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014010, China)

Abstract: To address the problem that baseline drift in terahertz spectra may obscure intrinsic ab-
sorption peaks and reduce the quantitative prediction accuracy for mixtures, an adaptive dynamic—
window iterative baseline correction algorithm was proposed. Savitzky—Golay smoothing was first used
to suppress high—frequency noise. The peak onset was then located using gradient-based statistical
features, and the baseline was adaptively estimated by combining multi—anchor second—order poly-
nomial fitting, iterative minimum-value replacement, and a convergence criterion based on the
rate of slope change. Glutamine, histidine, threonine, and two binary mixtures, Gln - His and
His — Thr, were selected as representative samples. Their absorption spectra were collected using a
transmission terahertz time—domain spectroscopy system, and partial least squares (PLS), convo-
lutional neural network (CNN), back—propagation neural network (BPNN), and least—squares
support vector machine (LSSVM) models were established for quantitative analysis of the corrected
spectra. The results showed that the L.SSVM model achieved the best performance, with an R* of
0.996 0, an RMSEP of 0. 543 1%, an RPD of 15.72, and an MAE of 0. 427 1%. Under the ex-
perimental system and evaluation metrics used in this study, the proposed method showed better
quantitative prediction performance than ModPoly, AsLS, and airPLS, indicating its potential for
baseline correction of terahertz spectra from amino acid pellet samples.
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Table 1  Preparation parameters of typical histidine pellets

Sample name Concentration PE mass (mg)  Analyte mass (mg) Pellet thickness (mm)  Pellet mass (mg)
His 5% 209. 1 11.2 1. 89 216.8
His 10% 197.8 22.1 1.91 217.4
His 15% 187.3 32.8 1.90 215.9
His 20% 175.7 44.3 1.92 218. 1
His 25% 165.2 54.8 1.90 216.3
His 30% 153.9 66. 2 1.93 217.5

#2 Gln-His “JtiR Uil & 25

Table 2 Preparation parameters of GIn—His binary mixture pellets

Sample name Concentration PE mass Gln mass His mass (mg) Pellet thickness (mm)  Pellet mass (mg)
(mg) (mg)
GIn—His 5% 208. 90 5. 60 5.40 1.91 217.20
GIn-His 10% 198. 20 10. 90 11.10 1.90 216. 50
GIn—His 15% 186. 70 16. 70 16. 40 1.90 215. 80
GIn—His 20% 176. 30 21. 80 22.10 1.93 218. 00
GIn-His 25% 164. 80 27. 60 27. 40 1.91 216.90
GIn—His 30% 154. 10 32.90 33.10 1.92 217.70
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Fig. 2 SG-smoothed THz absorption spectra of pure amino acids and binary mixtures at different concentrations
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Table 3  Dataset partitioning table for quantitative analysis

Sample name Concentration levels Total spectra Training set Prediction set Repetitions
Gln 6 120 84 36 10
His 6 120 84 36 10
Thr 6 120 84 36 10
GIn-His 6 120 84 36 10
His=Thr 6 120 84 36 10
Total - 600 420 180 -
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T UL T AR Tl ) S A AR E W AU o
Ry — IR FE AR W & B IO IE ISR UL, 7 1k AR ZAR NRRIE A DX e i 0, 45T
W RN AR 5 S Mg S AL R B A AR IR T, ARG RS N TR ME B ik
B, ZE AR SIS NE 4 G RER TR, £ —00E Y, BRBCYRiEla L5
IS R, SRR R IR 2 B, TE 2B N BAS & TP s B . A (19) B
B(f])l = min(B(fi{)(xi)’ysmuolh(xi)) (19)
A, xS EAR T B (x,) M LA A B IATE L v (%)) P SC YR G I P 1 RS
R T EDE T ERR AR AK AIRISICRZS, 2ssk (20) PioR:
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K(x) =K ()]
K4@M+e

K, K(,) AR RIERG « A RERIE, & AT 1E B RN B P R RCR SLE RS
B, RSB ol = 1 x 107, ZEMIERES T Kk R B R SR E GaH b 107 &
%) SRPRSAER . SRPRAER AK FEEICX ), LTS8 & CR T KRG REHLI S K
L, GREEEARNS S EGEET AR A RN . G, DO L BME R R LS, BRI AE
IRESE 5 8 S B FRRR S it 220k

W4 B B PN st 9096 114 B3 il AHRARL 2R AK, < tol BHE I 3EFY . SHMERRAE & e Stk
X EEHUH, ASCBINFERERELT (x,), 4775 e SRR SIS Z R AU A 1, RZBUE M 0. 44
SR AR (21) IFEVE 32 R

AK. = (20)

]1[2[(95[)290% (21)

