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Summary

 Synthetic Aperture Radar Reminders

 SAR Data Processing

 Burned Areas Mapping Extraction

 Recent Literature on Fire Mapping Using SAR Data
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Radio Detection and Ranging (RADAR) 

𝜃

TARGET

By exploiting electromagnetic
wave signals (Radio), a RADAR
system allows the detection of
an object in space and to
retrieve an information about the
sensor-to-target distance
(Ranging).

It works by measuring the time
delay from the transmitted and
the backscattered (received)
signal onboard the sensor.



CCI FIRE TRAINING, ESA ESRIN, 30 September 2019                 pepe.a@irea.cnr.it

One more consideration about radar systems: the roughness of 

the imaged area plays a fundamental role due to the side-

looking illumination scenario.

Flight Trajectory

Rough scene

(backscattered signal)

Flat scene

(no backscattered signal)
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SAR Acquisition Modes

•STRIPMAP

•SPOTLIGHT

•ScanSAR (burst)

•TOPSAR



CCI FIRE TRAINING, ESA ESRIN, 30 September 2019                 pepe.a@irea.cnr.it

Stripmap mode

In this case the radar antenna points along a fixed direction with respect to the flight

platform path and the antenna footprint covers a strip on the illuminated surface as

the platform moves and the system operates. The SAR image dimension is limited in

the across track (range) direction but, at least in principle, not in the along track

(azimuth) one.
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SAR image generation (data focusing) key steps: ERS example

raw data
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SAR image generation (data focusing) key steps: ERS example

raw data range compressed data
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SAR image generation (data focusing) key steps: ERS example

raw data range compressed data focused image
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SAR Impulsive Response

Range
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Spotlight mode

The radar antenna is steered during the overall acquisition time in order to

illuminate the same area (spot) . The available synthetic antenna length can be

increased with respect to the strip mode, thus improving azimuth resolution; this

gain is traded off by loss of coverage due to the illumination of a limited area .
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Ku-band (15 GHz) 1m x 1m resolution spot images

of the White House, in Washington, D.C

respectively (courtesy of Sandia National Lab.).

Spotlight Image (examples)

Ku-band (15 GHz) 1m x 1m resolution spot

images of the Pentagon area, in Washington, D.C

respectively (courtesy of Sandia National Lab.).
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ScanSAR mode

This mode allows a drastic increase of the range swath dimension by periodically

stepping the antenna beam to neighbouring subswaths (in the range direction). In

this case the range swath dimension increases at the expenses of azimuth resolution.

In particular cases the system illuminates only one subswath but transmits burst

signals (burst mode); this allows us to reduce power consumption and data rates.
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ScanSAR and Burst Mode Data Processing

As already anticipated scanSAR and

burst data processing is carried out

by focusing each raw data burst

individually, including the scalloping

compensation and then incoherently

combining the different burst images.

In the scanSAR case the different

subswath images may be combined to

produce an overall image



CCI FIRE TRAINING, ESA ESRIN, 30 September 2019                 pepe.a@irea.cnr.it

Scan Mode Analysis 
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StripMap ScanSAR
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Terrain Observation by Progressive Scan

In the TOPS mode the antenna is rotated opposite with respect to SPOT. The sensor

gathers the returns from a much longer strip with respect to the standard STRIPMAP

mode within the same time span. It is going to be the operational mode for

SENTINEL-1 Interferometric Wide Swath (IWS) mode.
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Bursting
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Bursting
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SAR signal characteristics

A SAR resolution cell is very large when compared to the wavelength of the

illuminating wave and a large number of scatterers is generally present due to the

roughness of the surface and/or the inhomogeneities of the scattering volume. The

returned echo is the result of the coherent summation of all the returns due to the

single scatterers. For a moving system these contributions change with time and the

received signal changes accordingly. This fluctuation in the received signal is

referred to as fading.
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To characterize the SAR image statistical properties we assume that

there is no dominant target in the resolution cell and that the number of

scatterers N is large. In this case, under the further assumptions that the

real and imaginary part of the signal are uncorrelated, we have zero

mean and standard deviation

, we conclude that the phase signal is uniformly distributed in :

and the module signal is Rayleigh distributed in :
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Rayleigh distributions for different 
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Moreover the power signal W is exponentially distributed
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These considerations lead to a popular techniques to reduce the speckle effect,

referred to as multilook. It consists of first dividing and then separately

processing non overlapped portions of the SAR bandwidth. The incoherent

average of the so obtained SAR images improves the radiometric resolution;

the availability of multi-acquisition images would allow to obtain similar

results but with no loss of resolution !

multilook
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Speckle Noise Filtering
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Speckle Noise Filtering
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Speckle Noise Filtering

FROST

MEDIAN
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Speckle Noise Filtering

(a) Original

(b) Median Filter

(c) Frost Filter

(d) Lee Filter
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SAR Temporal Multi-Look

Temporal Multi-Look
To increase ISNR, without reducing spatial resolution, we may incoherently
average homologous pixels belonging to SAR images acquired at different
epochs, properly co-registered to a reference master image.

