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] - /Sledovany signal a pozadi
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 » Obsah prednasky
% /Popis a parametry piku
: v Dekonvoluce a separace pasu

-® v Zpracovani vetsiho poctu

datovych souboru

— zakladni matematicke operace se
signaly (odecty, podily ...)

— tvorba maker pro automatizaci
Zpracovani

— statisticka analyza

* prumérovani spekter a vypocCty smérodatnych
odchylek

-
®
e
2
*
. @
]
-~ @
. B
. @




f. Program OMNIC

g File Edit Collect Wiew Analyze Repork  Window Help - 8 x
- Absorbance Chel-A j
=% Transmittance Chrl+T
D& R - Dl ESIEE: | Ut | | 4 R
Al \
mﬂ Reprocess... HL x;
Retrieve Interferograms
@1 vzorek 4 Liberec | & }@
Baseline Correct, ..
i | Automatic Baseline Correct b
| vZorek ¢ Advanced ATR Correction, .. g
| Cther Correckions. .. £
0.0045 -
| Blank: Chrl+2
| Straight Line Chrl+Y
0.0040 -
' Subtract... ChrlU
| Automatic Region Subtract
0.0035 1 Fourier Self-Deconvolukion. ..
Smooth, .
& 0.0030 - Aukornatic Smu:u:uthl
g - Change Daka Spacing...
o | Derivative. ..
= [0.0025 Multiply..
I | Add =
E s o
= | Spectral Math. .. % % [xp]
& 00020 4 : - =
1 Mormalize Frequency -—
Mormalize Scale <t
1 PP
0.0015 - \—/ L
0.0010 -
0.0005 -
' 1 v g g 1 g g v g 1 v | g g g 1 v g v g 1 g v v v 1 g g g ]
3500 3000 2500 2000 1500 1000 500
Rarman shift (cm-1)
" -

OBBDODDZEI )\




: Program TQ Analyst

. TQ Analyst - [Mew Method]

File Edit Yiew Diagnostics ‘Window Help

Calibrate | Quantify ” Explain  Close ||Perﬁ:rmance Indesx: MAA Previous: MAA B Uncalibrated
'Description TPathIength TComponenis TStandards TRegions TCorrec‘tions TDther TReport _

Edit Factors... | Merge Like Standards |
Data Hormalization Explain Help

¥ Use mean centering technigue Témata napowédy

[~ Usze varance scaling techrigue
Fit ¥alue Algorithm

f+ Simple [measured from zera)

What is Data Normalization?

 Sensitive [measured from the mean standard)
Hon-linear PLS

[~ Allow nondinear fit far each factar

Concentration weighted PL5

[~ ‘Weight by component concentration values for each standard
PLS Factors

[~ Alsays use one-at-a-time cross validation
Automatic Update

v Update number of factars used when calibration is changed

-
*
®
*
2
>
°
-
*
e
>




Program OPUS

&; OPUS - [Display matejkap.ows  Operator: PM (Administrator)]
JJSE File Edit V“iew ‘Window Measure |Manipulate Ewvaluate Display Prink Macro  Validation Setup Help
I - 1= 2
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[ %, Baseline Correction

=7

0.01 and the maximally

occurring y-value lies at 1.,
. - Vector normalization -

%SEectrum Calculator g ;g;ﬁgngazlzgs The average V—V8|Ue of the

# cut @ 3IFie spectrum is calculated

@ 4Edi first. This average value is

@ 5view then subtracted from the

@ Ewindow spectrum so that the

@ 7 Measure middle of the spectrum is

“* Straight Line Generation

iy Baseline Correction

éﬂ*__ Spectrum Subtraction
T A <-= TR Canversion s Conyert Spectrs

dak < sight Line Generation i Smocth

“* Mormalization
| Make Compatible
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& Derivative

Speckrum Caloulator

At

42 Normalization

“F Make Compatible

C8 Convert Spectra

W Smooth

= Detivative

b Frequency Calibration
Y Rarman Correction
_dk Black Body

i.-""-]-‘ Interferogram ko Speckrum

4 Frequency Calibration

| 3 Raman Cotrection

ik Elack Body

’T_ Interferogram to Spectrum
4 Inverse FT

f: Past Zerofilling

et Fourier Self-Deconvolution
Syrnmekric FT

ad Eramers-Kronig-TransFormation
W Extrapolation

' Lfem <= pm, im

o Averaging

~ Merge Spectral Ranges

o
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o

@ 521 Extrapolation

=] 8.1 Baseline Corection
a 8.2 Spectrum Subtraction
a 8.3 Conversion of Transmittal
a 8.4 Straight Line Generation
[E] 8.5 Spectrum Caleulator

[E] 8.6 Cut

a 8.7 Normalization

[E] 8.8 Make Compatible

[E] 89 Spectum Conversion
[£] 810 Smaoth

a 8.11 Derivative

a 8.12 Frequency Calibration
£] 8.13 Raman Correction

=] 8.14 Black Body

a 8.15 Interferogram to Spectre
a 8.16 Ireverse Fourier Transfor
[E] 8.17 Past-Zerofiling

£] 8.18 Fourier Self Deconvoluti
] 819 Symmetric Fourier Trang
a 8.20 Kramers-Kronig Transfor

[7] 822 Ahscissa Cornversion
z 8.23 Averaging
z 8.24 Merging Spectra Range

pulled down to y = 0. The
sum of the squares of all
y-values is then calculated
and the spectrum is
divided by the square root
of this sum.
The vector norm of the
result spectrum is 1:

