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Mission Statement

CHIMERA (CHIId drone deployment MEchanism and Retrieval
Apparatus) will support the autonomous deployment, landing, and
securing of the INFERNO unmanned aerial system and act as a
communications relay to assist firefighters in the monitoring and

mitigation of wildfires.
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Mission Objectives

Conitribute to the overall Fire Tracker mission by designing and building @
child drone platform capable of integration with a future mother rover.

Modify the child drone built by last year's INFERNO senior design team to
autonomously land on the platform.

Design a platform capable of securing and charging a child drone after
autonomous landing.

Design a communication system that facilitates communication between the
child drone, the platform and a ground station.
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Critical Project Elements

Autonomous Landing of Child Drone

Implements image recognition software for command and control of child drone o land
on platform

Commanding the Pixhawk

Automatic Child Drone Recharging

Utilizes conductive contacts to transfer power from platform battery bank to child drone
for extended mission duration

Open copper contacts, complex circuitry
Securing of Child Drone
Platform shall capture the child drone and restrict movement over rough terrain

Complex mechanical hardware
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Levels of Success

. CDS autonomously lands on Platform upon command in correct orientation
Charging system autonomously charges CDS battery upon command

Level 3

« CDS autonomously lands upon command
Charging system demonstrates charging capability by illuminating LED on platform

Level 2 : :
« COM system transmits/receives telemetry and SPS data

» CDS IRS recognizes platform and initiates landing sequence upon command
COM system transmits/receives telemetry
» Securing system engages upon command

Level 1
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Inherited Project
INFERNO

INtegrated Flight Enabled Rover for Natural disaster Observation?

-2016 JPL sponsored senior design project

l-autonomous drone capable of delivering temperature-sensing package to wildfire area
rest : - ' '

JIIMERA will utilize existing INFERNO hardware

Integrated INFERNO System
Child Drone

GSMRS
(Simulator)
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Functional Block Diagram:
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L System Design

INFERNO Leg

latform Bracket

\

INFERNO Bracket

\ Project \ Manufacturing \ .
Overview / Schedule Budget . status Conclusion )




Schedule Breakdown

Project \ \ Manufacturing :
NN /m o AWV —




Testing Schedule Highlight
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Feb 26 - Mar 4 '17

ectrical/Software Schedule Highli

Image Rec.
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'Manufoc’ruring Schedule Update
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Budget Status

Chimera Budget Status

$6,000.00
$5,000.00
$4,000.00
$3,000.00
$2,000.00

$1,000.00

$_
Current (2/6) Projected
M Spent m Margin
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Purchasing Status

ARRIVED:

- Raw materials for
plafform

- Ball screw

- PCB electronic
components

-Communication
components

-Electronic hardware

-Platform motor

PURCHASED, NOT ARRIVED:

- Platform and child
drone PCBs

-Additional PCB
components

-LiPo batteries for
platform and child drone

LEGEND
Schedule risk

\ Project

Overview

NOT PURCHASED:

-Worm gear

-Anodizing of
aluminum

-Spare INFERNO
components

-Presentation and
report prinfing
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SUMMARY
System  [Cost |
Adminstrative S 195.50
Platform
Manufacturing S 3,550.14
Ground Station
Manufacturing S 112.85
Child Drone
Upgrades S 354.65
Child Drone
Replacement Parts $228.78
Shipping S 219.24
Testing and Safety | S 13.10
Remaining Funds | $ 325.74
Budget S 5,000.00
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Shipping
4%

Child Drone Replacement
Parts

5%

Child Drone Upgrades
7%

System Cost Breakdown

Remaining Funds
9%

A

Ground Station
Manufacturing
2%

CHIMERA Budget Breakdown
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Adminstrative
4%

Platform Manufacturing
69%

Conclusion
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- Image Recognition Software

CPE 1: Autonomous Landing of Child Drone



Software
Image Recognition

Image Recognition Objective: Solution:

Transform an image into a velocity Robust lighting variafion immunity,
vector and yaw rotation that can be .e. does not gef washed out in
used to navigate the child drone to sunlight

a landing platform -

Infinite Combinations

Lock only requires one target
: \

ME
H 8 E
H“El
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Software
Image Recognition Flowchart

