9901 Tungsten Carbide Cutter 

(1) 2.5mm Hex/Allen Wrench (US supplier) 

Park Tool `Y´ Hex Wrench Set 

(1) 5.5mm Hex Socket Screwdriver 

http://www.hobbyking.com/hobbyking/store/uh_viewItem.asp?idProduct=11465 

(1) Great Planes Precision Propeller Reamer Standard (US supplier) 

Precision Prop Reamer Metric Shafts 

(1) Power Analyer (US supplier) 

“Watt’s Up” RC Watt Meter & Power Analyzer WU100 Version 2 

(1) Propeller Balancer (US supplier) 

Top Flite Power Point (Magnetic) Prop Balancer 



  

Supplies 

(1) Threadlocker Gel Blue (US supplier) 

Permatex 24010E Threadlocker Gel Blue 

Solder Electronics 
Last Updated on June 4, 2011 

Soldering Connectors 

The list of items that will need connectors solder are the following: 

• Three male bullet connectors to the each of the wires from the motor. 

• Three female bullet connectors to each of the ESC wires for the motor 

• One male Deans connector to the power wires from the ESC. 

• One female Deans connector the battery wires. 

Solder Boards 

The ArduPilot Mega and the IMU board both come without soldered headers.  Both boards come with the 

necessary headers and you must cut the headers to length and solder each head one at a time. 



 
Unsoldered ArduPilot Mega Board 

Solder Power Distribution Connection 

I had to think of a way to tie all the ESC battery connector to the main battery power supply.  I created a central 

power distribution connector by soldering four female Deans Ultra connectors in parallel for the ESCs and 

soldered one male Deans connector for the battery power supply.  I used a 14-gauge wire for soldering all the 

connectors together.  Before soldering the wire and connectors, slide on a piece of heat-shrink tubing for all 

connections that will be soldered. 



 
Custom Power Distribution 

Solder XBee Header 

Take the right angle break away header and break off a bar of 4-pins. Solder the 4-pin bar to the GND-DIN holes 

on the XBee Explorer Regulated board. 

Cut Pieces 
Last Updated on August 1, 2011 

Measurement Units:  For this guide I will be using metric measurements because the materials I used are in metric 

dimensions.  If you are using materials in U.S. dimensions, use the second measurement number.  e.g. 

100mm/3.75″ 

Cutting Carbon Fiber 



 
A Cut Sheet of Carbon Fiber 

Scout’s airframe is constructed entirely from carbon fiber.  Cutting carbon fiber is messy.  The carbon dust gets 

everywhere.  The dust is also bad for your lungs.  When cutting carbon fiber, wear a face mask and eye protection 

and work in a well ventilated area. 

To cut carbon fiber I used a Dremel mounted to a router table and use a 1/8″ carbide cutting bit.  Alternatively, 

you could also us a cutting wheel instead.  You could cut the carbon fiber freehand but I found the router table 

gave more precise cuts. 

  

Make Airframe Plates 

Take the sheet of Carbon Fiber and cut five 100mm/3.75″ Squares. 

Take the vibration foam and cut a piece to the size of the ArduPilot Mega. 

Second take the 10.5mmx750mm square tube and cut four 180mm /7″ arms 

  

Make Motor Mount Plates 

In order to mount the motors to the square tube we need to make 4 mounts out of the carbon fiber sheet. 

Cut four  45mm/1.75″ squares 

Take one of the cross plate that came with the motors and place it’s center hole to the top center of the 

45mm/1.75″ square. 



 
Motor Cross Plate on Top Center 

  

  

Cut and shape the carbon fiber square in the shape of a Y.  Use cross plate as a template for shaping motor mount 



 
Cross Plate on Handmade Motor Mount 

  

  

The end motor mount should be shaped as a Y 



 
Handmade Carbon Fiber Motor Mount 

Drilling 
Last Updated on June 4, 2011 

Drilling Holes in Carbon Fiber 

When drilling carbon fiber, it is important to go slow.  Drilling fast through carbon fiber will create heat and dull 

your drill bit.   You can not use wood drill bits to drill through carbon fiber.  You have to use drill bits that are 

designed to drill through metal, such as cobalt drill bits. 

