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Algorithm for Finding the Best Principal Component Regression Models for
Quantitative Analysis using NIR Spectra

JungHwan Cho’

College of Pharmacy, Sookmyung Women's University, Seoul, 140-742, Korea
(Received December 5, 2007 + Accepted December 14, 2007)

ABSTRACT — Near infrared(NIR) spectral data have been used for the noninvasive analysis of various biological samples.
Nonetheless, absorption bands of NIR region are overlapped extensively. It is very difficult to select the proper wavelengths
of spectral data, which give the best PCR(principal component regression) models for the analysis of constituents of bio-
logical samples. The NIR data were used after polynomial smoothing and differentiation of 1st order, using Savitzky-Golay
filters. To find the best PCR models, all-possible combinations of available principal components from the given NIR spec-
tral data were derived by in-house programs written in MATLAB codes. All of the extensively generated PCR models were
compared in terms of SEC(standard error of calibration), R?, SEP(standard error of prediction) and SECP(standard error of
calibration and prediction) to find the best combination of principal components of the initial PCR models. The initial PCR
models were found by SEC or Malinowski's indicator function and a priori selection of spectral points were examined in
terms of correlation coefficients between NIR data at each wavelength and corresponding concentrations. For the test of the
developed program, aqueous solutions of BSA(bovine serum albumin) and glucose were prepared and analyzed. As a result,
the best PCR models were found using « priori selection of spectral points and the final model selection by SEP or SECP.

Key words — All-possible combinations, Principal component regression (PCR), Near infrared (NIR), Correlation
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Table I-Concentration of BSA and Glucose Used for Modeling

Calibration set Validation set
Sample BSA Glucose  Sample BSA Glucose
No. (g/dl) (mmol/L)  No. (g/dL)  (mmol/L)
1 3.589 2.822 1 3.589 5.644
2 3.589 8.467 2 3.589 11.289
3 3.589 14.111 3 3.589 16.933
4 3.077 19.756 4 3.077 22.578
5 3.398 2.772 5 2471 5.544
6 4.016 8.317 6 3.398 11.089
7 3.707 13.861 7 1.853 16.633
8 2471 19.406 8 3.089 22.178
9 3.574 2.817 9 3.574 5.633
10 3.574 8.456 10 3.574 11272
11 3.574 14.089 11 3.574 16.906
12 3.574 19.722 12 3.574 22.544
13 1.989 5.583 13 2.984 5.583
14 3.979 5.583 14 4.974 5.583
15 5.968 5.583 15 1.989 11.167
16 2.984 11.167 16 3.979 11.167
17 4.974 11.167 17 5.968 11.167
18 3.979 5.583 18 3.979 11.194
19 3.979 16.744 19 3.979 22.328
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1) Spectral dats acgquisition

MIR Absorbance Data

2} Data smoothing andyor Smocthed Absorbance 1% or 274 Derivative Data
differentiation Data
—L T
[ I 1 1
23 ariance -
3) Data pretreatment Mone ME&? V‘ X Autpscaling
Centering Scaling
i ) § 1 ]

4y A pricri selection of spectral

Selection by Correlation

points Hene Cosfficient
1 ¥ |
I 1
3} Principal Component Analysic
by MIPALS by SVD
on data matrices
| 4 —t
] 1
87 Initial PCR model found
by SEC by IND
Top-down PC selection)
1 I
1 | ) | ]
73 all-possible PC combinations
by SEC by R? by SEP by SECP
& search for best PCR model

&) Final Selection of Top PCR
Models

Top PCR Models

Scheme I-Procedure of Data Processing. For each row of the scheme (in the cases of row number 2 to 7) with two or more options, one
of them was selected for each run of best PCR model search and all of the combinations of those options have been studied. The meanings
of acronyms are as following: NIR =Near Infrared, Autoscaling=Meaning centering +variance scaling, NIPALS =Non-linear Iterative Partial
Least Squares, SVD=Singular Value Decomposition, IND=Malinowski's Indicator Function, SEC=Standard Error of Calibration,
R*=multiple coefficient of determination, SEP=Standard Error of Prediction, SECP=Standard Error of Calibration and Prediction, PCR=

Principal Component Regression.

