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0.1 Random process with given power spectral density

Consider a random process F (t) defined by power spectral density

SFF (ω) =
S0

1 +
(

ω
ω0

)4 (1)

We want to generate sample functions F (k)(t) with a time interval ∆t. This is achieved by first generating i.i.d
standard Gaussian variables a` and b`. The sin and cos components of the Fourier transform are defined as
products of a` and b` with the power contained at frequency ω` within a frequency interval ∆ω, i.e.

c` =
√

2SFF (ω`)∆ω a`; s` =
√

2SFF (ω`)∆ω b` (2)

Then an inverse FFT is applied to c`, s`. This is shown in the following listing.

1 −−[[
2 SLangTNG
3 Simple t e s t example f o r s imu l a t i o n o f random p r o c e s s e s
4 ( c ) 2009 C h r i s t i a n Bucher , CMSD−VUT
5 −−]]
6
7 −− This f u n c t i o n d e f i n e s the two−s i d e d PSD o f the p r o c e s s
8 f u n c t i o n PSD (S , a , b )
9 l o c a l p = S/(1+(b/a ) ˆ4)

10 r e t u r n p
11 end
12
13 −− Def i n e p r o c e s s pa ramete r s
14 S0 = 10
15 om0 = 3
16 om max = 20
17 nOmega = 500
18 dOmega = om max/nOmega
19
20 −− F i l l an a r r a y wi th PSD va l u e s
21 spec = tmath .Mat r i x (nOmega)
22 va r = 0
23 f o r i =0,nOmega−1 do
24 spec [ i ] = PSD(S0 , om0 , ( i+. 5 ) ∗dOmega)
25 va r = va r + 2∗ spec [ i ]∗dOmega
26 end
27
28 a = s t o c h . S imu l a t e (nOmega , 1 )
29 b = s t o c h . S imu l a t e (nOmega , 1 )
30 c = tmath.Pow ( spec ∗2∗dOmega , 0 . 5 ) :CW() ∗a
31 s = tmath.Pow ( spec ∗2∗dOmega , 0 . 5 ) :CW() ∗b
32
33 he l p = c : AppendCols ( s ) ∗math . sq r t (nOmega/2)
34 f , dt = s p e c t r a l . I F T ( he lp , dOmega)
35
36 −− Check a c t u a l PSD
37 f1 = f : GetCo l s (1 )
38 psd = spe c t r a l .Au t oSpe c t r um ( f1 , dt )
39
40 −− Append t a r g e t v a l u e s f o r compar i son
41 psd = psd : AppendCols ( spec )
42
43 −− P lo t the r e s u l t
44 v i s=tngg r a ph i c s .TNGV i s u a l i z e (520 ,20 ,800 ,450 , ” P roce s s ” )
45 v i s : SetLabe l s ( ”Random p r o c e s s sample ” , ”Time” , ” P roce s s ” )
46 v i s : Plot ( f : GetCo l s (0 ) , f : GetCo l s (1 ) )
47 v i s : F i l e ( ” p r o c e s s . p d f ” )
48
49 v i s 2=tngg r aph i c s .TNGV i s u a l i z e (520 ,540 ,800 ,450 , ”PSD” )
50 v i s 2 : SetLabe l s ( ”Power s p e c t r a l d e n s i t y ” , ” C i r c u l a r f r e qu enc y ” , ”PSD” )
51 v i s 2 : Plot ( psd : GetCo l s (0 ) , psd : GetCo l s ( 1 , 2 ) )
52 v i s 2 : F i l e ( ”PSD.pdf” )

The resulting process sample f(t) is shown in Fig. ??. The power spectrals density as estimated from this
sample function is compared to the target in Fig. ??.
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Figure 1: Sample function of a random process

Figure 2: Comparison of sample PSD to target PSD
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