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ABSTRACT

Urolithiasis is frequently found in nowadays because of consumer behavior and
accumulation of waste products in the body. Goals are removing and preventing a recurrence of
urinary stone, which has a chance to recurrent high 39 percent after surgery. The knowledge of
the chemical composition is important to prevent recurrence of stones. Infrared spectroscopy is
suitable method for analysis urinary stone composition. Each spectrum is depended on chemical
formula. The interpretation of infrared spectra separate in 2 types; qualitative analysis and
quantitative analysis.

The purpose of this research is classification of Urolithiasis from infrared
spectroscopy and measuring quantitative in case of mixed stone. The first problem of interpreting
is baseline offset from zero because of scattering of light. The 1™ and 2" derivative are high
performance to eliminate baseline slope but it affected by noise. Savitzky-Golay filter (2
polynomial, 5 side points) are compared with multiresolution analysis method (db08(L2) for
noise removal. Savitzky-Golay filter is better than multiresolution analysis method because
Savitzky-Golay filter has SNR value = 64.04, on the others hand multiresolution analysis method
has SNR value only 48.05. However, the qualitative analysis results from original spectrum are
better than 2 methods in case of pure stone. For mixed stone, the results from second derivative
can identify peaks more than original spectrum because the second derivative has performance for
distinguish the overlapped peaks.

In case of quantitative analysis with COM-COD mixed stone, the analysis
employ zero-crossing first-derivative and calculation intensity value at 1324 cm’ which is COD’s
peak. The results of Savitzky-Golay filter has SEP value = 0.0129 and the results of

multiresolution analysis method has SEP value = 0.0127, respectively.
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(oxalic acid) WOANUUGINLNGIWNMITINAINY  ansar0udn U Weavld (phosphate)
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spectroscopy) FINUINNANALNGsIAUWI AT UL UHINE S UM Ins1ienensnilu wan
Y 9y o [ A 1 a o & A A ~
gazaed lyasmIeamsumsasnas Ut ez sia asdumanasunsusaailn Insa 1nd
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] J v = v 39 Y = . A A A @ A Yy
pzao) (MYWanTu) My N1Muouganay (absorption band) NaYAAUIALINY HIB INAINEY
@ 1 J o @ @ A v & a
fun s Taungilenduundiuaiuouganau aaiumsuanasinaumsusa

' Jd o a v A o Y9y v YA

anlnInsalnt uazszymyiansuvesdususaalnasuiiuin lddesendodizodsnglu
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2.3 Funpumsdianzrinlagdsdunsusaan)nlnsalndl 3]

A
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NITAUATITH

9 a

=1 dy 9 A % ] 1% =1 4
3 1 agldmaiiauanaudouiingiesany InunedenTus lua  (KBr
9 % [} dls} a 4 A a o [ A A o

pellet) Taal¥a15aI0d19NA0INsAATIZY 2.0 Haansu wauny KBr 100 — 200 Jaansulu
1 I 4 [ o 1 4 [ . [

Tnssezing uazualiaz@eathuilo@erny 1l lalunsoedn (KBr die) aauaadly

v 1 1
Awilszney 2-2 v lwesesdursusaanln Insalnil danmilsznoy 2-3 ooy
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Anilszney 2-3 nsesdususaaln Insalnil [22]

2.4 duvlsusamnlnsalnil (infrared spectroscopy)

2.4.1 uaaunsusa (infrared radiation) [7]

=S

i o [ < Yy 1 1 { <3 .. . o 1
aaussmuiman Wi feglugisdueuiiu (visible light) QNI UNDONATNFI

