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ARG 1 21 K ¥ SR B AS [ 8 3 9, 1% A5 7R T
£E 19 AH G R BGEF) T 0.9838, {HIZ T 58 I ok 47 FR 1iF
WML |, P 2% 14 06 335 BRI 25 52 i) A o B RN B
R, TR EIE R R R P, A SCHE T
SIPLS-BP #5707 f5 A4 5040 42 40) 53 5 v Je i dh 380 07 1
U T 4 i A AR Y i 20 R, R SIPLS B A
PEATXT EE o AR SO R A9 i VR AR B i B 5 ek [ 17 ]
LIS TAH AL, BT LA SCAS P X6 1L A% AR ) SIPLS 455 #4
TTWF5E . I T i e 45 SR AR M, AR SCIm 7 —
A 2T S R AR AR

AR SR FH 2R (] U B R (PLS AR Y ) A A 28 1 A
R (BP #f 28 0 45 B4 78 ) % 5t 3 A 000 20 86 L R, OF
B AR R 43 TUAL B 5 ik B DL BRI R A =
T AL A AR S i T d AR B AR K4 O T B AR
43 Fe ) A 1AL BE Oy i 6 B T 43 PLS A SIPLS
R 4% BP AR FI SIPLS-BP A & (1% i ) 2k 51, 6
UE T SIPLS-BP BRI & 4% 45 50 T Il 210 & H A 1 2%
Jeo B4R Ty 2 oA TG AR R A I i 21 B v B Rt
T FlE T, S £ A 1 TC R AT A R A A T —
o L

2 SLIGER 4y

21 FESEKF

S el R S o | AR e = S T i )
99% ), 43t 4li 5 AR [ i (5T 4 5k 95%) , 4 i 4l T
AR AR, 43 BT & 5 B A DS A4 S I 7L (intralipid ) 1 53
W CRI S g 5 AR W) L BT it 43 B0k 20 %6 5 55 3 FH K
BB aligK o S5 R I AX 2% S 58 A0 T UL A 2T Ab
(UV-VIS-NIR) 436G 1
2.2 WA
2.2.1 i EZEEGIRERG T

K FHRE WG E vk, BC 40 i 20 8 1105 A T W,
Jo e e B Y BBl A 122~160 g/, B W BEI B oM 2 g /1.
R BN AR R R RN A= S - W (R e =
Piikws Wb oA T B R R S 1.5 g/ L (4 A DA R
B W BE M 0.8~1.4 g/L By 5 % B, JF H RE A
intralipid ¥ 5% %5 W 1 J5T 52t 53 2R 1096 F1 504 A WG ke
AR 2019
2.2.2 it kiEN S

JH W 5 K T B G Y i 2T R A IR IR R A
ML, bl 68 LS A A, F 9GS S L R 600~ 1800 nm,
FKFEE B R 1 nm, J63% 43 B8 R 0.1 nm, K 45 5.0
FRrEK . T RO A S RO (LS A S
BIERZS ), A LR R 5 mm, AR UCR 4 34K
ATEBEAS PR AL B W B IE R A7 6T B -

T3 A — G EAE 2R W5 AE G AN L WS ) Y R
A I 2L A0 3 3 B RS 2RI 190 M REAS, Bl BR R
FEA S B 4% 186 M HEAS, S5 i [ 2 1100~2498 nm,
KREN]FE A 2 nm, 0 57 700 A I K S I 2T 8 T

BT E N 103~173 g/L.
2.2.3 REHIFELEHR

R H A DR 58 A R 43 T vk A A5 ) B ) o3k
(Rank) \K-S(Kennard Stone) % \Duplex % .SPXY %,
il 3 U by 3 43 0 R o AN G B . TR ]
B R o3 &5 S 8 57 PLS A5 R | bl A 455 0 T 2k R R R
PLS 55 5 5 A8 1) B0 4 500 0 O i B Wil . J5 42 BP 2
B B T BP B AL A s A AR 1R S SR PLS i %K
i B2 R0 43 5 U 2 e A BP 4%, 9K J5 35 Ttk BP
28 % FL A = A BHE AR X0 43 O vk E AT 0 L IR 3k BP
AR 5 A0 11 B 4 K] 43 O ik
2.2.4 KiEFAL

