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2.10 DIGITAL TO ANALOCUE CONVERSION

The spectrum analyser displays the spectra on a CRO or a paper

recorder. To do thiz the numerical values calculated by the ¢~

roprecessor must be converted into analogue voltages which is

conversion as shown in fisure 3,10
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from the microprocessor
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sections of program can be tested individually.
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the main program is placed in the third ¥ of memory a
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Two types of number representation are used :

Inteser Revpresentation

This representation is used most frequently for counters con-

trolling the flow of programs.
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INPUT ROUTINL

The Input Soutine is & subroutine called from the main progran

performs the following functions (refer to figure 4.3
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transition. This clock sipgnal dinitiates an A/D conversion and
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The program reads 256 10-bit samples (h (L};@ The most ai
nificant 8 hits are stored in locations 1400 to 14FF and the

remaining 2 bits are stored in locations 1500 to 15FF, (The

address locations are expressed in the hexsdecimal number base

as will be assuned Tor the rest of the text).

Store Zeroes in Imaginary Area of lMemory

The fast fourier transform operates on complex data and so
operates on arrays of memory which consist of real and imaginary

parts The transform is to operate on the input signal which

is a real array and so the area of memory allocated to imaginary

dats is set to zero prior to the FFT being executed. This ares

TEF
.

of memory comprises locations 1600 to 17

Check Inoput Data for Overload

If the input signal isg toe large for the A/D converter to handle

he numbera read will be limited to positive
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HAMIY :

x(8) = x(B)x(1+s(D)/2

1 = 256-E
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Figure 5.1:

27Hz sinusoid
sampled at

256 samples/sec.
No windowing.

Figure 5.2:

.Spectrum of
sampled signal
on a linear
scale

Figure 5H.3:

Spectrum of
sampled signal
on a logarithmic
scale
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Figure 5.4:

27Hz sinusocid .
weighted by
modified Bingham
window

Figure 5.5:

Spectrum of
sampled signal
on a linear
scale

Figure 5.6:

Spectrum of
sampled signal
on a logarithmic
scale




2T7Hz sinusoid
welghted by
Hanning window

Figqure 5.8:

Spectrum of
sampled signal
on a linear
scale

Figure 5.9:

opectrum of
sampled signal
on a logarithmic
scale
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Figure 5.10:

Linear spectrum of a 26.5Hz
sinusoid with- no windowing

Figure 5.11:

Logarithmic spectrum of a 26.5Hz
signal with no windowing




Figure 5.12: Linear spectrum of a 26.5Hz
sinusoid weighted by a
modified Bingham window

Figure 5.13: Logarithmic spectrum of a 26.5Hz
sinusoid weighted by a modified
Bingham window




Figure 5.14: Linear spectrum of a 26.5Hz

sinusoid weighted by a
Hanning window

Figure 5.15: Logarithmic spectrum of a 26.5Hz
sinuscid weighted by a Hanning
window
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response of the elliptic low pass input filtews.
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respectively, A perfect sguare wave has only

mic ampl

odd harmonics whereas 2 2nd harmonic is apparent, This in

produced by this particuler osclllator.

21 show the sampled sguare wave operated on

to H.21 8

“ham window and its spectrum and this is again

5,24 using a Hanning Window. The szane

Tor a sinusoid except that there are largsr

S e

dow employed and the sanmple

time is halved the output

the sampling

are even integer ie, O, 2, 4y se0, 200 Hz,

ntal and the o0dd harmonics are half-y

sutrut frequency components and so exhibit large side-~lcobes
I 18 i

shereas the even harmonics have nesligible side~lobes dus to the

1 closely to an output frequency com-—

imply that a woveform iz more
DLy

at a rate much greater

frequency component,

the veraclty of

Filoures 5,27 to 5.29 are given to illust
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the FFT routine. A test input array is set u




27Hz squsre wave
sampled at

256 sampl
No windowing.

Figure 5.17:

Spectrum of
sampled signal
on a2 linear
scale

Figure 5.18:

Spectrum of
sampled signal
on a logarithmic
scale




Figure 5.19:

2T7Hz square wave
weighted by s
modified Bingham
window

Figure 5.20:

Spectrum of
sampled signal
on a linear
scale

Figure 5.21;

Spectrum of
sampled signal
On a logarithmic
scale
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Z2(Hz sgusre wave
modified by =
Hernning window

Figure 5.23:

Spectrum of
sampled signal
on a linear
scale

Fiqure 5.24:

Spectrum of
sampled signal
on a logarithmic
scale




Figure 5.25: Spectrum of a 27Hz square wave
sampled at 512 samples/sec.
Logarithmic scale.

Figure 5.26: 27Hz square wave sampled
at 1.28kHz
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Figure 5.27:

Step function

Figure 5.28:

Imaginary part
of DFT of step
function

Figure 5.,29:

Imaginary part
of DFT on an
expanded scale




Figure 5.30:

Signal plus noise
one accumulation
logarithmic scale

Figure 5.371:

Two accumulations

Figure 5.32:

Four
accumulations




oixteen
accumulations

Figure 5.34:

Sixty four
accumulations
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THTTRIMT T ™
ZUNCTTION

THE DET QF THE STEP

£
L

The DET as used in the spectrum analyser is defined as :

N.,. ¢ » ;
o= (1/0) 5 %, exp (~327Tnk/N)

with the following properties :

exp (~jTInk/IT)

~ (1/N>G(N/2}

@ ~“y P
5 a AG = U k] b
A e . ~ Y
for nool» O

¥ o= (1= exn (=37In))/(1 - exp (~32TIn/N))/N

e 5 [
If n is even exp \~jlin

A ik

If n is odd exp (~3TIn) = -1

" o= (2/m)/{1 - exp (~321In/N))

) = exp (=3TIn/M))

exp -7 IIn/1)(exp

= (~j/ﬂ 5P (jIIn/N)/ sin (ITn/N}

n/1)/ sin (IIn/})






