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ABSTRACT

In the mass spectrum of the mass spectrometer, the spectrum of the low peak adjacent to the spectrum having the high
peak value is connected to each other and thus the separation is difficult. This inter-spectral overlap causes degradation
of the mass spectral detection performance and resolution. In this paper, we propose a method to improve the mass
spectrum detection performance and peak accuracy of residual gas analyzer. The type discrimination according to the
characteristics of the ion signal block and the pre-correction for the peak position error can separate and detect the
spectrum of the low peak connected to the adjacent spectra. To verify the performance of the proposed method, we
compared the proposed method with the conventional method in simulations using actual ion signals obtained from the
mass spectrometer under development.
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i (Step1) Initialization Setting of various parameters and

threshold value using the mode value

I

Pre-processing to remove impulse noises
and reduce insufficient noises

I

Data segmentation for constructing
sub-signal blocks by mass index

I

Configuration of valid signal blocks
based on linear and quadratic fitting

!

Correction of peak position error(PPE) &
Determination of maximum peak value

I

Reshaping of denoised and
PPE corrected mass spectrums

:: (Step2) Pre-Processing
for noise reduction

:: (Step3) Data Segmentation

:: (Step4) The fitting-based
valid ion signals detection

:: (Step5) PPE correction &
Determination of peak value

i (Step6) Reshaping of
final mass spectrum

Fig. 1 Algorithm flowchart of the conventional method [6]
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(b) Results of Step5 (85<k<95)
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(c) Final mass spectrum (85</k<95)

mass index[k]

scan value

Fig. 2 Results of the main steps in the conventional
method
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Fitted curve on the ion signal block
1A (Its slope is negative)

Scan value

Fitted curve on the noise signal block

500 sample number [7]
k = 50 mass index [amu]

s; ={s(5)s(6) .. s(15)}
Ion signal block with L+1 length

(a) Quadratic fitting characteristics on the idea mass spectrum and noises

Linear approximated straight line
for the left signal sub-block
(Its slope is positive)

Scan value

Linear approximated straight line
for the right signal sub-block
(H.s slope is negative)

Level Min

4
+
500 sample number [#]
k = 50 mass index [amnu]

51 = {s(5)s(6) ..
Ion signal block with Z+1 length

s(15)}

(b) Linear fitting characteristics on the idea mass spectrum and noises

Fig. 3 Linear and quadratic fitting characteristics for
ideal mass spectrum and noise

o] WS Fsf fEde = ‘Zlﬂk [6]0ll A HFA|a=
L+17]¢] o
eAlERRol 4, 5, 50 sﬁ%s £ ol 2Als

=
=
E(segmentation) ‘] HEZO oy} 7ho] & 4= 9ith

z, = [v(kL—1/2), 2 (kL— L/2+2), -,z (kL+ L/2)]T (1)
zL, = [z(kL—L/2),2(kL— L/2+1), -, 2(kL)]" 2)
eR, = [z(kL), x(kL+1), -+, x(kL+L/2)]T 3)

zC, = [z(kL—L/5),x(kL—L/5+1), -z (kL+ L/5)]T  (4)
o714 AFAR ki P4 OAE foje e wg
=] 0] &A1 5 2] Al ZX]4x(sample index) n I} MEHE L
of| thal] k=nLo|ck.
A (12 owm—i 2= 99)o) AR ke A
% 28 Ego] sjgeh

2k Ao Eo] 7o) OM AR O RATER ©]
FolA Uk z, 9] 24 4‘% Aik= 19 3(a)2t 2ol



= =53 22 A9 FEjo| 2= 7]&7of dsh=
iﬂﬂi}?’%% 0] B35 2 717 wch wkef PPE7} 2hAy s}
Akstolal 1 E L A(fitted curve) Q)

Hizre o] ANTEE g, 9 HZ o] 92|g Ao},
yhel 2 PPEZ} ek o) SAle] HUighe o of
A} Ol AT EE 2] Q10]o] 9]x]0] YIeka & 4 gl
o}, wheb AsEY 9=30) HUES sus] e

= olefst PPES] AT} RAH A=A W=z
L0} ek ol §1s) Agker
Sh A4 ko] 2 EYo] Q)

