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1. FFT-based pilot sensing algorithms
The FFT-based pilot sensing techniques described in this section are non-blind (ATSC-specific) sensing techniques that meet the sensing sensitivity requirements of 802.22 and hence are classified as a fine sensing technique.

The ATSC VSB signal has a pilot at the lower band-edge in a known location relative to the signal. For this description, we will assume that the signal to be sensed is a band-pass signal at a low-IF of 5.38 MHz with the nominal pilot location at 2.69 MHz and is sampled at 21.52 MHz. However, the basic steps of the sensing algorithm can be implemented with suitable modifications for any IF and sampling rate. The essential features of the proposed method are as follows:

(1) Demodulate the signal to baseband by the nominal frequency offset of fc = 2.69 MHz. Hence, if x(t) is the real, band-pass signal at low-IF, y(t) = x(t)e− j2fct is the complex demodulated signal at baseband.

(2) Filter y(t) with a low-pass filter of bandwidth, e.g., 40kHz (+/-20kHZ). The filter bandwidth should be large enough to accommodate any unknown frequency offsets.

(3) Down-sample the filtered signal from 21.52 MHz to 53.8 KHz, to form the signal z(t).

(4) Take FFT of the down-sampled signal z(t). Depending on the sensing period, the length of the FFT will vary.\ For example, a 1 ms sensing window will allow a 32-point FFT while a 5 ms window will allow a 256-point FFT.

(5) Determine the maximum value, and location, of the FFT output squared.

Steps (1) and (2) above are shown in Figure 1.


[image: image1]
Figure 1: Frequency Domain Description 

Signal detection can then be done either by setting a threshold on the maximum value, or by observing the location of the peak over successive intervals. Instead of the FFT, other well-known spectrum estimation methods, such as the Welch periodogram can also be used in step (4) above.

The basic method described above can be adapted to a variety of scenarios as described below:

(1) Multiple fine sensing windows, e.g. 5 ms sensing dwells every 10 ms. The 256-point FFT outputs squared from each sensing window can be averaged to form a composite statistic as well as the locationinformation from each measurement can be used to derive a detection metric.

(2) If a single long sensing window, e.g. 10 ms is available, a 512-point FFT or periodogram can be used to obtain better detection performance.

The parameters of the sensor can be chosen depending on the desired sensing time, complexity, probability of missed detection and probability of false alarm. Detection based on location is robust against noise uncertainty since the position of the pilot can be pinpointed with accuracy even if the amplitude is low due to fading. Various combining schemes can be developed for both pilot-energy and pilot-location sensing.

(1) Pilot-energy sensing: For a single sensing window, the FFT output is simply squared and the maximum value is compared to a threshold. For multiple sensing dwells, there are 2 possibilities: (i) the decision from each dwell is saved and a “hard-decision” rule is applied to declare “signal detect” if the number of positives is greater than a certain number, or (ii) the square of the FFT output of all dwells is averaged and the maximum level is compared to a threshold. The  choice of threshold in all cases is determined by the desired PFA.

(2) Pilot-location sensing: This is usually used for multiple dwells. 
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Let no. of dwells = N.
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Let         be the location of the maximum of the FFT-output averaged over the first N/2 dwells.

· Let         be the location of the maximum of the FFT-output averaged over the second N/2 dwells.

· Detection statistic: 
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· If D < NT , signal present. 

· Other variations:

· Any PSD algorithm can be used instead of FFT.

· Other averaging intervals could be used.

· PFA using this method is extremely low and robust. Threshold value NT will depend on the FFT-size.

2. Performance of the algorithms
Both pilot-energy and pilot-location based sensing algorithms were tested with the 12 DTV signals specified. The sensing time was multiples of 5 ms, which allowed the use of a 256-point FFT. Table 1 shows the required SNR for a PFA = 0.05 and PMD = 0.10 and no noise uncertainty.

	Method
	5 ms (N = 1)
	10 ms (N = 2)
	30 ms (N = 6)
	50 ms (N = 10)

	Pilot-Energy
	-18 dB
	-20.5 dB
	-23.5 dB
	-24.5 dB

	Pilot-Location (NT = 2)
	-
	-18.5 dB
	-22.0 dB
	-24.0 dB


Table 1: Required SNR for DTV signal detection (Average over 12 signals)
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