NET = 5

(x;) =1

- Offset correction - The
spectrum is shifted so that
the minimum occurring v-
value is set to an
extinction of zero,

Select Files | Frequency Flange |
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ks The Unscrambler - [vivo-all]

Fil=  Edit

D= %6

Wiew  Plot

fis3-7-6 jehlice samostatn:
IjsE-T-T jehlice samostatn:
i53-7-8 jehlice samostatn:
[53-T-a_500 jehlice sam-

j53-7-d_B00 jehlice sam-
IjsS-B—'I jehlice samostatn:
IjsS-B—E jehlice samostatn:
|j53-8—3 jehlice samostatn:
|j53-8—4 jehlice samostatn:
|j53-8—5 jehlice sarmostatn:
IjsE-E-E jehlice samostatn:
IjsE-E-T jehlice samostatn:
j53-8-8 jehlice samostatn:

a00 jeklice sam-

_;_:4_

(il (@8 Task FResuls
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Transform

Sort Samples. .,

Sort Samples by Seks
Sort Yariables by Sets
Shift Wariables. .
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Properties

Edit Set...

j53-8-d_RA00 jehlice sam-10. den po od

Chkrl+E

|j53-9-1 jehlice samostatna - 11. den po

IjsE-EI-E jehlice samostatna - 11. den po

Window Help
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3. Golay...
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827e—03 1.6351e-03
313e-03 1.6331e-03
4581e-03 1.5980e-03
g8%9e-03 1.5847e-03
- r30e—-03 1.67RRe—03

BE.1670e-05 E.OGGZe-05
1.7436e-03
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1.6973e—03
1.6837e—03
1.6344e-03
1.5971e-03
1.5812e-03
1.6734e-03
5957 3e-0%
1.7341e-03
1.7675e-03
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Formaty dat
a jejich konverze

- univerzalni formaty
- jednoucelové formaty
- prevody mezi formaty



Univerzalni formaty

YTEXTOVY format

*.txt, *.csv, *.prn, * .dat

5 ASCII - XY - nejbéinéjéi
POZOR A

.., na identifikatory
2 sloupce cisel | desetinnych cisel

— fixni Sifka sloupcu \_ éitisiC\l“//
- oddélovace sloupcu (, ; fab)




Textovy format

BN
=
E
v
-9
9l
*
e
1

.402
.448
.494
.541
.5877
.634
.68

L1277
.73
.82

.8677
.914
.901

7136.
743.
745.
7126.
126.
751.
739.
735.
743.
743.
740 .
747 .
751.

wW W W W W W W W W wWw w w Ww

F R R R R RPRPRPRRPRRRRRRRE R

.504245e+002; 1.
.50900606e+002; 1.
.513888e+002; 1.
.518709e+002; 1.
.523530e+002; 1.
.528352e+002; 1.
.533173e+002; 1.
.537994e+002; 1.
.542816e+002; 1.
.547637e+002; 1.
.552458e+002; 1.
.557279%9e+002; 1.
.562101e+002; 1.
.566922e+002; 1.
.571743e+002;1.

976861e+000
968357e+000
962499e+000
959623e+000
958485e+000
956975e+000
953950e+000
947547e+000
936512e+000
919728e+000
896824e+000
868656e+000
835209e+000
798726e+000
761715e+000




Textovy format

v Vyhody v Nevyhody
univerzalnost - chybi popis dat
nepravidelny - chybi jakeékoli
krok dopinkove
snadny nahled informace
snadna extrakce objemneé
casti dat soubory
snadneé nedostatecna

spojovani dat kodifikace
formatu




Univerzalni formaty

vJCAMP-DX format - podpora IUPAC
*Jdx , *.dx, *.dx?

konstantni delta X

— Vv radku pro jednu hodnotu X
deset po sobeée jdoucich hodnot Y

— definované polozky v hlavi¢éce
souboru

— nedatove polozky odliseny ##




=9

* JCAMP-DX format

B ## TITLE=p-HAP

@ #JCAMP-DX=4.24
##DATA TYPE=ERAMAN SPECTRUM
& ##DATE=20/4/2001
##TIME=12:28:33
#® ##SAMPLING PROCEDURE=cup
##ORIGIN=ED
. @ ##DATA PROCESSING=no operation
##SAMPLE DESCRIPTION=p-HAP
& ##XUNITS=1/CM
##YUNITS=ABSORBANCE
@ ##RESOLUTION=4
##FIRSTX=3600.7255
& ##LASTX=98.532917
##DELTAX=-1.9285201
L @ ##MAXY=0.25041848
##MINY=0.00016729564
L@ ##XFACTOR=1
##YFACTOR=2.3322039¢-010
& #NPOINTS=1817
' ##FIRSTY=0.00064811291

| @ XYDATA=(X++(Y..Y))

3601+2778972+1934559+2604332+2678989+1991450+1674034+2046136+2278889+2078093
L D 3583+3122147+4311999+4682680+4290973+3472452+3177716+2759257+1320684+3210535




JCAMP-DX format

v Vyhody
- uznavana
kodifikace

- snadny nahled

- fada pruvodnich
informaci
definovane

uvedenych
zahlavi

v Nevyhody

- povinny
konstantni krok
- ?