Ao, NSRBI BB S 1 (x) RS R e
3 ARSI

AT A TN E AR SO G B W R B A T LR R AR IE R I SRR ERE , AT A A SRR R
600 ZH AR ZZ MR HE . MOBIETE AR IR . 8 5 [l YA 000 LA S A [ R 2t 1E J A 1) %oF b 3 A4 J2 1T
WAL PRZE SR IF AL . 5, FET B 5 PR i 2 BRI B ot 2 e iR SR IE A G IS T A
B R A ) 2 5 s AR R M 2 RO Iy o AR AE W SO0 7 T ) v DR AR s IR, S R A E il
JE GRS 43 T N ZE PLS. CNN., BPNNFILSSVM DYFfpsi sy ef | s 6 6 (14 [m] V= B30 18 A O PRy
18bn, AT A SCREE R LR TS B SR A E M s BT, D SR LSSVM SR | g — P 5
ModPoly . AsLS Fll airPLS S5 48 B 2 1 7 ik BEAT LA, DABRAE AR SCO7 AR 2 A2 0615 8 5 T I AHXF
e,
3.1 ZHIEELKELERSHFEIRE

S E IR E AR SCHE Y 8 Y Bh A T BRI G s FubR T AR, RO 2k
fe (Gln), HEMR (His) . HEM (Thr) 3FHHAFRHE _IJCIREY (Gln-His, His—Thr) A)HFEGHRE,
X L FE LA IR R T B YIS TE AR . B SA~E 23 5l JE /R T s TORP R St e J5 2R A L i J P Al 2 W i
Kok,

Stirsmonttiad Specram
Alpreidurs-fllcd Beocline

Absorption Cocflicient (cm ™'}

K5 KBFZZOGIE R AL R
Fig. 5 Baseline correction results of terahertz spectra
P SA ~ CPrR, 3 PEIERL ) I A G R BN W R A AR S BE AR RS , JUHAE 1. 5 THZ LA
bR, SRS B RGN R , G R RREAR G G T, R SRR e R 5 4
M. N HARSCRE AT AR S, G ARRFAE A X I i BRI R 0 e B G M, RGErEi
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FREURBA RO R . BY B AIER SIS 2] 1 E R B . S ZNENEAE 1. 73 THz A 2B Wk
W, 7E1.95 THz 2. 35 THZ A HEINZIR, 2. 50 THz ALk 0%, 8 IE GRS , WRELR)
FemEAs s HERAE 0. 82 THz ARMIX AFAEAFAE SIS, 1. 20 THz Al 1. 40 THZ AL IR KVE, 1. 65 THz ALK
TN, 2,10 TH2 A A FEIZ M BT . A IE G X SR IERE e 2L, JUHAR 0. 82 THz J5UETEIL 2641
R Jaig i al ¥ 2R E0ERL T 2. 15 THz, IRUERL T 1.45 THz, 1. 75 THZAAESHIINL, BIERE
WG 15 R MG A7 | el bl T 0 B 34 5 B AR AR I — 50, R 2 SRR T4 b S s X I R 4
G5 ERE/METHAE R BEVE R, AR TS T R R LR A S R E5DIE)”
ML,

T RSy oA A WS H A E ) TR AR R, AR RAEEIU L R &
Bk, AMUIh R T AR =, BRI 7 R 5 T A A S RIS | flS BOBUERR
fiE. A SDFT/R, Gln-His —JGiR SPHIRIEGRETE 0. 7 ~ 2. 6 THzyE[H P RILL AN EEWCEFE, %
LTI E, BIEE, P2 R EISERE i/ & R af iAo . IR S WHE0. 76 THz Zb i B[l , AH
BTAHE RSB 0. 82 THZ FHIFIER A2 T £90. 06 THZ N5 ; 7E 1. 70 THZ AN R SE0s, o I 4 2 ok i
1.73 THz 5ZHETR 1. 65 TH2 RHEVEMAZER A s FIEHIT 2. 48 THz, FEAZEIE ST 2. 50 THz 0%
KRR, WAME2. 07 THZ WA T H TR Ve CHFRFIE . W SE PR, His-Thr —JCiR &
PR IE G RS [ I A R AR AR A3 B AR . TR AR T AR 10 0. 82 THz Al 2. 10 THZ AFAENE ;
TR 1. 45 THZ FHFISTEIR AR 2 208 1. 44 THz 5 1. 57 THz (9 SEFUEHRE ; 7F 2. 32 THZ 4L
IR 43I AE ELAE P Y TR e .

bR, B SCEREE AR ST 2 WS . R EOBUERHIE R T AR E R R TR A ST
P BRI B A EAEH "7, BRIEGEREE e R Ty b5 R . SEIRa RRen, A
FEAVNRENS A 2 S BTG T A AR R B 5, EREEIR O R i b S B PR R
RIS, kg Gl A s A 1 i o i i A S i
3.2 EFREMXEHEZELEADH

