
M )1 4 5 N o 弓 S C IE N C E !N CH }NA (S e rie s B ) J.
_

一n e Z()()2
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D A D d a ta

S HAO X u e g u a n g (邵学广)
,

S HAO Lim in (邵矛
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J民)
,

LlM e iq in g (李梅青)

& LIN X ia n g q in (林祥钦)

D ePa rtm e n t o f C he m istry
,

U n lv e rs lty o fS e 一e n e e a n d 飞 e hn o lo g y o fC hln a H e fe i 2 3 0 0 2 6
,

C hln a

C o rre sPo n d e n e e s ho u ld b e a d d re s s e d to S ha o X u e g u a n g (e m
a 一l: x s h a o @ u s te

.

e d u e n )

R e e e iv e d Ja n u a ry 1 7
,

2 0 0 2

A b s tr a e t W jn d o w fa e to r a n a }ys is (W FA) 15 a Po w e rfu l to o l in a n a lyz in g e v o lu tio n a ry Pro c e ss
.

H o w e v e r,

it w a s fo u n d th a t w in d o w fa eto r a n a lys is 15 m u e h s e n sitiv e to the n o is e in v o lv e d in o rig i
-

n a ld a ta m a trix
.

A n e rro r a n a lys is w a s d o n e w ith the fa e t tha t th e c o n e e n tra tjo n Pro file s re s o lv e d by

the e o n v e n tio n a lw in d o w fa e to r a n a lysis a re e a s ify d is to rt e d by the n o is e re s e rv e d by th e a b stra e t

fa eto r a n a lys is (AFA )
,

a n d a m o d ifie d a lg o rith m fo r w in d o w fa e to r a n a lys is w a s Pro Po s e d
.

B o th

5 im u la te d a n d e x Pe r一m e n ta l H PLC
一

D A D d a ta w e re in v e s tig a te d by the e o n v e n tio n a l a n d the im
-

Pro ve d m e th o d s
.

R e su lts s h o w tha t the im Pro v e d m e th o d ea n yie ld le ss n o ise
一

d is to rt e d e o n e e n tra
-

tio n Pro file s tha n the e o n v e n tio n a lm e tho d
,

a n d the a b ility fo r re s o 4u tio n o f n o isy d a ta s e ts ea n b e

g re a tjy e n ha n e e d
.

K ey w o r d s : w in d o w fa et一r a n a lysis 《W队 )
.

er r o r an a lys is
.

H PI C
一

D A D
.

T he d ev e lo Pm en t o f m o d e r n in str u m e n tal an aly sis re s u lts in hyPhe n a te d te e hn iq u e s , su eh a s

G C
一

MS
,

G C
一

IR a n d H PL C
一

D A D
,

w hie h w e r e d e s zg n e d to re v e a l m o r e Pro Pe rt ie s o f a e h e
而

e al

syste m T he d a ta se ts Pr o d u c e d b y the se m o d e rn te ehn iq u e s ar e o ft e n g iv en a s tw o 一

w ay m atr ie e s ,

o n e w ay 15 a re c o rd o f a n e v o lu tio n ar y Pr (一e e ss ,

the o the r 15 a re eo r d o f a ee rt ain Pr o Pert y, su e h as

U V
,

MS
, an d IR

, o t
’

tlle sPe e ie s
.

T he tw ()一w ay n 飞a tr ix n o t o n ly Pr o v id e s u s w ith m o r e a b u n d an t

in fo rm
a tio n ,

b u t a ls o bri n g s u s a e ha llen g e o f the a n a ly sis o f the e x Pe rim e n ta ld ata
.

w in d o w fa eto r a n a lysis (w 队){1
,

2 1 15 a se lf
一

m o d e lin g c he m o

me
tr ie te eh n iq u e o f 一nu 一tiv ar ia te

statistle al a n a lysis
,

w hie h 15 d e v elo Ped t() e x tr a et e o n e e n tr atio n Pr o fi le s o f the ehe m ic al sPe c ie s

fr o m d a ta m atr ix o f an e v o lu tio n ary Pr o e e s s
.

S in c e its a PPe ar a n ee a s a e he m o m e tri e m e tho d in

19 8 0 5
,

m an y a pplie a tio n s o r the te c hn iq u e ha v e b e e n r ep o rte d ! 2 7 ] d u e to its ad v an ta g e th at n o a

P r io r i in fo rm
a tio n e o n c er n in g th e sy stem 15 r e q u ir ed

.

A n d by th e se aPPlie a tio n s ,

it w a s Pr o v e n tha t

w in d o w fa eto r a n a lysis 15 a Po w erfu l to o l in a n a lyz in g e v o lu tio n ar y Pr o e e ss
.

H o w ev e r ,

th e the o ry

o f w in d o w fa c to r a n a lysis a n d its alg o r ith m w er e d ev e lo Pe d w ith o u t c o n sid erat io n o f the in v o lv e d

n o zse in o r ig in a ld a ta m a tri x
.

R e su lts b y w in d o w fa c to r a n a ly sis w e r e als o fo u n d to b e v ery e a sily

a
fre

ete d b y n o ise }8
一 }(, !

.

