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Abstract: A novel data processing method of gas chromatography-ion mobility spectrometry (GC-IMS)
is proposed to address the challenges of peak overlapping in GC-IMS spectra for exhaled breath analysis
and the limited and continuously updated samples in applications. Breath samples simulating different
physiological states were collected from healthy volunteers before and after drinking coffee, and were ana-
lyzed by GC-IMS directly. Overlapping peaks in the GC-IMS two-dimensional spectra were resolved
using a Gaussian second derivative peak sharpening algorithm, and a Mondrian forest (MF) incremental

learning model was constructed for classification of the two states. The results indicate that the method
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successfully resolves overlapping peaks in the original GC-IMS spectra, increasing the peak signal-to-

noise ratio (PSNR) to 50 dB. Features such as the positions and intensities of the resolved peaks in the

GC-IMS spectra are extracted to build the MF incremental learning model, which maintain a high average

classification accuracy of 93.75% as samples increase, significantly outperforming comparative models like

random forest and Hoeffding trees. This exhaled breath analysis data processing method enhances classifi-

cation accuracy, showing promising practical application prospects.

Key words: gas chromatography-ion mobility spectrometry; exhaled breath analysis; overlapping peaks

resolution; Mondrian forest

0 3| &

Wt A S 2 R YA ALY (Volatile
Organic Compounds, VOCs), HFZE & & & REM%
S e AR A= BIDIRAS o 55 09 . A= 35 S R i
FAEG LW T B L, I SRR B A e
JCIR AR R SO0 #e, T  1  J9 fi r
B SR R ARSI T A 0
AR R OB A bR R
AR, 5 — KR TR P 2R 8 VOCs
()R AR A 2 S AR SO, PR AR R )
WL BEAT A BURZS b , IR SEBLBR U . 5 A
ik = B A 5 0 b 7S A B A DL T S B il
Jei . 12 M BH ZE€ 4 il % (Chronic Obstructive Pulmo-
nary Disease, COPD) %5 22 5 i B4 A 1) 53] =7
7 ARG R BT R A . HAT, AR
WP HE SR i 3 A SO 03 - B kO
(Gas Chromatography-Mass Spectrometry, GC-
MSF | HL T 8 T I B 3% (Ton Mobility
Spectrometry, IMS) "4,

SO RS - B - #£18% (Gas Chromatography-
Ton Mobility Spectrometry, GC-IMS) 7 R 45 &
S ETE = R0 B S B T I RS I R BRI
P, BARGAEBUN K BARA R R, S A
NP IE S . GC-IMS 1] DA7E & 58 19 B [8) 9 52
BRI A A Z2 Rl i VOCs 19 [R] B sz, H:
ik ] AR I U ) 57 5 R R B2 3 T R A XoF iz 2 43 A
KEET, BBA BCCFAREARE 17 5 4 g 5 A
PO AT . SR, T SR AR R S 45
AL R A DL, 35 B 5 0 o R AN
I E 5 W U R ) 5 AR S ) MR o ] S
PR3 P& v o e A 1) A AR AT 2 O X TR
WFSE Y E B AR,

WA ) g — A i S [ A s R A A 5 i

A PR SR A 22 K, X e e =R o7
AR TR AR, R 2R
T3 AR R e B8 X' A5 i R AT 5 5 4
655, FEBR TR B o b A RO AR R . AR L
ZF, WIS G 2 R, TR
25 S PR PN 7 B AR AR R BN 25 2 77 A ok
UG, HLTE B 1R A I 1 11 75 2 F R Il i A
RIS

ASSC AR W E T I B AR o3 A AL E
WNRES BF IR, R ES S E SR
fiff AT 55 1 ik 2 >0 B IR SR I AR A B i iR
SR GC-IMS WA 45 20 ] H A i 75 A A A PR) X 7]
R, TR) Ao A A A > G SR figh D PR R A i A
/NEEIRLEZ ALRE T AN R R

