Estimating Radio Telescope Antenna Sidelobe Temperature 

Abstract

Practical radio telescope antennas generally intercept ground radiation in their side/back-lobes especially when tilted towards the horizon or towards trees/buildings. Given the 3D antenna beam pattern it is possible to integrate over offending regions to determine ground effects on the system noise temperature
. This note describes a simpler technique for antennas with circular symmetry using measured or estimated co- and cross-polar patterns.

Definitions

1. Antenna Noise Temperature
From Reference 1, the antenna noise temperature equation for an antenna placed in a non-zero temperature environment that accounts for antenna cross polarisation is,


[image: image19.emf]BW-Az BW-El Max. Gain Min Angle Max Angle Mean level (dB) Xpol level SA (sterads) No: of Beams CPxT XPxT C Power X Power C Temp:°K C+X Temp:°K

28.8 28.8 18.01 0 10 0 -30 0.095 0.48 139.499 0.139 0.481 0.000 81.985 75.25

10 20 -3 -27 0.284 1.43 207.620 0.827 0.716 0.003 122.02 112.33

63.3

20 30

-10 -26

0.463 2.33 67.642 1.699 0.233 0.006 39.75

37.37

30 40

-17 -26

0.628 3.17 18.317 2.306 0.063 0.008 10.77

11.11

40 50

-21 -27

0.775 3.90 8.990 2.258 0.031 0.008 5.28

6.06

50 60

-24 -26

0.897 4.52 5.219 3.293 0.018 0.011 3.07

4.59

60 70

-22 -28

0.993 5.00 9.152 2.299 0.032 0.008 5.38

6.17

70 80

-27 -25

1.058 5.33 3.084 4.889 0.011 0.017 1.81

4.30

80 90

-30 -27

1.091 5.50 1.594 3.181 0.005 0.011 0.94

2.57

90 100

-25 -25

1.091 5.50 5.041 5.041 0.017 0.017 2.96

5.43

100 110

-23 -27

1.058 5.33 7.747 3.084 0.027 0.011 4.55

5.84

110 120 -22.0 -25 0.993 5.00 9.150 4.586 0.032 0.016 5.38 7.40

120 130

-25.0 -27

0.897 4.52 4.145 2.615 0.014 0.009 2.44

3.64

130 140

-30.0 -25

0.774 3.90 1.131 3.577 0.004 0.012 0.66

2.54

140 150

-32.0 -27

0.628 3.16 0.579 1.831 0.002 0.006 0.34

1.30

150 160

-27.0 -25

0.463 2.33 1.348 2.137 0.005 0.007 0.79

1.88

160 170

-23.0 -27

0.283 1.43 2.073 0.825 0.007 0.003 1.22

1.56

170 180

-21.0 -30

0.095 0.48 1.103 0.139 0.004 0.000 0.65

0.67

Totals 12.6 63.3 493.436 44.727 1.702 0.154 290.00 290.00

Notes:  1.  Adjust black bold font entries only

2. Max linear gain = 52525/Az/El

3. Number of beams in 4pi steradians = linear gain

4. Side/backlobe temp: from rear hemisphere (90-180) in Tsys = 30.26  deg K

5. Antenna pattern efficiency =  77.6 %

-35

-30

-25

-20

-15

-10

-5

0

0 50 100 150 200


(1)

where, 
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 are power per unit solid angle for co-polar and cross-polar antenna response respectively and 
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 are the surrounding brightness temperatures. 

This is equation is implemented in a simpler quantised form below to allow a good working estimate of the ground temperature contribution to the telescope system temperature. 
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(2)
GCg and GXg represent relative main and sidelobe gain levels, assumed constant over solid angles, SACg and SAXg (steradians)

2. Antenna Directivity (Gain)
Given a spherical set of antenna polar pattern measurements, the antenna directivity can be calculated from,
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(3)

As before, this equation can be simplified using the quantised integration technique to,
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(4)

This directivity figure includes pattern focusing efficiency and will exceed the measured gain by resistive and mismatch losses. 

