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Mars 2020 Mission Overview
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LAUNCH CRUISE/APPROACH ENTRY, DESCENT & LANDING
* Atlas V 541 Rocket * ~7 month cruise » MSL EDL System: guided entry,
 Period: Jul-Aug 2020 - Arrive Feb 2021 ORI COEEEt, el €97 GRS

* Augmented by range trigger. 7.1 x 6.5
km landing ellipse

* Augmented by TRN: enables safe
landing at a greater number of
scientifically valuable sites

* Access to landing sites +30° latitude,
< - 0.5 km elevation

* Deliver a ~1050 kg rover safely

SURFACE MISSION

* Prime mission of 1.5 Mars years

» 20 km traverse distance capability

» Seeking signs of past life

» Returnable cache of samples

* Prepare for human exploration of Mars

Mars 2020 leverages the MSL design, residual hardware, and experienced team
to reduce cost and risk; particularly in the EDL system
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EDL Timeline
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New Capabilities for Mars 2020
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Enables access to hi

TRN gives Mars 2020
“eyes” to avoid
identified landing

hazards
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Reducing Risks from MSL
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Site-Specific Gravity Modeling Parachute Deployment Induced Navigation Error
B Inaccurate local gravity : - |m Sabot and confluence fitting
H Surface Gravity Anomaly (m/s2) ‘ SnatCh induced a disturbance
modeling caused a N Tt - ™ ‘ ! that caused the IMU to detect

softer than expected
touchdown for MSL

B Developed high fidelity
terrain-implied gravity
model

non-body rotational rates and
accelerations

Concerned about potential
saturation and/or navigation
errors

Latitude (deg)
| !

Implemented mechanical

B Incorporate necessary mL A mitigation options to reduce the
software updates to disturbance input
utilize model Developed GNC DIMU filter
modification to mitigate the
impact
Parachute Inflation Stress Risk Reduction R ——
1.3 ozlyd? Polyester
(60 pli)
B The LDSD program revealed T .
shortcomings in our understanding sosrnernn [ IS
of supersonic inflations |

2100 Ib Technora cord \

Mass: 58 kg
Nominal diameter: 21.31 m
Geometric porosity: 12.8%

B Key risk reduction activities:

O Developed strengthened parachute

O Supersonic test campaign completed
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Challenging Landing Sites

2019 e IEEE Aerospace Conference

B Three of the final four candidate

landing sites were deemed unsafe for SANRES.
MSL S B8 r

Lat L x Elev
Landing S8 (4eC) (Gog®) (k)
Jezero 18.44 77.50 -2.64
.l NEsytis 1789 77.16 204
-;,_.‘ Columbia Hills -14.55 17545  -1.95
K Midway 1816 77.05  -2.00

B The addition of range trigger and TRN
enable safe landing at these sites

O Can now avoid dangerous rock fields, T
slopes, and inescapable hazards

,,,,,,,,,,,,,,,,,,,,,,,,
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[0 Science targets can now be located N
within the landing ellipse, significantly ' o
expediting the landed mission o | o et

10 20
East-West winds (m/s)

#<*> Rock CFA (Cumulative
fraction of area) (JEZ)

PSP_001336 hin:083-007

B Supported final site selection in Fall
2018 - Jezero Crater

Slopes (JEZ)

100 200 300 400
Pixels (bin size=150m)
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Mars Helicopter
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B Mars Helicopter is now officially part of the Mars 2020 Mission

Helicopter Base Station Electronics (HBE)
sure

H Located in starboard aft enclo:
B Overview: |

Helicopter Base Station Antenna (HBA)
Mounted on Rover Exterior on RPFA Thermal Enclosure

O Mass: ~1.8kg

[0 Dual counter-rotating blades

[0 Solar powered with lithium-ion battery

O B&W camera for nav; color camera for terrain

Mars Helicopter Deployment System & Stowed
Helicopter (MHDS)

B Concept of Operations

[0 The helicopter will be “dropped off” at a
relatively flat location.

