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ID Requirements

COMM-1 Mars orbiters shall maintain radio frequency or optical communications 
within all communication links (both Earth and Mars ground stations) with a 
maximum BER of 10e-6 and a minimum link margin of 3 dB.

COMM-2 Mars orbiters shall maintain radio frequency or optical communications with 
both Earth and Mars at a data rate of at least 100 kbps

COMM-3 MATER communications with both Earth and Mars ground stations shall 
maintain a minimum transmission of 1 relay per hour within every 24 
hour period on Mars
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Lander - Orbiter Link Specifications
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3 orbiters will add to 5 Mars Relay 
Network (MRN) orbiters

Hardware
● UHF Electra transceiver radio 

with a low-gain antenna
○ Half-duplex, BPSK

● Flight heritage: MRN orbiters

Software & Data Handling
● Proximity-1 Space Link Protocol
● Forward and Return

SWaP Electra Payload

Size [cm] Transceiver: 21.7 cm x 20.1 cm x 12.2 
cm
LGA: 26.1 cm dia x 30.5 cm

Weight/mass
[kg]

6.5 kg

Power [W] 77.8 W max

Quantity 2 per orbiter & lander



Lander - Orbiter Link 
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Communications Lander

MATER 
Orbiter

MATER 
Orbiter

LMO

AEO

~400-800 km

**Orbits and 
distances not 

to scale

~17000 km
UHF 430 MHz

Ptx = 7 W
Gtx = 5 dBi

UHF 430 MHz
Ptx = 7 W

Gtx = 5 dBi

UHF 430 MHz
Ptx = 7 W

Gtx = 5 dBi



Lander - Orbiter Link 
UPLINK
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Communications Lander

MATER 
Orbiter

MATER 
Orbiter

LMO

AEO

~400-800 km

**Orbits and 
distances not 

to scale

~17000 km

BER(BPSK): 1.09E-29

Data rate : 542 
kbps-1.2 Mbps

BER (BPSK): 1.36E-19

Data rate : 2.7 kbps

Success

Success



Lander - Orbiter Link 
DOWNLINK
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Communications Lander

MATER 
Orbiter

MATER 
Orbiter

LMO

AEO

~400-800 km

**Orbits and 
distances not 

to scale

~17000 km

BER (BPSK): 3.41E-31
Data rate : 1.19 
Mbps - 2 Mbps

Success

Success

BER (BPSK): 4.2E-21

Data rate : 5.96 kbps



Orbiter-DSN Link
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Hardware
● X-band radio, 2 m high-gain 

antenna (HGA), 100 W traveling 
wave tube amplifier (TWTA)

● Flight heritage: ESA Trace Gas 
Orbiter (TGO)

Software
● Store and forward protocol
● Flight heritage: Mars 

Reconnaissance Orbiter (MRO) 

SWaP X-band Radio System

Size [cm] SDST: 18.11 cm x 16.64 cm x 
11.43 cm
HGA: 200 cm dia

Weight/mass
[kg]

66.3 kg

Power [W] 290.74 W max

Quantity 1 per orbiter



Orbiter-Earth Link
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**Orbits and 
distances not 

to scale

~56E6 - 400E6 km

BER(BPSK): 1.2E-23- 2.48E-28

Data rate : 22 kbps - 299.7 kbps

Uplink D = 32 m 
Ptx =20kW

Downlink

BER (BPSK): 3.7E-28

Data rate : 242 kbps - 3.2 Mbps

X-Band 8.4 GHz
Ptx =70-100 W
Gtx = 46.8 dBi

DSN

MATER 
Orbiter



Optical vs RF Trade Study
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Lasercom 
ADVANTAGES
● High data rates: 2-18 Mbps 

using SNSPD
● No interference

DISADVANTAGES
● Requires high pointing 

accuracy & divergence 
● Severe atmospheric 

attenuation
● SWaP payload increase
● Incompatibility with current 

MRO orbiters

P(I>Ith) UPLINK, 90 deg elevation
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Divergence, mrad

