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The Mars Science Strategy: 
“Follow the Water” 

Common 
Thread 

Understand the potential for 
life elsewhere in the universe 

Understand the geological 
processes affecting Mars’ 
interior, crust, and surface 

Develop the knowledge & 
technology necessary for eventual 

human exploration 
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Mission Overview (2) 
Entry, Descent and Landing (EDL) 
- Posigrade Entry 
- MPF-derived EDL System 

- EDL Communications 
- Flight system capability: 825 kg entry mass, surface altitude 41.3  km relative to MOLA areoid 

Real-time X-band DTE (Direct-to-Earth) communications during EDL (Doppler and M-FSK tones) 
MGS capture of MER telemetry transmitted via UHF-band link during EDL 

Surface Mission 
- 

- Science 
Landing site latitude range: MER-A: 15" South to 5" North. MER-B: 10" South to 10" North 

Imaging science: Pancam, Mini-TES, engineering cameras 
In-situ science: APXS, Massbauer, Microscopic Imager, Rock Abrasion Tool 

Instrument placement using Instrument Deployment Device (IDD) 

* 

) 

- Operations Strategy 
- Daily DTE / DFE (Direct-from-Earth commanding) each morning, daily DTE session each afternoon 

Data return via X-band DTE link and UHF-band link with MGS and Mars Odyssey 
Scenario margins in: activity duration, comm opportunities, DSN coverage, energy, and environments 

Key Mission Success / Mission Return Criteria (per mission) 
90 sols of surface science operations (after the landing sol) 
600 meter odometer traverse (system qualified to 1000 meters) - 4 distinct locations (including landing location) - 6 targets: one soil, five rock (one of which is abraded with RAT) - 3 Gbits total data return (- 4 Gbits for MER-A) 

* 

- 
- 
- 
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Interplanetary Trajectory 
MER-A Open 
Launch 30 May 2003 
Arrival 4 Jan 2004 

Mars at mission end 

Mars at arrival 

MER-B Open 
Launch 6/25/03 
Arrival 1/25/04 

Vernal 
Equinox 

MER-A 
MER-B 

Mars at launch 
View from Ecliptic North Pole 
20 day tick marks 
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Entry, Descent & Landing (EDL) Scenario 

@ Entry Turn & HRS Freon Venting: E- 70m 
is Cruise Stage Separation: E- 15m 

Entry: E- 0 s, 125 km, 5.7 km/s, y = -1 1.5 deg. 

Parachute Deployment: E+ 295 s, 11.8 km, 430 m/s 

Heatshield Separation: E+ 31 5 s 

Lander Separation: E+ 325 s 

Bridle Deployed: E+ 335 s - Radar Ground Acquisition: L- 18 s - Airbag Inflation: 355 m, L - 10.1 s v Rocket Firing: L- 7 s, -150 m, 90 m/s 

c7 
TCM-5: E-12 hrs. 
Concurrent with EDL, 
but commanded from 
ground. 

1 
W u u 

Bridle Cut: L- 3 s, -20 m 

u 

Landing Times (Mars 
local solar time) 

MER-A: -2:30 PM 

MER-B: -1 100 PM 

Earthset: -3:30 PM 

U 

.... 

\ Petals & SA Opened: ~- 1 .~ ~ ~ ~ . .  . . ~~~. . -  - ~~ 

. . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . .  L+90 min . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Deflation: L+20 min . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  
. . . . & .  . . . . . . . . . . .  . . . .  :.A:. ........ . . . .  .& . . .  . . . .  