It is also best to start with a smaller drill bit size then your desired hole size.   For example, When I say to drill a 

1/8″ hole, first drill the hole with a 1/16″ bit then drill with a 3/32″ bit then drill with your final hole with a 1/8″ 

bit.  Drilling in stages, will extend the life and sharpness of your bits.  It will keep the material from splitting and 

you will get a cleaner  and more accurate drilled hole. 

  

Drill airframe plates 

First find the center of all the plates and drill a 1/8″ hole at the center. 



Now that the center hole is drill, stack all the plates together and line up their center holes. 

Take one of the 3mm x 12mm hex screw and 3mm nut and bolt all the plates together. 

Doing this will ensure that the corner holes will line up through all the plates. 

 
Screwed Airframe Plates, ready for drilling 

  

Now, drill four 1/8″ holes 6mm in from the plate corners for all plates. 



 
1/8 holes drilled 6mm offset into a airframe plate 

  

Drill arm support plates 

Take two of the airframe plates and bolt them together using the center hole. 

Drill four 1/8″ holes in a cross pattern 25mm / 1″ from center. 



 
Drill Arm Support Plates 

Take one of the arm support plates and use it as hole template to drill the eight holes for the arms.   Place the four 

arms in a cross configuration, the arms should touch each other at the center.  Place one of the arm support plates 

on top of the four arms.   Line up the plate holes so  that you can see the arms through the holes. 

Using the plate as a template, drill the two holes through the arm for each arm.  You will want to drill these holes 

over the edge of a table so that you don’t drill through your table. 

  

Drill mount holes for ArduPilot Mega board 

Take one of the remaining airframe plates.   Take the ArduPilot Mega board and place it top center it on the plate 

with the front of ArduPilot Mega parallel to the plate.  This also now marks the front of the aircraft. 



 
Drilled ArduPilot Mega Plate 

Using the ArduPilot board as a template for your holes, drill the three 1/8″ holes into the airframe plate. 

Take the vibration foam that you cut for the ArduPilot Mega.  Place the ArduPilot Mega on top of the foam and 

drill three 3/32″ holes through the boards mounting holes and the vibration foam. 



 
Drilled ArduPilot Mega Vibration Pad 

  

Drill mount holes for landing skid 

Take the last airframe plate.  Using the landing skids as a template drill the four 1/8″ holes into the airframe plate. 

  

Drill mount holes for motors 

Take the one of the cross plate that came with your motors.  Place the cross plate on top of the Y motor mount 

plate that we made.  Line up the cross plate so that the center hole is top center of the Y motor mount. 



 
Cross Plate on Handmade Motor Mount 

Use the cross plate holes as template for drilling your holes for the Y motor mount. 

Drill the three 1/8″ holes through the cross plate into the Y motor mount. 

Drill a fourth hole 20mm / .75″ from the center drill hole. 

Repeat this process for the remaining 3 motor mounts. 

  

Drill motor mount holes into arms 

Place Y motor mount on top of arm.  Align the arms end to the bottom of the Y 



 
Y Motor Mount Aligned with Edge of Arm 

Use the holes on the Y motor mount to drill two 1/8″ holes through the arm.  Repeat this process for the other 

three arms. 

Assembly 
Last Updated on August 2, 2011 

Assemble arms and support plates 

Parts required: 

2 support arm plate 

4 arms 

8 3mm x 20mm hex screw 

8 3mm washer 

4 3mm locknut 

Thread a washer to each of the 3mm x 2mm hex screws. 

Take one of the support plates and insert 3mm x 20mm hex screws with 3mm washers into the 



eight holes.  If you are using the 1 inch aluminum square tube use 3mm x 30mm hex screws with 3mm washers 

instead. 

This is now your top support plate. 

 
Screws and Washers inserted into the Top Support Plate 

Flip the top support plate so that the screw threads are on top. 

Lay the cross assembly upside down and attach the bottom support plate to the cross assembly. 

