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ABSTRACT

In order to achieve the commandable gain, both the bent pipe type communication transponder (of any
communication satellite) and navigation paylaod data transmitter ( of any navigation satellite) usually employ the
commandable attenuator, called the Back Off Attenuator (BOA). The BOA, basically the PIN diode type attenuator,
is a part of the onboard driver amplifier prior to the final power ampliflifier of the satellite payload. For most of the
communication payloads, the BOA ranges from 0 dB to 22 dB with a minimum step size of 2 dB. However, for
most of navigation paylaods, it ranges from 0 dB to 12 dB with a minimum step size of 1 dB. There is a unique
command code (called the BOA data command) for setting each BOA step. Prior to the launching of the satellite,
it is very much needed to calibrate all the BOA steps accurately. In this paper, an innovative method, called the
Noise Floor Method has been discussed in detail which could be employed for accurate calibration of the Back Off
Attenuator (BOA) onboard the satellite payloads. Using this technique, the BOA calibrations of both the CDMA
Ranging payload (bent pipe transponder) and the navigation paylaod (data transmitter) of IRNSS satellite have been
carried out. The paper also contains these measured data of BOA calibration obtained by the innnovative method
and their comparison with the measured data obtained by conventional method.

Keywords: Back Off Attenuator (BOA), Code Division Multiple Access (CDMA), Indian Regional Navigation
Satellite System (IRNSS), Integrated Spacecraft Testing (IST), Noise Floor, Spectrum Analyzer, Transponder.

I.  INTRODUCTION

The Back Off Attenuator (BOA), usually the PIN diode type attenuator [ 1, 2] is a part of the Driver Amplifier in a
satellite’s paylaod chain. For any communication transponder or navigation data transmitter, the Back Off
Attenuator (BOA) steps are set using telecommand to achieve commandable gain [3-8]. For a bent pipe type
communication transponder, the conventional technique by which the BOA calibration i.e., the BOA steps at IST
(Integrated Spacecraft Testing) level are measured is as described [9] below:

From a microwave signal source, the RF input power to the communication transponder is selected in such a way
that the payload transponder chain operates in its linear region (at least 10 dB below the saturation point). Keeping
the input power level constant, the back of attenuator (BOA) is switched in from 0 dB to maximum value. As the
BOA steps are switched ON one by one, the payload downlink power level will decrease in step in synchronism
with the BOA step changes. The steps in the payload downlink power level are traced on Spectrum Analyzer in
single sweep mode with zero span and BOA values are computed offline by measuring step size of the staircase like
trace on Spectrum Analyzer, as shown in the Figures 3(a) and 4(a).

I1.  INNOVATIVE TECHNIQUE

An innovative technique, called the Noise Floor Method could also be adopted to measure the BOA steps of the
satellite payloads. This technique does not require the pumping of any RF signal at the transponder input. Instead,
the transponder noise floor level in the down link path is captured on the Spectrum Analyzer screen (in single sweep
mode with zero span) during setting the different BOA steps as done in the conventional technique of BOA
calibration. This technique will have several advantages over the conventional method. These include:

=  Considerable reduction in BOA calibration testing time.

* No need of Uplink RF signal source.
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No need of unlink RF checkout interface and thereby no need of uplink path calibration.

= Does not require the determination of saturation point or nominal operating point of the satellite’s payload prior
to the execution of the BOA calibration test.

= Suitable for Transmitter type navigation payload (where uplink signal is not applicable or not available).

= Suitable during Pre-launch IST operations at the launch pad (where RF silencing is required) as a quick check.

2.1 The Basic Principle:

CDMA Ranging Payload is a bent-pipe transponder consisting mainly of Low Noise Receiver, Variable Attenuator
& SSPA Transmitter in the chain [10]. The background Noise = KT, is present at the Transponder input. Even
without giving any RF input signal, this input noise will pass through the Transponder, get amplified & result in
Noise output which is seen as a Noise pedestal in the Spectrum Analyzer trace depending on the Filter
characteristics.

