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Abstract: Data are increasingly available from new multi-spectral and high-resolution remote sensors for
extracting agricultural information. We conducted a study of extracting apple orchard information from the GF-
1 images. Using Yiyuan County in Shandong Province, China as the study area, we compared several different
classification methods, including an integrated unsupervised-supervised classification method (improved
maximum likelihood), the support vector machine (SVM) method, the nearest-neighbor method, and the
decision-tree method. Particularly, we applied the first two methods to the pixel-based classification, and
applied the last three methods to object-oriented classification. The comparison finds that the last three methods
have higher efficiencies, whereas the first two methods have higher classification accuracy (according to the

confusion matrix).

Keywords: Extraction information, Supervised classification; Decision-tree classification, SVM, Object-oriented

classification.

1. Introduction

There are two mainly methods to extract vegetation
information: pixel based extraction method and
object-oriented method. Jin  compared three
supervised classification methods (paralleled method,
minimum distance and maximum likelihood method )
based on SPOT5 using ENVI, the result shows that
draw maximum likelihood classification has highest
overall classification accuracy, accuracy and user
mapping accuracy [1]. Wang used original bands
combination method, principal component analysis
method (PCA), soil adjusted vegetation index (SAVI)
method and the combination of original bands and
derivative bands method to extract Shanghai’s green
space based on ETM+ images, the results show the
combination of original bands and derivative bands
method has the best accuracy and reduces soil
background  effect [2].Yang compared the
classification accuracy and kappa coefficient of four
kinds of object-oriented methods, including nearest
neighbor method, a member function method, support
vector machine and decision tree, the result shows the
nearest neighbor method performed the best for forest
classification in hilly mountain area [3]. Li compared
traditional supervised classification, Support Vector
Machine and Segmentation Support Vector Machine
supervised  classification ~ with  Object-oriented
classification in Classification accuracy, the results
show the object-oriented classification method can
effectively extract the tobacco planting area of Luobin
town [6].

On the basis of the existing vegetation information
extraction method, in order to obtain one suitable for

Chinese GF-1 remote sensing images, this paper used
five existing methods to extract the apple orchard area
information,  including  integrated  supervised
classification based on pixel (improved maximum
likelihood), support vector machine method based on
pixel, nearest neighbor method, decision tree based on
object-oriented and support vector machine method
based on object-oriented. By analysis the
classification accuracy and kappa coefficient, the
method for information extraction of fruit trees in
mountain areas is obtained.

2. The Study Area and Data Characteristics
2.1 Study Area

Yiyuan County is located in the central of Shandong
province, belongs to the Yimeng mountain area.
Yiyuan County is the highest altitude county in
Shandong province, knows as “The Roof of
Shandong” (the location is shown in the Figure 1).
The  geographic  coordinate  are  between
35°55'~36°23'N and 117°54'~118°31'E. The total area
is 1636 km2, including cultivated area is 347 km2 and
fruit tree area is 467 km2 (apple orchard area is about
173.33km2). The 70% of farmer’s income comes
from the fruit growing’s. Yiyuan Apple is the
geography specialty. Dynamic monitoring of
dominant apple cultivated area and acquisition of
orchard area and distribution is significant to
Shandong province apple industry sustainable
development.

#02090567 Copyright ©2016 CAFET-INNOVA TECHNICAL SOCIETY. All rights reserved.



Research on the Extraction Method of Apple Orchard Information in Florescent
Based on GF-1 Image-A case study In Yiyuan County

B Towiis

Figure 1.The administration and distribution of
Yiyuan County

Analysis the phenophase of apple shown in Table 1, it
proved that the remote sensing images of apple
florescence can be used to effectively identify the
apple orchard in theory.

Table 1: The Phenophase of Apple

Name
Germination stage
Flowering stage
Fruit developing

Phenophase
Late March to early April
Mid-April to early May

To Mid and late October

period
Flower bud Mid- September to Mid-
differentiation stage October
Deciduous rest Late November to early
period December

2.2 Data Characteristics

The GF-1 satellite carries on two panchromatic/multi-
spectral cameras with 2m and 8m resolutions
respectively, as well as four 16m resolution multi-
spectral sensors. Wide field view (WFV) senor on
board the Chinese GF-1, the first satellite of China
High-resolution Earth Observation System, is
acquiring multi-spectral data with decametric spatial
resolution, high temporal resolution and wide
coverage, which are valuable data source for
environment monitoring. The technical specification
of GF-1 WFV cameras is shown in Table 2.

Table 2: Technical Specification of GF-1 WFV

Cameras
Payloads Bands Spectral Spatlgl
No. range(um) resolution
1 0.45-0.52
2 0.52-0.59
WEY T 063069 16m
4 0.77-0.89

3. Study Methods and Experiments

The method of extraction information based on the
Chinese GF-1 satellite could consult the data source
with setting of similar bands (such as SPOT5 images,
Quick Bird images, Landsat TM/ETM+ images ). We
select the following five representative methods of
apple orchard information extraction to study the
feasibility of methods.