/ Raspberry Pi \

) CSI-3 Port
Camera > Image
30 FPS Recognition
Software LEGEND [ Hardware }
o | e
Interface —
Connects Via 5 Hz Communication
USB Adapter Control Link/ Interface
{ XBee }( > Al on.trtc: Commanded
goritnm 1 ve|ocity/ Yaw
\\ [ to Pixhawk
UART 57600 Baud
MavLink Protocol
Voltage via
ESCs ( _
Motors Pixhawk
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Software
Image Recognition Flowchart

/ Raspberry Pi \

] CSI-3 Port LEGEND [ Hardware ]
[ Camera > Image
30 FPS Recognition 3
Software Communication
. Link/ Interface
Relative
" Software
Position I
_ Hz nterface
Connects Via 5 c leted
USB Adapter omplete
X Control Commanded
B > Algorithm | Velocity/ Yaw
\ I to Pixhawk
UART 57600 Baud
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Voltage via
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[ Motors }( Pixhawk
\ Project Manufacturing
Overview Schedule Budget

Status Conclusion /




Software
Image Recognition Flowchart

/ Raspberry Pi \

] CSI-3 Port LEGEND [ Hardware ]
[ Camera Image
30 FPS Recognition < —
Software Communication
Relafive Link/ Interface
Positi Software
OSIHON Interface
Connects Via 5 Hz
USB Adapt Completed | | In Progress
X i Control Commanded
See > Algorithm Velocity/ Yaw
\ I to Pixhawk
UART 57600 Baud
MavLink Protocol
Voltage via
ESCs (
[ Motors }( Pixhawk
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Software
Image Recognition Flowchart

/ Raspberry Pi \

] CSI-3 Port LEGEND [ Hardware ]
[ Camera ] Image
30 FPS Recognition >
. C)Lqu/rr}unu;fatlon
Relative Ink/ InoiE
Positi Software
OERI Interface
G U > 1z {Completed} [In Progress}
XBee USB Adapter q Control Commanded
Algorithm | Velocity/ Yaw
\ | to Pixhawk / {Future Work]
UART 57600 Baud
MavLink Protocol
Voltage via
ESCs (
[ Motors }( Pixhawk
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Software
Image Recognition Flowchart

/ Raspberry Pi \

LEGEND [ Hardware }

) CSI-3 Port
[ Camera > Image
30 FPS Recognition Communication
e e Link/ Interface
Pe a't'lve Software
: ‘;S"_";" Interface o >
SganzztS \t/la LA [Completed {In Progress]
apter Contro| Commande /
XBee > Algorithm | Velocity/ Yaw
\ I to Pixhawk [Future Work]
UART 57600 Baud
MavLink Protocol
Voltage via
ESCs (
. Completed: 20 hours
{ Motors J‘ LP'XhaWK} Remaining: 35 hours
\ Project Manufacturing
Ovemiow Schedule Budget
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Software
Image Recognition Flowchart

/ Raspberry Pi \ (

) CSI-3 Port LEGEND Hardware ]
[ Camera > Image )
30 FPS Recognition «—>
e Communication
ABIETve Link/ Interface
Positi Software
. :)BSII-Ilzn Interface
Sonice Completed | | In Progress
USB Adapter Control Commanded
XBee > Algorithm Vte|OF§:_it)tl1/ YakW
\ | © Fixnaw / [Future Work]
UART 57600 Baud
MavLink Protocol
Voltage via
ESCs [
. Completed: 0 hours
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CPE 1: Autonomous Landing of Child Drone
CPE 2. Charging Child Drone
CPE 3: Securing Child Drone




Platform Hardware

Structure with the landing
platform removed

Project \ \ Manufacturing \ .
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Fully infegrated structure




Platform Hardware
Ball Screw System

» Material: Varied

» Procured

» Quantity: 1

» Date Received: 01/31

>

.' ‘.‘ '». »
o Lt s <
" e e NN

\ Project \ \ Manufacturing \ )
Overview / Schedule Budget Conclusion




» Material: Aluminum 6061
» Machine: CNC/lathe

» Quantity: 4

» Due Date: 03/05

» Press fit bearing

aterial Procured Stock Squared

Project \
Overview / Schedule

Platform Hardware
Guide Rail Bearing Bracket

1.26 in.

