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High-resolution remote sensing of textural images for

tree species classification
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Abstract: Remote sensing images show a very promising perspective for distinguishing tree species, especial-
ly those with the very high resolution ranging from 1 to 4 m. However, the traditional methodology for classify-
ing land cover types, solely depending on spectral features, while texture and other spatial information are
neglected, has the weakness such as inadequately utilization of information, low accuracies of classification
etc. Considering to the texture differences among forest species, it is more important for spatial information
discription of high-resolution remote sensing image to improve the precision of textural features choosing. In
this study, the factors to influence the nine textural features choosing were analyzed and the results showed
that the moving window size was the main factor to affect the obtaining processes of textural features based on
the gray level co-occurrence matrix (GLCM) method, and the imagery was then classified combining the max-
imum likelihood classification (MLC) method with the original spectral values and texture features. First, this
study utilized a correlation analysis of the images from a principal component analysis. Second, through multi-
ple information sources, including textual features derived from the data. For the high-resolution remote sens-
ing image, the most proper moving window size was determined from 3 x 3 to 31 x 31. Classification of the
major tree species throughout the study area (the SunYat-Sen Mausoleum in Nanjing) was undertaken using the
MLC. Third, to aid forest research, classification accuracy was improved using the GLCM. According to cor-
relations among textures and richness of the data, GLCM provided the best window size and textural parame-
ters. Results indicated that the texture characteristics were add in the spectral characteristics to improve the

precision of the results of the classification, 19 x 19 window for best window. The total precision can reach

Wk H . 2011-06-13; & 18] H . 2011-09-10
FLTH : VLI 0 = AR I A BT T35 H (CX09B_188Z) 5 m st Ml R2= 8 7 i+ B & & Wi H
TEERA . T, MEFad, MWSMlEESbaE B RSG5 . E-mail: wostrive@163.com



$ 29 BH 2 FoOWRAE: BT RIS A0 R o B A R e SURLREAE 20 BT 211

66.322 6%, Kappa coefficient is 0.5840. Each tree species has greatly improved accuracies of the classifica-
tion. By the calculation of R? values, the textural features of mean, homogeneity and correlation were chosen
to be best combination for the size of 19 x 19 and the combination of skewness, homogeneity and mean was
considered the most properly for the moving window size 19 x 19. Precision assessment of different textural
combinations showed that VA, HO, CR combination with optimal moving window size (from 3 x 3 to 31 x 31)
could evidently improve the classification precision for high-resolution remote sensing image. And the combina-
tion of mean, homogeneity, skewness, and contrast texture factors correlation can effectively reduce data re-
dundancy, which obtained the similiar results. In the texture features, the mean is the most important factor
and impacts the classification of the tree species. This method could solve problems of forestry type classifica-
tion, tree species classification etc. It is much better than traditional method of based on pixel values. This
procedure effectively reduced data redundancy and could assist in tree species classification. [ Ch, 4 fig. 3
tab. 19 ref. |

Key words: forest management; tree species classification; moving window; textural features; overall accu-

racy; gray level co-ocurrence matrix (GLCM)
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Table 1  List of texture parameters
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Figure 4 Correlation on 9 texture parameters with the different moving window sizes
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Table 2 List of classification accuracy and Kappa coefficients with 19 x 19 moving window size and spectral bands

Jris SOMFHIERERE DR E/ % Kappa Z ¥t h=2 SUMRHIERERE  BOREE/% Kappa % %k
1 1,2 62.40 0.5359 24 4,7 60.99 0.519 4
2 1,3 62.74 0.539 6 25 4, 8 61.14 0.518 3
3 1, 4 62.72 0.539 4 26 4,9 62.20 0.532 4
4 1,5 62.74 05395 27 5,6 61.08 0.519 4
5 1, 6 62.38 0.535 6 28 5,7 60.99 0519 3
6 1, 7 62.50 0.537 0 29 5,8 61.12 0518 0
7 1, 8 61.43 0.523 5 30 5,9 62.20 0.532 4
8 1,9 62.48 0.536 9 31 6, 7 60.44 0510 6
9 2,3 61.14 0.520 8 32 6, 8 60.81 0.514 7
10 2, 4 61.12 0.520 7 33 6,9 62.30 0.533 9
11 2,5 61.14 0.520 8 34 7, 8 60.69 05132
12 2, 6 60.28 0.509 2 35 7,9 61.99 0.530 3
13 2,7 60.53 05113 36 8, 9 61.14 0518 6
14 2, 8 60.78 0.514 4 37 1 60.67 0.515 1
15 2,9 62.25 0.5333 38 2 60.16 0.507 6
16 3, 4 60.41 0.508 2 39 3 60.16 0.507 0
17 3,5 60.41 0.508 2 40 4 60.16 0.507 1
18 3,6 61.11 0.519 8 41 5 60.17 0.507 2
19 3,7 60.98 0.519 2 42 6 60.27 0.509 0
20 3, 8 61.12 0.518 43 7 59.91 0.504 7
21 3,9 62.20 0.532 4 44 8 59.47 0.497 5
22 4,5 60.41 0.508 2 45 9 60.61 05122
23 4, 6 60.98 0.518 2
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Table 3 Precision assessment of different tree species with 19 x 19 moving window size
RS 1 PR B
T 2