BT PLS S A 80808 42 500 40 O i, 36 1 H R H Y
DY b 991 Ak B 5 9 - 2 o0 BUSE AR IE (MSC) A 1fE 1E 25 48
# (SNV) F 8F- ¥ F1 B #2: 1E 285 5 8 1E (DOSC) .
el FH 3 DU 7 vk 6 R R O B BN AT Ab B O ST
PLS R, Fb 5 A58 0 000 450 5 |, F 58 PLS 465 78 5 It 1)
WAL FE ¥ . 5 ACHT SO BP AR K H 0 3 %) o AR 5K
I 4800 5 9, 3k L o Ak B vk ST BP AR LE
A BP AR 4 TI0I S50R  F 5T BIP AR B d5 A %) 1AL B
%o B EH Ik wHEFHRE R O, A& 0w
Ky A B, AR SR T B 0Bk 3~15 R Bh T s
FENe e U B 8 1 247 5 At 781 Ak B 5k R AT X EE o
2.2.5 HriEdk KAk ik

FIFH SIPLS X1 43 i B, BF 5% AS 6] i B 21 4 1) 45 78
%) LI 2k SR, i BT 25k SR v ) 0 B I SR FH I A
FEBE BEHEAT AR . 7R XTI AT AR A B K BRI, Ot
TR 1) 4 B AR Ak BP R A T B BN 4 7RG
T 1 R A 0 BB R A AR B o A RN A 3 A A R L Y
Y e BP AR AL,
2.2.6 HIRMLAER

K FH 26 1 1] U3 e 0 G PLS 2 45 0 92 Al 2k
o] 9 d5c % FH G BP B AR 3k |, 45 & KO 45 R 4 | T Ak B
FIVRRAIE 5 K I 0k 7 A 78 ) I b A i A4 28 14 AN ) A A
XA 2% TS BT I LT AR 1 PRV YRR B I VR AR B
P8 A 1103 g

3 USRS E

3.1 PLSHEH
3.1.1 fik A A

TR LAY AT TR T PLS A5 AR I R
AHEAT T e A B B R o O i B Kl 43 B A R e A L Ak
A A MRS . SCHRL 18 X il A A< PLS B AU
HEAT R AE P O R IR T, FL 45 S O iR RE AR 04 I AR
Bl AR R 4 05 Bl SPXY ¥, B A R 43 L ) ok AR OE
0 60 A, T R 126 4, AR WAL A A R
SNV +SG — W 5 % ; SiPLS #k 1% 19 3 Bt &y 1100~
1298 nm.1600~1798 nm H1 2100~2198 nm , 3 T+ 1iF
W B ST Y B AR SIPLS 5 AR 50 O A IE AR A O R B
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R.=0.9937, M i 5 A6 3¢ & 5 (RMSEC) 2 1. 968, il
AR H IC R B R,=0.9894, Ml iX £ #H 5 R B (RMSEP)
$1.947.
3.1.2 HREREAR
3.1.2.1 im0 4 T i g R o

FE S0 R AE Y 40 AN B2 24 T S I 21 B 1 I WY T
WS 3 T, — SRR AR B ' 15 R G Al A A B 1 R
£ B TREEAR, FHILHBRI S # AR (2L SFEA) .
i & A 800 nm Ak B & i BE T i AN BR SR, IR gk
£ 900~1700 nm P B AT HEFE . B BR 578 FEAS S 1Y
LK (900~1700 nm) 4 &l 1 Ff 7 .
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35
3.0 §

25

Absorbance /arb.units

2.0 f

L5 e
900 1000 1100 1200 1300 1400 1500 1600 1700

Wavelength /nm
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Fig. 1 Original spectra of imitation solution samples

