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Project Overview

ildfire containment and mitigation efforts are a primary concern
for those living in or near wildfire-prone regions of the United States

Autonomous vehicle systems are an active area of research and
- development for a wide range of applications

An autonomous drone and mother rover surveying system can
support long-range missions

Such systems will be able to perform reconnaissance operations anc
assist firefighters that are unable to reach remote locations of
terest
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Project Heritage
INFERNO

INtegrated Flight Enabled Rover for Natural disaster Observation?

sponsored senior design project
mous drone capable of delivering tfemperature-sensing package to wildfire area ¢
Il utilize existing INFERNO hardware shown:

apabilities:
Integrated INFERNO System

)uration: 13.5 minutes Child Drone

nomous Takeoff
GSMRS

anslational Flight - (Simulator)

ging: 720p at 30fps
age: >90% transmission

Imaging System

.....
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Definitions

: To descend from the air and settle

ge: Transfer of electricity from MRS battery to CDS battery
oloy: The CDS vertically ascends from DSS

arm: CDS is no longer capable of flight

e: MRS motors are initiated on axle, propelling MRS in a forward directic
d: CDS alights with all four feet on DSS

sion: The CDS is deployed from the DSS, flies to area of interest, drops S
ns fo MRS, and lands on DSS

e: DSS electromagnets are activated, restraining CDS on the DSS
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ACronyms

hild Drone System » FOV: Landing Camera Diagonal

. Communication System Field of View

. Charging System P, = Power received

S: Drone Securing System Py = Transmitted Power
D: Ground Station

S: Mother Rover System

G; = Transmit Gain
G = Received Gain

: Sensor Package System Ls =Space Loss

vV v v v Vv Y

Sensor Package Release L, =Line Loss

heel Locking System
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Functional Block Diagram:
System Level

Sensor Package System LEGEND
® Ground Station Created by CHIMERA
— — — —p| Computer/Data CDH Science
Processor . Created by INFERNO,
Data Handling Temperature modified by CHIMERA
Sensor
Lol Created by INFERNO, not
* modified by CHIMERA
OPERATOR
coMm EPS SRS Designed, Tested,
I and Implemented
~ ) by CHIMERA
1
Child Drone System ' Comercial Product
| Purchased by
Mother Rover System CHIMERA
— CDH SRS
ISsion »
CDH Imagin | Dat?" Completed by
ging Handling
GPS Data COM INFERNO
Handling | Autonomous
l Landing
_’l coMm \ — Powered by EPS
WLS GPS anding
Imaging
EPS DSS | Rover Wheels | DSS = == = Physical Interface
CRG Wheel Locking eRE EPS -4 D%tl"?‘
Mechanism - Sislie —_— Communication
I Link
- W
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Functional Reguirements

Description

Functional
Requirement

FR1.0 The CDS shall autonomously land on DSS.

FR 2.0 The CDS shall autonomously deploy from the DSS.

FR 3.0 The DSS shall secure the CDS using electromagnets.

FR 4.0 The MRS shall drive forward a minimum of 10 meters on a flat level paved surface.

FR 5.0 The COM shall wirelessly fransmit data at a minimum horizontal range of 200 meters at 915 MHz.

FR 6.0 The COM shall wirelessly receive data at a minimum horizontal range of 500 meters at 915 MHz.

FR7.0 The COM shall wirelessly receive SPS data at a minimum horizontal distance of 700 meters at 900 MHz.

FR 8.0 The COM shall wirelessly receive video at a maximum horizontal range of 700 meters at 5.8 GHz.

FR 9.0 The CRG shall autonomously increase the CDS battery voltage.
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Design Requirements

Autonomous Landing

Functional

Requirement Description

FR1.0 The CDS shall autonomously land on DSS.

Design Requirement Description

DR 1.1 The CDS shall land withina 1.1 by 1.1 m2 area.

DR 1.2 The CDS shall land within 15 minutes of deployment.

DR 1.3 The CDS shall autonomously land under 3 minutes after landing command is sent.

Functional

Requirement Description

FR 2.0 The CDS shall autonomously deploy from the DSS.

Design Requirement Description

DR 2.1 The CDS shall deploy to a minimum height of 1 m above the DSS.

Project Overview \ Auf::girrr‘lgus /\ Securing /\ Charging /\ Communication '- Conclusion




Functional
Requirement

FR 3.0

R

Design Requirements

Securing

Description

The DSS shall secure the CDS using electromagnets.

Design
Requirement

Description

DR 3.1

The DSS shall secure the CDS while MRS is driving.

DR 3.2

The DSS shall command the electromagnets off prior to CDS deployment.

Functional
Requirement

FR 9.0

Charging
Description

The CRG shall autonomously increase the CDS battery voltage.

Design
Requirement

Description

DR 9.1

The CRG shall charge the CDS battery one time by a minimum of 1 Volt.

