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Phoenix EDL Comm - A few "firsts"

• 4 parallel pipelines for EDL Comm
– via Mars Reconnaissance Orbiter (MRO)
– via Mars Odyssey (ODY)
– via ESA’s Mars Express (MEX)
– Direct-to-Earth (DTE) to Green Bank Radio Telescope

• 32kbits/s  - highest data rate so far (see table below)
• Open-loop recording and subsequent TLM extraction (for MRO only)
• International participation (ESA's Mars Express)

EDL Comm Capabilities 
Missions CSS to Entry Hypersonic Parachute Terminal Descent 

Viking UHF 4 kbits/s  UHF 4 kbits/s UHF 4 kbits/s UHF 4 kbits/s 

MPF X-Band Carrier/ 
Semaphores 

X-Band Carrier/ 
Semaphores 

X-Band Carrier/ 
Semaphores 

X-Band Carrier/ 
Semaphores 

MER X-Band Carrier / 
Semaphores 

X-Band Carrier / 
Semaphores 

X-Band Carrier 
/ Semaphores 

X-Band Carrier / 
Semaphores / 
UHF 8 kbits/s 

Phoenix UHF Carrier UHF 8 kbits/s UHF 32 kbits/s UHF 32 kbits/s 
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Parachute Phase
• Radar Activated: L-143 [L-147] s

• Heatshield Jettison: E+236 [E+243] s,11.3 [11.6] km, 115 [123] m/s

• Parachute Deployment: E+221 [E+228] s,12.9 [13.3] km, Mach 1.65 [1.68]

• Peak Heating: 46 W/cm2   Peak Deceleration: 9.2 [8.5] Earth g

• Cruise Stage Separation: E-7 min

• Lander Separation: L-42 [L-41] s, 0.94 [0.93] km, 56 [57] m/s  

• Gravity Turn Start: L-39 [L-38] s, 0.76 [0.74] km

• Constant Velocity Start: L-18 [L-18] s, 51 [53] m, 8 [7] m/s

• Touchdown: L-0 s, 0 km, Vv=2.4 [2.4] m/s, Vh=0.7 [<0.1] m/s   

• Entry Turn Starts: E-6.5 min,  Turn completed by E-5 min

• Leg Deployments: E+246 [E+253] s

• Dust Settling: L+0 to L+15 min

Landing at
-4.1 km elevation
(MOLA relative)

Entry Prep Phase

• Begin Gyro-Compassing: L+5 min

• Solar Array Deploy:  L+16 min
* Entry altitude referenced to equatorial radius.
  All other altitudes referenced to ground level

• Final EDL Parameter Update: E-3 hr;  Entry State Initialization: E-10 min

Terminal Descent
Phase

Hypersonic Phase

• Entry: E-0 s, 125 km*, 5.6 km/s, γ = -13.0 deg  

May 2008

Phoenix EDL Timeline
(actual times in parenthesis)

X-band
700 b/s

DTE

CSS

Carrier

Entry -
2min

8 kbits/s
1-way

Parachute
Deploy

32 kbits/s 1-way

 Touch
 Down 
+1 min

Sep. Blackout

Separation Blackout

Plasma Blackout

Signal Drop Out
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Phoenix EDL and EDL Comm Data Sets

 
Spectral Data (Doppler and Power) 

ODY Canister Recording (RT) CSS + 5 s to PD - 26 s 
ODY AGC Data (RT) CSS + 5 s to TD + 1 min 
MRO Open-Loop Recording CSS + 5 s to TD + 1 min 
MEX Canister Recording CSS + 5 s to TD + 1 min 
Green Bank DTE Recording via RSR (RT)  CSS + 5 s to TD + 1 min 
Green Bank DTE Recording via SWR (RT) CSS + 5 s to TD + 1 min 

 
Phoenix Telemetry 

8 kbits/s extracted from MRO Open Loop Recording E - 115 s to PD 
32 kbits/s extracted from MRO Open Loop Recording PD + 5 s to TD + 1 min 
32 kbits/s relayed by ODY in real-time during EDL (RT) PD + 5 s to TD + 1 min 

