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Brief Introduction to the IRIDE Constellation

The Italian constellation IRIDE will be completed by 2026 under the management of ESA with the support of ASI 
for the Italian government. 

It is conceptualized as a constellation of constellations, comprising multiple small 
satellites in LEO equipped with different sensing technologies (SAR, optical sensors) with 
medium and high resolution capabilities.  

IRIDE will provide 8 key services to assist institutional entities, such as 
the DPC, in systematically monitoring Italian territory.

In addition to the primary goal, IRIDE can be used for on-demand acquisitions outside the AoI 
(i.e., specific defense purposes, commercial users)
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NIMBUS-IRIDE Constellation

➢ Focus: investigating the optimal
orbital configuration for the
NIMBUS/IRIDE SAR sub-
constellation (first batch).

➢ Objective: Italian territory
coverage (AoI) with high spatial
resolution (2-3 m) and short
interferometric revisit time.

Parameters of the NIMBUS/IRIDE constellation

Number of satellites 6

Orbital altitude range 490-550 km

Orbital inclination range 44° up to SSO

Swath width extension range
Stripmap mode 

25-28 km 

Spatial resolutions (az – ground rg)
Stripmap mode 

2.7 m – 2.7 m

Radar Wavelength X-Band ( ~ 3.1 cm)

Orbital control Tube 3σ 500 m
Looking mode Right/Left
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Mid Inclination Orbits (Orbital Characteristics)

Ascending pass
Descending pass

➢ MIO ground track tends to exhibit a near-horizontal orientation at latitudes close to the orbital inclination.

➢ The inter-track distance tends to reduce as we move to the north of the AoI. This implies that, with the above-
discussed strategy, it is much easier to fill the inter-track distance in the north of the AoI than in the south.



LPS - 2025 | 24 June 2025 manunta.m@irea.cnr.it

Coverage Analysis over the AoI

Swath width = 27.5 km
Interferometric revisit 

time = 6 days
Right-looking acquisition 

mode

MIO case (49°) – Ascending Passes SSO case – Ascending Passes

➢ The MIO scenario allows a 
very effective 6-day 
coverage of nearly all the 
Italian territory
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Coverage Analysis over the AoI

Swath width = 27.5 km
Interferometric revisit 

time = 6 days
Right-looking acquisition 

mode

MIO case (49°) – Ascending Passes SSO case – Ascending Passes

➢ The MIO scenario allows a 
very effective 6-day 
coverage of nearly all the 
Italian territory

➢ A further (even small) 
increase of the swath 
would be beneficial
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Coverage Analysis over the AoI

Swath width = 27.5 km
Interferometric revisit 

time = 6 days
Right-looking acquisition 

mode

MIO case (49°) – Descending Passes SSO case – Descending Passes

➢ The MIO scenario allows a 
very effective 6-day 
coverage of nearly all the 
Italian territory

➢ A further (even small) 
increase of the swath 
would be beneficial
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SAR scene @ T0 PRIMARY

Ground Displacements Measured from Space



LPS - 2025 | 24 June 2025 manunta.m@irea.cnr.it

SAR scene @ T1 SECONDARY

Baseline

SAR scene @ T0 PRIMARY

Ground Displacements Measured from Space
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SAR scene @ T0 PRIMARY SAR scene @ T1 SECONDARY
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Mid Inclination Orbits (DInSAR scenario)

Critical Perpendicular Baseline Map in 
a 49°MIO Ascending Case 

< 500 m > 5000 m

No data

The critical perpendicular baseline 𝒍⟂ is a fundamental
parameter for interferometric purposes:

𝑙⟂ =
𝜆 ∙ 𝑟 ∙ 𝑡𝑎𝑛(𝛾)

2𝛥𝑟 ∙ 𝑐𝑜𝑠(𝛿 − 𝛽)

𝛥𝑟 = slant range resolution.
r = sensor-target range 
distance.
λ = wavelength.
𝛾 = local incidence angle.
𝛿 = off-nadir angle.
β = tilt angle
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Mid Inclination Orbits (DInSAR scenario)

Critical Perpendicular Baseline Map in 
a 49°MIO Ascending Case 

< 500 m > 5000 m

No data

MIO Ascending 
Case

MIO Descending 
Case

DEM points with a 
Critical Perpendicular 

Baseline ≥ 500 m
95 % 93 %

DEM points with a 
Critical Perpendicular 

Baseline ≥ 1500 m
87 % 84 %

Critical Perpendicular Baseline of a 49° MIO
turns out to be not severe for DInSAR
techniques exploitation.
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Mid Inclination Orbits (DInSAR scenario)
➢ Less than 4 % of DEM points are impacted by foreshortening/layover effects (dark zones).
➢ Less than 0.1 % of DEM points are impacted by shadow effects (dark spots).

