
Appendix C

Matlab codes

This appendix is a compilation of all the codes that were written in Matlab for the analysis
of raw data measured with the homemade Fourier transform spectrometer. The functions are
introduced in alphabetical order.

C.1 Function centerTheBurst.m

f unc t i on [ i n t e r f e r og r am cen t e r ed ] = centerTheBurst ( in t e r f e rog ram )
% DESCRIPTION : centerTheBurst i s a func t i on that f i n d s the
% cent e rbur s t o f the in t e r f e rog ram and p l a c e s
% i t at the middle o f the data .
%
% INPUT : − i n t e r f e rog ram i s a vec to r conta in ing the va lue s o f the
% measured in t e r f e rog ram .
%
% OUTPUT : − i n t e r f e r og r am cen t e r ed i s a vec to r conta in ing the va lue s
% o f the cente red in t e r f e rog ram . The vec tor l ength N i s
% the l a r g e s t power o f two that i s sma l l e r than or equal
% to the l ength o f in t e r f e rog ram . The maximum i s p laced at
% index 2ˆ(N−1) or 2ˆ(N−1)+1 depending on the weight o f
% the 64 f i r s t va lue s on both s i d e s o f the in t e r f e rog ram
% maximum.

[ ˜ , index ] = max( in t e r f e rog ram ) ;
ha l f l eng th new = pow2( nextpow2 (min ( index , l ength ( in t e r f e rog ram )−(

index+1) ) ) ) /2 ;
i n t e r f e r o g r am sho r t = in t e r f e rog ram ( index −64: index+64) ;

weight = (−64:1 :64) ’ ;
c e n t e r g r a v i t y = sum( abs ( i n t e r f e r o g r am sho r t ) .∗ weight ) ;

i f c e n t e r g r a v i t y > 0
in t e r f e r og r am cen t e r ed = int e r f e rog ram ( index−ha l f l eng th new :

index+ha l f l ength new −1) ;
e l s e i f c e n t e r g r a v i t y < 0

in t e r f e r og r am cen t e r ed = int e r f e rog ram ( index−ha l f l eng th new+1:
index+ha l f l eng th new ) ;
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end

end

C.2 Function filterTheReferenceSignal.m

f unc t i on s i g n a l f i l t e r e d = f i l t e rTheRe f e r e n c eS i gna l ( s i g n a l )
% Desc r ip t i on : This func t i on a l l ows f o r d i g i t i l a l l y f i l t e r i n g
% the s i g n a l us ing a Butterworth f i l t e r ( order 20) .
%
% INPUT : − s i g n a l i s the He :Ne s i g n a l to be f i l t e r e d
%
% OUTPUT : − s i g n a l f i l t e r e d i s the f i l t e r e d s i g n a l . I t has the same
% length than s i g n a l .

[ b , a ] = butte r ( 2 0 , [ 0 . 1 0 . 9 ] , ’ bandpass ’ ) ;
s i g n a l f i l t e r e d = f i l t e r (b , a , s i g n a l ) ;
s i g n a l f i l t e r e d = s i g n a l f i l t e r e d ( 2 1 : end ) ;
end

C.3 Function filterTheSignal.m

f unc t i on s i g n a l f i l t e r e d = f i l t e rTh eS i g n a l ( s i gna l , wavelength max ,
wavelength min )

% DESCRIPTION : This func t i on d i g i t i l a l l y f i l t e r s the s i g n a l
% us ing a Butterworth f i l t e r ( order 5) .
%
% INPUTS : − s i g n a l i s the s i g n a l to be f i l t e r e d
% − wavelength max i s the maximum wavelength in nm of the
% bandpass f i l t e r
% − wavelength min i s the minimum wavelength in nm of the
% bandpass f i l t e r
%
% OUTPUT : − s i g n a l f i l t e r e d i s the f i l t e r e d s i g n a l . I t has the same
% length than s i g n a l .

% cu t o f f f r e qu en c i e s
w1 = 632.8/ wavelength max ; % low frequency
w2 = 632.8/ wavelength min ; % high f requency

[ b , a ] = butte r ( 5 , [w1 w2 ] , ’ bandpass ’ ) ;
f v t o o l (b , a ) ; % check the magnitude response o f the f i l t e r

s i g n a l f i l t e r e d = f i l t e r (b , a , s i g n a l ) ;
s i g n a l f i l t e r e d = s i g n a l f i l t e r e d ( 2 1 : end ) ;
end
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C.4 Function findTheZeros.m

f unc t i on [ i n d e x z e r o c r o s s i n g ] = f indTheZeros ( po s i t i on , s i g n a l )
% DESCRIPTION : Compute an es t imat i on o f the zero−c r o s s i n g l o c a t i o n s
% of the r e f e r e n c e l a s e r . They are obta ined by f i t t i n g
% the s i g n a l on an even number o f po in t s on both s i d e s
% o f the zero−c r o s s i n g and by f i nd i n g the roo t s o f t h i s
% polynomial .
%
% INPUTS : − po s i t i o n i s an ordered vec to r conta in ing the index
% of the va lue s in s i g n a l
% − s i g n a l cor responds to the in t e r f e rog ram of the
% r e f e r e n c e l a s e r which i s sampled at constant
% i n t e r v a l s o f t imes . (The dc component has a l r eady
% been removed , i . e . the mean o f the s i g n a l i s
% equal to zero )
%
% OUTPUTS : − i n d e x z e r o c r o s s i n g i s a vec to r conta in ing the
% i nd i c e s at which s i g n a l i s van i sh ing . These
% i nd i c e s are r e a l numbers at which the in t e r f e rog ram
% of the other source must be i n t e r po l a t e d .

