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Abstract: To prevent people from using the processed turquoise and counterfeit turquoise in medicine, this paper
focuses on identifying the raw materials of medicinal turquoise. A turquoise identification system was developed
using hyper-spectral imaging technology. The sample standard spectral line was obtained while the applicability was
analyzed by the present sample, based on the high-resolution spectral data of ore samples from 6 representative
producing areas of natural turquoise in China. A new method was summarized by the differences in correlation
coefficients in the range of 400 nm~1000 nm and 400 nm~600 nm of the fake turquoise on the market and an expe-
rimental prototype system to identify the true or false of turquoise was developed. Further research will provide
technical support to select raw materials in mineral medicine, which will greatly promote the modernization of Tibetan
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Fig. 1 Extraction of standard spectra. (a) Spectra of a natural turquoise sample;
(b) Correlation coefficient between each sample spectrum and the standard spectrum
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Fig. 2 Pictures of turquoise samples
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Fig. 3 Spectral comparison
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Fig. 4 System schematic
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Fig. 5 Software flow chart
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Fig. 6 Selection of natural turquoise spectral region. (a) Natural turquoise sample; (b) Selection of the region of interest

210075-6



St THR, 2021, 48(7): 210075

https://doi.org/10.12086/0ee.2021.210075

3.3 NERNRG

ST R GARIRE 7 PR AR, XRAEE]
MBI T T A . B, SRETST RS E T %
PRI AT RS, 1E 400 nm~1000 nm JEEN, it
FRFIURE S GRS 5 IR GRS A bR T 2R Z ] A AH DG
PEREL p1, 47 pi<0.9, WIFIWTALEE, JFE5AEMR
&, WWHATF % 7F 400 nm~600 nm Ju[HE AN, it
ALK 5 RIRGAS AR HETE L Z A AH DG R 2K 2,
A1 p2>0.9, WIHB A RIRERANAT 5 47 p<0.4, WA
S /NAY L N &l e 6 g BN o W = I T SIS
GO ERERAR, IR e R A s AR R
5

ARSCH ER AT SR R GRS = A T 305
AT b DR ZRA A AT S S, S Ah
RN 2 Fron. SLERASRE]: RIS E OGS AIE
JX (400 nm~600 nm £ 400 nm~1000 nm) | Y] Pearson
RN REET, REME SRS RIRGRAN A RNk i R
AERR A, AR R RS AsA bBE i, R
1 IR B SR A SE ) R 5 o AR I 4 R R A
KSR, FEN AR a4 23K 8] 100%, HAETR
FRTREAN AVEE , AT it T JR TR ds 1 3 26
WF5E, T LIRATE ARSI S T 2 s a ke, iF
Frms BRI, s RdRgE, TTRMAEMSITR, 5%
LS A IR L, S B ERG

RO

PO

Y

1% 400 nm~1000 nm LN 5
FRARGEINAT AN R B 1

b=
p1<0.9
i

PhihekFr

"

114 400 nm~600 nm 3t [ 9 5
FIREEINAT AR E B p2

<>

=
TSI WIEIT BEARAN A RIRGANA
A7 #H#MHizEA
Fig. 7 Software flow chart
k2 KA FHRER
Table 2 Identification test results
eSSl B K ER R YRR
RIRGINT 100 100 0
thih s 100 100 0
W RS AN 53 52 1
IS AR 52 52 0

210075-7



St THE, 2021, 48(7): 210075

https://doi.org/10.12086/0ee.2021.210075

34 DERG
ERGRHEE 8 FiR. R RGMRIELE A
Pl RGTl A WS AL e R, LU
AT AL it (o A A R JSG 3o B A A ) LA B B i
LA G B B A RO S oy S P SR A
HEETD, MTIRIREAMA WAL XA AT T — s
o, BT RGN, TARRE, ZEAEH R GKE
PRI S WAL AT R, TR AL IR 5 7
RGN FIFIE 8 IR S RS0, 1l skt
IUXTERAAAT A ACAt i | SERPRIFEZRAGIN

=+
4 IIEI\ é]:l

A SR RGBT R IR G A 5™
FEAHTE 400 nm~1000 nm i B & 3 HOGIE EUR B
ARICRIR G ATFES AR G 2R, H AR
TGP, ASCR B T (400 nm~1000 nm Fil 400
nm~600 nm) W AHSCHE AT SN F L, TFR T —E5 X
FRIRGEINAT . S UEEEINAT | IO B SR A T D dh s
A RITER SR RS, TR TSR = IA 1 305 4
TITH b UL SR TR L Fh i BB SR S ) T
Y RTEES . BT, ZFEHLRGM GRS X I B T 2
ANTRE, HARNBIEEAAREEE, THEKLSS
NTHRRE . BURALBRE AR TS 2 S SR, TFR R
L T ARSI RN R G, IR S5

/J_‘
)I\J

((l W

I -

4 OOa
O/ )=

EZTR o0 AT DL /1N i i £ 7 N2 e S B s 2 b 4
B 253y JE A RS B RS AL B U A SR AR
S

5o
R 5 o LG 5 B BE - 1L
AR PR A SR R

A Y v

SZCHR

[11 Dai Z Z. Discussion on the identification and maintenance of
turquoise[J]. Qual Stand, 2019(7): 30-33.

