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Abstract:This paper is the result of geological survey engineering.

|Objective] Water conservancy projects are usually located in mountainous areas with steep terrain, inconvenient transportation and
harsh environment, so that the survey work is very difficult. Meanwhile, the limitation of horizon makes it impossible for geologists
to grasp the features of geological units as a whole, especially in high mountain and canyon areas. The application of hyperspectral
remote sensing technology in the geological field mainly focuses on the extraction and identification of geological composition. The
types of surface features are determined by similarity of spectral features between unknown geological units and known mineralsand
rocks. Using its extremely high spectral resolution, spatial resolution and the advantage of union of imagery and spectrum, the
technology can be applied on fine classification of rock types in alpine and canyon areas, so as to improve the efficiency of
geological survey and reduce costs and risks. [Methods]| This paper introduces Bei Fang Investigation, Design & Research Co., Ltd.
adopting the SSMAP— Il small short— wave infrared imaging system independently developed by the Nanjing Center, China
Geological Survey in the project of "Research on Remote Sensing Geological Interpretation Methods Based on Hyperspectral Image
Data", taking a helicopter as platform to carry out hyperspectral ground—based remote sensing surveys in Diebu County, Gannan
Tibetan Autonomous Prefecture. The surveys aerial hyperspectral image data of the study area, then used MNF minimum noise
fraction(MNF) method and band ratio analysis method to interpret the lithology. [Results]The interpretation result is basically
consistent with the lithology distribution of the known regional geological map, providing first—hand information for the water
conservancy projects of the dangerous areas. [Conclusions|This research improves the work efficiency and the level of geological

exploration, meanwhile it also verifies the reliability and practicability of the domestic hyperspectral imaging spectrometer.

Key words: slate; limestone; loess; lithology identification; airborne hyperspectral remote sensing technology; small short—wave
infrared imaging system; mountains and valleys; water conservancy engineering; geological survey engineering

Highlights: The domestic small airborne hyperspectral imager was used to remotely detect the lithology of alpine canyon area in
Diebu County, Gannan Tibetan Autonomous Prefecture for the first time, and the lithology was interpreted. The analyzed results are
consistent with the lithology distribution of the known regional geological map, which verifies the efficiency, reliability and
practicability of the domestic hyperspectral imaging spectrometer.
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Table 1 Comparison with main indexes of typical systems at home and abroad
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Fig.4 The schematic diagram of the location for synchronous surface object spectrum measurement(a), the processed hyperspectral

image spectrum(b) and the ASD synchronous spectrum (c)
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Fig.9 Spectral characteristics of quaternary loess(a), slate (b) and limestone(c) based on reflectance of hyperspectral images,

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(4)



5504 55 430

A/ NILA RO AR ISP i LA M DX R St e A 128 10 1041

Bt SAR R B ERR

B The pixel spectrum contains Al hydroxyl
groups with high confidence
oot & AL HE B S BRI
The pixel spectrum contains Al hydroxyl
groups with low confidence

AR
Plants
EAUES -

Quaternary loess

BTG S RIRIR B G B

I The pixel spectrum contains carbonate
groups with high confidence

m GOt SRR B A5 AR
The pixel spectrum contains carbonate
groups with low confidence

o TR
Plants

CHLES =

Quaternary loess

110 ARG B SR IUR B8] (a) FIBRFR AR R B SR = 5] (b)
Fig.10 Schematic diagram of Al hydroxyl (a),and carbonate depth extraction(b)

B B R - AT A P, 15 3] TAEIX
G AR (1) o
4 B w

FEA W FE T, FILH SWIR = Y61 g & G 44

BT CHLAEAL T35 38 B 1 TAE XA 728 B
[F) f >R JH ASD [] 2600 £ TA X A4 Hb THTBR 759, 12 ST
AR SR . R T AR R B R
re RS T A B Sk, 6 R M AR Y R R A
Koo MV [ 5 A 8 45 A1 A FH A S0 56 2 5 ey 1) 2

1

Limestone

m:l] EAUES -
Quaternary Loess

K -

P 11 2% P X e P P R
Fig.11 Schematic diagram of lithological interpretation in Diebu area

http:/geochina.cgs.gov.cn H1[EHBJFT, 2023, 50(4)



