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Abstract. The topics of this paper concern the design and performance 
description of a microwave Dicke-type radiometer front-end polarization 
unit, implemented with a conventional Y-circulator and two PIN dia
phragms. A numerical evaluation of the contribution of the real compo
nents on the transmission coefficient in comparison with the ideal case of 
a front-end of matched components without losses is presented. Results of 
laboratory and field testing of the front-end unit are given. 

1. Intr0duction 

Microwave radiation depends on the thermodynamic temperature of the emitting 
medium and on its emissivity. This latter contains major information on the physi
cal conditions of the surface and depends on radiometer parameters, like frequency, 
observation angle, and polarization. Due to the Brewster angle effect, vertically 
polarized emission from bare soils at observation angles above 30° is appreciably 
higher than horizontally polarized emission. The magnitude of this effect depends 
on soil moisture and surface roughness and is reduced by vegetation growth. Recent 
works [1, 2] have shown that at X- and Ka-band the emissivity is related to the 
plant water content and that the polarization index, defined as the normalized dif
ference of emission between vertical and horizontal polarizations, may be a useful 
tool to monitor the vegetation leaf area index, biomass and vegetation growth [2]. 

There are two widely used methods for reception of horizontally and vertically 
polarized waves. In the first one, a circularly polarized antenna is used, and ho
rizontally and vertically polarized waves are separated by orthomode transducers . 
These waves are consecutively fed, through suitable switches, to the radiometer 
input [3]. In the second one, two identical antennas with different polarizations 
are used. Their output transmission lines are connected to two of the ports of a 
controlled latching circulator and the third port of this latter is connected to the 
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radiometer input [4]. The latching circulators are too expensive and they require 
special control circuits. 

The topics of this paper concern the design and performance description of a 
microwave Dicke-type radiometer front-end polarization unit, implemented with a 
conventional Y-circulator and two PIN diaphragms. Results of its laboratory and 
field testing are given. 

2. Front-end Design and Performance Analysis 

The proposed front-end polarization unit is presented in Fig. 1 in waveguide imple
mentation and consists of one conventional three-port circulator YC. Each of its 
cross-perpendicular ports 3 and 1 is connected through a PIN-diaphragm (PINv 
and PINh) and an E-plane bend (Bv and Bh) to the corresponding horn antennas 
Hv and Hh. Both anten_nas apertures are disposed in the same plane. 

Fig. 1. General view of the front-end polarization unit 

The front-end unit performance can be explained by the block-diagram, shown 
in Fig. 2. The transmission structure, following the circulator YC, namely, the con
nected in series: isocirculator ICl, directional coupler DC, modulator PIN-m, iso
circulators IC2, IC3, waveguide-to-coaxial adapter WCA and radiometer receiver 
RMR, represents the diagram of the microwave Dicke-type radiometer MPM-2 with 
center frequency 9.5 GHz [5], developed in the Institute of Electronics at the Bul
garian Academy of Sciences. 
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Ta,h H-pol 

Fig. 2. Block-scheme of front-end polarization unit : 
(a) vertically polarized antenna; (b) horizontally polarized antenna 

The front-end polarization unit has two modes of operation. In the first mode 
(Fig. 2a) the PIN diaphragm PINv,o in open state, lets pass the noise energy from 
the horn Hv through the circulator YC to feed the radiometer input . In this case the 
diaphragm PIN h,c is in closed state. The output signal of the Dicke-type radiometer 
Uaut is proportional to the difference between the equivalent noise temperatures 
T m,out of the modulator in open ( o) and closed ( c) states: 

Uout = Kr m(Tm out o - Tm out c) 
l I I I I 

(1) 

where I<rm is the transfer coefficient of the radiometer. 
In the second mode (Fig. 2b) the dual polarized microwave thermal radiation 

received by the horizontally polarized antenna Hh passes successively through the 
open diaphragm PINh,o and the junction 1- 3 of the circulator YC. Then, it is 
reflected by the closed diaphragm PINv,c and is fed to the radiometer input through 
the junction 3-2. 

To evaluate the impact of the component losses and mismatch, the transmission 
structure is examined as consisting of heterogeneities with losses, connected in 
cascade. The losses are accounted for by the transmission coefficient G; of the i-th 
component, and the mismatch - by the modulus of its reflection coefficient f;. 
The total transmission coefficient is described by the product of all transmission 
coefficients G; and the difference (1 - rfr 

Following the techniques [6], the equivalent noise temperature Tm,out at the mod
ulator output PINm can be described as 

Tm,out = Gm(l - r~) [If G;(l - r;)(Ta - T0 ) + Gatt Tng; To l + T0 (2) 



68 B. I. Vichev, K. G. J( ostov, E. N. Krasteva 

where Ta is the antenna temperature for the corresponding polarization, T0 is the 
thermodynamic temperature, Tng is the equivalent temperature of the noise gener
ator NG, and (J is the coupling coefficient of the directional coupler DC . 

After the substitution of (2) into (1) we obtain the radiometer output voltage, 
corresponding to the reception of a vertically polarized wave . 

