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What is Radar Phase?



Phase - A Measure of 
the Range and Surface 

Complexity

Collection of random path lengths 
jumbles the phase of the echo

The phase of the radar signal is the number of cycles of oscillation
that the wave executes between the radar and the surface and back 
again.

The total phase is two-way range 
measured in wave cycles + random 
component from the surface 

Range
Only interferometry 
can sort it out!
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Number of cycles 
(actually billions!)



Image A - 12 August 1999

Image B - 16 September 1999

SAR image



Interference Concept
l Interference occurs when the phase of two different waves is not 

aligned. The observed intensity, I, is the time average of the sum of 
the wave fields

Phase aligned 
waves add 
constructively

Phase opposed waves 
add destructively

Intermediate 
phase alignment

E(z,t)=E0 cos(2p(f t - z / l))
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Young’s Interferometer
l In Young’s experiment, a point source illuminates two separated 

vertical slits in an opaque screen.  The slits are very narrow and act 
as line sources. For this case, the pattern of intensity variations on 
the observing screen is bright/dark banding.

(Born and Wolf, 1980)
Observing Screen

Screen laid flat



Young’s Interferometer 
Geometry

l The brightness variations can be understood in terms of the 
relative phase of the interfering waves at the observing 
screen

(Born and Wolf, 1980)

• The spacing of fringes is set 
by the slit separation

• Phase = 2 p x d / a l 
• xmax = m a l / d , m = 0, 1, 2 , 

...



Radar Interferometry
l Radar Interferometry is a simple extension of the Young’s interferometry 

concept
l Radar has a coherent source much like a laser
l The two radar (SAR) antennas act as coherent point sources

• Because the wavelengths are 
so long, the signal can easily be 
digitized and processed 
coherently, measuring the 
phase information directly.

• When imaging a surface, the 
phase fronts from the two 
sources interfere. 

• The surface topography slices 
the interference pattern.

• The measured phase differences record the topographic information.



forming interferogram 
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phase due to curved earth

phase due to topography

Perpendicular baseline 
MATTERS!



Phase from 
curved Earth

fringe rate is higher for larger B…

(from the center of the Earth!)



total phase



Critical Baseline



Phase from 
topography



phase minus spherical earth



deformation and topography





Lyons and Sandwell, JGR, 2003
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Interferometry Applications
l Mapping/Cartography

– Radar Interferometry from airborne platforms is routinely used to produce 
topographic maps as digital elevation models (DEMs).

l 2-5 meter circular position accuracy
l 5-10 m post spacing and resolution
l 10 km by 80 km DEMs produced in 1 hr on mini-supercomputer

– Radar imagery is automatically geocoded, becoming easily combined with other 
(multispectral) data sets.

– Applications of topography enabled by interferometric rapid mapping
l Land use management, classification, hazard assessment, intelligence, urban planning, short and 

long time scale geology, hydrology
l Deformation Mapping and Change Detection

– Repeat Pass Radar Interferometry from spaceborne platforms is routinely used to 
produce topographic change maps as digital displacement models (DDMs).

l 0.3-1 centimeter relative displacement accuracy
l 10-100 m post spacing and resolution
l 100 km by 100 km DDMs produced rapidly once data is available

– Applications include
l Earthquake and volcano monitoring and modeling, landslides and subsidence
l Glacier and ice sheet dynamics
l Deforestation, change detection, disaster monitoring =