T he sig n al
一

to
一n o ise r a tio (sN R ) o ,

’

the o rig in al d ata m a trix d e te
rm in e s th e

v a lid ity o f the re so zve d re su lts in p r ae tiea l u se
.

s o m e m e tho d s19
,

1〔) ] w e re d e sig n ed to s o lv e th e

Pr o blem
.

In th es e m e th o d s , ex tr a sm o o th in g Pr o e e d u re s , su e h a s sm o o the d Prin eiPal c o m Po n e n t

a n aly sis (sPe A )!9 1 o r w a v eze t tra n s允rm ll() ] ar e g en e r习一y e

哪 lo ye d to i哪
r o v e 山e sN R o f th e



2 9 () SC IFN C E IN CH INA (Se r re s B ) 勺6 1
.

4 5

d a ta m atri x
.

T his PaPe r Pre sen ts a stu dy o n the the o ry o f W in d o W fa c t o r a n alysis w ith the n o ise be in g

tak en in to e o n sid e ra tio n
,

an d Pro Po se s a n im Pr o v e d alg ori th m
.

In o r d e r to te st its Pe

rfo
r

ma
n e e ,

th re e sim u late d an d tw o e x Pe ri m e n tal d ata sets o f H PLC
一

D A D w ith d iffe
re n t n o ise lev e ls ar e Pr e

-

Pa re d a n d in v e stig a ted by th e Pro Po sed m e th o d
.

It 15 fo u n d tha t
, c o ln Pare d w ith th e e o n v en tio n a l

w in d o w fa e to r an alysis
,

the m e th o d c o u ld gr e atly r ed u ee the n o ise an d e o n se q u e n tly iln Pr o v e th e

q u a lity o f th e re su lts
.

1 T h eo ry

1
.

1 T he o ry o f w in d o w fa eto r an aly sis an d e o n ve n tio n al alg o r ith m

T he the o卿 o f th e e o n v e n tio n a一w in d o w fa c to r a n a ly sis c an b e su

rnm
ar iz e d a s fo llo w s{3 1

.

L e t

D re Pre se n t the m e a su r e d d a ta m a tri x o f n 一e o m Po n e n t c he
mi

e a l sy ste m
,

w he r e e ac h c o lunin is a

sPe e
tru m d ig ita lly re eo r

de d 〔lu r in g a n e v o lu tio n ar y Pr o e e ss , a n d e aeh r o w 15 a r ee o rd o f e v o lut io n
-

田下 (e o n e en tr atio n )Pr o fi le
.

A ssu m e tha t th e sPe e tr a lm e a su re m en t 15 a lin e ar su m o f e ac h c o ln Po -

n e n t
,

th en w e ha v e

、C(lar
二

艺戈
。
)= SCD

。

艺l=l一一D

w he re D i 15 a m atri x re Pre sen tin g th e e o n tr ib u tio n o f the ith e o m Po n en t to D
.

Ve
e to r s e i a n d 5 1

th e sPe c

tru m an d th e c o n c en tr atio n Pr o fi le o f th e ith e o m l〕o n en t
.

SPe eify
a re g io n a lo n g the e v o lu tio n a ry a x is w hic h e x a e tly fi ts the c o n ee n tr at io n Pro fi le o f

th e 九th e o m Po n en t
.

T his r e g io n 15 e a lle d the “w in d o w
, ’ o f the n th e o n 1Po n en t

,

th o u g h th e e o n ee n -

tr atio n p r o fi le s o f o the r c o

nln
o n e n ts m ay e x is t in sid e th e w in d o w

.

L et刀 0 re pre se n t a su bm a tr ix o f

D o btain e d by r em o v in g all e o lumn
s w ith in the w in d o w

,

an d Perfo rm ab str ac t fa e to r
an al y sis to it

,

th e fl W e h a V e

尹了一 1

D 。 一

工
、

梦
。

少
= S o c o

(2 )
/ 习 l

w her e m atri
x 5 0 eo n tain s n 一 1 o rt ho n or m a lspe e tr a lv e e to rs s

{
,

m atr ix d
c o n tain s n 一 1 o

rth
o g o n a l

n o n 一n o

rm
aliz ed c o n e en tr ati o n p r o fi le v ee to rs e

{
.

B ee au se th e
trU

e sp ee tr a‘v e e‘o r s o f n 一‘c o

、
o n e n ‘5 5 ‘ an d th e ab str a et sp e c tr al v e e ‘o r s s

{

b o th lie in an (n 一 l)
一

d im en sio n a lsu b sPac e o f th e o v e ral l n 一

d ime
n sio n al fa etor sPa ee

, s , e an be lin e -

ar ly ex p re sse d by s

{
,

i
.

e
. ,

s
;
二

艺戏
、

{
·

(3)

B y ad d in g a v e eto r s

男w h ieh 15 o rt h o n o r m a一to

尹二 !

、

{
,

the tr u e sPee tr alv e e to r o f th e n th e o n 1Po n en t
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e an be sim ila rly o b tain e d by

尹z 一

}

戈
;
一

艺戏,js丫
十风庐男

,

(4 )

J 二 ]

月 一

!

w he re

工戏
。s

梦
r e p re se n ts the p r oj e etio n o n to the hyp e甲la n e

.