Uout,v =I<rm(Gm,o - Gm,e)(l - r~ .0 ) [Gb,vGpin,v,o(l - r~in,v) 

( 2)2 ( 2)( ) Tng-To] x Gye 1 - rye Gie 1 - fie Ta - To + Gatt (J 

(3) 

while for the horizontally polarized wave the output signal is 

Uout ,h =Krm( Gm,o_ - Gm,e)(l - r~.0 ) [ Gb,hGpin,h ,o (l - r~in ,h) 

( 
2 ) 2 ( 2 Tng - To ] x Gye 1 - rye Gpin ,v ,eGie 1 - rie)(Ta - To)+ Gatt (J 

(4) 

The products of the multiplicands from ( Gm,o - Gm,e) to (1 - rfe) in the ex
pressions (3) and ( 4) characterize the radiometer sensitivity deterioration at the 
reception of vertically and horizontally polarized waves respectively, in comparison 
with the ideal case of a front-end of matched components without losses. We can 
note in ( 4) the appearance of the multiplier 

_ -O .lx20lg--1-
Gpin v e = 10 O.lL,.. = 10 -rp;n,v,c = 0.88 

' ' 

which represents the power reflection coefficient of the closed diaphragm PINv ,e 
with a finite VSWR = 30, i.e. r pin,v,e = 0.94. We can see here, one more time, the 
contribution of the circulator YC. 

Table 1 presents the numerical assessment of the contribution of the real com
ponents values on the transmission coefficient Gp (from the front-end to the mod
ulator), in comparison with the ideal case of a front- end of matched components 
without losses . We see that, due to the impact of the losses and the mismatch , the 
transmission coefficient Gp decreases by 6- 7 % for each polarization in comparison 
with the same transmission coefficient, calculated on the basis of the losses only. 
The transmission coefficient for the horizontally polarized wave Gp decreases by 
approximately 20 % in comparison with the transmission coefficient corresponding 
to the vertically polarized wave. 

3. Radiometer Calibration and Experimental Studies on Natural 
Objects 

The radiometer calibration may be divided into two steps [3 , 7) . The first step 
(receiver calibration) involves relating the receiver output voltage to the noise tem
perature of a calibration source connected to the radiometer input (in place of the 
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antenna). The second step (external calibration) involves relating the antenna tem
perature (at the input of the radiometer) to the radiative properties of the scene 
under observation. 

Table 1. Numerical evaluation of the contribution of the real components on the transmis
sion coefficient 
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B 
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YC 

YC 

IC 

L = 0.1 dB 
G 
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(1 - 1 2 ) 
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L = 0 .3d8 
G 
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1=0.01 
(1 - 12 ) 

VSWR=30 
1 = o.937 
G 

L = 0 .3 dB 
G 
VSWR=l.15 
1 = 0.01 
(1 - 1 2 ) 

L = 0 .3 dB 
G 
VSWR=l.15 
1 = 0.01 
(1 - 1 2

) 
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0 .720 

VPloss + refi HP loss HPloss + refi 
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1 1 
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Initially, with switched off noise generator, the transmission coefficient Krm of the 
radiometer is adjusted to reach a numerical correspondence between the changes 
of the output voltage and the thermodynamic temperature of the matched load 
connected to the radiometer input . In this way the radiometer readings become 
proportional to the antenna temperatures at both orthogonal polarizations . The 
noise generator is switched on and the attenuator ATT is adjusted so that the 
output voltage increases by a predetermined value, which corresponds to a "noise 
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step" Tn = Gatt T;g. During operation the radiometer transmission coefficient can 

be checked using this "noise step" . 
The external calibration of the radiometer with a front-end polarization unit is 

completed with two identical horn antennas, directed initially towards the clear 
sky with a brightness temperature Tb,sky . First, the output readings for the vertical 
and the horizontal polarizations Uout,sky,v and Uout,sky,h are read out. Then, an 
absorber which physical temperature is equal to its brightness temperature Tb,abs 

is put in front of the antennas and the corresponding output voltages Uout,abs,v and 
Uout ,abs ,h are read out. 

So , we can write out two calibrating equations for the measurement of the bright
ness temperature of different natural objects 

rr rr Tb,abs - Tb,sky (U U ) 
.Lb,v = .Lb,s_ky + U U out,v - out,sky,v 

out,abs,v - out,sky,v 

,,.., rr Tb,abs - Tb,sky (U U ) 
.L b,h = .L b,sky + U U out,h - out,sky,h · 

out,abs,h - out,sky,h 

(5) 

Further, we can calculate the brightness temperatures Tb of the observed objects 
from the output voltages, measured at the corresponding polarizations. 

The emissivity for asphalt with thermodynamic temperature T = 289 K, re
trieved from radiometer data at vertical and horizontal polarizations is presented 
in Fig. 3 as a function of the angle of incidence () and is compared to the emissivity 
for smooth asphalt surface, calculated using the Fresnel equations for permittivity 
€ = 6. There is a good correspondence between the measured emissivity and the 
model data especially for the range 15 to 45 degrees. 
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Fig. 3. Comparison between exp-:!rimental data (squares - H-pol., trian
gles - V-pol.) and model calculations for asphalt with permittivity f = 6 
(continuous line - H-pol., dotted line - V-pol.), frequency 9.5 GHz 
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4. Conclusions 

As a result of the completed analysis and experimental testing of the microwave 
radiometer with a front-end polarization unit several conclusions can be drawn : 
• the front-end polarization unit is designed and developed with accessible com

ponents; 
• the unit requires a simplified control scheme (2 interswitching signals, presented 

in Fig. 2 as logic "l" and "O"); 
• the system shows a high isolation (above 25 dB) to crosspolarized signais . 

The front-end polarization unit described above can be used in passive and active 
remote sensors for environment studies. 
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