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Overview

@ Signal processing

© Software implementation
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Signal processing

Signal characteristics

@ signals are at low frequencies.

e significant amount of 1/f noise (flicker noise) due to
instability in the experiment/hardware conditions

o 1/f° (white noise) due to electronics’ noise

@ noise from power line/radio frequency/ground loops at “fixed”
frequencies (may vary with the configuration)

@ unavoideble noise of different nature due to statistical
fluctuations in system
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Signal processing

Methods to suppress the noise

e 1/f (flicker)- hardware stabilization (wait a long time before
experiment); short accusation time, (filtering?)

@ pickup noise- proper power supply and grounding systems;
avoiding loops; accurate choosing of experimental time;
filtering

@ white noise- choosing the low noise electronics; filtering

@ unavoideble noise statistical noise - filtering
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Signal processing

Assumptions for signal filtering

@ the pulses D(t) have the same shape H - S(t), H- the
amplitude, S(t)- the known pulse shape

@ system is linear; S(t) does not depend on H

@ the random noise has known staitionar spectrfal power N?,
uncorelated at different f
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Signal processing

Signal filtering |

Dan McCammon " Thermal Equilibrium Calorimeters- An Introduction”

Discrete Fourier transform of D = FFT(D(t))

Root mean square value of the noise N¢

Each Df ~ H and provides an independent estimate for H
Then H:ZWf'Df

Noise fluctuation AH,ms = /> (wr - Nf)?

st = max = w; = (S (wr - N2/ S we - D)

remove common scale factor = wy = %
.. ! . H Dy
choose phases to maximize the numerator in A = W= ne
D S
remove common scale factor H = wy = 2 > and H ~ ~d N £
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Signal processing
Signal filtering Il

A. E. Szymkowiak " Signal Processing for Microcalorimeters”

> |Df — H - 5¢[* (Df —H-S¢) - (Df — H - 5)*
R T T2 v

sfs ¥ DfS; + D} S

Ix? JOH = N2

because of S(t) and D(t) are Real = H = Z o /22N S

finally, to avoid FFTs H =) D(t)F(t)/ > S(t ) ( ) where filter
F(t) = FFT—l(fo;)
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Signal processing

Processing algorithm

measure the noise
estimate
calulation of N2(f) ™ arriving of D(t) -
resolution
manual selection of * *
pulses for 5(t) calculation of | _| add H to
amplitude H histogram
. and rise time g
constructing initial
filter F(t) stable signals

does D(t) match check

“no| criteria for S(t)? yes
work out criteria )
for auto-selection:
i k recalculate
- rise t.1me range; Snew(t) = (1 — w)Sora(t) + w - D(t)
- amplitude range; reconstruct F(t)
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Software implementation

Software demands

o fast data taking from digitizer on fly; controlling of
acquisition /oscilloscope parameters (sampling rate, coupling
etc.)

e data visualization (signal, FFT, energy spectrum)
e data processing on/off fly

e data saving/reading into/from hard disk
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Software implementation

Software design

@ real time multi-thread application with mutex locking
synchronization

e MS Visual C+4 Net Framework 2
@ NI's high frequency digitizer driver
o external OS FFT library- FFTW3, compiled with MinGW
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Software implementation

Software architecture

Mutex locking

Measuring
GUI - data -«—»| high priority
thread

hardware

driver
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Software implementation

Software GUI

FFTJCARBI ] Fitr | Histosram:

FormGUIScope (W[EE3) | @00 emol cotcutsion Aver, welght for selected puls [02
File Edit Tools Help [ Auto select ref pulses. dava (01
Channel 0 Channs! 1 Horlzontal (0] Uss nise fter T
Enabled nabled Ref pos 50 E Use froquencies [0 | - [1200
Coupling [ACv| Coupling [DC | Time/Div [10ms v [Fddorer)
Volts/Div [02V_w] | VoltsDiv 1.0V w| mae  soms/s
Ofset (V) Oficet (V) 0.00 5| Lengh 25002
1043
Trigge tigs/sec 368