- objemne
soubory
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Univerzalni formaty

v Galactic Industries format
(GRAMS, Spectra Caic)

*.SpC

starsi verze - konstantni delta X
novejsi verze - mozny i
nepravidelny krok




GALACTIC format

M YCD&BMIDIN PG4CO4 @R tumorlday/l @S 999.96 @E 487.9860 @T 150
@A 10 @P 16mW @L 110 @W 1.21 @F ---- @O Sinica @B PG4CO4 @D JY
@G 1800 @N 400 @Z irrad/frez ) 8!f F 18U £8°r8L
t8 8 {{8U 18 [F VT it (T,

8

8

PR F8Y T Hf B II8Y F D 8] f QF W 84 18" a-+ 9i8 4T alR a:1 9 : aR3 307
96< 9U; 902 302 4) 9»! 9184 t 1 ¥ 18T ut8 8w T § T <184 f8url# a$"

OFf [#8a I KLt Z F81 F8A T ¢ F8» F Nt ¢ FRu 8B [ 1#[ 1 Hf 184 Rt Kt (1887
| [F8K{881 [ 1 a8# aZ% 9RY% a!% at# 91! 9D aVi8't I &t8#t Ef uf.a aq 9d 9

9 a¢f819: a8 9N! aN! a4# Iv& 9+* 330 978 93@ 9>E aEE 4B 9—< 9q7 943 a0l
au. 96+ 9>( 36% 98" 9z {78 CH8

-9
=
°
d
d
-
*
T
*
2
- 2
. @
- @
-
> 2




GALACTIC format

v Vyhody v Nevyhody

uznavana - 2 typy formatu
kodifikace vzajemne ne

Siroka podpora pine

rady programu kompatibilni
kompaktni - nesnadny nahled
soubory - obtizna extrakce
struéna hlaviéka casti dat




£ ° Jednoucelové formaty
=

=°* VJFORMATY

¥

ls o vyrobcu pristroju

B
- . e (o) Y 4 y
I » ® vyrobcu specialniho

softwaru




Jednoucelove formaty

v Vyhody v Nevyhody

- »Sité na miru“ - obtizny nahled
pro danou —- limitované
aplikaci moznosti pouziti

- v daném doplnujiciho
prostredi rada softwaru
pruvodnich, — nemo3znost

S:IetailnicI) uzivatelského
informaci pFizplisobeni
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SUM
a jeho potlaceni

- Sum

- vyhlazovaci metody

- transformacni metody
- umeélé pridavani Sumu
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Smoothing operation fFFT
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Sum - ,,statisticky*

SUM

- signal bez zadaného informacniho
obsahu

- rusivy signal

- signal nahodného (pseudonahodného)
charakteru




S

um - ,,statisticky*

SUM

- nahodna promeénna
s nulovou stredni hodnotou

POTLACENI

Nejdokonalejsi
- mnohonasobne opakovani experimentu
za DOKONALE STEJNYCH podminek,

resp. za podminek, které se li§i POUZE ,NAHODNYM*
(,statistickym®) Sumem

*
-9
-9

v
- 9
e
-

*

e

2

*
. 9

S
- @
. B
. @




Sum - potlaéeni

GRAFICKE VYHLAZENI SUMU

- prolozeni Sumovych oscilaci hladkou krivkou

NUMERICKE VYHLAZENI SUMU

- prolozeni sumovych oscilaci
- polynomem
- segmentovou funkci (spline function)
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Sum - potlaéeni

NUMERICKE VYHLAZENI SUMU

- prolozeni polynomem dostatecne vysokého radu sm?

Data dvojice hodnot (x5, J;) - vypocet y, ..,
1. volba lichého poctu bodl (2n+1) {2n > m} v intervalu, kde se
bude vyhlazovat

2. volba hodnot postupneé klesajicich statistickych vah w, az w,,,
kterymi se fidi vliv sousednich bodu na vyhlazovanou
hodnotu
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3. pro bod (X;, y;) se zahaji vyhlazovani




NUMERICKE VYHLAZENI SUMU

Prokladani polynomem

metodou vazenych nejmensich étvercu

- nejvetsi statisticka vaha studovanému bodu
- vaha se snizuje se vzdalenosti od tohoto bodu

- interpolovana hodnota polynomickeé funkce pro poradnici
studovaného bodu je pak odhadem skutecné funkcni
hodnoty s eliminovanym Sumem

- DOCHAZI KE KONVOLUCI DAT - nutna vysoka hustota bodti
»Zkresleni” ]
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s ®* NUMERICKE VYHLAZENI SUMU

-~ 9

= ® Steinerd., Termonia Y., Deltour J.: Comments on
| : Smoothing and Differentiation of Data by
;__ P Simplified Least Squares Procedures,




NUMERICKE VYHLAZENI SUMU

Priklad volby poétu bodu

vychozi data

M e

5 bodu pro vyhlazovani

TH48 othing points 25

25 bodu pro vyhlazovani
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,. 2 OMNIC Help - | &3] x|

Soubor  Upravy Zélodka Modnosti  Napovéda

Témata| Zpet Tizk, £4 B E it

smoothing spectra
How To | See filzo I

lUse Smoath in the Process menu to improve the appearance of the selected spectra by preferentially smoothing the ﬂ
high-frequency component of the spectral data (see the example below). Smoothing is useful for improving the appearance of

: Before smoothin
0.010 - i T |
: in a reduction in resolution

0.000 -

0.010 [ After emoothing

ZHORSENI
ROZLISENI !

il
2
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o
i
l
o
o
T
0
2
c
5
o
i
o
i
o
-y

3700 3650 300
Wavenumbers (cm-1)

Note: If you want to smooth spectra manually by specifying the degree of smoathing (setting the number of points), use Smoath.
To smooth spectra automatically, use Automatic Smooth. An automatic smooth often gives a satisfactory result and 1= faster than
a manual smooth.