刀in (3) an d (4 ) 15 a lin e ar e o e ffi
-

j= l

Cle n t
.

B ase d o n ‘h e o rt ho g o n a li‘y o f th e ab str a e‘sp e e ‘r a lv ee‘o r s s

夕
,

a n e x p r e ssio n o f w in d o w fa e -

to r an alysis e an b e d eri v e d fro m (l)
,

(3) an d (4 ):

戏
, , , s

男
e

; = D 一 S ‘〕S ‘, ’D = (, 一 S ‘, s ‘, ’)D = x
, : ,

(5 )

w he re 1 15 the id e n tity m atr ix
.

E q
.

(5) sho w s th at 戈
:

15 the in fo rm
a tio n o f the n th c o m p o n e n t

, an d e a leu l比le 允r s(〕 a n d 刀

b ein g k n o w n
.

B e c au se r o w s o fX,
,

ar e Pr oPo rt lo n al to ea eh o th e r,

th e a v er a g e o f the r o w v ee to r s 15

th e u n c alib r ate d e o n e en tr a tio n Pro fi le o f the n th eo m Po n e n t
.

1
.

2 E rr o r a n a lysis o f w in d o w fa eto r a n a lys一s

O bv io u sly
,

th e m e a su re m e n t n o ise w a s n o t tak
en in to e o n sid e rat io n in the

ab
o v e the o ry o f the

c o n v e n tio n al w in d o w fae to r an aly sis
.

A s a r e s u lt
,

the u n c a lib r

ate d c o n e en tr at io n Pr o fi le o bta in e d

by e q
.

(5 ) 15 a lw a ys d isto rt ed b y th e n o ise
.

In so m e ea se s ,

the d isto rt io n 15 5 0 se r io u s th at the re su lt

o f the eo n v e n tio n a l w in d o w fa e to r a n a lysis 15 m e an in g le ss
.

T he r e fo re ,

fu rth
er stu d ie s o n the e rr o r

a n a lysis o f the m e tho d a re n e ee ssa ry
.

w h e n n o ise 15 in v o lv ed in D
,
the r an k o f D ‘) 15 alw ay s g re ate r 山 an n

一 A e e o rd in g to the

p r ev io u s re se ar eh e s}3
·

? l
, s o m e n o ise e a n be d e le te d b y 的 str ae t 几eto r an alysis b a se d o n pri n e ipa l

e o lllPo n en t a n a lysis (PC A )
.

B u t fr o m the the o ry o f PC A
,

it c an be d eriv ed tha t th e n o ise w h o se

s ta n dar d d e v iatio n o r v ar ia n ee c a n n o t b e n e g le ete d w ill be re ser v ed in the ab str a et sPe e tr al v ee to r s

s (,
.

T he re fo re
,

fo r eq s
.

(3 ) an d (4 )
,

th e tru e sp e e tr a一v e e to r s sh o u ld b e e x p r e sse d a s

S (6)几
叫艺月

一一

s , ,
二

艺戏
。s

{
+ 戏

, , , s

{:
一 e , ,

(7 )
J = 1

w he re e ; a n d e , :

ar e e

rro
r v e c to r s e o

rre
sPo n d in g to the r e se r v e d n o ise

.

S im ilar ly
,

the ad d e d v ee to r

e , ,

15 o rt ho g o n al to the (n 一 l)
一

d im e n sio n al s u b sPac e
.

In se rt in g (6) a n d (7 )in to (l) g iv e s

D =

艺
s , e
: 二艺

、

兮(艺风叮)+ 凤
, 2、

加二
一

艺ei 。

: (8 )
J二 j z= l i= 1

n
至

r

M u ltiPlyin g b o th sid e s o f e q
.

(8 ) b y a n d re e allin g tha t the a b str ae t sPe etr al v e eto r s ar e m u t u
-
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ally o rt h o n o

rm
a lle ad to

、

梦D
=

工风
。

)一
、

)
‘

艺ei “: (9 )
之二 }

了二l

In se rt in g (9 ) in to (8 ) g iv e s

n 一l , i一 1

D ·

艺
s

{
s

{
‘

D +

工
] = } 了二l

s

{
s

{
’

(工
e ; e
))+fin

, :
s
另
e二一艺

e , e
: (10 )

z = 1 了= l

E q
.

(10 ) e an b e re a rr an g e d a s

风
。s

分
e
二+ (s

‘,S ‘, ’
一 I )E c = (I 一 5 0 5 0 ‘

)D
,

(1 1 )

w he re E 15 th e m atr ix o f th e e汀 o r v e c to r s
.

A e o m p ari so n b e tw ee n (5 ) a n d (一l) sho w s ele ar ly tha t te rm (z 一 5 0 5 0 ,

)刀
,

i e
.

戈
:

in (5 )
,

e o n tain s tw o Par ts
.

O n e 15 th e in fo rm at io n o f th e n th c o n 1Po n en t
,

th e o th er 15 th e e o n tri bu tio n o f

the n o ise r e se rv ed in ab str aet sp e e tr a l ve e to r s
.

T he re fo re ,

d ire e t eo m pu tatio n fr o m (了一 5 0 5 (, ‘)D
,

a s in the e o n v en ti o n al w in d o w fa e to r an a lysis
,

w illha v e th e r e su lts n o ise
一

d isto rt e d
.

