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W, JF 52 MA 3 B ARAE L 0 BRI 2 Fh ICARFEAG BB S AT X L . 45 2R R W], & NS - PFCE TARFEAZ /5 , AL
T {5 5 40 1001 TO0I0 4 349 7 AR R 22 4 K 0. 613 mg/g Hl 16. 153 mmol/kg T [ F] 0. 275 mg/g Al 9. 523 mmol/kg; Tiii £
FS — PFCE B Fptf i J5 , LR (5 it 4204k (5 15000 2 3 0 M 452 22 43 591 7 % 3] 0. 274 mg/g Tl 8. 945 mmol/kg. H
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Near Infrared Spectroscopy Calibration Transfer Based on Parameter-free
and Efficient Calibration Enhancement Algorithm

LIU Cuiling'®> XU Jinyang'> SUN Xiaorong'”> ZHANG Shanzhe'? ZAN Jiarui'’
(1. School of Artificial Intelligence, Beijing Technology and Business University, Beijing 100048, China
2. Beijing Key Laboratory of Big Data Technology for Food Safety, Beijing Technology and Business University, Beijing 100048, China)

Abstract; Calibration transfer can solve the problem that multivariate calibration models cannot be shared
among different near-infrared spectrometers. Taking edible oil as the research object, transfer analysis of
its acid value and peroxide value model was conducted. The partial least squares multivariate correction
model was established on the master spectrometers, and the calibration transfer was realized by using the
parameter-free and efficient calibration enhancement ( PFCE) calibration transfer algorithm in NS — PFCE
without standard sample transfer and FS — PFCE with standard sample transfer, and the dependence of
calibration transfer on the number of standardization samples was explored. In addition, it was compared
with three calibration transfer algorithms with standard sample, which were slope/bias (S/B), direct
standardization (DS) and piecewise direct standardization (PDS), and two calibration transfer algorithms
without standard sample, which were finite impulse response ( FIR) and stability competitive adaptive
reweighted sampling (SCARS). The results suggested that after the NS — PFCE without standard sample
algorithm was transferred, the root mean square error of prediction ( RMSEP) of the acid value and
peroxide value was decreased from 0. 613 mg/g and 16. 153 mmol/kg to 0. 275 mg/g and 9. 523 mmol/kg,
respectively. Furthermore, after the FS — PFCE with standard sample algorithm was transferred, the root
mean square error of prediction ( RMSEP) of the acid value and peroxide value was dropped to
0.274 mg/g and 8. 945 mmol/kg, respectively. Specifically, the increase of the number of standardized
samples, the root mean square error of prediction ( RMSEP) was lower. The parameter-free and efficient

calibration enhancement (PFCE) algorithm combined a single transfer method without a standard sample
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and a standard sample, which enhanced the adaptability and inclusiveness of the transfer model. And

PFCE algorithm effectively reduced the difference between the master spectrum and the slave spectrum,

and also realized the calibration model sharing between different spectrometers.

Key words: edible oil; near-infrared spectroscopy; calibration transfer; parameter-free and efficient

calibration enhancement
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VLT AN Near infrared ,NIR) "' 72/ Sl 1 55 A P H e
FE OB SR R HETE i T
B2y Al T AR R B T TS K
JE I Z2 R AN TR G T A TR) 18 22 0K 1E AR A T 12 592 3
S R R TR T R B A A Ty i
i 3 1] A J7 ok BR oW AR R 4% 3% ( Calibration
transfer) , HAZ U JEUAEL 2 1 B AE AS 76 A [ Ol 1% A3 45 )
I 55 A0 22 5, DT S B IR A A g S 2

