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Abstract. A simplified mathematical model for modulation and demodulation of a single channel monopulse 
(SCM) system is proposed, which is based on a ship-borne pulse radar S-band guided receiver. Using the 
proposed mathematical model, the modulation and demodulation of single-channel and multi-channel signals 
were simulated respectively, and the factors influencing the modulation and demodulation of the SCM system 
were analysed. 

1 Introduction  
For the purpose of simplifying channels, a ship-borne 
monopulse radar guidance receiver adopts the SCM 
system. Therefore, it is necessary to synthesize the sum, 
azimuth and pitching signals to one channel in the guided 
feed [1]. The synthetic principle is shown in Figure 1. 

 
Figure 1. Block diagrams of synthetic principle. 

When the four guide antennas receive signals, 
modulation is performed in the guidance central body. 
Firstly, the sum, azimuth and pitching signals are 
generated through the sum-difference network and 
Magic-T. Then square wave is used to perform 0/π 
modulation on the azimuth and pitching signals. After the 
Magic-T, a 10dB coupler is added to synthesize the three 
signals eventually. After amplification, mixing, filtering 
and quadrature sampling, the angle error voltage is finally 
demodulated in the DSP [2-4]. 

2 A proposal of the simplified model  

2.1 Modulation and demodulation of one signal 

A signal y = f0(t) is modulated with square-wave as shown 
in equation (1):  

            𝑇𝑧(𝑡) = 1                 𝑛𝑇 ≤ 𝑡 ≤ 𝑛𝑇 +−1    𝑛𝑇 + ≤ 𝑡 ≤ (𝑛 + 1)𝑇 (1) 

Among them, n = (1,2,3…). Then the modulated 
signal is y=f0(t)Tz(t), which is  

           𝑦 = 𝑓 (𝑡)                 𝑛𝑇 ≤ 𝑡 ≤ 𝑛𝑇 +−𝑓 (𝑡)      𝑛𝑇 + ≤ 𝑡 ≤ (𝑛 + 1)𝑇 (2) 

To recover y=f0(t) from the modulated signal, you can 
multiply the modulated signal y=f0(t) by Tz(t) again.  

Then the signal becomes 

                         𝑦 = 𝑓 (𝑡)𝑇𝑧(𝑡)𝑇𝑧(𝑡) (3) 

If this signal is superimposed with a signal y=f1(t) 
which is not modulated with square-wave, the resulting 
signal is 

      𝑦 = 𝑓 (𝑡) + 𝑓 (𝑡)                 𝑛𝑇 ≤ 𝑡 ≤ 𝑛𝑇 +𝑓 (𝑡) − 𝑓 (𝑡)       𝑛𝑇 + ≤ 𝑡 ≤ (𝑛 + 1)𝑇 (4) 

It is difficult to demodulate y=f0(t) from equation (4). 
But some information can be extracted from some given 
condition. 

If the signals f0(t), f1(t) are limited to a short-term 
amplitude-stabilized DC signal or periodic signal, and the 
frequency of the limited periodic signal is much greater 
than the frequency of the modulated signal, then the 
average value of the signal can be extracted after every 
demodulation period [5-6]. Since f1(t) is not modulated, 
the integral term is zero when multiplied by Tz(t), so as to 
extract the amplitude information of f0(t) [7-8], which is 

         𝑦 = ( ) ( ) ( ) ( ) ( ) ( )
 (5) 

Substituting equation (1) into equation (5), the signal 
y is 
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       𝑦 = ( ) ( ) ( ) ( ) = ( )
 (6) 

2.2 Modulation and demodulation of two signals 

If signal f0(t)Tz(t) is superimposed with another 
modulated signal f2(t)Tz’(t), the resulting signal is 

                 𝑦 = 𝑓 (𝑡)𝑇𝑧(𝑡) + 𝑓 (𝑡)𝑇𝑧 (𝑡) (7) 

To demodulate f0(t) from the signal represented by 
equation (7), Tz’(t) needs to be confined additionally: Tz(t) 
and Tz’(t) are under the same period and the phase 
difference is π/4 between Tz(t) and Tz’(t). 

      𝑇𝑧 (𝑡) = 1                 𝑛𝑇 + ≤ 𝑡 ≤ 𝑛𝑇 +−1    𝑛𝑇 + ≤ 𝑡 ≤ (𝑛 + 1)  (8) 

The signal in equation (7) becomes equation (9). 

      𝑦 =
⎩⎪⎨
⎪⎧ 𝑓 (𝑡) − 𝑓 (𝑡)         𝑛𝑇 ≤ 𝑡 ≤ 𝑛𝑇 +𝑓 (𝑡) + 𝑓 (𝑡)  𝑛𝑇 + ≤ 𝑡 ≤ 𝑛𝑇 +𝑓 (𝑡) − 𝑓 (𝑡)  𝑛𝑇 + ≤ 𝑡 ≤ 𝑛𝑇 +−𝑓 (𝑡) − 𝑓 (𝑡)  𝑛𝑇 + ≤ 𝑡 ≤ (𝑛 + 1)𝑇 (9) 

Multiply the signal represented by equation (9) with 
Tz(t), equation (10) can be obtained. 