K FH 4% 8] B R 43 v (K _S ¥ Duplex ¥ SPXY
DY ol A ] B B 4 ) 43 7 v R 39 AN FEAR HEAT AR IE 4
AT 4 4 K1) 43, AR 5 7 PLS B AL 3 i bb A 455 AR
SRR € v/ vevivk B/ s s ) o o 1 I A 1 N i ]
BARAER 5 b K S RZE B el e AR o i IE
£E 0 304, T 4E N 94~ , e AU 45 5l R =0.8857,
RMSEC } 5.367,R,=0.957 ,RMSEP }j 3.2282.
3.1.2.2 WAL BREE XS H

5 1A % TR AR R R A 35 19 K S 1 R 43 e 0 B dl
SR JE 45 A DY EAL BE 5 B (MSC L SNV . DOSC £ 3)j
SRR ) oy i g ST PLS MR o AR SR A Y ol Ak B
J7 15 ¥4 25 W 55 PLS 55 AR B F0m 45 S, H o MSC SNV
FIDOSC = B il &b B 75 2 KM £ 55 1 PLS A5 1 % ¢
IESE YN BT 46 I R I I A B2 T, e B AR
AUALF 3 AR A T DA {5 (43 VR A (1) PLS A5
ANHEATTRAL
3.1.2.3  FRiFE KL

15 A I8 WRE AR 1 6 3% X R 2 o 15 X a] (901~
980 nm, x1) .2 5 X [a] (981~1060 nm, x2) .3 5 [X [f]
(1061~1140 nm,x3) .45 X [A] (1141~1220 nm, x4) .
55 X [E](1221~1300 nm,x5) .65 X [A](1301~1380 nm,
x6) .75 X [6] (1381~1460 nm, x7) .8 5 [X ] (1461~
1540 nm, x8) .9 5 X |i] (1541~1620 nm, x9) .10 5 X
[ (1621~1700 nm, x10) o 54~ X 8] /% 3= 5 7 % () K

A& B UE R J5 iR 22 (RMSECV) @141 2 i 7s o

4 g
15 WRMSECY 12.274 12.1

10.453 10.1

fand RMSECV

x1l x2 x3 x4 x5 x6 x7 x8 x9 x10
Interval

B2 O P WO AR A AN () DX i) 9 A A 45 2R 0

Fig. 2 Analysis of modeling results of imitation solution

samples in different intervals

M4 & 2 (45 51 K RMSECV )% /) 1 1Y A X (]
(x3.x4 x5 . x6)VE R AL X 8], SR Ja5 X e AT 04T B ML HE
I A O S8y ) DL AT PLS € 1t 40 A1, — 315 5]
ISPARFMA G, RIRG R E 1R, e EE]
A A RERY B PE A 8 AR T, IXTE] x4 x6 4G R EE AT
Y B R B 4, B UG Bk B O 1141~1220 nm
1301~1380 nm, fx & SIiPLS #& A iy 45 B 4 R=
0.8439, RMSEC } 5.9276, R,=0.9912, RMSEP }
1.8211 il V& FE AR I A 1 VRORE A Bk 3o 1 1M 20 48 114
TIE W% BEAE 1141~1220 nm X A~ X [B] N & 58 &8 A 1,
T I % FE 7S 2 A9 1600~1798 nm 1 2100~2198 nm
DX 1] 55 07 PR 5 WA AR AN T, 3 2 PR A 5 4R 3 VR AR 1Y