ET % 33 43 b A b BE 1 % 5 o kR AR 3
UTAE R [ PN Ah 2 3 0 A b R AR L A% 338 5 12k 1 E
A7 B0, i e A 210 i) B 4% A% 4k ( Direct
standardization , DS) Fl 43 Bt H 2 #5 #E 1k ( Piecewise
direct standardization , PDS ) %8 15 X} B B y5 il 1 47 A5
T A4 335 F 5 s BROUCKAERT 451 SR JH b 3¢ fff 22 £
1E 2 (Slope/bias, S/B) X Tl W A Bk #5714 1 4
TR RME BT 5T o LU, [ A b 2 35 X I o A A6
AL 336 530 A IS R AT T RS . R SE N M
FI2 ik i 17 ( Finite impulse response, FIR ) 2 ¥k 1
) - A LR 9 R ARS8 B 7 ; WANG 457 R
e H & N O N AL SR AR ( Stability competitive
adaptive reweighted sampling, SCARS ) 5. &5 i Fi 76 #4
W i o 2R Y HE A UL S RO AT T . DL B SRR B S A
R 3 A 5 A XS B — H ST, R e A bk A%
138 B TE AR AE AL 13 B v — b 77 22 B, Tk K P D
75 IS N, G 2 18 A R A 3 Y B/ o

To S H0 0 WO B AL 3 28 3 ( Parameter-free and
efficient calibration enhancement, PFCE) "' R 424 &
FRUE BE & 49 OF TG #% BE {% 3 PFCE ( Non-supervised
PFCE,NS — PFCE) 5 i il A #1 #f 1% 338 PFCE ( Full-
supervised , FS — PFCE ) 55 ¥, PFCE 2 4% M1 Fp {4
136 75 A I, B AR B R PR, O
IR T2 A A R R AL
BT

ASCR A PFCE 5% ¥k 45 & D dc /s — 3¢ [1] 4
(Partial least squares, PLS) & 37 1% 3 45 8 | /3 1) 52 3K
B R (5 i AL A b ke 5 b AL 3 . JF
MR 3 R bR AE AL 10 B R 2 R JCAR AR AL 1B 0
BT R FE , DS RE 45E A A 3o B 4 b )W ] T 3 £ A

il

SRS
1 #Rl5RF=%

1.1 I quss
SHAE AL B TR R 2O i R 5 R ) S 5
=56, YT R X %% & Bruker 2\ F] ) VERTEX —
70 B HL27 AN AR MATRIX — F R HL 21
HMETEAL, IS EE 1,
£1 REBENBMSH

Tab.1 Spectroscopic instruments and parameters

Sk A H S F/MHLER R/ em ! W E/ em !
MATRIX - F F 2 12 800 ~4 000
VERTEX —70 M 4 25000 ~20

FHUFTAL I3 51 %8 6] — A AT O3 R R R
SR 9 000 ~5 000 em ™" 5 il R A S B E B
ARSI U 32515 AR A 32506 6 mm;
A 10 kHz,

1.2 St

SRy YR P AR AR R R B A
A BRI S R HTMAE & SR 129 A4S Hb
19 A FE K 25 4> ZRRAE I .56 > K ELIH .S A
24 AS/NEFIMAEA o FAR IR SCER[ 17 - 18 T %
B A B bR AR IR i AR
1.3 #mxsy

TE T 21 AP I 15 AL R A% 338 43 A b, 3 SR AR A &)
Pan Il S U SO | B I o (e S
(Sample set partitioning based on joint x —y distances,
SPXY ) " S — Pl A R A S R 4 O ik DR 4y
S0 SR FH G 1% K080 FRE A LA (4 S 2 BORR AR 31 53 A
st [ B8, DR UE i KRR JBE R A AR AR A, 38 e AR
[11) 2 S PRI AR SR, O $i o A 2R A P R Al
1.4 PFCE #REEBEE

HRAJE AL T 37 5 AR, To 2 B ROt BLUE 28 50k
(PFCE) 432 NS — PFCE JC b A 5 24 1% 328 55 vk il
FS — PFCEA #5 A A5 B AL 338 5%k . NS — PFCE U fff
FHE AR A G 1% 5 5L 52 U AU AL 38, 1) F'S — PFCE
I B AT AR AR B 15 B S B (RS B L R4
FH S AR AL 35
1.4.1  EHL PLS 0k IE B Sy

e/ = e ] U (PLS) ™ — b 2 ML ) S 3
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ST B2 N i R A I AR R SO Y e A o
>k H1 PLS J7 ¥4 ## 52 £ 0 19 22 Jo A E B R, I 3 i
T fe A T A 78 B ) B R LA TR

