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► How to set up an observation space for
SAR Tomography

► How to extract 3-D information content
from SAR Tomographic acquisitions

► How to use SAR Tomography in the
applications
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► How to set up an observation space for
SAR Tomography

► How to extract 3-D information content
from SAR Tomographic acquisitions

► How to use SAR Tomography in the
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Vertical Resolution: Nadir Looking Case

y

Height resolution = (Slant) Range  resolution: 

W: pulse (i.e. system) bandwidth;  τ := Pulse duration
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Vertical Resolution: Side Looking Case (Slant) range  resolution: 

W: pulse (i.e. system) bandwidth  
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τ := Pulse duration
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Vertical Resolution: SAR Tomography

Normal angular resolution: 
X

n L2




Normal spatial resolution: 0
X

n R
L2




Example: R0=5.0Km:   Normal Resolution: 5m ► Lx=120m

(L-band) R0=850Km:  Normal Resolution: 5m ► Lx=20km  

z
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Vertical Resolution (Slant) range  resolution: 

W: pulse (i.e. system) bandwidth  

W2

c
r 

Normal spatial resolution: 0
X

n R
L2


z

y
►The 3D resolution cell is determined by the (pulse) bandwidth W and the 

length of the synthetic aperture in azimuth La and cross-range direction Lx.

► The vertical resolution is determined by the (pulse) bandwidth W and the 

length of the synthetic aperture in cross-range direction Lx.
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The Effect of System Bandwidth



z

(Slant) range  resolution: 

W: pulse (i.e. system) bandwidth  
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The Effect of System Bandwidth II.



z

(Slant) range  resolution: 

W: pulse (i.e. system) bandwidth  

W2
c

r 

y

Ground

Canopy

Low range resolution (i.e. induced by small system
bandwidths) might degrade the ability to resolve
vertical structure !!!
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Vertical Resolution

z
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Normal spatial resolution: 0
X

n R
L2
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Vertical Resolution

Ambiguities

Example: Normal Resolution: 5m ► Lx=120m  

(L-band) Ambiguity Height: 50m ► dx=10m ► N=13 Acquisitions 

Ambiguity Height: 20m ► dx=25m ► N= 7  Acquisitions 

Sampling condition 4 ambiguity free imaging within Hv:

(valid for uniform spacing).

0
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R
H2

d




z

y

Microwaves and Radar Institute > 30.05.2006
Microwaves and Radar Institute

Normal resolution: 5m
Ambiguity height: 50m

► Airborne case: Lx = 120m, dx = 10m, 
13 acquisitions with uniform baselines

From 13 to 7 
acquisitions

7 non-uniform
acquisitions

True reflectivity profile
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VU 15 > Autor Name

1S

SAR Interferometry for Volume Structure
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Multibaseline SAR Interferometry

)z(f … vertical reflectivity function 
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VU 18 > Autor Name

21 SS

Multibaseline SAR Interferometry Multi-baseline measurements allow to sample

the spectrum of the vertical reflectivity FT{f(z)}

@ different (spatial) frequencies (kz).
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Amplitude Image

Amplitude Image HH

0 1°



Microwaves and Radar Institute > 30.05.2006
Microwaves and Radar Institute

Interferometric Coherence: Volume Decorrelation

Spatial Baseline  3m 24m16m8m

0 1°
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Polarimetric SAR Interferometry











1
VV

1
VH

1
HV

1
HH

1
SS

SS
]S[Scattering Matrix:

Scattering Vector 1:

Image 1:

Image 2:

T1
HV

1
VV

1
HH

1
VV

1
HH1 ]S2SSSS[

2

1
k 












2
VV

2
VH

2
HV

2
HH

2
SS

SS
]S[Scattering Matrix:

Scattering Vector 2: T2
HV

2
VV

2
HH

2
VV

2
HH2 ]S2SSSS[

2

1
k 


Image formation: 111 kwi

 

222 kwi

 and

iw
… projection of the scattering vector 

on a (complex) unitary vector

Example:

j
jj

T

HH
Skwi]02/12/1[w  



used to select a given polarisation out of all possible polarisations provided by [S]   iw


VVHH SS  image: )SS(
2

1
kwi]001[w jj

j
T

VVHH
 



image:HHS



Microwaves and Radar Institute > 30.05.2006
Microwaves and Radar Institute

)w,z(f


…vertical reflectivity function

Polarisation 1  (w1):

)w,z(f 1
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Polarisation 2  (w2):

Polarisation 3 (w3):

z
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Polarimetric SAR Interferometry
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By changing the polarisation the contrast between

the individual components consisting the vertical

reflectivity f(z) of a (volume) scatterer changes.
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Interferometric Coherence: Volume Decorrelation

