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Abstract: In the object-oriented classification approach, image segmentation is a prerequisite that directly affects the accuracy of 
classification. For glacier mapping, multi-resolution segmentation is a widely used segmentation technique that depends on three user-
defined parameters i.e., scale, shape, and compactness. Previous studies involve rigorous exercise in selecting the optimal combination of 
these parameters. Therefore, this study introduces an optimum parameterization approach for multi-resolution segmentation that utilizes the 
contrast in spectral reflectance of ice/snow in Green and SWIR bands and compactness feature for defining color and compactness criterion, 
respectively. The scale parameter is estimated by local variance. This optimized segmentation approach is tested on Landsat images to map 
the glacier ice/snow area. This approach has sped up the segmentation process as it generated optimum segments in a single iteration, unlike 
the trial and error technique.
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With the significant improvement in spatial resolution of 

sensors, geographic object-based image analysis has gained 

prominence in the field of remote sensing. The pixel-based 

image analysis (PBIA) method utilizes the spectral 

characteristics of each pixel for image classification 

(Nagajothi et al 2019). Whereas, the object-based image 

analysis (OBIA) technique not only uses spectral 

characteristics but also considers shape, geometry, and 

texture features of image objects for image classification 

(Blaschke 2005, Chandra et al 2015). In OBIA, the foremost 

and crucial step is the segmentation process that merges 

individual pixels into image objects based on the homogeneity 

criteria (Blaschke 2010, Kavzoglu et al 2016, Tian et al 2007). 

Multiresolution segmentation is the most popular algorithm in 

OBIA applications. It has three user-defined parameters like 

scale, shape/color, and compactness/ smoothness. The 

selection of the most suitable parameters for image 

segmentation is very tricky. For glacier surface mapping, 

researchers have mainly used the trial and error method to 

find the optimal segmentation parameters (Meinel et al 2004, 

Jia et al 2013, Mitkari et al 2017, Wang et al 2020). 

Dragut has introduced scale optimization tools named 

Estimation of Scale Parameter (ESP) for a single band and 

ESP-2 for multiband images based on the Local Variance 

(LV) (Dragut et al 2010, Dragut et al 2014). These tools 

automated the selection procedure of suitable scale 

parameter. Building on the work of Dragut, this paper 

attempts to improve the selection procedure of the other two 

parameters (shape and compactness) that will speed up the 

segmentation process, unlike the trial and error method. For 

glacier surface mapping, the shape parameter plays the least 

role as their shape is not definite. Therefore, the spectral 

information linked to Green and Shortwave Infrared (SWIR) 

bands is used to define color criteria. The compactness 

parameter value is determined by object-based 

compactness polygon feature. These parameters have been 

incorporated with the existing ESP-2 technique. The optimal 

segmentation results have been observed by the proposed 

approach. Furthermore, the homogenous image objects 

obtained are then classified into desired classes by using a 

rule-based classification approach.

MATERIAL AND METHODS

Study area: Karakoram range is a mountain range spanning 

over India and China borders that cover 500 km glacierized 

area in length. Various test areas are chosen over the 

Karakoram range to assess the performance of proposed 

technique (Fig. 1).  The test area T1 is located in Aghil 

mountains. The T2, T3, T4 and T5 are test areas in Siachen 

glacier region. Siachen glacier is longest glacier in the 

Karakoram that stretches over 76 km. The T6 and T7 test 

areas are in Saksham valley that is located in north of the 

Karakoram. They have different glacier faces such as ice, 

debris, rocks, lakes, etc. However, the focus of this study is 

only on mapping the glacier ice surface. The Landsat 4-5 

Thematic Mapper (TM) dataset is used. It has seven bands 

(Blue, Green, Red, NIR, SWIR1, Thermal, and SWIR2) of 

30m each spatial resolution.

Rectangle