EHOLIEACR 4 BRSO Bl iy X, OF
SRR y S ALY 2 P ] AR 545 5]
TIAE v, 1

=00 X[ esive ()

A by, —— EHUE R
b —— T LB [0] ) 22 %0
¥ Ry 2 [ Y T i 2%
1.4.2 NS — PFCE Johrhe s/l 44 6 3 1=

MALG AR 4 B RE SOGIE BT N X, 6
LWL AR b, .., 00 BB D, AR A NS -
PFCE %9 0 1A o %, i A LSS 780 R ] fi 42 2
HUBE R | B ;5 B 750 500 £ 5 DA LA 50 T3 0 1 450 2%
B/ DT 3 55 D B LRSS TR 460 HE b, 1 D0 2R
b, W

bO master b() slave
min 1 X ster Y - 1 X\‘ ave .
1’0.\/1:(«'*1’\]111,4>[ H [ " ][ bmauer ] [ § ][ b ]
(2)

corr () ——b, .. Al b, [A] )M 56 R iz &

rmw\-_é/ﬂﬁrﬁﬁ
ST b R A SR BE O e 1 A ) 7E
HLAS TR 55 MAATLASE 784 g ] U1 3% 50 T i o A G R B0 24
A r,,,.., B8 T B 1k BRI A 5 2t 5 01
A, BEE N 0.98,
1.4.3 FS—PFCE A bR e AU AL 8 55 1

A NS — PFCE JC bi #F A5 B A% 338 55 1%, FS —

PFCE A R AR R A% 356 55 1 AR 2 LG 15 A
X e TIBL TR X, , 30 BB M AFEAS BEAL (1
SCAE yo AR, S FS — PRCE 453k B AR bR 5075 51
A AHUE RS U b, ,,,, AR R B D, BRI

e

s. t. COIT( bmaxter 7b.\lut,e ) > T thres

A

. by e |2
min y-[1 X,.] +
b0, stave > stave b slave
bo. asier by e |2
(1 X A -1 Xy ] ;
master slave
s. t. COIT( bmmrpr > b.\'lu(:v ) > rrhrm

(3)

FS — PFCE 83 9 A o8 8O U3 T £ AL
55 MHLETE 9 00 02 22 , i 7 H 3 T LS 5 AL
POE R TR 25 o [REE, By 1k i B & 5 i U5 Y

HO 4, BE N 0.98,
L5 REEEIFMIER

B RL B 3T f 48 A5 i £ D € &R KL ( Correlation
coefficient of cross-validation, R*) | il 25 4 ¥ J7 #3 i
2= (Root mean square error of calibration, RMSEC) Fl
o 4 ¥ J7 R iR 2% ( Root mean square error of
prediction, RMSEP ) R 4r 1 H RMSEC 5
RMSEP /) , 3 B AU AL 138 550U bt

2 HREHH

a1 s, JEALFT MBI R A 04 B P SR
13- 359 W% ¥ JBE AE % BE 9 000 ~ 5 000 em ™' 2 i, 3
2074 AR . rTLAF LGSR ALE S A7
e W] S A AR Rk 22 S, WO B2 22 R TR B B 9 000 ~
8 750 em " FAERE KA 2

-0.40
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Bl 1 AHLRY & I E 2 WOt B O 25 E
Fig. 1

Mean absorbance of edible oil from master

and slave and spectral difference

2.1 #AEuUS

K SPXY Sk 4% R LE ] 3 1IEH 97 > 12 FH il
FEAAE N 2R 5, 32 A AEAS B F AR O B 48, 1
TR AL RRAE A AL (E E B B L, £ PR A
P L Aot 28 P (L P 0 B R 0 3 2 s, e v i
) A 1) (L VL PR 25 7 1 R B =2 P, 3 BT 0 4 T 1A
XA R A P RE HEAT BT

x2 SRAHEREBEENS
Tab.2 Data set division of edible oil
bR
B B ZH EAEIEN
i o
R{E/ (mg-g ' 0.08~2.12 0.58 0.62
g o7 T (mee )
A {E/ (mmol -kg ) 0.33~92.03 27.82 26.96
M{H/(mg-g’]) 0.09~1.82 0.80 0.82
WiEgE 32 -
P4 b/ (mmol+kg ™' ) 0.52~91.99 33.21 31.82

