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Résumé
Le but de l'étalonnage est d'obtenir un instrument exact et
précis. La précision de I'instrument est determinée par
l'étalonnagc interne alo¡s que I'exactitude I'est par
l'étalonnage absolu, L'instrument seul est considéré dans
l'étalonnage interne. En général dans ce tyPe d'étalonnage'

tant en un ¡ésea d'émetteurs et de récepteurs.
Dans ce papier, la discussion Porte sur les différents as-

pects de l'étalonnage d'un système SAR polarimétrique et
de sa réalisation

Prcface

The PHARUS project is carried out in a cooperation be-
tween the Physics and Electronics Laboratory of TNO
(FEL-TNO), the National Aerospace Laboratory NLR and
the Delft University of Technology, Laboratory for Tele-
communication and Remote Sensing Technology. Finan-
cial support for the project is provided by the Ministry of
Defense and by the Nethe¡lands Remote Sensing Board
(BCRS). The program management on behalf of these part-
ners is carried out by the Netherlands Agency for Aero-
space Programs (NIVR)'

Introdu cti on

The advantages of the phased array antenna which are gen-
erally not encountered in other antenna types has lead to
an increased interest in its application in remole-sensing

more complex circuitry, and often requires computer con-
trol, espeiially when electronic beam control is imple--
mented. Full testing of a phased array is a cumbersome af-
fair. Since the phase and amplitude of the elements of the
phased array aie controlled by several phase shifters and

power amplifiers, the synthesized gain pattern in parti-cu-
iar will bdcome a part of the system. Environmental influ-
ences and aging of the electronics will directly yield to a

degradation of lhe antenna gain pattern'

Calibration AsPects

If an airborne SAR is used to produce radâr backscatter
maps with a certain accuracy, thc system must be well cali-
brated. For systems using passive antennas the calibration
problem may be divided in two parts: the external calibra-

to get an accurate and Precise in-
of the instrument can be deter-

bration, while the accuracY is de-
b¡ation. With inte¡nal calibr¡tion

only the instrument is considered. Becau¡e of practical
considerations the antenna is usually discarded in this type
of calibration. When a phased ôrray antenna is used this
decoupling is ble, because the antenna is
now part of th Internal calibration becomes

quitJdifficult e case of a phased arr¡y an-

tenna with dis ters and receivers.
This oaoer will discuss the different calibration aspects in
th" "a." 

of a polarimet¡ic SAR system and the implementa-
tion in the system.

tion taking care of the antenna Pattern, including the an-

tenna gain and polarization cross-talk whereas the ampli-
tude and phase ielation in the transmitter-receiver chain is

calibrated by an internal looP'
Radiometric calib¡ation of a SAR-image is achieved by

phased array antenna, of which the antenna P"!!"Tl i:
iormed by t-he amplitude and phase of several individual
T/R-modules fed to radiating elements, will even be

w ors e,
measurements in P
class of, so-called
t characteristic of
ways a graduated

reduce the quantity to be measured to the one thst is actu-
ally measuräd and de facto the creation of such a scale is

,.'T"ö',ni
sual sense,
r (layer 3)

functions or not, depends on the tyPe of system.
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Figure l. Simptified blockdiagram of rhe pHARUS system
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operationEl modes and a monito¡ing of the amplitude and
phase behavior of all transmiiler-receiver modules.
Unnecessary to s¡y that the system stability must be good
enough to bridge the time period between two calibrations.
In the meantime in f¡ct only the appropriate functioning
of the array components can be supervised. The outcome
of this book-keeping could be incorporated in the signal
Proces srng.

The¡e are two different merhods for inte¡nal calibration:
l- Separate subsystem calibration : every subsyslem is
fully characterized and calibrated.
2- Ratio calibrarion: overall calibration of the total system

The ratio method is superior to the s t
the actual method to be used depends
logical possibilities and the measuring
The best calib¡¡tion method is the s

amplifier (LNA) needs to be both on during an inre¡nal
calibration measurement requiring enough isolation be-

tt
Ys
c

Ps
lowing section.

PHARUS internal monitoring

In figure I a simplified blockdiagram of the pHARUS sys-
tem [] is given pointing out the system calibrarion as-
pects. In the equations given in this paper uppercase let-
ters are used for system parameters, while lower-case
le¡.ters are used for parameters specific for T/R modules. A

Target measurement
For the digital numbers which are output of the analog to
digital converters during the measuiement of a ta;get
yields, for the horizontal t¡ansmitted polarization:

FG frcquency generafor output
U up converter
DH down converter horizontal channel
Dü down conve¡ter vertical ch¿nnel
s transmit splitrer

caly TR-module vertic¡l channel' calibration coupler

Table l. Used symbols for the transfer function of
components or subsystem,

and for vertical ¡¡ansmitted polarization:

DNu,wt = FG." D(s tvsvsy.r¡.c).
DH.IFH.ADH.-"YH (3)

rt rt - 
ç+o¡tno¡l'

DNu,w = FG.u.D(s.rn *r.rr"ò.

