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Precise classification of forest types use Hyperion image based on the

C5.0 decision tree algorithm

WANG Huaijing', TAN Bingxiang', FANG Xiufeng', LI Shiming', LI Taixing

( 1. Research Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091,

China; 2. Baihe Forest Enterprise of Jilin Province, Yanbian 133613, Jilin, China)

Abstract: To explore the potential for using the C5.0 decision tree algorithm with hyperspectral data in precise
classification of forest types, Baihe Forestry Bureau in Jilin Province was used as the center of the study area.
Hyperion hyperspectral data, other auxiliary data, comprehensive utilization of an image’s spectral feature, tex-
ture and terrain features, typical land types, and field investigation data of main forest types were used to sup-
port the study. Using the hierarchical classification strategy and according to characteristics of the spectrum,
forest types were divided into different levels based on analysis of the typical spectral characteristics, eight op-
timum texture features, a principal component analysis, and sensitive terrain factors related to spatial distribu-
tion of the main forest types. Then the decision tree model based on the C5.0 decision tree algorithm was es-
tablished for different levels. The robust Support Vector Machines (SVM) classifier was selected for compari-
son using the same strategy. Finally, verification samples were generated from the classification results using
stratified random sampling method, combined with high-resolution remote sensing images, to evaluate the clas-
sification accuracy. Results showed that the C5.0 decision tree algorithm could comprehensively utilize the
spectrum, texture, and other auxiliary data of hyperspectral images to automatically determine the best feature
variables and segmentation thresholds for distinguishing each category. The algorithm also had the advantage of
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fast computing speed, minimum occupied memory, and no human involvement. Classification accuracy reached
the level of the dominant tree species, along with an overall classification accuracy of 81.9% and Kappa coeffi-
cient of 0.709 8. This method can be used for the precise mapping of forest types of hyperspectral remote sens-
ing images, and can be used as reference for forest type classification of GF-5 hyperspectral images. [Ch, 7 fig.
6 tab. 25 ref. ]

Key words: forest management; Hyperion; C5.0 decision tree; hierarchical classification; classification of forest

types; hyperspectral
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Figure 2 Hyperion image and plot distribution map of the study area

Table 2 Measured sample types and number
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Table 4  List of land types and sample number
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Table 5 The texture factor of gray level co-occurrence matrix
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Figure 4 Hierarchical classification scheme and threshold
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Figure 6  Classification decision tree model of the fourth layer(A) and the seventh layer(B) terrain
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Figure 7 Discrete histograms of selected characteristic bands for fourth (A) and seventh (B) forest types
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Table 6  Forest land type classification accuracy evaluation result of C5.0 decision tree algorithm and SVM

S MM JEmHRbR BT RAMR BHER BRI FEARK %Tﬂfb‘ %i«ﬁ/?é Iﬁjﬂﬁ HEARM HAth i
2k Mk I 1%
PN/ 139 9 0 0 0 0 6 0 12 0 15 768
IR 1 69 0 8 0 0 4 0 0 33 566
E RN 0 5 10 0 0 0 0 0 0 3 345
I HEBK 0 0 0 39 0 0 0 0 0 31 557
ok 0 0 0 0 9 0 0 0 0 2 818
FeA BK 0 1 0 0 98 54 32 17 2 8 462
IR A bR 17 27 1 10 0 0 268 14 71 0 10 638
Gt IR S bk 3 3 0 0 4 9 1 256 31 0 13 795
Il I 3 A A 1 0 1 0 0 43 94 181 0 5 555
AR 0 0 0 1 0 3 5 3 16 9 72 8.2
Fofl 2 16 5 4 2 3 2 0 10 2 239
7R R T 1% 85.2 52.7 625 619 600 867 70.0 64.2 511 692 926
C5.0 PSR S 1 Bk oy N By 81.9%; Kappa R %R 0.709 8
W TR SR RCTE A R Rks e TR e R
BN BN N 1%
BN/ 137 0 1 0 0 0 0 0 0 0 993
SR /AN 3 61 1 0 0 0 0 0 1 66.3
T F AR 1 8 9 0 0 6 2 16 0 3375
bR 0 2 0 37 2 2 1 0 1 0 36 457
i bk 0 0 0 1 5 0 1 0 0 0 0 714
FEA BK 0 1 0 1 0 102 81 36 36 2 28 355
[ ES 10 9 0 6 0 3 227 37 19 0 5 718
Bt el R A 7 1 0 4 3 0 16 117 13 0 1 745
el -9 58 A 0 33 2 6 2 0 34 11 190 0 72 531
HEA K 0 0 0 1 0 3 0 0 0 8 47 143
oAt 2 6 2 2 2 0 0 0 3 3 23525
P P K BE 1% 85.6 50.4 60.0 649 357 919 62.0 57.6 671 615 929

