RED HORIZON

Fadi Attar, Luis Corona, Joshua Hinojos,
Sergio Olivarez, Luis Rocha, & Chris Smith

The Galaxy Dragons



Introduction

Luis Corona




Project
Overview

Main purpose is for search and
rescue situations

Small and easy to transport.

Cover areas with small amount of
manpower

More cost effective than using other
type of equipment (choppers, search
crews, etc.)

Accurate information and data
Thermal camera makes it easier to
find human in large areas




Covid-19 Drone

 Thermal Camera can be fine-
tuned to help detect people with
Covid-19

* Sanitary

* Can cover large crowds of
people

* Can help prevent the spread of
the virus




Key Components

Carbon fiber Frame

« Electronic Speed Controller
 Flight Controller

 Thermal Camera




Delivery Date

 December-January:. Order the parts and test them.
« January-February: Build and test the assembled components

* February-March: Tune the drones flight and mount the camera
to the drone.

« March-April: Finalize our hardware and software.
 April: Have completed project.




« S-Bus connection issues
 Motor twitch
 Fall Safe Error




Solutions to our New Issues

» Originally, we had I-Bus * Motors would twitch when
connection but our flight power was connected
controller was S-Bus  Solution:

* Solution: Re-Soldered all motor

Switched controller and connections to flight controller

receiver to S-Bus to ensure a secure connection




Solutions to our New Issues

* Fall safe error would not let
us control our drone via the
remote

e Solution:

Once our wires were soldered
correctly the drone was able to
be taken out of faillsafe mode
and operated




Basic Aerodynamics of a Quadcopter

Christopher Smith

b4



Motor Orientation(Clockwise or Counter

Clockwise)

BOTH!

The motors that are positioned next to
each other should spin in opposite
directions while the motors that are_
_dlaﬂonal from each other should spin
In the same direction.

This is mandatory, no exceptions.

If all motors spun in the same
direction the quadcopter would keep
spinning in that direction.

Having the motors spin clockwise and
counter clockwise allow the net forces
to cancel each other out, thereby
allowing stabillity.
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Thrust

 To get your drone to lift off the
ground the motors must
enerate thrust by rotating at
ast speeds.

 This act then pulls air downward
and raises the quad off the
ground. This is called thrust.

* When the motors generate a
thrust that is greater than the
weight of the drone, the drone
will rise upwards .

* A decrease in thrust will cause
the drone to lose height.
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Roll

* Rolls means to move you drone
left or right, not to be confused
with rotating.

* To roll your drone to the right the
thrust i1s increased on the
left while the thrust Is decreased
on the right.

* The reason you increase one
side while decreasing the other
IS because you still want to keep
that net torque at zero.
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Pitch

* Pitch means to move forward
or backwards.

* To move forward, just like roll,
we need two motors
to increase thrust while the
other two are decrease.

« To move forward the rear
motors Increase.

* This causes a net forward
force.
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 Means to rotate about the
center axis.

« To yaw counter clockwise we
Increase thrust on the
opposite clockwise motors
while decreasing thrust on the
opposite counter clockwise
motors.




Advance Aerodynamics of a Quadcopter




 Drone flight produces new
areas of difficulty for
engineers such as
1. Six degrees of freedom
2. Low Reynolds Number
3. Close proximity motors

to name a few.




Dynamics

* There are two coordinate frames
that drones use. 1) The Inertial
frame 2) The body frame.

* The position and velocity of the " chH
drone lie in the inertial frame ’

* Whereas the roll, pitch, and yaw | - ‘, 3 C-
angles lie in the body frame : ' g/ | \

 These frames describe the six )
degrees of freedom( translational . .

and rotational motions). This
makes drone flight extremely
difficult to calculate especially once
coupling with aerodynamic effects.

(a) Transitional Movement (b) Rotational Movement
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* The torque produced by
brushless motors is given by
the equation

* Voltage that iIs measured
across the motor Is given by
the equation

* The power the motor
consumes is given by

P=1IV=

= k(I —1p)

V =IR,, + K,w

(t + K ly) (K o Ry, + TR, + K K, )

K?




* Power is also equal to

the (thrust x air velocity) P=TVs
.
 Air velocity when the drone is P =
: J2pA
hovering p
o _ (kK294
* Thrust - 0




e Blades below frame to subtract
downward forces on drone.

* More precise choice of propeller
blades to maximize efficiency.

e Shell to make drone more
aerodynamic.