ol SFATE FoAM T AmTt 7K FHOIE 7] Al FHelM e SERE BRFE P |FE st Agske
FOR Bl 7P We WHolg AWdhe xlEe] AEsHe AL U B FH mdEd] sk i dxe] HEst
Aolez Aol ek Sl oA FAe] ZFolet & Fasima dAte] Ajzte] A7t €k ey wige] 2
TE itk wEbA o] Hx Jd9dE HEEAY IHUEE T2 A ol HLES do SHEYdAe] &4
SOl A8 oisk AA 3] ol HHel A= b | B 93 W 400 BFEE IR AMSSHR 21
AL IFHEETS MY siual o) FoAREA oA Yeie] 2 E-o] 717 ARl 7l
BE Fo WTEY e 28 A o) Wle xE 79 JUlR fREHEAE du HAGe] IFEEHE
Folzl W] ANprE VR B 3 7 Rdlo] f848  E idisle] oo e 230 FHERE v, ik o)
HGE ¢ e A IRk Yo At = JE A o] Fe MY JF F, pt A EAEA "ot 2
Foll 7Fed HE WRlelth. 23 7Fse SRR AeS AIRoA ARESE 19x402 2719 o] TR e
K} oha, AEe mio] g petal & o) shest 2] AFojsiEe] FAOE 19x169] A9 o] def st
FE kc,, ERIk-p/phZE BEET 5 Utk A5 & 16 = 21 0|3l @ HolAA HER olE WMTE

. A
Wl ZASolis 12870709) 230l AL R olefd o =l A% T WA HolAA ek wal e
il SIZ7 VA 25 B3 s Qe B ddses A e 42

B¢ i?}é p7} 19145

ARTT A

o w)asleiol s}, wEbA o] WS Ao AMH 402 o)A AMME 95T F A H03, MATLAB o5 &

J. Kor. Pharm. Sci., Vol. 37, No. 6(2007)



382

3l AEg ZRaRE e RN I ALNE A3
o2 7hssHA sk

o] He i ARSIt WTEESE prie] W
7Fedt 230 APC (All-possible com-
bination, combo)E A7] $gF ¥ Z|FS pseudocode® I
AP ThE3t 7Zon o}Z MATLAB Z2ayoz 2}
Wate] ARt o] ZRIaWE o]gste] prt 1A

=

57 =2 — el
g Ikl RE

Tbsel Wase) 23S FAAT
calculate kCp=k!/(k-p)!/p!

prepare combo_set {matrix of k by kCp}
prepare vidx vector of 1 by p

set cidx=0

set i1dx=0

Table II-PCR Models Found Best using Absorbance Spectra of 402 Given Spectral Points. Initial Sets of Factors (Eigenvectors)
for Initial PCR Models Were Found by Means of SEC or Malinowski's IND Function and then Final Sets of Factors Were Found

by Means of SEC, R? SEP or SECP

Mean Variance Initial Initial Final Final 5

Centering  Scaling Selection Compound Factors Selection Factors R SEC SEP SECP
by SEC 12 1.0000 0.0143 0.0227 0.0208
by R"2 13 1.0000 0.0144 0.0244 0.0224

BSA 13
by SEP 9 1.0000 0.0215 0.0178 0.0192
by by SECP 11 1.0000 0.0209 0.0179 0.0188
SEC by SEC 15 09999 02542 08995  0.8244
by R"2 16 0.9999 0.2914 0.8908 0.8348

Glucose 16

No

by SEC 8 1.0000 0.0217 0.0212 0.0214
BSA q by R"2 8 1.0000 0.0217 0.0212 0.0214
by SEP 8 1.0000 0.0217 0.0212 0.0214
by by SECP 8 1.0000 0.0217 0.0212 0.0214
IND by SEC 7 0.9980 0.6556 0.9483 0.8471
by R"2 8 0.9981 0.6782 0.9191 0.8389

Glucose 8
by SEP 8 0.9981 0.6782 0.9191 0.8389
N by SECP 8 0.9981 0.6782 0.9191 0.8389

]

by SEC 12 1.0000 0.0121 0.0224 0.0202
by R"2 14 1.0000 0.0142 0.0222 0.0208

BSA 14

by

SEC by SEC 11 0.9999 02161 09362  0.7941
by R"2 16 0.9999 0.3164 0.8591 0.8069

Glucose 16
by SEP 14 0.9998 0.3423 0.7927 0.7224
. by SECP 11 0.9998 0.2773 0.8180 0.7026