2.2 FHEBWNER

T Bk R R TR A TR R X B RIOCR 1 S
43 B Savitzky — Golay (S — G) g & £ 0
Bt 4% 1E ( Multiplicative scatter correction, MSC) )
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PR IE 25 7% &= 4% #i ( Standard normalized variate ,
SNV) ) — B S BOM B 80 2R S R A B
SR AL PRGBS o 0k R 0 AL PR K S S
EHUAR 5 2 S A (8 i e /D> — I A IE L, AN [R]
AEFR 2% AT AL PLS A I AR R TN 45 2R 40 3k 3.4
JIr 7R
R3 TEFAAEFZFHETEN PLS KRIEKRBEKRE
T & R
Tab.3 Prediction results of acid value of master PLS

model with different preprocessing

RS fRES
Tl b 3 RMSEC/ RMSEP/
R? R?

(mg-g™") (mg-g™")
JE R 0. 859 0.291 0. 826 0.301
MSC 0. 959 0.238 0.948 0.249
SNV 0. 930 0.275 0.915 0.288
S—G g 0. 942 0.232 0.922 0.250
— S 0. 936 0.242 0.925 0. 261
Z IS4 0.912 0.283 0.902 0.298

x4 AEFLAEEGTENPLS REERTRNE
o) 25 SR
Tab.4 Prediction results of peroxide value of master

PLS model with different preprocessing

Il 2 dE SiRES
AL B RMSEC/ RMSEP/
(mmol-kg ") (mmol-kg™")

JEER 0. 850 10. 104 0. 839 10. 615
MSC 0. 941 8. 381 0.928 8. 698
SNV 0. 968 7.501 0.954 7.749
S—G ¥ 0.949 7.961 0.933 8.254
— 55 0.939 8. 004 0.923 8. 478
ZHRE 0.925 9.210 0.914 9.589

M3 4 0] FH, RS FlOR [E] 94 38 B Ak
PR I O i A B R bl B A D A O Y
HRHOR AT, Horp, PR (AL A MSC &
WAL BEACR S A, T AR P R R K 0. 948,
T {8 ) 7 AR 1% 22 RMSEP 2y 0. 249 mg/g, F#l
i A AR B SNV B3 3k 0 Ah 3 A% A, 0 4
PLE R R 35 0. 954, F I K ¥4 7 H % 22 RMSEP
N 7.749 mmol/kg,

MSC Fll SNV B3k 1Y A J5T 2 7F B FF i 3% 10 105
FOGRR S b 45 R 3R X0 3k 7 AR W 52 ), i — 3 Bk
N [F) R b 3 B T B P DR VA 2 T K ) | kS A K
S, B DA T 8RR T A SR A R v TR A
Ui A
2.3 PFCE E#EBFERMMER

i I PFCE 533597253847 NS — PFCE Johr b A5

UL H L 5 FS — PFCE A AR FEALRUML 36 5005 Al
Fi NS —PFCE Y FS — PFCE 553 15 21| 1) 55 £t 8 5 1
[ 1 2R 504 500 g 8 DAL T8 0 A 50, 4 AL 17 32 A
B IMAEEAR 43 SR A LA L R e A Y SR A S0
(1% B FH 3 2 (BB R G 1l 2.3 B s, 10 ) 2
i E A E BT EWME 4.5 i,

EHL(RMSEP40.249 mg/g)

NS-PFCE(RMSEP40.275 mg/g)

0.5 1.0
LA/ (mg - g ")

K2 FHL5 NS—PFCE 53 U £ o {1t 1]
Fig.2 Predicted scatter plot of edible oil acid value by
master and NS — PFCE

REMSEP40.274 mg/g

{H/(mg-g™)

Tt}

1.0
{B/(mg- g™

K3 FS— PRCE 583k U £ 1 i i (i Bt [
Fig.3 Predicted scatter plot of edible oil acid value

by FS — PFCE

EHL(RMSEP47.749 mmol/kg)
NS-PFCE(RMSEP-49.523 mmol/kg)

(mmol - kg™)