1 ViR BRE A S5 AR e B R LA A 10 2 i o) BT 25

Table 1 Quantitative analysis results of optimal bands and their

combinations of imitation solution samples

Interval No. R,  RMSEC R, RMSEP
x3 0.7939 6.6838 0.9037 5.1108
x4 0.8617 5.6369 0.9665 3.2154
&) 0.8845 5.2662 0.9668 3.0444
x6 0.8693 5.6204 0.8525 5.6042
x3,x4 0.8472 5.6693 0.9864 3.3397
x3,X5 0.8525 5.6226 0.9792 3.1272
x3,x6 0.8417 5.964 0.9834 2.2128
x4,x5 0.8605 5.3742 0.9555 4.7763
x4,x6 0.8439 5.9276 0.9912 1.8211
X5,Xx6 0.874  5.5308 0.9959 3.1854
x3,x4,x5 0.8537 5.6172 0.978  3.288
x3,x4,x6 0.8546 5.8163 0.9702 2.8254
x3,x5,x6 0.8557 5.7646  0.985  2.2899
x4,x5,x6 0.9131 4.5094 0.9807 2.7211
x3,x4,x5,x6 0.8564 5.8047 0.986 1.9894
Full-spectrum PLS model 0.8857  5.367  0.957  3.2282
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43 X 8] H A 900~1700 nm, fT LA 45 4 %5 W RE A< 1
I B AR AR TS A A
3.2 BP#Ei#E

PLS 70 25 FH A% 26 1 1] SR 7Y | AR SCAk 22 TR A
IF 58 AR GV RN AR X 52 2% 3 50 A9 000 21 2R VW Y
ERE AL . TEHE ST BP 2 W 48 R 2 i, T
XFHCHE $E AT A — A A B 3 B 48 s 18] 19 5% M, {5 4548 b
EBALF R — B g . H A IE — 177 4 min-max bR
AL F1 Z-score i fE AL J7 3%, 8 SCBE £ min-max 5 i {b
J7 % S LR B AT e AR e (R A R e I —1,1]
X [E A o

FKH =2 AZ BRE)Z )2 ) BP A4 X 4
P 3 52 2% 5 50T I 20 8 0 MR I R Al S R
A W EA— 2R 22 4] DL BT 1
SR, T AR R B R A W 4%, H A JZ S T
b 3RS YOG RS Ok BE 1Y 4 FE X N BP R 28
255 N )= B P22 T A B, BT DL BP MR I 4% DR AE IS AN
8P I A ) 48 B o i Bl o )2 O M 40 AR Uk
B, G R 2 R T A Bt S s 2 B Y 2
B, % BV B O — ZE I D) A )2 R 2 e R
1o AXMBETEMALICAEEE NS, %K
K01,
3.2.1 figHA
X 186 A~ o ik %5 4k #E 47 10 — fb B Ak B s, fE H
SPXY 5% 4 Bt 4 , @ 57 BP 2 WM 4 5 AL Jf A
I ZRABERY | L A 1 2 800, AR A7 I R 4F 1) BP #f 42 )
2 o SRS AE MR RL T (] H At B HE A R A O ik AR
AR 2 R 4y 7 5 R I BP R RLSE . 4% BP #
25 ) 245 55 TR0 1 e A B 4R ) 43 vk O SPXY L IE B
A7 BP #2845 19 150 2R R.=0.9827 , RMSEC
N 3.392, R,=0.9742, RMSEP 4 3.066, #|H SPXY
PR o e A HEAT AL B O VR S PR AT, R IR AR A
SRR S B BRI AN B . 8] 3 M AE SPXY ¥R T
M4 1% BP BRI AT Il W AR AS 1 SC A 5 100 E /Y A

180 — baseline

170 o actual value g
+ predicted value o’ ©

160
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K3 BP AR il A A B - S B FR) A S &
Fig. 3 Correlation between predicted value and actual value of

blood sample under BP model

K
3.2.2 WHRERMHA

X 39 AT L AT IH A AL B L K S
0 5 B diE 4R L ST BP M 4 W £ LAY O 8 I R A
B BB SR, R AF I 2R 5F 1) BP S22 2% . SRS
7 LAY i At B 40 4 3 93 O 0 LA TR Bl
RN 5y T T BPBCAIZE IR . BP Fh 28 [ 2% B (1)
BN 4R R 43 7 4 Duplex 25, M 42 3% BP $h 28 19
2% 1 TN AR e i, R=1, RMSEC H 2.765X 10",
R,=0.9915,RMSEP 4 1.554. #£ Duplex ¥ ¥ £ % />
T5E R AT UL BT 1 R AT S5 R R, 5 PLS
RERUAR [A], THAL B 9 5E k43 BT RO YA I T TiAL 3,
X 2 W PR 0 R AR B RIS Al 2 b 3, 3 £ b 3
e i AR R I LA o 7E Duplex 32 8 37 19 BP i 48 [ 4%
BEALT, 05 PR U WORE A 1 500 (155 5 920 9 AR DG 181
Pl 4 FR o