4 . 4
AUAIND (frequency) ANAINT NN 2-1



{ [ ] 1< ] 1
A1319% 2-1 S9qusiman TWihageana o

13

Type of Radiation Frequency Range Wavelength Range Type of Transition
(V:HZ) (A : pm)
Gamma- rays 10 - 10™ <1 pm Nuclear
X-rays 107~ 10" Inm—1 pm Inner electron
Ultraviolet 10°-10" 400 nm -1 nm Outer electron
Visible 4-17.5x10" 750 nm — 400 nm Outer electron
Infrared 10°-10" 25pum -2.5um Molecular vibration
Microwave 3x10"' - 10" 1 mm —25 pm Molecular rotation,
electron spin flips
Radio Wave <3x10" >1mm Nuclear spin flips

sunsusaanInsalnildlumaianlFuasdunsusalumsasiadnsey

a

[ o = a 1 AAa J @ Y o Y
PONANHUYDINTT %’]ﬂﬂ’]ﬁﬂﬂﬂ'ﬁut!ﬁ\‘]’f]u1/\"ﬁ'llﬁﬂelu%?\?ﬂ?'lﬂﬂﬂuﬂ'llﬂw'lgLmﬂ@n\iﬂuuajﬂ'lslﬁ

amsauyed Tuana (vibrations) alnasuazaAIanBAMNIZVBINTUAILFIA TAGSI

v
o [

4 a ] I 1 4 1 { 1
ﬂﬁummumaumnm Qﬂllﬂ\?@@ﬂlﬂu 3 G]f'Nﬂﬁu AWAININD ﬁﬂ“]f'Ni;N , AN LA AN

A
MTNN 2-2
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< ) A a
A15199 2-2 FAAUVOIDUNTUIA [7]

Region Wavelength range (mm) Wavenumber range (cmq)
Near 0.78—-2.5 12800 - 4000
Middle 2.5-50 4000 - 200
Far 50-1000 200 - 10

1 A a A o a JA a 1 2 A = o
G]f’Nﬂﬁuf]u‘V\l‘iH‘iﬂTIu11]11“]?11&ﬂ1i’)!,ﬂ5'l$?‘fﬂf] AUNTUTAFIINANHFINANNDATINY
@ @ 4 % 1 Yo @ A
MTFUVDINUFE 1A MAUS (covalent bond) Gluimafgammmi 391061992 1A UNAINUN

o = o 3 v o . o A
NN Wawmﬂumqa"lmmﬂu‘lﬂmn N UBINANA (Planck’s equatlon) [23] A9UNIT N

2.1
E = hv (2.1)
e  E = AUDINAINY (])
h = AAINUDINGIR (6.626 x 10-34 I-5)
v = ANUDYAFIUVBINMTTY

2

] o Y a { 1 1 . o 9
mMsduved Tuanari liinamsnlasunasi Tumuaeg (dipole moment) 1%
a @ I a v A 4
Tuanainamsganauudaazgmiviineenuuilusususaanlnasy gsmandou Inives
o [ Y a . 1 [ o A 9 A ds@} 1 g}J
Wuszh1ina dipole moment wnii1la anvuzanasuiasie ldvzsagerumniu Tao

Y J a = = = = 1 [y .
Wu‘ﬁ%klﬂﬁ%%’uﬂﬁ]%iﬂﬂ']’iﬂﬂﬂﬁut!ﬁ\iﬂﬂ’JHJ‘E]LQ‘I/\H%LWIﬂGH\‘Iﬂuum (quantized energy)
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2.4.2 szianveamsau
) ¥ ] < a
MIFTULDUNUFIM (fundamental vibration) 11114 1811w 2 ¥Tia Ao
A . I A 1
2.42.1 M38a (stretching) Wumsasunasszozneszviinoznouniu

HUANUWUSE LANNVEIW LS luilAeunlag

]
A o

. I ) Y a A 1
2.4.2.2 M399 (bending) Humsdunmnldinamsnldsumlasveayuszniig
DTADY U MIVIUIIMIAULALHENAUIUUATST INT  (scissoring), MIHMIBY (rocking), M3
N32AN (wagging) azNIUA (twisting)
g A
UONINUUITWUNMTIAUAZMTIDLUVUANNIAT  (symmetric) LAZUUUDTUNINT

. 1 [ ] [ { o Y a
(symmetric) Tunquozaauniiozaourlountoddetozaoy Iasndsnuinmliinanisge

