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NGHIEN CUU PHUONG PHAP LIEN KET PINH TRONG DU LIEU PHO
CONG HUONG TU HAT NHAN NMR

Nguyén Thi Oanh’, Pham Thi Lién, Lweng Thi Minh Hué, Pao Thj Hing
Truong Pai hoc Cong nghé thong tin va Truyén thong — DH Thai Nguyén

TOM TAT
Bai viét nay trinh bay mot phuong phép lién két dinh hidu qua cho dit liéu phd cong hudong tir hat
nhan (Nuclear magnetic resonance - NMR). Phén tich phd cong hudng tir hat nhan c¢6 nhiéu tinh
nang manh mé&, 1a mdt cong cu hiru ich cho ca phan tich dinh luwgng va dinh tinh. NMR va céc ky
thuat nhan dang mau 1a cng cu két hop khong thé thiéu duoc sir dung thudng xuyén trong hé
thdng sinh hoc va trong nganh cong nghiép dugc phiam. Hién nay da c6 kha nhiéu bai viét ciia cac
nha khoa hoc trén thé gidi da dé cap, nghién ciru cac phuong phap lién két cho cac dang dit liu tin
hiéu trong d6 cé dir liéu NMR.
Trong nghién ctru nay ching toi da phan tich cac phuong phap da co, dua ra nhan xét va cai tién
mot phuong phap dat hi¢u qua tot hon. Dir liéu st dung trong nghién ctru la co s¢ dir lieu phd cong
hudng tir thuce té, 1a mau nudc tiéu ciia mot bénh vién. Chiing t6i tién hanh nghién ctru, thir nghiém
v6i cac muc, cac khoang chia dir li€u khac nhau. Phuong phép phan tich pho tin hiéu nay dap ting
dugc muyc tiéu phan tich phd duge nhanh chong, hiéu qua hon so v6i mot sb phuong phéap da co.
Tir khéa: NMR, cong hwéng tir hat nhan, quang phé, can chinh dinh, phdn tich dinh
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ABSTRACT
This paper presents an efficient peak alignment method for nuclear magnetic resonance (NMR). It
has many powerful features, is a useful tool for both quantitative and qualitative analysis. NMR
and template recognition techniques are indispensable tools commonly used in biological systems
and in the pharmaceutical industry. Currently, there have been many articles of scientists in the
world mentioned, researching the peak alignent methods for the types of signal data including
NMR data.
In this research we have analyzed existing methods, made remarks and improved a better method.
The data used in the study are the actual magnetic resonance spectral database, a urine sample of a
hospital. We conduct research, experiment with different levels, data divisions. This peak
alignment method satisfies the goal of rapid spectrum analysis, which is more efficient than some
existing methods.
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GIOI THIEU

Trong nhitng nim gan diy, nhiéu nha khoa
hoc c6 xu huéng quan tdm dén khoa hoc
omics trong d6 quang phd cong hudng tir hat
nhan (NMR) dong moét vai trd trung tam.
NMR 12 mét ki thuat linh hoat vi n6 cung cip
mot sb lugng 16n cac tin hi€u cua cac phan tu
khac nhau trong mot phd NMR ¢6 nhiéu tinh
nang manh m¢, lam cho no6 tré thanh mét
cong cu hitu ich cho ca phan tich dinh lugng
va dinh tinh, k¥ thuat nhan dang mau va
NMR 14 nhing cong cu két hop khong thé
thiéu. thuong xuyén dugc st dung trong cac
hé thong sinh hoc va trong nganh cong nghiép
dugc pham.

Mic du quang phd NMR 1a mot cong cu phan
tich manh mé cho dinh dang chuyén hoéa dinh
lugng, mét trong nhiing khia canh can trd
phan tich vi phan manh mé 1a thyc té 14 tin s
cong huong cua cac dinh c6 thé trai qua su
thay d6i. Mot loat cac yéu t6, thudng lién
quan dén viéc kiém soat hoan toan cac diéu
kién thi nghiém, gop phan lam thay d6i dinh
khong dong nhat, bao gdm twong tac hoa ly
va sy khac biét vé pH [1] nhiét do, ma tran
nén hodc cuong do ion [2]. Khi phén tich cac
dir liéu thu thap duoc hodc cac mau phuc tap
s& kho khin va tén thoi gian, d6 1a thach thic
dbi v6i cac nha khoa hoc may tinh véi cac
chuong trinh thdng ké va tinh toan s& giup
phan tich tu dong nhanh chong va hiéu qua.
Trong cic phan tiép theo trinh bay cic noi
dung: Phan 2 trinh bay cac phwong phap lién
két dinh trong dit liéu phd cong hudng tir hat
nhan, dua ra nhan xét wu nhuoc diém, so sanh
cac phuong phap dé tim thir nghiém cai tién
cac phuong phap d6. Phan 3 gi6i thiéu cach
xdy dung phuong phép lién két dinh trong dir
litu NMR. Phan 4 trinh bay qua trinh thu
nghiém phuong phap médi xay dung va
phuong phap da co véi bo dir lidu thuc té va
két qua. Cudi cung 1a phan két ludn huéng
nghién ctru tiép theo dugc trinh bay trong
phan 5 ciia bai bao.