Mode Type Slope )
Sl v| [Edee v @O0

Coupling Source Level
oC v 1 <

FFT | Ampl [TFIE " Histogram

Aver, welght for selected pulses (0001

[ Caculate pover spectrum

DiSaveinfle O ASCI @ BIN

[] Don't save out-ranged

[4] Read from file @ ASCII O BIN C1.500us00512.trc,tet
FFT [ Amol | Fiter | Histoaram
7] Show FFT
[ Show for averaged refemce wave only
Log ¥ scale FFT | Amol | Fiter | Histogram |
N[00
N (20
Clear Hist
Xi2399,5286714_Y1:-3, 7536829 V2i5862, 5982353 FWHM/POS/AMPL ‘Ampl = 092603/ 1,01733; Rise = 0,0000562 / 0,0000587
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Software implementation

Application example

[l FormGUIScope FEX
Eile Edit Tools Help

Channel 0 Channel 1 Horizontal

Refpos [0 &

Coupling [DC v| Coupling [DC |  Time/Div [0.1024m v,

DA Volts/Div [02V_w| VolsDv[1.0V  v| pue  sooMs/s
o ¥ Ml Ofiset(v) 000 5] Offset(w) o0 5| Lengh 2502

TigN 530
Trigger trigs/sec 4,54
Mode Type Siope
Nom  v| [Edee v| ©@/ O
Coupling Source Level
oc v oI v o
[Saveinfle O ASCI ® BIN noise power

[] Don't save out-ranged

Read from file @ ASCIl O BIN|

C1_B00uS00523,tr txt S p ectrum

Aver,weight for selected pulses (0,001

[ Caculate power spectium

Xi5204,6326668 V1:11.4562485 V2:4332.6114728 FWH/POS/AMPL Ampl Rise
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Software implementation

Application example |

the energy spectrum with using filter
® FormGUiScope . X

File Edit Tools Help

Channel 0 Channel 1 Horizontal
[ Enabled nabled Ref pos (50 B

v|  Time/Div (01024 m v

Coupling [0C v
Volis/Div (02 v| Volts/iv 1.0V | Rae  s00Ms/s
Ofisst (v) 000 3 Ofisst(¥) 000 5| Lengh 25002

Tigh 3189
Trigger tigs/sec 358 ¥ 13
o fin S Xi0.0166959 Y1:1,0069876 V200184250 1=00123: Pos =0
Nom v [Edge v| @/ O
Coupling Source Level
oc v i v po 3

[OSaweinfle O ASCI ® BIN
[ Don't save aut-ranged

[ Read from file © ASCIl O BIN C1.500us01041.tre, txt

FFT_[ Ampl [Fiter_| Histoaram

[ Do Ampl calculation Aver,weight for selected puls [0.05
[ #uto select et pulses awh o1
) Use noise fiter T o
Use frequencies |1 - [30
Add to Ref ] [ Clear e
Xi0.2317284 Y1:0,9158213 V202415009 FWHM/POS/AMPL ‘Ampl = 0,98561 / 0,99337; Rise = 0,000062 / 0,0000620

Xi24286,6057143 V1:-3110,8743332 V213676,617644 = 0,00605; Pos
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Software implementation

Application example I

the energy spectrum without filter
FormGUIScape [®[=]E3]

File Edit Tools Help

Channel 0 Channel| Horizontal
[ Enabled nabled Ref pos 50 :

Coupling [OC v ' Coupling DC | Time/Div [0.1024m v
Volts/Div [02V__ | Vols/Div 1.0V v| Rae  5o0Ms/s
Offset (V) 000 3] Offst(¥) 000 5| Lengh 25002

a9
Tiigger tigs/sec 136
Mipde L D Aun 00115846 V10997575 V200104653

Norm v [Edge w| ©/ O\

Coupling Source Level

c v i v po 3
s Exit

OSaveinfle O ASCIl © BN

[ Don't save out-ranged

[ Read from file ® ASCIl O BIN C1_500usDI008 e, st

FFT_[ Ampl [ Fiter | Histoaram

[ Do Ampl calculation Aver,weightfor selected puls (005
] Auto select ref pulses aava o1
[ Use noise fiter a7 @

Uss frequencies - 30

Clear Ref

X:0.2992000 V105738536 Y2:0, 1634513 4= 0,01004; Pos

98453; Ampl = 0Ampl = 0,93553 / 0,38377; Rise = 00000604 / 0.0000615

$0,0298187 Y1:1,0007925 v20.0187542 4= 0.00617; Pos =
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Software implementation

@ program support

@ implementation new features on demand
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