Screw the the locknuts to the four center hex screws.  Place each of the arms through the support screws. 



 
Arms Inserted onto the Support Plate 

Finally, place the bottom support plate on through the screws on top of the arms. 

  

Assemble Power Distribution Plate 

1 airframe plate 

4 Standoff Male-Female Threaded Hex Aluminum 25mm length 

Take the female side of the standoff and screw one onto each of the four corner screws. 

Attach the plate to the male end of the standoff’s. 



 
Standoff's screwed to the bottom of Arm Support Plate 

  

Assemble ArduPilot Mega Plate 

1 ArduPilot Mega plate 

4 Standoff Male-Female Threaded Hex Aluminum 31mm length 

1 Vibration Foam cut to the size of the ArduPilot Mega 

3 3mm Plastic Phillips Screw 

3 3mm locknut 

Place the cut vibration foam on top of the ArduPilot Mega plate, make sure to line up the drilled holes and that the 

sticky side lays on the plate.  Place the ArduPilot Mega on top of the foam and insert the three plastic screws into 

the mounting holes. 



 
ArduPilot Mega Mounted to Plate 

On the bottom side screw on the three locknuts and loosely tighten till there is no play in the screw.  The foam 

should not be compressed and the screws should not move up and down. 

Then place the ArduPilot Mega IMU on top the ArduPilot Mega. 

Attach the plate to the male end of the standoff’s. 

  

Assemble Battery Plate 

1 airframe plate for landing skids 

4 Standoff Male-Female Threaded Hex Aluminum 25mm length 

8 3mm locknut 

4 Phillips 3mm Machine Screws, 14mm Length 

Take the airframe plate for landing skids and insert the 3mm x 14mm phillips screw into each of the holes drilled 

for the landing skids.  Attach the landing skids to the underside of the plate. 

Screw on a locknut to each of the landing skids screws. 



Place two strips of the hook side of Velcro running the length of the top of the battery plate .   Place a strip of the 

loop side Velcro on the battery’s bottom side.   The Velcro keeps the battery from falling out during flight. 

  

 
Assembled Battery Plate and Landing Skids 



 
Landing Skids attached to Battery Plate 

Attach the plate to the male end of the standoff’s.  The curve end of the land skids needs to face the front of the 

aircraft.  Then screw on a locknut to each of the male end standoff’s 



 
Battery Plate Assembly attached to Airframe 

  

Assemble Motor Pieces 

4 motors 

4 cross plates 

4 prop mounts 

16 prop mount screws 

16 machine cross plate screws 

This step we are going to assemble the pieces that came with the brushless motors. 

First assemble cross plate to bottom of motor.   The bottom of the motor is the end where the 3-power wires exit. 

Place the cross plate on the bottom of the motor and align the plate and motors holes. 

Add a small amount of threadlocker onto one of the machine cross plate screws. 



 
Machine Screw with Threadlocker 

Screw on the machine screw, tighten until it is snug.  Do not over tighten, this will strip the screw head. 

Repeat this process for remain screws and motors. 

Do the same process for the prop mounts and screws. 



 
Assembled Motor 

  

Assemble Motor Mounts 

4 Y motor mounts 

8 3mm x 12mm hex screws 

8 3mm x 20mm hex screw ( 3mm x 30mm hex screw if using 1″ aluminum arms) 

8 3mm washers 

8 3mm locknut 

Place the motor on top of the motor mount.  Align the cross plate holes with the two Y end holes.  Insert a 3mm x 

12mm hex screw into each hole.  On the underside, secure and tighten with a 3mm washer and locknut.  Repeat 

this process for the other three arms. 

Place Y motor mount on top of the arm.  Line up the two holes on the motor mounts with the holes on the arm.  

Insert a 3mm x 20mm hex screw with washers to attach the motor and the arm.  Secure with two locknuts and 

washers on the underside.  Tighten until snug, over tightening will split the arm. 



