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Abstract-Microwave communication signal digitization is popular topic in microwave and communication area. It is a foundation of digital processing of microwave signal. Theory of communication signal sampling and digitization actualization framework is discussed in this paper. A method of selection of sampling frequency is presented. The simulation result proves the method availability and feasibility.
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I. Introduction
Since digital technology and method can bring more flexibility
Microwave technology is widely applied on communication and radar area. With the rapid development of the technology, the apply of digital technology is wider and wider and the arithmetic to analyze and disposal microwave signal become more and more complex, which require microwave signal is digitized. Since frequency of microwave signal is too high to sampling directly for existing sampling technology, microwave communication signal sampling technology become a key technology and popular topic in this area. Combining microwave technology and digital signal processing technology is developmental tendency of microwave application.
In order to avoid aliasing, the sample rate must be adequately chosen. The sampling theorem, in fact, affirms that a band-limited signal can be alias-free sampled at rate fs greater than twice its highest frequency fmax [1]. In application area of communication, microwave signal is band-pass signal with a character of very low ratio of bandwidth to carrier frequency. So it can be alias-free sampled at rate fs greater than twice their bandwidth B. It is worth noting, however, that this is only a necessary condition. It is possible to alias-free sample band-pass signals at a rate fs much lower than 2fmax, but such rate has to be chosen very carefully; it has been shown in [2–5] that aliasing can occur if fs is chosen outside certain ranges.

In the paper, a method for the selection of microwave communication signal sampling frequency and an improved actualization framework of microwave communication signal digitization are proposed. The paper has five sections: the first one is introduction. In section 2, the band-pass sampling theorem and a sampling frequency selection method of microwave communication signal in engineering implementation are presented. In section 3, the improved digitization actualization framework is discussed. In section 4, some simulations are given. Conclusions are found in Section 5.

II. The selection of sampling frequency of microwave communication signal
Nyquist sampling theorem requests that the sampling frequency must be not less than twice the upper frequency. But for microware signal, it is impossibly to low-pass sample at Nyquist frequency because of following reasons: the limitation of existing apparatus and very difficulty for DSP to dispose so large numbers of samples after sampling. Microwave communication signal, which is characterized by a low ratio of bandwidth to carrier frequency, can be sampled at a lower sampling frequency according to the band-pass sampling theorem.
A. The Band-pass Sampling Theorem
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Figure 1. Frequency spectrum a band-pass real signal
A principle is described through the band-pass sampling theorem which is applicable to sampling of microwave communication signal. Signal x(t) is a band-pass real signal, which frequency spectrum is shown in Fig.1. According to the figure, frequency of x(t) is limited in a extension. The lowest frequency is expressed as fl and the highest frequency is expressed as fh. The frequency at middle of band-pass, which is called as central frequency, is expressed as f0. The width of signal band-pass, which is called as bandwidth, is expressed as Bs. When the signal is sampled at frequency fs, the condition to be met in order to avoid aliasing is
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where 
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The frequency spectrum after sampling is shown in Fig.2. Then the analog signals can be renewed with samples.
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Figure 2. Frequency spectrum of band-pass signal after sampling