DR 9.2

The CRG shall adjust CDS orientation on DSS for maximum landing yaw error of 45°.
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Baseline lDemgn

Critical Project
Elements

1. Image
Recognition
(Autonomous
Landing)
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Autonomous Landing




Autonomous Landing

s GPS to get MRS in FOV of

ds center of DSS platform and
position command

descends at constant rate while
1taining DSS in center of image

Pg’r’rern width mg’rches FO

nera no longer sees full image
ast position is commanded

ling accuracy relies on @
celerometer in Pixnawk!

g timeline TBR (flig
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Landing Feasibility
z affected by:
« FOV (68°)
+ 7(0.1 — OGS

ter platform fills camera FOV, accurate * Pattern width ']_»00 cm)

sition can no longer be determined - .

»

amera height is z-posifion of CDS legs Height of final

DS offset from center and wind effects command, z
ccounted for with 20% design margin

ax camera resolution error of 1 pixel

onstant descent rate

mera mounted on CDS geometric

Pattern width

QTer error: 1.11 x 103 g [m/s?]



Landing Feasibility

P [

Pattern Width

0 8I:anding Yaw Error for Raspberry Pi Camera, FOV =68 °

FEASIBLE
0.7
pattern width § 061 100 cm Pattern Width
2
ents for 3,07 75 cm
)
E04r
0 o 3 Ll
ithin a radius of Z ,T~S0cm
(FR 1.0, DR 1.1) >
h yaw error 0.2r
4‘50o (FR 9.0, 0.1 ! L \ !
10 13.75 17.5 21.25 25

Descent Rate [cm/s
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Pattern Width

o 1
pattern width Tast FEASIBLE
o
ents for 5 40|
i 100 cm Pattern Width
o 4 O e |
jithin a radius of £%
c
FR 1.0, DR 1.1) §,, som
—— B
20 | 1 1 |
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Image Recognition Feasibility

FiInd center of four different hues to

o
get center of MRS platform. g‘“9|“": —62

4 ] Dist: 234
» Color thresholding, shape detection, -

and image masking can improve
performance.

-+ Convert pixel offset of MRS platform
from center of image to distance
using known dimensions of platform.

Testing method: Flight simulation
software, pilot override option

FEASIBLE by demonstration
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Autonomous Landing:
age Recognition Flowcha

. / CDS

Image Processing

¢ F= i r-)[Cnlnr mreshnlding]j
Preprocessing: ,
Video Camera - Shadow Removal _
K - Glare Removal Shape Detection
- Masking \
Find Centers and (_J
Calculate Mask

Position Vector

Pixhawk A
Calculate Relative
o <= 10 Hz
\‘ \ \ \
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» Camera module
» Higher FOV preferred

» Companion computer on INFERNC

QMAVL,NK » IRS prototyped from Python librarie

MICRO AIR VEHICLE COMMUNICATION PROTOCOL » Pixhawk fli g ht controller (d Irea dy :

» MAVLiInk communication protoct

» DSS pattern for recognition
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Securing




Securing

» Design of DSS:

» High carbon steel across DSS

s to CDS:

rubber feet with high carbon steel
» 3 electro-permanent magnets

Steel feet Magnet placement under D

\ Au:::gir:;us \ Charging \ Communication > Conclusion
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4
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agnetfic Securing Feasibil

External Force = 10.00N

curing force el B e

O N ok P20
—un=0.6

agnetic force sol | H=07
—un=0.8

200 N
NS
Il force: 10 N

ient of friction for steel
(0.5-0.8)

.

Required Docking Force - D [N]
N w -L‘n ()]
o o o o

-
o
|

10 20 30 40 50 60 70 80 90
Docking Platform Angle - [« O]
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enftering CDS on DSS Platform
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Charging




ars positioned on
de of DSS

will slide charging bars
CDS

CDS Is disarmed charging
itiate

Work: Ensure quality
r contact, INFERNO
, safety precautions
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arging Modifications to

INFERNO: Side view
late on two faces of CDS

and support structure will
ched to CDS legs

t does not interfere with SPS
ment or GoPro FOV

O baseline mass: 2520 g
ted added mass: 521 g *
ed final mass: 3041 g 4 ‘

m allowable mass for 15
ight: 3530 g

y analysis

CDS charging bracket
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Charging Schematic

» FEASIBLE
» FR9.0,D
-\ [cps N
MRS = .
Processor \ SRitel +
CDS "o Cell
Current Battery ~ mmmm Balancer
Limit + 14-16.8V | |

Detector

MRS Charging "

= )L y
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Communication




Link Margin Analysis

gin for INFERNO Child Drone System Video Transmission

Immersion RC (5.8 | Transmitter Receiver

GHz) (INFERNO) (GND)
Power Transmitted (Pr) -2 dBW -2 dBW
ersion RC Video Tx/Rx (600 mW) Gain Transmit (Gr) 1 dBi N/A

Gain Received (Gg) N/A 10 dbi

GHz at Data Rate of 2500 kbps Space Loss (L) _105 dB -105 dB
Agldi’rionol Error -0.5 dB -0.5 dB

: 700 meter distance Sl
Power Received -109 dB -99 dB
(Actual) (Pg)
,6.0,7.0, 8.0 Power Received -118 dB -117 dB

(Minimum) (Pg 1min)

9 dB 18 dB

y analysis Link Margin
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Functional
Requirement

FR1.0

Verification and Validation

Testing

Demonstration and Visual Inspection — CDS landing will be demonstrated and visually
inspected

FR 2.0

Test and Demonstration — CDS deployment will be demonstrated and height will be
measured.

