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Revision History

	Rev
	Date
	Description

	R0
	August 15, 2006
	Initial document, giving a list of steps required to process the RF captures and MATLAB code for performing the processing


	R1
	August 23, 2006
	Included MATLAB code for a square root raised cosine filter. Corrected some errors.

	R2
	August 29, 2006
	Made an edit to step 2 in section 1 regarding the use of only a ‘brick wall’ filter.
Added a section on the choice of filter.

Edited the MATLAB code to remove provision for the use of a Square Root Raised Cosine filter.

Deleted the MATLAB code for a Square Root Raised Cosine filter.


1. Steps involved in processing DTV signal files
The following describes a sequence of steps for processing captured DTV signals. The method used for encoding the RF captures (reproduced here for convenience) has been described in [1] as
The recorded DTV channels were sampled at 21.524476 Msamples/sec and down converted to a low central IF frequency of 5.381119 MHz (one fourth the sampling rate). The analog-to-digital conversion of the RF signal used a 10-bit or a 12-bit A/D. Each sample was encoded into a 2-byte word (signed int16 with a two’s complement format). To encode a field ensemble of 25 seconds, 1.05 G Bytes were needed. An 8 MHz bandwidth IF filter was used when capturing the signals.
Steps 1-3 are performed once for each DTV signal.  Steps 4-6 are performed multiple times so as to be able to produce multiple realizations of the noise.

	
	

	Step 1: 

	Read an appropriate number of samples from one of the DTV signal files.


	Step 2:
	Filter the signal using a passband filter with a 6 MHz bandwidth with a center frequency of
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. The filter shall be a “brick wall” filter (i.e. it shall have a flat frequency response with unity gain) except in some rare exceptions.


	Step 3:


	Measure the power in the received signal 


	Step 4:
	Generate white noise sampled at 21.524476 MHz and filter it through the same filter used in Step 2. The noise power used is the receiver noise power.

	
	

	Step 5:
	Scale the signal power to meet the target SNR.

	
	

	Step 6:
	Add the filtered noise and the scaled and filtered signal



NOTE: The length of signal samples from a DTV capture that is used for estimation of the signal power should be significantly larger to get an accurate estimate of the signal power. The length of the sample sequence required for the actual detection algorithm might be smaller. 
2. Choice of type of filter to use

A ‘brick wall’ filter (flat frequency response with unity gain) used in steps 2 and 4 of Section 1, serves the purpose of filtering out-of-band noise contained in the DTV signal captures without altering the PSD of the signal or the PSD of white noise. 
The processed signal after step 6 of Section 1 may be further processes in any manner required for a detection algorithm. For example, a square root raised cosine filter may be applied to the signal output from step 6. These specific steps are outside the scope of this document. The choice of a ‘brick wall’ filter therefore allows maximum freedom in terms of further processing of the signal. Hence the use of a brick wall filter for processing the signal in step 2 and the noise in step 4 is recommended, except in some rare exceptions.
3. MATLAB Code
Main signal processing block – takes as input the signal read from the DTV signal file, target SNR and type of filter to by used for filtering (brick wall or square root raised cosine). Produces as output, the signal + noise sequence.
	function [signal_plus_noise_at_passband] = standard_block(target_SNR, signal);
%declaring constants:
filter_bandwidth = 6 ; % in Mhz
sampling_freq = (684/286)*9; ; % in Mhz
filter_center_freq = sampling_freq/4; % in Mhz
ThermalNoise = -174; % dBm/Hz
NoiseFigure = 11; % dB
%Computing the noise power:
NoisePSD = ThermalNoise + NoiseFigure; % dBm
Bandwidth = sampling_freq * 10^6; %white noise at sampling rate of 21.52 Mhz
NoisePower = NoisePSD + TodB(Bandwidth); % in dBm
noise_scale_factor = sqrt(FromdB(NoisePower)); % Variance of the noise to be used
%Genrating noise with the noise power computed above:
generated_noise = noise_scale_factor * randn(1, length(signal));
%filtering the signal and the noise:
%Arguments passed to the filter are: (signal to be filtered, passband width of filter (in %Mhz),center frequency of filter (in Mhz), sampling rate in MHz)
    filtered_signal = passband_brickwall(signal, filter_bandwidth, filter_center_freq , sampling_freq );
    filtered_noise = passband_brickwall(generated_noise, filter_bandwidth, filter_center_freq , sampling_freq);
%scaling the signal to meet target_SNR:
noise_power_of_filtered_noise =  TodB(norm(filtered_noise)^2 /length(filtered_noise)); % in dBm
power_in_filtered_signal = TodB(norm(filtered_signal)^2 / length(filtered_signal)); %in dBm
required_signal_power = target_SNR + noise_power_of_filtered_noise; %in dBm
signal_to_be_scaled_up_by = required_signal_power - power_in_filtered_signal; % in dB
scaled_signal = sqrt(FromdB(signal_to_be_scaled_up_by)) * filtered_signal; %scaled signal 
%Adding filtered noise to scaled, filtered signal:
signal_plus_noise_at_passband = scaled_signal + filtered noise;


MATLAB function implementing a brick wall filter. Takes as input, the signal sequence to be filtered, the center frequency, the width of the filter and the sampling rate. Produces as output, the filtered signal.

	function [filter_output] = passband_brickwall(signal, baseband_filter_width, f_center, f_s)
signal_fft = fft(signal);
fir = 10000; %length of filter impulse response = 2 * fir + 1
f_cutoff = baseband_filter_width / 2; %cutoff freq of the equivalent LPF
f_shift=f_center; % center freq of the passband filter
W_c = 2*pi*(f_cutoff)/(f_s); 
n = [-1*fir: fir];
h_lpf_left = sin( W_c*[-1*fir:-1]) ./ (pi*[-1*fir:-1]);
h_lpf = [h_lpf_left W_c/pi fliplr(h_lpf_left)];
h_lpf_passband = 2* (h_lpf.*cos(2*pi*(f_shift)/(f_s) *n));
H = fft(h_lpf_passband, length(signal));
filter_output = ifft(H .* signal_fft);



MATLAB function ‘TodB’ used in the function ‘standard_block’ above
	function PdB = TodB(P)
% Converts from Linear scale to dB Scale
PdB = 10*log10(P);


MATLAB function ‘FromdB’ used in the function ‘standard_block’ above
	function P = FromdB(PdB)

% Converts from Linear scale to dB Scale
P = 10^(PdB/10);
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Abstract


This document describes a method to process the captured ATSC DTV signals for the purpose of using the captured data for the purpose of evaluating detection schemes. This is important to ensure all evaluations are compared with respect to a common basis.  In particular, by using this process the signal-to-noise ratio (SNR) is calculated the same way for all simulations.





Some detection schemes may require knowledge of the pilot frequency. A separate estimator for the pilot frequency (not covered here) may be used for this purpose. 
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