LLUU’E]ET?J?JW]‘iiw’QQﬂ’jWﬂW‘igﬂL!UUﬁiﬂJW]i ﬁﬂﬂm%ﬂﬁﬁuﬂl’f]\‘liillﬁflmlﬁﬂﬁhlmuﬂTW‘]Ji%ﬂf]’]J

2-4
]
; B r'/H e
- - \ H—T "~
< ~H “ K AR N / 1
c N C
/ N s P s -
\r‘ - H
\, e / /\
Symmetric Stretch Seissoring Wagging
{—2853 cm ') {—~1430 cm™) (~1250 cm™)
A
2 _ .
. A L
" e /]
c e |
/ \\.r_. || /C /|
LN | -
_ y \
Asymmelric Stretch Rocking Twisting
(~2926 cm ) (~720 cm™") 1250 em™)
IN-PLANE OQUT-OF-PLANE

STRETCHING VIBRATIONS

BENDING VIBRATIONS

s A !
Mnilsgne 2-4 MITuug gL UA1Y [24]
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msduves Tuanaina1nu9eduEenIMsduranya  (fundamental vibration) 1@
) [ 9 = A A = a [ Y
UONIINMSTULLUHANYaNE) delinnuganaudugiuaaslududsusaanlnasy laun uoy
4 da 4
Tore5Inu (overtone band) 191U5IN (combination band) a5y us lwuus  (Fermi
o ~a A g ' < @ Y a
resonance) 1101 Toryas Inuvglimuaauily 2, 3, 4... YINIAUHANYA 1AV NATINAIWY
9 ° v = [ A o =\ 9 ° v o a A A g A
e AR U YT WANNIZIANUEUE LAY tazsingiavaauiidlunasdurio
1 { a ) [ 1 4
HAR 19O DINAYINMIFURANYATOWIY H3ouINN11 awayTones Inuuaguousi
meeglndqnuuoumsdunanya s lianuduuewnuranyaanas ALY

4 a I
Yooy Tones Iny HazuausWLNY Hsomansuanuauganaueeniludooy Son

X /a ¢
Usngmsaiidunesil us Taunes [7]

2.4.3 aunsusamnasu (IR spectrum)
a v d Y] v 7 1 2 9
aunlsusaalnasudlunsiugasnnuaunusszrnuavaay uazaNnuy lu
AR 1 Ja o . A s o
Miganay aauaaag luginsudinumudy (transmittance, T) H3OLUOUYFDTUUUY
[ Y o ~ g’J 1 W v Jdo 9 v A
(absorbance, A) [7] aauaad laaan1nilsznon 2-5 Tasnnaaoamauius A UANMTNYDITIF

a @ A =2 g
sususaasanmsi 2.2 Fuiu'liamngues Lambert-Beer

1
T =— (2.2)
Iy
d‘ 9 [ dd’ ] % 1 ~
weo 1 = ANUNVDITIANHIUDNINAI0I I NNATD
I = ANV UUDITIFNANNTTNUA0E 1IN NAT D
0

9
%

= B~ 7Y v A A = B~ (= A
NNAUNIT T Mﬂ%ﬂuﬁuﬂﬂﬁﬁﬁﬂ\‘iﬁwﬂ@jﬂﬂﬂﬂﬁu sazuau 1 ﬂ1ﬂ1uuﬂ13ﬂﬂﬂau

v A Ia I v o Jdo 1 I o A
AT ANNITUFUNUNHUSUANUTUNUTNUAUDUSDILUVUFAIFTUNITN 2.3
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1 Iy
A=log==1log—=¢ecl (23)
T 1
A Pl 7
140 A = LOUWOT LU
Ja o
T = NITUFUNUNUY
4 aad R
E =Tum51eUFDUNIA (molar absorptivity)
C = 1SuuveIa1TAI0e19
[ = AMUHUIVBIANTADY
CALCIUM OXALATE MONOHYDRATE ( WHEWELLITE ) Reference
o 1620
0.8
5 %
206 o
< 0a]
3429 E
3 o -
/8, 2 8 3
= =% 2 2
3
0.04
4000 3500 3000 2500 2000 1500 1000 500

amlsznow 2-5 anbazvesounsusaalnasulugununsganauues (Absorbance) [25]