FR 3.0

Test and Demonstration — CDS will be secured to the MRS using electromagnets.

FR 4.0

Test and Demonstration — The ability for MRS to drive forward will be demonstrated and the
distance will be measured.

FR 5.0

Test and Demonstration — Data will be transmitted at a horizontal range of 200 m.

FR 6.0

Test and Demonstration — Data will be received at a horizontal range of 500 m.

FR7.0

Test and Demonstration — SPS data will be received from a horizontal distance of 700 m.

FR 8.0

Test and Demonstration — Video will be received over a maximum range of 700 m.

FR 9.0

Test — Battery voltage will be measured.
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Charging - Safety

Procedure for Operating High voltage
e-energize equipment before working
ouch circuit with back of your hand first

Keep one hand in your pocket

Wear rubber shoes
High voltage

rging Tests

nit testing will occur throughout design and manufacturing process
ontrolled, away from equipment

precautions (€0, fire extinguisher, BBQ grill, etc.)
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Facilifies and Resources

ired Facilities » Required Resources

IFLE: RECUV Indoor » Pilot

I ronment » Spectrum analyzer

Boulder South Campus (COM testing)

st esting) » Multimeter

Flat, open area
» 10 m radius for MRS

» 700 m open area for
COM testing
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In Development...

Wheel Locking Mechanism

lem: If the CDS lands on (or
loys from) the MRS with a
izontal velocity component, the
S could move

ution: Prevent the wheels from
ving by applying a horizontal
e fo each wheel

ermining if necessary through
ysis and test

Landing / /

Project Overview Autonomous Securing Charging / Communication Conclusion



Budget

CHIMERA Budget Breakdown

SUMMARY

System System Cost

. . Remaining Funds Adminstrative
Adminstrative S 192.00

16% 4%

MRS Manufacturing | S 1,310.40 Testing and Safety
6%

MRS Manufacturing

WLS Manufacturing | S 254.40 26%

_ CDS Replacement
GND Manufacturing | S 207.60

Parts k
DSS Manufacturing | S 1,298.40 2%

CDS Upgrades S 543.60 CDS Upgrades

CDS Replacement 11%
Parts S 127.20

WLS Manufacturing
5%

GND Manufacturing

Testi d Saf 288.00
esting and Safety S 2%

DSS Manufacturing
Remaining Funds | $ 778.40 26%

S 5,000.00

Budget

Design Margin: 1.2

Project
Overview
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_-

Test & Sofe’ry Requirement Verlflcohon Plan
B

Software Developmen’r

Critical Pqﬂ';

Software Test

11 /01 System Integrahon Review

CDR Sllde Comﬂo’rlon
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Conclusion

Preliminary Design Summary

Critical Project

Element Design Solution

Autonomous Landing Image Recognition

Feasible?

Yes

Securing Electromagnets

Yes

Charging Conduction Brackets

Yes

Communications Rx/Tx Connection

Yes
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oncept of Operation

Mission

(* MRS Travel

Y
Deploy CDS
Y

CDS Mission ||
@4 (drop SPS)

Y | functionality inherited
from INFERNO

CDS Return

Y

CDs
Redocking

Y

MRS travel,
CDS recharge

e e e eaaaaa N not to scaleJ
A\ 4 up to 503!'!14)'( up to 200m N
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Functional
Requirement

FR 3.0

Design Requirements

Securing
Description

The DSS shall secure the CDS using electromagnets.

Design
Requirement

Description

DR 3.1

The DSS shall secure the CDS while MRS is driving.

DR 3.2

The DSS shall command the electromagnets off prior to CDS deployment.

Functional
Requirement

FR 4.0

Driving

Description

The MRS shall drive forward a minimum of 10 meters on a flat level paved surface.

Design
Requirement

Description

DR 4.1

The MRS shall remain stationary during the entire CDS mission.



Functional
Requirement

FR 5.0

Design Requirements

Communication

Description

The COM shall wirelessly transmit data at a minimum horizontal range of 200 meters at 915 MHz.

Design
Requirement

Description

DR 5.1

The DSS COM shall be designed with a signal strength to noise ratio margin of at least 6dB to CDS.

DR 5.2

The DSS COM shall transmit commanded GPS waypoints to the CDS COM.

DR 5.3

The DSS COM shall command the CDS COM to begin landing sequence.

DR 5.4

The DSS COM shall command the CDS COM to begin take off sequence.

DR 5.5

The DSS COM shall fransmit a command to release the mechanism that secures the CDS.




Functional
Requirement

FR 6.0

Design Requirements

Communication

Description

The COM shall wirelessly receive data at a minimum horizontal range of 500 meters 215 MHz.