The degree to which a spectrum iz smoothed depends on the number of points used in the smoothing process. You can set the
number of points to any odd number from 5 to 25, A larger number of points results in a greater degree of smoothing. You should
normally smooth using the minimum number of points that produce the desired result.

Note: If you smooth more than one spectrum at the same time, all the spectra must have the same data point spacing. =l

= | Staltl HWithW$ Cammander | (| Microsoft PawerPaint | . OMMIC - [dindow] “@l]HHIE Help |<sz @E o 0309 PM
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|2 UKAZKA VYHLAZOVANI
-9 software OPUS

Selected Files

—

rSmouothing Method , A i el
o Stomdard [Savizky Gola) _ — = Original
ddaplive Supaathing cH

Smoothing Paints: 'Jrf4al:lll

~Storage Made
# Create New Files

# (verwrile Files

\

|Smuulh| ] Cancel | | Help I ""'..l . *
% S

Smoothed- 'w_;&"“x
VLIV NA URCENI \*ﬁmﬁ_

parametra pa,S& 1370 1361 1351 1340 13m0 117m
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NUMERICKE VYHLAZENI SUMU

Pouziti SEGMENTOVYCH funkci - SPLINE

* polynomicke funkce az n-tého radu

* pro kazdy interval definovany dvéma po sobhé
nasledujicimi experimentalnimi body (x;,, x;) je
definovana jina polynomicka funkce

* dodatecna podminka spojitosti segmentové funkce a
vsech jejich derivaci az do stupné n-1

» dodatecné podminky miry ,,hladkosti“ a ,,presnosti“
prolozeni
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TRANSFORMACNI METODY

T O RE P A & Bl E)

i Start | B windows Commander 3.52...| 3= Microzoft PowerPoint - [ex. .. || ¥ LABSPEC - [Fourier:Re] \E %@E o 0351 PM




TRANSFORMACNI METODY

Zakladni metoda
 FOURIEROVA TRANSFORMACE

¢ vhodne pro eliminaci
vysokofrekvencniho sumu

> prevedeni zaznamu na interferogram

> Upravy interferogramu - filtracni funkce

> volba apodizacni funkce

> zpetné prevedeni interferogramu
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* UPRAVY INTERFEROGRAMU

> filtracni funkce
(analogicke k apodizaCnim funkcim,
pouzité pred zpétnou transformaci)

> redukce pocCtu bodu interferogramu
(zhorSeni rozliSeni)

> zerofilling” - ,doplnéni nul"
(prolozeni spekira dalSimi body
,umélého* puvodu)
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Sledovany signal
a pozadi

- popis signalu a pozadi
- puvod pozadi

- eliminace viivu pozadi
- metody korekce pozadi




Sledovany signal a pozadi

Spektra - funkce s mnoha
extremy (s mnoha pasy)

o ity pas popsan profilovou funkci P;

n profilovych funkci P; a pozadi B,

ezaznam D x) lze pak zapsat

Dlx)-5,(x)+ S A




Sledovany signal a pozadi

D(X): BO (_x) + Z B(X) Komplikované
i=1 matematicka
r formulace

funkce B, (x) - pozadi

- souhrn vsech prispévku, které'nelze
pripsat jednotlivym explicigne
vyjadifenym pasum

(kfidla pasu mimo sledovanou oblast, velmi slabé pasy, nedokonala

pfistrojova kompenzace, signal odliSného fyzikalniho puvodu, vliv
matrice atd.)
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Sledovany signal a pozadi

PUVOD pozadi

- pristrojovy - nezmenitelné vlastnosti pristroje
dané jeho konstrukci
- vliv nastavenych parametru

- vilastnosti sledovaného analytu

- vilastnosti matrice

- vliv vnejsich podminek mereni
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Komplikovana

HRUBE matematicka
APROXIMACE formulace

jejiho prubéhu

OVSEM URCENi VSECH PARAMETRU PASU
je ZAVISLE
NA CO NEJLEPSiIM ODHADU
PRUBEHU POZADI




Typy prubéhu funkce
B, (x) - pozadi

v Klasifikace
wtvaru“ pozadi
posunuta
zakladni linie -
offset
sikma zakladni
linie - s/ope
obloukova
zakladni linie
KOMBINACE
vyse uvedenych
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=% o E om w
1 » Zpusoby aproximace prubéhu

*nejjednodussi zpusob pas pro korekci
v omezené oblasti
jednoho izolovanéeho pasu nebo
nékolika se prekryvajicich pasu

]

METODA SPOLECNE TECNY

vymezene oblasti




METODA SPOLECNE TECNY

Konstrukce zakladni linie /

linearni aproximace pozadi

B, ()

linearni
T,aT, — tefné body | aproximace
pouzitelna jen
ve velmi
omezené oblasti

AY

D

ualline
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:° METODA SPOLECNE TECNY

v Vyhody

- jednoduchost

- vyhovujici odhad
sklonu pozadi

!

urceni polohy
maxim pasu

v Nevyhody

- nadhodnoceny
prispevek pozadi

!

nevyhovuje pro
urcovani ploch
pasu




=% o E om w
1 » Zpusoby aproximace prubéhu

- : POZADI

-® ovolba bodu urcujicich prubéh pozadi

“® — body na mérené kfivce
9

— body mimo merenou krivku

~
o °volba typu prokliadu bodu
» — Useéky | NESPOJITOST !
+® — polynom - stupen polynomu