@ a o 1 @ a {q o
NNaNHULVRUNT UTATNATY fﬂiﬂimlﬂﬂﬂﬁﬂWﬂ 81H3Q%ﬂﬂﬂi1lﬁﬂﬁi%ﬂ1iﬁ1

[

P} ¢ ! < A g
Iﬂi\iﬁiN’E)\iﬂﬂJfJ\iﬁTi!L‘U\i@f]ﬂLﬂu 3UINIU \‘l’lj

2.4.3.1 eunyilasHu (functional group region) Slugredadiiimvnau 4000 —
1300 cm” (AANINMT FUv0IRUBEIE I NEzADNABIDzADN mlnadulugetiazsh ey
FUANUTLUAZOZADY
- X-H stretching region (4000 — 2500 cm’) Lﬂuﬂglﬂmﬁlﬁﬂmi ﬁ UIUY  stretching

veuusziAefinoodivesaeuvedlalasion

_ Triple bond region (2500 — 2000 cm™) 13 nafiAan s dULLY  stretching Y04
WUBLEW 1¥U C=C uag C=N

- Double bond region (2000 — 1500 cm™) i1 nafiRans @Y stretching Y04

WU (¥4 C=C ag C=0
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[l L A . . <3| 1 o ada 4 -1
2.43.2 81U308UIUD (fingerprint region) 1 UFWTITNU@UATY 1300 — 910 cm
ANINMTTUUUVIADZUVLIDUBINUTE C-C, C-O 1Az C-N (o910 Tuanalimsdunuude
v A v R A w o 9 Y o o J
NNINLLU VYR & L'ﬂﬂ@]ilﬁ]\ﬁJ ﬂngclﬁ_lclﬁ]Llﬂ FNDUAYLDUITUIUNIN Llagﬁﬁblﬁﬁ
2 g 3 A 1 a =Y ]
(shoulders) %Qtﬂuttaummmaﬂ‘mﬂuﬂaﬂmmmmumumchfiiy mimwuﬂmwaﬂymﬂumu
] d v 9 [ J 1 9 ] tgl A
mgﬂﬂﬂ%uﬂmﬂﬂu memimzuﬂ’mJl,!,@m@]NllﬂinﬂEnuiﬂslu’sm
] a . . I 1 A A -1
2433 duezlsuuan (aromatic region) Wusenlevnay 910 — 650 cm
= = U é =
ﬁ'lﬁ‘l]ﬁgﬂ@'ﬂ'@$Iillll@]ﬂllaglaﬁﬂﬂiﬁﬂgTﬁllﬂﬁﬂllﬁﬂﬂllﬂﬂﬂ'lﬁ\?@ﬂ’f]ﬂigu'lﬂ"ll'ﬂﬂwu‘ﬁz C-H %33

v Jo ]

ANUFUNUTAVUVVBENNITHNUN (substitution pattern) VI la

2.4.4 MUHHIVDWOVAANAY
o ' A A . A
mgmuwmuauaﬂﬂauﬂzﬂﬂﬂg“lugﬂeummmau (wavenumber (U), cm ) 1390
4 4 I o J v W 4 1 a3
AMNEINAY (wavelength (A), um) Tagevadwiludadrunnrunuanuenau uallu

[

0 ) A o A v 1 <t
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2.5.2.3 fnFeavearIan-1ntad (Savitzky-Golay filter) [31]
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2.5.5 mrialszansmn (performance indicator)

2.5.5.1 Signal-to-Noise Ratio (SNR) [25]
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2.5.5.2 Standard Error of Performance (SEP) [35]
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Abstract the same frequency position such as calcium stone.
This paper proposes a study of wavelet transfornfhe interpretation for identifying the componeneds
analysis for the urolithiasis classification. Cali @ specialist. Therefore, this paper provides the
oxalate monohydrate (whewellite) stone and calciunautomated expert system for urolithiasis classifica
oxalate dihydrate (weddellite) stone are used fier t from infrared spectrogram. Initially this system
classification processing. Two methods are apglied approach to identify types of calcium stone in
indicating the differentiation of infrared spectrum qualitative analysis by using the wavelet transtarm
which are used the Daubechies wavelets transform

