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ABSTRACT
The noise content of the reference slgna
and as a function of sampling time.
freqquency random noise and low frequengy
calculated for various signal integra jon:
noise have the same amplitude) as.

od uih_,_ .u. and plotted as a function of signal integration tlme""
termine the optimum integration time at which-high.
litaneously minimized. Also, the amplitude spectrum was

FILENAME: #TECHRPA.DOT D S T _ ' ' T EFFECTIVE 052296




G

GNAL NOISE FROM Ms

.E’?.Tébl!mical Report



Introduction R L | |
" To minimize the noise in any sxgnal recorded by the D-1000 it is first necessary to charactenze the‘
background noise that the D-1000 detects. : In this report, M6 is used to record reference spectra (signal from
white light generated by a tungsten ﬂlament ‘back-scattered . off of an aluminum oxide sample), for various
integration (averaging) times. The noise (dewatlon ina.u.’s) is then calculated for various sampling times greater- -
than the mtegratlon time. This allows the noise. to be plotted vs. integration time or vs. sampling tlme or in 3-.): :
space with noise, integration time and sarnplmg t1 e mutually- orthogonal s

qu as mtegratlon time increases, the noise will decrease in:
u cy)l no:se Also, after some optlmum integration tlme

What is expected is that for a ﬁxed sam” i
magmtude due to the averagmg of random 1
the magnitude of the noise will increase w1th m d _ _ For
fixed integration time, however, it is expecte : ise will increase with sampling time and, if the signal.
does not contain radically varying 1/f content}:, Sy '-e maximum. For integration times other than the
optimum, the overall magnitude of the ‘noise q} me curve will be greater than that of the opt:mum o
integration time, : -

The optimum mtegratlon tlme 9‘ bef _ n'g' noise vs. integration time for a given sampling - -
time and finding the minimum 2; plotting/noi n
integration time whose curve is overall lowest ‘in nagnitude and 3; plot the amplitude spectrum vs. frequency on-
log log scales and determine the inverse of the corner frequency All three of these methods are used with the-" :
third being a check for the results of the ﬁrst two : e

Data Acquisition:

To minimize a farge amphtu_
was turned oﬁ‘ in the M6 lab.

seconds. For a given integration tlm
average by the foiiowmg equatlon '

data set. For example an mtegratlon time of 0, 3 seconds’ reqmres -4535 spectra to be averaged and stored as one:
spectrum in the final data set. This results in appre}nmately l 12 seconds (~0. 82 seconds for averagmg the 455"35
spectra) between the spectra in the final data s€ !
integration time + the time requlred for the. a3
upon the number of spectra bemg averag%
1ntegratlon time and date (if necessary) ufl;llf

‘ ggpectra with no time delay between spectra), a data |
'§ed of 0.3 second mtegratlon time, 5401 spectra e

time for various integration times and identifying the . -



Data Analysis Procedure:

Calculation of Noise jn a.u.

& made with excel and matlab.

g lr;_n_e ‘was. organized in the following manner: 600 rows, e
dr-sﬁpectrum e.first column was the time machine time index; - *

readings); columns 66-75 '-"W'ér'

loaded into matlab in the form ) a_lysts.
To calculate the noise in ' 'dr each row was first normalized with respect to
wavelength by dividing each ele y the average of columns 2-65 for a given row.

jonverting the spectral data inte au. Since
8 ‘the sampling time here corresponds to the time

Next, a sampling . time . v

log; (%ﬁ%) coverts the spét:i?

between spectrumB and spectru_
spectrumA

If the sampling time was an
matrix was created for which

spectrumA and spectrumB were cdlunms 2:65 of the data normalized w.r.t. wavelength and spectrumB o
' was recorded (samphng time) seconds aﬁer spectrumA. If the samplmg time was not an mteger- :

.s.pacmg between spectrumB and spectrumA such that it |
#successive spectra just greater than the sampling time.
Githe time between successive spectra just less: than L
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the sampllng time,