Greater divergence = 
lower received power



Backup link from Surface to DSN
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Backup link from Surface to DSN
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Hardware
● X-band radio system with a 

solid-state power amplifier (SSPA), 
HGA, LGA

● Flight Heritage: Mars rovers (e.g. 
Curiosity, Opportunity)

Software
● Backup protocol
● Emergency protocol

SWaP X-band Radio System

Size [cm] SDST: 18.11 cm x 16.64 cm x 11.43 
cm
SSPA: 17.4 cm x 13.4 cm x 4.7 cm
HGA: 30 cm dia x 29.4 cm
LGA: 60.2 cm x 3.1 cm

Weight/mass
[kg]

18.94 kg

Power [W] 71.8 W max

Quantity 1 on Lander



Backup link from Surface to DSN
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Communications Lander
**Orbits and 

distances not 
to scale

~56E6 - 400E6 km

BER: 9.61E-14- 2.48E-21

Data rate : 1 kbps - 6.7 kbps

Uplink D = 32 m 
Ptx =20kW

Downlink

BER: 1.53E-22 - 4.2E-30

Data rate : 12 kbps - 671 kbps

X-Band 8.4 GHz
Ptx =200W

Gtx = 25 dBi

DSN

Link designed for low data rates



Surface Comms
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Mesh network to manage surface 
communication

Hardware
● COTS mesh radios (UWB or UHF)
● Flight heritage: CADRE mission 

(A-PUFFER robots)

Software
● Wireless mesh communication 

protocol 
● TDMA, peer-to-peer topology



Key Takeaways
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LMO Link - Successful

AEO Link - Needs Work

Orbiter, DSN Link - Partial Success
Lander, DSN Link - Backup Low Data Rate

MeshNet- To Be Completed



Comms Backup Slides
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Calculations
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RF vs Optical Trade Study: Downlink Bit Error and Data Rates

RF BER RF Data 
Rate

Optical 
BER

Optical 
Data Rate

Orbiter-
DSN

1.2E-23 22.67 
kbps

2.94E-24 16.83 
Mbps

Orbiter-
Lander

9.82E-33 2.69 Mbps – –

Lander-
DSN

9.61E-14 0.127 
kbps

– –



Calculations
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RF vs Optical Trade Study: Uplink Bit Error and Data Rates

RF BER RF Data 
Rate

Optical 
BER

Optical 
Data Rate

DSN-Orbit
er

4.58E-33 3.2 Mbps 4.86E-26 18.2 Mbps

Lander-
Orbiter

2.30E-28 270 kbps – –

DSN-Land
er

1.53E-22 12.68 
kbps

– –



Full Link Budget- Orbiter-Lander
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https://docs.google.com/spreadsheets/d/1ENfS6gKOQV3uUk0WbqC7SKjzm8RXuSKxiQUXX9Vyquk/edit?gid=30151359#gid=30151359


Full Link Budget - Orbiter - Lander
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Full Link Budget - Orbiter - Lander
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Full Link Budget- Orbiter-Earth
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Full Link Budget - Orbiter - Earth
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Full Link Budget - Orbiter - Earth

25

https://docs.google.com/spreadsheets/d/1ENfS6gKOQV3uUk0WbqC7SKjzm8RXuSKxiQUXX9Vyquk/edit?gid=30151359#gid=30151359


Full Link Budget - Backup DSN
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Full Link Budget - Backup DSN
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Comms Risk 
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CONSEQUENCE
NEGLIGIBLE MINOR MODERATE MAJOR CATASTROPHIC

RARE RF interference 
(UWB- UHF- 
Xband)

Backup DSN 
link fails

UNLIKELY Failed antenna 
deployment

POSSIBLE Comms blackout 
from sun blockage

LIKELY Antenna 
pointing 

ALMOST 
CERTAIN

Radiation 
Damage

LI
K

EL
IH

O
O

D