(e
Ha vk ol2Alegol 29

(peak value)S FAT Z

el o
Mo 2, 92 2=

£ B o] LA BEE(z,,) S AHETITE Al e
3t ol AT BET} 10| AHEFEL bt Lol

QS =" =1 =1

ul

Tpp= [a(kL—4L/5),x
x(kL+4L/5)] T

(kL—4L/5+1),, 5)

Tz, = w(kL—4L/5), 2 (kL—4L/5+1), -z (kD)]T  (6)

Tpop = lw(kL—2L/5),x(kL—2L/5+1),- 7
z(kL+2L/5)]"

Tppy = (2(Zk), 2 (Zk+1), -, o(kL+4L/5)] " ®)

2ATEE 7, 9 2EF At g, O] 9% AN
ol &AlE 0] /b Bf| o)L °}
SRS k— 13} k+ 104 AHEHo] ZA517] S
T+ olRAlEESE 39 3w BFE R
(Level Min) & FAE| 022 Sof] 0] LA ST EE 1, 9] 2
2 uY Adbs 29 3@ AR 12 25323 5

Aol FeiE A =m, wg T4 9] gkt ofof 3
@5h= PPES 78 =9Itk T2y k—1 i b+ 19
A 2HEYo]l 2T B,z &} 3y F TS
559] A7)0l tetz 0] 22 919 A 2,0]

AL LFEH st ol 2AlE SR A E ]

ol24l

|SSIX QA A HES S8 Az AHE 7S A5 M

AEEE Y2 B25 22 G419 FH7E ofd S 9)
o w2hA 4] (5)9] Zf) o] Az el gt 24 1]
g 23k} 4 (6) ~ 4] (8)9] 4 AEEFof tigt 23} v

g 23S A 1 Fart ok Joo AFA gk

o) ABES S Tk ole A5 Ee) PPE 2 9j3k
FH2 99 WA E | 202 AHgsto] B o] 2 AlE
50 492wl

Table. 1 Type and features of signal block corresponding
to mass index by quadratic curve fitting results

Slope sign of the 2nd fitted curve for
Type each signal block Key Features
slopQ(g) | slopQlag,) | slopQEsey) | slopQg,)
NNNN - - - - NSS, HMP
NLS, HMP,
NZNN - 0 - - RSS
NRS, HMP,
NNNZ |- - i i 0 LSS
BAS, LMP,
NPNP - +or0 - +or0 NSS
NPNN - +or0 - - LSE, RSS
NNNP - - - +or0 RSE, LSS
NZPN - 0 + - NLS, RSS
NNPZ - - + 0 NRS, LSS
NETC - X X X ARD
PZXP + 0 X + OSR
PPXZ + + X 0 OSL
PETC + + X + OSB, ADR

% - : negative, + : positive, 0 : zero, x : don’t care
3% Description of the characteristics
NLS : adjacent left spectrum not present
NRS : adjacent right spectrum not present
BAS : both adjacent spectra are present
LSE : adjacent left spectrum exists
RSE : adjacent right spectrum exists
NSS : no or small peak position error
LSS : spectrum shifted to the left
RSS : spectrum shifted to the right
HMP : high major peak
LMP : low major peak
OSL : overlapping adjacent left spectrum with large peak
OSR : overlapping adjacent right spectrum with large peak
OSB : overlapping adjacent right and right spectrum with
large peak

ADR : additional determination required
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Table. 2 Selected ion signals for pre-correction of peak
position error

Type Selected ion signals for PPE Pre-Correction
NNNN | [z (kL—4L/5), x (kL—4L/5+1), -, x(kL+4L/5)]"
NZNN | [z (kL—2L/5), x (kL—2L/5+1), -+, 2 (kL+4L/5)] "
NNNZ | (2 (kL—4L/5), x(kL—4L/5+1), -+, x(kL+2L/5)]7
NPNP | [z (kL—L/5), x(kL—L/5+1), -, a(kL+ L/5)]"
NPNN | [z (kL—2L/5), a2 (kL—2L/5+1), -, x (kL+4L/5)]"
NNNP | [z (kL—4L/5), a2 (kL—4L/5+1), -, a2 (kL+2L/5)]"
NZPN (2 (Lk), 2 (Lk+1), -,z (kL+4L/5)]"
NNPZ (z(kL—4L/5), x (kL—4L/5+1), -, =(kL)]”
NETC No PPE Pre-Correction
PZXP No PPE Pre-Correction
PPXZ No PPE Pre-Correction
PETC [@(kL— L/?;rL?;)L/QkLS)I]l/2+4),m
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chl: (slopQ(iL L) <0) & (slopQ(iHYk) <0) (15)
ch2: |(a) (elopQ(a:‘ L) =0) & (slopQ(iR,k) <0) (16)