warning ( ’ o f f ’ , ’ a l l ’ ) ;

% In t e r p o l a t i o n o f the s i g n a l . The amount o f data i s i n c r ea s ed
% by a f a c t o r 8 ( G r i f f i t h s (2002) ) .
s i g n a l = in t e rp ( s i gna l , 8) ;

% The f i r s t 8 va lue s are not cons ide ra t ed because they were checked
% in the prev ious s e t o f data on which the func t i on has a l r eady been
% app l i ed .
% The 7 l a s t va lue s are not cons ide ra t ed s i n c e they only conta in
% ext rapo la t ed va lues r e s u l t i n g from the app l i c a t i o n o f
% the func t i on in t e rp .
l o c a t i o n = f i nd ( d i f f ( s i gn ( s i g n a l ( 9 : end−7) ) ) ) + 8 ;

% number o f po in t s f o r the curve f i t t i n g .
% / !\ data can only take even va lues that are sma l l e r or equal to 16
data = 10 ;

% I n i t i a l i z a t i o n o f v a r i a b l e s and vec to r s nece s sa ry f o r the loop :
k = 0 ;
i n d e x z e r o c r o s s i n g = ze ro s ( l ength ( s i g n a l ) , 1 ) ;

f o r j = 1 : l ength ( l o c a t i o n )
% De f i n i t i o n o f the po s i t i o n vec to r f o r the cubic polynomial f i t .
% An even number o f po in t s on both s i d e s o f the zero−c r o s s i n g i s
% cons ide r ed .
% −The po s i t i o n vec to r i s mu l t i p l i e d by 8 us ing the i n t e rp
% funct ion , the l a s t index be f o r e the zero−c r o s s i n g i s g iven
% by 1+ f l o o r ( l o c a t i o n ( j ) /8) .
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% −There are ( (mod( l o c a t i o n ( j ) , 8 )−1) i n t e r v a l s o f 0 .125 between
% the l a s t p o s i t i o n po int and the po int be f o r e the zero−c r o s s i n g
po s i t i on2 = ( po s i t i o n (1+ f l o o r ( l o c a t i o n ( j ) /8) ) + 0 . 125∗ ( (mod(

l o c a t i o n ( j ) , 8 )−1) )+ 0.125∗((− data/2+1) : ( data /2) ) ) ’ ;

% De f i n i t i o n o f the s i g n a l vec to r f o r the cubic polynomial .
% An even number o f po in t s on both s i d e s o f the zero−c r o s s i n g
% are cons ide r ed .
s i g n a l 2 = s i g n a l ( ( l o c a t i o n ( j )−data /2+1) : ( l o c a t i o n ( j )+data /2) ) ;

% Determine the polynomial that bes t f i t s the data
polynomial = p o l y f i t ( po s i t i on2 , s i gna l2 , 3 ) ;

% Find the 3 roo t s o f the cubic polynomial .
r a c i n e = roo t s ( polynomial ) ;
% The root that i s cons ide r ed as a zero−c r o s s i n g i s the one which
% i s the nea r e s t to the two va lues l o ca t ed at each s i d e o f the
% detec ted zero−c r o s s i n g .
[ ˜ , index ] = min ( ( rac ine−po s i t i o n2 ( data /2) ) . ˆ2 + ( rac ine−po s i t i on2

( data /2+1) ) . ˆ 2 ) ;

% The zero−c r o s s i n g i s saved in the output vec to r
k = k+1;
i n d e x z e r o c r o s s i n g (k ) = rac i n e ( index ) ;

end

% Suppress the z e ro s remaining at the end o f the vec to r . A value was
% ass i gned to the k f i r s t po in t s .
i n d e x z e r o c r o s s i n g = i nd e x z e r o c r o s s i n g ( 1 : k ) ;

warning ( ’ on ’ , ’ a l l ’ ) ;
end

C.5 Function getTheSpectrum.m

f unc t i on [ wavenumber , spectrum ] = getTheSpectrum ( in t e r f e rog ram )
% DESCRIPTION : This func t i on computes the normal ized i r r a d i a n c e from
% the in t e r f e rog ram . The phase i s c o r r e c t ed by
% mul t ip ly ing the spectrum by exp(−phase ) .
%
% INPUT : −i n t e r f e rog ram i s a vec to r conta in ing the va lue s o f the
% centered inte r f e rogram , OPD i s constant between two
% conse cu t i v e data po in t s .
%
% OUTPUT : −wavenumber i s a vec to r conta in ing the wavenumber va lue s
% a s s o c i a t ed to spectrum
% −spectrum i s the normal ized spectrum as s o c i a t ed to the
% inte r f e rog ram .
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% Four ie r trans form
f ou r i e r t r a n s f o rm = f f t ( i n t e r f e rog ram ) ;

% Suppress ion o f the remaining dc term
f ou r i e r t r a n s f o rm (1) = 0 ;

% phase c o r r e c t i o n
j j = sq r t (−1) ;
f o u r i e r t r a n s f o rm = f ou r i e r t r a n s f o rm .∗ exp(− j j ∗ ang le (

f o u r i e r t r a n s f o rm ) ) ;

% d e f i n i t i o n o f the wavenumber ax i s
N = length ( f o u r i e r t r a n s f o rm ) ;
c s t = 2/632.8 e−7;
wavenumber = ( c s t ∗ ( 0 : (N/2−1) ) /N) ’ ;

spectrum = r e a l ( f o u r i e r t r a n s f o rm ( 1 : (N/2) ) ) /max( r e a l (
f o u r i e r t r a n s f o rm ( 1 : (N/2) ) ) ) ;

end
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	Alignment procedure