=® _ segmentova funkce
= ®

. B
>




v, OMNIC - [Baseline Correct]

File Edit Collect  View Process Analvee Report  Window  Help -8 X
Experiment: |Untit|ed j

R | b2 B | I | i | B | > G
|Linear ~| |Replace the original spectrum | €Rreplace)

Spline }: | &, of 27
Palynamial

BN | » ww

1 v v v v 1 v v v v 1 v ' v v 1 v v v v 1 ' v v v 1 v v v v 1
3500 3000 2500 2000 1500 1000 500

Raman shift {cm-1)

¥:(3386.630) ¥:(0.00377) ] auta v

> AN ) —
) sadal o 2




Integrace signalu

e KVANTIFIKACE

- vliv prubéhu pozadi

- vliv prekryvu pasu




INTEGRACE SIGNALU

_ . o
19 * INTEGRACE PASU

« INTEGRALNI FUNKCE

) ™
VYSLEDEK
GRAF!

v

i
*
=9
= ®
2
- 2
. @
- @
-
- 2




INTEGRACE PASU

e VLIV POZADI - problém
presného ,ohraniceni“

integrované plochy

— hranice integrace

- tvar zakladni linie

=» softwarové moznosti volby




INTEGRACE PASU

e VLIV SUMU - problém
presného ,ohraniceni“

integrované plochy

— hranice integrace

— tvar a intenzita pasu

=» softwarové moznosti volby




INTEGRACE PASU

e VLIV PREKRYVU PASU -

problém presného ,ohrani¢eni%
integrované plochy

— hranice integrace

| » - Sitky a intenzity prekryvajicich se
19 pasu

. : =» softwarové moznosti volby




#7 DMNIC - [Window1]
@Eile Edit Collect “iew Procezs Analyze Heport Window  Help = =] x|

=

- 2

Experiment: | Default - Default

| ﬂ Annotate

50—5
45—5
:m—f
35—5

30 -

kubelka-munk

25 -

20 -

S

4000 3000 2000 1000

Wavenumbers (cm-1)

Area:992 592 Uncorrected: 1781 597 Region: (3122 569: 2962 487 Baseline: (3203 574;2758 2903)
= M‘m =
+ —
#Msat] L EVARE Y M EGROTEEYE ST || BlwindosC. | Sickes - Oul. [[@omnic - || NFEIR # 25




Derivace signalu

- vyznam 1. derivace
- vyznam 2. derivace

- pouziti vyssich derivaci




DERIVACE SIGNALU

1. DERIVACE

— algoritmy pro vyhledani maxim pasu

TE(RIE (extrémy profilovych funkci P; (x))

d A(x)
dx
7

maximum teoretického
izolovaného pasu

=()




— algoritmy pro vyhledani maxim pasu
(extremy experimentalni zavislosti y (x),
pfip. zohlednén vliv prubéhu pozadi B, (x))

dy(x)_dB, (x)
dx dx

/

zohlednéni vlivu pozadi }

extréem na experimentalnim
Zaznamu




DERIVACE SIGNALU

dy(x)_dB, (x)
dx dx

teCna v maximu pasu
je rovnobeézna
s techou vedenou k pozadi
pro stejnou hodnotu x

JE ZOHLEDNEN ,,SKLON% POZADI

N
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e
*
e
e
2
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DERIVACE SIGNALU
e 2. DERIVACE

— algoritmy pro vyhledani ramének a
zjiStovani ,profilu“ pasu

(vyhledani inflexnich bodlui)

(v okoli stredu rameénka vyrazné zmeény sklonu
merené zavislosti)
»ZUZeni pasu
PROBLEM S POKLESEM POMERU
SIGNAL/SUM !
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40000 \/ychozi spektrum
‘2. derivace vynasobena faktorem 10

:1. derivace vynasobena faktorem 5
35000
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2. DERIVACE - ,,z(iZeni pasu*

0.0045 =

0.0040 < II
0.0035 + :

I
| I

0.0025 <

0.0020 -

0.0015 ~

e}
< :
0.0010

0.0005 ~

0.0000

-0.0005 =

-0.0010 =

-0.0015 -

| iV \
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Absorbance

Absorbance

210 220 230 240 250 260 270

240 250 Wavelength (nm)

Wavelength (nm)

Absorbance
Absorbance

9
R
°
v
®
-
*
®
*
a2
?
?
-
*
2
2

200 210 220 230 240 250 260 270 280 29 300 200 210 220 230 240 250 260 210 280 290 300
Wavelength (nm) Wawlength (nm)




7 ALGORITMY DERIVACE
i s SIGNALU

e BODOVA DIFERENCIACE -
diference sousednich bodu

e SAVITZKY-GOLAY

vice okolnich (konvoluénich) bodu,
polynomialni proklad
- DERIVACE s POTLACENYM SUMEM




Popis a parametry piku
- popis pika

- identifikace piku a
urcovani zakladnich
parametru

- tvar (symetrie) piku

L
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— 9
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e
—
_ 9
- °
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W Ny

) » — Sirka piku /,polosirka“/ (w; Y, ..:)
»FWHM - ,pIlna Sirka

v polovine vysky*




Y 4 (-]

URCOVANI PARAMETRU PiKU

e UCEL
— ziskani podrobneéjsich informaci
o vzorku
— ziskani informaci o méricim systému

— ziskani vstupnich parametru pro
separaci pasu (modelovani
Zzaznamu pomoci teoretickych
profilovych funkci)