(b) (slopQ(z, ;) <0) & (slopQ(zy,) =0)

ch3: (slopQ(mMr) >0) & (.SlOpQ(:INTR_k) >0) a7

2] (15)%= 4] (10)2] ATEE ] Q1 AHEZ | 3
Tl FE R84S A FUE A A (16)2 A
HEZ Y A AREHY I;H”o}—t— A B kv
o FYUE A9, 22al A (172 AZEE0] F&2
2 o] FoiA AU Tt 1A $IX] 1% q ol A
EYa} BelgR] ¢ Axrt 2 F9E ou|dit 7
g0l dial Z4 AEEZ] digt 1x} ZYgFdINIH
3(b)e] AE AL HAQ 7] &7))E F7HH 0= ALga)
o FE 82T E AR 4 (12) ~ 4 (149 A=
B2 3t A7 ZAF A9 71875 slopLlz,,)

slopL(iRyk,), slopL(z ) 2F A Jalal 7k AEEZo|
o 13} 9 28 The et o] FRAT
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L3RRI AR B S S5 HY AHEY HE M5 1M

ol (slopL( :IIL i <0)&(slopL(:1~cC>k) <0)& (18)
s’lopL 5”1? k ) <0)

{ ) (slopL(z, , <0)&(slopL(:iR.k) <0)

cd2: ((a) (slopL( ka >O)&(slopL(.'Eak) >0)& (19)
(slopL( (@, k >0)
(b) (slopL( x; k) 0)& (slopL(mR A) >0)
a3 (slopL ) )&(alopL(:l:H A) 0) (20)
cdd (slopL(xL W)= 0)&(SIOPL(-’IJR ) <0) (21)
cd5: (slopL(z; ;) >0)&(slopL(zy, ;) = 0) (22)
db : otherwise 23)

Table. 3 Condition for eliminating the invalid element
signal of the signal block

Cases Logical conditions

casel chl & cd3

case2 chl & (cdl(a) || cd2(a))

case3 ch2(a) & cd2(b)

case4 ch2(b) & cd1(b)

caseS ch3 & (cdl || cd2)

case6 ch2(a) & cd4(b)

case’ ch2(b) & cd5

otherwise otherwise

4 (18) A B2 R2NEEL AEHOR 7
2, 4] (19 RANBES 5402 2713HS o))
st 4} 20)2 /A ol 2Al 277 4= e =24
oIt} 4] @1)3} 4] (22) HZ Ei 9.2 0] §H% AH Y
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29 Aol AL, ABHE Zole] 1/20] o w2
91%] o] Fo] WAlGE ASE B 4 Gtk 4 (18)%} 4
(19)0] 2L W= AgolA] 2 AEEE] 9k
AEHENE)7 ASHOR F7} B gashs A4S
ST N, ool AERES P 98N F
ARABE TENEE (153t} AL 0|2 2
AEEFe] 24 S 9lo] ATEE | f99
2aAEO] o] ket A7 Hs AsE Sl e
), 39| 118 o] &A% A7 ZZ(casel ~ case7)o] 9
3l 4] (24)} o] Al A H .
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z,= (=, for casel
Zk(kL— L/2) = ;;,‘v(k'L+ L/2) = Level Min for case2

2, (kL—L/2) = x,(kL— L/2+1) = LevelMin for case3
ik(kL+L/271)—ik(kL+ L/2) = LevelMin for cased

2, (kL—L/2) =z, (kL—L/2+1) = z,(kL+L/2—1)

7Tk(kL+ L/2) = Level Min for caseb
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