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To make a feasibility analysis of a distributed Synthetic Aperture Radar (SAR) 

mission that achieve similar performance to an equivalent monolithic SAR, but 

with smaller and lighter satellites.

Equivalent monolithic SAR Distributed SAR
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• Weight and size reduction so that lighter launch vehicles could be used

• Transmitter power reduction allows cheaper electronics

• A satellite loss does not end the mission, but only degrades performance

Equivalent monolithic SAR Distributed SAR
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San Nicolás de 

los Arroyos and 

Paraná river
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What is Synthetic Aperture Radar (SAR)?

A very large synthetic antenna is formed (~kilometers)…

…using a regular size real antenna (~meters)

Synthetic antenna

Spatial resolution 

improvement



Conventional SAR Distributed SAR
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• As seen from the Earth, both satellites 

travel through the same trajectory, one 

after another.

• Radar antennas of the two satellites 

point to the same spot in the surface.
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H: horizontal polarization

V: vertical polarization
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• One of the satellites transmit in 

horizontal polarization and the other 

one transmits in vertical polarization.

• Both satellites receive in horizontal and 

vertical polarization simultaneously.



Synthetic aperture formation
Case 1: Transmission and reception at the same satellite



Synthetic aperture formation
Transmission and reception in different satellitesCase 2: Transmission and reception at different satellites



Synthetic aperture formation
Case 3: one satellite is both transmitter and 

receiver and the other one is only receiver



Samples received with satellite 1 (TX-RX)

Samples received with satellite 2 (RX)

Closer samples of the 

synthetic aperture

Relaxes azimuth 

ambiguities suppression

Along-track 

distance

For each 

polarization !!

Shorter SAR antennas 

are allowed
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𝑇𝑝 𝑉 (𝑛 + ൗ1 2)

𝑇𝑝 𝑉

Along-track 

distance

To get properly interleaved samples, a relationship between inter-satellite distance 

and pulse period must be satisfied

𝑑𝑠𝑎𝑡 = 2 𝑇𝑝 𝑉 (𝑛 + ൗ1 2)

2 𝑇𝑝 𝑉 (𝑛 + ൗ1 2)

𝑛 ∈ ℤ

Tp: pulse repetition period

V: formation velocity
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Pulse period (Tp) have to be adjusted based on measured values of:

• Inter-satellite distance

• Formation velocity

• Tp adjustment is less than 1% of its value, but it assures samples of both 

satellites are correctly interleaved.

• This adjustment is only possible if the formation is composed of 2 satellites.

Precision ~5cm

Precision ~0,4m/s

THIS METHOD DOES NOT REQUIRE TO CONTROL

INTER-SATELLITE DISTANCE
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Smaller antenna than the 

equivalent monolithic SAR

Less received power but… …better resolution

More cells to average compensates 

decrement of received power
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Distributed

SAR

Equivalent monolithic 

SAR

Number of satellites 2 1

Antenna size 3,5m x 4m 3,5m x 10m

Radiated power 1800 W
(per satellite)

4500 W

Mean orbital power 665 W
(per satellite)

1665 W

Estimated weight 990 kg
(per satellite)

2890 kg
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4 m

3,5 m

Platform

Active phased array antenna

(MTR not shown)

Solar panels
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Deployment mechanism



Distributed SAR Equivalent monolithic SAR

Single look resolution 10m x 2,8m 10m x 6m

Polarimetry Full-polarimetric Full-polarimetric

Azimuth Ambiguity-Signal Ratio -25dB -25dB

Range Ambiguity-Signal Ratio -25dB -25dB

Noise-Equivalent Sigma-Zero -32dB (-29dB each satellite) -35dB

Radiometric resolution

(10m x 6m)
4,8dB 4,8dB

Radiometric resolution

(100m x 100m)
0,6dB 0,6dB

Radiometric resolution

(500m x 500m)
0,13dB 0,13dB
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▪ A distributed version of a SAR mission results to be technically possible 

from radar analysis perspective.

▪ This system could perform similarly to an equivalent monolithic SAR in 

terms of radiometric resolution, final spatial resolution, ambiguities and 

polarization.

▪ Antenna area, transmission power and weight of each of the satellites of 

the formation reduce to less than a half of what would be expected for a 

monolithic mission.

▪ As a result, lighter launch vehicles could be used to deploy the SAR 

system into space.
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Thank you for your attention

www.invap.com.ar
Contact: lcappuccio@invap.com.ar