CAC PHUONG PHAP PHAN TICH DINH
TRONG DU LIEU PHO CONG HUONG
TU HAT NHAN

Hién tai, d3 c6 nhiéu phuong phap xtr 1y van
dé nay va chung hoat dong tét cho cac tin
hiéu c¢6 mirc nhiéu thip. Binning la mot
phuong phap don gian va phd bién trong phan
tich dir liéu quang phd. Phuong phap nay sé
chia quang phd thanh cic x6 nhéd (small
buckets) voi kich thudc 1y tudng 1a 0,04 ppm,
mdi phan d6 s& c6 chira cac bién thé thay doi
dinh [3].

Thuét toan dau tién dugc phat trién lién quan
dén viéc ap dung thuat toan di truyén dé lien
két cac phan doan cua quang phd [4]. Thuat
toan tiép theo 1a ung dung ctia mot phuong
trinh tuyén tinh phit hop dé sip xép mot phan
quang pho [5]. Ngoai ra con c6 phuong phép
tim kiém trong ving phd bu 1a phuong phap
phan tich thanh phin chinh - Principle
Component Analysis (PCA) [6]. Hau hét cac
phuong phép nay chua dugc ap dung rong rai
do thiéu hiéu nang lién két va / hodc chi phi
tinh toan cao. Wong et al. [5] giai quyét van
dé khong hiéu qua tinh toan bang cach st
dung coéng cu tuwong quan Fast Fourier
Transformation (FFT) dé ting toc cac thuat
toan lién két dinh bang FFT - Peak Alignment
by FFT (PA FFT) va dong thoi st dung cac
khoang phd thong thudong dé duoc lién két
riéng. Veskelov et al. [7] két hop cac tinh chat
cua phuong phap chon dinh véi FFT va cac
tinh nang khoang thoi gian cua PA FFT.

Mot trong nhimng giai phap hién dai nhat la
phuong phap thay doi twong quan giita cac
khoang ti uru - interval correlation optimized
shifting (icoshift) [8]. Phuong phap nay ddc
lap sap xép timg tin hiéu NMR voi mot dich
chon trude theo tuwong quan chéo gitta cac tin
hi€u trong khoang thoi gian do ngudi dung
xac dinh.

Nguyén tic co ban cua icoshift 1a kha gidng
v6i cac phuong phap da cong bd khéac cho su
lién két cua cac tin hidu quang phd va séic ky:
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Lién két dinh bang FFT (PAFFT)[9], Lién két
dinh dé qui theo FFT - Recursive Peak
Alignment by FFT (RAFFT)[4] va phan doan
dinh lién két dé qui - Recursive Segment-wise
Peak Alignment (RSPA)[10].

Thuat toan icoshift dua trén su thay doi twong
quan cua cac khoang quang phd va sir dung
thuat toan FFT dé can chinh dong thoi tat ca
céc quang phd. Thuat toan co thé sir dung cac
gi tri thiéu (Not a Number - NaN) nhu 1a mot
thay thé dé tranh xuat hién bién thé cua dinh
tai ranh gigi cua cac phan doan tin higu.
Thuét toan 12 mdt cong cu tro gitap day du
cung véi céac thuat toan cling nhu 1a mot ban
demo c6 thé lam viéc trén mot bo dix lidu
NMR thyc [11].

Phuong phap Icoshift 1a mot cong cu linh
hoat cho su lién két dinh nhanh chong cho tin
hiéu NMR. Tuy nhién, gibng nhu phan 16n
cic phuong phap lién két hién tai, phuong
phap Icoshift khong thé sira d6i thir tu cac
dinh. Trong khi d6 ching ta dang c6 mot nhu
ciu 10 rang vé cac phuong phap tinh todn dé
can chinh chinh xé4c cac dinh tuong ung trén
phd. Néu cac dinh dugc dich chuyén khong
déu giira cac pho khac nhau, chiung s& khong
dugc két hop dung va phan tich dinh lugng
don bién hodc da bién vé cuong do tin hiéu
ctia chiing c6 thé bj ton hai.