The Noise Power output from the Transponder is given [11] by the following equation]:

Noww = (FKT,BW)G 1)
Where,
Nout = Noise Power outpult,
F = Noise Figure of the Transponder chain,
K = Boltzman’s Constant,
T, =Room Temperature (290° K),
B = Resolution Bandwidth of the Spectrum Analyzer in Hz,
G = Gain of Transponder.

In Log scale, the above equation can be written as:
Noyt (dBm) = F (dB) - 174 + 10log;, (B) + G (dB) 2

Since Transponder Noise Figure & all measurement settings are constant throughout the measurement, the change in
noise floor level could be obtained by differentiating both the sides of the above equation (2) and could be expressed
as follows:

A Nyt (dB) = A G (dB) @)

Transponder gain is represented as:
G =[G, (dB) -A (dB)] (4)

Where, G, is the fixed linear gain in dB and A is the variable attenuation in dB.
Differentiating the above equation (4), one could write,
AG (dB) = - AA (dB) (5)

Where, AA (dB) is the BOA Step value.
Substituting equation (5) in equation (3),
A Noyt (dB) =-AA (dB) (6)

From equation (6) it is evident that the change in noise floor level at the transponder output is numerically equal to
the BOA step value set onboard the transponder. This means if the different BOA steps are switched ON one by one,
the noise floor level will decrease gradually and thereby results the stair-case like trace on Spectrum Analyzer. The
different step sizes of the displayed noise floor trace on spectrum analyzer will then represent the measured values
of the BOA steps.
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I11.LEXPERIMENTAL RESULTS AND THEIR COMPARISON

BOA calibrations for both main and redundant chains of CDMA Ranging Payload (basically, a transponder) and the
L5 band and S band Navigation Payload (basically, data transmitters) of IRNSS-11 Navigation satellite were carried
out using both conventional and innovative techniques.

3.1 CDMA Ranging Payload

The Noise Floor plots for both the Main & Redundant Transponder chains at 0 dB BOA are given in Figures 1 and
2. The staircase like Noise floor traces in the downlink path as appeared in the Spectrum Analyzer screen during
measurements are shown in the following Figures 3 and 4.

The BOA steps computed from these traces using these two different techniques are shown in the Tables 1 and 2
below.
The comparison values are plotted in Figures 5 and 6.
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Figure 1: Transponder Main chain Noise Floor Plot with 0 dB BOA.
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Figure 2: Transponder Redundant chain Noise Floor Plot with 0 dB BOA.

Downlink Traces as captured on Spectrum Analyzer during BOA calibration of the Transponder main and redundant
chains using two methods are shown in Figures 3 and 4 below:

e 394
@)
G JESR (C)Global Journal Of Engineering Science And Researches



THOMSOMN REUTERS

[Wara, 6(4): April 2019]
DOI- 10.5281/zenodo0.2653642

Axt B ab SWT 20 a2

‘_LILL

=

Cenver 3.4125 dHz z s/

(a) Conventional Method

REW 3 WMz Marker 1 (T 1
SVEW 100 He =re.du dum

Rez -v4 aBm Atz ® ap SwP 20 & 1.866607 &

-3
2
_I I
—
—74 I
Center 3.412%5 GHz 2 o

Figure 3: Noise Floor traces on Spectrum Analyzer-

(b) Noise Floor Method:

CDMA Rangin Payload Main Chain

Ret -30.2 dbm

REW 10 Mz Magker 1 [TL |
"VEBW 30 Hz
-het 10 dm

-32.4l dEm
swr 20 = PRNITIELIVITER Y

|

Cences 3.4125 oz 2 s/

Choesr

(a) Conventional Method

395

ISSN 2348 - 8034
Impact Factor- 5.070

(C)Global Journal Of Engineering Science And Researches



THOMSOMN REUTERS

[Wara, 6(4): April 2019] ISSN 2348 - 8034
DOI- 10.5281/zenodo0.2653642 Impact Factor- 5.070
X ) i
L_L
L"’l
L