Machined Integrated Finalized
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Platform Hardware
Guide Rail Support Bracket

» Material: Aluminum 6061
» Machine: Mill .
» Quantity: 8

» Due Date: 03/05

419 in.

aterial Procured Stock Squared Machined Integrated Finalized

Project \ \ Manufacturing \ .
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L Platform Hardware
Landing Platform

» Material; Aluminum 6061 ! !

» Machine: Mill E
» Quantity: 1 31 i o

» Due Date: 02/27 | £

36.0 in.

Material Procured Stock Squared Machined

\ Project \ Manufacturing \ . \
Overview / Schedule Budget Conclusion /
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Platform Hardware
Charge Bracket

» Material: Aluminum 6061 15.751n.
» Machine: CNC/MiIll

» Quantity: 2 4.06n.
» Due Date: 03/05

| Procured Stock Squared Machined Integrated Finalized

Project \ \ Manvufacturing \ :
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Platform Hardware
Ball Screw Extension

» Material: Aluminum 6061
» Machine: CNC/Mill
» Quantity: 2

» Due Date: 03/05
5.551In.

terial Procured Stock Squared Machined Integrated Finalized

Project \ \ Manufacturing \ .
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Plattorm Hardware
Securing & Charge Bars

31.8in.

» Material;: Aluminum 6061

1.251n.
» Machine: CNC/Mill/Anodize —
» Quantity: 2
» Due Date: 03/05
Material Procured Stock Squared Machined Integrated Finalized

\ Project \ \ Manufacturing \ )




Hardware Manufacturing

Guide Rail Bearing Bracket
Guide Rail Support Bracket
Landing Platform

Charge Bracket

Ball Screw Extension

Securing & Charge Bars

\ Project

Overview

Overview
Procured Stock Squared Machined Integrated Finalized >

0/20 |V On Track 03/05
15/31 |V On Track 03/05

0/12 |V On Track 02/27

0/12 |V On Track 03/05

0/20 |v/ On Track 03/05

6/14 | v/ On Track 03/05

Hrs. Date

Schedule

Manufacturing )
Budget Status Conclusion /
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Hardware Manufacturing
Overview

er Charge Plate e

h Framing
nch Framing

er Platform —— 7 —___

ding Platform Supports
\

Project \ \
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Hardware Manufacturing

Overview
Procured Stock Squared Machined Integrated Finalized >

Copper Charge Plate 1/2 v/ On Track 03/05
3 inch Framing 1/1 v/ On Track 03/20
19 inch Framing 1/ v/ On Track 03/20
Lower Platform 1/3 v On Track 03/20
Landing Platform Supports 2/22 v/ On Track 03/20

Hrs. Date

\ Project Manufacturing .
Overview Schedule Budget Status Conclusion /
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INFERNO
Charge
Brackets

Raspberry Pi 5MP
Camera Board
Module R
Rty oo . E | XBee Pro Wire
Antenna - Series 1
2.4 GHz

Project \\ Manufacturing \ )
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Child Drone Hardware
Charging Brackets P

Material: Delrin, Copper
Machine: CNC/Mill

Quantity: 4 ‘ :
» Due Date: 03/05 " ‘ k-4

-—-
‘| I H‘m e |
: —I_. . o |

aterial Procured Stock Squared Machined Integrated Finalized

Project \\ \ Manufacturing \ )
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Child Drone Hardware
Raspberry Pi Case

» Material: ABS
» Machine: Electronics Lab 3D Printer
» Quantity: 1

» Due Date: 02/03

Complete

Manvufacturing \ .
Conclusion

Project \ \
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Ild Drone Hardware Manufaciur

pberry Pi Case

Project \
Overview / Schedule

Hrs.