  

Connect Electronics 

Connect radio receiver channels 1-6 to the inputs of the ArduPilot Mega. Connect ESC’s 1-4 to 1-4 Outputs of 

ArduPilot Mega.  The black wire of the servo cables connects to the bottom pins of the ArduPilot Mega. 

 
Connections to the ArduPilot Mega 



 
Input 1 of the ArduPilot Mega connects to Channel 1 of the R/C Receiver 

 
The black servo wire connects to the bottom pin of the ArduPilot Mega. 

  



Connect the XBee to the ArduPilot Mega IMU. 

 
Connection between the Xbee and ArduPilot IMU 

  

ESC 

The ESC attach to each arm.  Place a sticker backed looped Velcro to the flat side of the ESC.  Place the hooked 

side of the Velcro to the right side of each arm.  Connect the three wires from the ESC to the three wires of the 

motor.  The order of the which wire connects to the motors wires does not matter right now as the order of the 

wires determine the rotation of the motor.   When testing the motors, if you see the motor is rotating in the wrong 

direction, switch two of the motor wires to change motors direction. 



 
Velcro attached to both the arm and ESC 

 

 
Programming and Tuning 
Last Updated on November 20, 2011 

Programming ArduPilot Mega and Configuration 

To setup and configure the quadcopter, several applications and drivers must be downloaded and installed. 

1. Download the latest Arduino software from arduino.cc for your particular operating system. 

2. Download the FTDI drivers for your operating system.  Download the drivers from 

here: http://www.ftdichip.com/Drivers/VCP.htm. 

3. Download this ArduPirates sketch and libraries: ArduPirates-r527.  Then install the Arduino 

software. Once you have installed the Arduino software, move the ArduPirates sketch and libraries folder to the 

Arduino folder located in your documents folder.  If you have previously installed the Arduino software, then you 

may already have a libraries folder in your Arduino directory.  Copy the contents of the ArduPirates libraries 

folder into the Arduino libraries folder. 



4. Connect the USB cable from the ArduPilot Mega board to the computer.  Navigate to the 

Arduino documents folder and open the ArduPirates folder.  Click on the ArduPirates.pde.  This will open the 

sketch in Arduino.   Under the “Tools” menu, choose “Board” and then the “Arduino Mega (ATmega 1280)”. 

Then go to the “Tools” menu and choose “Serial Port”.  If on the Mac, select the one of the USB entries.  If on 

Windows, select one of the “COM” ports (usually “COM3 or COM4”). 

5. Configure the ArduPirates Config.h tab.  The easiest method is to go 

tohttp://ardupirates.net/config/APNG_Config.php.  Configure using the following options: 

• AirFrame Type: Quad 

• Flight Mode: X 45 degree 

• Use Configuration: Check 

• Use Telemetry: Check 

• Telemetry Port Speed: 57600 



 
OnLine Universal Ardu Pirate Configurator 1.02 

1. Click on “Validate Options” button and a pop box will verify that the configuration is correct.  Click 

“Ok” and then click on “Generate code” button.  The correct config code will generate in the bottom window.  

Select all of the code, and then copy and paste this code into the Config.h tab of the ArduPirate software that you 

previously opened in Arduino.  Make sure the existing code in the Config.h tab is deleted before pasting in. 

2. Click on the “Upload” button to upload the ArduPirate code to the ArduPilot Mega board.  The upload 

process may take up to two minutes.  If upload was successful, a message at the bottom of the window will appear 

indicating the upload is done. 

Tuning and Testing 



 
ArduCopter Configurator 

ArduCopter Configurator 

1. To tune the quadcopter for stable flight, download the “ArduCopter Configurator” software 

from  arducopter.googlecode.com/files/Configurator.zip.  The following steps for tuning and testing requires a 

Windows computer.  Configuration and tuning can be accomplished using the command line interface.   Setting 

up the quadcopter through the command line interface uses the Arduino serial monitor.  Using the this method is 

limiting in functionality and I strongly recommend using the “ArduCopter Configurator”. 