1 XHFER
1.1 UESEHE

ABEFE R A A 2 GC-IMS R G0 M H A A
AT . Z ARG 1 s, B R EACRRE
B AR (T T 40 12 R S A RS A ke
BB N RRT SR R BT IR SRR i 36 R4
B, I A A AR R HEAT T AR
A&, il P AT R AR AR BRAEAE () VOCs ¥
JE 2 ARG R AR IR 345, O SOk B il i K
YE R IAEAS

PR B COARIRAS L 7S <R
1 mL g IR TR SR,
COAEIREF WEDIF AR COLMREE , BT IX 7358
J S5 MR, I il AR I U R N
I I R R SR A R KR TE SR
B EELS , A S BRI YERR 40 "C RYTHEIR

GC Tl 43 25 4% & 3 % i DB-5 & 40 3% 4
(Agilent Technologies, USA) ¥ i% , 4 3% # &
15m, N4£0.53 mm, ¥RJEE 1 pm,



CRVES 177 D T GC-IMS IR Bl A BT 5 (5 4D 329
IMSHIR

| GCHImrEsE

TS A
b2 ‘\WA

R AR TR
PR R TR

:{":f’;db- oo E Oo: 5
N % N Y Yam
i I A :
lIIIIIIIIIII |
PR

E 1 GC-IMSHSS#HRSG/RER
Fig. 1 Schematic of GC-IMS exhaled breath analysis system

IMS e 0 25 5 oy Pl 2 i F L B R L TR RS
MRS | (55 RAE S AP TE A . i
S BARTE VOCs 4 GC 43 8 5 18 AN TRl i Z 46 vk
PEAIMS w15 2B GC {5 B8 i ] 28 1k i) — 2 51
IMS % |, ¥ B an & 2 B s 19 GC-IMS i & .
IMS R M GC 8 R 0 & 4 A R4l
99.999%), GC-IMS RGN FESHUNE 1 Jimn,

0.6
~05
204
i 0.3
02

0.1

1 2 3 4 5 6 7
A IR
B2 GC-IMSiZE
Fig.2 GC-IMS spectra

®1 GCIMSHESHTRHESH
Tab.1 Parameters of GC-IMS exhaled breath analysis system

&L= iYLl
GCiRJE/C 40

IMS R AR /°C 100
IMS HL 5 B /(Veem ™) 380
FHA e/ (mLemin™ ") 10
R/ (mLemin ™) 200

1.2 MESIEgEXRE
W7 ZfEEEEES SLE, T3 5%

WEZRIERE A BBA R IEREAS, 5
90 2R A 07 5 A A AT e i ) e A

SKRERTZ 3 W - Fr Ak 30 s AV bR 1 sk B )
KRR . 1200, SRR A A e AR KT i
WE B 0 P AR, A Ayl B R RSB BLRE AR
B , AR5 B O 100 mL Fi5E w69 W 1L
JRUBR Wi M R 5 R 1 A w25 77, 300 mL ik 7K
FRIA 15 g MHERS i), 20 min J5 2R 88 HE S
TRAE Sy EB 3 PR SRR AR

FEIE R AL FT SR sh il <R, FE s Sonp
VERFEAS B AUE BEIR, AR IS 2 3 IMS 3%
FILIBIN R G IR W o SRFER, 23 & i — vk
W 2% 1 A< 3RS B, FE AR A PR
F CO AL B4R 52 1 WD S AR COL0 R, 24
I8 B A I R R I S P aRHED , SREERSEA
BT A AR i R B E R . PRSI
Jei, 75 YDA A AR AR, R A v il
A GC JEAT W5 B 5 i IMS A . A UGl
SERUE I shAm SR U s R Pk E AR
KRB, DL sR R T