Design
Requirement

Description

DR 6.1

The DSS COM shall be designed with a signal strength to noise ratio margin of at least 6dB to GND.

DR 6.2

The DSS COM shall receive commanded GPS waypoints from the GND

DR 6.3

The DSS COM shall receive the command for the CDS to begin landing sequence

DR 6.4

The DSS COM shall receive the command for the CDS to begin take off sequence

DR 6.5

The DSS COM shall receive the command to release the mechanism that secures the CDS




Functional
Requirement

FR7.0

Design Requirements

Communication

Description

The COM shall wirelessly receive SPS data at a minimum horizontal distance of 700 meters at 200
MHz.

Design Requirement

Description

DR 7.1

The DSS COM shall wirelessly transmit video at 720p at 30 fps.

DR 7.2

The DSS COM shall wirelessly transmit 5 minutes of video

DR 7.3

The DSS COM shall wirelessly fransmit CDS telemetry.

Functional
Requirement

FR 8.0

Description

The COM shall wirelessly receive video at a maximum horizontal range of 700 meters at 5.8 GHz.

Design Requirement

Description

DR 8.1

The GND COM shall wirelessly receive video at 720p at 30 fps.

DR 8.2

The GND COM shall wirelessly receive 5 minutes of video

DR 8.3

The GND COM shall wirelessly receive data from the SPS.



Design Requirements '

Charging

Functional

Requirement Description

FR 9.0 The CRG shall autonomously increase the CDS battery voltage.

Design Requirement Description

DR 9.1 The CRG shall charge the CDS battery one time by a minimum of 1 Volt.

DR 9.2 The CRG shall adjust CDS orientation on DSS for maximum landing yaw error of 45°.




ctional Block Diagra
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Mother Rover System
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OPERATOR

Ground Station

ctional Block Diar
Ground Station
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Landing Feasibility

latform fills camera FOV, accurate
on can no longer be determined

era height is z-position of CDS legs

offset from center and wind effects
ounted for with 10% design margin t

r due to camera resolution is a max of 1 pixel . .
Height of final
nstant descent rate command

mera mounted on geometric center of CDS

s (from Pixhawk spec sheet):

wk gyro error: 0.1 [deg/s] v

k accelerometer error: 1.11 x 103 g [m/s?]



Software Architecture

ROS - Robot Operating System
Libraries and packages
» Easy communication and message-passing between processes

» Nodes are medium through which information is streamed and are
written in C++ or Python:

» Topic - Named buses over which nodes exchange messages

» Publisher - Sends messages to specified topic
» Subscriber - Receives messages from specified topic.
>

Magter - Acts as communications hub to route information between
nodes.

» Allows easy message customization to send:
» Sensor data

» Control or actuator commands

» State and planning information



Software Architecture

kages Available
o33 » Camera Packages

AVLlink extendable communication » Standard USB cameras

ode » OpenCV with cameras

B:gr%rgglr various autopilots with MAVLink » Raspberry Picamei

» Set Mode » Motor Drivers
» Arm drone » Serial Roboteg motor controllers
» Command local position » Various brushed DC motor devi

YMAVLINK

MICRO AIR VEHICLE COMMUNICATION PROTOCOL

PX4 Flight Stack
Flight Control Software

Mavros Node

IRS Sends Position Publishes position message to
Vector to Mavros node topic defined by mavros package

mavros/setpoint_position/local

Mavros uses MAVLink protocol to
send message to flight control




Legend
wes)-  Receive Message

q . Transmit Message

Ground Station Processor \

Mother Rover Main Processor

Master Node
Communications Hub

(Roscore)

Topics:

v

Heath and Status

Command Land

/ Child Drone Processor

Publisher Nodes

v . Heartbeat o . Video

COmmani Take-off

Command Drive

Command Charge

Command Docking COmmaweel Lock

Telemetry

‘ . Drive - Charging

@ . Wheel Lock

Video Feed

Publisher Nodes

v . Heartbeat
Q . Take-off




Autonomous Landing

Image

Time Required 35%

Performance/
Effectiveness

Complexity 15%
Cost 15%
Total 100%

35%




onomous Landing Metric Le
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Time Required

Performance/ Effectiveness

Complexity

Cost

> 100 hrs

Performance does
not meet
requirements;
accuracy is
unacceptable

Requires in-house
manufacturing and
assembly with custom
design; rewriting all of
open source code to
meet expectations

> $1000

50-100 hrs

Performance is
relatively poor;
accuracy is
below
expectations

Requires in-house
manufacturing
and assembly

with custom
design; most
source code
needs to be
modified

$500 - $1000

25 - 50 hrs

Performs with a
moderate level of
accuracy;
Autonomous landing
meets expectations

System is a mix of
manufactured and
purchased
components; some
source code needs
to be modified

$250 - $500

10-25 hrs

Performs to a
relatively high
degree of
accuracy;
Autonomous
landing goes
beyond what is
required

System uses off the

shelf components
with assembly
required; little
source code
needs to be
modified

$100 - $250

<10 hrs

Autonomous
landing system
performs to the
highest level of

accuracy

System is “plug
and play” with all
off the shelf
components;
source code
needs no
modifications

