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J\%ﬂ Mars 2020 — Lander Vision System
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MARS 2020 ROVER
NEW LANDING TECHNIQUE

1 Take descent photos
Compare to orbital map
5 Divert if necessary




COBALT overview
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COBALT on Masten Xodiac
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System Architecture
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Cobalt Mission Overview
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IMU
only

Apogee Altitude

ADAPT Altitude
Morpheus Altitude

TRN measurements enabled

NDL measurements enabled

Pre launch: Initialize pose
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Divert laterally
25 m/s velocity

300 m

- Achieve 25 m/s descent

at

Masten

* Auto-land



COBALT Navigation Filter

PL&HA Technology

COBALT Project STMD:GCD / HEOMD:AES-LT / STMD:FO

* Based on EKF developed for ADAPT

— Filter States: pos, vel, att, gyro bias and accel bias
— LN200 IMU data used for state propagation

— State updates using LVS image processing
* 50-100 map-correlated features/image every 1-2 s

e COBALT adds

— Doppler velocity and range updates from 3-beam
Navigation Doppler Lidar (NDL)
* Range and Doppler velocity at 20 Hz along 3 beams
* Measurement Editor



COBALT Filter Development
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 ADAPT architecture includes Replayer

— Logs full time-tagged measurement stream (IMU,
images, etc) for “replay” through flight software

— Allows “re-flights” with adjusted parameter settings

 COBALT

— Developed detailed simulation of NDL sensor

— Created synthetic NDL data for existing ADAPT flights
* Allowed Replayer simulation of ADAPT with “synthetic NDL”

— Used for regression testing throughout development
of COBALT filter additions



Replayer + NDL Sim + LVSS
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 M2020 Lander Vision System Sim (LVSS)
— Renders images, creates IMU data along a supplied 6-DOF trajectory

 Extended LVSS to create LVS images, LN200 IMU and NDL data for
Replayer sim of full planned COBALT trajectory

— LVSS toolchain validated using LVSS+replayer re-creactions of adapt
FF2 trajectory

ADAPT FF2 Flight
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Payload Pre-Flight Testing @ JPL
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swing Impact/Timing ATV NDL @ JPL

Measurement checkout Timing Dynamic testing with GPS NDL
Payload phasing characterization Functional testing of filter = measurements on
Operational run- between NDL and Vibration shake-out riverbed at

through IMU Full system rehearsal COBALT ranges
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ATV02b with/without NDL velocity
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NDL velocity data greatly improves navigation accuracy over IMU-only
— Prevents run-off caused by accel bias + gravity compensation error

Filter Data Editor configured to avoid using bad data at low speed
— Saw data dropouts and outliers at low velocity

— Replayer run below has low vel/range, 0-data, cond=1, and 3-sigma resid, tests
enabled

drive path ATV02b NO NDL lation drive path ATV02b NO NDL latlon
T

T T T T T T T T a T T T T
. filter ¥ . filter
Grid=55m .

IMU Only | 34,1905 . IMU+NDL Vel |

N |
- NG / //—/ \

 6rid=s.5m /
116.1726-118.1725-116.1725-118.1724-118.1724 -118.1724-118.1723 -118.1723118.1722 /
| , | . .

1
-118.182

1 1 1 1 L
1818 18178 1876 118174 18175 11817 1181735 118173  -118.1725 -118.172 -118.1715 118171 -118.1705 _ -118.17



Free Flight
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&  COBALT COLO2 Ride Along
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Filter Errors vs Masten ACS
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Position error vs Masten ACS (ENU frame)
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Position error vs Masten ACS (ENU frame)
T T T

@/ Filter Errors (corrected map-tie, slope)

PL&HA Technology
COBALT Project

time (s)  t0 =1492008959.8782

T I | T T
NDL Enab TRN Enab £
N
u
_/—"'df_i_ ] 7-‘—-‘-’-*—1_1‘“— -
S _ ;C“;:MM”*J_'T) — —~— i
— A 1

Liftoff Divert Landing

1 1 | | | | 1 1 1

0 10 20 30 40 50 60 70 80 90 100
Velocity error vs Masten ACS (ENU frame)
| | T T I
E
N
u
|
I\I -
) ) .MW%WWU Wi Mg L ]
.._——____L—W " W ™ ‘A‘Jf‘"ﬂ* N i
| v X | \|
:’%:;\‘ I
| | | | | | | | |
0 10 20 30 40 50 60 70 80 a0 100

16



PL&HA Technology

NDL Range
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Free Flight
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COBALT
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Payload Frame NDL Electronics Power Unit

Compute
Element

EMI Shroud
Comm
Antenna

Sensors A% NDL Optical Heads




ATV Testing
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ATV Testing
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@ Tethered Flight
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Technology development program building on the success of NASA’s rich history of
EDL test programs including ALHAT/Morpheus & ADAPT/Xombie

Maturing technology not just for Mars, but also going back to moon and even
extendable to other planets and moons (eg Europa)

Multi-center effort — combining the strengths of each center

COBALT is a reusable platform to test and mature TRL and reduce risk for
spaceflight infusion of GN&C landing technologies

COBALT payload is self contained and could be modified to test different GN&C

technologies on different flight test platforms

Test program and conops designed to maximize flight test envelope of NDL within
limits of Xodiac vehicle (which is undergoing flight expansion)

With JPLUs successful history of flight testing TRN on Masten vehicles it was a
perfect companion to this NASA flight opportunity funded project