 
Other EDL & EDL Comm Data 

200 Hz IMU captured during EDL and stored onboard E - 10 s to TD + 12 sec 

Radar Data captured during EDL and stored onboard  LS - 25 s to TD 
TD - 67 s to TD 

 CSS: Cruise Stage Separation
E: Entry
PD: Parachute Deployment
LS: Lander Separation
TD: Touchdown

RT: Real-Time (i.e. available
during EDL, delayed only by
one-way light-time)
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ODY Canister Data Real-Time Display

 Time w.r.t to start of Canister Recording
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Example of Spectral Data:
MRO Doppler Profiles

E: Entry PD: Parachute Deployment LS: Lander Separation TD:  Touchdown
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Terminal
Descent

Constant
Velocity
PhaseDirect-To-Earth

Doppler
Profiles during
Parachute and
Terminal
Descent Phases

The Power of Direct-To-Earth ...

Reconstructed
Ground Track
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Phoenix UHF Transceiver Oscillator Drift

 E: Entry PD: Parachute Deployment LS: Lander Separation TD:  Touchdown
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Phoenix EDL Comm Results

• Successfully established EDL Comm links to ODY, MRO, ESA’s MEX and
direct-to-Earth (DTE) to Green Bank Radio Telescope

– ODY and DTE were real-time links

• Obtained Doppler & Power data for all four links
– Link performance was as expected

• “Bent-pipe” real-time 32 kbits/s telemetry via ODY from Parachute
Deployment to touch down + 1 minute (5.3 Mbits)

– highest data rate so far for Mars EDL

• Recorded & played-back 8 kbits/s and 32 kbits/s telemetry via MRO from
Entry - 2 min to touch down + 1 min (6.6 Mbits)

• Observed a short brownout during the period around peak heating (consistent
with level of charged particles)

• Employed for the first time open-loop recording and subsequent telemetry
extraction (for MRO)

– Provided extra robustness for periods of marginal UHF links AND ....
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…a nice byproduct of EDL Comm

MRO HiRISE images the Phoenix Spacecraft during EDL
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to Phoenix EDL Comm

• Kornfeld, R.P. et al., "Entry, Descent, and Landing Communications for the 2007
Phoenix Mars Lander", AIAA Journal of Spacecraft and Rockets, Vol. 45, No. 3,
May-June 2008.

• Kornfeld, R.P. et al., "Reconstruction of Entry, Descent and Landing
Communications for the Phoenix Mars Lander" submitted to the AIAA Journal of
Spacecraft and Rockets, lined up for a special edition of the journal dedicated to
the Phoenix EDL to be published in 2010/2011.

• David Morabito, et al., "The Mars Phoenix Communications Brownout during
Entry into the Martian Atmosphere", IPN Progress Report 42-179  November 15,
2009.
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EDL Communications Geometry
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Phoenix Spacecraft Configurations



RK-15

National Aeronautics and Space
Administration
Jet Propulsion Laboratory
California Institute of
Technology

PhoenixPhoenix

IPPW-7

MRO GDS

DSN

ODY

MRO

PHX

ODY GDS

PH
X G

D
S

MEX

ESOC

32/8 kbit/s data

Doppler & 
Power data

UHF Engineer.
Data

GREEN BANK

JPL R
SR

 &
JPL SW

R
  

Doppler & 
Power data

UHF

X-Band

End-to-end Data Flow

Table 1 Orbiter Sampling and Downlink Rates 
Orbiter Sampling 

Frequency 
Number of Bits X-Band 

Downlink Rate 
Real-time 
Downlink 

ODY canister 83.6 kHz 1 124 kbits/s Yes 
MRO open-loop 150 kHz 16 (complex) 2.6 Mbits/s No 

MEX canister 42.1 kHz 1 91.4 kbits/s No 
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EDL Comm Reconstruction Approach
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Example of Spectral Data:
ODY Power Received Profiles

E: Entry PD: Parachute Deployment LS: Lander Separation TD:  Touchdown

Abs. Power (dBm)
Rel. Power (dB)
Abs. Power (dBm)
Abs. Power (dBm)
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Example of Spectral Data:
ODY Doppler Profiles
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Example of Spectral Data:
MEX Doppler Profiles

 

MEX Doppler
was offset by 3
kHz (corrected
in the plot)


