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JPL Mission Overview
* MER-A “Spirit”

— Launched June 10",
2003

— Landed Jan 4% | 2004
* MER-B “Opportunity” o

— Launched July 7%, 200 T

— Landed Jan 23", 2004
* Prime Mission of 90

Martian Days

— Both rovers now
operating for over 200
days
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JPL Telecom System

* X-band — main communication system

- MGA — used during cruise, jettisoned before EDL
— LGA —used 1n EDL and as backup on surface

— HGA — deployable only on rover, used on surface
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JPL Ground Receivers
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* Radio Science Receiver (RSR)

— Records frequency spectrum around

rdited
spacecraft signal =
— Operated from JPL

— Suitable for low power,
unstable signals

— User Selected bandwidths
* 4kHz, 100KHz, 250kHz, IMHzZ S
— Dual polarizations (RCP & LCP)

— Used at both Goldstone and Canberra

* ALL DSN antennas at GLD and CAN tracked MER
(14,15,24,25,26,34,43,45)



JPL Pre-Entry
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* All key events recognized

- MGA to LGA transition
— Turn to Entry Attitude
- Venting of Heat Rejection System (HRS)

— Cruise Sta nge Seperation

Turn to Entry Attitu MER-B Cruise Stage Seperation - MER-B

I,f.oss of signal
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JPL EDL Sequence
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* No telemetry

* Semaphores used to describe 255 conditions

- Decoded by EDL Data Analysis (EDA) hardware

* Entry Turn Starts: E-85 min. Turn completed by E-71 min. HRS Freon venting.

X-band
» Cruise Stage Separation: E-15 min DTE
L/

* Entry: E-O0 s, L-343s, 128 km, 5.4 km/s with respect to rotating planet, y = -11.5" inertial, -12° relative
®

N

.r'(i

Peak Heating E+103s (104). Peak Deceleration E+122s (123), 6.3 (6.4) earth g
+ Parachute Deployment: E+241s (243), L-102s (100), 8.6 km (8.3), 430 m/s (426) with respect to wind

* Heatshield Separation: E+261s (263), L-82s (80)

UAF 10 MGS
* Lander Separation: E+271s (273), L-72s (70)
it ) _ [X-band DTE
» Bridle Descent Complete: E+281s (283), L-62s (60)
o » Radar Ground Acquisition: E+308s, L-35s, 2.4 km above grounc:Bac kup]
Landing at - DIMES Images Acquired: E+313s, L-30s, 2.0 km above ground
Meridiani 4 E+317s, L-26s, 1.7 km above ground
endiani i E+321s, L-22s, 1.4 km above ground
Nominal . Start Airbag Inflation: E+335s, L-8s, 284m
Times — + RAD/TIRS Rocket Firing: E+337s, L-8s, 134m, 75m/s
and States « Bridle Cut: E+340s, L-3s, 10 m
Nt - Landing: E+343s
Times are @ - - Bounces, Rolls Up to 1 km
approximate. S 4 - Roll Stop: Landing+10 min
e \\_ﬁ/ L B
SC:%/ . Alrbags Retracted: L+65 DTE :
/;—-_\_—\‘ "W | - Petals & SA Openetcc:_ L&:g? m:: :
6Dt O e R
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X-band DTE Performance

Opportunity EDL Sequence
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JPL X-band and IMU Data
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Acceleration During Spirit EDL (Earthline)

+ X-Band Doppler
- |MU Data
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Spirit Descent and Landing

[ [ [ [ [ [ | [+ I
2000 Lt . . 7100
+ - 90
or- PS e Tt At LU * e ——.
-/-‘M" . - 80
—-2000 a-"" .

— 1 - 70 >
[ . 4 0
- .. 0
“— - - . * m
s,  —4000 - . . t e - 60 F
= =
c N Q
& : -~ 50 ™=
S 6000} [ . o
c + . * :
E - tos - 40 e
L 3
~8000 . m
130 -

—=10000 o -1 20

) -~ 10

-12000 |- Il U
e O O e TS —Jw |

=100 -80 -60 -40 =20 0 20 40 SIO
Time (seconds before impact)



JPL

Radio Science Systems Group
Spirit Rad-rocket and Bouncing
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Spirit First Bounce
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JPL Landing

* Landed signal seen in realtime for both rovers

— “Spirit” had extra drama due to the resting orientation

* RLGA transmitted away from earth — not seen

* PLGA, 5 minutes later, was received

Site: 10 004 0d4:51: 46
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JPL Conclusions
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* UHF 1s great
— High resolution telemetry AT oy e Z

— Low power | 5. |

* But! O A Y
- X-band DTE provides realtit 0 E
- A \ W

- Doesn't rely on hardware of other spac
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