R 20244
WxRSHAR F435

DOI:10. 19652/j. cnki. femt. 2305806

y U
B

A

i
un

—F T L IS S BB RUA B S MU B R iR

XN E@ EE BT OKRTE ORAER
(HEAFEFHELSIRFR @7 210023)

T OE AR S MR 2 B0 R A TG e e A I R T R & S AL SR A o, B R A Y S A SR AR R 2
Mo RIS T —Bh 3 T8 A 22 2540 19 To £ i A5 S SRR ) S 800 I B R S, DL STM32F4 R 91 5 5 HLAE g 45 i 4% 0 40 3
B 22 B 1 E A B AR AR 5 VR TR AR L LC T TR I AR A IR AR R R AR LG D B L . R H
S 1 0 S A IR L R AT A R S P A 2 e 5 L o 2 5 B JC 2k HL AR S R i 1 TR IS St I A R L o
55 A3 A I 8 AR AT e 0SE R S8, SIS SR AR BT, ZR G0 v 9 A 2 U0 T A R R A S B A DR kO A
FO S G S0 2 L O R B B AR KR 25/ T 1077 BB HI S B0 IR 2 80T 5%,

KRR L AR 5 B A A 2 AR 5 9 ) 2 o

hESES: TMI3S. 26 CHERARIRED : A ERirEFER S RN 510.5010

Design of an analogue modulation parameter measuring system
for radio signals

Liu Xingyu Jiang Naizhuo Xu Yuhang Zhang Zida Wu Junyi
(School of Electronic Science and Engineering, Nanjing University, Nanjing 210023, China)

Abstract: The measurement of analog modulation parameters of radio signals has extensive applications in various fields,
including radio detection and positioning, communication transmitter testing and calibration, and navigation
communication of civil ships. An analogue modulation parameter measuring system for radio signal is designed and
realized. STM32F4 series microcontroller is used as the control core of the system and superheterodyne structure is
adopted. The main hardware circuit modules consist of a local oscillator signal source, mixer, LC passive filter, phase-
locked loop, low-noise amplifier, envelope detection circuit and frequency discriminator circuit. This system is capable of
automatically identify analog modulation types such as ordinary amplitude modulation, frequency modulation, and
unmodulated single-frequency carrier. It can also automatically measure major modulation parameters including carrier
frequency, modulation signal frequency, modulation index, and maximum frequency deviation of the carrier. The
experimental results demonstrate modulation types can be accurately identified. Moreover, the demodulated waveform of
both amplitude and frequency modulated signals exhibits a high signal-to-noise ratio and no obviously distortion.
Furthermore, the relative error of measuring the carrier frequency is less than 10 °, while the relative error of measuring
the main modulation parameter is less than 5%.

Keywords: radio signal; carrier frequency; modulation type identification; modulation parameter measurement
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Table 2 Measurement results of the carrier frequency at

different values of the carrier signal frequency for AM wave

LSRR Bk AR 268 % 1 AH X R
b8/ MHz B/ MHz #%/Hz  %/(X10 %)
7.322 2 7.322 161 39 5.32
10.792 6 10. 792 554 46 4.26
11.923 7 11. 923 665 35 2.94
12.660 1 12. 660 038 62 4.90
13.366 0 13.366 115 115 8. 60
16.153 4 16.153 483 83 5.14
22.112 2 22.112 153 47 2.13
23.162 8 23.162 762 38 1. 64
26.597 8 26.597 880 80 3.01
29.495 5 29. 495 626 126 4.27
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WER [ E N 12. 256 3 MHz, B H R Ny 4 kHz, V8 08 5 %1
R0, 6 1 IR I I, X B AR R AEAT 100 R SRS B I AL 2R
AT 23 I 1 R X 1R 22 43 A BT AN 16 B

%5@% éZHZMHZ 8 [ ﬁ&ﬁ@: 30MHz
8 EEEL: 0.2 - %SZ:
g%é%?—f’?ﬁ 0.78X10~2 6 ,ﬂllgu&& 30
ﬁ6 HRHRESE: 3.133%107° = HXNREFIE: 1.16X 1072
%4 Ky HATHRESE: 9.086X107 5
2 2 {
0 an EEEE
0.5 1.0 1.5 2.0 0 1 2 3

S AR R R /(< 107) SRR BARRT R 25/(<102)

P15 I R A IR X R 22 0 A BT IR 1.2

Fig. 15 Histogram of relative error distribution for

measured modulation index 1, 2
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measured carrier frequency of AM wave

Histogram of relative error distribution for
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Fig. 17 Demodulated waveform of FM wave with

1.00007324ms

modulation index of 1
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Fig. 18 Demodulated waveform of FM wave with

modulation index of 6
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Fig. 19

The major measurement parameters of FM

wave with modulation index of 1
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Fig. 20 The major measurement parameters of FM

wave with modulation index of 6
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Table 3 Measurement results of the frequency modulation

index m , at a modulation signal frequency of 3 kHz

m, SR m, IR A m, MR/ %
1. 00 1.025 4 2.54
2.00 2.043 2 2.16
3.00 3.009 0 0. 30
4. 00 4.052 3 1.31
5. 00 5.012 2 0. 24
6. 00 5.972'1 0.47

x4 PAHENBRFEREARN , HEMENNELER
Table 4 Carrier frequency measurement results for different

values of the carrier frequency of FM wave

AR LSRR 2 % 5% 2 % 1R
SIPR{E/MHz B/ MHz 2/Hz /(X100 %)
8.005 0 8.005 072 72 8.99
9.896 4 9.896 325 75 7.58
12.386 2 12. 386 278 78 6. 30
17.771 1 17.771 029 71 4. 00
19. 354 6 19. 354 723 123 6.36
21.510 6 21.511 21 61 2. 84
23.886 7 23.886 614 86 3. 60
25.791 8 25.791 924 124 4.81
28.130 4 28.130 272 128 4. 55
29.649 2 29.649 311 111 3. 74
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Fig. 21

measured maximum frequency deviation 1, 2

Histogram of relative error distribution for
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Fig. 22

measured carrier frequency of FM waves

Histogram of relative error distribution for
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Fig. 23 Physical diagram of the circuit system
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