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Abstract Existing artificial local measurement methods are often used to evaluate the degree of surface weathering
of grottoes. However, such methods are inefficient and the evaluation results are easily affected by subjective
factors. In this paper, an intelligent quantitative evaluation method for grotto surface weathering based on
multispectral imaging and random forest algorithm was proposed. Multispectral imaging was used to extract the the
surface spectral information of grotto to characterize the type and degree of weathering. The multispectral feature
data were reorganized and normalized to establish training, testing, and prediction samples. Based on the theory of
minimum relative entropy, a loss function was designed to train a random forest algorithm model, and the spectral
characteristics of samples with different weathering types and degrees were extracted. The weathering degree of
each pixel in multispectral images of grottoes was predicted and evaluated using a classification model with feature
perception ability after training. The confounding matrix and Kappa coefficient were used to evaluate the accuracy of
the results. The proposed method was verified taking the Wanfo temple grottoes, Qingliang mountain, Yan'an city,
Shaanxi Province as an example. Results show that the target grottoes’ strong salting-out weathering surface area
ratio was 5.15% , weak salting-out weathering area ratio was 27.88%, slight salting-out weathering area ratio was
27.39%, and strong dust weathering zone ratio was 39.58% . The evaluation results were basically in accord with

actual weathering conditions. Accuracy was 98.49% and the Kappa coefficient was 0.98. The proposed method can
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realize pixel-level refined evaluation.

Key words spectroscopy; grottoes weathering; multispectral imaging; recombinant characteristic; minimum

relative entropy; prediction evaluation; random forest
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Table 1 Characterization of reflection spectrum of grottoes surface with different weathering types and degrees
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Table 2 Assessment results of pure weathering area

Assessment results of different alogrithms

Weathering type RGB image

SAM

Strong salting-
out weathering

Weak salting-
out weathering

Slight salting-
out weathering

Strong dust
weathering

3 WL T 4 BRI AL SR A R 2 X
P R XA TR BE AT Al B9 B R . FI ] Kappa &
TGRS RL A T PP AG R RE BEAT IR . SRR TR
SC A BV X A A T AU A 2 R R XA R E £ 5
DA A0S S . T oE A % AT L3k ] 98, 490,
Kappa Z %0 0. 9815 1% 2 > B 19 1 & i KAk
JE I Je A TR HE B 01 335 48 AR 80 0 A1 55 52 B WAk 22
JCTE R AR B A — 2, Tl He IR Lt S
HER A TR CNIN B3 A2 I 2R 3 rp R BLAL 5, (3
TE PR AR IR 9 B 3R W 0 T L BT CNIN 370 ik

BIRAEAE W) S e LA B . 224 T e % 500 o B
NI Bl ONIN B3 3 ok XL A 2 0 R IR A i 5 1) 15
DAk 25 R S XA R A B R 22 , BT L CNIN
VL AE AL BN RE A RO i B R 22, SAM I
CNN G536 KAk s A R XA R 3000 £k 1) 24 1
FIGAIR . SVM. I BE L AR ARG 1% XU AR 26 70 B AU AL 7R
JEE TR DA 0 B R AR . M T SVM BEE L A
SCHITHE 0 X KA 28 R R XA R E A YA R R 2
PR T 8 ANE AT . LA 2 A Sl T 1
e 5 e /N AR B T B TIPSR T Al

34 PO L TINS5 R M0 L

Table 3 Comparison of prediction results of four algorithms

Algorithm Train accuracy /% Test accuracy /% Prediction accuracy /% Kappa coefficient
RF 99.91 99. 89 98. 49 0.98
SVM 97.63 94.53 90. 28 0. 86
SAM 98.72 97.78 62.65 0.51
CNN 99.99 99. 64 59.61 0.57
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Fig. 9 Assessment results of four algorithms on overall weathering types and degrees of grotto surface. (a) True

weathering types and degrees; (b) RF algorithm; (¢) SVM algorithm; (d) SAM algorithm; (e) CNN algorithm
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5 E N R K AR B R 25 55 SAM B ik
FE 55 3 T KA X5 R A KAk DX 3877 7 15 4 43 3
4 s CNN Bk R 58 X 4 55 0 0 KU X385 il L R
PR 1 LI DAy 45 SR 5 S KAk 2K R R A R
SN B AR A S B KA R B TR A% 1) X 35, 5
FIREA . M T SAM,SVM,CNN %%, B L 7%
R 06 A T 2 T A Ak 2R TR R IR A R R 19 0 A
S5 RS

A A R 26 R0 R KT TR B T 2 O R
Fr KA XI5 19452 % 580 67511 A (5.15%) , 55 3k
B IR DX 380 i 15 38 A8 365718 4N (27. 88 %), il
R AT AL X 38k 1% 2 5 B0 359321 4 (27, 39%) , F)
B KA X 15 2 A5 80h 519178 4~(39.58%), R
8 G B T REAS I 25 X 8 LA ) [ b XA 28 950 R
IR B 00000 Aty X8R %) 6 33 BB L SR VR ¥ i B
X VAl 45 S R 174 B 56

B 4N A4 R IR 2K Y K XA AR U
il TRV B B TP B W e W i Wi
W g 23 7R B0 30 06 5 R A7 XU AL L 55 38 4 KAk L 1k
ER T AL LR 2B KA X3 1 T 9 B %, Total Fom
TR LR BE T (5 L. SR 4 RTRLE . 2 2R
DA X 358 555 6 AT IRUAL 5 B AT IXUAR 1) O 1% R A i

44 PO IRIE SRR T

Table 4 Comparison of confusion matrix of four algorithms

Classification ratio /%

Algorithm Class Total /%
Waone Wagne  Wa W
W ione  99.92 0 0 0 14.05
W ighe 0 100 0.11 0.21 10. 05
RF W s 0 0 99. 89 0 53.05
W 0.08 0 0 99. 79 22.86
Total 100 100 100 100 100
W  89.04 0 0 4. 31 15.78
Waae 4.28 97.32 4.38 16.97 8. 35
SVM W . 0 0.53 94.11 0.57 52.55
Wi  6.68 2.16 1.50 78.15 23.32
Total 100 100 100 100 100
W 80.13  0.05 0 47.45 28. 81
Wi 0.01  95.68 0.06 0 25.29
SAM W 0 0 99.94 4.15 21.11
W 19.86  4.26 0 48. 40 23.79
Total 100 100 100 100 100
W oone  44.12 4,41 0 3.62 10.79
W  55.88 95.90 1.39 95.86 21.14
CNN W 0 0 98.44  0.52 28.74
Wk 0 0 0.16 0 39.34
Total 100 100 100 100 100
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