€S

by SEC 6 1.0000 0.0193 0.0179 0.0184
BSA ; by R"2 7 1.0000 0.0200 0.0177 0.0186
by SEP 7 1.0000 0.0200 0.0177 0.0186
by by SECP 6 1.0000 0.0193 0.0179 0.0184
IND by SEC 7 0.9995 03369 09133 0.7451
by R"2 7 0.9995 0.3369 0.9133 0.7451

Glucose 7
by SEP 7 0.9995 0.3369 0.9133 0.7451
by SECP 7 0.9995 0.3369 0.9133 0.7451

J. Kor. Pharm. Sci., Vol. 37, No. 6(2007)
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Table II-Continued

by SEC 12 1.0000 0.0149 0.0209 0.0196
by R*2 13 1.0000 0.0149 0.0222 0.0209
BSA 13
by SEP 9 1.0000 0.0192 0.0150 0.0165
by by SECP 9 1.0000 0.0192 0.0150 0.0165
SEC by SEC 15 0.9999 0.2925 1.0754 1.0052
by R*2 16 0.9999 0.3518 1.0650 1.0188
Glucose 16
by SEP 12 0.9935 1.6921 0.7269 1.0435
No by SECP 12 0.9988 0.7263 0.7567 0.7495
by SEC 7 1.0000 0.0227 0.0215 0.0219
by R"2 7 1.0000 0.0227 0.0215 0.0219
BSA 7 Y
by SEP 7 1.0000 0.0227 0.0215 0.0219
by by SECP 7 1.0000 0.0227 0.0215 0.0219
IND by SEC 7 09979 07168 09813  0.8935
by R™2 7 0.9979 0.7168 0.9813 0.8935
Glucose 7
by SEP 7 0.9979 0.7168 0.9813 0.8935
Yes by SECP 7 0.9979 0.7168 0.9813 0.8935
by SEC 11 1.0000 0.0134 0.0199 0.0184
by R*2 12 1.0000 0.0144 0.0196 0.0185
BSA 12
by SEP 9 1.0000 0.0180 0.0148 0.0159
by by SECP 9 1.0000 0.0163 0.0153 0.0156
SEC by SEC 12 09999 02482 09330  0.8224
by RM2 16 .9999 03266 0.8595 0.8237
Glucose 16
by SEP 11 0.9994 0.4632 0.8110 0.7338
v by SECP 11 0.9998 0.2776 0.8239 0.7189
es
by SEC 7 1.0000 0.0196 0.0176 0.0184
by R"2 7 1.0000 0.0196 0.0176 0.0184
BSA 7
by SEP 7 1.0000 0.0196 0.0176 0.0184
by by SECP 7 1.0000 0.0196 0.0176 0.0184
IND by SEC 7 09993 04189 09406  0.7904
by R"2 7 0.9993 0.4189 0.9406 0.7904
Glucose 7
by SEP 7 0.9993 0.4189 0.9406 0.7904
by SECP 7 0.9993 0.4189 0.9406 0.7904
set vidx(1l)=-1 set combo_set (i+l, cidx+1l)
=vidx(i+1)+1{for i=0 to p-1}
repeat while idx>-1 set cidx=cidx+1
set vidx(idx+1)=vidx(idx+1)+1 end
repeat while vidx(idx+1l)<k-idx+p-1 set vidx(idx+1)=vidx(idx+1)+1
if idx<p-1 end
get idx=idx+1 set idx=idx-1
set vidx(idx+1)=vidx (idx) end
else
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Table III-PCR Models Found Best using 1st Derivative Spectra of 402 Given Spectral Points. Initial Sets of Factors
(Eigenvectors) for Initial PCR Models Were Found by Means of SEC or Malinowski's IND Function and then Final Sets of Factors
Were Found by Means of SEC, R?, SEP or SECP