W 23R R T e B I SR REAS B IT
SR COZAEAR” KPR IS 190 H SRR A bR L
R CLRREART, oy B R ARZE O FbR %S 1, AR
A 35 IFAAEAR

1.3 MSSWBIELET %

A3 P B e b B AR A 1] 3 T, AL 4K
PR TP | REAE SRR TR 3B B

B0 T A B B R R GC-TMIS 3% (&1 i 17
FMERT- U Ab 3, DA AR IR B S5 5 1 T
RIS M O3B R, IBRGCHSES W
IMS S EIENTE =155, R ZT 569 R
A R DL 22 A BRVE SRR, AT R GC-IMS %
B SBOER AL TR R



FIMS JFEIEE S Y ) M IMSTES S50 ¢

330 LI v 5 Y N S ¢ 2026 455 3 ]
FAECC-IMSIH 1.3.1 GC-IMS & B4R
|——————¢7—————— 1 KT A GC-IMS T el 0 36 e 407 . I 588
| % - ! % AR R A A RFAE | SRS T B S 3
| I : REHTBEAL 7 19 B IMIS T AT . %7 77 43
. . | AR BE 5 WL 2 B B
P . | TERE BN B R — B S OB
Spbniebripby bbbk - KT
| = S— , S()=Y (1)~ kX Y"(1), (D
o =

| 1 : T SO HIEIEBAL IS I IMS — 45 55 Y0
| e
I I

A 4
sz e bl

B3 MSomEELSERE

Fig. 3 Data processing flow of exhaled breath analysis

F(1)= i Y ()] Gauss(t—7)— kX Gauss"(t — 1) ],

u—py

Gauss(1)=A X e 2 |

L : FO R FIE S 9 IMS 1555 Gauss(D )

T T s AL o o D R | DA I 25 F

FRifEZE . SRl IMS AR5 46 BT i b BRI 5 06 1 AR
PRFFAA, ST BALET Gauss (DO /&

Jm Gauss(t)=1, (3)

AP m IR 5E

FEME(E AU & B BL, B o THiLA (e =12
A A TMIS RpAIE 068 14 08 g A U7 8 oo MBS T 2
oo TEIRSERIAEACE RErpr, A B 0 o S b i 2
PR/ MEBRHY A 5 55 UG IMS {5 5 Z 8] 191
TriR2E, I RIESNL & 45 R r s M 5 T S

n =) z
minE[Y(Z)zA,e 20! } (4)
Ao A LR TMS 335 P B BRI 9 i A 55 i
1.3.2 #&zLIRA

B0k A A B0 B AR RO 55, AR Gk
3PP AT ARFNE M A AT X L 2B« AR Sedit
27 S BRI B WL AR AR (Random Forest, RF) | £
it B i 27 ) AR R Hoeffding A 43 28 #% (Hoeffding
Tree Classifier, HTC) DL M 1 5 48 il 2 > FE A 52
7 B 42 7% Mk (Mondrian Forest, MF)

RF & — A LB AL aS 22 2 7k, 2k

HERREI ] 5 kg BEALATE N 1

R G i W AL e R v R P ORI J
D, dt— 2251 A s s B B R 5 17 1
LI\EEO

(2

WG B, A5 YN A0 8 50 3 i B R 4R, R It i
222 )5 AT R . HTC g FEZ=2iE
7, HAH I F Hoeffding 11 5L FRIS , AT 7E 887
WS S AR R 250, 16 TREAR LRI AL K
s IR IO Tk S5
LA RIZE R, AR PE REAEAR KA FE b 32 1 718
HIA KK 52 E0 R T

VER—FEG it 2 ik, MF 454 T BEbLAR
MR L, DSBS e S,
SEPL T B TR LSRR . MF A TR AL
FY 5% 18 B 22 (Mondrian Tree, MT)ZLAY, SRR F]
FH—FhBEALZS IR i R A . X&) i e
B AaTE, S e e B idi g RS B TR
HAT R4 0y BRAIMEIR I AR 4 734