DNuru = FG.u.I(s ç &.r*",).
Dv.rFv.ADu.JY

t44w
DH.IFH.ADH.; !!; ;

lar) R,fi' It will be clear that using the equarions with a perfectly
stable radar and a target with known radar cross section is
sufficient to determine the radar system constant. In prac-
tice one have to account for variations in ¿lmost all of the
components and subsystems so additional measurements
ate necessary,

Systemcalib¡ation during transmission
During every transmitted pulse a attenuated replica is send
to the horizontal receiver chain using the calibration chan-
nel. The measurement of the transmitted pulse allows to
compensate for drift in a number of components. For the
measurement of the attenuated replica of the transmitted
pulse in horizontal or vertical polarization the following
relations can be given:

(4)

(l)
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fo¡ the HH

DMsra -- Fc.u.I("* cafuc).
D*.IFH.,nOH

DMsry = FG.U.D(s. tncaçc).
D*.IFH..eOH

Notice that one polarization is measured at the same time
(according to the rransmitted polarization) and both meas-
urements uses the horizontal downconve¡ter and IF sec_

[:T;,"i:î,iil;"'iiåi"ii;'",tooìåf ,rn¡'?]*'fr r""ùiå:lï;
FG and U can be eliminared from (l) to (4). From (l) and
(3) also IF¡¡ and AD¡¡ are eliminated, Wirhin the conrribu-
tion of the-T/R moôi¡les some common elements can be
found but it will be clear that especially no compensation
is found for drift in the elements r¡¡ and ry, Forìhese pa-
rameters addition¡l measurements"will bè n"""rr"ry fo,
the receiver chain.

Svstemcalibration receive
The-advantage of-a separate monitoring channel is the pos-
sibility besides the measurement of the transmitted pulse
to inject signals directly into the receiver. The meaiured
signals during this injection a¡e a reference for the behav-
ior,of the r¡¡ and ry elemen!s. But the measurement needs
to be corrected for source, downconverter and IF differ_
ences. An additional source measurement is also needed.
The measured numbers during the systemcalibration re-
ceive are given by:

DrYsn¡¡ = Fc.d.Ð(c¿.catr.r*.c). 
o>

DH.IFH,ADH

DrYsR,y = FG.ú.D("r. cøtv.r, 
"ò. r,

Dv.IFnADv

Notice that both polarizations can be measured Èt the same
time, using the no¡mal receiver chain.

Svstemcalibration Source
The systemcalibration measurement in receive mode needs
to be corrected for the influences of the measurement
chain (source and receiver) without the device under test
(T/R modules). This can be accomplished with a measure-
ment of the source. The digital number which will be out-
put during the source measurement are given by:

DtrSS = FG.U' .DH,IFH.ADH (e)

In.the ratio of th cali-
bration source D
rameter FG can åi
IF¡¡ and ÀD¡¡ fo

Dataproces sine

fï

sult. The following ¡el¡tion can be found
me¿surement of a target.

DNurut=$3f*.(5)

(6)

00)

Similar relations can be found for the othe¡ th¡ee
polarimetric messurements. The w¡nted fo¡m of this ex_
pression is

DNAnn = Systcttrrltstant.OlilI (ll)

The relation given in (10) contains a number of paramerers
which are constant or known:
o th-e parameters s, c¡¡, cy and c¡ desc¡ibe the behaviorof the combiner/sþìittèr, this"are passive elements

which can be thought to be constant during all meas-

o 
urements 

H and caly a¡e ¡elated to
g between the antenna and
module. These pa¡âmeters
elements and are constant

o the parameters D\St, DNgp and DNq.q are known
quantities which will'be meãiìred at thËteginning of
each measurement session and can be regard-ed 

", 
ãon_

stant during a session.
o the- last parameters are related to the used frequency

and the measurement range which are all known.

measurem ent s.

Conclusion

Using the three systemcalib¡ation modes in combination
with the autocalibration of the T/R modulcs the measured
s-ignals can directly be interpreted as a function of the ¡a_
dar cross section.

[2] Snoeij, P., P.J.Koomen, P.Hoogeboom, H.pouwels,
'The design and development off C-band solid st¡te
dual polarization T/R modules', this oroceedinss,
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