1042 h &

b, J 2023 4F

OISR R e R AR R, — B R LR T
fEMELE S T H )G RRAE A B AR, LA
FEI0 B B2 EE H B A SWIR & 61 g A7
KA A v i 2 RN R B — Uk EA T T A 3 RO
AL ELRAN LRI T BUS T i EAS RS 10 ff 1%
RO o AR Bl A A WO AL L B 2 508 Ak
PR AR H a5, vl LR IBCE 22 56 T Hi by 1
EWER SEat S5 am TRREE, I
IKF TR AR S P Sk 5%
5 45 1

K A6 5 s TR S e T H 4 e R A
FE] b 5 9 25 R Bt b SR R A R0 A BB R
SSMAP—II/INAHLER = G5 iR 2R Goxt H ma % F
AN B T AE XA T i G i B iR, kAT
TR IE 46 km?, [7] Bsf X 1 b 7 0 204 7 06 1 SR A
it X AR 1R G S AG B R4 7 S A LE R S
FERR KA IE RIS E B JLAIRE IE , 25l
TCHE PR TAE X AR R s 276 Rk & ot
T2k MNF f5c/ N s 43 55 00 B A s S L B L
(VR AR R ZE SR, UEAT Ml 0 PE AR 16, fR PR Y 45
5 R DXl S5 L S A — B, LA T A,
PAAC KR R A B DU 2R v, DARE R340y
WA o XTSRRI, ™ m i A A B
BRI SRR S S . T A MLER s e Y T B
HEAT 025 P ARG B 3 v T AR R 8 e 7R T
T b TR AR 1) TARROR , 7 w8 ot i 57 B e LU e 4 X
W5z 2 i DX o 480 8¢ %) ] s (R T Bl T A N B
NG 24, 0t a5 5 5] 20 Hh Il i 4
g A 3 PR R R T AR ) A R AR A, T
BREW S8 710 AR TG0 0 b s A 05 5K
R 1% 50 (AR , BRI T T AR B Y
TAR SR, B TR A M ST A T AR AR,
T T AR H B[] A 55 AR

References

Bai Yu, Zheng Zhizhong, Xiu Liancun. 2022. UAV hyperspectral
remote sensing technology and its application progress in natural
resources survey[J]. East China Geology, 43(4): 527— 538 (in
Chinese with English abstract).

Berger B R, King T V V, Morath L C, Phillips J D. 2003. Utility of

high— altitude infrared spectral data in mineral exploration:

Application to northern Patagonia Mountains, Arizona[J].
Economic Geology, 98(5): 1003—1018.

Bierwirth P, Huston D, Blewett R. 2002. Hyperspectral mapping of
mineral assemblages associated with gold mineralization in the
central Pilbara[J]. Western Australia Economic Geology, 97: 819—826.

Campbell J B. 2010.
Photogrammetric Record, 18(103): 259—-259.

Dong Xinfeng, Gan Puping, Li Na, Yan Bokun, Zhang Lei, Zhao Jiaqi,

Introduction to remote sensing[J].

Yu Junchuan, Liu Rongyuan, Ma Yanni. 2020. Fine mineral
identification of GF—5 hyperspectral image[J]. Journal of Remote
Sensing, 24(4): 454—464(in Chinese with English abstract).

Du Peijun, Bai Xuyu, Luo Jiegiong. 2018. Advances of urban remote
sensing[J]. Journal of Nanjing University of Information Science &
Technology, (1): 16—29 (in Chinese with English abstract).

Du Peijun, Xia Junshi, Xun Chaohui, Tan Kun, Su Hongjun, Bao Rui.
2016. Review of hyperspectral
classification[J]. Journal of Remote Sensing, 20(2): 236— 256(in
Chinese with English abstract).

remote  sensing  image

Gan Puping, Wang Runsheng. 2004. Study on Basic and Technical
Methods of Extracting Information from Remote Sensing on
Rocks [M]. Beijing: Geological Publishing House (in Chinese).

Govender M, Chetty K, Bulcock H. 2007. A review of hyperspectral
remote sensing and its application in vegetation and water resource
studies[J]. Water S A, 33(2): 145—151.