1
.

3 A n e w a lg o ri th m o f w in d o w fac to r a n a ly sis

In o r d er to d er iv e th e fo rm
u la fo r a n in 1Pr o v e d a lg o rithm o f w in d o w fa c to r an alysis

,

w e e an

mu ltiPly e q
.

(1 1) b y D
‘ .

T he n w e g e t

。
‘

戏
2 , , s

分
e
二+ D

’

(s ‘〕s ‘, ‘
一 了)E e 二 D

‘

(了一 5 0 5 0 ’

)D
.

(22 )

Fo r the fi rst item o n th e le ft h an d o f e q
.

(12 )
,

w ith e q
、

(7 )w e g e t

(13sim(l4

1 2一1

D
‘

戊
。s

分
c

二
= (艺

c ,

z= ]

一 e
:) + 风

n c 。 s

另
’一 e n

e二)凤
。
s

分
e
二

.

几
叫艺j=l

B a sed o n th e fae t 山a t s

刃15 o rt ho g o n al to the (,卜z )
一

d im en sio n al su b sp a ee
, e q

.

(13 ) e an b e

Plifi e d to

D
‘

凤
, , s

军
e
二= e ; ,

(戏
, , , s

{{
’
一 e

二)风
。s
另
e
二

.

Fo r the se c o n d ite m o n the le ft ha n d o f e q (12 )
,

if w e e x Pr e ss D by 艺
e , s;

,

w e c an g et

l= l

D
‘

(‘(’‘(’‘

一 ,·C =

:艺
‘
s: {

(“‘’“‘” 一‘, E c

=

{:葱
一 :

{一
二

{
(5 0 5 0 ‘一 ‘’“C

· D 。 ’

(
S ‘,S ‘, ’ 一 I

!E C 十 c 。 s
二(

5 0 5 ‘, ‘
一 I
)
E c (15 )

It 15 o b vio u s th at D 。‘

(5 0 5 0 ‘
一 z ) 15 th e d iffe

r e n c e b e tw e e n D o ‘ a n d its ab str ac t m atr ix
.



N 0
.

3 IM PR O V E D W I今、FO R N O ISY H PLC
一

D A D D
厂

\T
z
、 2 9 3

T here fo re
,

w he n e o

rre
e t fa e to r n u m ber 15 u sed in the e al e u la tio n ,

it sho u ld b e sm a ll en o u g h to b e

n eg lig ib le
.

B a se d 。n the 几e t tha t b o th s

分
an d e , :

are
o rt h o g o n az to the (n 一 z)

一

d im e n sio n a l su bsp a e e ,

the

item c
。 s
二(5

0 5 0 ‘一 z )百e in e q
.

(15) e an b e sim plifi e d to

e ,: s
二(5

0 5 0 ’一 I )E c · c 。

(
e
二
e 。

一风
。 s

分
‘
e 。

)
e二

·

(, 6 )

T h ere fo r e
, e q

.

(15) b ec o m e s

D
’

(5 0 5 。
‘一 I)E C 一 e ,了

(
e
二e

, ,
一戏

: , 了、

分
‘e。

)
e

二
·

(‘7 )

In sert in g e q s
.

(14 ) an d (17 ) in t o (12 ) g iv e s

盼
, : e

二= 刀
’

(, 一 5 0 5 0 ‘

)D = 矶
,

(1 5 )

w he re 甄
了 re Pr e se n ts the e x tr a ete d in fo r m atio n o f th e n th e o m Po n e n t

,

k 15 a e o n sta n t an d eq u als

风
。

风
。
s

分
‘s

分
一戏

: 。 e

二
s

井
+ e
二
e , : 一风

, : s

月
’e 。 ,

i
·

e
·

,

k = (风
, , s

:卜
e 。

)
‘

(风
。 s

另
一 e , :

)
.

(19)

E q
.

(18 ) 15 a n im Pro v e d alg o ri thm fo r w in d o w fa c to r a n a lysis
.

Fr o m eq
.

(19 )
,

it 15 c lear th at

e 。

w ill n o lo n g e r h av e e o n tr ibu tio n to 艺
, .

T he re fo r e ,

the u n c a lib ra te d e o n c e n tra tio n Pr o fi le o f the

n th e o lllPo n en t c a n be e a sily o b ta in e d fr o m m atr ix 琴
:

b y a v e ra g in g th e r o w o r th e c o lu m n v e c t o rs

w itho u t the in te rfe re n e e o f th e n o ise
.

A ft er all the e o n e en tr a tio n Pr o fi le s b e in g e aleu la te d
,

the sPee tr a o f all the eo n ll〕o n e n ts e an b e

o b tain e d by le a s t sq u ar e :

S = 刀C
,

(C e
,

)
一 1

.

(2 0 )

2 E x Pe r im e n tal

2
.

1 D ata silllu latio n

A fo u r一 eo m Po n e n t H PL C
一

D A D d a ta m atn x w as sim u la te d
.