3.1 Extraction method

3.1.1 Improved maximum likelihood classification

The maximum likelihood classification also known as
the Bayesian Bayes classification, it is based on the
image statistics of supervised classification method,
and it is also a typical and applied most widely
supervised classification method. And this method is
applied to the spectral features of classification
objects close to normal distribution, the lower
classification error rate, the higher classification
accuracy, and the more ideal classification results [4].

This paper uses ISODATA method to do
unsupervised classification, using the classification
result as the training sample template, and then do the
maximum likelihood classification. For one hand, we
can using the unsupervised classification results select
the uniformed properties region. On the other hand,
this method can greatly reduce the manual workload
and improve the efficiency of classification, the
classification accuracy with respect to the simple
maximum likelihood classification is also improved
[5].

3.1.2 Support vector machine (SVM)

Support vector machine adopts structural risk
minimization learning machine, it is based on the
strict theoretical basis, solves the nonlinear, high
dimension and local minimum lighting problem well,
and it becomes the new research hot spot of machine
learning after the research of neural network [17].
This method is a new generation of supervised
learning system based on the statistical learning
theory.

This paper uses SVM classification method based on
pixel and SVM classification method based on object-
oriented to extract the information of apple orchard in
the study area.

3.1.3Nearest neighbor classification

Nearest neighbor classification method is similar to
the traditional supervised classification methods, they
all determine the feature space by training samples.
But the nearest neighbor classification method process
the image objects and not a single pixel, so we can use
abundant of characteristic information. What’s more,
the number of training samples required by the nearest
neighbor method is small. Because a sample object
can contain a lot of typical pixels as well as the
changes between them. If a class needs to be
described by a variety of features, it is suitable for the
nearest neighbor classification method. This method
is easy to deal with the overlapping of multi-
dimensional feature space, and can quickly deal with
the hierarchical relationship [18].Yi used the nearest
neighbor and decision tree method to extract the
paddy field in hilly region [6].

3.1.4 Decision Tree classification

As one of the main classification methods in Data
Mining, the Decision Tree algorithm does not need
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any prior knowledge or preferences and is suitable for
exploratory knowledge discovery. With clearly
defined structures, fast operation speed, high
accuracy, flexibility and robustness, the Decision Tree
algorithm can be used to handle high-dimensional
data and the knowledge acquired is intuitive and easy
to be understood [19]. In this paper, we used the
decision tree method based on the object-oriented to
extract information of apple orchard in study area.

3.2 Experiments
3.2.1 Technology process

The workflow of the paper for extraction information
of Yiyuan County is shown in Figure 2.

DATA SOURCE

DEM/Slope/Aspect data

Administrative division map of
Yiyuan Country

The Chinese GF-1 16m multi-
spectral image

v

Image preprocessing

!

EXTRACTION INFORMATION

Pixel based
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Area and distribution of apple
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Decision tree
classification

Support vector
machine (SVM)

Figure 2: Work-flow of the study
3.2.2 Data preparation

Download GF-1 remote sensing image and DEM
image. Using the administrative division of Yiyuan
County as the border to cut out the remote sensing
image. Using ArcGIS software to process the DEM
image to obtain the slope image and aspect image. At
the time of image data, including GF-1 image, DEM
image, Slope image, Aspect image and Yiyuan county
administrative divisions, the above as the initial data
source.

3.2.3 Data preprocessing

GF-1 satellite grade 1A products are the products of
relation radiometric correction. In order to improve

the accuracy of classification, we need to preprocess
the images, including decompression, radiometric
correction, orthorectification, image fusion and image
subseting. The workflow is shown in Figure 3.

Download GF-1 Image

|

Decompression

|

Radiometric calibration

|

orthorectification

|

Atmospheric correction

|

Panchromatic and
multi-spectral images fusion

|

Subset

|

Calculated vegetation index

|

Preprocessing products

Figure 3: Image preprocessing
3.2.4 The Vegetation Index

For complex vegetation remote sensing, only use
individual band or a single band data for comparative
analysis to extract the information of vegetation has
obvious limitations, which tend to use multi spectral
remote sensing data by adding, subtraction,
multiplication, in linear or nonlinear combinations,
resulting in some valuable data of vegetation growth,
biomass, and so-called vegetation index. Due to the
spectral vegetation itself received, environmental
conditions, atmospheric conditions and other factors,
so vegetation index (V1) tend to have obvious regional
and time domain [7]. The Vegetation index has been
widely used to estimate fractional vegetation coverage
[8, 9, 10].Gao used the vegetation index to inverse the
biomass of vitex negundo shrubs canopy in Beijing
Jundu mountainous area [11].

In this paper, by means of vegetation information
extraction the most effective vegetation index as the
supplementary information, select the normalized
planting index (NDVI), the soil adjusted vegetation
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index (SAVI), the difference vegetation index (RVI),
the ratio of vegetation index (RVI) and the normalized
water index (NDWI).