IDENTIFIKACE PIKU

 GRAFICKA

— analyza spojitého GRAFU (zaznamu)

e NUMERICKA

— algoritmy zpracovavajici viastni
Zaznam

| » — algoritmy zpracovavajici derivace

signalu







— uréovani polohy maxim nad jistou
urovni (, freshold<)

relativni intenzitou vuci jinym
pasum (,sensitivity*)

— vybér pasu s jistou polosifkou

— uréovani polohy ramének s jistym
pomeérem intenzity k blizkému

maximu a s urcitou polosirkou
»Skrytého“ pasu




#» OMNIC - [Find Peaks]

|£| File Edt Collect “iew Procezs Analyze Beport Window  Help = =] x|
Experiment: | Default - Default j|
L= e B [ Ff [l | ez = L] I
e gl 3 N st = e e =
|Flt:p|a[:t: the original spectrum j“ Flt:plac:t:l

Help... *DimPipHZe03
Print

Y-Axis
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=* Dekonvoluce,

s '

i » separace (fitovani)

_ v Vyhledavani jednotlivych pasu
v oblasti silne se prekryvajicich
pasu
- odhad poétu pasu
- odhad polohy maxim

Vstupni data pro separaci pasu




Self-deconvolution

Spektrum

!

Fourierova transformace

!

filtracni funkce

!

inverzni FT

NIKDY NEPOUZIVAT
PRI KVANTITATIVNI ANALYZE!




teoretickymi profilovymi
funkcemi

pristrojove funkce
» zporusene spektrum*
(teoreticke)




minus namerene spektrum
» zaklad k vypoctu oprav

parametru pasu

- iteraéni minimalizace rozdilu
sporuseného spektra“

od namereného




Profilove funkce

v Lorentzova (Cauchyho) funkce

y:

24 \}Infraéervené spektra }

T 4(x - latky v kondenzovaneé fazi

v Gaussova funkce -
amplitudOV Infraéervena spektra

y=Ae

2w?

- zfedené plyny
Pristrojove funkce

& ,Sterbinove® spektrometry




. * Separace pasu-
. 9 _ ,
" s numericka

=® / NUMERICKE METODY

—

poctu prekryvajicich se pasu
- i slozitych multipletu




a

" » numericka

. * Separace pasu-

v Zaznam s n pasy

- pozadi popsané polynomem m -tého
radu

\

i v (3n + m + 1) rozmérny vektor

parametru p




. * Separace pasu-

a

" » numericka

v vstupni parametry
- vektor po - ziskany pii identifikaci piku
drive popsanymi postupy
v nulty odhad prabéhu spektra

DO( ): B(? (x) n Zn: p&( IVoIba typu profilove
i=1

funkce
Dosazeny hodnoty
z vektoru p°




a

. * Separace pasu-

" » numericka

v vyjadreni odlisnosti
experimentalniho a modelového
spektra

Ay (x)=y,,(x) - D’(x)

upraveny vektor parametru p7

ITERACNI POSTUP




. * Separace pasu-

a

" s numericka

ITERACNI POSTUP
ukonceni

St T =3 )21l e

N - pocCet bodu zaznamu
k - poradi iterace
M - zvolena mez




HNIC - [Peak Resolve]
[A] File Edit Collect Wiew Process  Analvee Feport  Window  Help

Fit Progress

lteration # 239 = i | WWEm | aﬁ | IQ@ | ﬂlﬂ.ﬁ

Metric: 74901.8594
[ Fvs [ o)

IAdd to a new window

ILinear v|

W original
W Result
W Paaks

W Residual
[ 2nd Deriv.

CIGHIEN402 - alik - 1.latha | A, of 4

+5 Start



OMHMIC - [Peak Resolve]

File Edit  Collect  View Process Analyze Report  Window Help

Edit Peaks

~ Experiment: |Untitied

|~ |

| FPeak#

S | R | bt B | Db R | Qs [
e ™ [ AR -4, - e : = 3
Find Peaks 4
“GaussianILurenman ~|  Sensitivity: |Low  ~| FWHH: I:Im 9
G
Fit Peaks 7
MNoise target: | 0.01 Baseline: |Linear a
Edit Peak 9
10
11
Peak#1 Function: 12
13
Center X Height FyyHH Gauss Amit.
Value: 1548.701 0.0043 51470 0.a000
Fixed:

= = = =

( Lowy limit: 1544282 n.oooo 09642 -1.0000

High lirmit: 1659.484 1.8592 1156.10149 1.0000

f Help

) (o

) (e

) o

, f Cancel 3

RS

izian
GaussianiLarentzian
GaussianiLaorentzian
GaussianfLorentzian
GaussianiLarentzian
GaussianiLarentzian
GaussianiLarentzian
GaussianfLorentzian
GaussianiLarentzian
GaussianiLarentzian
GaussianiLarentzian
GaussianfLorentzian
GaussianiLarentzian

1559.557
1567 262
1678.622
1585.620
1594 467
1603.847
1611.6585
1619.880
1631.091
1638.818
1649.322
1655.323

0.0327
0.0377
0.5381
0.0736
0.6B67
0.1848
0.6525
0.3187
0.0434
0.02¥0
0.0121
0.0080

8.9291
5.8408
10.8053
4 GEBE
9.2401
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8.6260
9.9517
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2.1843
8.3878
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i entzia 14 11 : 0

0.5000
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0.4542
0.5001
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0.5000
0.6000
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Cancel

Add Feak...