20 40 60 80 100
B/ (mmol - kg™)
4 FHLE NS - PRCE 53k FU00 £ FH it i S AL
R

Fig.4 Predicted scatter plot of edible oil peroxide value

by master and NS — PFCE
BN R (H 5 i A AR AR S 45 R L3R 5
H1E S A, S A HILRE bt B R 2E A7 B R AL 136 EL AN
A FEAURE R AT B IR R L 0 4 24 7 AR i 22 A
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Fig.5 Predicted scatter plot of edible oil peroxide value
by FS —PFCE

®5 AAMBRESTENEEZERTINER
Tab.5 Modeling and prediction results of edible oleic

acid value and peroxide value

T AR ¥ 75 iR 22

LA 24 7Y
Wf/ (mg-g™')  jdSAALME/ (mmol-kg™")
A AL 33 0.613 16.153
NS — PFCE 0.275 9.523
FS — PFCE 0.274 8.945
F LA 0.249 7.749

JEAE 0. 249 mg/g I F+ 5]0. 613 mg/g, b 4 {1k {H T3
A 35 7 M58 22 WL 56 /Y 7. 749 mmol/kg | T} )
16. 153 mmol/kg, T &5 54 22 B¢ K, 32 B AL EE A
ANHE H AN H T BB R F5 200 HLAEAS 3 17 45
TR 3

539 K i NS — PFCE JCAx BB A5 38 57 5
FS — PFCE A5 f5 A A5 1Y A% 386 580 10 i A7 A% 388 ), A 78
T A A B AT W e 4 . NS - PFCE Bk G )5,
fiz {8 /) RMSEP T~ [ %] 0.275 mg/g, o H L {E 1Y
RMSEP F 4% 9. 523 mmol/kg, Tfij FS — PFCE .3k
ik 5, FRIE A RMSEP R %% 0. 274 mg/g, it A4k
{E ¥ RMSEP K45 8. 945 mmol/kg, %5 W fih & k%
i J B A R I AR Y BT el s, BB PFCE B33k
A5 A HLAEAS R B 47 il T EALEE A . HAH L Z
T ,FS — PFCE A5 # #1557 4% 346 B0 7 19 1% 338 R5CR AR
T NS — PFCE Jobp FE A R A% 366 55032 , 150 B A7 JC A 1
FE i N PRCE B335 4% b ORI B
2.4 MREACHERBENERNEENZN

7 iR SR MEALRE S B H X PFCE 553k
TR A 338 28R 1 52 e, R Y SPXTY 8 3 AR TR DA D it
YR A A 1 11 25 4 v 1 B 20,40 .60 .80 ,100 4>
PREACRE S I R (5 i A RAOR 5
ToU 4 5 iR 22 G 6 IR .

M & 6a T 41,4 NS — PFCE il FS — PFCE & &
1 338 o B TR A TN 349 J7 M 58 22 1 5 I G AR A A A

mn BCH A G, BB b AE AL REAS B H A9 BG Tt 4
BIor MR 22 1N . Y AR HEALFE &L S B 100 1),
W35 77 M 15 22 5K B i /VMAE , & NS — PFCE 553 il
FS —PFCE %4 1 1% i J5 2 {5 19 RMSEP 4% 5 F & )
0.283.0.276 mg/g, HiE 6b A, 2 LI |- Fh5E
1% 3B I 2o SR R 00 349 O AR i 22 5 VI R AR AR E AL A
a0 H SR R R, H Y AR E AL AR i SOk 100
T ¥ 7 AR R 2 Gk B B ME R o AR E
RMSEP 435 F [ £ 9. 498 8. 945 mmol/ kg,

NS-PFCE
ES-PECE

80

NS-PFCE
FES—PECE

(b
6 TR AL A ol B 0 4 7 AR R 2
Fig. 6 RMSEP with different numbers of standardization

samples

MHEZ N, 2 FS — PFCE Bk A% 34 )5 (1 101 I 42
¥ MR 22 /N F NS — PFCE 5%, Ui B FS — PFCE
A R R AL 33 B i AR S AR L T NS — PFCE B
PSR AL 3 SR
2.5 PFCE EiffEBHRILEK