BEZ. REGNEHEANERAN]. KES5AFMEK, 2019(7):
30-33.

[2] Hang D. Discussion on the culture of turquoise[J]. Superh Mater
Eng, 2013, 25(6): 57-58.

AR, RIRFN B A[J]. ARE A TAZ, 2013, 25(6): 57-58.

[3] Cai K. The treatment of liver and gall diseases with 25 kinds of
songshi pills[J]. China's Naturop, 2008, 16(9): 38.

F A S Ak T AL AT RR R R[] P B R 57 &, 2008,
16(9): 38.

[4] Qu Y. Identification of “insignificant-filled” turquoise[J]. J Gems
Gemmol, 2018, 20(5): 44-50.

W, “BOSTEANT W IR[]. R REL F4E, 2018, 20(5):
44-50.

[5] Chen QL, QiLJ, Zhang Y. IR Absorption spectrum representa-
tion of turquoise, treated turquoise and imitation[J]. J Gems
Gemmol, 2006, 8(1): 9-12.

MR, TAIS), R AN BRI & 5 45 ) b ey LRt
#EAEJ]. EEAE L FLE, 2006, 8(1): 9-12.

[6] Zuo R, Dai H, Jiang X P, et al. Infrared spectral features of tur-

quoise filled with acrylic polymer[J]. Geol Anhui, 2017, 27(3):

3

1. EHRIRGE 2. PUTERIRGE 3. P liRRIERSE 4. D IERSE 5. PUMIAGE,;
6. Al liifsan7. Lakily; 8. Phiharidai R & 9. arf b B MR

B8 G EXEA AL

Fig. 8 Online identification system of the turquoise

210075-8



St THE, 2021, 48(7): 210075

https://doi.org/10.12086/0ee.2021.210075

[7]

[8]

[9]

[10]

(1

[12]

[13]

[14]

[19]

222-224, 236.

A8, BE, BT, FOABREERSM MGG LI R
HAFAE[J]. SHIR, 2017, 27(3): 222-224, 236.

Xu Y F, Di J R. Gemological identification of natural turquoise
and treatment turquoise in Hubei[J]. Acta Petrol Mineral, 2018,
37(4): 646-654.

HAEIS, Ko, AL RRGENE SR EGN GG FE
RFAE[]. BB H M2, 2018, 37(4): 646-654.
Schwarzinger B, Schwarzinger C. Investigation of turquoise
imitations and treatment with analytical pyrolysis and infrared
spectroscopy[J]. J Anal Appl Pyroly, 2017, 125: 24-31.

Yan J W, Chen H D, Liu L. Overview of hyperspectral image
classification[J]. Opt Precis Eng, 2019, 27(3): 680-693.

EML, BRL, 2F. Hr#EEEs LT R]. LF H
% 142, 2019, 27(3): 680-693.

Zhu X Y, Li Y, Zhang Q, et al. QOil film classification using deep
learning-based hyperspectral remote sensing technology[J].
ISPRS Int J Geo-Inf, 2019, 8(4): 181.

Zhang W L, Zeng C S, Gao D Z, et al. Estimating the soil total
phosphorus content based on hyper-spectral remote sensing
data in the Min River estuarine wetland[J]. Acta Ecol Sin, 2015,
35(24): 8085-8093.

T, G, BITM, F. O EITIT OB R 1R A5 F i R
15 F[J]. £ A%k, 2015, 35(24): 8085-8093.

Ren Z L, Sun L, Zhai Q P. Improved k-means and spectral
matching for hyperspectral mineral mapping[J]. Int J Appl Earth
Obs Geoinformation, 2020, 91:102154.

Guo W C, Dong J L. Nondestructive detection on firmness of
peaches based on hyperspectral imaging and artificial neural
networks[J]. Opt Precis Eng, 2015, 23(6): 1530-1537.

I, ELE. HABRBELESATANE WL TR B e) 52
JE[J]. % #9142, 2015, 23(6): 1530-1537.

Zhang C Y, Qin Q M, Chen L, et al. Research and development
of mineral identification utilizing hyperspectral remote sensing[J].
Opt Precis Eng, 2015, 23(8): 2407-2418.

komadk, AR, I, & FHobLiEE A s A IR R 0 AR R )
RF HE LA, 2015, 23(8): 2407-2418.

He J, Liu B F, Li J. Monitoring model of leaf area index of winter
wheat based on hyperspectral reflectance at different growth
stages[J]. Trans Chin Soc Agric Eng, 2014, 30(24): 141-150.
WAk, 2k, BE. RRIATHHLD Rt BRIERG SRR
BEmAERN[J]. Rk TA2 53R, 2014, 30(24): 141-150.

