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e Sonar Echoes

e Definitions

 What do we measure?
e Target detection

e Convolution

 Range compression

e Azimuth Compression
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Some definitions
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/Zﬂﬁ/” What do we measure?

e At the satellite
— Radar signal strength as a function of time

 After processing
— Radar Cross Section per piece of dirt

Se'l'-.R watellite
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Target detection
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A Y=, Target detection:
Short pulse
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 Power problem w
— We need a short pulse for resolution s
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— We need a lot of power for detection



A Y=, Target detection:
Long pulse

s~ —

 Power problem
— We need a short pulse for resolution

*— — We need a lot of power for detection
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z Y=, Target detection:
Chirp

e Can go from low to high or high to low frequency
e Can be much more complicated

1.5 T

—

=
in

Amplitude
=

I
=
cn

U\F

UMIVERSITY OF Al -‘\.;;{A
September 2006 Time 9 FAIRBANKS

I
—r



Target detection
Chirp pulse
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;' Y=, Convolution:
Constructive interference

— Receive
— Convolution
— Transmit
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Convolution:
Destructive interference

September 2006
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— Receive
— Convolution
— Transmit
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ég Convolution

— Transmit
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/ZL% Range Compression

e Convolve the received range signal with the chirp
you sent out.

 Range line looks similar to that of a short pulse —
We have “compressed” the chirps in the signal to
short pulses.

UHIVERSITY OF M-‘.E:KA
September 2006 15 FAIRBANKS



Azimuth:
Real Aperture Radar

e Good resolution in range, poor resolution in azimuth
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éﬂﬁz Azimuth compression

e Carl Wiley, in 1951, observed that two point
targets at different azimuth positions, will have
distinct Doppler frequency shifts. [Curlander,
McDonough, 1991]

 We can compress the pulse in azimuth in the
same fashion we compressed it in range.

e Convolve an azimuth line with the azimuth
reference function:
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/Z% Range compression

Range compression

Fange reference function Faw data
Tim e damain Titm e damain

FFT FFT

3 r
Fange reference function Faw data
Freguency dom ain Freguency dom ain
Complex multiplication

™~ Fange compressed data -

Frequency domain

Inverse FFI'l

Fange compressed data
Time domain

e each element of the raw data is multiplied by the complex
conjugate of the corresponding element of the range
reference function
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Range compression
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/Z% Range cell migration

Azimuth compression

Azimuth reference function Fange compressed data /_\

Tim e domain Time damain
FFT FFT |
Azimuth reference function Azimuth data l
Frequency dom ain Freguency domain

Range cell migratiun‘

Fange cell migrated data
Freguency domain

Complex multiplication J

L Azimuth compressed data
Frecuency dorm ain

Inverse FFT I

AZimuth compressed data
Time domain

 range cell migration realigns all the returns for a single
target into an appropriate single line of data
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éﬂﬁz Azimuth compression

Azimuth compression

Azimuth reference function Fange compressed data
Tim e domain Time damain
FFT FFT i
Azimuth reference function Azimuth data l
Frequency dom ain Freguency domain
Range cell migratiun‘ o
Fange cell migrated data
Freguency domain

Complex multiplication J

L Azimuth compressed data
Frecuency dorm ain

Inverse FFT I

AZimuth compressed data
Time domain

e each element of the data is multiplied by the complex

conjugate of the corresponding element of the aﬂ%
‘h 29
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Range compression
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SAR training processor