XAY DUNG PHUCONG PHAP LIEN KET
DINH MOI TRONG DU LIEU PHO CONG
HUONG TU HAT NHAN

Dé nghién ctru mot phuong phap méi cho bai
toan lién két dinh nay, nhom d& xuét cac budc
thuc hién nhu hinh 1 dudi day.

|
DUlBUNMR L TEnxih | Bhuongphapliénketdinh [ g,

Hinh 1. Quda trinh nghién ciru phwong phdp lién
ket dinh moi cho pho NMR

Phuong phap lién két dinh dugc chia thanh 4
budc nhu sau:
* Xac dinh cac dinh,
* Lya chon véi dinh theo cap,
« Tim khoang dich chuyén
« Chuyén dich tin hiéu
Xir Iy dif li¢u ban du - Preprocessing dataset
Xtr Iy dit liéu ban dau 1a mot bude trung gian
giita dir liéu quang phd tho va phén tich dir
liéu. Muc tiéu chinh cta budc nay 1a chuyén
ddi dir lidu sao cho cac mau trong tap dir li€u
6 thé so sanh dugc nhiéu hon, dé dang hon
va cai thién viéc phan tich dir liu.
Chuan héa dit liéu — Normalization
Muc dich chinh 14 1am cho tt ca cac mau co
thé so sanh v&i nhau bﬁng cach loai bo hoac
giam thiéu téng luong vat lidu trén mdi mau
hodc pha lodng chat chuyén hoa. Cach chuan
hoa dién hinh 1a phép nhan ctia mdi hang (tirc
1a mdi phdo NMR) theo mot hang sé [12].
Hang s6 nay c6 thé duoc tinh theo nhiéu cach
khac nhau. Cac phuong phap chuan hoéa di
liéu: chuan héa tich phan, chuin hoa timg
quang phd riéng 1é thanh cudng do tich hop
tong khong doi trén toan bd cdu hinh [13],
chuan hoa khong thé thiéu hay con goi la
chuan hoa tong khong doi [12]. Trong nghién
clru nay, chung t6i s& gia dinh mot sy chudn
hoéa dua trén su théng nhét hodc dua trén tinh
ning mo rong quy mo. Dé chuan hoa dir liéu
mot cach théng nhat, chung t6i dua tt ca cac
gia tri dit liéu vé gié tri tir 0 dén 1.
Phuong trinh (1) dugc st dung dé thuc hién
chuin hoéa dua trén sy théng nhét:

Xi—Xmin

X , =
mew Xmax~Xmin (1)

Trong do :

X; = Diém dix liéu thir i

Xmin = Gié tri nho nhit trén cac diém dir liéu
Ximax = Gia tri 16n nhit trén cac diém dir liéu
Xinew = Diém dit liéu thir i sau khi chuan hoa
cogiatritu 0 deén 1
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Lam min dit liéu - Smoothing dataset

Mot sb thudt toan 1am min tin hiéu phé bién:
B6 loc trung binh trugt - Moving Average
Filter — MAF, thuat toan Savitzky-Golay,
Ensemble Average, Applet va cac thuat toan
khac [14].

Tim dinh - Find peak

Céc giai phap dé xtr 1y va so sanh quang phd
v6i ca lam viéc bao gom su lién két dinh.
Trude hét, chiing ta can phai tim ra tat ca cac
dinh trong phé tin hiéu toan bo. Mot dinh
duoc dinh nghia la gia tri cuc dai cua tin hi€u
Dé tranh chon céc artifact (cac dinh tiéng on),
chung ta chi xem xét cac cuc tri ¢o cac gia tri
trén mot ngudng nhét dinh. Pinh tim dugc co
gia tri 16n hon gia tri dinh lién trudc va lién
sau n6 dong thoi gia tri d6 phai 16n hon gia tri
ngudng da cho.
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Hinh 2. Cdc dinh cua tin hiéu sau khi tim dwoc
Sip xép dinh theo cip - Match peak

Budc tiép theo 13 so khép cac dinh sau khi
tim vi tri cia ching. D li€u dau vao la ma
tran vi tri dinh duogc tim théy & budce trude va
gia tri ngudng 1a gia tri duoc sir dung dé so
sanh sy khac biét giita cac vi tri dinh khi so
khop chiing theo cap. Dit lidu ddu ra ctia bude
ndy 1a mot ma trin véi mdi cot 1a vi tri cia
cac dinh tuong ung.