<$100



Image Processing Loop

Q >=2Hz ‘r—]cm”hl —
)

1

ous
Software

A A

Preprocessing:
- Shadow Removal
- Glare Removal Shape Detection
- Masking
Find Centers and
Calculate Mask

S—If True:
P Subscriber Node (Bool) e

N
Ground Station \
Do Nothing
M—
Calculate Relative
User Commands Land Publisher Node (Bool) TOPIGD Positlon Vector
_J
Pixhawk Setup

r_)l Mode = OFFBOARD PX4 Flight Stack
 SE—

A 4 If True: MAVLink w| OFFBOARD

#| Position Control

Subscriber Node (Bool) Service Client: Set Mode Client Service Client: Arming Client e ——

i Faine: M | Arm Control
- - S

Request Response Request Response
e‘i 1 91 i _J MAVLink ] Mode Control
T
e/
1

Service
Server: mavros/emd/arming

Service Server: mavros/set_mode




nomous Landing BaiC
Approach View

;¥ = 10 (GPS accuracy of £ 5m) View on approc

.

ight required to see image on approach to MRS

*100 ;x =2 *Z*tan(FOZVH)

nt of picture filled by image on MRS
st be >0.25% (TBR — testing) for recognition

| Camera: Platform image fills 0.27% of picture



onomous Landing Backu
ding Model Derivation (Posit

IONS.

umptions:

After platform fills camera FOV, accurate position can no longer be
determined

Camera height is z-position of CDS legs

CDS offset from center and wind effects accounted for with 10% design
argin

or due to camera resolution is a max of 1 pixel
stant descent rate

ra mounted on geometric center of CDS

meters:



nomous Landing Backu
Ing Model Derivation (Posl

i tiand 2. _Z
or,accelerometer — ffo Aerrordt”; tigna = %

Liyp o _ FOV
2«tan(0) '’ i

tan(0)

, 1.1 xy, = platform image width with 10% margin

; n = #of pixels

ror,pixel = 2*Z

or,quad geometry — d; d = distance from geometric center to leg of INFERNO

1.1+yy
n

+0.0013611 * ( ety )2

=d+ zxtan(0)




nomous Landing Backu
ding Model Derivation (Yc

tions:

= [ wdt

= r * t (distance = rate * time)

mptions are the same as Position Derivation

Nn Parameters:

de
ro error: 0.1 Tg

_ rtiand _ _z __ llxy
J 0.1 dt;tigng = 3,2 = o0
1.1+
05 x ——2_ (degrees)

Zz+tan(6)



ERNO Nominal Mass: 2520 g

Imated Mass Addition: 521 g
Steel feet (x4): 18.6 g (74.4 g)
IRS: 75 g
Charging (x2): 186 g (372 g)

Imated Final Mass: 3041 g

ated Endurance: 18.2 min

TBR (component selection)

mated Flight Time from C
Modifications

Possible Alternate System

Endurance (min) Maximum Mass (g)

3530
18 3130
20 2910
25 2515

From INFERNQO S




ging Modifications to

attery Balancer
Cost: ~$35
¥y mass: 0.014 kg

nces 4s LiPo Batteries while they charge

rge circuit:

Voltage Limit
Detector -

> Switch




Ired Docking Force

YF, = fcos(a) + Dsin(a) — Nsin(a) =0
f = fmaz = pN

Dsin(a) = N(sin(a) - ,ucos(a))

modeled as a
D= N(l - p,cot(of))

ce/ drag is negligible 2F, = A—mg — Dcos(a) + fsin(a) + N cos(a) =0

are GCﬁng on the Dcos(a) = A—mg + N(,usin(a) + cos(a))

ter of mass N _sin(a) ( i mg) =
v
are instantaneous
constant )= Si“é"“) (my - A) (1 - ,ucot(a))
rce acts vertically o External Force = 10.00N
ce acts =70 —loe
T
r to platform g |l——w=08
uC_J 50
540 =
é 30
% 20
g 10
© (0] 1 IO 2IO 36 40 5I0 6‘0 7IO 8I0 9IO

Docking Platform Angle - [« c]



Securing

ecurement Component Feasibility

o-permanent magnet
power draw: ~50 mW nominal
pact form factor

cost: ~$54

F_max 200 [N]
V_supply 5.0 [V]

|_steady 10 [mA]
|_peak 1000 [mA]
Mass 65 [0]




wer Supply
Chemistry: Lithium Polymer
Nominal Voltage: 14.8V

» Minimum Voltage: 14V
Capacity: 10Ah

Maximum Constant
Discharge Current: 100A

aximum Peak Discharge
urrent: 200A

Imum Discharge: 70%

Power Budget:
MRS Power Supply

» Power Regulation

» 5V Linear Regulator
Minimum Voltage: 7V

» 3.3V Linear Regulator
Minimum Voltage: 5V

» 12V Linear Regulator
Minimum Voltage: 14V



Power Budget:
MRS Power Consumption

Average Maximum
Current[A] Current[A] ey Voltage(V]