T h e sPe c tr a u se d in s im u latio n

ar e sho w n in fi g
.

l
, a n d the c o n e e n tr a tio n Pr o fi le s

are g en er a te d u sin g G a u s sia n eq u a tio n a s fo l
-

10 W S :

/

一⋯一{淤)
2

{
·

(2 1)

T h e Par a m ete r s fo r the sim u la tio n o f th e fo u r Peak s ar e 6
.

0
,

4
.

0
,

6
.

0
, a n d 5

.

0 fo r h : 4
.

0
,

5
.

2
,

6
.

2
,

a n d 7
.

5 fo r to
, r e sPe e tiv e ly

, an d a llth e fo u r v a lu e s fo r W lzZ

are 1
.

0
.

T lll℃e d a ta se ts w e re Pre Pare d

w ith d iff 亡re n t n o ise lev e ls o f S N R = 5 0
,

2 0 a n d 10
.

2
.

2 C he llll cal s

T he sto ek so lu tio n s o f the r a l℃

(9 9
.

9 5 % ) in H C I to g iv e 1
.

0 0 0 m g
.

ear th e le m en ts w er e

m L--
l

me tal so lu ti o n

Pre Par e d by d isso lv in g th e ir o x id e s

in 1
.

0 m o l
·

L
一1 H e l

.

仆
e sa m ple
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D ata Po 】n t n u m b e r (W av e lc n g th ax ls )

Fi g
.

S e ts
-

S Pee tra u s e d zn the s im u lat一o n

l
,

C o m Po n e n t l: 2
,

eo m Po n e n t 4

o f H PLC
一

D A I) d a t之-

3
,
e o m Po n e n t 3

,

4
,

c o llll〕o n e n t Z

s o lu tio n w a s
mi

x e d by the sto e k so lu tio n o f

Y b an d T m
, o r Y b

,

T m a n d Er
.

T h e PH o f th e

s a m Ple s o lu tio n w a s a
dj

u ste d to 3
.

5 w ith

a llu llo n iu m hydr o x id e (A
.

R
.

)
.

T h e hyd ro Pho -

bie io n r e ag e n t u se d fo r Pre tr e at in g the re -

v e r se d
一

p h a se e o lu m n w a s o
.

o r m o l
·

L
一 1

l
一

d o d e c a n e su lPho n a te
.

T w o m o b ile Pha s e

s o lu tio n s w e r e Pr e Pa r e d e o n t a in in g 0
.

2 5

m o l
·

L 一 1 za e tie a c sd an d p H = 2
.

5 (a ) a n d 4
.

5

(b)
, re sPe eti v e ly

.

The
c o n c e n tr at io n o f Po st

-

c o lu m n r e a c tio n r e a g e n t o f a r se n a z o 111

(Flu k a C he mi
e ,

S w itz erla n d) w a s Pr ePa r ed

,

/
,

/
,

\
J

了户
厂了/

/

�“

n门八曰八曰几n州气�八曰�、�n11门
气、,j,一,�11

云工说u。lul。̂11已工。名

1 0 火1 0
一4

mo l
·

L
一 1 w ith re d istille d w ate r

.

A 一1 s o lu tio n s w e re n lte re d thr o u g h a 0
.

2 5 林m m e m
-

b ran e fi lte r
.

A Z
一 e o lllPo n e n t a n d a 3

一c o lllPo n e n t s am Ple s w e r e Pre Par e d fo r m e a su re m e n t
.

T he ir c o n s titu
-

tio n
an d e o n e e n tr at io n ar e lis te d in tab le 1

.

Ta b le 1 C o n s tltu tlo n a n d e ( ) 11e e n t一a tlo n o f th e tw o s a m Ple s

S am ple _ 丝
_ _ _

_ _

_
_ _ _ _ _ _ _

_ T m
_

E r
_

_
_ _ _

_

N O
.

}

N o
t

乙 粼{
2 5 9 9

19
.

9 9 2〔)
,

O()

U n i t: 林g
·

m L
一 1

、

2
.

3 E qu iPm e n t a n d d a ta a e q u is itio n

A n H PLC sy ste m e o lllPri s in g SPe e tr asy ste m FL2 0 OO (SPe c tr a
一

Phy si e s
,

U S A ) w ith th e SPe e -

tr a Fo c u s

mu lti
一

w a v e le n g th U V- Vi s d e te e to r (S Pe e tr a
一

Ph ys ic s ,

U S A ) a n d th e SPe c tr a syste m w o rk
-

s ta tio n w as u se d fo r the s e Para tio n
.

T he c o lu n m w a s Pa e k e d w ith O D S s ilie a ( 10 林m
,

2 5 0 m m X S

m m
,

Shim ad
z u ,

Jap an ) an d th e Po st
一e o lu m n r e a e tio n a g e n t w a s d e liv e r e d b y a n LC

一

6A Pu n 1Ps

(S him a d z u ,

Ja Pan )
.

Th
e e x Pe ri m e n t w a s a e c o m Plish e d u n d e r th e fo llo w in g e o n d itio n s : th e to tal

n o w r are w a s 1
.

0 毗
·

mi
n 一 1 : the r a ti o o f th e tw o m o b ile ph a se 50 一u ti o n s (a) : (b ) w a s 3 : 2 化 r

s alllPle N o
.

l
,

an d l : 1 fo r sa m Ple N o
.