B 4 A MT pyFg et i, Hop, Z2 &R 1Y)
W45k R sk 11 3, A B Sk g A REAE 25 8] 8 3
INEE . MT 2 i AN W b 78RR AE 23 [] v Bl HL2E
B B JF v B 0] o3 A, R B XA A0 4 53
PR SE Y o AR Ko HUR AR TR Y i X
IO P DX P, PR TR TR 8 A HL AT SR 1A
] 4 HREAE 25 ] AR IR AR d AR, 430 A A
Bl o, N8 20,0 MUT 8 S AE B ) 51 1==0. 42
A HEAT 28—k K4, M e, =0. 33 A KR Ak 2 1] 43
R AE AT A DX (B B Brigi ) 5 3 31 X8 by A 5 4 v



Cass 177 WD

FATF GC-IMS RS MrBdR AL O 3 (5 %) 331

AR PAF9 45, BEJE , 7E a6 /=0.5
B, A5 X IRAE 2,=0. S gE— R4 . B— kR 4y

=0 ——

1=0.42

X,>0.33

t=0.6 { X,>0.5

lé &

B4 ZiE

P PERE I RIBRIC , T 8] 77 5105 1 2544 1Y) 0 52
il SER T MT kg il &

Fig. 4 Construction process of Mondrian tree

TESE A5 R 43 5, MT 38 sk 750 f N 26
Sl 3 A1 S B A3 2 o AR AL iy AR AS 1) R R
[e] £ 9 X0 3 B AR 0] T 3B U 0k Py, 2 A 0 I 6
A1 o B R T IR B B SR AR R AR 2531
RN T 25 AR, R R e RIS g o)
FKHAERME . TP MT M7 #0470 285, 4
L58 ARAR D T A B 53 28 25 RO R A Y B
R

N TR R R oy 28 e SR B N TE AL, A
SHAP(Shapley Additive Explanations) J7 i " #E47
AR AT . SHAP Jr 1258 1 1155 R FRAE
XA RL RO i L DTRR R AR MR IE A

2 LWHERS5LH
2.1 IMSiEBE S

Bl 5Ca) Fi7R S IMS PR B b A7 7 1) 24
N T i B2 0 R I 0 o 106 A2 SR 3T B WS ], 5
TrEME VRS B 00 o [RIRE, 280 b 55 AH AR g
B, R T IR RRAE M HERA RAE . X PP I
BIE e W o i el s U S P L W
38 7T H IMS (UZE PR A R
S AU S B AR, SR G 1 4y B
YR i E AR bR
|t — 1]
R T
2 o M50 AR WEEEE RS I R] 5 <o, Fw, KT
WA I 5 OFEIE 58 w=40) . 24 R>0. 5, Hlig
Z A PR AT, RS> 1 R B I IEA 7y 55

(5)

I
| t |
I . B ight I
A I
I |
I Bun I
X 0.5 |
I |
{
I o I
: Bughl I
I 0.33 o :
Lo s ot o ! o el ey ) B it (e
0 X,
BRIl
0.6
[l — s st
05
04
=
<
aw 03
=
02
2#
1#
01 \
0 j \ ;
2 3 4 5 6
LI ] /ms
(a) AEFHAT
0.8
— IMSIF OIS P
0.7 + —IMS i1
—IMS Fifig2
0.6 —1IMS i3
H — IMS i 4
=05t —IMS 5 ies
Z —IMS g6
= L —TMS 57
':EZ( 04 —IMS il
= 03k —IMS 59
0.2
0.1- JV‘J
0
2 3 4 5 6
SR H]/ms
(b) Zb¥ )5

B 5 SErgiaEaEE IMSiEE
Fig. 5 IMS spectra comparison before and after Gaussian

sharpening



332 il

FEVE 5 Y NI I 14

2026 45 3 )

E 5(h) A5 F B S0 v W Ak T vk Ak
S AZE 9, 2t S sifbab 3, JFAE 24 i I
ST B AT A O A 2 ST A R ST DA (TMLS iy 307 0
1~9, HLIAF B HETIX 7