Antenna Sidelobe Number Concept 

Ignoring resistive losses and loss due to illumination profile, the maximum gain of an aperture antenna, area A, is given by the well-known formula,
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where ( is the signal wavelength.

For a square aperture side D, A = D2.

Now (/D is the antenna beamwidth = BW in radians. So we can re-write the Gain equation as, 
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Now observe that there are 4( steradians in a sphere and BW 2 is approximately the antenna main beam solid angle, also in steradians. 

Similarly, for a circular reflector, G becomes,
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So the gain equation is also telling us that the antenna can be considered as producing a number of  radial beams, numerically equal to G over the 4( sphere. One of course is the main directional beam and the G-1 remainder can be thought of as much lower level side and back-lobes equi-spaced over the surface of the sphere; each lobe emanating from the centre of the sphere.

This is a useful concept as it means that we don't have to do any 3D integration over the side-lobes to determine power radiated or temperature sensed in sidelobes. 

We can set a level to the G-1 sidelobe beams from measurements or antenna knowledge and just sum the sidelobe/equivalent beam contributions over their relevant solid angles.

Calculating Sidelobe Temperature Contributions

If the antenna pattern is assumed rotationally symmetric, a particular sidelobe region can be thought of as a number of equivalent sidelobe beams occupying an open spherical sector of a sphere as shown in Figure 1.
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Figure 1 Sidelobe solid angle (SA) (2 - (1 spherical sector definition

The solid angles covered by a particular sidelobe level region are calculated from the open spherical sector, solid angle formula, 
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(6)

where, θ1 and θ2 represent the specified sidelobe sector (elevation) limits.

From this solid angle we can calculate the equivalent number of sidelobe gain beams within it,

No. of sidelobe beams, = 
[image: image13.wmf]p

4

.

G

SA

N

sl

=


(7)

Adapting Equation (2), and assuming the antenna is singly polarised and placed in a closed environment with the walls at 290°K, the temperature resulting from a particular equivalent sidelobe beam is, 
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where, Gsl is a nominated sidelobe beam boresight-relative gain, Nsl is the number of equivalent sidelobe beams at this level and the denominator represents the sum of the power levels of all GN lobes.

The method is demonstrated with an example. In this case, based on an 8deg beamwidth reflector antenna with published gain 23dB  (~x200). The maximum possible gain using the specified beamwidth = 29dB ~ x822.

The overall efficiency then, is 25%, (-6dB gain from maximum = 1/4). Efficiency losses of a focus fed parabolic dish include feed losses, illumination profile loss. Directivity losses include spillover and power lost in sidelobes. 

Example

The example co-polar antenna pattern of a parabolic reflector antenna is shown in Figure 2. For the following calculations, it is assumed that this pattern is preserved in the boresight axis of revolution.

The pattern is first divided into a number of angular regions by eye, where the sidelobe levels appear roughly constant, (Column 1, Table 1). Column 2 represents the mean sidelobe level over each region. Column 3 is the calculated solid angle (Equation 6) whilst Column 4 lists the equivalent number of beams (Equation 7), in this case totalling 822, the calculated maximum gain.
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Figure 2 Polar Pattern of  Parabolic Dish Example

	Angle

(deg)
	SL Level (dB)
	Solid Angle

(Steradians)
	No. Beams
	Lobe

Temp

	0-4
	0
	0.015
	1
	132

	4 -10
	-15
	0.1
	5
	21

	10-30
	-25
	0.75
	49
	20

	30-75
	-30
	3.8
	250
	33

	75-95
	-25
	2.2
	142
	59

	95-110
	-30
	1.6
	105
	14

	110-180
	-35
	4.1
	270
	11

	Totals
	
	-
	822
	290


Table 1 Calculation of sidelobe temperature contributions

The lobe temperature contributions, Column 5 are calculated using Equation (8), where 
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= 2.207, the sum of all the lobe power level beam number products. 

The table shows that 55% of the power enters through the sidelobes and the antenna pattern efficiency is 45% (=132/290) and accounts for 3.4dB gain loss from the ideal.

