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Abstract

To investigate methods for sand information extraction, an object-oriented ap-
proach based on CART decision trees was employed to extract sand information
in the Shapotou District of Zhongwei City. Initially, multi-scale segmentation
and spectral difference segmentation were performed on the study area to ob-
tain an object layer, followed by the selection of appropriate extraction features
and training sample points. Finally, the selected extraction features and sample
points were input to generate a CART rule tree, which was then used to clas-
sify land features and extract sand information. The results demonstrate that
the object-oriented CART decision tree method for sand information extraction
exhibits a high degree of automation and accuracy; the overall classification
accuracy of the constructed CART decision tree can reach 77%, which is 1.12
times that of the nearest neighbor classification and 1.57 times that of the sup-
port vector machine classification. Additionally, NDBI (Normalized Difference
Bareness Index), GSI (Grain Size Index), and the mean value of SWIR 2 (Band
7) can effectively distinguish three easily confused land features—sand, gobi,
and bare rock/gravel land—and constitute three important feature indices in
the sand extraction process.
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Abstract: This paper employed an object-oriented method combined with the
CART decision tree algorithm to extract sand information with a high degree of
automation and comprehensive feature extraction. The main research process
comprises: (1) selecting the study area and preprocessing the corresponding
imagery; (2) utilizing multi-scale segmentation and spectral difference segmen-
tation to obtain the object layer; (3) selecting rich extraction features and train-
ing sample objects; (4) training features and sample objects to generate the
CART rule tree; (5) applying all objects to the rule tree to obtain classification
results; and (6) comparing these results with Nearest Neighbor and Support Vec-
tor Machine classification outcomes. Compared with existing CART decision
tree research on sand information extraction, the overall classification accuracy
reached 77%, which is 1.12 times that of the Nearest Neighbor classification
result and 1.57 times that of the Support Vector Machine classification result.
Additionally, the Normalized Difference Bare Index (NDBI), Granularity Size
Index (GSI), and the seventh band (SWIR2) successfully distinguished three
easily confused objects: sand, Gobi, and bare rock, which represent three im-
portant characteristic indices in the sand extraction process. The experiment
demonstrates that this method is a feasible approach for actual desertification
monitoring.
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2. Study Area and Data

The study area is Shapotou District, located between 104°17 ~106°10 E and
36°06 ~37°50 N, covering an area of 5922.4 km2. The region features typical
arid and semi-arid landscape characteristics, making it representative for deser-
tification monitoring research.

2.1 Data Preprocessing

The primary data source was a Landsat-8 Operational Land Imager (OLI) and
Thermal Infrared Sensor (TIRS) image acquired on August 9, 2016 (Path/Row:
130/034, Scene ID: LC81300342016222LGN00). The Landsat-8 satellite,
launched by NASA in 2013, carries two key sensors: OLI with nine spectral
bands at 30 m spatial resolution (15 m for panchromatic) and TIRS with two
thermal bands. The image underwent systematic radiometric calibration and
atmospheric correction using ENVI software’ s FLAASH module to ensure
data quality and spectral fidelity.
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[Figure 1: see original paper] Preprocessing data of Shapotou District

2.2 CART Decision Tree Methodology

The Classification and Regression Tree (CART) algorithm is a binary recursive
partitioning method that generates a rule-based decision tree through training
samples. The object-oriented approach integrates spectral, shape, and contex-
tual features for classification.

The feature extraction process employed multiple indices including the Nor-
malized Difference Bare Index (NDBI) and Granularity Size Index (GSI). The
CART decision tree was constructed using training samples representing key
land cover types: sand, Gobi, bare rock, vegetation, water, and impervious
surfaces. The algorithm automatically selected optimal splitting variables and
thresholds to maximize class separability.

The segmentation process utilized multi-scale and spectral difference algorithms
to generate homogeneous objects. The scale parameter was optimized to ensure
objects captured meaningful landscape features while preserving spectral het-
erogeneity. The rule tree was then applied to all image objects to produce the
final classification map.

[Figure 2: see original paper] CART decision tree classification results

The overall classification accuracy achieved 77%, substantially outperforming
both Nearest Neighbor (1.12x higher) and Support Vector Machine (1.57x
higher) methods. The NDBI, GSI, and SWIR2 band proved particularly effec-
tive for discriminating spectrally similar surfaces (sand, Gobi, and bare rock),
demonstrating the method’ s robustness for operational desertification monitor-
ing applications.
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