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Variogram-based rural build-up area extraction from middle and
high resolution SAR images

Lin Chenxi'”, Zhou Yi', Wang Shixin', Liu Wenliang' , Tian Ye'?, Zhang Yannan’
1. Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100101, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Beijing City University, Beijing 100083, China

Abstract: Objective With rapid development of the social economy and the urbanization process, building land has in-
creased continuously, promoting the use of remote sensing images on built-up area extraction, which lays the foundation for
detecting buildings and obtaining indices, such as building density and population density. Variogram is proven to be an ef-
fective methodology in extracting texture characterization with high precision when applied to urban built-up area extraction
from high-resolution synthetic aperture radar (SAR) images. However, limited by factors, such as imagery resolution and

structural features of rural built-up areas, the traditional way of executing the variogram is characterized by a high false
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alarm rate when extracting rural built-up areas in a large extent from middle- and high-resolution SAR images. Aimed at ex-
tracting rural built-up areas precisely, ensuring a high detection rate, and lowering the false alarm rate, this study proposed
a new method to determine the threshold based on the iterative P-parameter. Method Through the establishment of the
brightness threshold, pixels that meet the requirement can be assigned a weight to increase the value of the variogram for
pixels up to a standard in four directions (which can be considered built-up areas) and to restrain the increase of pixels on-
ly fitting one direction or having no direction ( which can be considered non-built-up areas). Thus, the confusion between
built-up areas and its counterpart is reduced. The experiment employed Radarsat-2 image as data source. According to the
features of the variogram, cross-polarization images, VH and HV bands, and their principal component analysis transforma-
tion, which are characterized by a high discrepancy between built-up areas and non-built-up areas, are selected as input
data. The first step is to determine the threshold and weight based on the iterative P-parameter. The second step is to ex-
tract the feature vectors of the image using the variogram. The third step is binarization with the FCM classifier. The final
step is to determine whether to recalculate or not according to the extraction precision. Results The results indicate that the
mean detection rates of the advanced variogram method on experimental areas 1 and 2 are 91. 58% and 9011% , respective-
ly, whereas the mean false alarm rates are 1983% and 3187% , respectively. Compared with the traditional and minimum
distance methods, the proposed method not only maintains a relatively high detection rate but also decreases the false alarm
rate significantly. Conclusion The precision of rural built-up area extraction basically satisfies the requirements of practical
application. However, the method still has several drawbacks. First, the “edge effect”, which refers to the phenomenon
that the edge of built-up areas extracted from the image are actually wider than the actual edge, accompany almost every
part of the extracted built-up areas. Meanwhile, this methodology is unable to recognize regions sharing similar texture fea-
tures with built-up areas, such as the highlighted thready road and lumpish arable land, leading to false recognition of built-
up areas. To solve the aforementioned problems, a method to restrain the high value of the variogram in places adjacent to
the boundary of building areas and preprocessing are needed to ensure that certain texture features symbolize only the built-
up areas.

Key words: texture analysis; variogram; SAR image; rural build-up area; iterative P-parameter
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A P (HH/HV/VH/VY)  bRdE2s (HH/ZHY/VH/VV)

ekt 1 118/169/166/106 28/38/38/28
Bt 1 58/77/11/77 20/16/15/22
Hiit 2 53/72/72/57 16/25/23/16
BT 1 171/227/230/186 45/35/33/48
B 3 65/86/87/77 17/22/22/24
ekt 2 143/193/193/133 45/40/39/42
k3 109/145/145/117 34/37/36/34
ekt 4 111/158/159/108 26/39/39,/28
At 119/172/172/120 30/39/39/30
Fith 4 61,/89/90/77 16/22/21/19
B 5 60/75/76/67 14/14/16/14
HiHb 6 86/57/57/74 19/14/13/17
Hits 7 87/54/65/79 18/28/29/20
it 2 147,/205/206/155 39/38/37/36
Kt 6 142/175/176/152 44/38/38/41
ekt 7 118/171/172/113 31/41/42/32
Hrith 8 88/52/53/71 20/11/12/18
HiHb o 83/85/84/85 28/19/19/21
A8 126/164/164/127 31/39/39/34
Fiib 10 92/88/88/15 35/22/22/36
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AT A AR A SR RS R, AR SR A w2 KBK1EESHF
RK(DR) ,JAMR2E (ME) FIEE /MR 2 (FE) e T4 Table 2 Precision analysis of Sample-1
. /%
BN AR
W B WiReS K iR HEaiRE
DR = ﬁ (10) ik 91.62 8.38 21.35
* VH JE i 99.5 0.5 69.8
ME = _MP (11) FoNEE O 78.06 21,94 54.00
TP + MP .
g 91.81 8.19 20.35
FP HV g 99.38 0.62 69.31
FE = ——— 12 ~AH
TP + FP (12) HBNES 78.93 21.07 53.46
AH, TP F7R IERA B A2 0 85 X (AR T A~ 80, MP e 91.32 8.68 17.80
FRIR A IR XAZTT AL, FP R o3 SR IX PCA St 99.52 0.48 69.41
e F/NER  78.53 21.47 53.35
FEREPEM AN 2 .38 3 FiR . R3 THRK2BENHF
2.4 HER4HH Table 3 Precision analysis of Sample-2
MRS BEVEAN R 2 A 3 AT LA ), ARG Ty : : : i
WA RN S 1 TRy 09,470, L BRI UL
N N - N pus . . .
L SRR X1 IR E] 69. 51% |, S IX 2 P-4k F| Bohigs 7041 29.59 53.42
68.05% , T R I8 B% HEh 5 a8 IX YIRS , el 89.78 10.22 33.66
BRI AN SR R s T B e e
A . . .
F R, I IK 1 PRI R % 91, 58% | SLIK 2 - e (Gaes 1 am
s - . T . . .
i‘:’90- 11% JE%E%F%%T%ﬁJ\mi,iBﬁ[X 1 j‘:’ PCA JE A 99.59 0.41 67.83
19.83% ,FBER T IR UG T R IR 49. 68% ; SLIG X 2 K /NI 71.29 28.71 52.82
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