[16]

(17

(18]

(19l

[20]

[21]

[22]

(23]

210075-9

Zhang L L, LiYY, Peng Y K, et al. Determination of pork fresh-
ness attributes by hyperspectral imaging technique[J]. Trans
Chin Soc Agric Eng, 2012, 28(7): 254-259.

REE, FAE, IR, F. ATEHAERBIAGENHTEHE
FN]. Rk TA2FAR, 2012, 28(7): 254-259.

Shan J J, Peng Y K, Wang W, et al. Simultaneous detection of
external and internal quality parameters of apples using hyper-
spectral technology[J]. Trans Chin Soc Agric Mach, 2011, 42(3):
140-144.

ik, BER, I, F AT HAERBRIEAGERNISR
B BFAR I [J]. ARALAAK 4R, 2011, 42(3): 140-144.

Fan R, Meng D Z, Xu D S. Survey of research process on sta-
tistical correlation analysis[J]. Math Model Appl, 2014, 3(1): 1-12.
#ag ERE, KR Gitia R SRR R]. K d
MBI, 2014, 3(1): 1-12.

Wen B G, Feng W F, Liu W, et al. Matching and classification
based on the whole comparability measure of spectral curve[J].
J Geomat Sci Technol, 2009, 26(2): 128-131.

ML, SR, X6, F. AT bk KR AR L 69 IT AL
R[] MAFF AR, 2009, 26(2): 128-131.

Yang J S. Research on correlation knowledge discovery method
of spacecraft telemetry data[D]. Beijing: University of Chinese
Academy of Sciences (National Space Science Center, the
Chinese Academy of Sciences), 2019.

T A& L EENKEA XL RL A F EHRD]. Lw:
AFRXF(FEHEREREAASE T ), 2019.

Zhao H X, Fu X F, Gan F X, et al. Study on mineralogical cha-
racteristics of turquoise samples from different provenances by
non-destructive analysis[J]. Rock Mineral Anal, 2007, 26(2):
141-144.

RILE, RIGHE, T, F. RS RGENE RSN B E 4025
MBIEFF R[], 54 MK, 2007, 26(2): 141-144.

Wang J. Detection of the authenticity of turquoise raw ore based
on ICP-MS and XRDI[D]. Wuhan: South-Central Minzu University,
2019.

I E. LT ICP-MS #= XRD #9440 % 247 Athtem|[D]. XX
) Kk K5, 2019.

Fang S H, Gong H. Spectral simil arity scale based on dynamic
wighting adjustment method[J]. Geomat Inf Sci Wuhan Univ,
2006, 31(12): 1044—1046.

% EAE, Rk HARERE SR AR ks RG] K
RKFF A EAF R, 2006, 31(12): 1044-1046.



JtEL T#E, 2021, 48(7): 210075 https://doi.org/10.12086/0ee.2021.210075

Development of online identification
system for turquoise based on
hyperspectral imaging technology

Wau Jinquan?®, Wang Jian?, Xiong Weil, Huang Kunpeng?, Lin Zhaoxiang?, Feng Xin?

!Central South University for Nationalities, Wuhan, Hubei 430074, China;
*China Tibetology Research Center, Beijing 100101, China

e

A e

.|m . 3

(v

Turquoise online identification system. 1. Integrated control system; 2. Analysis and identification system; 3. Imaging acquisition system;
4. Sorting system; 5. Robotic-arm controller and robotic arm; 6. Conveyor belt monitor; 7. Conveyor belt;
8. Fake turquoise Sorting box; 9. Turquoise processing product sorting box.

Overview: Turquoise is a kind of copper-aluminum-phosphate minerals with abundant mineral reserves in China and
a classic mineral medicinal material in Tibetan areas, which has excellent effects on treating wind-cold, lowering blood
pressure, regulating the respiratory system and curing liver diseases. This paper focuses on identifying the raw materials
of medicinal turquoise to prevent people from using the processed turquoise and counterfeit turquoise in medicine. The
experimental prototype system, which can quickly and accurately pick up the true turquoise raw ore from the large
amounts of fake turquoise on the market, was developed using hyper-spectral imaging technology. With the Pearson
correlation between the data observed and the standard spectral line, the system was mainly composed of a control sys-
tem, an optical imaging acquisition system (including the hyperspectral camera, a light source, and a darkroom), an
analysis and identification system (the professional detection and analysis software) and a sorting system (the mechani-
cal picking arm). The sample standard spectral line was obtained while the applicability was analyzed by the present
sample, based on the high-resolution spectral data of ore samples from 6 representative producing areas of natural tur-
quoise in China. A new method was summarized by the differences in correlation coefficients in the range of 400
nm~1000 nm and 400 nm~600 nm of the fake turquoise on the market. The system is going to be used to select raw
materials in mineral medicine in some Tibetan medicine companies in the near future. These works will provide tech-
nical support for other research on mineral-identification, or Jewelry-identification. Further research will greatly pro-
mote the modernization of Tibetan medicine.
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