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Spectral curves of 10 kinds of red pigments

Fig. 1

1.3 HiEgE
1.3.1 HKFEmMLE

B T AL B R R O R A OE R 0 G B s
B (DNDSEAR, W LIMVER SRS 4, (AR R B3 T 615 4
Mro BEETHER S REE , X T wmihm, ERhE—iE
L, 4858 B (L) 32 H s R 3 RCH #r [ A 15 5D 5 BIHZR K
9 1] 11 ] CHE AR IS8 00 Ty b 20T BRI i e A

L) = RMWEQ) D

KT RGEERRI R R, FEABERE, Ak, KR E
1) B 18 6 45 EBUBCE 7E SR G REAL I 3 v o 45 5 1 R
iF S L A NN A YA

Ruugvl = Iﬂch[ (2)
L

KOHy Ruge & HAR I F . Lo sz HAx DN, Lo EH
i DN i, R.oh2& FHR SR,
1.3.2 Hfek Bk

FRAE I Bk 5 R FH OGS — W 803 Jr 55 B st 43 vl LA I



1590 ik 56 4

842 %

Wt 1% il 4 A2 3 K AR I AR L . IR B TR Bl & AR
s, — B H A& — sy, ot A ER
(3
R., —R.,
A1 — A
K H . oD RIS KRB X 0 —Br 5. R Bl
R 430 5 g Sl it R AR A A T A AR R SR B
JFEL,
1.3.3 )7 —fekidig A

IH — Ak 2 — Ff i o To B A B R AR T g R
HARLIN . E ) PR S0 B0 Y A e (AR B R B AR o 2%
Fo B—b kAW (D HEHZ RO, D
(=1, DZE /N, 2200 T 50 Ab 33 5 0 {8 58 Pk ;
AR L T RN WA A o o i W e b N K (VA= 8
RN FEARBENS VEAT ELEFMAL . LAR R0 — Ak o6 3 48 ot 1
NN

p(A) = (3)

Ru —R,

NDSI = R. =R, 4)
Kt R, FUR, 52500 F bR SURHEAR GE D B a b A0 2
1
1.3.4 FM B4R

FRELT BURHY 3 — i e B 2 5, 1 T 30k 45 5L
HEAT VP, B0 7322 6 35 48 B0 6 vf LRI H bR BURL . BE &
MRS IO T 48 0K 1% Uk A BORL X 43 ok . BT RLCH T 9F
W BURLE IS R B A 3R . 2R T TE ST BRI R B X 4
X QHyH & (5)

Q=

S5 gy FBR LR 0 ISR Wy B ERB0R 0 6
BHE 2 SO A SIS AL BOR A 11 57 9 8 69 35 S

5 R B0 35 B 5 045 24 5% 46 FL AR ORI
o P10 95 P 1 1 6 B 20 JE /D (0. 5) 0
R T TR M L BB 5 A BB AT 21 5
e

2 #ZR5HHE

2.1 451EE B3R EY

PURRS R HAREUR, R O3 Savitzky-Golay -1 )i
MR 6T il ek — B i 40 S B0, HF — B i S 8l 0
MW B, RIVRW G M 4 m AR 5 FE D B AR BB, DLtk vk mp
VI 0 1215 3 @ A6k RRAE 8 B

B H Ay 9 FhBURLAE 40 358 455 AF I B b R A BT R S H A
BIURHE I B b RS R 25 A, (D, BD

A, (1) = R,(i) — R (6)

6, n R BR A H AR EUR IR A SO R TR Fp 2. BUE A
1~9 WHEEG A RGN ZEME; R,V HAR 9 FhEie iy
BE 5 R HARBUR R 35 i AR M RRE R B . DAL
W B i BEARAR . R R 22 0H A, S 9\ A s i 22 A it 2k 1
e 2 frox.

a2 v LA . /NF 600 nm FIKF 2 400 nm A3

‘ﬂ‘ (5)
q

Be. Sbil i 2 R X B IR L . AR X S5 R T IR, K
HIX 600~2 400 nm Z ] { X BRPEAT 70 Hris . iy 22l 26
P, X 2 2 oy 2k o ol 2 A 24 AR A R T o Bl by BT
J5 W B 2R T B2 2k X ) BURE S AR BURHA BRI X
JE . AR RHR > W AL B Be BT LS BARBUR W] B X 2.
M A T % . S5 R AN 3 FTR .