2 ; th e te

mP
e r a tu r e w a s 2 0

“

C : a n d the fl o w r a te o f the

p o s t一e o lu rnn re a c tio n ag e n t w a s l
.

o mL
· n 五n 一 j

.

D a ta Po in ts e o v e ri n g the w a v e le n g th fr o m 5 8 0 t o 7 2 0 n m
,

d ig itiz e d e v e ry 5 n m
, a n d th e

e hro m a to g r am b e tw e e n 0 an d 12 而
n , s alllP le d aPPr o x im a te ly e v e ry 0

.

0 0 5 而n
,

w e re re e o r d e d
.

Th
e s iz e o f th e d a ta m atri x u s e d in e ale u la tio n 15 7 1 7 K 2 9 (fr o m 4

.

5 to 8
.

6 nu
n ) fo r the s a n 1Ple

N o
.

1
, a n d 9 3 2 X 2 9 (fr o m 4

.

5 to 9
.

9 而
n ) fo r th e s a lllPle N o

.

2
.

3 R e su lts a n d di s c u s s io n

3
.

1 A n a lys is o f th e sim u la te d H PLC
一

D A D d a ta se ts

I n o r
de

r to e o ln Par e th e Perfo rm
a n e e o f th e e o n v e n tio n a l a n d illlPro v e d w in d o w fa e to r a n a ly

-
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5 15 a lg o ri th m
,

the thr e e sim u late d d a ta se ts w ith S N R = 5 0
,

2 0
,

a n d 10 w e re in v e stig ate d by the

tw o m etho d s re sp e etiv ely
.

Fae to r n u

咖
er w a s c ho sen 4 b ase d o n th e prt n c ip al 几et o r a n aly sisl6 )

,

w hieh 15 in ag re em en t w ith th e fa c tu a ln u m ber o f e o m Po n e n ts u se d in the sim u latio n
.

T h e r e so lv e d

c o n c en tr at io n Pro fi le s by b o th w in d o w fa c to r an a lysis me
tho d s ar e sho w n in fi g s

.

2一4 w ith

d iffe re n t tyPe s o f Iin e s
.

价

沮以.

!

八

灼以八
曰川一

自。6厂n月咔气乙0l日0
�日门n�

uoll门�lu妇。uo幼P口1己�q一一己口二�1

一0 2

Fig
.

-

一
-

门

2 6 5 2

-

一一
- r ~

一
-

一
丁-
一一

- - ,

7 8 10 4 13 0
1 30

D at a Po ln t n u m b e r (r e t e n tl o n t一m e ax 一s )

F zg
.

2
.

T h e re s o lv e d e o n e e n tr a tio n p r ( )fi le s by th e e o n
-

v e n t一o n a l ( s o li d e u r v e s ) 之tn d im Pr o v e d ( d a sh e u r v e s ) ,n e th
-

o d s fr o m th e s ln l u la te d d a ta s e t o f SN R = 5 ()
t

2 6 52 7 8 10 4

D a ta Po ln t n u m b e r ( r e te n t一o n t一m e ax ls )

3
.

T h e r e s o lve d e o n e e n tr a tio n Pr o fi le s b y the

t一o n a l (s o lld e u r v e s ) a n d lm p r o v e d ( d a sh e u r v e s )
fr o 一n th e s lm u la te d d a ta s e t 0 1

一

S N R = 2 0
.

CO n V e n
-

m e th o d s

Fro m th e re s u lt s o f th e e o n v e n tio n a l w in d o w fa e to r a n aly s is ( s o lid e u rv e s in fi g s
.

2一4 )
,

it

c a n b e fo u n d th a t th e e o n c e n tr atio n Pr o fi le s ar e a ll

fi le 15 e le ar ly v is ib le e v e n w he n th e SN R 15 a s h ig h

lo w e r the S N R 15
, the m o r e s e ri o u sly th e re

-

n O I S e the n o is e in e a e h Pr o -

a s 5 0
.

in V o lv e d
.

In fi g
.

2
,

Fr o m fi g s
.

2一4
,

it e a n b e fo u n d tha t th e

日gUl日

‘1
月
F.

闷

l
.J卫es.,eses, . es,es.,八潇峥飞乙日On(j0

uo-胃�lu。。uo。P01门�q�一。州u�曰s u lts ar e a
ffe

e te d
, e sPe c ially fo r the e o n e e n -

tr a tio n Pr o fi le s o f c o lllPo n e n t s 1 a n d 3
.

W he n

the SN R d e c re a s e s to 10
,

th e d is to rt io n 15 5 0

s e ri o u s fo r e o lllPo n e n ts 1 a n d 3 that it 15 d if-

fi e u lt to o b ta in r e a s o n able re s u lts fo r fu rt h e r

a n a ly s is
.

Th
e d as h e u r v e s in fi g s

.

2一4 ar e th e

r e s o lv e d r e su lt s o f the s a

me dat a s e ts b y th e

im Pro v e d w in d o w fa e to r a n aly s is m e tho d
.

In

the e as e o f th e S N R b e in g 5 0
,

it c a n b e fo u n d

一0 2

0 2 6 52 7 8 104 13 ()

[) at a Po in t n um be r (r e t e n t一o n tln le ax 一s )

F一9
.