250 T B 5Ch) FhEI S B s i 2 (]
FHABUAE R 43 B B e BT 0 1~y B0 O 2L 8 1 AR 4R
W RsBIR T 0.9, RUZ & B IARE S B
U S VR ] B

F2 B EEBEMTER

Tab.2 Resolution after Gaussian sharpening of overlapping peaks

RIS e 20T WA U o (y/ms 1,/ ms Ry
g 12 3.065 3.191 0.95
g 2-3 3.191 3.441 1.90
T g 3-4 3.441 3.651 1.60
g 4-5 3.651 3.783 1.00
T 0 5-6 3.783 3.934 1.15
i 6-7 3.934 4.112 1.35
i 7-8 4.112 4.263 1.15
g 8-9 4.263 4.382 0.95

2.2 GC-IMS 54 B4 {EIREX
B s = 3 B Ak Bk N T GC-IMS 35 2C

B, PG S o EU R FR BRSO . B 6
AL FRRT S B9 GC-IMS FESFE 20 A

60
io%
50 0.41
£ 40 0.36
= 031
= 0.26 5
SE 0.21 %(

0.15

lo.10

loos
0 0
2.0 2.5 3.0 35 4.0 4.5 5.0

IEAS I H] /ms
(a) JthA2: SR

RER TR/

20

2.0 2.5 3.0 35 4.0 45 5.0
A H] /ms
(b) W B 22 S A0

B 6 Bt aiE GC-IMSHELE

Fig. 6 GC-IMS fingerprints before and after Gaussian sharpening

M6 v LB & A, 280 v BT 0 Ak b B
J& SRR EAE— R RS S B RO RAF . A
i PE O 4 S0 Y A B a, R D U R 1R MR L
(Peak Signal to Noise Ratio, PSNR)" X} 4b # f{ij
Ja 048 sCE AT PEAL . PSNR J& DAL S & 1)
wHIERS, How SO HET IS (55 Z BB 7 iR
2, W E NN PSNR {E 8 1 30 dB B EIR K B8
I T A SC R T B A A B 19 F5 2K PSNR G5 ]
50 dB, UiBHHE SCEITE 2t db B S R AR . [\
BF, Ab 3RS 48 SO T PR IR 2 A RRE D .
B A S AU = TR BB ARF MR KOF, i
PO T IR LA T, RS T EEN
P FEAT RO, T4 = 1 P ASCHR S B R R 4 Y
e

2.3 #®KIRH
2.3.1 EEEBEITAY

K7 45 H T MF, HTC FIRF 3 FhAR Y )1 25
FEAEIC R NI SRt (B] i AR A ka3, i A Y
IR [RI B AE A BB g, (R RF 1125
FERHAZA BT MF ATHTC, H35 K R
XA T RE 78 A B 0 450408 i A Wk R 7 26
AR TR AT, TR IR R,
DA JE S 3 k2 S B oK o HTC By Rt ] g
I HL B AR A K A2 fb e/ o X A% 55 F HTC X
Fa 3 P RR e SRR IR 38 S SR AL, A AR AR
TSRV AT AR S LA I PR P 43
B e 3

0.05

v BT B nTC
0.04

0.03

VIIZRET 1] /ms

0.02 |

0.01 |

0 30 40 50 60
YILhFEA
B 7 7 EREI L5 i

Fig.7 Training time of different models
A 8 S 3 BB B 25 B A B 535
MR LR 25 RE I, 6 30 REA 10
B, MF GEAR H AR 2 35 BIL R A 1 5 0 4 20 36
W, BE % T S DR SR B I A R R