g Processor: ¥Yersion 1.0.8 = |EI|1|
-
Input File: | fhome/gens/stp/san_francisco. mw Start Line: |0 Edit Dappler Parmmeters | || |
Qutput File: | fhome/rgens/stp/san_francisco_cpx.maw Range CO!’WJ!‘BSSJ'OH
Range compression Range reference function Raw data
Time daomain Time damain
Step 1: Ingest mw data Output: | Eln_francisco_cpx_range_raw_t| FFl'l FI—Tl
Fange reference function Faw data
Step 2: FFT of mw data IE Output: | san_francisco_cpx_mnge_mw, f| Frequency domain Frequency domain
Complex multiplication
Step 3: Build mnge reference function .
IE (o Range compressed data
Frequency dom ain
Step 4: FFT of Range reference function IE Output: s FI—Tl
Fange compressed data
Step 5: Complex mult. mw with reference @ Output: | Eln_francisco_cpx_range_)(_f| Tim e domain
Step 6: Inverse FFT of Range data IE Output:
Azimuth compression
Step 7: FFT of mnge compressed data IE 3 Output:
Step 8: Range cell migmtion IE Qutput: | san_francisco_cpx_az_mig_f
Step 1: Raw data (time)
Step 9: Build azimuth reference function IE Output: | san_francisco_cpx_az_ref_t
The aw data is, at its simplest, a series of complex numbers (|
) ) and Q) that were sampled at the instrument and recorded at
Step 10: FFT of azimuth reference function IE Output: | san_francisco_cpx_az_ref_f the ground station. By the time the data gets to the processor,
it typically is digitized and stripped of encoding and metadata.
Values are generally 4-bit or 5-bit.
Step 11: Complex multiply IE Output: | san_francisco_cpx_az_X_f
Step 12: Inverse FFT of Azimuth data IE Output:
Select All Qutputs
[+]
[<] [+]
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+{ SAR Training Processor: Yersion 1.0.8

Input File: | /homejrgensstp/san_francisco. mw

Output File: | /homejrgens/stp/san_francisco_cpx.mw

Input file selection menu
L]

=10l x|
4]
Start Line: [0 Edit Doppler Pammeters |

Choice of start line
processing data patch

Choice of Doppler

parameters for processing

|

+{ Doppler centroid =10l x|
Constant: 641015
Linear. 5.82946e-05
Quadrmatic 3e-10
3 Cancel ? Restore Q_fj} oK




A6 SAR Training Processor: Yersion 1.0.8

Range compression

Step 1: Ingest mw data @
Step 2: FFT of mw data IEI

Step 3: Build mnge reference function IEI

Step 4: FFT of Range reference function IEI

Step 5: Complex mult, mw with eference @

Step Inverse FFT of Range data @

Azimii

Step 7: FFT of
p 8: Range

Step 9: Build a3

Choice of
performing
steps during
processing

Step 10; of azimuth reference function IEI

Step 11: Complex multiply @

Step 12: Inverse FFT of Azimuth data IE

-

Qutput; | san_francisco_cpx_rmange_m@w_t ‘

Cutput; |ﬂn francisco_cpx_mange_maw f‘

Cutput; range_ref_t

Cutput; |ﬂn francisco cpx_range_)(_f|

Cutput: |ﬂn francisco_cpx_az_mw t|

Output: | =an_francisco_cpx_az_raw_f |

Cutput: | san_francisco_cpx_az_mig_f |

Output: | san_francisco_cpx_az_ref_t ‘

Cutput: | san_francisco_cpx_az_ref_f ‘

Output: | san_francisco_cpx_az_¥_f |

Output: | san_francisco_cpx_az_¥_t |

<

]
[r]x

Intermediate product

Select to save individual

Select to save all
Intermediate products

Select Al Qutputs
<]




AR Training Processor: ¥Yersion 1.0.8

Azimuth compression

Azimuth reference function

Tim e domain Time domain

Fange compressed data

FFT | FFT |

Azimuth data

Fregquency dom ain

Azimuth reference function
Frequency dom sin

Processing flow with
detailed description of

respective processing step

A i B —— . —

Range cell migratiun*

Fregquency domain

Fange cell migrated data

Complex multiplication

Ly AZimuth compressed data
Freguency domain

Inwverse FFI'l

AZimuth compressed data
Time domain

Step 8: Range Cell migmtion

Asa target was sampled in the azimuth direction, the retums
are not necessarly contained within a signal iso-range line. The
migration of the signal fom one bin into another means that
some of the power you want to compress is in a completely
different column of data. Range cell migration realigns all the
retums fora single tanget into an appopriate single line of data
in prepamtion for azimuth compression.

All the azimuth retums frem a single tamget have now been
shifted into their espective lines so that azimuth compression
wil lead to welHocussed data. If you leave out mnge cell
migrtion, retums from targets can be distributed acmoss two or
three azimuth lines. The result in the final image is poor
resolution and smearing of the target in the mnge direction.
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Preview of
Intermediate
product

Output of Step 12
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