4
.

T h e r e s o lv e d e o n e e n tr a t io n Pr o fi le s by th e e o n v e n -

rio ,: a l ( 5 0 !id e u r v e s ) a n d lm p r o v e d 〔d a sh e u r v e s ) m e th o d 、

fr o m th e S lm u la te d d a ta s e t o f S N R 二 10
.

th at al l th e fo u r e o n e e n tr a tio n Pr o fi le s ar e a lm o s t in Pe rfe e t G a u s s ia n shap e a n d sm o o th e n o u g h
·

Wi
th th e d e c r e a s e o f S N R

,

th e n o ise in b as e li n e a n d th e d is to rt io n o f the r e s o lv e d Pe
ak

s als o in
-

e re a s e a s tha t in e o n v e n tio n a l m e th o d
,

b u t th e le v e l o f n o is e a n d the d e g r e e o f th e d i sto rt io n ar e

v e ry sm all e o lllPar e d w ith t ha t in th e s o lid e u rv e s
.

W he n the SN R 15 a s lo w a s 10
, all the re s o lv e d

c o n c e n tra tio n Pr o fi le s ar e o n ly slig htly a仃七c te d
.
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F一9
.

5 C o m Pa riso n b etw ee n th e

e o n v en tio n al (s olxd e u r ve s) a n d

rn e th o d s a n d the sirn u lated sp e etr a

s e t 15 the slm u la ted o n e w ith SN R 二

r e so lve d sPee tz浪

im Pro v e d (d o t

by tflc

C Ll rV C S )

(d ash e u rv e s)
.

Th e (la t: z

l0

m o st seri o u s
.

B u t th e n e w m eth o d giv e s a b e tte r

Fo r fu rth er e o ll〕Pari
s o n o f the c o n V en -

tio n a l an d im Pr o v e d m e th o d
,

th e re so lv e d

sPe e tr a fo r th e sim u la ted d a ta m atri x w ith

S N R = 10 ar e sho w n in fi g
.

5
.

It c an b e fo u n d

tha t fo r the sPe c tr a o f c o ll lPo n e n ts l
,

3 a n d 4
,

b o th m e th o d s yie ld sa tisfa e to ry r e su lts
.

It e a n

a ls o b e fo u n d tha t th e re su lts o f this n e w

m e tho d ar e in be tte r e o in e id e n e e w ith th e

o rig in a lsPec tra than tho se o f the e o n v en tio n al

n le tho d
.

B u t fo r the sPe e
trU m o f c o

mP
o n e n t Z

,

the r e 15 a n o bv io u s d ifl七r e n ee b etw ee n the

c a le u la ted sPe e
tru m an d th e o ri g in al o n e

.

T hat

25 b ec a u se the Pe ak o f eo n 1Po n e n t 2 15 th e

w ea k e st o n e o f all the fo u r Pe ak s in th e sim u
-

la tio n ,

an d the in terfe r en c e o f the n o ise 15 the

r e su lt
.

T he r efo re
,

the d iffe
re n e e b e tw ee n the tw o w zn d o w fa e to r an a lysis me tho d s c a n b e e le ar ly

se e n by the r e so lv ed re s u lts o f th e simu late d d at a se ts
.

D u e to the limi te d ab ility to e li而
n a te n o ise

,

th e c o n v e n ti o n a l W in d o W fa eto r
an

a ly sis e an n o t o b t ain sat isfac to ry re su lts w hen the SN R o f

o ri g in al d ata m a tri x 15 lo w
.

O n the e o n tr ar y
,

the in 1Pr o v e d al g o r ithm e
an

e x elu d e th e e
ffe

e t o f

n o ise an d su e c e ssfu lly y ield s
ati

sfa e to ry r e su lts fr o m n o isy dat a sets
.

3
.

2 A n a lysis o f th e ex Peri m en t alH PLC
一

D A D d ata se ts

T he tw o e x Pe ri m e n ta l HPLC
一

D A D d a ta sets ()f th e sa llU〕le s in tab le 1 a re a n aly z e d to e o m
-

Pare
the Pe

rfo rm
an ee o f th e tw o

wi
n d o w fa e 之o r an aly sis m e th o d s fo r e x Pe ri m e n tal n o isy d a ta

.

T he so lid c u r v e s in fi g
.

6 ar e the b e s t r e su lt s o f m a n y tria ls by the e o n v e n tio n al w in d o w fa c -

to r a n a ly sis b ased o n fa c to r n u lllb er b e in g 3
.

It ea n b e se e n th at
,

fo r T m
,

the e o m Po n en t o f

eo ll】Par ativ e ly hig h e o n e en tr a tio n , a r e aso n ab le e o n e e n tr atio n Pr o fi le w as o b ta in ed
.

H o w e v e r, fo r

Y b
,

the eo lllPo n e n t o f lo w c o n ee n tra tio n , n o t ()ll ly xz o ise 15 in v o lv ed in th e re su lt
,

the re 15 a lso a

seri o u s d isto rt io n in its r e so lv ed Pr o fi le d u e to the h ig h le v el o f n o ise in the o rig in al d ata m atr ix
.