with a difference order (db04, db07 and db08). The&. Theory

first method is multiresolution analysis (MRA). Bhi 2.1 Infrared Spectroscopy

method is the powerful tool to decompose high and Infrared spectroscopy is one of techniques to be
low frequency components of spectrum. The secondsed for identification of the substance by spaéogy
method is detrend analysis. The results show that structure or quantity of a compound. Infrared
Daubechies wavelet with order 4 (trend level = B)12 spectroscopy is a measurement technique that relies
in detrend analysis is more accurate and correct th on light absorption at various frequencies of molec
MRA. Detrend analysis method achieves to identifyand then converted to energy for stimulating baods
peak positions of frequency correctly 6 from 7vibratory [4]. The energy of an electron in the
positions in both of whewellite and weddellite vehil molecule is distributed throughout the moleculéss |
only 5 positions in whewellite infrared spectrundan according to the Planck’s equation,

6 positions in weddellite infrared spectrum are E = hv, Q)
obtained from MRA method.

Keywords. Urinary stones, Infrared spectroscopy,
Wavelet transform, Detrend analysis, Multiresolntio
analysis (MRA)

where ‘E’ is the energy (J), ‘v’ is the fundamental

vibration frequency and ‘h’ is Planck’s constant
(6.626 x 10** J-s), respectively [5]. The phenomenon
is recorded as infrared spectrum. The characteasti

1. Introduction infrared spectrum i_s more complex and su_perimpose
. because the vibration energy component is a higher

Urin_ary trapt stone disease is the r_nost frequentl5é-nergy term and corresponds to the absorption of
found in Thai people, and tends to increase eveanergy by molecules

year. Especially, the number of the disease inNort Interpretation of infrared spectrum includes

West of Thailand is increased to 10-16% every yea -~ o ; L
[1]. The treatment of urinary stone has 2 purpose bt gualitative and quantitative analysis. Qualitati

, : Sanalysis is used to identify types of moleculesrfro
The first purpose is to remove a stone out. Thersic the peak positions and the mass of each of molecula

purpose is important step in treatmémat prevents ¢, ionin™ the stone explained by quantitative
recurrent urinary stone attacks. The knowledge Or%ieasurement

chemical component of urinary stones is very
important for recurrent prevention because the22Cal .

: . cium Stone
recurrence rate is more than 50% [2]. Each stone iS

different in shape, textures, size and the rate .oéombination of calcium and oxalate. There are 2

increase. Currently, the urinary stone ar"”Ilys'%ategories similarly infrared spectrum. The first

techniques that has been accepted and used f(%tegory is calcium oxalate monohydrate whose

diagnosis reference are X-ray diffraction technique

d inf q i techni The widel themical structure is CaO, H,O. The second
and nfrared spectroscopy technique. the wi eydl.Jsecategory is calcium oxalate dehydrate in which the
technique is infrared spectroscopy. It is require

. . Themical structure is Ca0, 2H,0 [6]. Molecules of
minimal sample volume_ for _analy3|s .[2] a’Fd US€Syoth substances have two carbon atoms and one
lower cost thanX-ray diffraction technique in the

| weiaht index [31. T f ot calcium atom. The only difference is that calcium
equal weight index [3]. Types of stone are Compose.oxalate dehydrate is independently associated with

of same major component form an absorption band '®o water molecules, whereas the monohydrate is

Most stones are composed of calcium or a



associated with one water molecule [7]. Theboth the time and frequency domain. Heneayelet
important of peak frequency positions were comparedignal processing is suitable for nonstationaryaig

with urinary stone reference as shown in tablel. whose spectral content changes over the time.
Wavelets were employed in the various fields of

Table 1 Characteristics and peak positions of analytical chemistry, especially to the infrared

urinary’s infrared spectrum. spectrum [16]-[17], the spectral data in the

characteristics peak positions (cif) wavelength domain instead of the frequency domain
band whewellite weddellite [15]. Each family in the wavelet transform has a