Ty H/% IR TR oo fRonsk Ty H/% ISR ST R=NE ST 4
A 61.98 8 765 14 141 52.04 8 765 16 844
PN AV A 71.39 5949 7 687 58.83 5949 10 112
GBS 55.17 5082 9211 26.15 5082 19 435
25 55.75 16 792 30 116 60.89 16 792 27 579
VA 42.90 13 189 30 741 75.37 13 189 17 498
Hoflb 3y 99.89 33249 33286 98.61 33249 33717

JEE R RCH ST TR B R FIADGIE SR L R 0 (19 x 19) F SR SR, R B G AR s
N Tr A o ) s e 2 S5 R[] 480 ol 90 AN [ i 2 e TRORE AR, ) e AR SR 3 A TR A 4 030 4325
K1 15 5 66.60%, Kappa REN 0.591 7, LT GG R UE (5 B 40 FOk B (BN Bl 58.899 2%, Kappa #
$0.490 8)F T AR

AL R



216 TR AN N NS e 4 2012 44 H 20 A

Wt 18 S P PR LAT 7 BRI 3R R, BB AR 70 2R B I AN BT 52 35 RIS T, S0 BIRR AR KE )8 O a6 AN AT 2
(1 — TR -5 G 2 5P UK. A IE SO B 28 2 AR, B REFAEE L, HUOR e
ARSI BE L A o ARG AR P 5 SO AR £ B A ZS S 0 AR RS A T, 19 x 19 B H oy
AR 1, PO SCAE SRR HXE 0 R A M, B L REIA # 66.32%, Kappa Z %474 0.580 0,
SR S50k xR i AR AR SCHE DY 5 A 2 B A SIS REA R0 Bl TT A RO v B A 23 28
RIBE o SRR AL 5 b5 o S (R0 B o 23 A S MAAR R ELR: 9 TS AR R M de K8 o DRI M) P i (2 8 11
N B RSB BE 2 A RE R FFEL R B B, AN T AW R 2R BE SR 0 T AR i 23 SR
PEAE BRI E Lo PEFFA I8 19 7 FEREAS [R] Rt o SO I 2 45 SR A 2 e, 055 o 114 28 B A ] 7
M PR AR RO, 7 REA LA BT &, A W AOEIE R IR i, R s E g

[ o™

ARMABE R B P S IT TARK AL, (HOr ORI 38 i — B — M DU e 1) TRt o 22 Y
BoE ARG T 2o Mg b, 8% ZAIRAR B T B A5 5 R Go2s [R50 4 19 8 A v R EL S T
b, BERULL AL BE I S A2 R R e, S IR BE AL A AR B R SR AN B BRI, T AR AT R —
HEIE, A B G ORI E R A o AT A SO FE T A B B XU DR bR B Rl AR R o
AR o SR BE B o WS, AN [RIE 5 DX SOAR 3 P PR U B S P 1 B AN ], SO 0 % AR 80 B i BT 2
AT T 2258 o [, [ — AR B bR 23 5 B S AR I AN ) e 2 S BRI A SO AE AN ), T SR A 5080 vl RE A
TEFR IS W PAEAGRAK , FECEE IO, DRI TR AR 14 SO B2 B e A5 oy i — 22 0

B % 30k

(1] sKERZK, TR, dREE, 5. BT SVM A U5 A2 5 i w8 25 18] 70 Bt A0 BB 7 ek o [ ). 8 ige 4, 2006,
10 (1): 49 - 57.
ZHANG Jinshui, HE Chunyang, PAN Yaozhong, et al. The high spatial resolution RS image classification based on
SVM method with the MultiSource data [J]. J Remote Sens, 2006, 10 (1): 49 - 57.

(2] B, sKACH:, BUHERA. JET IR AR5 09 TKONOS S2& sh AT A5 RS ORI A [T ). 3 5., 2004 (2):
30 - 34.
YAN Meichun, ZHANG Youjing, BAO Yansong. Deriving bamboos from IKONOS image by texture information [J].
Remote Sens Inform, 2004 (2): 30 - 34.