Chon chuyén dich cho mdi tin hiéu —
Choose shifting

Trong budc nay, ham sé€ tinh toan cach dich
chuyén cho mdi tin hiu dé can chinh phd
theo muc tiéu da chon. Néu chung ta ¢o su lya
chon tdt ciia mot muyc tiéu phu hop, d6 1a do
d6 quan trong nhét cho mot két qua tot hon va
khong thién vi. Khi chon muc ti€u, n6é phai

duoc xem xét réng ca hinh dang va vi tri clia
no6 (su thay ddi hoa hoc) déu quan trong. Méac
du trung binh hodc phé trung binh thuong l1a
lya chon tot, d6i khi (trong truong hop léch
manh), chiung khong cung cap hinh dang t6i
wu cho muyc tiéu trong mdi khoang thoi gian
va can lya chon can than mot trong nhiing
phé thyuc nhat.

Dich chuyén tin hiéu — Shift signal

Trong budce trude, chiing toi 6 cac gia tri luu
trir mang thay d6i dé thay doi moi tin hiéu
theo tin hiéu dich da chon. Dé tiép tuc, su
dung céc thuét toan shiftSignal dé chuyén tin
hiéu bang céac gia tri dugc luu trit trong mang
dich chuyén. C6 tin hiéu s& dich chuyén sang
trai voi gia tri dich chuyén 1a 4m va dich sang
phai néu gié tri 1a dwong. Vi vdy, sau khi thay
ddi do dai cua tin hiéu s& tang 1én. Theo tinh
toan, s6 lugng tin hiéu cot s& ting bang tong
gia tri tuyét d6i cua gia tri dich chuyén tbi
thiéu va gia tri dich chuyén tdi da.

THU NGHIEM VA DANH GIA

Trong nghién ciru nay, nhom tac gia st dung
cong cu MATLAB dé minh hoa thuét toan.
Dir liéu dugc chon thtr nghiém thuat toan la
bd dir li€u thu thap tir 91 mau nuée tiéu cua
bénh nhan, kich thudc 91 miu x 4691 bién.
Tht nghiém s€ thyc hién trén thuat toan
Icoshift va thuat toan méi nhom nghién ctu
da xay dung (Alignment). Mdi thir nghiém s&
chon nhém tin hi€u trong mot phan doan dir
liéu nao d6. Két qua cua cac thir nghiém duoc
trinh bay trong hinh v&, hinh dau tién 1a dir
lidu tho, hinh thtr 2, 3 1a két qua sau khi lan
luot ap dung thuat toan Alignment va Icoshift
Thir nghiém 1

Chon dit liéu sau khi chuan héa tir bo dir liéu
Urine.mat. Str dung mdt doan tin hiéu ngiu
nhién dé kiém tra.

Ap dung thuat toan Alignment cho 15 tin hiéu
tir doan dir liéu 2320 dén 2350, gia tri ngudng
12 20 va gi tri nho nhat dé tim dinh 14 0,7.
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Raw data

25

or = o 20 25 S0

Hinh 3. Két quda thir nghiém 1
Két qua cua thir nghiém 1 duoc trinh bay
trong hinh v€& trén, hinh dau tién 1a dit lidu
tho, hinh thtr 2, 3 1a két qua sau khi lan luot
ap dung thuat toan Alignment va Icoshift. Co
thé thay trong hinh trén tir di liéu tho sau khi
ap dung ca hai thuat toan lién két dinh déu
cho két qua kha tdt, cac tin hiéu da hoi tu gan
v6i tin hiéu mau va khong cé su sai khac qua
nhiéu giira hai phuong phap.
Thir nghiém 2
Chon 50 tin hiéu tir 1 dén 50 trong phan doan
dit liéu tir 3330 dén 3350 thé hién & hinh 4.
Quan sat két qua trén ta thdy phuwong phap
Alignment t6t hon phuong phap Icoshift trong
viéc dich chuyén tin hiéu. Trong két qua
phuong phap Alignment cac tin hi€u hdi tu tai
dinh, con két qua phuong phap Icoshift, cac
tin hiéu médc du c6 sy dich chuyén nhung lai
chua hoi tu vao mét dinh.
Thir nghiém 3
Chon tap dir liéu khac cho thir nghiém nay,
v6i 20 tin hiéu tir 1 dén 20 trong phan doan tir
3560 dén 3580.
Két qua thir nghiém nay cho thay, su lién két
dinh bang phwong phap Alignment van c6 két
qua tét hon so véi Icoshift. Tat ca cac dinh

trong 20 phd dugc cin chinh chinh xéc vi tri.
Trong thuat toan icoshift, cac tin hiéu da duogc
dich chuyén va sép xép lai nhung vi tri dinh
van khong théng nhat, cu thé duoc dit thanh
hai diém.