(b) Noise Floor Method
Figure 4: Noise Floor traces on Spectrum Analyzer - CDMA Rangin Payload Redundant Chain

As one of the important performance parameters of the satellite payload systems, the BOA calibration test is usually
carried out for all the major IST (Integrated Spacecraft Testing) test phases during testing of the satellites. The BOA
step values obtained during BOA calibration test of both the main and redundant chains of the CDMA Ranging
Payload of IRNSS-1I satellite during clean room environment are shown in the Tables 1 and 2 below [12]. The
results obtained from these two methods are also plotted in Figures 5 and 6 which show a close match between the

two methods.

Table 1: IRNSS-11 BOA Calibration Results between the two methods for Main chain of CDMA Ranging Payload

BOA Set Value Measured Values of BOA Calib_ration Data for o Lower
(B) : CDMA Main Cha.ln Upper Limit Limit
Noise Floor Method Conventional Method
2 2.1 2.0 3.0 1.0
4 4.0 3.9 5.0 3.0
6 6.0 5.9 7.0 5.0
8 7.8 7.6 9.0 7.0
10 9.8 9.7 11.0 9.0
12 11.9 11.8 13.0 11.0
14 13.7 13.8 15.0 13.0
16 155 15.6 17.0 15.0
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BOA Calibration (IRNSS-11 CDMA Main Chain)
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Figure 5: Comparison of BOA Calibration Results between the two methodsr for IRNSS-11 CDMA Ranging
Payload (Main chain)

Table 2: IRNSS-11 BOA Calibration Results between the two methods for Redundant chain of CDMA Ranging Payload

Measured Values of BOA Calibration Data for
BOA Set Value CDMA Redundant Chain L. L.
(dB) Upper Limit Lower Limit
Noise Floor Method | Conventional Method
2 2.0 1.8 3.0 1.0
4 3.8 3.7 5.0 3.0
6 6.4 6.3 7.0 5.0
8 7.8 7.6 9.0 7.0
10 10.3 10.1 11.0 9.0
12 12.3 12.2 13.0 11.0
14 14.1 14.2 15.0 13.0
16 15.9 16.0 17.0 15.0
BOA Calibration (IRN55-11 CDMA Redundant Chain)
(Conventional Method vs. Noise Floor Method)
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Figure 6: Comparison of BOA Calibration Results between the two methods for IRNSS-11 CDMA Ranging Payload
(Redundant chain')
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3.2 Navigation Payload

Similarly, the BOA calibrations test in clean room environment and also at CATF (Compact Antenna Test Facility)
and during in-orbit test at MCF (Master Control Facility), Hassan were carried out for both the L5 band and S band
Navigation Payloads (which are basically the data transmitters, not the transponders) of IRNSS-11 satellite using the
innovative method i.e., the noise floor method as discussed above. The results obtained during these test phases are
very much comparable with the results obtained at subsystem level [12-14]. The Figures 7 to 10 below show the
noise floor traces captured on a spectrum analyzer during BOA calibration at Integrated Spacecraft Testing (IST)
level in clean room environment using the innovative method. The results obtained are then compared with the data
obtained during subsystem level testing (which uses the conventional method). The comparison of the test results
between the two techniques for these Navigation payloads of IRNSS-11 are shown in the Tables 3 to 6 and also
shown graphically in Figures 11 to 14 below. It is to be noted that for the navigation payload (mainly the data
transmitters used to broadcast the navigation messages over the service area), only the noise floor method could be
adopted for BOA calibration at IST (Integrated Spacecraft Testing) level because there is no provision to uplink the
low level RF signal at the transmitter input during different IST phases. For such navigation payloads, the BOA
calibration using the conventional method is only possible during subsystem level testing.
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Figure 7: Noise Floor traces on Spectrum Analyzer-L5 band Navigation Payload Main Chain
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Figure 8: Noise Floor traces on Spectrum Analyzer-L5 band Navigation Payload Redundant Chain
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Figure 9: Noise Floor traces on Spectrum Analyzer-S band Navigation Payload Main Chain