Delete Peak

Clipboard

( EditPeak... ’




NORMALIZACE
dat

- MIN-MAX (,,range%)
- OFF-SET
- VEKTOROVA

- deleni maximalini hodnotou
- deleni stredni hodnotou
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Normalizace spekter

« SKALOVANI spekter

e otazka variability dat

e uniformita rozsahu zavisle promeénneé
* korekce instrumentalnich nestabilit

e vztah k vnitrnimu standardu

e sledovani relativnich zmen
e poméry slozek




Normalizace spekter

* MIN-MAX

* relace k nejintenzivnejsimu piku
(vybranému piku)

* rozsah 0-1 (OMNIC)
ci 0-2 (OPUS) (absorbance)
(100 az 1 % propustnosti)




Normalizace spekter

e OFF-SET
e posun minimailni hodnoty na nulu

» pouzitelné pri korekci pozadi
rovnobézného s osou x

* vhodné proveést pred korekci
rozptylu (MSC)




i > Normalizace spekter

® « VEKTOROVA
« cCasto pred shlukovou analyzou

1. vypocet prumérné hodnoty y ze spektra

2. odecet teto hodnoty od spektra
(,,stred” spektra posunut na nulu)

3. vypocet souétu kvadratu vSech
upravenych y’ hodnot

4. spektrum je vydéeleno odmochninou
vySe uvedeného souctu kvadrat

SUMA KVADRATU NOVYCH spektralnich
HODNOT (vektorova norma) je rovna 1.

v
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=9

t » Multiplicative Scatter




S 3 Multiplicative Scatter

=® Correction (MSC)
Xi — ail bi )_(m G

l

— hodnoty spektra vzorku

» °_Nejlepe predem proveést off-set
korekci




2 3 Extended Multiplicative

=% Scatter Correction (EMSCW)
X, =al+bXn+dh+el” +¢g,

— hodnoty spektra vzorku




2 3 Extended Multiplicative

=® Scatter Correction (EMSCL)
X =a1+bXnu+d. logh+eg,

l

— hodnoty spektra vzorku




SOOOOOOGS

Zpracovani vetsiho
poctu datovych
souboru

— zakladni matematicke operace se
signaly (odecty, podily ...)

souboru

— tvorba maker pro automatizaci
Zpracovani



Kompatibilita SPEKTER

— kompatibilita typu proméennych
a jednotek mmm) konverze dat

— kompatibilita promeénne y - typ
proménné a JEDNOTKY II!

— kompatibilita proméenneé x - typ
proménné a JEDNOTKY I




Kompatibilita SPEKTER

— kompatibilita datoveho kroku
(,;,hustoty bodu“ - data spacing)

‘ interpolace dat ci
snizeni hustoty bodu

- kompatibilita polohy bodu
mm) normalizace stupnice




OMNIC - [Window1]

g Eile Edit Collect “iew Process Analvze Beport Window Help - |E|E|
Experiment: | Default j

= _ BS B

Open Ct Al (Lndo Ch{Redo ChiStack Sgf Full Sc | Ballf<m Ahzorb | % Trans | Bzln Cor| Subtract Se

Select a conversion:
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3
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OMHNIC - [wWindow1]
gEile Edit Collect “iew Proces: Analvze Beport Window  Help _|E|E|

Expenment: | Default j

E’ o _.l;r R - P . EE
s Sl | R | B | v N EASE v =
Open Ct Al (Lndo Ch{Redo ChiStack Sgf Full Sc | Ballf<m Ahzorb | % Trans | Bzln Cor| Subtract E
@F‘nlys Select a conversion: ﬂ
i Kubelka-Munk
Log[1/R]
Wavenumbers
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Cancel |
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OMHNIC - [wWindow1]
gEile Edit Collect “iew Proces: Analvze Beport Window  Help _|E|E|

Expenment: | Default j
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ot Ml = B B | & | bar | B | B |
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@ Falystyrene run as a film ﬂ

& -y Change Data Spacing E3
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Odeéty SPEKTER

> kompenzace vlivu pozadi

> kompenzace viivu matrice

®» ODECET REFERENTNIHO ZAZNAMU

> sledovani zmen v zavislosti na

- dalsi promeéenne (cas, teplota ...)
4 ® . . ) )
| « ® ODECET VYCHOZIHO ZAZNAMU




= ° Odecty SPEKTER

¥ ZPUSOBY ODECTU

> A - B (kompenzaéni odecéet)

PODMINKY a PARAMETRY
MERENI kromé VLIVU, ktery ma
byt KOMPENZOVAN




Odeéty SPEKTER

¥ ZPUSOBY ODECTU

> A - [ B (/- nastavitelny faktor,
kladne cislo)

> sledovani zmeén zaznamu

= INFORMACE JE NEJEN
VE VYSLEDNEM ZAZNAMU, ale

téz V HODNOTE faktoru Kk




Soucty SPEKTER

ADITIVITA SUB-SPEKTER ?

SOUCTY ZAZNAMU
od slozek smeési pro srovnani

s experimentalnim
zaznamem pro realnou smes

.

STUDIUM INTERAKCI !