(31 IINTF, 5, P/ PE ST M DX 2 R R R Ak e SR IO S () ). T R ST, 2006, 21 (4): 159 -
162.
SUN Xiaofang, LU Jian, SUN Xiaodan. Extraction of green space in urban high resolution remote sensing image [J].
Remote Sens Technol & Appl, 2006, 21 (4): 159 - 162.

(4] BPE, 7], FBXIMR, 5. T 028 Im A 3 00 8 S A L AT/ RO R 5 (D). i g4, 2005, 9 (6):
708 - 715.
ZHAO Ping, FU Yunfei, ZHENG Liugen, et al. Cart-based land use/cover classification of remote sensing images
[J]. J Remote Sens, 2005, 9 (6): 708 — 715.

[5] FRANKLIN S E, PEDDLE D R. Classification of SPOT-HRV imagery and texture features [J]. Int J Remote Sens, 1990,
11 (3): 551 - 556.

[6] PEDDLE D R, FRANKLIN S E. Multisource evidential classification of surface and frozen ground [J]. Int J Remote
Sens, 1992, 13 (17): 3375 - 3380.

[7] PEDDLE D R. An empirical comparison of evidential reasoning, linear discriminant analysis, and maximum likelihood
algorithms for alpine land cover classification [J]. Can J Remote Sens, 1993, 19 (1). 13 - 44.

[8] COBURN A, ROBERTS B. A multiscale texture analysis procedure for improved forest stand classification [J]. Int J
Remote Sens, 2004, 25 (20): 4287 — 4308.

(9] XU, SKBERN. ZRARAL IR oy SO TS e S X SR [T ]. Mol BEAE 3, 2004 (1): 61 - 63.
LIU Xusheng, ZHANG Xiaoli. Research advances and countermeasures of remote sensing classification of forest vgeta-
tion [J]. For Resour Manage , 2004 (1): 61 - 63.



95 29 45 2 1) FOWRAE BTN B iR 20 B AR R R S 3 BT 217

[10]

[11]

HARALICK R M, SHANMUGAN K, DINSREIN I. Textural features for image classification [J]. IEEE Trans, 1973, 6.
610 - 621.

LA, XV, LA Z. SO BT EAE TV BRSSO R AT D], 3 I&(% S, 2003 (4): 24 - 27.
JIANG Qingxiang, LIU Huiping, KONG Lingyan. The application of texture analysis in TM image information ex-
traction [J]. Remote Sens Inform, 2003 (4). 24 — 27.

MARCEAU J, HOWAETH J, DUBOIS M, et al. Evaluation of the gray-level co-occurrence matrix method for land-
cover classification using SPOT imagery [J]. IEEE Trans Geosci Remote Sens, 1990, 28 (4). 513 — 518.

TREITZ P, HOWARTH P. Integrating spectral spatial and terrain variables for forest ecosystem classification [J].
Photogr Eng Remote Sens, 2000, 66 (3): 305 - 317.

Mroe, skAHr, PRIE. 456 2 RSO & o PR E RGP AR DR 43 26 [T ], 135 s 3% SR %, 2007, 23
(4): 18 = 21.

CHEN Liang, ZHANG Youjing, CHEN Bo. High spatial resolution remote sensing image classification based on de-
cision tree classification combined with multiscale texture [J]. Geogr Geo-Inform Sci, 2007, 23 (4). 18 — 21.
SAKARI T, ANSSI P. Performance of different spectral and textural aerial photograph features in multi-source forest
inventory [J]. Remote Sens Environ, 2005, 94. 256 — 268.

RO, TGN, BRI, 4. ERDAS IMAGINE & GBI Q AL 215 vk (M. Jbat . iR at, 2010: 67 -
80.

17] HARALICK R. Statistical and structural approaches to texture [J]. Proceedings IEEE, 1979, 67 (5). 786 — 804.

81 Wi, FWITE. AT R A& PR BRSO RGBS )] Bl R4 HARBRSA R, 2010, 34

(4): 129 - 134.

PANG Jie, LI Mingshi. Textural features analysis of high-resolution remote sensing image based on the information
abundance [J]. J Nanjing For Univ Nat Sci Ed, 2010, 34 (4). 129 — 134.

JREAE, ZEo ), RO, &5 —FhE RGO IR BRI M BTk ) ] s R, 2006, 10 (1): 39 - 48.
ZHENG Mingguo, CAI Qiangguo, QIN Mingzhou, et al. A new approach to accuracy assessment of classifications of
remotely sensed data [J]. J Remote Sens, 2006, 10 (1). 39 - 48.