Jiang Tingxuan. 2018. Development and application of hyperspectral
remote sensing technology in geology[J]. World Nonferrous
Metals, 515(23): 254—-255(in Chinese with English abstract).

Liu Kang, Zhou Zhuang, Li Shengyang, Liu Yunfei, Wan Xue, Liu
Zhiwen, Tan Hong, Zhang Wanfeng. 2020. Scene classification
dataset using the Tiangong— 1 hyperspectral remote sensing
imagery and its applications[J]. Journal of Remote Sensing, 24(9):
1077—1087 (in Chinese with English abstract).

Liu Yinnian. 2021. Development of hyperspectral imaging remote
sensing technology[J]. Journal of Remote Sensing, 25(1): 439—-459
(in Chinese with English abstract).

Ni Bin, Huang Zhaogiang, Guo Jian. 2023. Identification of altered
mineral information in the Wuyishanmetallogenic belt based on
airborne and spaceborne hyperspectral remote sensing[J]. East
China Geology, 44(1): 67—81 (in Chinese with English abstract).

Petrov D V, Zhuzhulina E A. 2021. Spectral dependence of Quasi—
Rayleigh polarization leap of nonspherical particles: Polystyrene
beads application[J]. Spectroscopy and Spectral Analysis, 41(2):
654-657.

Wang Denghong, Zhao Zhi, Yu Yang, Dai lJingjing, Deng
Maochun, Zhao Ting, Liu Lijun. 2018. Exploration and research
progress on ion— adsorption type REE deposit in South China[J].
China Geology, 1: 415-424.

Wang Runsheng, Gan Puping, Yan Bokun. 2010. Hyperspectral

mineral mapping and its application[J]. Remote Sensing for Land

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(4)



5550 % 43 [EE7E 3%

NEHLE R G UGN g LR A 3 DX B e A R 10 1043

& Resources, (1): 1-13 (in Chinese with English abstract).

Wang Runsheng, Xiong Shengqing, Nie Hongfeng. 2011. Remote
sensing technology and its application in geological exploration[J].
Acta Geologica Sinica, 85(11): 1699— 1743(in Chinese with
English abstract).

Wei Guihua, Xiao Liang, Zheng Zhizhong. 2019. Auto—focusing method
of push— broom hyperspectral camera[J]. Optics and  Precision
Engineering, 27(2): 185—192 (in Chinese with English abstract).

Wu Fuyu, Wang Xue, Ding Jianwei, Du Peijun, Tan Kun. 2020.
Improved cascade forest deep learning model for hyperspectral
imagery classification[J]. Journal of Remote Sensing, 24(4): 439—
453 (in Chinese with English abstract).

Wu Zhonghai, Zhou Chunjing, Huang Xiaolong, Zhao Genmo, Tan
Chengxuan. 2020. Main active faults and seismic activity along the
Yangtze River Economic Belt: Based on remote sensing geological
survey[J]. China Geology, 3: 314—338.

Xu Mingzuan, Liang Sen, Shi Jianlong. 2021. Airborne hyperspectral
inversion of heavy metal distribution in cultivated soil: A case
study of the Guanhe area, north Jiangsu Province[J]. East China
Geology, 42(1): 100—107.

Zhang Da, Zheng Yuquan. 2013. Hyperspectral remote sensing and its
development and application review[J]. Optics & Optoelectronic
Technology, 11(3): 72—78 (in Chinese with English abstract).

Zhang Ka, Sheng Yehua, Zhang Shubi. 2004. Some progresses and
applications of new technologies in remote sensing[J]. Remote
Sensing Information, (2): 58—62 (in Chinese with English abstract).

Zhang Zhonggui, Wang Runsheng. 2000. Imaging spectrometer remote
sensing methodological technology and its application based on
spectroscopy[J]. Remote Sensing Forland & Resources, 12(3): 16—
37 (in Chinese with English abstract).

Zheng Zhizhong, Yang Zhong, Qin Yuantian, Wang Liguo. 2020a.
Structure analysis and experiment of an offner— type short— wave
infrared imaging spectrometer[J]. Laser & Optoelectronics
Progress, 57(5): 246—255 (in Chinese with English abstract).