Mean Variance Initial Initial Final Final R SEC SEP

Centering  Scaling  Selection Compound Factors  Selection  Factors SECP
by SEC 7 1.0000  0.0183  0.0534  0.0433
BSA by R"2 7 1.0000 00183  0.0534  0.0433
by SEP 6 1.0000 00305  0.0425  0.0381
by by SECP 6 1.0000  0.0305  0.0425  0.0381
SEC by SEC 16 09995  0.6512 32593 3.0385
by R"2 16 09995  0.6512 32594  3.0385
Glucose 16
by SEP 12 09854 23434 16275 1.8477
N by SECP 13 0.9940 1.6256  1.7893 17514
[}
by SEC 7 1.0000 00183  0.0534  0.0433
by R*2 8 1.0000  0.0191 0.0534  0.0440
BSA 8
by SEP 7 1.0000  0.0318  0.0425  0.0387
by by SECP 6 1.0000  0.0305  0.0425  0.0381
IND by SEC 8 09595 31140  6.7923  5.7249
by R"2 8 09595  3.1140  6.7923  5.7249
Glucose 8
by SEP 3 07537 63699 60062  6.1751
N by SECP 6 09440 33684 62573 52780
o]
by SEC 11 1.0000 00150  0.0295  0.0261
by R*2 12 1.0000 00160  0.0295  0.0265
BSA 12
by SEP 9 10000 0.0202  0.0264  0.0244
by by SECP 1.0000 00163  0.0265  0.0235
SEC by SEC 16 09999 03275 14931 1.3928
by R"2 16 09999 03275 14931 1.3928
Glucose 16
by SEP 15 0.9997  0.4490 14393 1.3215
v by SECP 13 0.9994 05133 1.4651 1.3018
es
by SEC 6 1.0000  0.0230 00302  0.0275
BSA ] by R*2 6 1.0000 00230  0.0302  0.0275
by SEP 6 1.0000 00230  0.0302  0.0275
by by SECP 6 1.0000  0.0230  0.0302  0.0275
IND by SEC 4 0.9601 26474 28513 2.7632
by R™2 6 09607  2.8235 27007 27512
Glucose 6
by SEP 6 09607  2.8235 27007 27512
by SECP 5 09605 27282 27019 27131
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Table ID-Continued
by SEC 9
by R"2 13
BSA 13
by SEP 13
by by SECP 9
SEC by SEC 16
by R"2 16
Glucose 16
by SEP 10
by SECP 10
No
by SEC 7
by R"2 7
BSA 7
by SEP 6
by by SECP 7
IND by SEC 2
by R"2 7
Glucose 7
by SEP 4
by SECP 3
Yes
by SEC 10
by R™2 16
BSA 16
by
SEC by SEC 15 0.9999 0.3144 1.4829 1.3830
by R"2 0.9999 0.3144 1.4829 1.3830
Glucose 15 Lo
by SEP
~'by:SECP
Yes i g : s
by SEC 5 1.0000 0.0235 0.0308 0.0280
BSA by R2 6 1.0000  0.0242 0.0308 0.0284
by SEP 6 1.0000  0.0242 0.0308 0.0284
by by SECP 5 1.0000  0.0235 0.0308 0.0280
IND by SEC 4 09545 29285 27629  2.8343
by R"2 6 0.9576  3.0535 26614  2.8197
Glucose
by SEP 6 0.9576  3.0535 26614  2.8197
by SECP 5 0.9575 2.9355 2.6625 2.7766
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Table IV-PCR Models Found Best using Absorbance Spectra with a Priori Selection of Spectral Points (308 and 281 Spectral
Points for BSA and Glucose, Respectively) by Correlation Coefficients. Initial Sets of Factors (Eigenvectors) for Initial PCR Models
Were Found by Means of SEC or Malinowski's IND Function and then Final Sets of Factors Were Found by Means of SEC, R?,

