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Spectroscopy and Spectral Analysis
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x1 ABEFEER

Table 1 Basic information of the conglomerate samples
Atk S A Bl T i/ g RAf/mm
A BRAZ AL, PR Z5H KA 922. 60 259 80 X902 60

R2 BETHURSANER

Table 2 Mineral composition of the conglomerate samples

Ak ENG WA/ % A/ % A % H=fi/% MINA/ % A/ o yai/ %
BR 30. 4 2.2 23.5 11.8 9.7 2.0 6.9 13.5
WITEARCE 20 ], DLHESE R Bl . K w0 iR T AN [ A 0 A il 2 18] B R] — R O [m] i 20 B
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1 (a)RARBERERIELMUIREE;

(a) Water sorption test system and near-infrared testing device; (b) schematic diagram of the experimental setup

Fig. 1
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Table 3 Experimental parameters of near infrared

spectrometer acquisition system
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Fig. 2 Visible light map of the conglomerate water absorption process
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Fig. 3 Near-infrared spectrum of conglomerate point 1

(a): Original spectrum; (b): NPS+ B-corr pre-processed spectrum
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Fig. 4 Schematic diagram of initial characteristic variables

3.2.2 #mEETER—4

Hi3E 4 FTLUE h 6 DRGSR AL i m 4R [, H AR
22 1) P A A B AL AS [R) R 0k 8 00 D 0 B 8l 447 13—k Ak
B, ok T IR A 20 AR A A1 W JBE AN [l SR Y 2 i

VA — A 1 Dy o e o T B0 46 e 1 4 3R 0l 25 i 0 R P
TES 8 fie/MELT PR LAZ S T8 R 9 22 R ILAT) 40 45 3 4
971 W),

o, = x; — min(x;) 4

max(z;) — min(x;)

H—f g5 R m#k 5 Fron




2032 S 5 6 M Al %

F4 1450 nm iEERIEAMRENNBBETE SIATIE S WAL, EOKE S A IR RE SR S R AR H
(RIHES) AR AR 3, i RECR“S” R, A H R 458 =

Table 4 Initial characteristic variables of near-infrared B RS KBRS B R AR ML ) B AR 2 B0R 1
spectra at 1 450 nm (only part of data listed) K, B KB IESEREAR E . ME KRR — 2k

wamr 0 T2 A ENS CE 5 15 35 2K LRI 5900+ RE B HCA PRI 3
/nm /nm /nm /nm /nm — G LR R . A T Esh ROk RS, B

O1-1  0.006 36.702 0.294 17.641 19.061 0.925 R B B 7K B B 28k B R AEL K A0 478 B8 78 5 2 S 167 b
0O1-2 0.014 103.242 1.628 21.971 81.271 0.270 B W s, ) R R R A X, . R

01-3 0.071 118.620 9.1463 52.161 66.460 0.784 8 TE IR 5 2 T T — 2 K 4 T i 75 A 2 32 T B e

1R BT A LY D' A 2 B B — 2B I I B

03-16 . 157 119.694 20.562 53.409 66. 285

0 0. N, L S

) ZE A W K R A AT X = AN B BOK 40 14 R B A 3

B 0.079 110.146 10.439 47.652 62.494 0.770 A B B 3 R s 8
FRMEH 2% 0.041  26.540 5.512  12.990 14.850 0.120 Ao 7 » * - o ‘”‘&A ks ‘i H’Hm:? : Lk
B 0.177 123.649 23.952 54.434 81.271 0.938 "ﬁ[zhﬁv‘]ﬁﬁ%*@*ﬂ“ 3 MR o R o L 1 A
F/ME 0.005  36.032  0.279  16.305 18.589 0. 270 R LTI 53 AT BOA 1T AR ) 59 065 47 5 0 3 /K ik

KR/NGEAT YIRS ol O, 0 A O 3 A R K R AR 1k
3.2.3 AkBHAH CHOHT A, AR IR =B B, WA A R =4

BB C= {1+ crs s 00} H A B 7K B 0 0 4R KEHH], PR REFKEHRS C: C={c1y 2y s )=
o BRI A KR . S K RS R A A K . AR (T ERA, WAIRES, MFARE ), B8 T X A%,
FOOK B R B T LA R B e 0T ITIHRORAI R M MIC B 402t o) LG RR I A S
AR B AR R AL (LB B Ak et M O e e o) = URIRR . BUIORA . AR =