Mt IR L B G Y B A T L ARBEEAL IE G B R 22 6 i RE IS A R T E A M e B S5 kG
B, N REEAREU Z IR S 5t e A R AR 5 5 S A LE IS BAR IE 1S 43 AN PLS
CNN. BPNN L) K LSSVM DU 3E4 ik B T

A B LB [ ASE R A 5 2 A% L Wi S AV BETI0 4345, [ 6 J 7R T 10 YR AT AE 4l 43 2 K143 B A%
ToUmIZE SR o Pl A AN B R R A A S 2 AE S — B SR B KO IR TN, AT I 2N 4
B ) Eh A 0 B P Y A SR AR A B, R 10 IR AR 4 AL I o 2 SR P XL

mEle R, A, C. E. GHRHETFRMGEIEN ERHMLER, B, D, F. HARETRIEGEN E &
LR, MWAERAMRIK A PLS, CNN, BPNN ., LSSVM ARk T [ VA B S . i 0f b B 46 A
IEHTE R EDAE R E TR, R T 32 M A R TP AR R R AR M, & AR T
) I A R, R B AR M. MR ASCEIRARIE ST HGHE , B R T Hsa S
B WORHIE S5 Pk B 2 R SRPEAH SRR BB, BT A TR0 Fa 0 o 35 B 55 2 B S e B
W CUSES T

BE 1) AN RIS AL TR BE PT 0, RZRMEARAY (CNN. BPNN. LSSVM) 7EAMIR &% Jxdl
Syt BRI AP AR E WL BE o X PR ZE AR IEAE T PLS AR5t b — A i 2k Il VA ik
MR ZZAEL T iR & 7R RS IE Rl /- IS 0 B S, T2 T 7E B 1 S
PHEAEH, SERRE L I TN s S AEL M SO S

FE 3 FhAEL AR s, LSSVM ARAIAE BT A I B s o i 2 b BE . CNIN A BPNN 04 LAY
PN TAHZE AR, L 2 ) a2 AR AR A o BEEAR T OB RE AR IR S . | T R 2% e i A4 i
iR AR A, ML NEAR AT TR SN R s AR S A B Y,
SECLEMZARE JIZ R . ML T, LSSVM ARSI H N7 FE G5 1 > B8 R 45 44 XURS: Je /MK R I 22
b B AR i) RSB S B A S ) AR A AR AR R TR, A RO T A2 M 4%
B SRR AMEL ) B, T HAEANBER/INEEAR | AR B i iR i B e RIIZ AL 34
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Fig. 6 Concentration prediction results of different quantitative models before and after correction
before correction: A, C, E, G ; aftercorrection: B, D, F, H; the modelsare PLS, CNN, BPNN, and LSSVM, respectively

EALE] E&, PLSAE A —FhZRPEml g 7778, HERE M R B Ol R 505 1 B Z 1) 2 A% 1)
MR AR, KRZZEIE IR APk R FAEE 22 AR . B8, FMEWRERk, &
R FRINEREM G KA BN, SEEHEREN IR MEF (A1 Gln-His {5914 0. 76 THz Fl
2. 48 THzINZLHS) , IXATHE 7B — M TG SIREM AR BIE R s HIK, A B r R H 5
YERTEIR G T AT REF= ARSI S, IR S I SOE A S & 7 S 0 B s 2tk 2 s e
Ab, BURTH = BRI, (HER R BB e 7 S i B T AT e S INAE BTk . PLS TRiERIG
IXUL R oy F-Ta) A HAE 5 e ) FERPERRE , PRI TR EEAR AT 52 R . i HEZeMEAR 2 (CNN, BPNN,
LSSVM) BENE 8 I3 pR A AL 5 I NARRPERLST A 32 ) i SR ns 2 Ta) i &8 2 G HE, MAmi
HAF TP

455 6 B R B TN 0 o0 AT B 10 IR E AR 43 Al R0 o0 Fr A VRN 8 bR P X 28 SR v, SRIAS SCERLTE:
KRG, LSSVM BRI T s o Mg A S, BEOR Tl 2258/, R s e ik BE TN GE 77 L7
4 R* AL IEHTEY 0. 988 242 FF 2 0. 996 0, RMSEP H 0. 926 5% 443 0. 543 1%, RPDH19.21738F-&
15.72, HFE 6 bR R*. RMSEP Fl RPD =I048hR, Aidt—4 i BRI X iR 22, AR SCHb
FELLER T LSSVM RN MAE 255, H MAE HAZIERTAY 0. 643 4% FEARE 0. 427 1%, iR IE SR
SIS LUERTFIN R 22— N . FOREE IR, AU REE A RO 99 R L R R IR DG E B
B REI] , A I S ) 6 1 B R S AR (i A8 A B R 7 ) A 0 ML 2
3.3 ARELKRIEFENEETNIERERTEE