Overview
Procured Stock Squared Machined Integrated Finalized
ing Bracket (housing) Track 03/(
rging Bracket (copper) Track 03/0

Dat

\ Manufacturing \\ \
/ Budget Conclusion




Electronic Status Update

B | IN PROCESS: DUE 3/5 | | ORDERED: 2/6 |
INFERNO DRONE
. Battery Manager Platform INFERNO Batte
Battery - Solid State Relay Charging Charging y Battery
. Power Regualtion Rails Brackets Manager
Power INFERNO
Limit Switches ion
Rasberry Pl =»  Motor Regulation Components
Legend ORDERED: 2/ |
Physical
: COTS PCB
Connection *All COTS parts accounted for as of 2/1

\ Project Manufacturing \ \
l Overview Schedule Budget Status Conclusion /




» PCB for Platform and
INFERNO are being

fabricated

» Need to populate boards
prior to testing

» Margin for another PCB
Revision

» Behind schedule by 4

days but built in margin

can absorb difference Platform PCB with all components integrated

' . . INFERNO/Platform
PCB Fabricated PCB Populated Pi Integration Installation

Project \ \ Manufacturing \ .
Overview / Schedule / Budget / status Conclusion




Conclusion

Changes from CDR: Motor mount for ball screw system
Schedule

» PCB fabrication has been delayed a week

» Can make up time in populating the board
» Budget
» Unforeseen cost due to necessary design changes
» Bevel Gear to Worm Gear
» $400 remaining funds
» Not necessary for external funding

Project \\ \ \ Manufacturing .
Overview / Schedule / Budget / Status / Conclusion




Questions?e




Backup




ommunications Backup Upda

All Communication COTS Procured
» All but one Antenna has arrived (Crosshair Receiver Expected 02/06)

- » Component communication testing will occur (02/10)

Project \ \\ Manvufacturing \ :
Overview / Schedule / Budget Conclusion
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Schedule Backup
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Schedule Backup
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Purchasing- Risk and Margin

Pat | CostMargin |

Ball screw PURCHASED AND ARRIVED

Final cost $1521.39
LiPo batteries PURCHASED
Final cost $338.99
Worm gear $150, unexpectedly needed after the

arrival of the ball screw

Aluminum anodizing $100, still weighing options with cost vs.
quality

PCBs PURCHASED
1 week margin available

LiPo baftteries PURCHASED
1 week margin available




Shi . dP T
Purchasing and Shipping
Company Purchased |Received |Description Shipping Cost Parts Cost |Total Cost
Raw Materials for
IMcMaster Carr INFERNO mods and the
22-Dec 17-Jan|Platform S 61.12 $865.06| S 926.18
Jameco Electronics 16-Jan 24-Jan|Motor for Platform $ - $39.53| S 39.53
Mouser Electronics Battery Manager and a
(2) 18-Jan 24-Jan|spare S 7.99 $13.10| S 21.09
Thomson Linear 20-Jan 30-Jan|Guide rails and bearings | $ 15.21 $161.51| S 176.72
SparkFun 26-Jan 3-Feb|Comm parts- Xbees S - $151.80| $ 151.80
. Comm Parts- Xbee
IDlglKey 2 26-Jan| 30-Jan|adapters S 7.40 $99.80| $ 107.20
] Ball screw system for
IN°°k Industries 23-Dec|  31-Jan|platform $ 26.39 | $1,495.00 $ 1,521.39
] Batteries for platform
IHobvamg 3-Feb and CDS $ 42.87| $296.12| S 338.99
IMouser i Electronics for Custom
21-Dec| 17-Jan|PCB S 7.99 $126.97| S  134.96
Advanced Circuits 2-Feb PCBs, rev 1 S 10.00 $132.00| S 142.00
IMcMaster Carr (2) 27-Jan 31-Jan|Forgotten spacers S 6.30 $1.05| S 7.35
IMcMaster Carr (3) 30-Jan| 31-Jan|Misc nuts and bolts S 13.44 $56.54| 69.98
IMcMaster Carr (4) 3-Feb) Spacers AGAIN $ 6.18 $1.05| S 7.23
Comm antenna, spare
Get FPV 1-Jan INFERNO parts $ - 59896l ¢ 98.96
L Electronics for Custom
[Pisikey ) 3-Feb PCB $ 740  s261s|s 3355
INewark Electronics for Custom
3-Feb PCB $31.57
Arrow (2) 3-Jan PCB Components $ - $80.54 $ 80.54
|Ready made RC Spare INFERNO propellers| S -
. Electronics for Custom
DigiKey SJan|  17-Jan|PCB $ 6.95 s12571s 1952
Electronics for Custom
Arrow 21-Deq|  17-Jan|PCB $ - $16.14| S 16.14
Raspbery Pis and camera,
Amazon XT90 connectors,
25-Jan| 30-Jan|PURCHASED BY JOANIE S - $119.93| S 119.93
| [T 24-Jan|N/A 3D Printing plastic S - $12.00| $ 12.00
Jcu Bookstore 12-Dec|N/A FFR Flashdrives $ - $13.98| S 13.98
|InkSpot atCu 12-Dec|N/A FFR Printing S - $81.52| S 81.52
Total Spent $ 4,120.56
Shipping Costs Total |$ 219.24 -
Total
Budget
Remaining| § 879.44