T AL PRCE 303 i A58 80 A% 36 25 5L, B 5% L
# S/B DS Fl PDS A bp A AR R AL 3 53 1%, [A] I 412 1E
B FIR Fil SCARS Johp FEAL L% 35 551 o % AAHIL 32
AFEAR B 43 B0 LA L 28 K [) B9 A% 326 I 0 A 1 A
RUEAT 0, 4 FpAT bR RS RUAL B0 51k 5 3 R T hs
TS TR A 3o A 3 T 25 SR AN 35 6 7 TR o

XF LY 4 FlA Ao A5 T80 4% 56 500, 39 A A0 R IR
T (L R 3k 4R Ak 1 TR0 4 2 O AR 15 2%, $ T A BILAE AR
X 3 AL S A 3E V BE ) H P NS — PFCE 5 3% %
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x6 AMAREEREEEEIRESTIELEERER
T 25 R
Tab.6 Model prediction results of acid value and
peroxide value of four calibration transfer algorithms

with standard sample

i i RMSEP/ 1A AL RMSEP/

bR R AR AR A 135 5

(mg-g™") (mmol-kg™")
S/B 0.394 14.761
DS 0.318 11.918
PDS 0.557 12. 065
NS - PFCE 0.275 7.749

R7T IMAGREEREEEEIRESIELEERER
T 25 R
Tab.7 Model prediction results of acid value and
peroxide value of three calibration transfer algorithms

without standard sample

W2 (i RMSEP/ 1 A AL RMSEP/

TCRR AR T £ 1 03k

(mg-g™") (mmol-kg ")
FIR 0. 491 13.952
SCARS 0.554 14. 206
FS - PFCE 0.274 8.945

BRI, X L 3 R TCAR AR B AL 1 B Ik AR A
RO AR T R (EL A S S (L T30 A 2 O B R 2
FS — PFCE 5k L 1 SR e AL
2.6 itig

PFCE 531 4, 1% T b A A5 Y A% 3o 50 12 AT b A
B A% 138 51 AL 1 OR Y0 T 28 LA AR R RIS
BRAR S , AR R A% 338 B0 3 AN P Jmy BR T e v — ol A

772 PR TR AL B S e R . HAR L
N AR R R A% 336 B0k 1 A% 1B AR A T bR A
TR A 33 B0 1%, i AT DG A ity il O R TR A 3 B
ERCRICHE . 5540, PFCE Bk S8, i
G 8 HI 1 {EL A5 TR A% 3 2803 ey, il A5 AL AR B
He 3 T EAUEERL, DTS2 BT R [R) 445 1] 2 JT AL GE
R k=

3 it

(1) £ NS — PFCE 551 4% 3 J5 19 M HLAE A 12 {8
A AL RMSEP M 0. 613 mg/g FEAIK 5] 0. 275 mg/g,
1 4 1k 19 RMSEP M 16. 153 mmol/kg [% ik |
9. 523 mmol/kg; M FS — PFCE % 1% 3% J5 19 MHLEE
AR R AE U A5 5 1) RMSEP [ AIRH] 0. 274 mg/ g, 1 4
BB 1) RMSEP FEAILE] 8. 945 mmol/kg, 43 Hi%F o H
R4 R AR AR AL 5 5 3 B T AR A R B AL
PFCE B3 (1) BU &R e A, B FS — PFCE 595 ¥4
F NS—PFCE 53k, #Ah, PFCE 553 b % b HE AL A
K H B HGn, FI A 34 T AR R 25 B

(2) B 5 155 LA 32 1 A o A A% 368 B 0 R I s A
i 5,k i PFCE i NS — PFCE JC A5 £ 55 75 FI
FS — PFCE G bRt 5 40 5 52 8L 1 & i i iR 5
o FACETEAR R [ 19 £ 3% . JF 5 DS PDS . S/B
G FRAEF A FIR (SCARS JoAp A 5805 H#E 47 X L
W5 . PFCE S3E A R0 AR 0L 5 WAL Z 8 156
25 5 P T M HUAEAS 7E F2 HURE Y 1 3 o B, S 3
TRTRD G S ] fg A 7Y S 5

& % x
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