SRy — IR ST B A AT 2 AR IR LA IE R AR ARG SE L 1E 7 T A AR ST 4l
R ERBL, EEModPoly "', AsLS ' Fl airPLS ™ ZRha; HFE AL IE B A AR 77, IR IR AG
ek AR 7 1AL I TG B 6 43 AN LSSVM ARZ I 7 S P o Ayl S AN [v] [l DA TR0 I 2R A 1E 3%
RV IE T, SRRV LSSVM BLRIVE A AR, Jf>RH R*. RMSEP. RPD HI MAE P44~
IR EE PPN FEAR A AN [F] IS 2R 1 7 1R 0 E B o M PR REE T HL A . [RIEY, AR AR RIS LA IE 7 iR a it
HRCR, FEAHERE RIS . AH R N EE ISR RE T 400 T, Seih & 7 ik 58 20 600 2 K
2RSS LA E BT AR AT a) o 1B B A8 S0 R JG 25 71 SE I A IR TR R, A dE L
PR, 2. EEERIIZG . ENERRITE . SRR RS SR & IrEs T 2 0
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SLIBAT, FFLASE AR 600 4G HE S IE BTt Sk ) )P BB i 2t S e), a5 R R 4 PR
F4 AFEIELIIET LS LSSVM RN T PERE X b

Table 4  Comparison of LSSVM prediction performance with different baseline correction methods

Data processing method R? RMSEP (%) RPD MAE (%) Time (s)
Raw spectra 0.9882 0.9265 9.217 0.643 4 -
ModPoly 0.990 6 0.8279 10. 31 0.6277 0.7213
AsLS 0.9919 0.7659 11.15 0.5969 1.457
airPLS 0.988 6 0.9118 9.365 0.5984 0.6239
Proposed 0.996 0 0.543 1 15.72 0.4271 2.137

HHAR 40T, FHELJELOEIE , S LA IE G B G SRR E IR T LSSVM AR Tl PR, 5
WH L 2R I A 80 A B T 388 s R B 22 WRMSCRA AIE 5 1 St B 2 TR B G R . o, ARSCT7 iiAE 4
TR S bR E X BSR4 R, R2A53]0.996 0, RMSEP%%0.543 1%, RPD42FF%E 15.72, MAE%
KZ 0. 427 1%, HIFEEGIEAEEL, A7 RMSEP [£{K£ 41. 38%, RPD 4 70. 55%, MAE FE{K
233, 62%.

EESEEAAE T AR, A SO iR AR B S R O 35 o LUK b 7 v v F00 255 SR 45 I )
AsLS R, 28571 RMSEP JE— 3 F#AKZ7 29. 09%, RPD4ZFF£741.99%, MAE [E{IK4) 28. 44%, X
FWH, ASSCRRE T B SR | 2 e DXL A DL R ME L], RENS T M
WA BSOS 5, ML G 7 AR 55 W SO 0A RN o A S0 XS aT RE P AR AR T 59 0 4L, AT Ky
LSSVM BRI | 5 2 it = 1) TN

MITEBTEIRE, ModPoly, AsLS. airPLS FIAS S5 1% 58 42 600 ZH M i JE 2645 1E 1) T 35) S FE B
S3rAA0.721 3, 1,457, 0.623 9., 2.137 s, ASCTFEM TN T B &N AR | S04 a5 DX 4%
U ERE/MEEIRFICSCAE S TR, THEE R T 3Rt b7k . (HESE 458 600 4G G A IE
AN 2. 137 s, T EAGINELR . 454 HAER2, RMSEP, RPD Fll MAE Z548h5 LB, w4k
REMELERE A BRI TS0 B B B T ot S T PERE ,  JFRENSIN & 4 Wi SEI RS T Jit & KRk 2% e vl 73
PR TR R

4 & it

B g% G T AR LM R R R S BOE B TR EE T REA )@, ASCERH T —FhE T B 3
A HERNEEAR LR L ZEE S SC g . BT HESIHRHEN SRR | 24 s
DI LR AR MBI, SE30 1A T 5 T R 22 6 SRR R Ak T E SRR IE UG I
REMRE . Szl AR . SR TR G AT G0 L s G, K IE Gk
REIE IR IR AR R P GRS S HERCRHME, JE R 3T E SRR I TERE. Hd, LSSVMAR
MIFEP A, RAKE]0.996 0, RMSEP[F%ZE 0. 543 1%, RPDIEFFE 15.72, MAEFEZ0.427 1%, %L,
TEAR ST 5 % iR W E R A Sk R AR R FEAR T, Br g 7 154 ModPoly . AsLS Fll
airPLS %5 FEE ZAR IE 7 1A R B O i B iPERE , i EEAE iy S0 5~ AR
TS T AHEAEE 22822 ik ik 2R B8 it e b i) i A A i — P BRiE
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