1001

— JR®
50

c,\\°
2 ot
2
8
= -50
Q
e~

-100+

'150 T T T T 1

500 1000 1 500 2000 2500
Wavelength/nm

B2 URBABGRBBFEFHNEEHLE
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Table 2 Calculation results of 6 spectral indices of cinnabar |
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CNDSI; 0.185 2 0.667 7 1.844 3
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Note: A represents the spectral index value; B represents the mini-

mum discrimination and C represents average discrimination
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Fig. 4 Discrimination of 10 kinds of red pigments
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Table 4  Spectral characteristic indices. index values and the
minimum discrimination of 10 kinds of red pigments
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Fig. 6 Cinnabar pigment extracted by using VNIR-SWIR imaging spectral data

(a); Part of the ancient painting; (b): Cinnabar pigment white areas extracted by CNDSI; (¢): Iron oxide red pigment (white areas) extracted

by INDSI; (Both have been verified by chemical analysis)
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Abstract Red mineral pigments have been widely used in ancient paintings and ancient buildings by artists. It is of great
significance to correctly identify different kinds of red pigments to monitor and restore cultural relics. Traditional pigment
identification mainly relies on chemical analysis, which has a slow identification speed and small identification range and will
cause permanent damage to cultural relics by sampling operation. Nondestructive identification of pigments by hyperspectral
technology can solve these problems well. In this study, ten red mineral pigments, namely Cinnabar | ., Rouge. Vermilion, Zhi
Xi, Cinnabar ]| , Ochre, Ochre powder, Iron oxide red, Terra Rossa and Western red, were selected as the objects of study.
The original digital (DN) images of the hyperspectral data of the 10 red pigments in the band of 350~2 500 nm were obtained by
using a ground object spectrometer in an optical darkroom, and the reflectance data and spectral curves which can be directly used
for spectral analysis were obtained by reflectance correction. Based on the characteristics of different spectral curves of 10 red
pigments, the spectral characteristic bands of the distinguished pigments, namely target pigments, were obtained by two-step
screening. By taking the extreme point of the spectral curve of the target pigment as the characteristic band, the primary spectral
characteristic band of the target pigment can be screened. The reflectance of the other 9 pigments corresponding to the primary
spectral characteristic band was differentiated from that of the target pigment in this band. As for the difference, the sum of
squares was calculated after screening outliers. Different bands correspond to different sums of squares of differences, and the
first 4 bands with larger sums of squares of differences were selected as the optimized spectral characteristic bands. Based on the
normalized spectral index model formula (NDSI=(R, —R,)/(R,+R,), R, and R, are the reflectance values of target pigments at
spectral characteristic bands a and b respectively), the normalized spectral index was constructed for 10 red pigments. Compare
and analyze the spectral index of the target pigment and the other 9 kinds of red pigments in the same spectral characteristic
band. and the difference between the spectral index of the target pigment and the spectral index of the other pigments was
calculated to evaluate the different effect. For the four optimized spectral characteristic bands, six normalized spectral indexes
could be constructed, and the normalized spectral index with the minimum and maximum distinctness was selected as the
characteristic spectral index of the target pigment. The research result shows that the minimum discrimination between each
target pigment and other pigments remains above 0.7 when the target pigments are distinguished by their respective
characteristic spectral indices (more than 0.5 can be considered to be clearly distinguishable), indicating that the above method
can accurately distinguish each red pigment, which is of practical significance for the rapid and accurate identification of cultural

relic pigments.
Keywords Hyperspectral technology; Cultural relic; Red pigments; Spectral index
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