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F E A T U R E D  I N :

• World’s 1st small SAR Satellite 
launched In 2018

• Over 150 People with 25+ nationalities

• 4 offices, Finland, Poland, UK, US

• World Leader In SAR Miniaturization Technology

• Existing portfolio of international customers
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S A T E L L I T E  S P E C I F I C A T I O N S

Parameter Specifications

System Parameters

Carrier frequency 9.65 GHz (X-band)

Look direction both LEFT and RIGHT

Antenna size 3.2 meters x 0.4 meters

Polarization VV

Incidence angle range 10-30 (stripmap mode)

Resolution 3x3 meters, 1x1 meter

Mass 85 kg

Orbital and Attitude Parameters

Nominal orbit height at the 
equator

570 km

Orbits per day 15

Orbit repeat cycle (ground 
track revisit time)

17 days
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Sentinel 1

ICEYE: X-band system with short 
revisit time and very high spatial 
resolution  frequency

R A D A R  E A R T H  O B S E R V A T I O N  D A T A

Sentinel-1: very stable C-band system, 
consistent long dataset and large coverage

COMMERCIAL DATA

OPEN DATA

I C E Y E *



 The large coverage of 
Sentinel-1 is well 
complemented by 
ICEYE data when very 
high resolution data for 
local area are needed. 
Macro-phenomena need 
imaging over big areas, 
while small targets or 
dedicated applications 
need very high 
resolution 

C O M P L E M E N T A R I T Y  B E T W E E N  I C E Y E  A N D  S E N T I N E L S :
C O V E R A G E

Sentinel 1



K U WAI T  I N T L  A I R PO RT
9/10/2019 11:51:41 PM (UTC)
Imaging mode: Spotlight
Sensor Mode: RIGHT_29.94
Orbit Direction: DESCENDING
Look Angle: -29.44
Center coordinates (LAT, LON): 29.2312, 47.9788

V E R Y  H I G H  S P A T I A L R E S



I C E Y E  S A R  I M A G E R Y
S P O T L I G H T ,  1 x 1  M E T E R
K U W A I T  I N T L  A I R P O R T

V E R Y  H I G H  S P A T I A L R E S
A I R C R A F T D E T E C T I O N  A N D  
C L A S S I F I C A T I O N
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Source: ICEYE, Oct 2, 2019
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 C and X bands have different 
mechanisms of interaction with the 
material due to the different 
wavelength. 

Interaction wave-material:  d/ λ

C O M P L E M E N T A R I T Y  B E T W E E N  I C E Y E  A N D  S E N T I N E L S :
B A N D



Sentinel 1 IW image

C O M P L E M E N T A R I T Y  
B E T W E E N  I C E Y E  A N D  
S E N T I N E L S

ICEYE spotlight image
Combination of Sentinel 1 IW image 
and  ICEYE spotlight image



I C E Y E  S A R  P E R F O R M A N C E
I R F  Q U A L I T Y  P A R A M E T E R S

The IRF quality parameters are the following:

1. Spatial resolution

2. PSLR (Peak Side Lobe Ratio): ratio of the largest 
level of sidelobes to the peak level of mainlobe

3. ISLR (Integrated Side Lobe Ratio): ratio of the 
power (energy) in the main lobe to the total 
power in all the side lobes

4. Peak position for geolocation accuracy



I C E Y E  S A R  P E R F O R M A N C E
I R F  Q U A L I T Y  P A R A M E T E R S

 The IRF quality parameters analysis has 
been performed in the Rosamond Corner 
Reflector Array (RCRA) area in California. 
Here, in the dry Rosamond lake bed there 
are 37 Corner Reflectors with different 
size (0.7 m, 2.4 m and 4.8 m), used by the 
JPL for SAR calibration



I C E Y E  S A R  P E R F O R M A N C E
I R F  Q U A L I T Y  P A R A M E T E R S

Sinc interpolation for IRF 
quality parameters 
calculation

Range profile analysis

Azimuth profile analysis



I C E Y E  S A R  P E R F O R M A N C E
I R F  Q U A L I T Y  P A R A M E T E R S

Preliminary results of X4 satellite (Calibration and Validation activities are on-going)

Image+Sat Azimuth 
resolution 

[m]

Range 
resolution 

[m]

Azimuth 
PSLR [dB]

Range 
PSLR [dB]

Azimuth 
ISLR [dB]

Range 
ISLR [dB]