Hinh 4. Két qua thir nghiém 2

Raw data

a 5 a 1c 14 16 18

Hinh 5. Két qua thir nghiém 3

* Panh gid phuong phap Alignment

banh gia phuong phap dua trén ty 1€ dinh phu
hop 1a mot phép do lugng tir ciia phuong
phap céan chinh dinh.

A la ma tran phu hop véi kich thudc dinh
nxm, A luu trit vi tri twong Gmg cua céc dinh,
trong do6 n la sb tin hiéu dugc s dung dé
khép, m 1a cac dinh sb cua tin hiéu dich.
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(ﬂ:ll alm)
A= : Qg :
Qpy " Qpm

Trong ma tran A, aj;j 1a phﬁn tor hang 1, cot j
cuia ma tran va gia tri ctia n6 1a vi tri ciia dinh
trong tin hiéu i. Cot dau tién tat ca cac phan tir
a1,..., a1p €O gid tri khac 0 vi chon tin hiéu
dau tién 1am tin hiéu dich.

ti 1a s6 phan tir khac 0 hodc s6 dinh khop véi
dinh j trong tin hiéu dau tién. Ty 1& phu hop
v&i dinh R dugc tinh theo cong thirc (2):

7

R=(-Zn,2)«100%
| @

n la so hang ma tran

m la s6 cot ma trdn
Bang dudi day trinh bay ty 1€ dinh phu hop
khi 4p dung phuong phép can chinh dinh
Alignment. Trong cac thi nghiém chiing t6i sé
thay d6i cac gia tri tham sé dugc st dung
trong phuong phép cén chinh dinh: phan doan
dr ligu, thu ty tin hi¢u, gia tri ngudng, gia tri
t6i thiéu.

Bang 1. Ty [é can chinh dinh khi gid tri ngudng thay doi

Phin doan SO tin hi¢u _ Gi4 tri nguéng  Gi4 tri toi thicu  Ti 1¢ (%)
4100:4200 10:30 20 0,5 94,64
4100:4200 10:30 15 0,5 91,07
4100:4200 10:30 10 0,5 85,12

Tir ti 16 thu dugc ¢ bang trén ta thay thi nghiém nay cé thé dugc coi 1a thu hep gia tri ngudng t6i
khoang céach tuong ting gitra cac dinh s€ gidm ti 1€ phu hop dinh.
Bang 2. Ty Ié can chinh dinh khi thay déi gid tri t6i thiéu

Phin doan  So tin hiéu  Gia tri nguéng  Gia tri toi thiéu Ti 1§ (%)

4100:4200  10:30 20 0,3 98,57%
4100:4200  10:30 20 0,5 94,64%
4100:4200  10:30 20 0,7 52,38%

Két qua bang 2, sau khi thay doi gia tri toi thiéu dé tim dinh ta thy gi4 tri t6i thiéu cang cao thi
gia tri ty 1¢ cang thap.
Bang 3. Ty [¢ lién két dinh khi tin hiéu phan doan thay déi

Phin doan  So tin hidu  Gia tri nguéng  Gia tri toi thiéu Ti 1§ (%)
4100:4200  1:30 20 05 90,83
1400:1500  1:30 20 0,5 90
2500:2600  1:30 20 0,5 100
3500:3800  1:30 20 0,5 80

Nhin véao cac bang trén, ta thiy danh gia vé gia tri cta ty gia khac nhau tiy thudc vao gia tri duoc
Iira chon cuia cac yéu tb twong Gmg. Cac chi sb phut hop véi timg phan doan tin hiéu s& dan dén ty
1€ cao va ngugc lai. Viéc ap dung phuong phap can chinh dinh nay cho tap dir liéu sé dat duoc
két qua tot néu c6 céc tily chon gia tri pht hop cho mdi dbi sb.