Soucty SPEKTER

¥ ZPUSOBY SOUCTU

> mA ¥ n B (/m, n - nastavitelné faktory,
kladna cisla)

> sledovani zmén zaznamu p¥Fi
michani komponent

= INFORMACE JE NEJEN
VE VYSLEDNEM ZAZNAMU, ale

téz V HODNOTE faktora m, n




Nasobky SPEKTER

KVANTIFIKACE
NASOBEK ZAZNAMU

- Zmena obsahu analytu

- Zmena nastaveni mericiho
zarizeni

- zmeéna dalsich podminek
mereni




Podily SPEKTER

> opakované zaznamy - mira shody
= PODIL A/B=1 pro shodna spektra

pro ziskani transmitancnich spekter

= TAM, KDE POUZE PRiISTROJOVY
VLIV A/B=1 (100 %)

*< pozn. log A/B = log A - log B




/v OMNIC - [Spectral Math]
@File Edt Colect Yiew FProcess Analyze Feport SWindow  Help

- 0 X

neraci

!
800

M

|Defau|t - Default (default. exp] j
2l e el R Ak CE X84
Operation: A j ( Calculate ) |Addtnanewwindnw
Vybé:
e y
J D Spectral Math Result
— i 1400 1200
J 0.5 l l l
Raman shift (cm-1)
S{v =

A




< OMNIC Help

Soubor  Upravy Zalofka Mofnosti Mapovéda

Temata| Zpet Tizk % by E xit

Performing arithmetic operations on spectra
How To | See Alzo I

Symbol  Meaning Examples \ V4 4 =l
s Prehl peraci

B Spectrum B, if used.
+ Add. A+ 1 added to spectrum A
A+b The sum of Spectrum A and
Spectrum B. |
Subtract. -4, Spectrum A multiplied by -1.
A 1 subtracted from Spectrum
A,
A-B
Spectrum B subtracted from
Spectrum A,
* Mfultiply. AT1.25 Spectrum A multiplied by
1.24.
AB
Spectrum A multiplied by
Spectrum B.
! Divide. AL Spectrum A divided by 2.
AbB Spectrum A divided by
Spectrum B.
154,
Tha rarinraral Af Sractrimm ll

| Staltl gWindnws Commarder | Microsoft PowerPaoint | @ OMNIC - [Spectral Ma... | I@ OMNILC Help |(B§ gs o 10:02 PM




Prumeérovani SPEKTER

> opakované zaznamy pro tentyz
vzorek za stejnych
experimentalnich podminek

®» ZVYSENIi POMERU signal/Sum

! » > spektra pro ruzné vzorky stejného
puvodu

® ZLEPSENI REPRESENTATIVNOSTI
DAT




Prumeérovani SPEKTER

* VYPOCET SMERODATNYCH
ODCHYLEK PODEL
SPEKTRA

>opakované zaznamy pro tentyz
vzorek za stejnych
experimentalnich podminek

= OVERENI STABILITY VZORKU prip.
téz MERICIHO SYSTEMU




Prumeérovani SPEKTER

* VYPOCET SMERODATNYCH
ODCHYLEK PODEL SPEKTRA

>spektra pro ruzné vzorky stejného
puvodu

i » ®» SLEDOVANI
HOMOGENITY/HETEROGENITY
VZORKU
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Add to Windowl

Sl

—5ave Format

—Data Format

¥ ¥-axis units v Average

™ First derivative v Wariance

i~ Second dernivative

Absorbance

I'a 0

rErrrx l

chyle

I"\.U\.-'l

2, OMNIC Help =1 E3

. Soubor Upravy Z&lodka Modnosti Mapovéda

Laad.A l 1 " I I LA™ l i M Al l

k;lilil

Témata| Zpet

B E xit

Tizgk £

See

How Ta

Performing statistical calculations on spectra

Az

calculations an
value), yau can

Calculation

Ayerage

“ariance

Statistical Spectra in the Analyze menu lets you perfarm statistical

two ar more selected spectra. For each data paint (%
find the average, variance and range of ¥ values for the

spectra, as described in the table helow.

Description

The arithmetic mean of the ¥ values far each data
paint. (The ¥ values for a data paint are added
tagether, and then the total i divided by the number
of spectra.)

Fozsible uses: By calculating and saving the
average of a group of spectra (of samples fram a
production run, for example), you can "average aut”
sample preparation and sampling variations. You can
also use the average obtained fram a group of
standard samples as a reference (added to a search
or GIC library) that may be maore representative of a
campound than any single spectrum.

The standard deviation of the ¥ values for each data
paint. (The mathematical farmula far standard
deviation is used.)
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Tvorba MAKER

> opakovani stejného sledu operaci
(prip. velmi podobnéeho)

pri zpracovavani
rozsahlych sad dat

=®» ZRYCHLENI PRACE, SNIZENI
RIZIKA CHYB ZPUSOBENYCH
LIDSKYM FAKTOREM




Tvorba MAKER

> PLNE AUTOMATIZOVATELNY SLED
OPERACI, NEVYZADUJICI ZASAH
UZIVATELE

> SLED OPERACI, KDE POUZE
V PREDEM ZNAMYCH A
JEDNOZNACNE URCENYCH
MISTECH JE NUTNY ZASAH
UZIVATELE




Tvorba MAKER

>SLED OPERACI, KDE KAZDY
JEDNOTLIVY KROK MUZE BYT
OVLIVNEN UZIVATELEM

®» PLNE INTERAKTIVNI MAKRO
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1 ( Start :) —
2 Automatic Full Scale N i
G I I --------—--- Process ---——--—-- Comment
4 Abszorbance — —
5 % Transmittance Open
5 Other Conversions
= Reprocess Select All
q R etrieve Interferograms —
3 Do s Eoarmmel Statistical Spectra
Other Comections
I Blank ( End )
11 Straight Line
12 Subtract
13 Fourier Self-Deconvolution
14 Smooth y N [/ 0
15 Automatic Smooth
15 Change Data Spacing
17 Derivative
18 Multiply
19 Add Spectra
0 Add Consztant
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