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1. Dual FPLL pilot sensing algorithm
The Dual FPLL sensing techniques described in this section are non-blind (ATSC-specific) sensing techniques that do not meet the sensing sensitivity requirements of 802.22 and hence are classified as a coarse sensing technique.

The sensor system, presented in Fig 1, employs two Frequency Tracking Blocks (FTBs). These blocks are 
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designed to track an a priori known  frequency of the ATSC pilot, fpilot ,  within a signal source, an Intermediate Frequency (IF) at the TV tuner output. The outputs, F1 and F2 , are frequencies, that FTBs are locked into at the given moment. In the absence of the pilot, or when the pilot energy is insufficient, the outputs, F1 and F2 , maintain their initial input preset values, Fini_1   and  Fini_2,   respectively. These preset values are selected to be: 
                    


 Fini_1   =     fpilot   + 30 kHz;
                                  


  Fini_2   =     fpilot  -  30 kHz;     
The FTBs are initially and thereafter periodically (period = tset) preset to their respective Fini values. The time  period,  tset , is set to anywhere between 30 and 100 msec. The detection criterion is based upon a degree of convergence of these FTBs on the same spectral position of the ATSC pilot within preset time period. The detection is true, when at the end of period, tset ,
           



 |F1 - F2|  <  Fthresh,               where Fthresh   is typically set to  20~30 kHz.
The above equation shows that, though the described sensor system is architecturally synchronous, the actual detection criterion does not require a complete fpilot   acquisition. 
Fig 2 outlines a possible architecture for each of the required two FTB blocks in Fig 1.  A Frequency-Phase Locked Loop (FPLL) in Fig 2 is implemented as a version of the Costas Loop.  In this implementation the input/output angular values, φini / φinc ,  are used as a convenient functional equivalents of the frequencies, Fini / Fx , in Fig 1.  The output, φinc, needs to be fed into the Decision Block (Fig 1) as one of two required inputs. 
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A signal from the ADC contains a pilot (tone) nominally located at fpilot. This signal is converted into a complex form after being multiplied by two sine waves, shifted by 90 degrees, from a Numerically Controlled Oscillator (NCO). An NCO is, in essence, a sine/cosine lookup table that is fed by a modulo 2π accumulator.  The NCO input receives a phase increment, φinc , that is added to the accumulator on each system clock. In the described implementation the system clock is at a constant frequency, Fclk.  When FPLL is completely locked on the incoming tone, fpilot , the NCO advances by an angle equal to 2π/( Fclk / fpilot)   in each system clock,  Fclk,  period.  
The Real (Re) and Imaginary (Im) parts of the complex signal are fed into the phase detector. The phase detector contains two identical Low Pass Filters LPFa, and an LPFb, that is needed to achieve a phase shift.  The LPFa  filters define the lock-in range of the FPLL, which is set to +-  100 kHz to accommodate possible deviations of the ATSC pilot position.  The output of the detector contains the phase error value, both a sign and a magnitude. 
The Loop Filter integrates the phase error value to derive the frequency error in the Integrator branch. The frequency error is a difference between the initial preset frequency, set by , φini , and the actual pilot frequency in the incoming signal. The Proportional branch adjusts the magnitude of the phase error. The combined phase/frequency error data are added to an initial phase increment, φini ,  to arrive at φinc , a final phase increment value , that defines the NCO output frequency.

2. Performance of the algorithms
Figure 1 and Figure 2 show the convergence behaviour of the two FTBs, each set to a different initial frequency, in the presence of an ATSC DTV signal with a low SNR and very low SNR respectively, while Figure 3 shows the FTB outputs in the absence of an ATSC DTV signal. It can be observed from the plots that the FTB outputs start converging within few milliseconds in the presence of DTV signal and depending on the threshold value a decision can be made as early as 10 ms from the beginning of sensing process. 
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Figure 1 – Convergence behaviour of the two frequency tracking blocks (FTBs) each set to a different initial frequency in the presence of a low SNR ATSC DTV signal
[image: image4.png]Frequency {H2)

2.65

x10

0.02

0.04

0.06

0.08
Time (sec)

0.1

0.12

0.14

0.16




Figure 2 – Convergence behaviour of the two frequency tracking blocks (FTBs) each set to a different initial frequency in the presence of a very low SNR ATSC DTV signal
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Figure 3 – Convergence behaviour of the two frequency tracking blocks (FTBs) each set to a different initial frequency in the absence of an ATSC DTV signal
The proposed FPLL based sensing algorithm was tested with the 12 DTV signals specified. Figure 4 shows the probability of misdetection curves for the 12 ATSC DTV capture signals with a sensing time of 75ms. The threshold value was set such that the probability of false alarm is less than 1%. Table 1 shows the average of required SNR for these 12 captured signals with PFA << 0.01 and PMD = 0.10. 
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Figure 4 – Probability of misdetection curves for the different ATSC DTV signal captures with a sensing time of 75ms.
Table 1: Required SNR for DTV signal detection (Averaged over 12 signals)
	Sensing Time
	50 ms
	75 ms

	Required SNR
	-12.42 dB
	-14.88 dB
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