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Producing multiple signals for satellite’s testing
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Abstract: A signal generator which could generate communication signal and radar signal is required
in order to verify the function and capability of payload of communication satellite. The span of desired
signals cannot be met by ordinary signal generator, nevertheless. The signals can be generated by using
Arbitrary Waveform Generator(AWG) and vector signal. Based on the analysis of communication satellite’s
needs, a multiple-signal producing system is fulfilled by the hardware of M8190A and E8267D; and
LABVIEW software is adopted to establish the software platform of waveform generator and equipment
controlling. Three kinds of complex signals are produced and tested to validate the multiple-signal
producing system. The system can be applied in the testing of communication satellite.
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Fig.1 Working principle of Arbitrary Waveform Generator
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Tablel Signal needs of communication satellite’ testing

type of communications . . number of .
satellite required signal type signal channels frequency range signal power range
communications satellite for maximum up to
transparent repeater AM, FM, CW 2 25 GHz —90-15 dBm
BPSK, QPSK, FSK, AM, FM, conventional pulses, Pulse
reconnaissance Repeated Interval(PRI) stagger, PRI dither, frequency 3 maximum up to 9015 dB
communications satellite agile, frequency coding, linear frequency modulation, 21 GHz m
nonlinear frequency modulation, Buck code
interstellar link AM, FM, CW, wide bandwidth signal, OFDM, spread 2 maximum up to 90-15 dB
communication satellite spectrum signal 25 GHz el m
mobile communications . . . maximum up to —90-15 dBm, maximum signal
satellite AM, FM, CW, wide bandwidth signal, OFDM 28 10 GHz dynamic range 64 dB
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Fig.5 Procedure of waveform generator and equipment’s controlling
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Table2 Twenty-eight continuous wave signals
n?lex:sir frequency/GHz amplirt?ﬁil:ee(sitggl/dBm ampltftit(li?dBm n?lex::sir frequency/GHz amplfteuthisitg;l/dBm ampltftit:i?dBm
1 6.732 -41.00 -41.80 15 6.792 -33.00 -33.00
2 6.736 -49.00 -50.00 16 6.796 -41.00 -41.20
3 6.740 -21.00 -21.00 17 6.800 -29.00 -29.40
4 6.744 -42.50 -43.00 18 6.804 -25.00 -25.00
5 6.748 -36.00 -37.80 19 6.808 -27.00 -27.40
6 6.752 -22.00 -22.00 20 6.812 -22.50 -22.60
7 6.756 -40.00 -41.00 21 6.816 -83.00 -84.50
8 6.762 -34.00 -34.50 22 6.822 -26.00 -26.70
9 6.766 -22.00 -22.00 23 6.826 -43.00 -43.20
10 6.770 -18.00 -18.88 24 6.830 -33.00 -33.60
11 6.774 -28.00 -28.60 25 6.834 -22.00 -22.50
12 6.778 -35.00 -35.40 26 6.838 -41.00 -41.30
13 6.782 -23.00 -22.50 27 6.842 -24.00 -24.80
14 6.786 -24.00 -23.60 28 6.846 -22.00 -22.20
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Table3 Testing results contrast to the requirements

amplitude/dBm

frequency/GHz signal types - Error Vector Magnitude(EVM)(<2%)
requested testing
8.350 FSK, Ry=7.5 kbps, f;=4.2 kHz -35.00 3477 -
8.355 QPSK, Ry,=1.544 Mbps -40.00 -39.87 1.40%
8.360 BPSK, R,=19.2 kbps -25.00 -25.20 0.80%
8.370 16QAM, Ry=10 Mbps -20.00 -20.08 1.88%
Y/div, ref: 0% 1%/div, ref: 0% 1%/div, ref: 0%
1.2 9 1.2 9 1.2] 9
0.6 7 0.6 7 0.6 7
0 0 5 0 5
-0.6 3 - -0.6 3 -0.6 3
-1.2 1 -1.2 1 -1.2 1
-2.5556 2.5556 startOsym stop 199sym 25556 2.555 6 startOsym stop 199 sym  -2.5556 2555 6 start O sym stop 199 sym
10 dB/div, ref: -30 dBm | BPSK 10 dB/div, ref: -30 dBm | QPSK 10 dB/div, ref: -30 dBm_[ 16QAM
-40 EVM=893.77 m% rms 4 —— EVM=877.45 m% rms -40 il EVM=1.682 5 m% rms
-60 meg err=879.66 m% rms | _g meg err=648.73 m% rms |  -60) {| meg err=1.221 7 m% rms
-80 1 phase err=90.762 mdeg Y| - ! phase err=338.63 mdeg 80 | phase err=1.365 1 deg
-100 freq err=4.920 3 Hz -100! il freq err=4.850 3 Hz -100 freq err=2.899 0 Hz
-120 1Q offset=-30.467 dB -120 1 1Q offset=—71.117 dB -120 1 = 1Q offset=—69.67 dB
center: 236 MHz, span: 300 kHz center: 230 MHz, span: 2 MHz center: 246 MHz, span: 10 MHz
(a) demodulation of BPSK (b) demodulation of QPSK (¢) demodulation of 16QAM

Fig.7 Analysis of modulation signals
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Table4 Testing results of multiplex signals in contrast to the requirements

frequency/GHz signal types amplitude/dBm EVM(=<2%)/pulse parameter
2.900 regular pulse, PW=2 ms, PRI=20 ms -1 PW=2 ms, PRI=20 ms
2.930 QPSK, Ry=1.544 Mbps -50 -
2.940 regular pulse, PW=0.2 ps, PRI=5 ps -1 PW=0.2 us, PRI=5 ps
2.945 BPSK, R,=19.2 kbps -35 -
2.950 QAM, Ry=10 Mbps -30 -
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