SEP or SECP
Mean Variance Initial Initial Final Final 5
Centering  Scaling Selection Compound Factors Selection Factors R SEC SEP SECP
BSA by SEC 12 1.0000 00139 00381  0.0334
(308 6 by R*2 16 1.0000 00190 00321  0.0307
Spécttfégl by SEP 13 1.0000 00235 00197  0.0207
points
by by SECP 13 1.0000 00235 00197  0.0207
SEC by SEC 14 09999 02346 05215 04762
Glucose :
(281 6 by R"2 16 0.9999 02989 05540  0.5265
Spe.ﬁtra)l by SEP 1 09997 03139 03751 03581
points
N by SECP 11 09997 03139 03751 03581
(o]
by SEC 7 1.0000 00227 00251  0.0242
BSA g by R"2 8 1.0000 00235 00247  0.0242
by SEP 8 1.0000  0.0235 00247  0.0242
by by SECP 7 10000 0.0227 00251  0.0242
IND by SEC 9 09993 04265 08720  0.7489
by R"2 10 0.9993 04389  0.8009  0.7051
Glucose 10
by SEP 9 09992 04513 07009  0.6261
N by SECP 09992 04513 07009  0.6261
o
by SEC 12 1.0000  0.0128  0.0325  0.0286
by R*2 16 1.0000 00188 00319  0.0304
BSA 16
by SEP 12 1.0000 00210 00164 00177
by by SECP 9 1.0000 00178 00167  0.0171
SEC by SEC 13 1.0000 01283 04690  0.4136
by R*2 16 1.0000 01680 04778  0.4484
Glucose 16
by SEP 13 09997 03408 03981 03851
. by SECP 12 09998 02775 04057 03755
€S
by SEC 6 1.0000  0.0200  0.0246  0.0228
by R™2 8 1.0000 00215 00242 0.0232
BSA 8
by SEP 6 10000 0.0239  0.0239  0.0239
by by SECP 6 1.0000  0.0200  0.0246  0.0228
IND by SEC 8 09994 03781 07430  0.6341
by R"2 10 0.9994 04161 0.7408  0.6543
Glucose 10
by SEP 9 09994 03955 07262  0.6320
by SECP 9 09994 03955 07262  0.6320
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Table IV-Continued
by SEC 13 1.0000 0.0123 0.0347 0.0314
by R"2 16 1.0000 0.0190 0.0325 0.0315
BSA 16
by SEP 14 1.0000 0.0242 0.0170 0.0184
by by SECP 13 1.0000 0.0217 0.0174 0.0183
SEC by SEC 14 1.0000 0.1759 0.4869 0.4486
by R*2 16 1.0000 0.1960 0.4736 0.4545
Glucose 16
No
by SEC 7 1.0000 0.0233 0.0251 0.0245
BSA 8 by R"2 8 1.0000 0.0244 0.0251 0.0249
by SEP 8 1.0000 0.0244 0.0251 0.0249
by by SECP 7 1.0000 0.0233 0.0251 0.0245
IND by SEC 8 0.9993 0.4278 0.8658 0.7445
by R"2 10 0.9994 0.4606 0.7866 0.7058
Glucose 10
by SEP 0.9991 0.5220 0.6484 0.6106
v by SECP 9 0.9991 0.5220 0.6484 0.6106
es
by SEC 12 1.0000 0.0142 0.0242 0.0222
R™2 16
BSA 16
by
SEC by SEC 13 1.0000 0.1441 0.4908 0.4416
by R"2 16 1.0000 0.1990 0.4776 0.4584
Glucose 16
by SEP 13 0.9997 0.3884 0.3918 0.3910
v by SECP 11 0.9997 0.3335 0.4057 0.3876
es
by SEC 7 1.0000 0.0216 0.0248 0.0237
BSA 8 by R"2 8 1.0000 0.0227 0.0245 0.0239
by SEP 7 1.0000 0.0236 0.0230 0.0232
by by SECP 6 1.0000 0.0226 0.0232 0.0230
IND by SEC 8 0.9994 0.4003 0.7162 0.6255
by R*2 10 0.9994 0.4357 0.7162 0.6459
Glucose 10
by SEP 9 0.9994 04172 0.6738 0.6033
by SECP 9 0.9994 04172 0.6738 0.6033
o) A1e) ¥% 24 mdo] BE & UYLk MBS A BE 23] e 229 A% 7488

1xt OlEgk MAE 0|88 28 FMEs|AHzdol 7N
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Table V-PCR Models Found Best using 1st Derivative Spectra with a Priori Selection of Spectral Points (347 and 25 Spectral Points
for BSA and Glucose, Respectively) by Correlation Coefficients. Initial Sets of Factors (Eigenvectors) for Initial PCR Models Were

Found by Means of SEC or Malinowski's IND Function and then Final Sets of Factors Were Found by Means of SEC, R?, SEP or
SECP

