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Fig 1 Spectra of 19 mixtures of ethand, water and isopro-
pand , the spectra of the pure compounds are recor ded
in a 1 cm cuvette at 30 degrees Celsius
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Fig 2 NIR spectra of 80 corn samples
measured by NIR instrument m5
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Tablel RMSECV o Isomap-PLS in comparison with PLS on datasets measured at 30, 40, 50, 60 and 70
Algorithms 30 40 50 60 70
E w I E w I E w | E w I E w I
PLS 00296 00306 00537 00261 00311 00303 00211 00138 00142 0.0704 0.0338 00350 0.0773 00312 0. 0448
lomap-PLS 00261 0.0100 00270 00261 0.0155 0.0189 00195 00072 00134 0.0163 00091 00130 00159 00074 00126

Note: E: Ethanol; W: Water, |: Isopropanol

Table 2 Optimal dimension of PLSand Isomap-PL S on datasets measured at 30 , 40, 50, 60 and 70

Algorithms 30 40 50 60 70
E W | E W | E w | E W | E W |
PLS 5 10 5 7 8 10 10 10 9 9 9 8 8 9 8
lsomap-PL S lsomap 9 10 10 18 8 12 11 11 11 7 8 8 11 11 11
PLS 8 10 10 7 8 10 9 9 9 7 8 8 9 9 10

Note: E: ethanol ; W: Water , |: Isopropanol

Table3 RMSECV of Isomap-PLSin comparison with PL S on datasets measured at NIR instrument m5, mp5 aod mp6

. m5 mp5 mp6
Algorithms ) ) . . ! : . . :
Moisture _ Oil Protein _Starch Moisture  Qil Protein  Starch Moisture _ Qil Protein  Sarch
PLS 0.0183 0.0622 0.1233 0.2571 01297 0.0927 0.1362 03499 01431 0.0931 0 1385 0. 3378
Isomap-PL S 0.0182 00619 01231 02566 01257 0.0854 0.1339 03454 01430 00894 0 1316 0 3338

Table 4 Optimal dimension of PLSand Isomap-PL S on datasets measured at NIR instrument m5, mp5 and mp6

. m5 mp5 mp6
Algorithms ) ) : ! ! . . . .
Moisture _ Qil Protein _Starch Moisture  Oil Protein _Starch Moisture  Qil Proteéin _Sarch
PLS 10 10 10 10 9 8 10 10 10 10 10 9
loman-PL S Isomap 22 35 30 29 26 14 18 13 27 20 20 12
ad PLS 10 10 10 10 10 9 10 10 10 8 10 10
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Isomap-PL S Nonlinear Modeling Method for Near Infrared Spectr oscopy

YANG Hui-hua''? , QIN Feng', WANG Yi-ming® , LUO Guo-an’
1. College of Computer and Control , Guilin University of Electronic Technology, Guilin 541004, China
2. Modern Research Center of Traditional Chinese Medicine, Tsinghua University , Beijing 100084, China

Absgtract  For modeling the nonlinear relationship existing between samples’ near infrared (NIR) spectra and their chemica or
physica properties, a novel modeling method was put forward in the present paper, which builds model by combining Isomap
and partial least squares (PLS). Isomap is a newly proposed nonlinear dimension reduction algorithm, and belongs to the algo-
rithm family of manifold learning, which is a new branch of machine learning. Isomap is based on multidimensiona scaling
(MDY agorithm; however , it replaces the Euclidean distance in MDS with an approximated geodesic distance, 0 it can efec
tively find out the intrinsc low dimensonal structure from high dimensona data. By combining Isomap and PL S, refered to as
Isomap-PL S, a novel nonlinear modeling method for NIR spectra analysis was proposed. In this method, Isomap was used to ex-
tract nonlinear information from high dimensional NIR spectra while keeping the invariance of geometric property , and then PL S
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was adopted to remove linear information redundancy and build a calibration model. The parameters of the Isomap, i.e. the
number of the nearest neighbor k and output dimension d, can afect the performance of the method. In thispaper, agrid search
approach was used for parameter optimization. The Isomap-PL S modeling method was applied to two public benchmark NIR
datasets, and the modeling results were compared with that of PLS. The results demonstrated that in both datasets, each model
built with 1somap- PL S had a smaller rooted mean square error of crossvalidation (RM SECV) than the corresponding model built
with PL'S. Moreover , for some properties, the RMSECV of Isomap- PL S was significantly reduced by a factor of 25 compared
with that of PLS. It can be concluded that by taking the virtue that 1somap can reflect the intrinsc nonlinear structure of NIR
spectra, |somap- PL S can effectively model the nonlinear correlations between spectra and physicochemical properties of the sam-

ples, and 0 it gains more power in cdibration and prediction than PL S.

Keywords Near infrared spectroscopy; Isomap; Nonlinear dimension reduction; PL S
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