T he o re tiea lly, th e m ai n re a so n fo r the d isto rt io n sho u ld b e th at the fa eto r n u n lb e r w a s se t to 3
,

w hie h m ay re su lt in the 10 5 5 o f so m e u sefu l in fo r m at io l飞in the ab str ae t sPe e tr al v ee to r s
.

In o r d er to

r e tri ev e the lo st in fo r lll atio n ,

w e tri e d to se t th e fa e to r n u m b e r to b e 4 o r 5
.

U n fo rt u n ate ly
,

the

n o ise le ve lin th e re so lv ed Pr o fi le s 15 5 0 hig h tha t it 15 d iffi eu lt to o b ta in an y re a so n ab le re su lt
.

T he d a sh c u r v e s in fi g
.

6 ar e the r e su lts by the illlPr o v e d w in d o w fa et o r an al y sis me th o d fr o m

d at a set o f sa lllPle N o
.

l w ith fa eto r n u n lb e r b e in g 4
.

It ean be fo u n d th a t
, eo n tr a ry to the c o n ve n -

ti o n a lme
tho d

,

th e n e w
me th o d yield s a r e as o n ab le Pr o fi le o f Yb

.

T he slig ht d isto rt io n 15 d u e to

r elati
v ely lo w e o n e en tr at io n o f Y b

.

A s fo r th e r e su lt ()f T m
,

th e n ew m e th o d vie ld s a m u e h b e tter
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,

A 2 9 7

c o n e en tr atio n Pr o fi le tha zl tha t b y the e o n ve n tio n al m e tho d
.

Fu rthe r m o re
,

w e also fo u n d th a t simi
-

lar re su lt e a n b e o b t ain e d w ith the fa c to r n u m b e r b ein g 5 o r 6
.

In o rd er to in v e stig ate the Perfo rm
a n c e o f the tw o m e tho d s fo r re s o lv in g m o r e e o m Ple x d ata

se t
,

the d ata se t o f sam Ple N o
.

2
,

w h ieh 15 e o m Po se d o f thr e e c o lllp o n en ts
,

w as a ls o a n a ly z ed by the

tw o alg ori th m s o f w in d o w fa c to r an alysis
.

U n fo r tu n a tely
,

w e e an n o t o b ta in an y me
a n in g fu l r e su lt

by e o n v e n tio n al m e th o d
.

B u t sa tisfa e to ry r e s u lts are
o b ra in ed by th e im Pro v ed a lg o r ithm

,

w hieh

ar e sh o w n in fi g
.

7
.

A lth o u g h the n o ise le v e l 15 still e o m Par ativ e ly hig h
,

th e o u tlin e o f e ac h r e -

s o lv e d Pro fi le eo in c id es w e ll w ith the Pe ak shaP e o f the s ta n dar d
.

T he ta ilin g o f th e Pe ak s 15

e au se d by the H PLC c o lunin
a n d e x Pe rime

n ta le o n d irio n s
.
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( .
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Fl g
.

6
『

1ll e r e s o ‘V e d c ( )I lc e n tr改tlo n pr ( )方1止e s b y 之h e 以 ) f了v e n
-

ti(
) n a ] fs () l改d e 盯、℃s ) a们d zn 1Pr ( ) v e d }d 之I s h c [一r ve s ) 一飞le t ll〔ld 片

n 飞飞n l t he t w (、 e ( )一n Po n e n t s e x Pe l飞m e n [之飞1 H PL C I) A l) (l之飞t获互
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一
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,
一一

一一 一
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一
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-

一
() 2 6 5 2 7 8 10 4 13 0

!) a ra P o ln t n u 一n b e r ( r e te n t一。n t一n l e a x ls )

l军王9
.

7 ,
,

11e l
一

c 凡〔) ! \
·

e d e o zle e n 士ra t, 〔) n p r o fi le s b y th e l一11
-

p r ‘) v e d n lc th o d t丫O n l th e th re e c () n 1P( ) n e n t s e x Pe r i l飞le n ta l

}I P LC
一

D A D d a t 之生(d a t之1 s e t o f s a m Ple N o Z )
.

SPe e tr a o f the e x Pe r im e n tal H PL C
一

D A D d a ta w e re c a lc u la te d
.

SPe e tra o f Pu r e e le m e n t s w e r e

Pr e Pa r e d to S e rv e e ( ) m Pan s o n
.

S iml lar to the e a s e s o f s im u la te d d a ta , the n e w m e th o d e a n a ls o

Pr o d u e e m o re c o in c id e n t sPe e tr a tha n th e c o n v e n t一o n a l O n e
.

4 C o n e lu s io n

A n im Pro v e d alg o r ith m o f w in d o w fac t () r an a lys is w a s Pr o Po se d
·

T he o r e tic a l a n a lys is Pr O V e s

that the im Pr o v e d m e th o d c a n Pre v e n t the e
fle

e t o f n o is e 一11 o r ig in a l d a ta m a tr ix fr o m d is to rt io n o f

the r e s o lv e d r e su lts
.

B y in v e s tig a tio n o f b o th simu la te d a n d e x Pe r im e n t al d a ta s e t s ,

it w a s Pro v e n

tha t ,

fo r re s o lu tio n o f d a ta m a tn x w ith hig h le v e l o f n o is e
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