Zheng Zhizhong, Yang Zhong, Xiu Liancun. 2020b. A lock—
amplifier applied to the measurement of weak spectral signals[J].
Modern Scientific Instruments, (2): 5—10(in Chinese with English
abstract).

Zheng Zhizhong, Yang Zhong, Xiu Liancun. 2020c. Development and
application of shortwave infrared convex blazed grating with high
diffraction efficiency[J]. Acta Optica Sinica, 40(12): 1205002 (in
Chinese with English abstract).

Zheng Zhizhong, Yang Zhong, XiuLiancun, Dong Jinxin, Chen
Chunxia, Gao Yang. 2017. Design of a SWIR offner imaging
spectrometer[J]. Spectroscopy and Spectral Analysis, 37(7): 2267—
2272 (in Chinese with English abstract).

http://geochina.cgs.gov.cn F[E

Bt o 32 5 5 Sk

M5, KRR, B . 2022, J0 B S B AR A [ AR IR A
2 P R[], HE 2R b ST, 43(4):527-538.

T E, HHE, 22008, EIRR, sk, BOEBL, TR, X, B
. 2020. 54> 15 OB IESAAR T RS AT B [T]. 38 =24k, 24
(4): 454—464.

R, RS, BT . 2018, 3T 8 B oT ke ()], M o B TR
FEEER, (1): 16-29.

MR, BB, BEIE, E%ﬁ, FRELZE, B . 2016, TR BG4
IIEWFTTHE ], 38 4R, 20(2): 236—256.

HEE, FiA . 2004, @& 05 BB 5 H AR D7 0k 5E (M.
b BT

FAEFF . 2018, 2D G IR AR A b T
FA 4R, 515(23): 254-255.

XU, JEPH:, 2R, =76, T3, XIS, W, ST 2020, K

TR 5 oy JE B A KN FH ). 18 A R, 24(9):

SR K 8 5 N FHMEDL (3], 1

— 5 G &
1077-1087.
XERAF . 2021, i Y 1 3 R far B 1 BUIR 5 & e [0]. 8 JakF
M, 25(1): 439—459.

5K, B IR e, S {a. 2023, BT LR A 3w mR iy a3 AL
WA E YR BIRBIPTTE[T]. AR AR, 44(1): 67-81.

EA, HAF, EAE. 2010. 8GR P E HR 5 R A
5[] H R ER, (1): 1-13.

FiA, REREE, Zibig. 2011, 25k
T4z, 85(11): 1699—1743.

BREEAR, 1 28, A 2019, A0S ERHARNL A ShE L [I]. LS
%R, 27(2): 185-192.

REF, B, Tah, B, H#HL 2020, @GR EGR 2 90K
RIS 253 HAIR[). IRIREEIR, 24(4): 439—-453.
TRUAEY, BERR, A8 e . 2021, s oGl SO Ak 5 4y ) o3
FENE——LA I3 AL HE T L X R B[], SRR T, 42(1): 100—107.
TRk, B EAL. 2013. oGk & e 5 ). e 5ok ER,
(3): 72-78.

kR, Bkt TkAREE . 2004, BRI 145 Tk KR (D]
A E, (2): 58-62.

ko, A . 2000. 3 T35 1 BSO8R AR & R 5 1
[ IR, 12(3): 16-37.

I, e, FaeH, T2 . 2020a. Offner B I 21 NS5 G
ALY AR 53T 5 SR 0], O 506 24k g, 57(5): 246-255.

R, Bk, BIELE. 2020b. — i T 555 500 4 A Bl AR
ﬁijt%%[l]. BRBIZAAYER, (2): 5-10.

M, B, BIEAT . 2020c. =TT SRR LD S TET A LA
E@Eﬁﬁ%{ 'ﬁ FH[J S22, 40(12): 1205002.

WAL, Bib, BIESF, e, REE, &, iEE. 2017 —Fh
Offner /] \ﬁ”%afﬂiﬁlﬁl‘ﬁi@)'ﬂ A (9], G S S e s T, 37
(7): 2267-2272.

S BT A B R 5 R I SE L]

J5i, 2023, 50(4)



