
Approach Navigation for the 2009 Large Lander 

P. Daniel BURKHART 
Jet Propulsion Laboratory 

4800 Oak Grove Drive M/S 301-125L, Pasadena, CA 91109 
(81 8) 393-7959 (Phone),  (818) 393-6388 (Fax), dan.burkhart@jpI.nasa.gov 

September 10, 2001 
Extended Abstract 

The currcnt plan for thc cxploration of Mars cnvisions thc launch of a large lander in the 2009 
launch opportunity with a soft landing on Mars in thc fall of 2010. This lander will include a rover 
with a range and lifetime at least twicc as great as that  planned for the 2003 Mars Exploration 
Rover and a significantly larger science payload. In addition, this lander will be the first use at Mars 
of a complete closed-loop guidancc navigation and control (GN&C) system, including guided entry 
and targcting capability, to grcatly rcducc targcting ci-rors during thc cntry descent and landing 
(EDL) phase. Thc goal is t o  achicvc a landcd surfacc position within lOkm of the target landing 
sitc. 

Thc challcngc for approach navigation is clear. Current EDL analysis shows that  the largest 
contributor t o  thc landcd position error is unccrtainty of thc initial conditions. The initial states 
and crrors are supplicd by thc ground-bascd navigation proccss, which dctcrmincs thc spacecraft 
position and velocity along with thc error a t  a defined Mars entry interfacc point and supplies that  
da t a  t o  thc spacccraft bcforc atmosphcric entry. 

Although thc scicncc payload and the desired landing sitc havc not been determined, the project 
goal is to  design an EDL systcm that can access as much of the Martian surface as possible. 
Thc goal is for a systcm that  can bo reused for futurc landcrs including a possiblc Mars sample 
rcturn mission. Thc sccnario uscd for this study pushcs thc limits on the accessible locations by 
choosing a landing sitc and conditions that  are unfavorablc to the landing system. Thc resulting 
landing location. thc "EDL Challenge Site," includcs in a single scenario a high-altitude landing 
sitc, an atmosphcric dcnsity at thc landing sitc at a scasonal minimum (which reduccs parachutc 
pcrformancc), and an cntry targct that  h a s  thc most challenging gcomctry rclativc to  entry flight 
path anglc error. These conditions rcprcsent the upper limits of thc rcquirements for the EDL 
system design. 

Thc focus of th i s  papcr is thc pcrformancc of the  approach navigation process. Data  arc availablc 
from scvcral sourccs. Two-way range and Doppler (range-ratc) data  arc available via the Deep Space 
network (DSN). Othcr DSN data  includcs doublc-diffcrcnccd onc-way rangc (ADOR) mcasurcments 
collcctcd along two proposcd basclincs. Along with thcsc data,  an optical navigation camera will 
bc included on tlic spacecraft, with optical navigation da ta  available for the approach navigation 
process during the last 15 days of cruise. These data  are all processed together on the ground t o  
dctcrminc t h c  initial position and vclocity for the onboard EDL software. 

Approach navigation rcsults for the design of a final course corrcction maneuver 24 hours before 
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cntry will be prcsentcd, along with thc corrcsponding knowledge uncertainties used t o  initialize the 
onboard systems. Results for several combinations of da ta  types will be included. 

Short Abstract 

Thc current Mars cxploration plan cnvisions thc launch of a large lander in thc 2009 launch op- 
portunity with a soft landing on Mars in thc fall of 2010. Thc goal is to achieve a landcd surface 
position within lOkm of thc targct landing site. Current entry descent and landing (EDL) analysis 
shows tha t  thc largest contributor to the landcd position crror is uncertainty of thc initial condi- 
tions, which arc supplied by thc ground-bascd navigation proccss. Thc focus of this papcr is thc 
perforniancc of thc approach navigation proccss using combinations of Deep Spacc Network (DSY) 
Dopplcr, ranging and double-differenced one-way range (ADOR) measurcmcnts along with optical 
navigation da ta  collccted by thc spacecraft. Results for several combinations of data  typcs will be 
included. 
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