Building Process

Luis Rocha




. oldaering CIVE
« Charging Battery

« Connecting Top Frame

Testing
« Tuning Remote with Drone
 1st Flight Test

Camera

* Programming Camera

« Making it work wirelessly

« Mounting Camera to drone




« Connecting Recelver

We make sure that every wire was E
connected to the right input in the fI|ght "\
controller. ‘

« Soldering Receliver
Easy process since we
soldered the previous
wires to the speed
controller.
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e Charging the Battery

For our battery, we are using an
ImaxB6 mini Lipo battery charger,
which is a high-performance, micro-
processor controlled charge/discharge
station with battery management
suitable for use with all current battery
types, with integral equalizer for six-
cell Lithium- Polymer (LiPo), Lithium
High Volage(LiHV),Lithium-Ferrum
(LiFe) and Lithium-lon (Lilon) batteries;
maximum 6A charge current and 60W
charge power. We had to plug both red
and blakc wire to the battery terminals,
as well as the special connector.
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Connecting Top Frame
We just put the top frame in our
drone since we are not going to
need it open anymore.

This was the hardest and most
complex process so far since we
didn’t have experience on this.
However, we had a little help doing
It(see last slides of presentation).
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1st Flight Test

The drone seemed very stable, not problems

flying it once we tuned it.

Programming Camera
We are using Raspberry Pi as the
Interface between the drone and the
camera; however, we have a lot to learn
before we want to even connect the
camera.
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This is how the camera works using the
Raspberry pi interface with python language.

{ pack
IX errors

pi@raspberrypi:
i@raspberrypi:
1.9.4.post1
Hello from the pyg:
‘\CTraceback (most r
File “thermal_cam,
bicubic = gridd:
File "/usr/lib/pyt
rescale=rescale)
File "interpnd.pyx
File "ghull.pyx",
File "ghull.py
File "ghull.py
File "qhull.pyx
File "/usr/lib/pyth
def _amin(a, axis
(eyboardInterrupt
pifiraspberrypi:
pygame 1.9.4.postl1
Hello from the pygame
‘CTraceback (most rece
File "thermal_cam.py
bicubic = griddata
P]lr<'ﬂ%:ur/l1b/pylhul
return ip(xi)
File "interpnd.pyx",
File "/usr/lib/python
set_module( 'numpy’
KeyboardInterrupt

e to s We still need to:
Make it work wirelessly
Mount it to the drone
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« Meetings more often and better planned.

* No pandemic.

 Try assigning individual work.

« Order parts ahead of time.

* Do not focus our attention in the costs only.

* Do not depend on school facilities/supplies only.




Thermal Camera

Sergio Olivarez




How does it work:

 All objects emit infrared
radiation.

« The more heat an object
has, the more infrared
radiation it produces.

 Thermal cameras record
the intensity of infrared
radiation and assign a
value for each intensity.

gammaray ultraviolet infrared radio
- | ——t+ | | -
X-ray Asible microwave
L B
shorter wavelength longer wavelength
higher frequency g i lOWeET frequency
higher energy lower energy




Thermal Camera

How does it work: . i R
INFRARED { 11

* Alens focuses the infrared light PeEOn | S] ~
emitted by all the objects. oPTics L ' o

» The infrared detector creates a P gy
temperature pattern called a N \
thermogram. 4 .

 The thermogram is translated e — ; STANOARD
into electric impulses. S ENERGY f B9 e

« The impulses are sent to the
signal processing-unit, which
translates the impulses into
data.
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Our Camera:

« AMG8833
« Captures temperature
ranges from -4 degrees to
176 degrees Fahrenheit.
* 10Hz framerate
« Easy compatibility with
raspberry pi.

Performance

[tem

Performance

Number of pixel

64 (Vertical 8 x Horizontal 8 Matrix)

External interface

I°C (fast mode)

Frame rate

Typical 10 frames/sec or 1 framefsec

Operating mode *'

Normal
Sleep
Stand-by (10 sec or 60 sec intermittence)

Output mode

Temperature output

Calculate mode

No moving average or Twice moving average

Temperature output resolution

0.25°C

Number of sensor address

2 (I°C slave address)

Thermistor output temperature range

-20°Ct080°C -4 °F to +176 °F

Thermistor output resolution

0.0625 °C

Note: 1 Normal Mode : normal operation mode; Sleep Mode: detection is off (output and data reading not possible); Standby Mode: 1 frame measuring

intermittently every 10 or 60 sec.