2. WA 5 PR {1, 2, 3},

RS 1450 nm ERGE AN IEM VB ELTER-—KE(RIIHES)

Table 5 Normalized initial characteristic variables of near-infrared spectra at 1 450 nm (only part of data listed)

FEAE(E F Jf1/nm f2/nm f3/nm f4/nm f5/nm Ss
0O1-1 0. 005 8 0. 007 6 0. 000 6 0.0350 0.007 5 0.980 5
01-2 0.052 3 0.767 1 0.057 0 0.148 6 1. 000 0 0.000 O
01-3 0.3837 0.942 6 0.374 6 0.940 4 0.7637 0.770 7
03-16 0.883 7 0.954 9 0.856 8 0.973 1 0.760 9 0.802 4
HI{E 0.432 6 0.845 9 0.429 2 0.822 1 0. 700 4 0.747 9

Bt s % 0.040 6 26.540 2 5.511 8 12.989 6 14. 850 3 0.120 3
& KA 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
T /ME 0. 000 0 0. 000 0 0.000 O 0. 000 0 0. 000 O 0.000 O

0207 () —=— Uffiflj(Height) 0.209 (b) —a— U (Height) 0207 () —a— U5 (Height)
% TR A ) 5 PR %
ot6) FHRE PR ik 016 BT v S U wiE MRS g | s
3 0.12 2 0.12 2 0.12 4
= g e
= = =
- 0.084 -2 0.08 1 -2 0.08 4
== ==} o
0.04 j 0.04 / 0.04 4
0.00{ | 000{ " 0.00{
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Water content level/% Water content level/% Water content level/%
5 AKE-EBHERRKERINIEX
(a): 1%,‘*‘;? (b): 27:‘7,‘*';; (o) %%;\J—l
Fig. 5 Peak height of water content and water content level partition
(a): Point 13 (b): Point 2; (¢): Point 3
3.2.4 HFAES BB AR J5 vk BEATRRAE AR R UL . KWl AR AR AESE F WALy S={ /1,

TEVEATHAE Ve £ Z 07 1 SE AT AR FR AR SR A AR AR A4S 0y f5 ), Rl 0§ (Heigh) o 72 )8 SE B2 (LHW) . £7 5 58 2
) A OG PR AR G . LAE E A TCARFRAE . AR SCHR 1L ]t 5 (RHW) ZANREAE AL B 48 R 2E
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(1) BIF 3 ) F574iF 6 4%

AKX O HERAE S={/1. fi. [5) 5 FKBEHG C=
{ers oy ) ZMAMEAFR ICC, . HHRME 3. 2.2 /M35 rh
Pl SRS R R ey =ik o KA A R 1l |
[max, min]#AT04, IR GH TS NBER, KRG R
3. 2. 3 /N E IR B G C 18 43 JE 45 K 43 T 55 4 — o i
PR ABE S, F S MR B0 4% R A0 78 5 85 7K I R B 1 G L 5 SR T 5
PIE A RS, HRAR L 2.1 M A, Bk
HWHERIESG,

FRIEAE i 5 &K R Z M L E BEB K, R -H
Z IR AR SCHERR R, i ak 6 Al EEAEE ICC, HE K
F/NHER . W0 R1 B HRRAEAE S HEF 4558 I(C, RHW) >1T
(C, Height)>I(C, LHW), BT A ¢4 th = BIAKH 47 8 56
BEL MR, ARTEE. MG R MAFEL BT SR N T
(C, Height)>>I(C, RHW)>>I(C, LHW), #3455 #I4%
RV, ATR SR, ZEH SR .

HEPE BIF 3545t RFAE A8 5t ) s Bk 4y 408 DLl 5 e X
P 3T 2T M TS R AR e B . AT A 8 9 AH 5G4 de K R AE . 7T
DA 36 6 A0 O PR 55 K ) 22 A R AE A 4 A AR Sl e e A AE T4 .