Hardware Backup




Platform Hardware
Landing Platform Support

» Material: Aluminum 6061 S
» Machine: CNC/Mill By, R T B =1
» Quantity: 1 N ‘ Ser=
» Due Date: 3/5

terial Procured Material Cut to Size Components Assembled Final Assembly




Child

aterial: Acrylic
Machine: ITLL Laser Cutter
- Quantity: 1

Due Date: March 20t

Drone Hardware
Sensor Package Base

4.340

2.969

1.484

Part cut from stock

/a
[

2.016
2.690
3.500
4.170
4.984

Sensor Package Integration




Platform Hardware
Bearing Spacer

terial; Delrin

Top plane view

achine: Mill |

0.250

o

0—|

e e

1.380 —
80 Front plane view
. 7/0

) w0 §
M~ ~
o i,
c o)
i | |

Copper/Bracket

Integration Platform Integration

Brackets Machined Copper Milled



Platformm Hardware
Bearing Support Brackets

» Material; Aluminum 6061

» Machine: Mill Supports Bearing
» Quantity: 2 from Below

» Due Date: 3/5

e
S0
(3 <

N

Copper/Bracket

Integration Platform Integration

Material Procured Brackets Machined Copper Milled
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RELCFIOT ‘ oduct/2827
\PLSCK .
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N
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RPI SCK

L CEl
L RE] SCLO
RP1_PWMO
PCM ES 291 GPIo27
RPL GPIOZY 271 GPIO28
POM_DOUT

~RELSDAD]
GRCLK!

7 MO
; RPL W)
GLCTRL Y, EWM =55 Gpi027

EN —————
I DIR —REL GPIOZE
~

‘P\naul can be found bere:
l-t:::i.'.ﬁ‘j <com/pinsy'moded-2b-rev ],

Raspberry Pi Connector

Ul

N D Limit Switch Connector
L

{ CTRL- LOAD-

Titke: MRS-Coznectors SchDoc

GND  CMX60DI0

Time: 6:34:31 PM | Size: A4

Gioes 2 exierral switch with Date: 2/4/2017 Revision: A
LED
Desiga By:
Relay/Rail Connector Adarn St Amand
Project:

CHIMERA
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BATT+ . REGOUT | Bypass charging circuitry J
JET 1
R22 u2 \R23 2
- R24 0 $100k _g .
PMOS | 100k 2 | yee oise 4 BGND
£R26 R27 ==CI18 29 HE
$300k 1M 0.14F ADREN )
L 35 The e R o
100k —— BAT GPIOA 5 2
Qs  BGND SCL s o —Xl_x IR30 = x
'~ IBSCO46N10NS3 SDA 3 1 Spa o $100k BOND
e MSRT (-2t
X e e Title: MRS-BatterManager.SchDoc
A RBI SMBC T
2L 30 ALERT o Time: 6:34:31 PM [ Size: A4
BGND 3 SMBA ime: 6:34: ize:
J_ —c19 9 | ALK Date: 2472017 | Revision: A | Sheet 4 of 5
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po on W Do
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onics INFERNO

" J
BATT+ M PACK + s
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10 7 : I; M3
coloawr | CLEMF Ul
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Ll par cHG 2Rk N Foatpat
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; BGND L 11 vy — —
2 [ craloir Ao e ™ -
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TS3 L
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