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1. MRSS Overview


The basic theory of MRSS is presented as follows. Let’s say 
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 is one pulse of a modulated window, as defined in (1), where 
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 is the modulation frequency. 
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 is the convolution of 
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 and the incoming RF signal, 
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. Eq. (3) is obtained with t = 0 in (2). It shows that time-domain multiplication of the RF signal and modulated window is the same as the band-pass filtered RF signal by the band-pass characteristic of the modulated window. 
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Fig. 1 shows a possible functional block diagram of MRSS. The receiving path is split into in- and quadrature-phase path to eliminate the need for the synchronization process. A window pulse generator generates one pulse of a window with various window frequencies,
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, which are modulated with the sine or cosine wave from the local oscillator. The broadband RF signal from the omni-directional antenna is amplified with a low-noise amplifier (LNA). The gain of LNA should be maximized to have a minimum noise figure of the system, but too large of a gain will saturate the following multiplier, generating many unwanted harmonics. Therefore, an adequate gain control block is required before a multiplier. The analog correlator multiplies and integrates the amplified signal and modulated window pulse. With adequate timing control, the integrated output is sampled and digitized to generate the band-pass filtered amplitude information in in-phase and quadrature-phase components. A linear amplifier or a logarithmic amplifier can be placed in front of an analog-to-digital converter (ADC) in order to maximize the dynamic range utilization of the ADC. The digitized result is further processed in the digital domain. The detected signal power can be processed in a logarithmic domain to have a processing gain over the Gaussian noise.
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Fig. 1. Functional block diagram of the MRSS system 

2. MRSS examples

Fig. 2 shows the multi-resolution property of MRSS with two window frequencies, one with 
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 = 100 kHz and the other with 
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 = 1 MHz. The inputs to this simulation are a continuous wave (CW) signal of -50 dBm at 582 MHz, Advanced Television Systems Committee (ATSC) signal of -30 dBm at 600 MHz, and Digital Video Broadcasting - Terrestrial (DVB-T) signal of -70 dBm at 615 MHz. ATSC uses 8-level vestigial sideband (8-VSB) modulation, and DVB-T uses the Orthogonal Frequency-Division Multiplexing (OFDM) modulation scheme. The total required time in performing MRSS can be calculated as
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, where 
[image: image14.wmf]start

f

 and 
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 is the frequency sweep range of the local oscillator, 
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 is the amount of frequency change in the oscillator, 
[image: image17.wmf]AVG

N

 is the number of averaging in one window modulation frequency, and 
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 is the maximum switching settling time of the local oscillator. In Fig. 2, the window-modulation frequency of MRSS is swept from 570 MHz to 620 MHz with  
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equals 
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. No averaging is done in this case. Therefore, when 
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 = 100 kHz, it will have 500 results, each representing the detected signal power at the given window modulation frequency. In the same way, 1 MHz of 
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 will have 50 results. If 
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 is assumed to be 10 
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, the total processing time is 10.02 msec and 561 
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 for 
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 = 100 kHz and 1 MHz, respectively. 
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Fig. 2. Fine (
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= 100 kHz) and coarse (
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= 1 MHz) resolution property of MRSS using the 
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 window. Inputs are CW (-50 dBm @ 582 MHz), ATSC (-30 dBm @ 600 MHz) and DVB-T (-70 dBm @ 615 MHz).
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Abstract


This document contains the text on the Multi-Resolution Spectrum Sensing for the informative Annex on sensing techniques.
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