DC Motor

Actuator 0.4 12
Antenna 0.4 3.3
Processor 0.5 3.3

Totals 13.3




10A4h
)Dmax = (—) 0.7 = 0.7h = 30min

il fuide 2
S
3
Q
=
[
-
—
(@)
2
>

Dyax = Max Discharge

Iy avg = Average Load Current
I1max = Max Load Current

= Capacity

Power Budget:
MRS Battery Litfetfime

)0.7 = 0.7h = 20min

Itmax < lomax = 33

Vreg min = Vbatt min

Tavg = Average Time

Tin = Minimum Time
lomax = Max Constant Output
Vieg min = Minimum Input Vo

Vbatt min = Minimum Outpu



wer Supply
Chemistry: Lithium Polymer
Nominal Voltage: 14.8V

» Minimum Voltage: 14V
Capacity: 10Ah

Maximum Constant
Discharge Current: 100A

aximum Peak Discharge
urrent: 200A

Imum Discharge: 70%

Power Budget:
MRS Power Supply

» Power Regulation

» 5V Linear Regulator
Minimum Voltage: 7V

» 3.3V Linear Regulator
Minimum Voltage: 5V

» 12V Linear Regulator
Minimum Voltage: 14V



Motor Torque Mode

r-concrete contact between
neel and road.

lination of the surface is zero

es. ma{

stance is negligible.

fficiency is 65%




Motor Torque Model

y
A
C,, is the coefficient of rolling Mg ‘-
esistance)
\J
Wi4

T,oq= required torque, e = efficiency) k- =roling resistance R =raa

N = normal force
W = weight

100




— Wheel Radius = 0.10 m
7k — Wheel Radius = 0.15 m
— Wheel Radius = 0.20 m
— Wheel Radius = 0.25 m
6 L Wheel Radius = 0.30 m

3
! -~
-
Z
o Pl
> T
o
&
o L
- o
= ,/’
2
2
- ol
o //’
P -~
B
N ‘,n‘,
,’//’ -
e
f/,f’/”
i
/,—"’f‘l,
e
| | | | |
20 30 40 50 60

Total Mass [kg]

or each wheel motor for various radii
stem.



otor Torque Feasibility

em Parameters

100 kg (based on SolidWorks model)
Diameter = 10 inches (0.127 m).

e motor efficiency = 65%.

um velocity of MRS = 0.5 m/s
accelerate to maximum speed =1s

Motor torgue must be greater than or

0 3.16 Nm and the motor must rotate at
5 RPMs. High Torque DC Servc
60RPM With UART/1

hown in the figure on the right Drive
Nm of torque at 60 RPMs



heel RPM Model

=
o

Rotations per Minute
o
w

W
o

20 | | | ! | | | | | |
0.1 0.1 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.2

Wheel Radius [m]



eel Locking Force Moc

}'-:

Of the MRS is evening distributed
he four wheels.

Jct force of the CDS landing on

orm acts on all four wheels -

oncrefe confact between v
d ground Wi4

pbber contact between wheel

Project Autonomous \ Docking and s \ A \ PR
Landing securing / Wheel Locking Charging / Communication




eel Locking Force Moc

F
f1 A= Z —fl f2,max > lls,zA 1
= Ug,N
W fl,max S,2 fz
1 Sz N =Z+f2
= R fi=r A
f2 FM{ > .
i — ﬂs,zA/ﬂs,l v
F W4
=2 1) =W +—
Us 1

Project Autonomous \ Docking and s \ A \ PR
Landing securing / Wheel Locking Charging / Communication




=el Locking Force

250 -
— m=25Kkg
—m=50kg
——  m=75kg
200 | —_—__m=100kg
z
&
=]
*cg
E 150 -
-
K]
o
9
& 100 -
=
©
= .
(s N &
T
50 |
0 1 | | | 1 1 1 1 1 |
0 100 200 300 400 500 600 700 800 900 1000

Horizontal Force of Inferno [N]

The force needed to be applied to keep the system static
orsus the horizontal impact force of the CDS.

RS \ SRR Wheel Locking \ Charging \, Communication

Landing Securing

Project
Overview




he MRS system is 100 kg (SolidWorks).
=

ass: 3.04 kg

wum speed: 13.8 m/s

ict time = 0.05's

its the MRS horizontally.

t force = m(v/t) =839 N

ed force from the actuatorsis 185 N.

actuator can provide 100 N to

Project
Overview

80mm 3inch Stroke 24V 10mm/s
980N 220LBS Linear Actuator Ele
Nursing Bed TOAUTO-A2-24-80

Autonomous \ Docking and : \ % \ PR
Landing securing / Wheel Locking Charging / Communication




Drive and WLS




FR 5.0

ommunication Overvie

The COM shall wirelessly tfransmit data at a
minimum horizontal range of 200 meters at
915 MHz.

The COM shall wirelessly receive data at @
minimum horizontal range of 500 meters 215
MHz.

