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1. INTRODUCTION

It has been demonstrated and recognized that radar interferometry is a promising method for

the determination of digital elevation information (Zebker et al., 1994; Madsen et al., 1995)
and terrain slope (Wegmiiller et al., 1993) from Synthetic Aperture Radar (SAR) data. An

important application of Interferometric SAR (InSAR) data in areas with topographic varia-

tions is that the derived elevation and slope can be directly used for the absolute radiometric

calibration of the amplitude SAR data (van Zyl et al., 1993; Holecz et al., 1994), as well as

for scattering mechanisms analysis (van Zyl, 1993; Holecz et al., 1995). On the other hand

polarimetric SAR data has long been recognized as permitting a more complete inference of

natural surfaces than a single channel radar system. In fact, imaging polarimetry provides the

measurement of the amplitude and relative phase of all transmit and receive polarizations.

On board the NASA DC-8 aircraft, NASA/JPL operates the multifrequency (P, L and C bands)

multipolarimetric radar AIRSAR (van Zyl et al., 1992). The TOPSAR, a special mode of the

AIRSAR system, is able to collect single-pass interferometric C- and/or L-band VV polarized

data (van Zyl et al., 1995). A possible configuration of the AIRSAR/TOPSAR system is to

acquire single-pass interferometric data at C-band VV polarization and polarimetric radar data

at the two other lower frequencies. The advantage of this system configuration is to get digital

topography information at the same time the radar data is collected. The digital elevation

information can therefore be used to correctly calibrate the SAR data. This step is directly

included in the new AIRSAR Integrated Processor. This processor uses a modification of the

full motion compensation algorithm described by Madsen et al. (1993). However, the Digital

Elevation Model (DEM) with the additional products such as local incidence angle map, and

the SAR data are in a geometry which is not convenient, since especially DEMs must be referred

to a specific cartographic reference system. Furthermore, geocoding of SAR data is important

for multisensor and/or multitemporal purposes. In this paper, a procedure to geocode the new

AIRSAR/TOPSAR data is presented. As an example an AIRSAR/TOPSAR image acquired

in 1994 is geocoded and evaluated in terms of geometric accuracy.
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2. THE AIRSAR INTEGRATED PROCESSOR

A complete description of the AIRSAR/TOPSAR products is given in van Zyl (1995). Here we

briefly present the different output data types. The Integrated AIRSAR Processor produces

two data products: the standard AIRSAR products in frame and synoptic format, and the

integrated TOPSAR product. The last one consists of a number of different data types, namely:

• Digital Elevation Model , which represents the elevation of the terrain above a spher-

ical approximation to the World Geodetic System 84 (WGS84). The data are stored as

two bytes.

• C-band VV polarized calibrated amplitude data as acquired with the top antenna in

the TOPSAR mode. The radiometric corrections are performed taking into account the

topography when removing the antenna patterns and the scattering areas. The data are

stored as two bytes.

• Local incidence angle map derived using the digital elevation model information. The

data are stored as one byte.

• Correlation map contains the normalized correlation coefficient between the two C-

band interferometric channels. The data are stored as one byte.

• L-band polarimetry data contain the calibrated AIRSAR compressed Stokes matrix

data at L-band. Each pixel is represented by ten bytes.

• P-band polarimetry data contain the calibrated AIRSAR compressed Stokes matrix

data at P-band. Each pixel is represented by ten bytes.

The selected radar mapping coordinate system (s, c, h_) is defined relative to the sphere tangent

to the WGS84 ellipsoid at longitude ,kp and latitude Tp - referred to as the peg point and

approximately corresponding to the center of the image - having a radius %, which is the

radius of curvature in the along track direction (Hensley, 1993). In this system, s and c are

distances in along and across direction, while h_ is the height above the approximating sphere.

3. FROM THE RADAR MAPPING TO MAP COORDINATE SYSTEM

This section describes the transformation from the radar mapping coordinates (s,c, hr) into

the map coordinates (x, y, ho). An accurate transformation of the derived DEM data into map

coordinates is only possible by using a forward transform. In fact, by applying a backward

transform, which has the advantage of fewer number of calculations, the pixel location in the

map coordinate system can be inaccurate, because the pixel altitude ho is usually unknown.