Internal Circuit

33v.DCor 5V.0C Infrared array sensor

Sensor chip

..




Raspberry Pi

Raspberry PiI Zero W:

40pins: 28x GPIO, 12C, SP1, UART

« Raspberry Pi is a single board ool
computer that runs Linux. ; 1
- The GPIO (general purpose : ."3

iInput/output) pins allow users

to control electronic -
components for physical v o
computing.

 The Raspberry Pi Zero will
allow us to send our thermal
video over wifi.
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Thermal Camera (Coding)

adi Attar




# pylint: disable=invalid-slice-index
points = [(math.floor(ix / 8), (ix % 8)) for ix in range(@, 64)]

grid x, grid y = np.mgrid[©:7:327, ©:7:327]
# pylint: enable=invalid-slice-index

e are using pseudo code
that is provided in one of
the websites.

12.
13.
14.
15.
6.
17.
18.
19.
0.

51.
32.
33.
4.
55.
6.
37.
58.
39.
50.
51.
52.
53.
4.

#sensor is an 8x8 grid so lets do a square
height = 24@
width = 240

#the list of colors we can choose from
blue = Color("indigo")
colors = list(blue.range_to(Color("red"), COLORDEPTH))

#create the array of colors
colors = [(int(c.red * 255), int(c.green * 255), int(c.blue * 255)) for c
in colors]

displayPixelWidth = width / 3@
displayPixelHeight = height / 3@

lcd = pygame.display.set_mode((width, height))

led.Fill((255, @, @))

pygame.display.update()
pygame.mouse.set visible(False)

lcd.fill((e, @, @))
pygame.display.update()




66.
67.
68.
69.
70.

71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.

82.

83.

84.

85.

#some utility functions
def constrain(val, min_val, max_val):
return min(max_val, max(min_val, val))

def map_value(x, in_min, in_max, out_min, out_max):
return (x - in_min) * (out_max - out_min) /
(in_max - in_min) + out_min

#let the sensor initialize
time.sleep(.1)

while True:

#read the pixels
pixels = []
for row in sensor.pixels:
pixels = pixels + row
pixels = [map_value(p, MINTEMP, MAXTEMP, @,
COLORDEPTH - 1) for p in pixels]

#perform interpolation
bicubic = griddata(points, pixels, (grid_x,
grid_y), method="'cubic')

Adafruit T-Cobbler Plus
for Raspberry Pi

2 R R R A B R B B B B B B B B B B B B
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Thermal Camera code

@ <> > T[% Thﬁonny - /home/pi/Des... Epi@raspberrypi:~/;)ytho“. \/2 )B %‘\ ) 1405

pi@raspbertypit/pythons/Rython:8::4

File Edit Tabs Help

oq3/Pyth0n-3.7.4/Modu1es/expat TT./Include -TI. -I/usr/include/arm- Linux-gnueabihf -T/usr/local/include -I/home/|
p1/python3/Pythop—3.7.4/Inqlude -I/home/pi/pythond/Python-8.7.4 -c /home/pi/pythons/Python-3.7.4/Modules/expat/
:mégzgse.c -0 bu1ld/temp.llnux-armvel-s.7/home/pi/python3/Python-3.7.4/Modu1es/expat/xmlparse.o -Wno-unreachabl
gcc -pthread -fPIC -Wno-unused-result -Wsign-compare -DNDEBUG -g -fwrapv -03 -Wall -std=c99 -Wextra -Wno-unused
-result -Wno-unusedjparameter -wno-missing-field-initializers -wno-cast-function-type -Werror=implicit-function
-declaration -fprofile-generate - DHAVE_EXPAT_CONFIG_H=1 - DXML_POOR_ENTROPY=1 - DUSE_PYEXPAT_CAPI - I/home/pi/pyth
on3/Python-3.7.4/Modu1es/expat -I./Include -I. -I/usr/include/arm-linux-gnueabihf -1/usr/local/include -I/home/
pl/python3/Python-3.7.4/Include -1/home/pi/python3/Python-38.7.4 -C /home/pi/pythons/Python-3.7.4/Modules/expat/
xmérole.c -0 build/temp.1inux—armv61-3.7/home/pi/python3/Python-3.7.4/Modules/expat/xmlrole.o -Wno-unreachable-
(ofe]s [
gcc -pthread -fPIC -wno-unused-result -Wsign-compare -DNDEBUG -g -fwrapv -03 -Wall -std=c99 -Wextra -Wno-unused
-result -Wno-unused-parameter -wWno-missing-field-initializers -Wno-cast-function-type -Werror=implicit-function
-declaration -fprofile- generate - DHAVE_EXPAT_CONFIG_H=1 - DXML_POOR_ENTROPY=1 - DUSE_PYEXPAT_CAPI - I/home/pi/pyth
on3/Python-3.7.4/Modu1es/expat -I./Include -I. -1/usr/include/arm- linux-gnueabihf _I/usr/local/include -I/home/
pi/pythons/Python-s.7.4/Include -I/home/pi/python3/Python-3.7.4 -C /home/pi/pythons/Python-3.7.4/Modu1es/expat/
xmltok.c -0 build/temp.linux-armvsl-s.7/home/pi/python3/Python-3.7.4/Modu1es/expat/xmltok.o -wno-unreachable-co
de