165 1 — paseline
160 o actual value
+ predicted value

155
150
145
140
135
130
125

Predicted value
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Measured value

P14 BP AR 5 0R  WOREAS T {8 55 52 B (e A A DG 18]
Fig. 4 Correlation between predicted value and actual value of

imitation solution sample under BP model

3.3 SiPLS-BP &1
3.3.1 kAR

A 3C SIPLS $k % /9 % Br ( B 1100~1298 nm .
1600~1798 nm H1 2100~2198 nm) 42 5 T PLS 15 1 3k
TE Y, BP AL G FRAE 3 B T B S PLS BE AR [R] . R
FH SIPLS 3 JJj 10~17 A4~ 3 43 X [] , 78 554> X [] P4 A4
BP ##Y | iy T BP AL (R RRE 5 — ATl 43 X TR N Y
RE TR Y 25 47 I I [ 2 R ke, AH TR K] 40 DX TR) 50T 19 ) 2k
AN KR I FE F I 4% AT N SR 2 X [RIECh 13 1,
SRS Y 22 T PR K T B 9 AH DG R Y AR U
BASE ., Wl 2~TAHXEAE YK 55K 7
NI iS5 S - N - < |l R - = IS - E
SiPLS-BP L1, ff % i 9 3 BE Y Fl o 1100~1310 nm .
1630~1840 nm Hl 2054~2370 nm. Ifil ¥ ¥ A< SiPLS-
BP #5578 7 A0 i Fict 42 3 43 T s SPXY, TG T Ak BB
BRI R A, L Ao i VA AR S A S I % AH G 1
B 5 B R, fe B8 45 ] O R =0.9865, RMSEC A
2.910,R,=0.9907, RMSEP Jy 1.807.
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5 Correlation between predicted value and actual value of
blood sample under SiPLS-BP model

3.3.2 WHHRIERAK

g ik — 25 B IE SIPLS R (1) 5 51 ) 05 1R 1
FEAS AR5 7 3C SIPLS $k %k #9 # B (BP 1141~1220 nm
1 1301~1380 nm) # 7. SiPLS-BP # &1 | #5 Al & & 43
Br 4k & 6 fr s, i if R=1, RMSEC 2} 7.305X
107°,R,=0.9975,RMSEP 2} 1.017., & 6 ] 1, FE A
W B S 51 A AR 2k b L JE ] 45 A B S5 R S8
AL AR R — % BE R, A H SIPLS R 8Y | SiPLS-BP % 5
XA 25 50T B I LT8R R A e AT AR T A

165 [ __paseline
160 o actual value
* predicted value

155
150
145
140
135
130
125

Predicted value

120 125 130 135 140 145 150 155 160
Measured value

K16 SIPLS-BP AL {5 (A7 R A J0 AR 55 5 B 1 A A S 4]
Fig. 6 Correlation between predicted value and actual value of

imitation solution sample under SiPLS-BP model

34 HEBEEREITLESH
3.4.1 fiRHA

1 N | N = = IOVl s v M U A ol 4
PLS"™ | SiPLS'™ [ SPA-PLS"™ | SiPLS-SPA-PLS'™ |
4 BP & SiPLS-BP, 6 Ff 55 7Y (1) &5 5L %) b 4n ¢ 2 fr
TN HEE 2], 6 LAY SIPLS-BP 5 f 4y, 3R WA
A 2R 1] )1 A AR B 5 5 A B AR R 7S R B RE R 4 )
i, BPBIRIZE G SIPLS FRAE I 4 A 18 £ 1 A
JE , SIPLS-BP 5 7 f 10 BE 1 #H Eb 4= 3% BP A 7Y 75 5]
TORIEIRTE T T4 41.1% . 4% BP BRI AR A a0
2% PLS, 7E45 4 SIPLS J& Wil fg 145 2 17 K0 1Y