. . . . . . . .  L = Landing: -E+420 s . . .  .Airbags Retracted: Roll-Stop:L+2 min. . . .  
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Spacecraft Configuration 

Cruise Stage 
r 
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Rover 

@ 

Lander 
Heat Shield 
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Lander Configuration 
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Deployed Rover on the Lander 

,g Sur 

iields 
of pe 

faces 

on 
!tals 
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Flight Rover ready for installation on Lander 
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Navcams- 

Pancams- 

Pancam Mast 
Assembly- 

( P W  

z 
Rover 

Equipment 
Deck (RED) 

Front- 
HAZCAMs 

Warm 
Electronics 
Box (WEB) 

Instrument 0 
Deployment 

Device (IDD) 

Rover Configuration 

UHF 
Monopole 
Antenna 

-Low gain 
Antenna 
(LGA) 

High Gain 
Antenna 
(HGA) 

Solar Arrays 

Mobility 
System 
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Instrument Positioning System 

Instrument Deploymenl 
Device (IDD) - 5 DOF 
Robotic Arm with 4 
instrument turret at end 

RAT 
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In-Situ Instruments 

Alpha Particle X-Ray Spectrometer (APXS) 

Microscopic Imager (MI) 
MI Electronics Box 

I A o n t a c t  Sensor 

T Dust Cover Stepper Motor 
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Rock Abrasion Tool (BAT) 

JKE- 13 



Possible Landing Sites 
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Typical Landing Error Ellipse 
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The Four Candidate Landing Sites for MER: 
as of September 2002 

Hematite: safest site (low rock abundance, 
winds and slopes), high science priority 

low science priority 

Gusev: high science priority, high horizontal winds and wind shear, high 
wind shear, moderate slopes rock abundance, low slopes 

JPL M X S  Orientation - MER Operations Grey Strips = MOC coverage. Ellipses are 100 to 150 km long JKE- 16 
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Mars Time Impact on Project Personnel 

Mars Time - What a difference 39 minutes makes! 
A Martian Day is 24 hours, 39 minutes long (called a 
“Sol”) 
- Almost exactly an Earth day, but not quite 
- MER is Solar powered - we operate when the Sun is up on Mars 
- Sunrise on Mars changes by 39 minutes (later) every day 
- Our team will wake up and go to work on Mars time, 39 Earth 

There are three basic shifts Martians will work 
minutes later every day 

And just to make it worse, we’ve got two different rovers 
on two different parts of Mars 
- Similar to one landing in England, and the other in New York 
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10 
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Mars Schedule At Odds with Rest of World 

2 3 4 5 7 8 
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What does Mars Time mean to Housing 
Providers (1) 

Martians want to sleep during the day one third of every 
month - we want dark, quiet bedrooms, even during the 
day! This means we want the quietist places you have, and 
help controlling housekeeping and gardening personnel 
with leaf blowers! 
Martians want to have breakfast, lunch and dinner at 
weird times 
Martians will want to buy groceries at weird times 
Close to JPL! 
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Backup 
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Mission Timeline 

E0-60 E A - 4 5  Eg-30 I Enby 0 E B + 3 2  Eg + 63 

JPL 

E B * W  

Holiday? 
MER-A 

lllission Phase 

Events 

MER-B 

lllission Phase 

Events 

2 !  

EarthlSun 2 0 ’  

qange (AU) 1 ! 

I O .  

O! 

Wars Season 

3ther Project 
Events in 
Mars 
rliewperiod 
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Mars Approach-A I I 
1 gressl 2/5 3/7 416 

sol 91 sol 61 Launch A . , 
6/16 Surface Operations A 

TCM-A1 TCM-A2 TCM-A3 TCM-A4 l!CM-A5,6 v w  
12/27 1/24 

v 
11n 

e- v 
LA+l5d 8/1 l 

I I 
6/25 Interplanetary Cruise B End Prime 

Mission B I t  
Mars Approach-B I I 

3/28 1 4/27 
sol 91 

I gress 2/26 ; sol 31 sol 61 

Launch B 

6-2 

I I 
I I 
I 1 
I 

-_I 

Contour Earth Gtavlty Assist 

Galileo a of I ife S o t  ‘03 I I I  
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n - MER Operations 
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Mars is Hard!! 

The international community has sent 33 missions to Mars 

I I 

USSR/Russia* 1 Successful Failure 

8 4 (2 LV) 

15 I 4 11 (5 LV) 

3 3 

8 0** 

23 15 
37% 

26 
63 Yo 

* Japanese Nozomi mission is expected to arrive in Dec 2003 
** Mars 3 in 1971 apparently transmitted for 20 sec after landing but no significant information was returned 
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