In file included from /home/pi/pythonS/Python-3.7.4/Modu1es/expat/expat_config.h:8,

from /home/pi/pythons/Python-3.7.4/Modu1es/expat/xm1tok.c:so:
./pyconfig.h:1522: warning: " pOSIX_C_SOURCE" redefined X
#define _POSIX_C_SOURCE 200809L

In file included from /usr/include/arm-linux-gnueabihf/bits/libc-header-start.h:33,
from /usr/include/string.h:26,
from /home/pi/pythonS/Python-3.7.4/Modu1es/expat/xm1tok.c:34:
e: thi location of the previous definition

Using Raspberry Pi.
Upgrading the Pi.

The thermal camera
Needs python 3.4+ on the
Raspbian to work.
Implemented the camera
libraries and functions on
the pi.

Send the feed on a local
network.
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Thermal camera

Get the camera streaming.
Mount it on the drone.

Send the signal through Wifi.
Interpret the data.

Show the data either online or on
a separate screen.
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Flight Tuning & 3D Printing




COMPLETED




Flight Tuning

Previously Stated:

* Qur choice of flight turning
software is Betaflight.

« Using the software we
were able to:
« Test the motor
connections.
« Test the flight
controller’s gyroscope.

Betaflight Configurator

% BETAFL’G”T Manual Selecti

115200

@ Auto-Connect Update Connect
Firmware

2020-02- @ 13 ) -- Lo release information for configurator from GitHub.

FLIGHT

Welcome to Betaflight - Configurator, 2 utility designed to simplify updating, configuring and tuning of your flight controller.

Hardware Contributing

The application supports all hardware that can run Betaflight. Check flash If you would like to help make Betaflight even better you can help in many ways, Opan Source / Donation Natica

tab for full list of hardware. including: Betaflight is a flight controller software
that is open source and is available free

Download Betaflight Blackbox Log Viewer Answering other users questions on the forums and IRC. of charge without warranty to all users.
If you found the Betaflight or Betaflight

P _ f
G e T EE e tE e e e T Funtrlbutlng code to the firmware and configurator - new features, fixes, (anligur:itur useful, please consider )
improvements supporting its development by donating.
Latest CP210x Drivers can be downloaded from here Testing new features/fixes and providing feedback. Donate.

Latest STM USB VCP Drivers can be downloaded from here
Latest Zadig for Windows USB driver installation can be downloaded from
here

Helping out with issues and commenting on feature requests. If you want to contribute financially on an

ongoing basis, you should consider

Collaborate by translating the configurator application into your language. becoming a patron for us on Patreoh.

We also have a Facebook Group.
Join us to get a place to talk about Betaflight, ask configuration questions, or just hang out with fellow pilots.

Change language: System Default (English), Catala, Deutsch, English, Espafiol, Frangais, Galego, Hrvatski, Bahasa Indonesia, ltaliano, B#58, =01, Latvie3u, Portugués, Pycckuii assik, Svenska, EiflsRsz

Port utilization: D: 0% U: 0% | Packeterror:0 | 12Cerror:0 | Cycle Time: 0 Configurator: 10.6.0 (dc484a27)

Source: https://betaflight.com
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Connecting the Recelver.

Betaflight Configurator

_Bmmam 5  To cqnnect the receive to
“ - e the flight controller, we
cycled through the Serial

Rx switches until it was

Note: Do NOT disable MSP on the first serial port unless you know what you are doing. You may have ta reflash and erase your configuration if you do.

i Contgonns Toemeyoup P~
e o properly connected.

