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Abstract- We propose a new algorithm for sky calibration of the 
L-band radiometers JULBARA and ELBARA II, introducing the 
effective transmissivities of the instruments. The suggested 
approach was tested using experimental data obtained at the 
Selhausen test site, Germany. It was shown that for JULBARA 
the effective transmissivities depend strongly on the air 
temperature and decrease with increasing air temperature, while 
for ELBARA II such strong dependence was not observed. It was 
also shown that the effective transmissivities account for the 
antenna and feed cable loss effects, and for the variations of the 
radiometer gain due to air temperature changes. The new 
calibration algorithm reduces significantly the bias of brightness 
temperature estimates for both radiometers, especially for 
JULBARA. 
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I. INTRODUCTION 

The sky emission is widely used as a well known noise 
source for external calibration of microwave radiometers. For 
L-band radiometers with built-in noise sources for internal 
calibration of the radiometer receiver, the sky calibration is 
also important for periodic external calibration of the 
radiometer system including the antenna and the feed cables. 

The main goals of this paper are: (a) to describe the new 
algorithm for sky calibration of the L-band radiometers 
JULBARA and ELBARA II, both of which have built-in noise 
sources for internal calibration (b) to present the experimental 
results, and (c) to compare the algorithms performance. 

II. CALIBRATION ALGORITHMS 

A. Internal calibration 

The noise temperatures TB.lNT.p at the radiometer inputs for 
horizontal and vertical polarizations were calculated as follows: 

THOT - TCOLD ( ) TB,fNT,p === V P -V COLD + TCOLD' V [[aT -V COLD 
(1) 

where THOT and TCOLD are the noise temperatures of the internal 
hot and cold calibration sources (THOT > TcoLD) , VHOT and 
VCOLD are the corresponding instrumental raw data in units of 
volts at the output of the RF path, and Vp are the voltages, 
associated with the antenna measurements with p = Hand p = 

V for horizontal (H-pol) and vertical (V -pol) polarizations, 
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respectively. S === (THaT - TCOLD) I(V HOT - V COLD ) , (K/V) is 
the slope of the internal calibration equation and G = liS, 
(V/K) is the net gain of the radiometer system including the 
RF-path. 

B. External calibration 

The radiometer systems were directed toward the sky and 
the brightness temperatures TB,EXT.p were estimated as presented 
below using two different algorithms. 

1) Algorithm 1: Cable loss correction 

As shown in [2] and [3], the noise contributions due to feed 
cable loss LFc,p (dB) and cable temperature TFc,p (K) can be 
corrected using (2) 

T -(1-t )T 
T 

_ B,lNT,p FC,p FC,p 
B,EXT,p -

t FC,p 
(2) 

where tFC,p is the feed cable transmissivity, which is calculated 
from the measured cable loss as follows: 

-10(-LpC,p 110) 
tFC,p - . (3) 

The measured air temperature was used as approximation 
for the cable temperature hc,p as recommended in [2] and [3]. 

2) Algorithm 2: Effective transmissivity 

We introduce an effective transmissivity tejj,p defined as: 

T -T t 
-

air B,lNT,p 
efl,p - T T ' air - B,MODEL 

(4) 

where Tair (K) is the air temperature and TB,MODEL is the sky 
brightness temperature calculated from the model given in [4]. 

The new calibration algorithm is 

T 
_ TB,lNT,p -(1-teif,p)Tair 

B,EXT,p -
t efl,p 

(5) 



III. SKY MEASUREMENTS 

The experiments were conducted at the Selhausen test site 
of the Research Centre Jiilich (FZJ), Germany. Radiometric 
measurements of the sky scene were performed with L-band 
radiometer JULBARA from April till September 2011, three 
times a day, namely from 7 to 8 am, from 3 to 4 pm, and from 
11 pm to 0 am. The ELBARA II radiometer was also oriented 
toward the sky and measured continuously between 11 July 
and 11 August 2011. Measurements of the air temperature near 
to the radiometer systems were carried out simultaneously with 
the radiometric measurements. Measurements of the feed 
cables physical temperatures of JULBARA were also collected. 
The radiometers were mounted on different platforms, about 30 
meters from each other. For the sky measurements the 
radiometers were oriented toward the south and toward the 
north, respectively with incidence angles of 135° for 
JOLBARA and 140° for ELBARA II relative to nadir. 

