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Segment-based Land Cover Classification using Texture Information
in Degraded Forest Land of North Korea

Eun-Sook Kim, Seung-Ho Lee ', and Hyun-Kook Cho
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Abstract : In North Korea, forests were intensively degraded by forest land reclamation for food
production and firewood collection since the mid-1970s. These degraded forests have to be certainly
recovered for economic support, environmental protection and disaster prevention. In order to provide
detailed land cover information of forest recovery project (A/R CDM), this study was focused to
develop an improved classification method for degraded forest using 2.5m SPOT-5 pan-sharpened
image.

The degraded forest of North Korea shows various different types of texture. This study used GLCM
texture bands of segmented image with spectral bands during forest cover classification. When scale
factor 40/shape factor 0.3 was used as a parameter set to generate segment image, segment image was
generated on suitable segment scale that could classify types of degraded forest. Forest land cover types
were classified with an optimum band combination of Band!, Band2, band3, GLCM dissimilarity
(band2), GLCM homogeneity (band2) and GLCM standard deviation (band3). Segment-based
classification method using spectral bands and texture bands reached an 80.4% overall accuracy, but the
method using only spectral bands yielded an 70.3% overall accuracy. As using spectral and texture
bands, a classification accuracy of stocked forest and unstocked forest showed an increase of 23~25%.

In this research, SPOT-5 pan-sharpened high-resolution satellite image could provide a very useful
information for classifying the forest cover of North Korea in which field data collection was not
available for ground truth data and verification directly. And segment-based classification method using
texture information improved classification accuracy of degraded forest.

Key Words : degraded forest, land cover classification, texture information.
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Fig. 1. Study area : Hyesan, North Korea.

Landsat 2} G4 2470 w29, 19734041 19854
7R 9] FAke] AW A At 764 km?E ARl
o) yhaf, 19859 0)lA 19939 Atole] AR AL 612.4
km?7} Zrasto] uf o FATE WErE Yot AFRolR|
ot ¢J=o] zjetr] b= FHEA] AH Y] A A7}
A3 W mAS AAEkL glon, ko) AR
ke 535 QEA7 HAG 2R A fHo],
1999),

AL A Hof A e FHEA] NTHEA]| ARRA] Fol
9 ARSA] o8 YA
SPOT-5 Pan-sharpened GArolX
forest)t AR AYE Uetl= &
Qo] g Ao whef e AR FHog
g & oltk BRlBA(mstocked forest)e 2 #%E
oju} A& o|FojZ] Ao Ao] slEFof g7
o] ALz} Zo] $& AT MRS HA %
9| 3o} WAE|R] ofom g Hegld A7s HAlr
7H7¥*P7~X{converted crop landi= UALE 2471 274
o] 9 EAK|01S HojEL 0l9jH 27 HejE =

1511 {stocked

A Hzof

8 2e1E £ QlrhFig. 2). A A (denuded forest)
= o] =y 83 (bare land)¥ ¢t 43 (rock) &
E2yUE S+ 99

e
Az EAL o] 23} GAkE 87}&1% ,—A"],Q_'S}_

?:5‘_}: X]C‘éoﬂ 21 QT =] 10
£ B, 94X, B 3 2L SaE 19 B2
Wi B4E B, % JUHOE AN sl

(a) Stocked forest

Fig. 2. Several types of forest land cover in Hyesan.
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Table 1. T-test for converted crop land and denuded rock

Band! Scale Factor
Band2
Band3 30 40 30
2415% | 2386* | 2238
01 | 33570 | 3006%* | 2626
3937F% | 3875%% | 3079
2300% | 2458% | 2100
Shape | 3 | 37100 | 37270 | 2.892%
Factor 4075%% | 4.188%¢ | 3169%*
2622¢ | 1886 1973
05 | -3000%% | 2256* | -2103*
3306% | 2424% | 2.167*

of4, **  AIR®= 99% o1

B
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Table 2. Texture band selection

stocked |, stocked:

1 - 1323 | 1076 | 1076 | 1391 | 1412 | 1358 | 1404 | 1407 | 1362 | 1346 | 1112 | 1363
o ldiss bany | 1999 | 1992 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 1992 2000 | 2000
= 1387 | 1262 | 1414 | 1414 | 1414 | 1402 | 1407 | 1410 | 1389 | 1373 | 1262 | 1389
3! homo band2 1998 | 1995 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 1995 | 1995 | 1995
Omo_DAntS 1398 | 1356 | 1414 | 1414 | 1414 | 1383 | 1407 | 1413 | 1413 | 1377 | 1356 | 1387
o] sdey bz | 1999 | 1993 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 1993 | 2000 2000
Sidev._oary 1388 | 1281 | 1406 | 1411 | 1414 | 1393 | 1408 | 1411 | 1401 | 1371 | 1281 | 1387
5 diss_band2 | 2000 | 1999 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 1999 | 2000 | 2000
homo_band2 | 1407 | 1391 | 1414 | 1414 | 1414 | 1404 | 1412 | 1414 | 1414 | 1394 | 1391 | 1396
¢ diss band2 | 1999 | 1994 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 1994 | 2000 | 2000
stdev band3 | 1403 | 1367 | 1414 | 1414 | 1414 | 1410 | 1409 | 1413 | 1411 | 1378 | 1367 | 1396
homo_band2 | 2006 | 1998 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 1998 | 2000 | 2000

7\ stdev_band3 | 1406 | 1390 | 1414 1414 | 1414 | 1397 | 1411 | 1414 1390 | 1397

Land Cover Class

N Forest

88 Unstocked forest
Converted crop land
0 Denuded forest {erosion)
Denuded forest {rock)
W Non forest land

Fig. 7. Land cover map by supervised classification (a) original image (b) pixel-based classification & grouping
(c) segment-based classification (d) segment-based classification using texture information.
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of, E3H Y 1 20 A=

Table 3. Area of each land cover class (unit: km?)

i ERIRTR= I oAb
24 o] A0 o] 25 Sl E4S Method] | Method2. | Method3
Hejth TEgizl 2ol B9k Fuitz|e] WAo) Stocked forest 479 476 258
o}, W1 9% YER|7} oF 48 km?, YRR 7} 57~60 Unstocked forest 571 59.7 712
k'S RRE W, PUIIAE S o 26k, ol B P
FREAZE OF 77 km'2 EE0] 2 Aojg Bt Denuded rock 223 180 195
(Table 3),
B4 Aot s ke Ay Aol 2aA 70.3%, ¥HH3L 80.4%2 WHl3e) A8t 1A Bk

Fieoverall accuracy)ollA W¥1E 69.4%, Wiox

F thTable 4), W1} W20 A= &) PAAA
Table 4. Error matrix

(a) Pixel based classification & grouping

Training Set Data Producer’s
Stocked | Unstocked | Converted | Denuded | Denuded Sum | Accuracy
forest forest | cropland | bareland | rock (%)
Stocked forest 18 27 1 0 0 46 39.1
o Unstocked forest 1 54 1 0 0 56 9.4
Classification
Data Converted crop land 0 3 66 1 1 71 930
Denuded bare land 0 5 5 4 0 14 286
Denuded rock 0 5 12 2 3 22 136
Sum 19 94 83 7 4 209 -
User’s Accuracy (%) 947 574 776 57.1 750 - 694
(b} Segment based classification using spectral information
Training Set Data Producer’s
Stocked | Unstocked | Converted | Denuded | Denuded Sum | Accuracy
forest forest | cropland | bareland | rock (%)
Stocked forest 15 27 0 0 0 42 357
o Unstocked forest 56 3 0 0 63 889
Clas;f;am Converted crop land 0 3 68 1 1 73 932
Denuded bare land 5 0 16 313
Denuded rock 0 5 1 3 15 200
Sum 19 94 85 7 4 209 -
User's Accuracy (%) 789 59.6 80.0 714 750 - 703
(c) Segment based classification using spectral and texture information
Training Set Data Producer’s
Stocked | Unstocked | Converted | Denuded | Denuded Sum | Accuracy
forest forest | cropland | bareland | rock (%)
Stocked forest 18 5 0 0 0 23 783
. Unstocked forest 0 75 0 0 0 75 100.0
Classification
Data Converted crop land 0 10 67 0 0 76 88.2
Denuded bare land 0 1 4 4 0 9 444
Denuded rock 1 3 14 3 4 26 154
Sum 19 94 85 7 4 209 -
User’s Accuracy (%) 947 79.8 78.8 57.1 100.0 - 804
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