Foreshortening/Layover - Ascending case Shadow – Ascending case

−𝟏𝟓° ≤ 𝒍𝒐𝒄𝒂𝒍 𝒊𝒏𝒄𝒊𝒅𝒆𝒏𝒄𝒆 𝒂𝒏𝒈𝒍𝒆 ≤ 𝟏𝟓° 𝒍𝒐𝒄𝒂𝒍 𝒊𝒏𝒄𝒊𝒅𝒆𝒏𝒄𝒆 𝒂𝒏𝒈𝒍𝒆 ≥ 𝟕𝟓°



LPS - 2025 | 24 June 2025 manunta.m@irea.cnr.it

Mid Inclination Orbits (DInSAR scenario)

Foreshortening/Layover 
Ascending Case 49° Right Looking

Foreshortening/Layover 
Descending Case 49° Right Looking

➢ 70 % of Foreshortening/Layover points are common to both ascending and descending passes in the North of
the AoI.
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Mid Inclination Orbits (DInSAR scenario)

Foreshortening/Layover 
Ascending Case 49° Right Looking
Ascending Case 44° Left Looking

Foreshortening/Layover 
Descending Case 49° Right Looking
Descending Case 44° Left Looking

➢ 70 % of Foreshortening/Layover points are common to both the ascending and descending cases in the North 
of the AoI.

➢ A Second NIMBUS batch, in a left-looking acquisition mode (43° or 44°), would guarantee a complementary
view and it would further enhance the 3D deformation mapping capability.



LPS - 2025 | 24 June 2025 manunta.m@irea.cnr.it

Sun Synchronous Orbits (DInSAR Scenario)

Campi Flegrei caldera (Sentinel-1, 2015-2023)

➢ MIO presents a further advantage ….
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Sun Synchronous Orbits (DInSAR Scenario)

➢The SSO have a limited accuracy toward the north-south deformation component.

Vertical East-West

Down Up
>3<-3

(cm/year)

West East
>3<-3

(cm/year)

Campi Flegrei caldera (Sentinel-1, 2015-2023)
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Mid Inclination Orbits (DInSAR scenario)

➢ An advantage of MIO is the capability of overcoming the issue relevant to the limited accuracy toward the north-south
deformation component, as it is evident from the decomposition equations.

➢ Indeed, unlike the SSO case, in a 49 °MIO more than 40% of the North-South component contributes to the SAR Line of sight.

0.48 cm

0.38 cm

Accordingly, the joint exploitation 
of the NIMBUS-IRIDE (MIO) and 

CSK-CSG (SSO) DInSAR 
measurements will allow a 3D 
displacement retrieval at high 

spatial resolution.

𝑑𝑙𝑜𝑠𝐴𝑠𝑐 = 𝑑𝑢𝑝𝑐𝑜𝑠𝛿𝐴𝑠𝑐 + 𝑑𝐸𝑎𝑠𝑡𝑠𝑖𝑛𝛿𝐴𝑠𝑐𝑐𝑜𝑠𝛼𝐴𝑠𝑐 + 𝑑𝑁𝑜𝑟𝑡ℎ𝑠𝑖𝑛𝛿𝐴𝑠𝑐𝑠𝑖𝑛𝛼𝐴𝑠𝑐

𝑑𝑙𝑜𝑠𝐷𝑒𝑠𝑐 = 𝑑𝑢𝑝𝑐𝑜𝑠𝛿𝐷𝑒𝑠𝑐 + 𝑑𝐸𝑎𝑠𝑡𝑠𝑖𝑛𝛿𝐷𝑒𝑠𝑐𝑐𝑜𝑠𝛼𝐷𝑒𝑠𝑐 + 𝑑𝑁𝑜𝑟𝑡ℎ𝑠𝑖𝑛𝛿𝐷𝑒𝑠𝑐𝑠𝑖𝑛𝛼𝐷𝑒𝑠𝑐
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Parameter Value

Orbital altitude 590 km

Orbital inclination 45°

Revisit time (solar days) ~ 2.95 days

Radar frequency X band

Acquisition mode Stripmap

Looking direction Right-Left

Swath width (range) 10 km

Radar frequency X band

Slant range resolution 0.60 m

Azimuth resolution 1.20 m

MIO Capella Space Acquisitions over Campi Flegrei Caldera (Italy)

The Capella-14 satellite, at an orbit inclination of 45 degrees, experimentally acquired a repeat ground track (RGT) orbit with a repeat

cycle of approximately 3 days.

During July-August 2024, Capella-14 acquired three Stripmap SAR datasets in ascending and descending orbits and right- and left-

looking directions, using complementary satellite heading angles over the Campi Flegrei caldera.
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North-South Deformation Component Retrieval
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Manunta et al., Three-dimensional displacement field retrieval through the SBAS-DInSAR analysis of 
mid-inclination orbits Capella Space SAR data: first results on the Campi Flegrei caldera (Italy)
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