2. Open the ArduCopter Configuration and on the right side select the correct communication port.  Set the 

Baud Rate to 57600 and then set the timeout time to 30.  Connect the USB cable to ArduPilot Mega board to the 

computer and click the connect button. The status bar should say “Connected to ArduCopter”. 

3. Once connected, select “Initial Setup” from the Connect drop-down menu.  Click “Initialize EEPROM” 

button and this will bring the default value from the on-board memory from the ArduPilot Mega. 

4. The next step is to calibrate the radio transmitter.  Power up both the radio receiver and transmitter.  Click 

the “Calibrate Transmitter” button follow the applications instructions to calibrate the transmitter. 

5. Once the transmitter has been calibrated, select “Calibration” from under the drop-down menu.  Put the 

quadcopter on a level surface.  This step calibrates the accelerometers to a level surface.  Under “Accelerometer 

Offset”, adjust each number until the “Accel Pitch” and “Accel Roll” is around zero.   The “Accel Z” axis gauge 

should be around 408.  Each time an adjustment is made, click the “Update” button.  Changes made in the 

“Accelerometer Offset” are reflected in the gauges, when the “Update” button has been clicked. 



6. At this point, the quadcopter is ready for tuning.   Select “Stable Mode” from the drop-down menu.For 

each axis there are PID values that need to be set.  “PID” stands for “Proportional, Integral, Derivative”.  A 

quadcopter  stabilizes itself using PID tuning.    PID tuning is a method for a computer to adjust and correct an 

aircrafts stability without the need for a user.The “P” setting is the power limiter.  The higher the number, the 

more power is used to correct.  Too much and you get oscillation from the quadcopter.  I found for the Pitch and 

Roll axes 2.6 to be an optimal setting.  This setting will depend on the quadcopters length and propellers used.The 

“I” setting is supposed to equalize differences in each motor.   Setting this value higher will require less trimming 

on the radio but I found it that the aircraft is more stable by trimming from the radio.  My suggestion is not play 

with it.  I set my “I” value to 0.2.The “D” setting works with “P” as “D” is how quickly the quadcopter stabilizes. 

 This setting is very sensitive.  I would increment by 0.1 up and down, or even 0.05.  The “D” setting is the most 

important as too high and the quad will oscillation or even flip over.  I found for the Pitch and Roll axes, anything 

above 1.2 is too high and anything below 0.7 is too low.  For Scout I found a “D” setting of 1.2 to be optimal.  I 

would keep the Yaw value to the following P= 1.0, I=0.2, and D=1.0.  Adjust the Pitch and Roll values first and 

when the quadcopter is stable in flight, then adjust the Yaw values. 

Flight 
Last Updated on June 4, 2011 

Preflight Check 

Before the first flight a safety check is necessary.  If the propellers have been installed, remove them for the 

preflight check.  Connect one of the XBee modules to the IMU board and connect the other XBee to the 

computer.  Turn on the transmitter and connect the battery to the quadcopter.  Establish a connection between the 

quadcopter and the computer by clicking “Connect” from the ArduCopter Configurator.   The status bar will say 

“Connected to the ArduCopter” and readings from the sensors onboard the quadcopter should becoming in. 

The quadcopter’s motors need to be armed before the throttle responds.  This is a safety feature to prevent 

accidental turning on of the motors.  To arm the motors, move the throttle stick to the lower right corner.  Three 

beeps will sound indicating the motors are armed.  Slowly move the throttle stick up to 50%.  All four motors 

should increase power equally.  If a motor is not responding to the throttle increase, check the connections to that 

motor.   With the throttle at 50%, roll by hand the quadcopter to each of its motors.  The quadcopter should 

respond by throttling higher the motor that is dipping low.   If the quadcopter passes the roll test, disarm the 

motors by moving the throttle stick to the lower left corner. 



First Flight 

Now, the quadcopter is ready for its first test flight.  Perform the first test flight in an area clear of buildings, 

people and trees.  Install the propellers onto the motors.  When installing the propellers, the front left and rear 

right motors spin clockwise and the rear left and front right motors spin counterclockwise.  Further tuning of 

stability can be done wirelessly using the XBee modules. 

 


