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ÁÁÁÁÁ
ÁÁÁÁÁ

Field # ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

Value
ÁÁÁÁÁ
ÁÁÁÁÁ
ÁÁÁÁÁ
ÁÁÁÁÁ
ÁÁÁÁÁ
ÁÁÁÁÁ
ÁÁÁÁÁ
ÁÁÁÁÁ

9 ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

possible values are:
MULTI–LOOK$GROUND$RANGE$DETECTED$...$
SINGLE–LOOK$SLANT$RANGE$COMPLEX$...$
ANNOTATED$RAW$DATA$...$
GEOCODED$ELLIPSOID$CORRECTED$...$
GEOCODED$TERRAIN$CORRECTED$...$
GEOCODED$INCIDENCE$ANGLE$MASK$...$
GEOCODED$MAP$QUADRANT$...$

ÁÁÁÁÁ
ÁÁÁÁÁ
ÁÁÁÁÁ
ÁÁÁÁÁ
ÁÁÁÁÁ

10 ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

PRODUCED$AT$DLR/GERMANY/D–PAF$...$ON$dd–MMM–
yyyy$hh:mm:ss.ddd
or
PRODUCED$AT$ASI/ITALY/I–PAF$..$ON$dd–MMM–yyyy$hh:mm:ss.ddd

ÁÁÁÁÁ
ÁÁÁÁÁ

11 ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

TAPE$ID$:$xxxxxxxxxxxxxxxx$,$TAPE$n$OF$m$...$(xxxxxxxxxxxxxxxx is the
internal tape id, field 13 Volume Descriptor Record)

��-�� 72/ ������� �� +"�� � 8�** �+ �$� ��6� ��,�� 

%� �"
�� �� ��
 ���
 ����,,,�''''=��7��7����� ��� 8
�"� �� 8'�
 D� �� ��
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��"���

*(3(' ��� ��� �� "��
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Calibrated X–SAR Products in CEOS Format:

Deriving �
�   from  MGD SSC, and GEC Products and Processing of RAW Products

Richard Bamler, DLR–DFD

Adelheid Craubner, DLR–DFD

*(4(* Introduction

This Appendix describes how to derive the radar backscatter coefficient σ0 from the digital numbers
of X–SAR MGD, SSC and GEC products. 
Furthermore, it explains where the parameters necessary for processing and radiometrically correcting
RAW products are found in the CEOS annotation.

*(4(' Data Representation

MGD, GEC: 16 bit amplitude: + � �
�� %���   and GTC

SSC: 16/16 bit real and imaginary parts: Re, Im

RAW: 8/8bit I and Q raw data: I, Q

The original 4/4 bit or 6/6 bit X–SAR raw data samples have been expanded to 8/8 bit by appending
4 or 2 zeroes to the least significant bits. All raw data characteristics reported in the CEOS format (like
raw data standard deviation, biases, chirp energy, raw data noise power) apply to this representation.
The nominal DC offset of of the raw data is therefore:

��� �
�

� �@��� ������ for the 4/4 bit case

For the 6/6 bit case:

�A� �
�

� �@�A� ��A��

*(4(3 Calibration Equation for MGD, SSC

The relationship between backscatter coefficient and image pixel power is:

� , 	� -
�

 "���

�
� 
 ��

"���
�
� ��

�� *��� 	
-
*2� 
-

*
���

where:

� , 	 = expectation value of image pixel power ( +
� or �
�� %��)
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-
�
 = calibration constant:

SAR Leader File, Radiometric Data Record, field 16 =  ”Linear conversion factor (backscatter coeffi-
cient to image power ...)”

�
�
 = nominal incidence angle on reference ellipsoid corrected by average terrain height:

SAR Leader File, Data Set Summary Record, field 16 N ”Ellipsoid designator”
SAR Leader File, Data Set Summary Record, fields 17, 18 N ”Ellipsoid semimajor axis (km)”, ”Ellip-
soid semiminor axis (km)”
SAR Leader File, Data Set Summary Record, field 25 = ”Average terrain height above ellipsoid (me-
ters)”

� = local terrain slope

� *��� 	 = reference (average) raw data noise power determined once per mission:
SAR Leader File, Radiometric Data Record, field 15 = ”Raw data noise power estimate (reference)”

-
*2� = processor noise gain:

SAR Leader File, Radiometric Data Record, field 17 = ”Processor gain for noise data (before radiomet-
ric correction)”

-
*
��� = cross–track radiometric correction vector as a function of range pixel ”i”:

SAR Leader File, Radiometric Compensation Record, fields 25, 26, ff

Local terrain slope � is not accounted for in the MGD, SSC and GEC products; the "���
�
� – correction

is based on the nominal incidence angle on the reference ellipsoid. If local terrain slopes are known to
the user,  he may easily reverse the correction and apply his own "���

�
� �� term. For this purpose

the nominal incidence angles �
�
  at near, mid, and far range are given in the CEOS format annotation.