Marker 1 1.50000 s Avg Type: Log-Pwr
PNO: Fast —»— 1rig: Free Run
1FGain:Low Atten: 6 dB

07:28 18

Ref -29.00 dBm

Center 2.492028000 GHz Span 0 Hz
Res BW 8 MHz #VBW 30 Hz Sweep 30.00 s (1001 pts)

Figure 10: Noise Flobr traces on Spectrum Analyzer-S band Navigation Payload Redundant Chain
The comparison of the test results between the two techniques are shown in the Tables 3-6 below:

Table 3: BOA Calibration Results Comparison for IRNSS-11 L5 Band Navigation Payload-Main Chain

Bsoe 'tA‘ Measured Values of BOA Calibration Data -L.5 Main Chain
Value (dB) Noise Floor Method Conventional Method
1 1.1 0.8
2 2.0 1.7
3 3.0 3.3
4 4.1 4.3
5 5.1 5.3
6 6.1 6.3
7 7.0 7.3
8 7.9 8.0
9 9.1 9.3
10 9.6 9.8
11 10.7 10.4
12 11.7 11.5
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Table 4: BOA Calibration Results Comparison for IRNSS-11 L5 Band Navigation Payload-Redundant Chain
BOA Measured Values of BOA Calibration Data -L5 Redundant Chain
Sl () Noise Floor Method Conventional Method
1 1.0 0.8
2 2.0 1.8
3 2.9 2.7
4 3.9 6.0
5 4.9 4.6
6 5.8 5.5
7 6.7 6.4
8 8.0 7.7
9 9.1 8.9
10 9.6 9.6
11 10.8 10.9
12 11.3 11.5

Table 5: BOA Calibration Results Comparison for IRNSS-11 S Band Navigation Payload-Main Chain

BOA Measured Values of BOA Calibration Data -S Main Chain
Set Value (dB) Noise Floor Method Conventional Method
1 1.1 1.1
2 2 2.1
3 2.9 3
4 3.8 3.9
5 4.9 5
6 5.8 5.9
7 6.8 6.8
8 7.7 7.8
9 8.5 8.7
10 9.6 9.7
11 10.6 10.8
12 11.5 11.7

Table 6: BOA Calibration Results Comparison for IRNSS-11 S Band Navigation Payload-Redundant Chain

BOA Measured Values of BOA Calibration Data -S Redundant Chain

Set Value (dB) Noise Floor Method Conventional Method
1 1.1 1.0
2 2.1 1.9
3 3.1 2.9
4 4.1 3.8
5 5.2 4.9
6 6.1 5.8
7 7.1 6.8
8 8.1 7.8
9 9.2 9.0
10 9.8 9.7
11 10.8 10.8
12 11.6 11.8
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The comparison of the test results between the two techniques are also shown in the Figures below:
BOA Calibration IRNSS-11 L5 Main Chain
(Conventional Method vs. Noise Floor Method)
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Figure 11: Comparison of BOA Calibration Results: IRNSS-11 L5 band Navigation Payload Maint chain
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Figure 12: Comparison of BOA Calibration Results: IRNSS-11 L5 band Navigation Paylaod Redundant Chain

BOA Calibration IRNSS-11S Main Chain
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Figure 13: Comparison of BOA Calibration Results: IRNSS-11 S band Navigation Payload Main chain
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BOA Calibration IRNSS-11 S Redt Chain
(Cenventional Method vs. Noise Floer Method)
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Figure 14: Comparison of BOA Calibration Results: IRNSS-11 S band Navigation Payload Redundant chain
AV CONCLUSION