F2 T, SIPLS-BP #1 #) [t SiPLS A5 7 %t 5 55 4, A5 80 2%
BT T 7.2% 5 SR [ 18] 42 Y 9 SIPLS-SPA-PLS
BRI A @R T T 2.1% . X R B SiPLS
AT DL 5 20 b R BRURR AF 9 B, 45 4 BP B AU Jim ] LA T RS
=T G INTER o =R Bl O (AN S Rl

F2 AR[EREEE MLRRE AR 1 45 5 % 1

Table 2 Comparison of results of blood samples under different

models
Model R, RMSEC R, RMSEP
PLS 0.9897 2.517 0.9792 2.746
SiPLS 0.9937 1.968 0.9894 1.947
SPA-PLS 0.9880 2.717 0.9843 2.376
SiPLS-SPA-PLS  0.9936 1.992 0.9906 1.846
Full-spectrum BP  0.9827 3.392 0.9742 3.066

SiPLS-BP 0.9865 2.910 0.9907 1.807

3.4.2 kiR AEAR

32 R T5 S M 2T 88 05 ARV WA A 1 o A B A Y
f14f 4 3% PLS \SiPLS . 42 BP Ml SIPLS-BP, 4 i 51 714
B &5 X B an % 3 r s o | 36 3 AT AT, 4 Bl AL op
SiPLS-BP 19 % 1 70 #7200 fie 4, H 42 ik BP AU 1) 4%
TG bR 2 e SIPLS #5576 B i BRARL, 90 0F 1 E e |l )9
BT A A M SR s P e i i ). SIPLS-
BP R R GAF] T 0.9975, F i &5 8 76 45 % BP 1) 3
il B HE T T 34.6% , SIPLS A & (% Fi W Rk SR 4 i
PLSH AL T; T 43.6 %4, 3 7 B ff A 45 [a] b M e /> —
Te AT A RO U R R AT B AT LA R R R Y
T GE 7, [ B e n PR R N A R B . SIPLS-BP
HEE TR ) T A5 S b SIPLS B 5 44.2 %, & B SiPLS-
BP ## Hk SIPLS SR B8 FH FAEE 48 &= T &5y
IRl =

#3 ARIEBEEF O i ORE AR 1 25 SR 0 e

Table 3 Comparison of results of imitation solution samples

under different models

Model R, RMSEC R, RMSEP
PLS 0.8857 5.367 0.957 3.228
SiPLS 0.8439 5.928 0.9912 1.821
Full-spectrum BP 1 2.765X107"" 0.9915 1.554
SiPLS-BP 1 7.305X107" 0.9975 1.017
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Table 4 Screening bands of blood samples under different

models
Model Band range /nm
SiPLS 1100-1298, 1600-1798, 2100-2198
SiPLS-BP 1100-1310, 1630-1840, 2054-2370
4 4 g

WSS T 2 2275 Seil 408 8 o I A $2 i 1
SiPLS-BP #7  ff g 7 52 =75 50 T Mk LA A v R o af
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7 0.9975, 155 B A I AL R L SIPLS AR R T
44.2% , IV AR FE 92 45 78 0% T 4 AH G 2R BA F
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Abstract