[0 5 tech demo flights in 30-sol period of 30-
90 sec each

B EDL Impact: due to its location, the

helicopter increases the risk due to a
rock strike by ~0.5-1%

Credits: NASA/JPL-Caltech
Mars 2020 Project | 7




Current Development Status Highlights

B Hardware deliveries flowing in throughout
this year

B Residual heatshield from MSL failed
static test

[0 Differed from heatshield flown by MSL
0 Building a replacement heatshield for flight

[0 No resulting schedule impact

B |[ntegration and test is well underway

O Descent stage and cruise stage nearly
complete

0 Vast majority of avionics delivered or near
delivery

[0 Two successful system-level EDL tests on
flight hardware have been completed
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Vision Compute Element
and Lander Vision System

Camera
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B Mars 2020’s EDL system builds upon MSL'’s successful EDL
system

[1 Given the opportunity to improve upon things we learned about MSL

[ Extended our landing capability with key additions to the system

B Mars 2020 EDL development remains on track
[1 Jezero Crater selected for landing site
[1 Hardware is being delivered for integration
[1 Deep into our verification and validation campaign and system testing

[0 Parachute risk reduction efforts successfully completed

B /17 days until landing!
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Backup
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B Pressure cycle very favorable for 2020 arrival

sSeason

[0 Mars orbit eccentricity transfers CO, from polar
caps to atmosphere

O Atmosphere significantly more dense
compared to MSL opportunity

O Low risk of dust events

More atmospheric density = more stopping
power

2020 atmosphere provides significant “no cost”
improvements to landing elevation for same
landed mass

Alternatively, can trade landing elevation
improvement for increase in delivered mass

2019 e IEEE Aerospace Conference

— Latitude 60N
----- Latitude 30N
---- Equator

=== Latitude 30S
—— Latitude 60S

Mean Atmos Density (kg/m3) @ 10 km

o

438

I i
4% 30 60 a0 120 150 180 210 240 270 300 330 360
Ls (deg)

Northern SpringNquinox/Southern Autumn Equinox
o 0°
nN
= Chance of global dust
storms in any given year
about 1 in 3 - statistics of
small numbers!

Lgo
S Y4 10
hej;

4

Northern Summer Solstice 90°

Northern Winter Solstice
: ; 270°
Southern Winter Solstice

Southern Summer Solstice

S0

S
S

I‘Squ

]
~  Storms centered on
s perihelion
<

Planet-encircling Dust Storms
® =2 4 4 Regional Dust Storms did not occur
T =25 T f 40K 180° Local Dust Storms occur at all seasons

Northern Autumn Equinox
Southern Spring Equinox

Mars 2020 Project | 11




Jet Propulsion Laboratory
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Curiosity Best Estimate Landing Location

« Range trigger deploys the parachute based
on navigated range instead of navigated
velocity

A
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« Using range trigger significantly shrinks the
landing ellipse

&
)

Latitude (deg)

>
g

« Key benefits: ' B o Dicction
Makes previously inaccessible landing \

sites accessible _ i I
— Could save ~1 Earth year of driving e

Longitude (deg)

A
o

A
©

99%-ile Elipse Comparison
T T

* Range trigger is not a new idea
— Originally considered for MSL
— After MSL landing, more comfortable with ,
guided entry performance

— See Dave Way'’s IEEE paper of the year
from 2011 for more details
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Terrain Relative Navigation
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TRN gives Mars 2020 “eyes” to avoid identified landing hazards

Terrain Relative Navigation
. Takes images during parachute descent and

matches them to an onboard map
— Uses a dedicated computer and camera
— Yields a position solution

Performs terrain relative navigation while the
spacecraft is priming the descent engines

Executed by the Lander Vision System (LVS)

Safe Target Selection

. Uses position solution and list of safe landing
locations to select a safe landing target

. Augments original MSL backshell avoidance
divert

. Lives within MSL fuel and control constraints

. Not “pinpoint” landing

0 Project | 13
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Terrain Relative Navigation (TRN), Vision Compute VCE EDU4 + LCAM EM1
Element (VCE), and VCE SW design reviews are ;
complete

Design has matured and hardware and software
deliveries are in progress

O VCE engineering dev units (EDU) delivered; EM and FM
builds are in progress; LVS Camera (LCAM) EM1 delivered

[0 Box-level software design is ongoing and expected to be
part of 2019 field test

[0 System-level software design is finalized and being tested

Monte Carlo simulations have exercised the TRN
capability using a Safe Targets Map (STM) and
generated successful landing metrics based on the LCAM EM1
hazard map calibration image

Delivered to ATLO December 2018

ATLO functional testing occurred Jan 2019
Field testing occurred Feb 2019

Jezero Mosaic,
example of onboard
appearance map for
TRN

Mars 2020 Project | 14
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Selected Landing Site: Jezero Crater
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B In November 2018, Jezero
Crater was selected as the
Mars 2020 landing site

B An ancient river delta,
Jezero offers diverse
geologic features with high
biosignature preservation
potential

B Due to the numerous
hazards, this site selection
was enabled by new Mars
2020 capabilities such as
TRN and range trigger
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CY 1