The noise was then cal f the standard deviations of columns 1-10, 20-44' ’

and 50-60 of the logo( SPeCk "case where two logm( SpectrumiB v 1 atrices were -
Epectrum ; B“pectruﬁﬁ L

calculated, the noise values of eac
sampling time. ;5 ‘ .
For fixed samplmg tlmeigﬁa plats iokine grysiiintegration ti_me were generated using excel (see
Results section). f - ' . ‘ N
Noise vs. Samplmg Time:

“Long Data’ Analysns
Due to some unexpectéd results (dewatlon in trend) in the noise vs. sampling time plots for
integration times longer than the op tign time, the long data set was recorded and analyzed

as described below. To determine! : ' Hstidsults were being caused by very low frequency 1/f -

in the filtefedfmtegrated plotsi]
the high pass filter would allo



} ving average of a number successive rows of the
long data set (ex. row2 of the filt é Jidata ihe average of rows 1-3 of the long data set). Then
the filtered data set was subtract ata set to leave only the high frequency portion of
the data (smalt 1/f content).: ThlS filtered long data contams only frequencies higher than 1/At where At
is the time between successive rows f e‘,,long data (~1 12 seconds) times the number of rows used in . -

the moving average. So as more row were used in the moving average to filter the long data, more 1/f

noise was added into the filtered long data. . Note, that the filtered long data has the same number of -~

“rows and the same time spacmg betWeeni rows;as the long data set,

The filtered long data was th
integer number of rows ‘by- theif
number of rows being averag'ed"__ :
data was then calcu]ated usmg

e integrated data was calculated by replacing an
gration time was determined by multiplying the -
etween rows (~1.12 seconds). The noise for this
ove section and was plotted in the same manner
be plotted in three space (noise, integration time,
longer filtering, a matlab movie was created to
file titled “longmove.mpg” and can be viewed .
le “noismovi.m” which loads the actual matlab .

hwhsi

movie matrix and plays th' m

Comer Frequency:

For a given mtegratlon .f‘-'
quantity. Variations in the values i
column and calculating the ampli’tdﬂ

frequency (frequency where -
frequency then, is the frequency on a
portion of the plot and a linear fit ¢
frequency) represents the mtegratxo_
integration time curve with th;e 1
columns of the spectral data were
amplitude spectra was used as

" Tt should be noted that
those with time spacings bet
amplitude spectra for vano

ven column of that data set represents the same.
(@hen regarded as noise. By performing a fit ona.
Spectrum ), it is possible to determine the corner .

dise have the same amplitude). The corner -
, ;,the amplitude spectrum where a linear fit to the 1/f
random nmse portion of the plot intersect. Also, 1/(corner

- at the rmmmum of the noise vs, integration time plot orthe -
n a noise vs. sampling time plot. Since all 64

e environmental conditions, the average of all 64
for a given integration time data set, '

fta capable of revealing the corner fréquency are
ess than 1/(corner frequency). Log log plots of =
_ W in the results section. .
Results: |
From the noise vs. integrat qum e pl s and he noise vs. sampling t:me plots it 1s clear that the-ﬂ'._ _
optimum sampling time is ~8.1 seconds.
than 8 seconds was the cause for th
are not present in the ﬁltered/mtegr
the log log plot of the amplitude sp g

especially for the long data set which h:
spectra) and a high resolution of frequen

WH
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1 pau). .
The study of the “long” data set s
noise vs. sampling time plots were’ caused by o,
- absence of the anomalous trend deviatios h

Conclusions: Lo

 Clearly, the optimum integrqti
seconds. This is supported by the 1€
plots) as well as the results of the amp
Hz (10 second and 5 second integratig

time plots show that there is very little

most probable source of this very.l
shown to cause proportional change
quite non-uniformly and with considers

sbiile:

itz

e
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e

e noise-as much as possible is approximately 8 -
pling time plots (and noise vs. integration time -
h show a corner frequency between 0.1 and 0.2
ever, an inspection of the noise vs. integration

Integration times longer than one or two seconds (< '

jsuspicion that the anomalous results found in the
frequency noise source. This is supported by the
pling time plots of the high pass filtered data, The- g
erature variation. Temperature changes can’ be.
ng data acquisition times, temperature can vary -



