Mars Helicopter
Technology Demonstration
on Mars 2020 Rover
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Mars Helicopter Potential Benefit to Rover Mission

» Scouting for Rover Regional Geology
* Increase Number and Diversity of Geologic Units

* [dentify Best Locations for Rover to Sample
* [dentify Key Outcrops for InSitu Analysis
* 10x better than orbital images
* HIRISE orbital images ~30 cm/pixel
* Rover Experience — want 3 cm/pixel

 Improved Rover Operations

* [dentify Safe and Efficient Traverse Paths for
Rover (3x Further Drives)
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Overview

Nominal flights
* 1-3 minute duration
* 600 meter range
« ~b5 meter above ground
« Up to one flight every 3 sols

High-resolution color images of terrain
« Nadir Navigation Camera B&W 0.3 Mpixel
» Color 13 Mpixel Side Looking Camera

Helicopter

* Rotor blades: 1.2-meter diameter
e Chassis: 14 cm Cube

 Mass ~1.8 kg

 Power: ~220 W

Telecommunication
« Transmit data from Helicopter to Rover during
¥ lombek: vars verflight but primarily while landed .




Key Helicopter Features

~1.2-meter Diameter Rotor

Rotor System gl Telecommunication
Brushless motors for rotor \ ] / COTS chipset

Brushed motors for swashplate : Two node network .
collective / cyclic 802.15.4 protocol (ZigBee)

Solar Panel
Inverted Metamorphic Quadruple
Blades Junction (IMM4) solar cells
Lightweight carbon fiber Fuselage
CO, gas-gap insulation - dark
mirror kapton film skin technology
/ Survival heaters
' Avionics Processing
Landing System Radiation tolerant Field Programmable
Lightweight legs for Gate Array (FPGA)
landing on terrain Dual-redundant automotive-grade
Sensors & Cameras Processors
MEMS IMU Navigation processor
Laser Altimeter
Inclinometer Autonomous flight control algorithms
Total Mass <1.8 Kg 133'x100° FOV Navigation camera
Rotor Speed: 1900-2800 RPM 13 Mpixel 56'x42" FOV color camera

Biﬂ?léf’ Tj p Mach Number: < 0.7 for pictures of terrain .
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Camera boresight
(pointed toward nadir)

Both cameras mounted in portrait orientation



Example Flight Path

12/9/19 Golombek: Mars Helicopter




Helicopter Flights

30 Day Mission

Baseline Ascend, hover, land
Case - Up/down to ~3m
S AGL Least windy time-
= of-day e.g 11 am
Baseline Same terrain in
Case Fly higher & fly ~5m view during entire
laterally flight
| : -~“5m AGL
% - Slow lateral motions
—
Baseline New terrain in
Case view as flight
Fly 50m out-and-back | progresses
Take images of
potential new landing
sites Potentially fly in
g - moderate wind
conditions

4,5

Mission &
Stretch
Case

New terrain in view
as flight progresses

Fly to new landing site Multi-site
operations
Potentially fly in .
moderate wind econ
Fly 100s m conditions hard-to-
' access
target
g : Late afternoon
Fly in higher winds .
Fly in early morning or formations “All
Ia:/e eveni\rlm ° weather,
. Low sun angle All-
- lighting terrain”
Fl ht .
y over rough terrain Aights

Fly at higher altitudes

Challenging slopes
and rocks
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Helicopter Navcam Image Coverage/Resolution
5 m Altitude - ~2 cm/pixel over ~10x20 m Area

Pixel Area (cmzlpx)

Pixel Diagonal (cm/px)

‘ 496

‘ l?.c

0.0

Distance (m)
Distance {m)

L - i

3.3 50 . .
-11.4 0.0 114 -11. 0.0 114
Distance (m) Distance (m)

Pixel X Resolution (cm/px) 59

59
Uol_l_l J -
-5.9 ‘ro

11 4 11 4 0.0
Dlslanco (m) Distance (m)

Pixel Y Resolution (cm/px)

Distance (m)
leldm,e (m)