SVM 7 B3 280 B ol 84.2%; Kappa 280K 0.717 8

e BERCE, PRI . B RR SN B IR SSMIR A 8, N = H R e M, OB b . T A
RIS G AR AR, WGAEARED, aTREFEOL AR, nT I, SoHi (B B TR st
Lo oy JERE R, AR T RAR S M P, SEEHE B LU 41 AR R R RS0 22 5 b
R BR I SO SO0 NG BE SR TR, i An i SOPR (0 ] 3 A o SCBE P53 23 6 19 STk R 5 2 4
DHEREIRFR, ARSI,

G VARSI, AT . DXt B 35 2R R0 K0, SR 432 4 2 1A SR T R e A
(A3 JHE I, EAYJRBOR B 22 0 QR AR SRR A R B A, RS /DN, e SRR 19 T AR o
T BC5.0 YRR L X S G B U E 1 55 F A0 s @43 )2 03 JRME 25 4 C5.0 Py 5335 i
TR AR IFIE, 5 GHAR BN BARSE &, ARMEBPUN al Ik BV EB Fh (A1) 2], ATk,
A TR s O AR IEAR IO . SO (B A5 205 B AR IUT i, ZRARIS R YU E y
FAn, REw 2 28 P 2 0F B R B E DI AR AR MRS 40U i R 3K, X [ GF-5 5 @ i i
RO T B S M E

4 Zip

172 22 B« (DRI Xt € R U B T 55 T A0 00 5 D0 0 0 8 VI 0 R A S50 /0 I AR SR 2 30
BAF, ISR AR IR . SO RIUBA B E R, ASdi b RSN S OmIBHE 4 X




B35S EH AW T4 C5.0 Yo Hyperion 512 R AR IS RS 40 43 25 07 i 733

AT R, B X S SR R T s DCS.0 PSS L, TR, AR/, Bk
REAEAE RS H B, LA B PSR BN 2 R AR, B SRS RE R s OB AR SO T 5
Horknt, BME. JrE . —85k . MR 4 AR R TTIRE S

BIFFE R 00 B8 2 (8] 20 B B, IR G BOCBG ™, UG Al 5 MR A1 o0 0 A F 2t 2K 5%

W AN 5 o C5.0 PSR M B I A7 A0 5 oA 43 26 28 (A SVM) AR #4381, 40 J5 W 2% 1B 22 43 K 2 il £ 50

ARG, DI R ARSI 2805

5
(1]

(4]

2% Xk

TR, SKRAEDL, FRARWT, A v I il DR R B R OF S SRR [T ] o KRk (B AR i), 2013, 35(3):
416 — 427.
ZHANG Zhiming, ZHANG Zhengkai, GUO Yinming, e al. Mountain vegetation mapping using remote sensing [J]. J
Yunnan Univ, 2013, 35(3): 416 — 427.
VOISIN A, KRYLOV V A, MOSER G, et al. Supervised classification of multisensory and multiresolution remote
sensing images with a hierarchical copula-based approach[]J]. IEEE Trans Geosci Remote Sens, 2014, 52(6): 3346 -
3358.
TR b, BRULYE, KMTE, 5. 2B MRS R OR A 4y 2R 07 ik [T ). Mok BL7, 2016, 52(6): 54 - 65.
REN Chong, JU Hongbo, ZHANG Huaiqing, et al. Multi-source data for forest land type precise classification [J]. Sci
Silv Sin, 2016, 52(6): 54 - 65.
TR, TR, Eafe, ST DR 2 A R RO Y LU XA B 2R ST () ] B ORI, 2008, 23
(4): 394 - 397.
JING Xia, WANG Jindi, WANG Jihua, et al. Classifying forest vegetation using sub-region classification based on
multi-temporal remote sensing images [J]. Remote Sens Technol Appl, 2008, 23(4): 394 — 397.
i — 1, Y83 2 AR R RS AR AR B U B R BEFE L) ] ZRAR AR, 2013, 29(2): 14 - 20.
WEN Yibo, FAN Wenyi. Remote sensing image recognition for multi-temporal forest classification [J]. For Eng,
2013, 29(2): 14 - 20.
BENZ U C, HOFMANN P, WILLHAUCK G, et al. Multi-resolution, object-oriented fuzzy analysis of remote sens-
ing data for GIS-ready information [J]. ISPRS J Photogramm Remote Sens, 2004, 58(3/4): 239 — 258.
FOODY G M, BOYD D S, SANCHEZ-HERNANDEZ C. Mapping a specific class with an ensemble of classifiers [J].
Int | Remote Sens, 2007, 28(8): 1733 — 1746.
KITTLER J. Combining classifiers: a theoretical framework [J]. Pattern Anal Appl, 1998, 1(1): 18 - 27.
FREUND Y, SCHAPIRE R E. Experiments with a new boosting algorithm[C ]// ICML96 Proceesings of the Thirteenth
International Conference on International Conference on Machine Learning. San Francisco: Morgan Kaufmann Publish-
ers Inc, 1996: 148 — 156.
MELVILLE P, MOONEY R J. Creating diversity in ensembles using artificial data [J]. Inf Fusion, 2005, 6(1): 99 —
111.
HELMER E H, RUZYCKI T S, BENNER J, et al. Detailed maps of tropical forest types are within reach: forest
tree communities for Trinidad and Tobago mapped with multi-season Landsat and multi-season fine-resolution im-
agery [J]. For Ecol Manage, 2012, 279(6): 147 — 166.
H0 K, U SC, HA T X AR 3 SR O AR AR R ST [T ] WM R 2 24, 2016, 33(5):
816 — 825.
DONG Xinyu, FAN Wenyi, TIAN Tian. Object-based forest type classification with ZY-3 remote sensing data [J]. J
Zhejiang A&F Univ, 2016, 33(5): 816 — 825.
BWIRE, ZAUES, A, S5, 5T ASTER £ 09 v S0 B s il gt K o3 265 [T ] 1 4 B 38 JEE, 2006, 18(3): 33
- 36, 42.
LI Mingshi, PENG Shikui, ZHOU Lin, et al. A study of automated construction and classification of decision tree
classifiers based on ASTER remotely sensed datasets [J]. Remote Sens Land Resour, 2006, 18(3): 33 — 36, 42.
FLLE, ARTT, RIE. HE T C5.0 PSR R I UL T 5 X 3 5 40 2R 5T DL H R A gl g i (D). 3 R
FAR LR H, 2009, 24(5): 648 — 653.