As an especial case, fh is integer times of signal bandwidth, sampling frequency can gained minimum, viz. fs=2Bs.
B. A Sampling Frequency Selection Method of Microwave Communication Signal
In engineering implementation, the case which 
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 is integer times of signal bandwidth isn’t insured since limitation of existing apparatus. At common case, 
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where n is integer, k is a coefficient and 
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. Then the sampling frequency to a microwave communication signal, which central frequency is 
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, can be selected as following inequation [6]:
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It is equivalence to following inequation:
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When 
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III. Digitization actualization framework
It is impossibly for microware signal to low-pass sample at Nyquist frequency because of the limitation of existing apparatus. So, in traditional application, microwave communication signal is usually mixed with a reference microwave signal to intermediate frequency. Then it can be sampled at Nyquist frequency for digitization. The actualization framework is shown in Fig.3
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Figure 3. Narrow bandwidth mixing technology digitization framework
The framework shown in Fig.3 is mainly applied in case of signal with narrow bandwidth. The scheme would be improved if signal bandwidth is wider or signal’s frequency spectrum is distributed in multi-area. A wider disposal-bandwidth actualization framework, which is still used mixing technology, is shown in Fig 4.
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Figure 4. Wider bandwidth mixing technology digitization framework
The scheme which is used mixing technology solve problem of sampling frequency. According to Fig3 and Fig 4, microwave signal is pretreat by analog down converter to fall frequency. But the analog pretreatment should bring disturbance and distortion to signal. So, intermediate implement between antenna and A/D converter should be cut down as far as possible. An improved actualization framework by which microwave communication signal is sampled according to band-pass sampling theorem discussed in this paper is shown in Fig.5. The scheme is still applied in case of signal with narrow bandwidth. An advantage of the scheme is its disposal-bandwidth can be extended by blind-area sampling technology without altering hardware equipment of system.
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Figure 5. Band-pass sampling digitization framework
IV. Simulations of communication signal sampling

In the Simulation experiment, the parameter of signal as example is following: central frequency 
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. Then sampling frequency can be selected according to method discussed above, that as following:
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When 
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 is found, which is shown in table 1.
TABLE I

extension of sampling frequency series
	m
	lower limit of 
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	upper limit of 
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	1
	1815MHz
	3570 MHz

	2
	1210 MHz
	1785 MHz

	3
	907.5MHz
	1190MHz

	…
	…
	…

	16
	213.529 MHz
	223.125 MHz

	17
	201.667MHz
	210 MHz

	18
	191.053 MHz
	198.333 MHz

	…
	…
	…

	57
	62.586MHz
	62.632MHz

	58
	61.525 MHz
	61.552 MHz

	59
	60.5 MHz
	60.508 MHz


According to table 1, 
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 is too high to sample when m is lower and precision require of 
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is too strict which would be difficulty to achieve in engineering implementation. So, some factors, which include limitation of existing apparatus, should be considered when sampling frequency is selected. In this experiment, sampling frequency is selected at 206MHz.
The experiment is performed in a simulation environment of Matlab7.0. Parameter of signal, which frequency spectrum is shown in Fig 6, is set as above. The signal is sampled at some representative frequency selected according to table 1. Frequency spectrum of signal after sampling is shown in Fig 7 to Fig 9.
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Figure 6. Frequency spectrum of signal before sampling

In Fig 7, sampling frequency is selected at 206MHz. Frequency spectrum of signal is iterated with frequency at 206MHz, which is equality to sampling frequency. That is, the disposal-bandwidth is 206MHz in theory. The frequency spectrum of signal isn’t appearance aliasing although power of signal is attenuated at difference degree. So the analog signals can be renewed with samples.
[image: image34.png]Magnitude

10

a 05 1 15 2 25 3 35
Frame: 135 Frequency (GHz)





Figure 7. Frequency spectrum of signal after sampling with frequency at 206MHz

In Fig 8, sampling frequency is selected at 210MHz, which is critical frequency according to table 1. As shown in Fig 8, the frequency spectrum of signal is almost appearance aliasing.

[image: image35.png]Magnitude

10

0 05
Frame: 261

1

15 2
Frequency (GHz)

25

E





Figure 8. Frequency spectrum of signal after sampling with frequency at 210MHz

In Fig 9, sampling frequency is selected at 211.7MHz, which is improper frequency according to table 1. As shown in Fig 9, the frequency spectrum of signal is obviously appearance aliasing.
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Figure 8. Frequency spectrum of signal after sampling with frequency at 211.7MHz

It can be gained from the simulation result that the method of selection sampling frequency presented in this paper is availability and feasibility. And it is applied easily for interrelated engineering implementation.

V. Conclusion

Microwave communication signal digitization is important technology in microwave application and communication area. The selection of sampling frequency is a key portion, which can influent the performance of digitization. Correlative theory of communication signal sampling and digitization actualization framework is discussed in this paper. A method of selection of sampling frequency is presented. The simulation result proves the method availability and feasibility. And it is benefit for interrelated engineering implementation.
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