Thus, the following geodetic and cartographic transformation steps must be carried out:

1. From radar mapping (s,c, h,) into global Cartesian coordinates (X, Y, Z)

2. From global Cartesian into local Cartesian coordinates (X _,Y_, Z _)

3. From local Cartesian into geographic coordinates ()_, _p,he)

4. From geographic into map coordinates (x, y, ho)
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A forward transformimpliesthat the output product cancontainholes,if inappropriately
implemented.To avoidgapsin the outputdata, four mapcoordinates,correspondingto four
DEM cornersin the radar mappingcoordinates,definethe orientationandthe surfaceof the
pixel. The areais then filled usinga polygonfill algorithm. This procedureis subsequently
appliedto eachpixelof the input data. In orderto becomputationallyefficient,thetransfor-
mationof radar coordinatepositionsfor eachpixel to the mapcoordinatesystemis storedin
a two dimensionallook-uptable. Thus,all additionalinput products,suchaslocal incidence
anglemap,correlationmap,and SARdatacanbeveryeasilyand efficientlygeocodedusing
the samelook-uptable.

Thefirst stepis to transformtheDEMdatafromtheradarcoordinatesinto theglobalCartesian
coordinates(in this casethe WGS84system),namely:

= M1M 2
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_(_,) =

rn(Tp) = a(1-e 2)
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re and r_ are the East and North radius of curvature at the peg point, r/is the heading (or

track angle), c_ = C/ra, 8,k = S/ra, O is a translation vector, M1 and M2 are transformation

matrices, a and e2 are the semi-major axis and the ellipticity of the WGS84 ellipsoid (a =

6378137 m, e2 = 0.00669437999015). Basically, to specify the transformation from the radar

mapping coordinates to the Earth centered Cartesian coordinate system, only three parameters

are required, namely the latitude and longitude of the peg point, and the heading of the

reference curve at the peg point.
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Sincethe ellipsoid origin of a given cartographic reference system is not necessarily coincident

with the Earth center and their shape and size may vary considerably, geodetic datums must
be considered. The datum transformation is described by the three dimensional Helmert

transformation (Frei et al., 1993), namely:

(x)Y

Z / (x/Ay + (1 + m)D Y'
Az Z'

where

D ._

cos/3 cos 7 cos a sin 7 + sin a sin/3 sin 7 sin a sin 7 - cos a sin/_ cos 7
-cosBsin7 cos a cos T - sin a sin /3 sin 7 sinacosT+cosasin/_sin7 )sin/3 - sin a cos/_ cos a cos/3

and (Ax, Ay, Az) are translation parameters, m a scaling parameter, and (a, fl, 7) three rota-
tion parameters.

Now, the transformation from the local Cartesian coordinates into the geographic coordinates
can be carried out, namely:

= arctan
Z' + (e')2b sin 3 0

d - e2a COS 3 0

y!

X'

where

d
h e - v

cos _p

a 2 _ b2
e 2 --

a 2

a 2 _ b2
(e')2 _

b2

d __

a

(1 - e2 sin2 9)½

[(X,)2 + (r,)2]½

Zta
0 = arctan

db

Note that a and b are the semi-major and semi-minor axes of the ellipsoid used in a given coun-

try. Furthermore, not all countries provide the solution of the 7 parameters (i.e. Ax, Ay, Az,

m, c_,/3, 7). In those cases, usually, only the three translation parameters must be known.
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The last step is to transform tile geographic coordinates into a desired map coordinale system.

The much used projections are the Universal Transfer Mercator, the Oblique Mercator, the

Lambert Confornial Conic Projection, and tile Stereographic Projection. A detailed description

is given in Snyder (19S7). As an example, we consider here the UTM sysleln:

x = x, +/:nAA +/,':_-XA :_+/vs-XA s

9 : 9<, + ]'% at- /_'2 2-_'A2 + k'l'-_A4 at- k6":-_A6

where xo and 9o are the false origin coordinates. AA = (A-ko) with A. the geographic longitude

of the central meridian, and k0...k6 are <:oeffi<:ients (see Snyder, 19S7). Note, x reli'rs to the

Eastingcoordinates, while y to the Northingcoordinates. It should t>e noted thai toobta.in

orthonmt, ric heights h., ellil>soidal heights k_ nee<t to be correcte<l liar the geoidal heights h u

according to ko _ h:, - k o.