From these three values a second order polynomial is easily derived to describe the incidence angle
dependence on range:

SAR Leader File, Detailed Processing Parameters Data Record, fields 15, 16, 17 � ”Incidence angle
at near, (mid, far) range”

*(4(4 Processing and Radiometric Correction of RAW Data

*(4(4(* Raw Data Correction

First, subtract from the RAW data the nominal DC offset of 120.0 or 126.0 for 4/4bit or 6/6bit, respec-
tively. Then the data can be corrected for ADC nonperfections using the following parameters:

SAR Leader File, Data Set Summary Record, fields 66 through 70

”Measured DC bias for I–raw data component”

”Measured DC bias for Q–raw data component”

”Measured standard deviation for I–raw data component”

”Measured standard deviation for Q–raw data component”

”I/Q nonorthogonality”
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*(4(4(' Range Compression and Range Timing

The appropriate range compression chirp is described by the following parameters:

SAR Leader File, Data Set Summary Record, fields 51, 52, 57, 59

”Transmitted chirp start frequency (MHz)”

”Transmitted chirp rate (MHz/µsec)”

”Range complex sampling rate (MHz)”

”Range pulse length (µsec)”

Provided that the first sample of the range reference function vector corresponds to the early edge of
the said chirp, the fast time of the first sample of the range compressed data is for fine (coarse) resolution
mode, respectively,

�
���2./

�
��0�W ���1

2.�
�

���W �����

�����W ���
����W ���3�����
�	42� ����W������ ,

where the echo index and the data window position (DWP) are found in the raw data header while the
PRF and the time offset can be taken from:

SAR Leader File, Data Set Summary Record, field 74 � ”Nominal PRF (Hz)”

SAR Leader File, Data Set Summary Record, field 117 �”Time offset of early edge of transmitted
chirp from time origin, incl. electronic delay (�sec)”

*(4(4(3 Radiometric Correction

The actual receiver gain code is found in the raw data header. A look–up table relating gain codes to
gains in dB is provided in:
SAR Leader File, Radiometric Data Record, fields 19 � 61.

Additionally, the receiver gain for the first raw data line is given. This gain value also serves as the refer-
ence for the ”Raw data noise power estimate (reference)” from the SAR Leader File, Radiometric Data
Record, field 15:
SAR Leader File, Data Set Summary Record, field 62
”Receiver gain at early edge at the start of the image (dB)”

The actual transmit chirp power (relative to the mid–gain of 60.0 dB) is recorded in:
SAR Leader File, Detailed Processing Parameters Record, field 32
”TX calibration chirp energy”

Cross–track radiometric correction requires the elevation antenna pattern together with antenna mount-
ing angle, mechanical tilt, and shuttle roll. To facilitate radiometric correction the antenna pattern is
given as a function of look angle between line of sight and connecting line between Earth center and
sensor (z–axis), including all the said contributions:
SAR Leader File, Radiometric Compensation Record Record, fields 25, 26, ff

*(4(4(4 Azimuth Processing and Azimuth Timing
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The X–SAR radar frequency is given in:
SAR Leader File, Data Set Summary Record, field 41 = ”Radar Frequency (GHz)”

The raw data are annotated with Mission Elapsed Time (MET), while state vectors will be given in
Greenwich Mean Time (GMT). The relationship between MET and GMT is provided by:
SAR Leader File, Detailed Processing Parameters Record, fields 21 through 26
”GMT of first, center, last line (DD–MMM–YYYY/hh:mm:ss.ttt)”
”MET of first, center, last line (DDD:hh:mm:ss.ttt)”

Five state vectors relative to the rotating Greenwich True of Date coordinate system are given (for
MGD, SSC, RAW products). They are equally spaced in time and cover an interval twice as long as
the raw data duration. The 2nd, 3rd, and 4th state vectors coincide with the first, center, and last range
lines, respectively:
SAR Leader File, Platform Position Record, fields 15 through 19, 20, 29, 30, ff
”Year, Month, Day, Days of the Year, Seconds of the day of first data point”
”Time interval between data sets (data points) (sec)”
”1st data point (X, Y, Z) position vector (km)”
”1st data point (X, Y, Z) velocity vector (km/sec)”, etc.

In order to find the correct PRF band, the absolute (unwrapped) Doppler centroid corresponding to the
center raw data line and the center pixel (after range compression) is provided:
SAR Leader File, Data Set Summary Record, field 104 � ”Doppler centroid at image center (Hz)”

*(4(5 Transformation From GEC – Coordinates To SAR Groundrange Geometry

Roughly speaking, the GEC product is a rotated version of the MGD product. The resampling kernel
used to refine the GEC product from the MGD product has been normalized to unity gain. Therefore,
all radiometric parameters in the CEOS annotation are just passed from the MGD to the GEC product
and are still applicable.

For interpretation of the range dependend parameters -
*
��� (’cross track radiometric correction vector

...’) and �
�
 (nominal incidence angle ...’) the GEC pixel positions must be converted to the original

range– azimuth coordinates of the generating MGD product.

The following CEOS parameters are used for this transformation:

SAR leader file, Facility Related Record, FRR fields 46, 47, ff

Representing three corners of the image scene in GEC coordinates:
XEANR  : pixel, early azimuth + near range
YEANR: line, early azimuth + near range
XLANR: pixel, late azimuth + near range
YLANR: line, late azimuth + near range
XEAFR: pixel, early azimuth + far range
YEAFR: line, early azimuth + far range

SAR leader file, Facility Related Record, FRR fields 54, 55
G_COLS: number of pixel in groundrange image
G_LINS: number of lines in groundrange image
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The approximate pixel U and line V in the original ground range MGD product corresponds to any
GEC pixel coordinates X and Y and can be found  via:

 

U � G_COLS *
(X–XEANR) * (YLANR–YEANR)–(Y–YEANR) * (XLANR–XEANR)

(XLANR–XEANR) * (YLANR–YEANR)–(YLANR–YEANR) * (XLANR–XEANR)

V � G_LINS *
(X–XEANR) * (YEAFR–YEANR)–(Y–YEANR) * (XEAFR–XEANR)

(XLANR–XEANR) * (YEAFR–YEANR)–(YLANR–YEANR) * (XEAFR–XEANR)