The COM shall wirelessly receive SPS data at
a minimum horizontal distance of 700
meters at 200 MHz.

The COM shall wirelessly receive video at @
maximum horizontal range of 700 meters at
5.8 GHz.



ommunication Assumptior
L1 | CHIMERA  Assumptions

mmands, 4 . . . : .
CT‘L.e,,.et;, ’ Commiunications Prlmory Loss: Frge Space Path
Video COM ¢ v Loss with no environmental

Link 4 INFERNO interference (Rain/Snow)

" cDS Sencor All distances are open space
(o) © = o Package with elevated ground stafion to
3 i Temperature avoid Fresnel affect
Moth:r\* R ) Min. Design Margin = 6 dB
Conover ((T)) m Average temperature for July
GND in Colorado is reference

MRS/DSS temperature (303 K)
‘ Possible max distance

analyzed for feasibility




nication Methc
Backup Slide

Nomenclature System Noise Temp. [k]: T, = g To (1 - i) + To(NF = 1)
P, = Power Transmitted roas T
G, = Receiving Antenna Gain Receive Antenna Gain [dB]: 10log(—; 1)
G, = Transmitting Antenna Gain Signal to Noise Ratio [dB-Hz]: (<)
L. = Free Space Loss Ng
P. = Power Received System Noise Power [dB]: Ny = 10log(k * T;)
k = Boltzmann's Constant Power Received [dB]: F. = P; + G; + G, — Ly — Fade Margin
L, = Line Loss Minimum Signal to Noise Ratio [dB-Hz]:
d, = Receive Antenna Diameter B X . } Ep
— = Bit Rat Des M —
NF = Noise Figure ( Nﬂ)mm it Rate + Design Margin + Ny

T, = Reference Temperature . : (PN _ (P
h:; = Noise Power Link Margin [dB]: (Nu) (N.,)

T, = System Noise Temperature

% = Bit Energy to Noise Ratio

" « \/alues for above calculations obtained from data sheets and
literature

min

adsheet and math was updated from IN



Link Margin Analysis

for Sensor Package System Data Transmission

-~ ((T)) HP (900 MHz) | (SPS) (GND)

Power Transmitted -4 dBW -6 dBW
{ e Gain Transmit 1 dBI N/A
Gain Received N/A 1225 dBi
700 Meter Open Terrain
ansmitter and receiver space Loss -88 dB Hoek
Agldi’rionol Error -.5dB -.5dB
z at Data Rate of 9600 bps (tineiloss)
PowerReceived  -105 dB -105 dB
meter distance (Actual)
Power Received -142 dB -142 dB

(Minimum)



Link Margin Analysis

n for INFERNO Child Drone System Data Transmission

~¢p 1 3DR (915 MHz) | Transmitter Receiver
Ve 7 - (GND & CDS) | (GND & CDS)

7 INFERNO

. cDS Power Transmitted  -10 dbW -10 dbW
Gain Transmit 1 dBi 1 dBi
Gain Received 125 dBi 125 dBi
. . Space Loss -89 dB -89 dB
nsmitter and Receiver —
Additional Error -5dB -.5dB
t Data Rate of 250 kb M
Z di Daia kafe o 28 PowerReceived  -109 -109
' (Actual)
meter distance PowerReceived  -128 dB _128 dB

(Minimum)

iIstance of 500 meters.



AI&T Diagrams

LEGEND










CDS AI&T Diagram

LEGEND

90



GND Al&T

Diagram

LEGEND

Design




get: MRS Manutactu

Manufacturing- Mother Rover System

|Part Mame |nuu-'|niu- Unit Cost | Quantity Inn:uuns Total Cost
aft x Bft .032 thick 3003
Aluminum Sheset MRS Bed Materizl i 7400 1 o & T4.00
Cold Finish Aluminum Bars
Rectangle 2024 T351, 2 feet | MRS Bed Struts ] 11.00 1 0%l = 11.00
ATR wheel and Shaft et
PFair amm bors - 10 inch
Traction Lug Pairs of Wheals 3 85,00 2 0% s 180.00
MIUITISEar High Capacity 45
10000mah Multi-Rotor Lips
Pack _ Battery = 50,00 E | 0%l 5 177.00
HIER Torgue DT Servo
Kiotor SDRPR With
UART/12C/PPR Drive hotor % 50 .00 2 0%l 5 11E.00
Stepper Mounting Bracket  |Motor Bounting Bracket | & .00 al 0%l = 24.00
DXZE 2Ch DEMR Surface Remots Control
|Radiu:rsznj-m Transmitter % 50,00 1 0| & &0.00
SRS10 DEMR 3-Channel
Sport Receiver Remote Control Receiver | £ 45.00 1 0%l = 4500
|raspberry Pi Model 2 Data Handling Computer | 5 4600 1 0%l = 46,00
|}:I:-ae PRO-S00HF, Fart
Humber: §02-1301-ND Communication to GND | 5 30,00 0%l = 38,00
3DR Radio S8t Communication to C0S 5 10000 %) 5 10000
|300MHz Duck Antenna RP-
Shil Communcation to GND i B.0D 1 o 5 E.00
Miscellaneous
Communication
- Hardware 5 100.00 1 i I 100.00
Mizczllaneous Hardware
and Electronics S 40000 1 0% 3 100,00

rother Rover System 'lutdl 5

1,092.00




3udget: CDS Upgrade:

Upgrades: Child Drone System

Parthame  Ioescription  |unitcost [cuantity |piscounts | Totalcost |
1215 Carbon 5t=el, Rod, 1" |Magnetic Inserts for CDS
E-CAMISOINMES - SMP MIPI Autonomous Landing
iMXE Camera Board Imaging System _

Autonomows Landing
IS il P I
¥bes PRO-900H F'_. Fart

sSuper-Conductive 101
Copper, Rectangular Bar, Conductive Panels for
1718" x 1" &' Length Autonomous Charge

LT

2

4

white Delrin ® Acetal Resin
Rectangular Ear, 3/4" Thick |Mounting for Conductive
= 1-1/2" Width

socket Head Cap Screw, 4-
40 Thread, 7/8" Length, Sacurement of
packs of 25 Conductive Panels
dlimg Computer
for Image Recognition
Raspberry Pi kodsl 2 Eystem
Mizcellanecus Hardware
and Electrical

Components

l
- 5 0D
-

des T

i

Child Drone system Upgra

93



get: DSS Manufactu

Manufacturing- Docking and Securement System

Part Name Description Unit Cost  |Quantity |Discounts Total Cost
hAUTipurpose 6061
Aluminum, 1/4" Thick, 12" x
45" Bad Fabrication Material | % 83.00) 2 0% =
m
Carbon Steel, Shest, 075" |Magnetic pansls for
Thick, 24" x 48" securement of COS 3 7500 2 0% &
super-Canductive 101
|Copper, Rectangular Bar, Panels for COS
1/15" x 1", 4' Length Autonomous Eharging 5 28.00 2 0% =
White Delrin ® Acetal Resin
|Rectangular Ear, 3/4" Thick
 1-1/2" Width fagunting for CRG Fanels | 5 13.00 2 0% =
OpenGrab EPM w3 Magnet 5 54.00 3] I
OC 12W 0.074 3.5RPR High
Torgue Gear Box Electric
Inaotor 37mim mictor ] 13.00 a 0% &
Actobotics 4ET Aluminum
|Hub Sear (0.5") Motor Gear 5 13.00) 4 0% =
70 Tooth Timing Belt Gear Track 5 3.00 10 0% =
|iTtistar High Capacity 45
10000maR Multi-Rotor Lipo
Fack D=5 Battery 3 59.00 2 0% =
IMultistar High Capacity 45
10000maR Multi-Rotor Lipo
|Fack CRG Battery 5 50,00 2 0% =

TWizcellaneous Hardware

and Electrical 5  150.00 1 0% &

Docking and Securement System Tul.dl 5




Manufacturing- Ground Station

|Part name |pescription Unit Cost  |Quantity  |Discounts Total Cost
|20 MHz 5dBi Rubber Duck
Antenna Communication to 5P 3 23.00 1 0% =
Mizcellaneous
- softwars/interfacing 3 50.00 1 0% =
Mizcellaneous -
- Hardware/Electronics » 100.00 1 0% 3

Ground Station Tntall 5

Manufacturing- Wheel Locking System

Part Name Description Unit Cost Quantity |Discounts

Boston Gear D1413KRH

Worm Gear, 145 Degree

Pressure Angle, 0.750"

Bore, 10 Pitch, 1.25 PD, RH  |\yorm Gear s 43.00 2 0%

Actobotics 48T Aluminum

Hub Gear (0.5") Motor Gear 5 13.00 z 036
Miscellaneous Hardware | 5 100.00 1 0%

Wheel Locking System Total




et: Administrative & Te

| Rilaoements: Child Drone Sﬁtem |

Gemfan T-Type CF Prop
13%5.5 Propellers (pair) 514.00 2 0.00% %28.00
Lumenier 304 ESC Elec. Speed Controllers £25.00 1 0.00% 525.00
Polou 12V, 224 Step-Down
Reg Waoltage Regulator £10.00 1 0.00% 510.00
Polou 5V, 1A Step-Down
Reg Voltage Regulator 58.00 0.00% 58.00
Polou 5V Step-Up Reg Waoltage Regulator 55.00 7 0.00% 535.00
Testing Total £106.00
Testing and Safety
Part Name Description Unit Cost Quantity |Discounts Total Cost
Electrical Fire
CO2 Fire Extinguisher Extinguisher 5 150.00 1 0% 5
] Speedometer for MRS
Bushnell Velocity Speed Gun testing 5 B0.00 1 0% 3
Testing Total| §
Administrative
Description Unit Cost  |Quantity |Discounts Total Cost
Printing 5 150.00 1 05| 5

Adminstrative Total




What is a Chimerae

%

Head of a lion, body (and
head) of a goat, and snake
tail.

Typhon (giant,
ia) and

iper).