Table 3.Vegetation indices

Name Formula
NDVI (NIR - Red)/(NIR + Red)
NDWI (Green - NIR)/(Green + NIR)
DVI NIR - Red
RVI NIR / Red
SAVI [(NIR - Red)/(NIR + Red + 0.5)]*(1 +

0.5)

3.2.5 Accuracy evaluation

The kappa coefficient is a method to calculate the
classification accuracy. Its calculated result is
between -1 and 1. There are five groups to represent
different levels of consistency.

Table 4.Classification criterion based on Kappa

coefficient
Kappa Degree of Consistency
0.0-0.2 Low consistency
0.21-0.4 General consistency
0.41-0.6 Medium consistency
0.61-0.8 Height consistency
0.81-1.0 Almost identical(perfect)

The Kappa coefficient based on the error matrix is a
multivariate analysis method. The kappa coefficient
can reflect the statistical significance in the
classification results. There are a lot of scholars have
done a lot of work in algorithm and application of
Kappa coefficient. This method has been gradually
developed into remote sensing classification accuracy
evaluation method [12, 13, 14, 15].

4. Experiment

The results of apple orchard information extraction
for five methods (improved supervised classification,
SVM based on pixel, SVM based on object-oriented,
nearest neighbor and decision tree based on object-
oriented) based on Yiyuan county GF-1 images.
Figure 9 shows As the Figure 4~8 showed.

Figure 4.Visual interpretation

Figure 5. Improved supervised based on pixel

Figure 6. Support vector machine (SVM) based on
pixel

Figure 7. Nearest neighbor classification based on
object-oriented

Figure 8. Support Vector Machine based on object-
oriented
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Figure 9. Decision tree classification based on
object-oriented

Table 5. Accuracy comparison of Five Classification
Methods

Area
Error

Classificatio
n name

Overall Kappa  Area
accuracy coefficient (hm2)

Improve
Supervised
Classification
Support
Vector
Machine(SV
M) based on
pixel
Decision tree
based on
object-
oriented
Nearest
Neighbor
based on
object-
oriented
Support
vector
machine
based on
object-
oriented

98.12% 0.9750 18,865 5.6%

98.70% 0.9827 20,922 4.6%

96.12% 0.949 22,643 13.2%

About
20,000

99.5% 0.9985 19,567 2.1%

94.51% 09312 21,569 7.98%

4.1 Analysis the figures of classification results

Through the visual interpretation showing, the apple
orchard area is roughly located in the south-east of
Yiyuan County. Combining band4 (Red), band3
(Green) and band2 (Blue), the image displays a
standard false color image, the vegetation covers
occur the sight of red. Due to the time of fluorescence
of apple, the most crops haven’t growing up and the
sight similar to the bare soil. The evergreen trees are
located in the higher elevation area, surrounding with
the crop area and fruit tree growing.

4.2 Analysis the accuracy of five classification
method

The five classification method all extract the apple
orchard area efficient, and have the similar accuracy.
The nearest neighbor classification based on object-
oriented method has the highest accuracy with the
overall accuracy is 99.5% and kappa coefficient is
0.9985. The SVM classification based on pixel’s
accuracy is the higher method with the overall

accuracy is 98.70% and the kappa coefficient is
0.9827. The improved supervised classification
method is better than the traditional supervised
method.

5. Conclusions

The method based on the pixel have a bit of “salt and
pepper” in the results, that can result in the
appearance of a number of broken polygons,
ultimately leading to the low classification accuracy.
The methods based on object segment the image and
avoid the “salt and pepper”, but the classification
accuracy is influence in the segmentation scale. In this
paper, the best method of the extraction information
of apple orchard in Yiyuan County is the nearest
neighbor classification. It has the best efficient and
high classification accuracy.

The other two object-oriented method can be
improved, we can study the different segmentation
scales, and increase the classes to obtain the more
detail classification results. The methods based on
pixel can also improve the classification accuracy, for
example, using decomposition of mixed pixels to
reduce “synonyms spectrum” and “foreign body in the
same spectrum” phenomenon and to improve the
single pixel recognition.

The method of maximum likelihood and support
vector machine based on pixel have developed used
ENVI software. Because of the high special
resolution, the processing speed is slow and cost for a
long time. What’s more, the human factors have
influence in selecting samples. In summary, the
supervised classification methods of ENVI software is
suitable  for medium-low resolution images’
information extraction in a small range.

Ecognition software is an object-oriented professional
classification software. Before the extraction of
information, segmentation process should be done at
first. The segmentation processing has been fully
considered the impact of texture and other spatial
features. The processing speed is faster than the
methods using ENVI software and the efficiency is
high. This paper selects three kinds of commonly used
object-oriented classification methods (the nearest
neighbor, the decision tree and support vector
machine). The segmentation scale is 20. The
classification accuracy is in line with standard
classification. The results can be reference for
economic and agricultural and have the research
significance.
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