4. RESULTS

The SAR data used in this study were collecte(l by the NASA/JPI, AII{SAR/T()I)SAI{ system

in .10 M llz mode on Al)ril 12,199,1 over the area. of At lanta airl)ort (33.76"N, S3.59"Vf ), Georgia.

The data have a postt)rocessing pixel sl)acing of 10 meters and cov(,r an area of around 100

km 2. The DEM was goocoded to the UTM cooMinate syslem zone 16 (central meridian g,7 °)

ta.kizlg into accounl 1.he North American I)atum 1927 ((:la.rke ellipsoid 1S_66, A;r = -!) m with

aA_. = 5 m, Ay = 161 m with aA.u = 5 m, Az = 179 m with erA: = s m).

Figure 1 represents the location accuracy for N selected ground control points without us-

ing (le['l) and by using some in(lel)endent ground control points (right). l:igure 2 shows l.he

geocoded DI!;M (a) wilh the corresponding correlalion luap (b), tile derived local incidence an

g[e map (c), the (:-band \_V-pola.rized a.luplitude dala. (d), the I:band II tl-l)olarized amplitude

data (e), and the L-band l[V-polarized a.mplilude data (f).
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Figure 1: Positioning accuracy wil.houl (left) and with ground control points (right).
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a) b)

c) d)

_') f)

Fiv_;ure 2: (;eocoded AII{S:kli/T()t>SAI{ products in UTM zone 16 a) I)EM, b) Correlation

map, c) l_ocal incidence angle map, d) (_-VV data, e) l_-ltll da.ta, f) |,-IIV data.
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An important prerequisitefor accurategeocodingis preciseflight path data. Currently,the
NASADC-8aircraft isequippedwith theHoneywellH-764GInertial NavigationSystem(INS)
with an embeddedGlobalPositioningSystem(GPS) receiver. This system,which hasan
acquisitionrate of 50Hz, meetsa positionaccuracyof < 16meters,a pitchandroll accuracy
of _ 0.01degrees,anda headingaccuracyof < 0.02degrees(Honeywell,1993).Notethat this
GPSperformanceisobtainedduringa periodof normalGPScoveragewith a PositionDilution
of Precisionof 3.2 or less,and P(Y)-Codereceivermode. In otherwords,usingthis flight
path data accuracy,and alsoconsideringthe uncertaintiesof the datums'shift parameters,
a geocodingprecisionof ±1 pixel is expected,assuminga postprocessingpixel spacingof 10
meters.

Figure 1 (left) clearlyshowsin the y-direction, i.e. N-S direction, an average location error

of around 80 meters (corresponding to 8 pixels in the DEM data), while in the x-direction

it is about 1 pixel. However, by using 1 ground control point, these inaccuracies are reduced,

resulting in a final positioning precision on the order of il pixel (Figure 1 right). A possible

explanation of the observed error in y-direction could be figured in a time synchronization

problem between the GPS measurements and the SAR data. In fact, the flight track angle r/in

this case was of 0°, i.e. S-N direction, and therefore positioning inaccuracies in the y-direction

were mainly affected. It should be noted that the position of the 8 ground control points was

determined by using a 1:24,000 scale map of the U.S. Geological Survey. Therefore, some minor

inaccuracies due to the map scale must also be considered.

5. CONCLUSIONS

In this paper we presented a procedure to geocode the new AIRSAR/TOPSAR data. Fur-

thermore, it was shown that geocoding of these data is well defined, without using, as is often

done, transformations based on polynomials, which can strongly affect the geometric accuracy.

Using geodetic and cartographic transforms, the geocoding can basically be carried out with-

out the need of ground control points, which sometimes can be difficult, especially for those

areas where the availability of topographic maps is almost impossible. At this time, we are

testing this procedure for data sets acquired during the 1994 and 1995 campaigns in order to

figure out the above mentioned error. In addition, we are planning to optimize the geocoding

procedure without using the intermediary (s, c, hr) radar mapping system. This will allow a

straight geocoding from slant range to a given reference map coordinate system, in order to

deliver to the users geocoded AIRSAR/TOPSAR data.
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