O-H stretching 3438 3448 different in shape. Hence, selecting wavelets fgmil

vibration which matches the signal to be processed, is very

C=0 group 1619 1638 important in the wavelet applications.

stretching

vibration 3. Material and Methods

symmetrical 1315 1326 This paper used LabVIEW version 8.6

stretching (Advanced signal  processing  toolkit)  for

vibration of implementation. Multiresolution and detrend analysi

C=0 group tools are used to decompose high and low frequency

weak 886 915 component as shown in figure 1.

absorption

band vibrations read form ) Wavelet Find peak Comparing to the

Of O_H grOUp measurement fi transforn positior reference pe¢

C:O gl’OUp 780 777 Recorded IR MRA or WA peak Rules to classify

vibration Of O- 660 610 Ep;fenc;:)a/ Stfone 2:;5:;; detection calcium stone

H group _ |

vibration of 518 518 Figure 1. System block diagram

C=0 group

Sample infrared spectrum data were collected
from Songklanagarind hospital on EZ OMNIC
2 3Wavelet transform program in 2004. This program was used for

The wavelet is a tool that is useful in featureinterpreting urinary spectral components. Stone
extraction applications. It is representation byanalysis was performed in 12 data. Urinary infrared
wavelets that have different scales and translgg8hn spectrums are used as the input of this systemseThe
Function of wavelet transform developed frominputs are read using Read from Measure File.VI in

This is peak frequency position reference from BANOC program

Fourier transform basis is .txt format.
W (t) = i,},(ﬂ) @) The Daubechies wavelet family is similar in
ab Va shape to infrared spectral [16]. The Duabechies

where the parameter ‘a’ is the scaling vector #ds"  fynction order 4, 7 and 8 is suitable for infrared
the translation factor, consequently. Wavelet aisly gpactral analysis because the error occurred hess t
method provided to multiresolution analysis (MR8) i other orders inthe Duabechies function [18]. The
used to analyze signals containing both low freqguen paypechies wavelet was obtained using the ord@r 4,
components and high frequency components [9]. Lovind 8 for both of methods. The trend level is 0.125
frequencies component is called ‘Approximation” andthen, the wavelet analysis peak detection VI isduse
high frequencies component is called ‘Detail'. MRA 5 getect peak points by specifying proper widtd an
also removed unwanted component in the signaldike threshold. Width specifies the width in number of
filter [10]. _ _ samples. This VI coerces the value to a power of 2.
~ The second method for removing base line of therhe proper width in this method is 64 (trial andoer
signals is a detrend analysis. An internal paramet§nethod). Threshold specifies the value to rejeekpe
called trend level is required for baseline removaly yalleys of a particular size. For the methodat th

[11]. The trend level is calculate(lj as follows look for valleys of spectra, threshold value was
LEVEL trena) = [;;szvt] (2) obtained from highest value according to

%Transmittion on y axis. Hence, the threshold value

h ‘T is th ling durati d ‘N’ is th
where IS e samping guraion an s e is 100. Otherwise, for the methods that look foakse

number of sampling points in t time [12]. As wed a . ;
MRA, detrend analysis method were applied fiIteringthe threshold value is 1. Width and threshold value

method to decompose low and high frequency?'® the same for all test data.
components. Low frequency component is called .
‘trend’ and high frequency component is called4' Exper_lmental results_
‘detrend’ [13]. 4.1 Multiresolution analysis

Since 1989, the wavelet transform-based Figure 2 and figure 3 show the result of

techniques have been applied to the chemical si ngpproximation coefficient and detail with level 4 o
qu P S9N hewellite and weddellite, respectively. Accordiiag
processing [14]-[15] because wavelets are localined . : o X
a figure 2 and figure 3, ‘X’ marker is the peak



frequency positions that the wavelet analysis peak =
detector can be detected. These results are camedct -
accurate in approximation coefficient level 4 batk

positions in detail are nearly position becauseaof
characteristic of the Daubechies wavelets. Herwe, t