Objective Hemoglobin is a special protein responsible for transporting oxygen in red blood cells. Hemoglobin concentration is an
important parameter in routine blood tests and an important index for the diagnosis of anemia and other blood diseases in clinical medicine.
Changes in hemoglobin concentration can directly reflect changes in human health; therefore, it is important to detect the hemoglobin
concentration in the human body accurately for the diagnosis of many blood diseases. Current clinical medical treatments mainly rely on
chemical reagents to detect hemoglobin concentrations, resulting in high detection costs, long analysis time, complicated operations, and
trauma to the human body. Infrared spectroscopy can detect hemoglobin concentrations without reagents efficiently and noninvasively.
However, the blood composition is complex, and the spectral overlap is serious. This complex background information makes it difficult
to construct a high-precision quantitative hemoglobin analysis model. The model developed in this study is based on a backpropagation
(BP) neural-network model combined with synergy interval partial least squares (SiPLS). This model uses SiPLS to eliminate most of the
interference information, accelerates the modeling speed, and can achieve high-precision quantification of hemoglobin concentration in
a complex background. It is believed that the proposed model can be helpful in promoting noninvasive detection of hemoglobin.

Methods In this study, the near-infrared spectral data of 186 blood samples with different concentrations of hemoglobin and 39 near-
infrared spectral data of hemoglobin imitation solution samples with different concentrations under a complex background are used as
the research objects. The best dataset division method, best division ratio, and best pretreatment method are selected. Four
quantitative analysis models [SiPLS, SiPLS-BP, full-spectrum partial least squares (PLS), and full-spectrum BP] are constructed
using SiPLS preferred bands, analyzed, and compared.

Results and Discussions The best quantitative model for both samples is SIPLLS-BP. The correlation coefficient of the prediction
set based on the SiPLS-BP model for blood samples reaches 0. 9907, and the root mean square error of the prediction set (RMSEP) is
1.807 (Table 2). The correlation coefficient of the prediction set based on the SiPLS-BP model for the imitation solution sample
reaches 0. 9975, and the RMSEP is 1.017 (Table 3). The characteristic bands selected by the SiPLS model for the blood samples are
1100-1298 nm, 1600-1798 nm, and 2100-2198 nm (Table 4), and the characteristic bands selected by the SiPLS-BP model are
1100-1310 nm, 1630-1840 nm, and 2054-2370 nm (Table 4). The SiPLS and SiPLS-BP models of the imitation solution samples
adopt bands at 1141-1220 nm and 1301-1380 nm. Even when the same characteristic wavelength optimization method is used, the
preferred bands of each model are not exactly the same. For the imitation solution and blood with a complex background and large
sample difference, the SiPLS-BP model has a better prediction effect (Figs. 5 and 6). The predicted value of the model is the closest

to the actual value, the degree of dispersion is the smallest, and the quantitative effect is the best.

Conclusions To quantify hemoglobin concentration accurately in complex backgrounds using infrared spectroscopy, a model using
SiPLS-BP is proposed. To verify the effectiveness of the SiPLS-BP model, four models (full-spectrum PLS, SiPLS, full-spectrum
BP, and SiPLS-BP) are constructed to predict 39 complex-background hemoglobin imitation solution samples and 186 blood samples.
The results show that the SIPLS-BP model has the best quantitative effect on hemoglobin in a complex background. The correlation
coefficient of the prediction set under the SiPLS-BP model for the imitation solution sample reaches 0.9975, and the prediction effect
of the model is 44.2% higher than that of the SiPLS model. The correlation coefficient of the prediction set under the SiPLS-BP
model for blood samples is 0.9907, and the prediction effect of the model is 7.2% higher than that of the SiPLS model. The results
show that the nonlinear BP model has a better prediction effect for the solution with a complex background and large sample
difference. The SiPLS combined with the BP or PLS model improves the predictive effect of the model significantly for the two
samples. This shows that an appropriate characteristic wavelength optimization method can eliminate interference information and
simplify the model, greatly improving the prediction effect of the model and increasing the modeling speed. This research provides a
new method for the construction of a hemoglobin quantitative analysis model in a complex background by near-infrared spectroscopy

and provides a new approach for noninvasive detection of hemoglobin.

Key words spectroscopy; near-infrared spectrum; characteristic wavelength optimization; hemoglobin; back propagation neural

network
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