Time

t0 t1 t2 t3

tN-1
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Multilook SAR Image
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RADAR CROSS SECTION

When an object is illuminated by at
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Rules-of–Thumb in Backscatter Radar Images

Backscatter range Possible explanation

Very High Backscatter

(above –5dB)

 Terrain slopes towards radar

 Radar looking almost straight down

 Very rough surface

 Flooded forest

 Man-made objects

High Backscatter

(-10 to 0dB)

 Rough surface

 Dense vegetation, e.g. forest

Moderate Backscatter

(-20 to 10dB)

 Moderately rough surface

 Medium level of vegetation, e.g.

shrubs, agricultural crops

Low Backscatter

(below  -20dB)

 Terrain slopes away from radar

 Smooth surface, e.g. water, road

surface

 Very dry material, e.g. sand in a

arid desert
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RADAR IMAGES ARE MAPS OF THE AVERAGE RADAR CROSS 
SECTIONS AFTER RADIOMETRIC CALIBRATION

Uncalibrated (left) and calibrated (right) SAR image including three corner reflectors; note

The effect of the uncompensated antenna gain factor (Courtesy of AeroSensing RadarSysteme).
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Radiometric Calibration of SAR Images
Correction of Topography 
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SAR geometry

Cartographic 

reference

(UTM projection)
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Overview

• Fire is one of the most dangerous hazards for human life and good

• Severe damage to natural ecosystems and agriculture

• Major source of atmospheric trace gases and aerosol particles that affect the 

composition of the atmosphere and the global climate

Fire is a GLOBAL ISSUE:

On Earth, something is always burning!
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Optical and Microwave Fire Detection

• Detection, mapping and monitoring burned areas is relevant for the 

prevention/mitigation of the fire associated risk

• Satellite data are a valuable source for mapping/monitoring areas affected by 

fires 

• Research framework developed for OPTICAL DATA
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• Detection, mapping and monitoring burned areas is relevant for the 

prevention/mitigation of the fire associated risk

• Satellite data are a valuable source for detecting/mapping/monitoring areas 

affected by fires 

• Research framework developed for OPTICAL DATA

 low frequency acquisition (clouds)

 high variability of spectral properties of burned surfaces as

a function of: pre-fire vegetation characteristics and

conditions, fire intensity, fire type, post-fire processes,

vegetation regrowth

 spectral confusion with low albedo surface targets (water,

cloud and topographic shadows, sparse vegetation, etc)

Optical and Microwave Fire Detection
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• Detection, mapping and monitoring burned areas is relevant for the 

prevention/mitigation of the fire associated risk

• Satellite data are a valuable source for detecting/mapping/monitoring areas 

affected by fires 

Integration optical and SAR data has been not fully addressed:

i. Few (or none) operative satellite SAR mission are available 

(were available before Sentinels);

ii. Few large area studies on the effect of fire affected areas on 

backscatter (mainly in forested areas);

iii. Poor performance for mapping fire in non forested vegetation;

Optical and Microwave Fire Detection
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Burned Areas Mapping:Experiments in Portugal
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Burned Areas Mapping:Experiments in Portugal
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Burned Areas Mapping:Experiments in Portugal

Stroppiana et al. 2015, “Integration of Optical and SAR Data for Burned Area Mapping

in Mediterranean Regions,“Remote Sens. 2015, 7, 1320-1345; doi:10.3390/rs7020
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Burned Areas Mapping:Experiments in Portugal
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Burned Areas Mapping:Experiments in Portugal
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Using Polarimetric SAR Data
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Using Polarimetric SAR Data

H-A-α Clode Pottier Decomposition

Cloude, S.R.; Pottier, E. An entropy based classification scheme for land

applications ofpolarimetric SAR. IEEE Trans. Geosci. Remote Sens. 1997, 

35, 68–78
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Using Polarimetric SAR Data
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Using Polarimetric SAR Data
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Burned Areas Mapping: Experiments with S-1

Colson et al. 2018, “Exploring the Potential of Sentinels-1 & 2 of the Copernicus Mission in

Support of Rapid and Cost-effective Wildfire Assessment,” Int J Appl Earth Obs Geoinformation 73 (2018) 262–276
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• The largest fire-disturbed area (b1) covers approximately 546 ha of forest 

vegetation near the town of Budduso’ (Olbia-Tempio): the fire-event occurred on 

July 6, 2015. 

• S1 Cross-polar (VH) amplitude information has successfully been used for burned 

area detection.

Integration of SAR and Optical Data
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Integration of SAR and Optical Data
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Map of burned areas (Mt. Vesuvius)
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Map of burned areas (Mt. Vesuvius)

June 12, 2017 – September 16, 2017 Sigma Nought Difference