R 177 3D HF GC-IMS I IF AT B AL 3 7k (5 &4 333
100%0 . W& FEAS B0, B o0 A5 FF 1h 7 5 High
N 2 12X b b = [l s ® g ket o
FLH AR, MF a5 g
Je AR EE  ARRORT A L R T AR ey A
R 43 PR A5 BE T, dEB 5 0] 9% JF i A58 € 18 Eg - Sl
. touf jdfe oo oo o .
90% . HBIRIAF- I UERR R ORHFAE 93. 7500, el T 2 . -
b y N S . N e %15 AR e oo o
BEAY HH /INRE AU S O 1) A AR 1 R At s A AL Pk Wil6 I
ap N A 3 eI ceem w o
RELZ AL 11 AR b i AR =
W12 R &
100 1[;30 . oo el BBlencm o o0 § =
95 F %13 R o
90 | ¥19 ot
8 527
é% 80 | %9 -
&P W18
& 70| s . ' - .
65 -0.10 -0.05 0 0.05 0.10 0.15 o
60 L SHAP{H
55t B9 MF&E ) SHAP 5
50 20 40 50 Fig. 9 SHAP analysis of the MF model
kAT PN
As FARMRAKERE 3 &= ik

Fig. 8 Classification accuracy of different models

PE—2B AT UL, RE FEREA Y RS 4 hE
OF RIFAE AR, a5 MF £¢-F, Hili T
BT OB VIR AR, FELHURTIT B 2 3
TMF. HTC BIGAEn i, (H7E R il R
FIRZVEIS . 3BTRS B 3 2 B R AR
R, il i =35 I UE I X I 2k -0 18] 23
112 O BENLTE R, 25458 Y75 i A7 S 56 o A T
IR N T 102,

RIS R R A5 R AT, MF SRR
DR 85 20 S R 1 14 [ P 2 L e 394 D1 2R3
R, SEHAEWIE I GRAE AR D ARG B0 T B T
HHZ AERE , I BB FEAS UL R AT BE 4k £
PRI . MF B GE 5 4R S Bs GC-IMS I
RGN v A0 B2y ) S 2R A

2.3.2 HUEENESHT

Bl 9 IR T MF B8 £ Rk X o 28 45 R 5
me R B Y SHAP {4341, Horbide 28 g 1, I 10 1
I 143X 4 AMFFAEXT MF #5750 432 55 52 B 3

Y 28 R E (R A5 v P, R TR B i i) TR A
ARFNGE A 17 2S5 M 14 B, BEAR A ] Tl
B E07 28 o B BB IS ] ) RS 4 40 7E 4 28 ke
FICHAMER, vRBAL S EZWABE X, T
J5 BER ARG WP S48 805 P9 78 B G HK S o3 B e
WIS TEAR BRI &R

BEXT GC-TIMS IR AG I v 45 £ P o B 5 30
FRAE S ORI XE , LR SEBR I 5t T AR AR BR
g SCREFRFEE SR AF ML, 3 ) —Bh 4 & i i — B
SR B R o] ORI o3 M e b 37
o FRAESREUET B, SIAGET B 8 e i
PSR, Ak BB — R e 0 7 T IR R ROCR
ARARTH T GC-IMS fR & [l B 1 7 B 5
RO B BT R . MF A3 &2y > 73 BRI /)N
FEAIREE T BEAS = A0S MR REAS Y Sh A 51,
Gt GE AL AR PR LT S A A Ak BN i 35 64 e 58
JEAS o AR I PRI A3 5, M BEORL 72K
SEOBTRE S AR TR IT 4 Ll H A AR G 1 SE B
NI

oy ==

Z2 7= BA/Conflict of Interests

i
JI A A R AR 2 T

All authors declare no relevant conflict of interests.

S 3k

[ 1 JGANEEV A A, GUBAL A R, LUKYANOV G N,

et al. Analysis of exhaled air for early-stage diagnosis

of lung cancer: opportunities and challenges[J]. Rus-
sian Chemical Reviews, 2018, 87(9): 904-921.

[ 2 ]DENT A G, SUTEDJA T G, ZIMMERMAN P V.
Exhaled breath analysis for lung cancer[J]. Journal of
Thoracic Disease, 2013, 5(Suppl 5): S540-S550.