For the CDMA Ranging payload (bent pipe transponder), the comparison of BOA calibration data as depicted in
Figures 5 and 6 show very good match between the two techniques as described above. The maximum deviation
between the two methods is 0.2 dB, which is less than the measurement accuracy (= +/-0.5 dB) of the onboard BOA
values. Similarly, for the Navigation payload (data transmitter), the comparison of BOA calibration data obtained
independently by two methods and depicted in Figures 11 to 14 show very good match between the two techniques,
the maximum deviation being 0.3 dB, which is again less than the measurement accuracy (= +/-0.5 dB) of the
onboard BOA values. Therefore, one could conclude that the noise floor method as described in the paper could be
used satisfactorily for accurate BOA calibration of both the bent pipe type payload transponder and the data
transmitter type payload (such as the navigation payload) at IST level.

V. ACKNOWLEDGEMENT

The authors are thankful to the Deputy Director, Integration and Checkout Arera (ICA), Shri V. K. Hariharan for
his constant encouragements and motivations for writing this paper. The authors also extend their sincere gratitude
to the IRNSS Project Director (Space segment), Shri V Ramanathan for giving the opportunity to carry out this
work. Finally, the authors are very much thankful to Shri. J.A. Kamalakar (Retired as Director, Laboratory for
Electro-Optical Sensor, LEOS/ISRO) for giving his precious time and efforts during verifying the paper
meticulously. A special thanks to M. Kodandaram, the IRNSS-11 Payload Checkout Manager, for providing the
valuable BOA calibration measurement data while preparing this report. The authors also extend their sincere
gratitude to all the colleagues in UR Rao Satellite Centre (URSC), Bangalore who has contributed either directly or
indirectly to prepare the paper.

VI. DISCLOSURE STATEMENT
No potential conflict of interest was reported by the authors.

REFERENCES

. Samuel Y. Liao, Microwave Devices and Circuits, 2nd Edition, New Jersey, USA, Prentice Hall, Inc.
William F. Egan, Practical RF design, New York, USA, John Wiley & Sons, Inc, 2003.

Bruce R. Elbert, The Satellite Communication Application handbook, Boston, London, Artech House, 1997.
Michael O. Kolawole, Satellite Communication Engineering, New York, Marcel Dekker Inc, 2002.

S Tirro, Satellite Communication System Design, Springer, 1983, ISBN-978-1-4613-6309-5.

Emanuael Fthenakis, Manual of Satellite Communication, New York, McGraw Hill Company.

Dennis Roddy, Satellite Communication, New Jersey, USA, Prentice Hall.

1
2.
3.
4.
5.
6.
7.

402
(C)Global Journal Of Engineering Science And Researches




THOMSON REUTERS

[Wara, 6(4): April 2019] ISSN 2348 - 8034
DOI- 10.5281/zenodo.2653642 Impact Factor- 5.070
8. Takasdi Lida, Satellite Communication, Japan, Ohmsa Press, 1997.
9. Arthur F. Standing, “Measurement Techniques for In-Orbit-Testing of Satellites”, New York, USA, W.H.
Freeman & Co., January 1990.
10. Critical Design Review Document of IRNSS Payload, Document No-SAC//ISRO/IRNSS/CDR-01, Space
Application Center, Ahmadabad, June 2012.
11. MD. Tosicul Wara, Microwave Communication System, Kolkata, W.B., Guidance Foundation, I1SBN:
97881920930-2-4, Jan 2013.
12. Detailed Test Results of Payload & TTC-RF Systems of IRNSS-11 Satellite, Document No- SCG/IRNSS-11/IST-
06, Bangalore, UR Rao Satellite Centre, Jan 2018.
13. IRNSS-11 CATF RF Test Performance Report, Doc. No ISRO/ISAC/1I/CATF-01, ISRO Satellite Centre,
Bangalore, March 2018.
14. IRNSS-11-In-Orbit Test Results, Doc No: MCF/DDC/TN/PSR/P&I1/06, MCF/ISRO, Master Control Facility,
Hassan, May 2018.
—_ 403
i JESR

(C)Global Journal Of Engineering Science And Researches