- Arming Disabled

USB VCP 15200 % Disabled % | AUTO % Disabled ¢ || AUTO % Disabled

PID Tuning
UART1 (15200 % Disabled # | AUTO % Disabled $ | AUTO 4 Disabled + AUTO %
UART3 Il | ms200 % Disabled § | AUTO # Disabled § | AUTO # Disabled 3 auto %
UART6 CHlp  ms200 % Disabled % | AUTO % Disabled ¢ || AUTO % Disabled 4 auto %

Save and Reboot
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Connecting the Recelver.

% BETAFLIGHT

« Once connected, we can
see how the controls from
the remote responded on
the graph show.

* |t also would move the
simulation of our drone
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« Before flying the drone, we had to
tune the pitch and yaw using the
simulation that was previously
shown.

\ < Before tuning, the simulation was
| spinning out of control, but using
the highlighted buttons, we were
able push them and adjust the
controls until the simulation was
stable.

* Next thing we did was learn to arm
and disarm our drone, which is
done by the highlighted switch and
throttle control.
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SAFETY FEATURES




« Disarming our drone can act XLy
as a safety feature incase one P
of our controls do not respond

properly.

Configure modes here using a combination of ranges and/or links to other modes (links supported on BF 4
channel that gives a reading between a range min/max will activate the mode. Use a link to activate a mod
other modes that are configured with a link (chained links). Multiple ranges/links can be used to activate ar
activated when:

- ALL AND ranges/links are active; OR

- at least one OR range/link is active.

Remember to save your settings using the Save button.

) Hide unused modes

* Disarming stops the drone

from receiving controls from i
the receiver. pEmle ) . serarLiHT
* Arming allows the drone to e

Configure modes here using a combination of ranges and/or links to other modes (links supported on BF 4
channel that gives a reading between a range min/max will activate the mode. Use a link to activate a mod
other mades that are configured with a link (chained links). Multiple ranges/links can be used to activate ar
activated when:

- ALL AND ranges/links are active; OR

- at least one OR range/link is active.

start receiving controls from
the receiver.

Remember to save your settings using the Save button.

(D Hide unused modes

- If the flight controller senses e
that something is not working —
right with the receiver, it will not e
arm the drone. -
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INCOMPLETED




Betaflight Configurator

BETAFLIGHAT ‘ a

@ Enable Expert M Update Disconnect
Firmware

-- Runaway Takeoff Prevention temporarily Disabled

Falat Reasons for incompletion of

Failsafe has two stages. Stage 1 is entered when a flightchannel has an invalid pulse length, the receiver reports failsafe mode or there is no signal from the receiver at all, the channel fallback settings are applied to all channels
and a short amount of time is provided to allow for recovery. Stage 2 is entered when the error condition takes longer than the configured guard time while the craft is armed, all channels will remain at the applied channel fallback

=
setting unless overruled by the chosen procedure. o
Note: Prior to entering stage 1, channel fallback settings are also applied to individual AUX channels that have invalid pulses 0
Valid Pulse Range Settings Failsafe Switch

Failsafe
PID Tuning 885 1| Minimum length Stage1 %/ Failsafe Switch Action
2115 2| Maximum length
T« Stay at home orders
4 2| Guard time for stage 2 activation after signal lost [1 = 0.1 sec] y L]
Roll [A] Auto B 100 @ | Failsafe Throttle Low Delay [1 = 0.1 sec.]
Pitch [E) Auto *

Stage 2 - Failsafe Procedure

TR .o * Need space to test this

Throttle [T] Auto v Drop

/

[ Arm | AnGLE | 7
° feature
AUX2 Hold B .
AUX3 Hold H

© Land Land

AUX 4 Hold H
AUX 5 Hold s 1200 :| Throttle value used while landing

Save and Reboot
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INCOMPLETED




Reasons for incompletion of
3D printing:

« Again, stay at home
orders.

* Not having access to the
Fablab’s 3D printers.



FUTURE IMPROVEMENTS FOR
FLIGHT TUNING & 3D PRINTING




First: Remote
» Although this remote serves its purpose, there are
definitely others that are better.
« Possibly better range with another remote.
* More accurate flight tuning from the remote.

Second: 3D Printing
« Have multiple models of the legs and camera
house printed to fit the frame and check for
durabllity.
* Possibly print our own frame to help decrease the
drone’s weight.
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