The Dicke-type radiometer JULBARA was built based on 
the same concept as the ELBARA radiometer [1] and measures 
in the protected region of L-band at two frequency ranges 
1.400-1.414 GHz (Channell (CHI» and 1.414-1.427 GHz 
(Channel 2 (CH2», respectively. The radiometer was equipped 
with two internal calibration sources, namely hot noise source 
(338 K) and cold source (278 K), and a conical hom antenna 
with 12° full beamwidth at -3 dB. Detailed description of 
ELBARA II is given in [2]. A resistive noise source and an 
active cold source were used as hot and cold calibration 
sources, respectively, in the ELBARA II calibration assembly 
[2]. ELBARA II was equipped with a conical hom antenna 
with -3 dB full beamwidth of 24°. Both L-band radiometers 
worked with 10 seconds integration time. The radiometer 
resolution (sensitivity) was 0.1 K. One measurement cycle lasts 
about 45 seconds and was performed every minute [2]. 

IV. RESULTS AND DISCUSSION 
Equation (1) was used to calculate TS.INT,p from the raw 

radiometric data. Then TB,HXT,p were estimated using (2) for 
Algorithm 1 and (4) and (5) for Algorithm 2. It should be 
noticed that Ts,p == 0.5(Ts,p,cHl + TB,p,cH2) . 

A. JULBARA 

The mean values of the data obtained between 13th and 26th 
April 2011, during the one hour sky measurements from 3 pm 
to 4 pm will be used to illustrate the radiometer behavior and 
the algorithm performance. The feed cable losses were 
measured in the High Frequency Laboratory, Peter Grunberg 
Institute, FZJ. The mean values for the frequency range 1.400 -
1.420 GHz were used, namely 0.15 dB and 0.133 dB for the 
feed cables for H-pol and V-pol, respectively. 

Fig. 1 (a) and Fig. 1 (b) show the variations of the radiometer 
gain and the effective transmissivity tefJ,p due to air temperature 
changes. It is obvious that both radiometer gain and effective 
transmissivity tejj,p depend on air temperature and decrease with 
increasing Tair. 

The data obtained during continuous sky measurements 
from DOY 91.7132 to DOY 92.9715 were used to test the 
algorithm performance. Because of JULBARA orientation to 

the south, distinct contamination due to the sun emission was 
registered. The contaminated data from DOY 92.4396 to DOY 
92.559 were removed and the remaining 1640 measurements 
were used for algorithm comparison. The results are 
summarized in Table 1. 

In all tables Delta = mean(Ts,EXT,p) - mean(Ts,MoDEJ is 
calculated for the corresponding data set. 

Min 

Max 

Mean 

std 

Delta 

TABLE 1 
JULBARA RESULTS FROM DOY 91,71 TO DOY 92,97, 

N = 1640, TB,MODEL = 5,11 K 

Algorithm 1 Algorithm 2 
Cable loss COIT, Mean tejJ,p teJJ,p 
To,H TR,v To,H To,v TH,H 
4.06 7.27 1.78 1.98 5.07 

12,39 15.34 10.20 10.25 5,13 

7.40 10.42 5.11 5.11 5.11 

1.16 1.13 1.16 1.13 0.02 

2.29 5.31 0.00 0.00 0.00 

TH,v 
5.07 

5,13 

5.11 

0,02 

0.00 

From the results presented in Table 1 the following 
conclusions could be drawn: for Algorithm 1 there is a 
systematic bias between Ts,HxT and TB,MoDHI>, namely 2.29 K 
and 5.31 K at H-pol and V-pol respectively; for Algorithm 2 
there is no bias. When Algorithm 2 is used with the mean 
values of the effective transmissivities calculated for the whole 
data set (n= 1640), the standard deviation is the same as for 
Algorithm 1. For Algorithm 2 with the instantaneous values of 
tejj,p, the standard deviation is very small. 