     𝑦 =
⎩⎪⎨
⎪⎧ 𝑓 (𝑡) − 𝑓 (𝑡)          𝑛𝑇 ≤ 𝑡 ≤ 𝑛𝑇 +𝑓 (𝑡) + 𝑓 (𝑡)   𝑛𝑇 + ≤ 𝑡 ≤ 𝑛𝑇 +𝑓 (𝑡) − 𝑓 (𝑡)    𝑛𝑇 + ≤ 𝑡 ≤ 𝑛𝑇 +𝑓 (𝑡) + 𝑓 (𝑡)       𝑛𝑇 + ≤ 𝑡 ≤ (𝑛 + 1)𝑇 (10) 

Still taking the averaging method, you can eliminate 
f2(t) and extract f0(t). 

The signal represented by equation (11) can be 
obtained by multiplying and demodulating the signal 
represented by equation (9) and Tz’(t). By taking the 
averaging method, f0(t) can be eliminated and f2(t) can be 
extracted. 

        𝑦 =
⎩⎪⎨
⎪⎧ 𝑓 (𝑡) − 𝑓 (𝑡)         𝑛𝑇 ≤ 𝑡 ≤ 𝑛𝑇 +𝑓 (𝑡) + 𝑓 (𝑡)   𝑛𝑇 + ≤ 𝑡 ≤ 𝑛𝑇 +𝑓 (𝑡) − 𝑓 (𝑡)   𝑛𝑇 + ≤ 𝑡 ≤ 𝑛𝑇 +𝑓 (𝑡) + 𝑓 (𝑡)    𝑛𝑇 + ≤ 𝑡 ≤ (𝑛 + 1)𝑇 (11) 

3 Simulation results of modulation and 
demodulation  

3.1. Simulation result of one signal  

Three DC signals indicate sum, azimuth and pitching. The 
sum signal is not modulated, the azimuth signal is 
modulated by Tz(t) and the pitching signal is modulated 

by Tz’(t). Tz(t) and Tz’(t) are square wave signals of 
period 200, and Tz’(t) is delayed by 50 relative to Tz(t), 
that is, the phase difference is π/4. The algorithm is 
simulated by a program written by VC++. The left green 
waveform is the modulated azimuth signal, the left red 
waveform is the sum signal waveform, the left yellow 
waveform is the modulated pitching signal. On the right 
side, the green waveform is the waveform after azimuth 
demodulation, the red waveform is the waveform after 
modulation and synthesis, and the yellow waveform is the 
waveform after pitching demodulation. When the 
amplitude of the sum and pitching signal is zero and the 
amplitude of the azimuth signal is 20, the modulated 
azimuth signal is shown in the left green waveform of 
Figure 2, the synthesized signal waveform is shown by the 
red waveform on the right side of Figure 2. 

After demodulation, the azimuth waveform recovers, 
and the amplitude information can be extracted after 
averaging. The sum and pitching signal is a square 
waveform with an average value of 0. 

 
Figure 2. Waveform of modulated, synthesized and 

demodulated azimuth signal. 

3.2 Simulation result of two signals  

The amplitude of the sum signal is set to 20, which is 
superimposed with the azimuth signal. As can be seen 
from Figure 3, the superimposed waveform has an overall 
shift of the azimuth signal by 20, but the mean is the same 
as the original sum signal amplitude, and the demodulated 
azimuth signal is also with an offset of 20, the mean is 
also consistent with the amplitude of the original azimuth 
signal, and the pitching signal after demodulation is a 
staircase signal with an average of 0. 
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Figure 3. Waveform of modulated, synthesized and 

demodulated sum and azimuth signals. 

3.3 Simulation result of three signals  

The waveform can be seen in Figure 4 when the amplitude 
of the pitching signal is added to 10 and superimposed on 
the sum signal and the azimuth signal. Although they 
become more complicated, the amplitude of each signal 
can be extracted after averaging. 

 
Figure 4. Waveform of modulated, synthesized and 

demodulated sum, azimuth and pitching signals. 

3.4 Further analysis of simulation results 

The above section describes the modulation and 
demodulation of signals under ideal conditions. If the time 
sequence between the two modulation signals and the 
time sequence between modulation and demodulation 
signals does not meet the above requirements, the 
simulation results are given below. 

From Figure 5 to Figure 8, it can be seen that 
regardless of the value of the delay adjustment of the 
modulated and demodulated signals, the average value of 
the sum signal after synthesis is always the same, and the 
amplitude of the sum signal does not affect the average 
value of azimuth and pitching signals after demodulation. 
But the time delay value has a direct effect on the 
demodulated azimuth and pitching average value. If the 
adjustment is not appropriate, cross coupling will occur. 

 
Figure 5. Simulation result of modulated and demodulated 
azimuth signals when time sequence demands of azimuth 

signal are not fulfilled. 

 
Figure 6. Simulation result of superimposed pitching and sum 
signals when time sequence demands of azimuth signal are not 

fulfilled. 

 
Figure 7. Simulation result of pitching and sum signals when 

time sequence demands of azimuth signal are not 
fulfilled. 
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Figure 8. Simulation result of three signals when time 

sequence demands of azimuth and pitching signal are not 
fulfilled. 

4 Conclusion 
This paper analyses the principle of modulation and 
demodulation of a SCM system receiver for ship-boren 
radar and gives a mathematical implementation method. 
Using VC++ to write simulation program, the influence 
of signal amplitude and delay on SCM modulation and 
demodulation is further analysed, and the reason of cross-
coupling in this system is analysed. It can be useful to the 
fault analysis and troubleshooting of the equipment when 
using the simulation software to compare the simulation 
results under different conditions with the actual test 
waveforms.  
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