734 TR AN N N = 1 2018 48 5 20 H
QI Hongchao, QI Yuan, XU Zhen, et al. The study of the northwest arid zone land-cover classification based on C5.0
decision tree algorithm at Wuwei City, Gansu Province [J]. J Remote Sens Technol Appl, 2009, 24(5): 648 — 653.

[15] mEAR, WL T, THRAR. HT C5.0 9 8- VL i 3t X 4 3t R 1788 9 A5 B 3R IO 7R [0 ). A R4, 2012, 31
(5): 481 — 487.
GAO Yurong, XU Hongwei, DING Xiaodong. Extraction of land use/cover information based on C5.0 algorithm in
Qiantang River drainage area [J]. Ecol Sci, 2012, 31(5): 481 — 487.

[16] ZEA42, W15, TALM. 2T C5.0 Jedfih R ¥ HI-TA/B CCD B i o e 4K DR B 4326 [0 ] K V030 88078 U
545, 2016, 25(7): 1070 - 1077.
LI Menying, HU Yong, WANG Zhengyu. Study on vegetation classification in Shennongjia forest district based on de-
cision tree and HJ-1 A/B data [J]. Resour Environ Yangize Basin, 2016, 25(7): 1070 - 1077.

[17] KEMPENEERS P, SEDANO F, SEEBACH L, et al. Data fusion of different spatial resolution remote sensing images
applied to forest-type mapping [J]. IEEE Trans Geosci Remote Sens, 2012, 49(12): 4977 — 4986.

(18] feEdr, BEEME, 2N, 4, LY/T 2188.1-2013 FRARGTIH B R E BRI 26 105 FRbk0E & 223
A[S]. Abat: I EARME S AL, 2014,

[19] J/NF, R, §E IR, 4. GB/T 26424-2010 FRAR BT UM R B it I8 A BOR BARR [S . dbst . o 4R e A,
2011.

[20]  EEE, M0, K245 LT C5.0 53 9 bk B8 P AR AR A I 7 ¥R 05 . DAL ZR A AH PR AR X 1 [T ). P
MR BE- R, 2011, 26(5): 185 — 191.
WANG Zhihui, LI Shiming, ZHANG Yiwei. Methodological study on the detection of the variations of forest resources
based on C5.0 algorithm: a case of Culai Forest in Shandong [J]. J Northwest For Univ, 2011, 26(5): 185 — 191.

[21] HEZEE, BFHEF, Wbz DEARR LI RSG5 326 () ] @ B4R, 2017, 21(5): 728 - 738.
CUI Binge, MA Xiudan, XIE Xiaoyun. Hyperspectral image de-noising and classification with small training samples
[J]. J Remote Sens, 2017, 21(5): 728 — 738.

[22]  RIBER, ZERH, BT, 5. T AL AR MRS Y 1 i s T0RE -8 38 OGR4 26 [T]. AR b Mol K27 % 31,
2016, 44(6): 53 - 57.
ZHANG Xiaoyu, LI Fengri, ZHEN Zhen, et al. Forest vegetation classification of Landsat-8 remote sensing images
based on random forests model [J]. J Northeast For Univ, 2016, 44(6): 53 — 57.

(23] dE¥E g, RSB, W4, 45, MG RURAE B AL CART i 43 28 [T]. AR “# 4 4 (5 B BH ), 2013,
31(1): 83 - 89.
DONG Lianying, XING Lixin, PAN Jun, et al. Vegetation classification in hyperspectral image with CART decision
tree [J]. J Jilin Univ Inf Sci Ed, 2013, 31(1): 83 — 89.

[24] Bl JBIEY 0T 50k (M. dbat: Bz ik, 2003: 156 — 158.

[25] HARALICK R M. Statistical and structural approaches to texture [J]. Proc IEEE, 1979, 67(5): 786 — 804.