Mean Variance Initial Initial Final Final 2

Centering  Scaling Selection Compound Factors Selection Factors SEC SEP SECP
by SEC 9 1.0000 0.0149 0.0256 0.0225
by R*2 13 1.0000 0.0186 0.0248 0.0235

BSA 13
by SEP 9 1.0000 0.0275 0.0226 0.0244
by by SECP 10 1.0000 0.0155 0.0232 0.0211
SEC by SEC 14 0.9972 1.2175 5.7411 5.1383
by R"2 16 0.9975 1.4865 5.6235 5.2548

Glucose 16 s
. by SEP. -0
N by SECP 10 0.9671 3.1036 3.2747 3.2207
0

by SEC 8 1.0000 0.0191 0.0527 0.0435
by R™2 8 1.0000 0.0191 0.0527 0.0435

BSA 8
by SEP 7 1.0000 0.0280 0.0472 0.0408
by by SECP 7 1.0000 0.0280 0.0472 0.0408
IND by SEC 6 09479 32514  6.1944 52036
by R"2 8 0.9521 3.3890 5.7781 5.0355

Glucose 8
by SEP 6 0.8737 5.0603 5.1085 5.0890
N by SECP 6 0.9416 3.4401 5.1857, 4.5579

o

by SEC 13 1.0000 0.0115 0.0353 0.0313
by R*2 16 1.0000 0.0152 0.0332 0.0313

BSA 16
by SEP 12 1.0000 0.0253 0.0221 0.0230
by by SECP 10 1.0000 0.0197 0.0230 0.0220
SEC by SEC 12 0.9976 0.9559 5.0827 43731
by R"2 16 0.9979 1.3588 5.3408 49886

Glucose 16
by SEP 10 0.9312 4.4899 3.4654 3.8247
v by SECP 9 0.9311 4.2608 3.5251 3.7949

es

by SEC 6 1.0000 0.0207 0.0254 0.0236
by R"2 6 1.0000 0.0207 0.0254 0.0236

BSA 6
by SEP 6 1.0000 0.0207 0.0254 0.0236
by by SECP 6 1.0000 0.0207 0.0254 0.0236
IND by SEC 6 0.9272  3.8433 55679  4.9405
by R*2 8 0.9292 4.1200 5.7270 5.1958

Glucose 8
by SEP 5 0.8547 5.2305 4.3039 4.7193
by SECP 6 0.9195 4.0411 5.0771 4.6839
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Table V-Continued
by SEC 8 1.0000  0.0194 00521  0.0437
BSA ) by R"2 8 1.0000  0.0194 00521  0.0437
by SEP 7 1.0000  0.0288  0.0466  0.0410
by by SECP 7 1.0000 00288  0.0466  0.0410
SEC by SEC 13 09951 16108 42091  3.8166
by R"2 16 09974  1.8448 46569  4.4660
Glucose 16
by SEP 10 0.9068  5.5427  3.1683  4.0207
No s
by SEC 7 1.0000 00256  0.0563
by R"2 7 1.0000 00256  0.0563
BSA 7
by SEP 6 1.0000  0.0324  0.0509
by by SECP 6 1.0000  0.0324  0.0509
IND by SEC 6 09547  3.1540 52511
by R"2 8 09572 33573 52590
Glucose 8
by SEP 5 0.8730 50744 41753
. by SECP 5 09472 32724 47390
€S
by SEC 9 1.0000 00122  0.0304
by R"2 16 1.0000  0.0222  0.0309
BSA 16
by
SEC by SEC 11 09972 1.0319 45420  3.9195
by R"2 16 09980 16377 43733 4.1904
Glucose 16
by SEP 12 0.9452 49080 32913  3.7435
. by SECP 1 09731  3.1836  3.6521  3.5321
€S

1.0000 0.0201 0.0262 0.0239
by R™2 1.0000 0.0207 0.0261 0.0242
by SEP 1.0000 0.0207 0.0261 0.0242

by SEC 5
6
6
by by SECP 5 10000 0.0201 00262  0.0239
6
8
5
5

BSA 6

IND by SEC 09319  3.8666 47693  4.4417
by R"2 09344 41574 50634  4.7705
by SEP 0.8803  4.9256  3.7429 42631
by SECP 0.9250  3.8994 44349 42256