S5Tiansmittance

U 3750 3% 325 300 27 250 2% 2obo 1750 100 1250 1000 730 4d0

wavelet analysis detector cannot specify only atrre —
peak of spectrum. o

Y \AJ

e

—
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rber (

o \’/ | Figure 5Results of detrend analysis from Weddellite

i ﬁ 4.3 Validation of output

. ull %L b The validation of the result is done by
comparing the peak position of frequency with

reference from EZ OMNIC program and kidney stone

T o who o o e s o who who e ido aow o ab 1.3. They are spectral database. For example
spectrum, in figure 6 is the results from whewellit

Figure 2. Results of MRA from Whewellite The multiresolution analysis with order 4 (levet&n

‘GT rsmﬂz'\ 3

Qoo ko asho 3o a0k e 2sho Dju ;mm 1750 1500 1250 1000 750

identify 6 from 7 positions as same as the reduits

detrend analysis. Figure 7 is the results in wdileel
A ti . -
pproximatior ﬂ\&{ The result of detrend analysis can indicate 6 fiom
positions while only 5 from 7 positions from

mutiresolution analysis method.

N

@
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Figure 3. Results of MRA from weddellite
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4.2 Detrend analysis

£ 3 0 50
etengih (1)

Figure 4 and figure 5 show detrend analysig-igure 6. result for whewellite

results in whewellite and weddellite, respectively.

.

Each figure shows the trend signal and detrencakign = *
Peak positions from detrend signal have been uwsed 7
compare to the reference peak positions from E: *
OMNIC program.

o

%Trsnsrateance.

20
4000 2750 3500 2250 2000 2750 2500 2250 2000 1750 1500 1250 1000 750 ' 400
wavenumber (cn-1)

E=]

ET

Figure 7. result for weddellite

4.4 Experimental Error
The relative standard deviations (RSD) were used

N M to calculate the analytical errors (6 spectra per
= sample) [19]. Results are shown in table. Il. Frten

results of whewellite, RSD from both of analysis
method was less than 0.5%. Excepting only the weak

Figure 4. Results of detrend analysis from wheiteell absorption band of O-H group at 886 toth of



method could not indicate this peak. In the part 0f8]
results from weddellite, RSD values from MRA
method was less than 0.5%. It could not indicate a
small band at 913 chin contrast to detrend analysis
method that could do. It has RSD values at a smajb]
peak =0.96% while it has RSD less than 0.5% inrothe
peaks. [10]

5. Conclusion

Detrend analysis method using Daubechies
wavelets functions order 4 level 4 camlicate peak
frequency position for calcium stone’s infrared[11]
spectrum with a few errors. It has %RSD in maximum
range less than multiresolutions analysis methati anf12]
this implementation will be the guideline for fueth
interpreting infrared spectrum for other urinanyret.
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Table 2 Analytical Errors.

whewellite weddellite
Characteristics band peak positiong MRA detrend peak positiong MRA detrend
(Cubl (Cubl

mean | SD | RSD| mean | SD | RSD mean | SD | RSD| mean SD | RSD

(%) (%) (%) (%)
O-H stretching vibration 3438 3440.49 5.82 0.1 3439.37 493 0j14 3436 a0628.75| 0.25| 3456.98 10.0 0.7
C=0 group stretching vibration 1619 1617.54 2.40 0.14 1619.T9 075 0Jo4 1638 68443.33| 0.20| 164542 1.0 0.
symmetrical stretching vibration of C=0O group 1315 1320.81 5.2% 0.39 131579 0B8 002 1326 28231.62| 0.12| 1326.18 0.2 0.4

weak absorption band vibrations of O-H group 886 - - - - - 915 - - - - - -
C=0 group 780 781.18| 0.4Q0 0.0% 780.86 0.48 0.p6 777 777.5339 2.0.30| 777.69 257 0.3
vibration of O-H group 660 662.96| 2.87 0.43 66344 221 0.33 610 - - .B8lQ 5.88| 0.96
vibration of C=0 group 517 519.38| 0.7 0.14 519.6p 0.81 0.5 517 517.6049 D.0.09| 517.6 0.49 0.0

*This is peak frequency position reference from@&xNIC program



