Data acquisition for sensing algorithm tests

Introduction

During july 2008, we have performed data acquisition in the following bands :

	Freq (in MHz)
	Observations (thanks to a Spectral analyser)

	116
	Unknown signal

	299
	Unknown signal

	578
	DVB

	783
	Unknown signal

	930
	GSM

	1836
	DSC

	1875
	DCS

	1900
	Nothing

	2113
	UMTS-FDD


The parameters on the acquisitions are:

· 20480 samples

· Complex I/Q samples

· Resolution 12 bits.

For each frequency band, we have 2 files :

· A ref file with the RF antenna connector connected to a signal generator which generates a sinusoid at the center frequency. The ref file is used for IQ balance correction

· A file the RF antenna connector connected to a wide band antenna for real data acquisition.

An example of use of those files is given in the following matlab code

function out=rx_post(nom)
fid=fopen(nom,'rb')
signal=fread(fid,20480*2,'float');
signal=signal(1:2:length(signal))+j*signal(2:2:length(signal));
size_data=20480;
Fs=7680; %in kHz
band = 2000; %in kHz 
max_pos=0;
max=0;
f=abs(fft(signal)).^2;
plot(10*log10(f))

In Figure 1, one can see the FFT of the complex reference signal for the 578 MHz frequency band. It should be noted that in addition to the signal of interest, we have a strong image signal (symmetry vs f = 0). This mismatch is corrected digitially.
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Figure 1:  Fft of the signal contained in the file 578_ref1.dat

IQ imbalance in the digital domain
If we considere a multiplicative mixing as in (ref), the relationship between sI(k), sQ(k) and s’I(k), s’Q(k) :
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Where g and p are the relative mismatch in gain and phase respectively. uI and uQ are the actual received samples and sI and sQ are the samples before IQ distortion. 
Of course, ideally the gain is 1 and phase is equal to 0. But actually, it is not the case, and we will suppose that the values are different for each frequency. In order to compensate this mismatch, one has to apply the reverse matrix, such as the overall chain (distortion + compensation) is equal to the Identity matrix. The reverse matrix is :
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On the reception side, the IQ unbalance occurs after Analog RF and ADC (se figure below). 

[image: image4.emf] 

Digital  processing  

ADAC    Analog  RF  

Signal  generator  


The I branch is : cos(wck) if we assume that the noise is negligible. The signal in the Q branch is equal to:
g sin(wck - )

The relative mismatch in gain is simply calculated with the amplitude of the 2 branches :

cumI =0

cumQ =0
For N samples :

· cumI = cumI + I(k)*I(k)
· cumQ = cumQ + Q(k)*Q(k)

end;

cumI/=N

cumN/=N

ratio = sqrt (cumI/cumQ)
The signal Q is then multiplied by ratio in the processing. Concerning the phase, we have the following equation:

I*Q = g /2 * ( sin(2wc k + ) + sin() )
If we apply a low-pass filtering, we get the value of sin(), and then 
 At this point, we simply apply the reverse matrix with 
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This strategy is implemented in the octave/matlab program (rx_post_iq.m).  

[image: image6.emf]function   out=rx_iq_correction (nom)       % load data    fid=fopen(nom, 'rb' )   signal=fread(fid,20480*2, 'float' );   signal=signal(1:2:lengt h(signal))+j*signal(2:2:length(signal));       size_data=20480;   Fs=7680;  %in kHz   band = 2000;  %in kHz    max_pos=0;   max=0;   f=abs(fft(signal)).^2;   for   n=2:size_data      if (f(n) > max)        max=f(n);        max_pos=n;      end ;   end ;       disp(max_pos)   freq_max=Fs/size _data*max_pos  -   Fs/2    % corresponding frequency   if (abs(freq_max - 2000)>100)   disp( 'Warning' )   end ;       cumI=0;   cumQ=0;       I=real(signal(1:20 0 00));   Q=imag(signal(1:200 0 0));       for   i=1:2000 0        cumI=cumI + I(i)*I(i);        cumQ=cumQ + Q(i)*Q(i);   end ;   amp= sqrt(2*cumI/length(I))   I=I/amp;   Q=Q/amp;   ratio=sqrt(cumI/cumQ)   n_fft=1024 *8 ;   f=abs(fft(I(1:n_fft)));   max = 0;   index=0;   for   i=1:n_fft/2        if   f(i)> max            max=f(i);            index=i;        end ;   end ;   disp(max)   disp(index)   plot(f);   freq_estim=(index - 1)/n_fft;   p=Q*ratio.*I;   sinphi=2*sum(p)/length(Q);   phi_est= - asin(sinphi)   % now we apply  the correction   Qcor=(sin(phi_est)*I+ratio*Q)/cos(phi_est);   figure   plot(I(1:100))   hold  on   plot(Qcor(1:100), 'g' );   comp=I+j*Qcor;   figure   plot(20*log10(abs(fft(comp))));    

Typical use of the acquisition files
In order to simplify the use of the files, we have developed Matlab/Octave programs

· Rx_plot.m : open a file and plot the FFT of the signal
· rx_open_correct.m : open a file and apply a IQ correction

· rx_post_iq.m : open a reference file and calculate IQ correction parameters

A typical use of the files are :
cd directory 

rx_plot('1875_1.dat'); %  in order to see a spectral view of the signal

rx_post_iq('1875_ref1.dat'); % calculates the IQ corrections parameters : ratio = 1.0216 and phi = 0.0218
rx_open_correct('1875_1.dat',1.0216,0.0218); % apply the IQ correction 
Signal of interest
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function out=rx_iq_correction(nom)

% load data 

fid=fopen(nom,'rb')

signal=fread(fid,20480*2,'float');

signal=signal(1:2:length(signal))+j*signal(2:2:length(signal));

size_data=20480;

Fs=7680; %in kHz

band = 2000; %in kHz 

max_pos=0;

max=0;

f=abs(fft(signal)).^2;

for n=2:size_data

  if(f(n) > max)

    max=f(n);

    max_pos=n;

  end;

end;

disp(max_pos)

freq_max=Fs/size_data*max_pos - Fs/2   % corresponding frequency

if(abs(freq_max-2000)>100)

disp('Warning')

end;

cumI=0;

cumQ=0;

I=real(signal(1:20000));

Q=imag(signal(1:20000));

for i=1:20000

    cumI=cumI + I(i)*I(i);

    cumQ=cumQ + Q(i)*Q(i);

end;

amp= sqrt(2*cumI/length(I))

I=I/amp;

Q=Q/amp;

ratio=sqrt(cumI/cumQ)

n_fft=1024*8;

f=abs(fft(I(1:n_fft)));

max = 0;

index=0;

for i=1:n_fft/2

    if f(i)> max

        max=f(i);

        index=i;

    end;

end;

disp(max)

disp(index)

plot(f);

freq_estim=(index-1)/n_fft;

p=Q*ratio.*I;

sinphi=2*sum(p)/length(Q);

phi_est=-asin(sinphi)

% now we apply the correction

Qcor=(sin(phi_est)*I+ratio*Q)/cos(phi_est);

figure

plot(I(1:100))

hold on

plot(Qcor(1:100),'g');

comp=I+j*Qcor;

figure

plot(20*log10(abs(fft(comp))));
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