Linear regression equations tejj,H (Tail.) and tejjY (Tair) were 
derived using the data set described above with n = 1640. Then 
Algorithm 2 was tested with another independent data set 
collected from DOY 80.6684 to DOY 80.9178, total duration 
six hours and n = 359. The results are presented in Table 2. The 
linear regression equations tejj,H (Tair) and tejj,v (Tair) were used 
for estimating the effective transmissivities teD,p from the 
measured air temperature Tair-

Min 

Max 

Mean 

std 

Delta 

TABLE 2 
JULBARA RESULTS FROM DOY 80,67 TO DOY 80,92, 

N = 359, TB,MODEL = 5,12 K 

Algorithm 1 Algorithm 2 
Cable loss correction Linear regression 

teJJ,p(Tai,) 
TB,H TR,v TB,H TB,v 
3,76 6,35 2,98 2.53 

8.78 12,89 7.40 8.16 

6.81 9.64 5.43 5.23 

0,98 1.07 0,79 0,86 

1.69 4.52 0.31 0.11 

The comparison of the results estimated with Algorithm 1 
and Algorithm 2 presented in Table 2 clearly shows the 
significant improvement of the calibration accuracy obtained 
using the new calibration algorithm - the bias is substantially 
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Fig. 1 (a) JULBARA gain variations with air temperature. (b) JULBARA effective transmissivity variations with air temperature. 

reduced and the standard deviation is smaller. 

B. ELBARAlJ 

Distinct RFI were present in the sky radiometric data -
bursts of the order of 40 to 60 K with a maximum of 450 K at 
H-polarization for DOY 207.378. The RFI-distorted periods 
were removed by using the following selection criterion: 

abs«TB,CHl -TB,CH2) -mean(TB,CHl -TB,CH2)) < 0.3K, (6) 

where mean(TB,CHI- TB,cH2) is the mean value calculated for the 
whole data set. The selection criterion given in (6) was applied 
for H-pol and V-pol data. Only the data fulfilling the criterion 
(6) simultaneously for H-pol and V-pol were used for 
algorithm testing. After the RFI removal, data set with n = 
13489 was obtained. 

The ELBARA II feed cable losses were specified as LH = 

Lv = 0.254 dB by the manufacturer. 

According to [2], the ELBARA II calibration assembly 
(CA) is designed as a separate module to allow for independent 
operation for cross calibration among other L-band 
radiometers. The temperature of the CA is stabilized to ± 0.1 
K. The brightness temperature of the active cold source TACS 
was estimated from the measured temperature of the resistive 
noise source TRS, mounted in the CA, using the linear 
regression equation given in [2, Section 3.1.4]. The brightness 
temperature TACS was calculated for every measurement cycle. 
Mean (TAd = 40.99 K with standard deviation 0.016 K was 
obtained for the whole data set (n=13489). The corresponding 
values for the CA temperatures, namely mean (TRS)= 313.14 K 
and standard deviation 0.07 K confirmed the excellent 
temperature stability of the calibration assembly of ELBARA 
II reported in [3]. 

The two algorithms for estimating TB.h:XT.p were applied and 
the results are presented in Table 3. 

For Algorithm 1 there is again a bias, namely - 1.76 K and 
- 0.42 K at H-pol and V-pol, respectively. The conclusions for 
Algorithm 2 are similar to that for JULBARA - no bias and 

very small standard deviation, in case that the instantaneous 
values of t�fl:p were used. 