R6 BUATESSKERINEEEE
Table 6 Mutual information values of characteristic

variables and water content levels

% 1AL g I(C, Height) I(C, LHW) I(C, RHW)
% R, 0.618 8 0.553 8 0.675 3
I% R, 0.584 0 0.529 8 0.530 6

(2)MIC 3% ¥ G 1 4

SEF L2 2 W i B SRRE £ 5 Ak
G C= (TR . AR . ARA) = (1. 2. 3) 4%
WM DL LU R, . 4 AR S Ak RS C 2
D, AN 6 B+ KR e+ 3R IR RS el 43 07 3t
G (DFBKIEAELM L (Co fo s v s HEH AR K

B P { T D g
¥ OMIC =

wOR EH. B OE m KM X R

B o LSO SRR T R
logmin(x;, y;)

max

0.20 90 4
(a) 554 (b) | % (c)
e . [l
0.164 = I 7% (Height) . 504+ ZEmEML
: 45 09 - HHAE® ' 1
g 0.12 i g 40 g 60
E = 354 Z 504
a2 d
2 .08 E = 301 E 40 4
0.04 . . 251 304
20 .
0.00. . : =l i 20 H
: T T T T T T 10 T T T
0 1 2; 3 0 1 R 3 0 1 2 3;

Water content level C/a.u.

Water content level C/a.u.

Water content level C/a.u.

Bo6 &XKEHH C-HE fHAE
(a): Height-C #5E; (b): LHW-C #5185 (o RHW-C # 5 A
Fig. 6 Water content level C-feature f scatter plot
(a): Height-C; (b): LHW-C; (¢): RHW-C

®7T BRETESESKELRAEH MIC &
Table 7 MIC values for correlation between the characteristic

variables and water content levels

Wi MIC(C, Height) MIC(C, LHW) MIC(C, RHW)
% R, 0.692 3 0.787 1 0.609 5
I% R, 0.716 3 0.787 1 0.370 6

R 7 AT, 0 R, SRR £ 5 KERG C ZH
1 MIC f&. k3| /NHEFE 8 MIC(C, LHW) > MIC (C,
Height) >MIC(C, RHW) ., H o — FEAE {H X3 h; (9 MIC {B
¥>>0.5, ULH]TE o 0 o BT BRI R AR AR &, BE A A K
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Near-Infrared Spectral Feature Selection of Water-Bearing Rocks Based
on Mutual Information
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Abstract The relationship between near-infrared spectroscopic measurements of rock and its water content does not follow
simple linear correlations. preventing the direct use of classical correlation analysis. In the present paper, an experiment on the
water migration in cliff conglomerates from the Mogao Grottoes was performed, and collected 51 pieces of near-infrared spectra
from three different positions sample. These spectra cover the whole process of the conglomerate from the initial dry state to the
saturated state; then we selected a combined N point smooth and baseline correction method (NPS+ B-corr) to preprocess the
original near-infrared spectrum. According to the spectral curve features at 1 450 and 1 950 nm of the strong absorption
spectrum, six initial feature variables, namely Height, Full Width at Half Maximum (FWHM), Area, Left Half Width
(LHW), Right Half Width (RHW), and (LHW/RHW), were extracted to establish the initial feature set. Simultaneously,
the extracted spectral characteristic variables were normalized, and the curve of each spectral characteristic parameter and the
change of water content were drawn according to the result of the processing, determine the water content level. Then, the
correlation among the feature variables of the initial feature set should be screened to remove redundant features. The initial
feature set is simplified to three characteristic variables: Height, LHW, RHW. Finally, based on mutual information, the Best
Individual Feature and Maximal Information Coefficient methods were used to evaluate the relationship between samples”’ spectral
characteristic parameters and water content. We found that: (1) at wavelengths between approximately 1 450 and 1 930 nm, the
near-infrared spectrum of the conglomerate has obvious absorption peaks, and the absorption peaks show a strong correlation
with the change of water content. which indicates that spectral reflectance was significantly correlated with water content;
(2) the relationship of primary spectral characteristic parameters with total water content can be described by an S-shaped
function, water content can be divided into three states of dry, water-absorbing, and saturated; (3) The near-infrared spectral
characteristics selected by the two information methods are not completely consistent. Based on the BIF method, the correlation
between the characteristic variable at 1 450 nm and the rock moisture content ranks from right to left as right shoulder width,
peak height. and left shoulder width; at 1 900 nm. the peak height. right shoulder width, and left shoulder width. Based on the
MIC method, the correlation between the characteristic variables at 1 450 and 1 900 nm and the rock water content level from the
highest to the lowest in the left shoulder width, peak height, and right shoulder width; (4) Decision tree analysis suggests that
the MIC method achieves higher accuracy in identifying water content level than the BIF method.
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