Glucose 8
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Table VI-The Best Estimation Results of BSA Concentration using Absorbance Spectra of 402 Given Spectral Points. Data
Preprocessing Options Are: Mean-centering = No; Variance Scaling = Yes. Prepared and Estimated Concentrations Are in g/dL.
Reduction in SEP or SECP is Shown in Percentages

Modeling All factors Factor selection by SEP Factor selection by SECP
Used Factors 1~14 1~7,10,11,12 1,2,3,5~8,10, 11

Prepared Estimated Residual Estimated Residual Estimated Residual
3.589 3.544 —-0.045 3.579 -0.010 3.575 -0.014
3.589 3.606 0.017 3.610 0.021 3.609 0.020
3.589 3.583 —-0.006 3.568 -0.021 3.569 -0.020
3.077 3.127 0.050 3.075 —-0.002 3.080 0.003
2.471 2.498 0.027 2.484 0.013 2.486 0.015
3.398 3.388 —-0.011 3.395 -0.003 3.395 -0.003
1.853 1.838 -0.015 1.839 -0.014 1.839 -0.014
3.089 3.090 0.001 3.103 0.014 3.097 0.008
3.574 3.587 0.013 3.578 0.004 3.588 0.014
3.574 3.567 —-0.007 3.560 -0.014 3.568 -0.006
3.574 3.543 —-0.031 3.548 -0.026 3.549 -0.025
3.574 3.567 —-0.008 3.570 -0.004 3.567 -0.007
2.984 2.961 -0.023 2.966 -0.018 2.962 -0.022
4974 4.988 0.014 4975 0.001 4977 0.003
1.989 1.989 0.000 2.002 0.013 1.999 0.010
3.979 3.955 -0.024 3.966 -0.013 3.962 -0.017
5.968 5.952 -0.016 5.972 0.004 5.967 -0.001
3.979 3.953 -0.026 3.957 -0.022 3.954 -0.025
3.979 3.978 —-0.002 3.972 -0.007 3.976 -0.003
SEP 0.0222
SECP 0.0208
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SECE 7182 IHTH 1699 ILfuEd] g 230 & A9 FHos gle) IFUE} Adn F83]7)
L2 AT 7] FARYARD] BRI, o] 16748 mdo] HFe] Fi 4 wdo|t},

ZHEEE SOl 1ARE 100 LGHES Hesls 2
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3 SEPE 7IEoR ¢ Agel= 12719 ZH9E7), SECP Aol Ausk oy AN 24 mE BE JFed Lf)
S BVTor & A i et AddE £ BlEe 230 9% FARIARYEY] HH2AS vt
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Z
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Table VII-The Best Estimation Results of BSA Concentration using Absorbance Spectra with a Priori Selection of Spectral
Points by Correlation Coefficient. Data Preprocessing Options Are: Mean-centering = Yes; Variance Scaling = Yes. Prepared and
Estimated Concentrations Are in g/dL. Reduction in SEP or SECP Is Shown in Percentages

Modeling All factors Factor selection by SEP Factor selection by SECP
Used Factors 1~16 1~5,7,10,12,13, 15 1~5,7,8,10,12,13,15

Prepared Estimated Residual Estimated Residual Estimated Residual
3.589 3.552 —-0.037 3.592 0.003 3.590 0.001
3.589 3.617 0.028 3.611 0.022 3.609 0.020
3.589 3.587 -0.002 3.567 -0.022 3.576 -0.014
3.077 3.165 0.088 3.077 0.000 3.086 0.009
2471 2477 0.006 2473 0.002 2477 0.006
3.398 3.417 0.019 3.402 0.004 3.404 0.006
1.853 1.836 -0.017 1.841 -0.012 1.841 -0.012
3.089 3.118 0.029 3.118 0.029 3.107 0.018
3.574 3.610 0.036 3.577 0.003 3.585 0.011
3.574 3.574 0.000 3.559 -0.015 3.581 0.007
3.574 3.550 —-0.024 3.556 —-0.018 3.560 —-0.014
3.574 3.565 -0.009 3.579 0.005 3.580 0.006
2.984 2.961 -0.023 2.968 -0.016 2.957 -0.027
4.974 4.980 0.006 4.984 0.010 4.991 0.017
1.989 2.004 0.015 1.996 0.007 1.981 —-0.008
3.979 3.963 -0.016 3.965 -0.014 3.958 -0.021
5.968 5.981 0.013 5.979 0.011 5971 0.009
3.979 3.982 0.003 3.961 -0.018 3.953 ~-0.026
3.979 4.016 0.037 3.982 0.003 3.987 0.008
SEP 0.0290
SECP 0.0284