) CY 20

CY 18

ATLO System Tests

1: L/C/E, FSW C4.0, Jan 2019
2: L/C, FSW C4.0.x, May 2019
3a: L/CIE, FSW C4.X, Aug 2019
3b: Rvr, FSW $5.0, Aug 2019

JAY

H DPD': 4: Rvr-STT, FSW S5.0, Sep 2019 KDPE
s 12Nov2013 A ! 5a: L/C/E FSW C4.L, Nov 2019
.............. : 5}) Ruvr, FSW SE? 0.x qu ?019
A e e 5 A A phmo Ab—:
6-7 Aug 2013 28-30 Oct 2014 15 Sep 2015 2-4 Feb 2016 28 Feb - 2 Mar 2017 Feb2018 : ORR  Launch EDL
3 May 2020 Jul 2020 Feb 2021
-‘ Phase A H Phase B H Phase C ‘

v
1st PSG Meeting

2nd PSG Meeting

Y V
: | 112019 52019 8.
:

3rd PSG Meeting Science Team Meeting #1 | !

212019

3/2020

{ ATLO System Tests

\4 \4
2019 11/2019

v

TRN PDR
10-11 Nov 2015

i 8/2019  11/2019 i
26 - 28 Aug 2014 23-24 Mar 2015 8-10 Jun 2016 Jun 2017 : o219 w20z |
: : ATLO System Test '
EDL Milestones :
vEDL Concept Review vEDL Req. Review v EDL PDR vEDL CDR ' v k‘;’;f:sg,:;ﬁ :f’,f:'y gg't-uss";eck vEDL Risk Review
17 July 2013 13 August2014 25-26 Aug 2015 15-16 Nov 2016 | Assossment Ru e e April 2020

ILVS Delivery!
Nov 2018

TRN CDR

Aug 2017
7 Cix30Fsw

N/ Dec2017

v

CIX2.0 FSW 77

Jun 2017 N/

N7 cix 4.0 Fsw

\/ Jun2018

Terrain Capability Rev.

LVS Field Test
Spring 2019
S/ MEDLI2 GoNo Go
v June2019

/ EDL SegmentReviews

Future Landing Sites
28 Oct 2010

Future Landing Sites
11 Oct 2013

Workshop (~25 sites)
14-16 May 2014

(~8 sites; ~4 or 5 selectable)
~Jun 2015

Jan 2018 Jan 2020
5 "/ CORT-5
C \/ \/ Jan 2021
Vv oV EDL Thread Tests COS2  CORT4 COS-3
ASPIRE SR01 SR02 ! SRO3 July 2019 Mar2020  Sep 2020 Dec 2020
4 Oct 2017 31 Mar 2018 Jul 2018
i
'jrmLandingSite N 3 -
4 K4 7 7 4 7 Vi
1st éa\l for Imaging 2nd Callfor Imaging M2020 1st Landing Site M2020 2nd Landing Site Workshop M2020 3rd Landing S;'!e M2020 4th / Fina! Landing Sit‘é Backup Workshop LSW5

Work‘shop (~1 site)
16-18 Oct 2018

Workshop(~4 sites) Laun
8-10Feb 2017 :
Selection
Jan 2019

ry

M2020 Landing Site

ch-1year, July 2019

Key activities
a 2018:

EDL FSW V&V
Landing site selection
Parachute risk reduction

2019:

+ Systems tests
« EDL functional certification V&V

Operations planning

O 2020:

+  Stress testing
*  Operations V&V
*  RiskreviBWO Project | 16
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Key EDL Work to Go
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2019

B EDL system tests on the
flight vehicle

B \erification and validation of
the flight dynamics

B Operations preparation

2020
B Stress testing

B Operations verification and &
validation

B Risk review and launch

Mars 2020 Project | 17
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Landing Site Selection
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® Afourth candidate site, Midway, has been added for evaluation by the engineering
and science teams

B Terrain and Atmosphere reviews completed in the past year; several improvements to
rock identification have been incorporated

B EDL is currently evaluating landing site safety in support of the 4th landing site
workshop this Fall, with final site selection expected in early 2019 by NASA HQ

All sites are expected to have acceptable risk

Lat Long Approx Elev
(degN) (degE)  (km)
Jezero 18.44 77.50 -2.64
NE Syrtis 17.89 77.16 -2.04
Columbia Hills -14.55 175.45  -1.95

Midway 18.16 77.05 -2.00

Landing Site
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EDL Camera Overview
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Capsule Mars 2020 Project | 19