KET LUAN VA HUONG NGHIEN CUU TIEP THEO

Nhom nghién ciru da thyc hién tim hiéu cac phuong phap lién két dinh da c6, dua ra wu nhuoc
diém dong thoi xay dung mot phuong phap lién két dinh méi cho dit liéu NMR va so sanh véi
cac phuong phap di c6 dua trén viée ap dung vao ciing mot bo dit lidu thuc té. Phuong phap méi
nay khi danh gia trén cac thyc nghiém cho thay hiéu qua hon, chinh xac hon cac phuong phép da
¢6 khi cung ap dung trong bd dir li€u thuc té. Chung t61 dy dinh s€ chinh stra va phat trién hon
cho phuong phap ciia minh dong thoi thir nghiém nhiéu hon véi nhitng bé dir lidu thuc té khac dé
danh gia va nang cao chit lugng.

22 http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Nguyén Thi Oanh va Drg

Tap chi KHOA HOC & CONG NGHE DHTN

195(02): 17 - 23

TAILIEU THAM KHAO
1. H. Winning, F. H. Larsen, R. Bro, S. B.
Engelsen (2008), Quantitative analysis of NMR
spectra with chemometrics, J. Magn. Reson. 190
(2008), pp. 26-32.
2. C. Z. Gao, R. T. Liu, R. D. Pan and Y. Zheng
(2006), Transactions of the Institute of Metal
Finishing, 84, pp. 5.
3. Beneduci, A.; Chidichimo, G.; Dardo, G.;
Pontoni, G. (2011), Highly routinely reproducible
alignment of 1H NMR spectral peaks of
metabolites in huge sets of urines. Anal. Chim.
Acta, 685, 186-195.
4. J. Forshed, I. Schuppe-Koistinen, S. P.
Jacobsson (2003), Peak alignment of NMR signals
by means of a genetic algorithm, Anal. Chim.
Acta 487 (2003), pp. 189-199.
5. J. W. H. Wong, C. Durante, H. M. Cartwright
(2005), Application of fast Fourier transform
cross-correlation for the alignment of large
chromatographic and spectral datasets, Anal.
Chem. 77 (2005), pp. 5655-5661.
6. R. Stoyanova, A. W. Nicholls, J. K. Nicholson,
J. C. Lindon, T. R. Brown (2004), Automatic
alignment of individual peaks in large high-
resolution spectral data sets, J. Magn. Reson. 170
(2004), pp. 329-335.
7. K. A. Veselkov, J. C. Lindon, T. M. D. Ebbels,
D. Crockford, V. V. Volynkin, E. Holmes, D. B.
Davies, J. K. Nicholson (2009), Recursive
segment-wise peak alignment of biological H-1
NMR spectra for improved metabolic biomarker
recovery, Anal. Chem. 81 (2009), pp. 56-66.

8. F. van den Berg, G. Tomasi, N. Viereck (2005),
Warping: investigation of NMR preprocessing and
correction, in: S.B. Engelsen, P.S. Belton, H.J.
Jakobsen (Eds.), Magnetic Resonance in Food
Science: The Multivariate Challenge, Royal
Society of Chemistry, Cambridge, 2005, pp. 131-
138.

9. Wong J. W. H., Durante C., Cartwright H. M.
(2005), Application of fast Fourier transform
cross-correlation for the alignment of large
chromatographic and spectral datasets. Anal.
Chem., 77, pp. 5655-5661.

10. G. C. Lee, D. L. Woodruff (2004), Beam
search for peak alignment of NMR signals, Anal.
Chim. Acta 513 (2004), pp. 413-416.

11. F. Savorani, G. Tomasi, S. B. Engelsen
(2010), icoshift: A versatile tool for the rapid
alignment of 1D NMR spectra, J. Magn. Reson.
(2010) 202, pp. 190-202.

12. Craig A., Cloarec O., Holmes E., Nicholson J.
K., Lindon J. C. (2006), Scaling and
normalization effects in NMR spectroscopic
metabonomic data sets., Anal Chem 2, 78(7), pp.
2262-2267.

13. Spraul M., Neidig P., Klauck U., Kessler P.,
Holmes E., Nicholson J. K., Sweatman B. C.,
Salman S. R., Farrant R. D., Rahr E., Beddell C.
R., Lindon J. C. (1994), Automatic Reduction of
Nmr Spectroscopic Data for Statistical and
Pattern-Recognition Classification of Samples.
Journal of Pharmaceutical and Biomedical
Analysis 1994, 12, (10), pp. 1215-1225.

14 .http://www.chem.uoa.gr/applets/appletsmooth/
appl_smooth2.html.

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn

23


http://jst.tnu.edu.vn/