The other 2.6dB (ideal gain 29dB, published gain 23dB in the example is reflector illumination loss, feed antenna efficiency etc:

This example shows that with the rear hemisphere facing the ground, side/backlobes can contribute 25° or more to a radio telescope system temperature. The region 75° - 95° should be kept well clear of ground/building/tree obstructions.

Estimating System Ground Temperature with Tilted Antennas

When tilting the antenna away from the vertical, the proportion of relevant angle ranges directed at ground/warm structures can be estimated and sidelobe sections summed to obtain a new sidelobe temperature result. Pointing an antenna horizontally towards the horizon for example, half the antenna pattern hemisphere is now ground-directed, which would result in a ground temperature contribution of 290/2 = 145°K.

[image: image17.emf] 
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Figure 3 Sidelobe Spreadsheet Table - Yagi Array Example
A convenient and simple approach is to divide the Table 1 angle range into a number of equal divisions and to input the data into a spreadsheet
 as shown in Figure 3. This example uses data calculated for a 22-element Yagi antenna and includes the antenna cross-polar response. 

The method of estimating the system temperature due to ground illumination of the antenna sidelobes is to assume that ground temperature source always occupies the lower hemisphere as seen by the antenna pattern. With this stipulation, when the pointing direction of the antenna is tilted from the vertical new halves of the sidelobe sectors fall within this region whilst on the opposite side, the other half-sectors enter the forward hemisphere. Using this simple algorithm, and summing the lower hemisphere sectors, an estimate of how the ground influences the system temperature with tilting is realised. Figure 4 shows the tilting ground system temperature using the data of 

[image: image18.emf]Tilt °K Tilted Temp: Incl: Cross Pol:

0

18.99 30.26

10

17.98 28.83

20

16.61 28.06

30

16.61 27.44

40

16.93 27.92

50

19.24 29.68

60

24.45 34.59

70

43.93 52.33

80

104.33 107.71

90 145.00 145.00


Figure 4 System Ground Temperature Variation with Antenna Tilt from Vertical

Figure 4. Column 2 and 3 list ground-directed hemisphere noise temperature; column 2, co-polar response only, column 3 including a simulated cross-polar response.

As an example of calculating the values in Figure 4, the result for a 10° tilt using just co-polar data from Figure 3 ('C Temp' column) is,

17.98 = SUM(C Temp 100° to 180°) + ½.SUM(C Temp: 80° to 100°)

Refer to the .xls file in footnote (2) for more detail.

Figure 4 shows that antenna cross-polar performance can have a significant effect on the ground-induced system noise temperature. Although the cross-polar figures for this antenna were estimated, it does show that they need to be much lower than the co-polar sidelobes to minimise their effect. It is interesting to note that the ground system temperature does not change significantly for tilts up to 50°

Conclusions

The note describes a simple approximate method of estimating the effect of side/back-lobes and cross-polar performance on degrading the system temperature of a radio telescope over most practical tilting angles. The concept of considering an antenna as generating G lobes and weighting and summing these over areas of interest is a useful aid although sidelobe weighted integration of the open spherical sectors is just as valid.

Reference

[1] Lambert, K. M., and R. C. Rudduk, ‘‘Calculation and Verification of Antenna Temperature

for Earth-Based Reflector Antennas,’’ Radio Science, Vol. 27, No. 1, January–February

1992, pp. 23–30.

PW East October 2015















� � HYPERLINK "http://bookzz.org/s/?q=Noise+Temperature+Theory+and&t=0" ��http://bookzz.org/s/?q=Noise+Temperature+Theory+and&t=0�





� �HYPERLINK "http://www.y1pwe.co.uk/RAProgs/SidelobeTempYG4.xls"��http://www.y1pwe.co.uk/RAProgs/SidelobeTempYG4C.xls�





PAGE  
1

_1506679002.unknown

_1507532291.unknown

_1508164596.unknown

_1513059404.unknown

_1508165523.unknown

_1507539126.unknown

_1506696101.unknown

_1507466107.unknown

_1506683777.unknown

_1506678958.unknown

_1506678980.unknown

_1462340854.unknown

_1506678777.unknown

_1475329251.unknown

_1462277388.unknown