334 w4

[ 3 JCHRISTIANSEN A, DAVIDSEN J R,
TITLESTAD I, et al. A systematic review of breath
analysis and detection of volatile organic compounds in
COPD/[J]. Journal of Breath Research, 2016, 10(3):
034002.

[ 4 ]SUBALTI A D, WIYONO L, YUSUF M, et al. The
potential of volatile organic compounds-based breath
analysis for COVID-19 screening: a systematic review
&. meta-analysis [J]. Diagnostic Microbiology and
Infectious Disease, 2022, 102(2): 115589.

[ 51 VELDE SV D, NEVENS F, HEE P V, et al. GC-
MS analysis of breath odor compounds in liver patients
[J]. Journal of Chromatography B, 2008, 875(2) :
344-348.

[ 6 ] KONONOV A, KOROTETSKY B,
JAHATSPANIAN I, et al. Online breath analysis using
metal oxide semiconductor sensors (electronic nose) for
diagnosis of lung cancer[J]. Journal of Breath Research,
2020, 14(1): 016004.

[ 7 JRUSZKIEWICZ D M, SANDERS D, OBRIEN R,
et al. Diagnosis of COVID-19 by analysis of breath
with gas chromatography-ion mobility spectrometry-a
feasibility study[J]. EClinicalMedicine, 2020, 29-30:
100609.

[ 8 IXING G, FAN J, ZHENG Y, et al. Multi-scale
input mirror network for tuberculosis detection in CXR
image[J]. Journal of Measurement Science and Instru-
mentation, 2025, 16(1): 1-10.

[ 9 JJUMA A R, CHEN Jing, PENG Junlan, et al. EAC-
Net: Ensemble adversarial co-training neural network
for handling missing modalities in MRI images for
brain tumor segmentation[J]. Journal of Measurement
Science and Instrumentation, 2025, 16(1): 11-25.

[10] LAWAL O, AHMED W M, NIUJSEN T M E, et al.
Exhaled breath analysis: a review of ‘breath-taking’

methods for off-line analysis [J]. Metabolomics,

2017, 13(10): 1-16.

(1] REZ, B, 5, 4. ETMEG-8TT%
TR AT R G [T]. b R BT AR A
2024, 30(5): 45-48.

WU Liangjie, JIA Jian, HE Xiuli, et al. Development
breath system based on gas
chromatography-ion mobility spectrometry [J]. China
Medical Device Information, 2024, 30(5): 45-48. (in
Chinese)
[12] PARMAR A, KATARIYA R, PATEL V. A review

on random forest: an ensemble classifier[C]//Interna-

of a analysis

tional Conference on Intelligent Data Communication
Technologies and Internet of Things (ICICD , 2018:
758-763.

[13] DOMINGOS P, HULTEN G. Mining high-speed
data streams [C]//Proceedings of the Sixth ACM
SIGKDD International Conference on Knowledge Dis-
covery and Data Mining, 2000: 71-80.

[14] LAKSHMINARAYANAN B, ROY D M, TEH Y
W. Mondrian forests for large-scale regression when
uncertainty matters[ C]//Artificial Intelligence and Sta-
tistics, PMLR, 2016: 1478-1487.

[15] MARCILIO W E, ELER D M. From explanations to
feature selection: assessing SHAP values as feature
selection mechanism[C]//2020 33rd SIBGRAPI Con-
ference  on
(SIBGRAPD), 2020: 340-347.

[16] DEWULF J O, VAN LANGENHOVE H, Witt-

mann G. Analysis of volatile organic compounds using

Graphics,  Patterns and  Images

gas chromatography [J]. Trends in Analytical Chemis-
try, 2002, 21(9-10): 637-646.

[17] KAUR P, SINGH J. A study on the effect of Gauss-
ian noise on PSNR value for digital images[J]. Inter-
national Journal of Computer and Electrical Engineer-
ing, 2011, 3(2): 319-321.