12/9/19 Golombek: Mars Helicopter



Meters

Ground Resolution (cm/px) from 5m Height

50 5
40
\ RTE Color Camera
30r 13 Mpixel
A 0.23 mrad/pixel
20 14 é_
g
10 n S
o I
oF @ o . .
5 Navigation Camera
40 640x480 pixels
1 [
0.3 Mpixel
= 3.6 mrad/pixel
-40 -30 -20 -10 0 10 20 30 40 o2
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Deployment Sequence

v [- Release pebble shield O\l [- Drive to deployment < Deploy leading legs &
° & image with ° Parkinglot. | &l actuate Heli ° image
N SHERLOC-img N |- Unstow Rover Arm & position, deploy trailing Top-off Battery SOC

GITL image Parking Lot legs & imaging




Entry  Altitude: ~125 km

Velocity: ~5,800 m/s
Interface Time: Entry + 0s

Mars 2020 Rover Entry, Descent & Landing

Peak
Heating
Peak :
i Hypersonic
Deceleration Aero-. ¢~\\ " “’“‘
7 maneuvering Parachute ‘\‘ "

\ Deploy o

: ! s Alitude: ~10 km Heafshield B
Terrain Relative Navigation Vst s Separation /\)\
me: + s Altitude: ~7 km
1 1 Velocity: ~160 m/s Radar r _ tude: ~1.8 km
Avoid Hazards Mapped from Orbit N Vs Sa:m& Ausuge 15k

Time: Entry + ~345 s

Collection
&8 | Sky Crane \ &
=~ Rover Altitude: 20 m Y
>- Separation Velocity: ~0.75 m/s Z \

Throttle " Time: Entry + ~380 s
|

Downto
4 MLEs Mobility Powered
£ Deploy Descent .b
s =N
s L y
4L Touchdown Fiyaway o -
< X Controlier
. . Sky ¢
] b Crane

Velocity: ~0.75 m/s Flyaway

Time: Entry + ~332 5
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Hazard#llap
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y . Pebble Shield
4 ' Deployment,
f Airfield LA ef
] Flight Path . ' Airfield and

Heli Deplayment Areaj;‘lg I Flight
\
/

\ ) Path/Zone

‘3. _’  Requirements

Pebble Shield Deployment Area ™~ _ _ Flight Zone _ -7
Symbol Region Size/Location Slape Rock Tolerance
T Pebble Shield >15m from Heli <10° over rover 5cm Maximum Ground
Deployment Area Dply., 3m x3m area lengthscale Clearance Reduction

O Heli Deployment Area
Airfield
= Flight Path
o &
‘. ) Flight Zone

3m x 3m area

10m x 10m area

15m on each side of
flight path

<5° over rover and heli
lengthscale

<5° over heli
lengthscale

<6° over 2m
<4° over 10m
<2° over 20m
<1.5° over 40m
<1° over 80m

No rocks >1cm high, 5cm Max
Ground Clearance Reduction

Req: Few (<3) rocks >5cm high
Desire: no rocks >1cm high

Desire: Few (~3) rocks/relief
>5cm high per 100m?
Desire no rocks >1cm high
v.l



Potential Helicopter Airfields & Flight Zones

[ ] >5% Rock CFA
- Inescapable Hazards

No DEM coverage

Localize Rover after Landing
Decide Direction to Traverse
Which Potential Airfields

Could be Science Considerations
Rover Image Airfields/Flight Zones
Evaluate Airfields/Flight Zones

Meet Requirements?
Deploy Helicopter
Commence 1 Month Helicopter
Mission

- >5° Slope Across 2 m (9.4% Area)

€

olombel

>3° Slope Across 10 m (11.4% Area)

>2° Slope Across 20 m (16.6% Area)

>1.5° Slope Across 40 m (20.7% Area)

HesSloperAcross 80 m (29.5% Area) 20



Mars 2020 Rover

Launches July 2020
Lands February 2021

Mars Helicopter Flies

After Rover Checkout, Select Airfield
April-June 2021
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