ALE [m]

X4 Strip 
Map

1.9±0.16 0.54±0.009
(at 260 
MHz)

-15.81±0.82 -15.01±0.38 -4.26±0.44 -4.89±0.15 6.99±0.63

X4 
SpotLight

0.64±0.05 0.46±0.02 
(at 299 
MHz)

-14.87±2.69 -15.89±0.67 -4.71±0.49 -4.99±0.2 5.15±1.8



I C E Y E  S A R  P E R F O R M A N C E
I R F  Q U A L I T Y  P A R A M E T E R S  A N D  R A D I O M E T R I C  A C C U R A C Y

Preliminary results of X4 satellite (Calibration and Validation activities are on-going)

Acquisition 
mode

Azimuth 
resolution [m]

Range 
resolution [m]

Azimuth 
PSLR [dB]

Range 
PSLR [dB]

Azimuth 
ISLR [dB]

Range 
ISLR [dB]

ALE [m] NESZ 
[dB]

X4 Strip 
Map

1.9±0.16 0.54±0.009
(at 260 MHz)

-15.81±0.82 -15.01±0.38 -4.26±0.44 -4.89±0.15 6.99±0.63 16.9±0.9
(calibratio

n on going)
X4 Spot 
Light

0.64±0.05 0.46±0.02          
(at 299 MHz)

-14.87±2.69 -15.89±0.67 -4.71±0.49 -4.99±0.2 5.15±1.8 -



The radiometric calibration in SAR is the processing needed to associate univocally the received signal with the 
Backscattering Coefficient.

The calibration should  compensate effects due to:

1. The atmosphere (delay and oscillations of the signal during tropospheric and ionospheric propagation)

2. The antenna (distribution of radiated energy in range and in azimuth)

3. The electronic (variation of transmitted power and receiver gain)

4. The processor (contribution due to the implemented algorithm)

I C E Y E  S A R  D A T A  R A D I O M E T R I C  C A L I B R A T I O N

RECEIVED 
SIGNAL

RADIOMETRIC 
CALIBRATION

SAR 
PROCESSING



I C E Y E  S A R  D A T A  R A D I O M E T R I C  C A L I B R A T I O N

The ICEYE SAR processor compensates the following effects:

1. Range spread loss;

2. Elevation antenna pattern;

3. Azimuth antenna pattern in ScanSAR and spotlight modes;

4. Effects of different azimuth and range bandwidths;

5. Sensor settings variations ( receiver gain, transmit power, duty cycle).



S I M U L T A N E O U S  A Z I M U T H  A N T E N N A  P A T T E R N

• Homogeneous target (Amazon forest) spotlight imaging is utilized for estimation of azimuth antenna pattern main lobe.

• Azimuth profiles from multiple scenes are averaged and transformed to azimuth beam angle coordinates.

• Sinc function is fitted to averaged profile.
Pre-launch azimuth 
pattern 3dB beamwidth

Estimated azimuth 
pattern 3dB beamwidth

0.5 0.55



P O I N T I N G  A C C U R A C Y  E S T I M A T I O N  

• Averaged profiles having a good agreement with estimated pattern chosen for azimuth pointing accuracy 
estimation 

• Sinc function is fitted to profile and angle correspondent to Sinc maximum is measured.

• 0 degree of azimuth beam corresponds to commanded tracking target

Pointing 
bias μ

Pointing  
bias σ

0.006 0.015



I C E Y E  S A R  D A T A  R A D I O M E T R I C  C A L I B R A T I O N

Pre-launch antenna azimuth pattern 
correction for the test scene

Estimated antenna azimuth pattern 
correction for the test scene



 Sentinel-1 inherits the long experience of ERS and 
ENVISAT, becoming one of the more solid reference in the 
SAR field.

 ICEYE data validation will use external data from x band 
SAR systems, as CosmoSKY-med and TerraSAR-X

 ICEYE will search for dedicated targets to perform 
validation over small areas using Sentinel data

 ICEYE SAR data ingestion is already implemented on ESA 
SNAP software, making easier the validation activities

 Calibration phase is still on-going. The validation will be 
performed after calibration

C O M P L E M E N T A R I T Y  B E T W E E N  I C E Y E  A N D  S E N T I N E L S :
F U T U R E  A C T I V I T I E S  F O R  D A T A  V A L I D A T I O N



R E P U T A T I O N  O F  D E L I V E R I N G  R E S U L T S
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