Min 

Max 

TABLE 3 
ELBARA II RESULTS FROM DOY 192.68 TO DOY 223.99, 

N = 13489, TB.MODEL = 4.92 K 

Algorithm I Algorithm 2 

Cable loss corr. Mean teff,p teff,p 

TB,H TB,v TB,H TB,v TB,H TB,v 
1.99 3.09 3.79 3.50 4.88 4.88 

6.28 9.75 8.04 10.15 4.95 4.95 

Mean 3.16 4.50 4.92 4.92 4.92 4.92 

std 0.49 0.69 0.49 0.69 0.01 0.01 

Delta - 1.76 -0.42 0.00 0.00 0.00 0.00 

Fig. 2(a) and Fig. 2(b) show the dependence of effective 
transmissivities teJj;H and teJj;V on the air temperature. There are 
two clusters: the first cluster (top) contains data suggesting 
linear dependence of telf,H and teJj;V vs. Tail' (small gradients 
/l,,{efJ,J/I,Tair); the second cluster contains data that deviate 
slightly from this linear dependence and also relatively small 
numbers of outliers. From the histograms of teJj;H and teJ): v 

presented in Fig. 2(c) and Fig. 2(d) it can be seen that most of 
the data are close to the corresponding average values. At H­
pol about 80% of the teJ):H data are in the range from 0.947 to 
0.951, i.e. mean (tefJ,H) ± 0.002. At V -pol about 70% of the tefJ,V 
data are in the range from 0.943 to 0.947, i.e. mean (teJj.V) ± 
0.002. It should be noticed that change of /l,,{eJf = 0.002 of the 
effective transmissivities teJf,H and tefl,V leads to a 
corresponding change of /l,TB,EXT,p � /l,tTair� 0,6 K. It should be 
also mentioned that the change of /l,teJf = 0,002 corresponds to 
cable loss change of M = 0.01 dB. 

From the results presented for JULBARA and ELBARA II 
radiometers, it is obvious that the effective transmissivities tefJ,H 
and t�fl:V estimated using (4) account for the feed cable loss 
effects and for the variations of the radiometer gain due to air 
temperature changes, The effective transmissivities also 
account for the effects of antenna loss. As shown in [5], the 



0.96 0.96 
(a) (b) 

0.95 0.95 

:r: > \. '" '" " " - -

0.94 0.94 

0.93 0.93 
280 285 290 295 300 305 280 285 290 295 300 305 

Air temperature (K) Air temperature (K) 

4000 4000 
(C) (d) 

3000 3000 
>-. >-. u u = = <l) 2000 <l) 2000 ::l 

� 0" 
� � 

� � 

1000 1000 

0 0 
0.93 0.94 0.95 0.96 0.93 0.94 0.95 0.96 

t efl;H tefl;v 

Fig. 2 ELBARA II effective transmissivities variations with air temperature: (a) horizontal polarization and (b) vertical polarization. 
Histograms of the effective transmissivities: (c) horizontal polarization and (d) vertical polarization. 

antenna transmissivities for pyramidal rectangular horns are ::; 
1, namely 0.9920, 0.9872, and 0.9972 at 0.6, 0.82, and 2.5 
GHz, respectively. 

V. CONCLUSION 
From this study the following conclusions could be drawn. 

The measured radiometric sky data must be RFI free. The air 
temperature may be used as a proxy for feed cable physical 
temperature, but care must be taken to ensure that the 
temperature sensor and the feed cables are protected from 
direct sunlight. The feed cable loss must be estimated very 
accurately in order to reduce the systematic bias of brightness 
temperatures obtained with Algorithm 1. It was shown that for 
JULBARA the effective transmissivities depend strongly on air 
temperature and decrease with increasing air temperature. It 
was proved that the linear regression equations teff,H (Ta;r) and 
tej]:V (Ta;r) could be used for estimating the effective 
transmissivities from the measured air temperature. It was also 
shown that the new calibration algorithm reduces significantly 
the bias of brightness temperature estimates for both 
radiometers, especially for JULBARA. 

We think that testing of the new calibration algorithm using 
data obtained with the other ELBARA II radiometers, currently 
operating in SMOS-relevant field campaigns in Europe, will be 
very beneficial for the radiometric community. 
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