2
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Table VIII-The Best Estimation Results of Glucose Concentration using Absorbance Spectra of 402 Given Spectral Points. Data
Preprocessing Options Are: Mean-centering = No; Variance Scaling = No. Prepared and Estimated Concentrations Are in mmol/
L. Reduction in SEP or SECP Is Shown in Percentages

Modeling All factors Factor selection by SEP Factor selection by SECP
Used Factors 1~16 1~8,13,15,16 1~10,12,13,15

Prepared Estimated Residual Estimated Residual Estimated Residual
5.644 5.628 -0.017 5.389 -0.256 5.509 —-0.136
11.289 11.324 0.035 11.230 —-0.059 11.318 0.029
16.933 18.052 1.118 17.718 0.785 17.592 0.658
22.578 24,927 2.349 22.630 0.052 23.709 1.131
5.544 7.018 1.474 6.851 1.306 6.886 1.342
11.089 12.498 1.409 12.816 1.727 12.795 1.706
16.633 17.854 1.220 17.666 1.033 17.465 0.832
22.178 22.000 -0.178 21.970 -0.208 21.761 -0.417
5.633 5.681 0.048 5.030 -0.603 5.448 -0.186
11.272 11.943 0.670 11.658 0.386 11.603 0.330
16.906 16.773 -0.133 16.685 -0.221 16.916 0.010
22.544 22.295 —-0.250 22.180 -0.364 22.442 -0.102
5.583 4.903 —-0.680 4.544 —1.040 4.620 -0.964
5.583 5.453 -0.131 5.117 —0.466 5.227 -0.356
11.167 11.595 0.429 11.537 0.370 11.245 0.078
11.167 11.317 0.150 11.381 0214 10.855 -0.312
11.167 10.641 -0.526 11.213 0.047 10.654 -0.512
11.194 10.309 —0.886 10312 —-0.883 10.325 —-0.870

22.328 21.737 ~0.591 21.840 -0.488 21.651 -0.677

SEP 0.8908

SECP 0.8348
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Table IX-The Best Estimation Results of Glucose Concentration using Absorbance Spectra with a Priori Selection of Spectra
Points by Correlation Coefficient. Data Preprocessing Options Are: Mean-centering = Yes; Variance Scaling = No. Prepared and
Estimated Concentrations Are in mmol/L

Modeling All factors Factor selection by SEP Factor selection by SECP
Used Factors 1~16 1,3~10,12, 13, 14, 16 1,3~10,13,14, 16

Prepared Estimated Residual Estimated Residual Estimated Residual
5.644 5.834 0.189 5.834 0.190 5.801 0.157
11.289 10.392 - —0.897 10.764 ~-0.525 10.747 —0.542
16.933 17.074 0.141 17.073 0.140 17.056 0.123
22.578 22.800 0.222 22.537 -0.040 22.539 -0.039
5.544 5.181 —-0.363 5.164 -0.380 5171 -0.374
11.089 10.988 -0.101 10.979 -0.110 10.964 -0.125
16.633 16.528 -0.106 16.782 0.149 16.767 0.133
22.178 21.753 -0.425 22.154 —-0.024 22.167 -0.011
5.633 6.717 1.083 6.432 0.798 6.434 0.800
11272 11.291 0.019 11.022 -0.250 10.981 -0.291
16.906 16.285 -0.620 16.463 —0.443 16.476 -0.430
22.544 22.321 -0.223 22.502 —-0.043 22.542 -0.002
5.583 4.996 —-0.587 5.286 -0.297 5.291 -0.293
5.583 5.619 0.036 5.733 0.149 5772 0.189
11.167 12.115 0.948 11.819 0.653 11.814 0.647
11.167 11.203 0.036 10.944 -0.223 10.916 -0.251
11.167 11.428 0.261 11.090 -0.077 11.075 -0.092
11.194 10.981 -0.214 11.141 -0.054 11.106 —-0.088
22.328 22.549 0.221 22.283 0.045 22.200 -0.128

SEP 0.4736
SECP 0.4545
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