Amplitude Image HH Opt 3HHOpt 1Sp. Baseline  16m

0 1°
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► How to set up an observation space for
SAR Tomography

► How to extract 3-D information content
from SAR Tomographic acquisitions

► How to use SAR Tomography in the
applications
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Elevation Model

Traunstein Test Site

2003 Oct.

50
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10

0m

Forest type Temperate 

Topography Moderate slopes

Height 25 ~ 35m

Species N. Spruce, E. Beech, White Fir

Biomass 40 ~ 450 t/ha

Pol-InSAR Forest HeightHV Amplitude Image



Microwaves and Radar Institute > 30.05.2006
Microwaves and Radar Institute

VU 33 > Autor Name

2008 June

Traunstein Test Site

2003 Oct.
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X-band

INDREX-II: Mawas Test Site

Tropical Forest Height from Pol-InSAR 
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SAR Tomography 
Inverts the Fourier relationship 
from more than 2 coherences 
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SAR Tomography: inversion methods 0 1

Slant range (~1.5Km)

Traunstein site (Germany), 5 tracks (5, 10,15, 25m) – L-band

580m

680m

Direct Fourier inversion

680m

580m

Adaptive spectral
Estimation (Capon) 

Height dependent imaging

680m

580m

Model-based
inversion

Extraction of the height
locations of the vegation
layers
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Dependence on frequency: L- vs P-band

Traunstein site (Germany), 4 tracks L / 5 tracks P, E-SAR, Capon

Lidar H100

Lidar DTM
590m

650m

590m

650m

590m

650m

590m

650m

590m

650m

590m

650m

Slant range (~1Km) Slant range (~1Km)
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L-band (23cm) P-band (80cm)

0 1
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Dependence on frequency: L- vs P-band

Traunstein site (Germany), 4 tracks L / 5 tracks P, E-SAR, Capon

Lidar H100

Lidar DTM
590m

650m

590m

650m
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Slant range (~1Km) Slant range (~1Km)
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L-band (23cm) P-band (80cm)

0 1
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Lidar H100

Lidar DTM
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Slant range (~1Km) Slant range (~1Km)
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L-band  HH+VV L-band  HH-VV L-band  HV

P-band  HH+VV P-band  HH-VV P-band  HV

L-band (23cm) P-band (80cm)

Dependence on frequency: L- vs P-band 0 1
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Slant range (~1.5Km)

Dry day
10 Jun. 2008

Hor. bas.: 0, 5, 10, 15, 25
580m

680m

Wet day
12 Jun. 2008

Hor. bas.: 0, 5, 10, 15, 25
580m

680m

Slant range (~1.5Km)

Spring
11 May 2009

Hor. bas.: 0, 5, 10, 15
580m

680m

580m

680m
Autumn
28 Oct. 2009

Hor. bas.: 0, 5, 10, 15

Dependence on moisture and seasons 0 1
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► How to set up an observation space for
SAR Tomography

► How to extract 3-D information content
from SAR Tomographic acquisitions

► How to use SAR Tomography in the
applications
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3D Forest Reflectivity  

Radar Reflectivity TransectForest Transect 

Inventory Radar

Lidar

Using multiple Pol-InSAR acquisitions
SAR Tomography

allows the estimation of 3-D Radar reflectivity
of natural volume scatterers.
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Terrestrial data

Horizontal Structure Characterisation
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Reflectivity profiles Forest models 

Profile Interpretation

Definition of Relevant Forest Structure Classes

Forest Classification

General Forest Types

Forest Structure Characterisation
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Forest Structure Characterisation
► Young forest, 50 years old

► Old forest, 10 years after a fire event

► Old forest, 200 years after a fire event

► Old forest, 500 years old

Reflectivity Transect Reflectivity 
Profiles
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3D Forest Reflectivity  

H
ei

g
h

t

3D Radar Reflectivity Maps at L-band: 
 Globally, Wall-to-wall;
 Voxels of 10x10x10m3;
 Seasonal / Bi-annual. 

Using multiple Pol-InSAR acquisitions
SAR Tomography

allows the estimation of 3-D Radar reflectivity
of natural volume scatterers.

Radar Reflectivity TransectForest Transect 
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Traunstein, Germany – Temperate forest, “close to nature„

Ebersberg, Germany – Temperate forest, managed

Paracou, French Guiana – Tropical forest

590m

650m

L-band 590m

650m

P-band

0m

60m

L-band

0m

60m

P-band
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Fundamentals of Synthetic
Aperture Radar Tomography

Matteo Pardini

Microwaves and Radar Institute (DLR-HR)
German Aerospace Center (DLR) 
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