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A B S T R A C T

Timely and accurate disease incidence monitoring and estimation using satellite imagery is critical for the ef-
fective control of wheat rust disease. Though studies have been conducted using different spectral and sensing
technologies to detect and monitor the wheat rust disease, few studies have been conducted in the application of
high resolution multi-spectral satellite imagery in the monitoring of wheat rust to facilitate an operational
monitoring over large areas. Since there are not many options for the multispectral data than the hyperspectral
data, it is more important to select appropriate vegetation indices for the classification model. However, there
have been few literatures about the comparison of these feature selection methods on the application of wheat
disease. We proposed a wheat rust disease mapping protocol including removing the non-vegetated and lodged
area, calculating and filtering the vegetation indices and mapping the wheat rust. In the process of filtering the
proper features, we applied wrapper feature selection instead of traditional filter feature selection combined
with the classification methods (support vector machine and random forests). The experiment data was a scene
of ZY-3 satellite image of the wheat field in Changge County in Henan Province with a certain portion of rust
disease. The classification results can achieve overall accuracy of higher than 90%, ranging from 90.80% to
95.10%. The wrapper feature selection method with the overall accuracy of 93.60% is better than filters feature
selection method with the overall accuracy of 92.65%. The random forests method with the overall accuracy of
94.80% is better than support vector machine method with the overall accuracy of 91.45%. The high accuracies
thus justified the feasibility of using high-resolution multi-spectral satellite images for mapping wheat rust
disease, which is promising for this technology to be applied in the practical wheat production management.

1. Introduction

Wheat rust is one of the most important wheat disease in China
(Wan et al., 2007). The four most destructive epidemics of this disease
occurred in 1950, 1964, 1990 and 2002, which caused yield losses up to
6.0, 3.2, 1.8 and 1.3 million metric tons, respectively (Wan et al., 2004,
2007). Timely and accurate disease incidence monitoring and estima-
tion using satellite imagery is critical for an effective control of wheat
rust disease (Wang et al., 2012).

Compared with field survey and disease monitoring by human
power, remote sensing (RS) technologies can realize real-time and
noncontact monitoring more quickly, conveniently, economically and
accurately. Among various types of RS techniques, hyperspectral RS is
one of the most efficient ways to capture weak signals in the spectrum,
given its high spectral resolution (Goetz et al., 1985). Hyperspectral
analysis technology has been successfully applied to the detecting and
monitoring of wheat rust in recent years. Muhammed and Larsolle

proposed feature-vector-based analysis (FVBA) method to extract the
information of rust disease severity from hyperspectral reflectance data
(Muhammed and Larsolle, 2003). Moshou and Bravo established the
monitoring model of yellow rust disease of wheat based on neural
networks and Kohonen maps and developed ground-based real-time
remote sensing system for detecting diseases in arable crops under field
conditions and in an early stage of disease development (Bravo et al.,
2003; Moshou et al., 2004, 2005). Davoud and Mohammad evaluated
the effect of different wheat rust disease symptoms on spectral vege-
tation indices based on hyperspectral measurements (Ashourloo et al.,
2014). Huang et al. realized identified yellow rust in wheat using the
Pushbroom Hyperspectral Imager airborne images (Huang et al., 2007).

However, the high cost of hyperspectral image data, as well as
difficulties in data collection and data processing, hamper its applica-
tion in practice. Instead, the relatively low cost and high availability of
high resolution multi-spectral images make them reasonable RS options
for crop disease mapping. Hicke and Logan demonstrated the potential
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of using high spatial resolution satellite imagery in mapping whitebark
pine mortality caused by a mountain pine beetle outbreak (Hicke and
Logan, 2009). Oumar and Mutanga also proved their applicability in
disease monitoring using Worldview-2 sensor data in predicting bronze
bug damage in plantation forests (Oumar and Mutanga, 2013). Zhang
et al. has realized monitoring armyworm infestation at a regional scale
based on a univariate model and two-date multispectral satellite images
(Zhang et al., 2015). Yuan et al. has studied the capability of high re-
solution (6m) multi-spectral satellite imagery, SPOT-6, in disease
mapping to monitor powdery mildew in winter wheat in an area where
a severe disease infection occurred (Lin et al., 2016).

So far, few studies have been conducted in the application of high
resolution multi-spectral satellite imagery in the monitoring of wheat
rust, especially in disease mapping of wheat rust. An severe outbreak of
wheat rust happened in Henan Province, China in 2013, which is proper
to analyze the monitoring and mapping wheat rust disease based on
multi-spectral satellite imagery. Hence, in this paper, we studied the
feasibility of mapping wheat rust disease with high resolution multi-
spectral satellite imagery. During the data process, support vector ma-
chine (SVM) and random forests (RF) were applied as the classification
model. These methods have been successfully applied in monitoring
and detecting other wheat diseases and growth state (Qiao et al., 2014;
Liang et al., 2016). Since there are not many options for the multi-
spectral data than the hyperspectral data, it is more important to select
appropriate vegetation indices for the classification model. The filters
feature selection method is the common strategy in selecting proper
vegetation indices of RS images. However, compared to wrapper fea-
ture selection method, the filters feature selection discarded the clas-
sifier intended for use and the relevant feature subset will not reflect the
classifier’s specific characteristics (Chrysostomou, 2009). Nevertheless,
there have been few literatures about the comparison of these feature
selection methods on the application of wheat disease. Hence, it is
necessary to analysis the feature selection methods. The objectives of
this study were to propose a disease mapping protocol with the high
resolution multi-spectral satellite imagery and assess the performance
different feature selection methods and classification models in the
mapping of wheat rust.

2. Material and method

2.1. Study sites and materials

The study site (34.2°N, 113.5°E) is located in Changge County in
Henan Province, China (Fig. 1). This site has a flat terrain with a total
area of about 2000 km2 and an average elevation around 50m AGL. In
the study area, winter wheat is a major crop grown from October to
next June. Most of the wheat fields were planted in relatively large
parcels and were cultivated under a unified management, which thus
facilitated the remote sensing monitoring. In 2013, starting from the
jointing stage, a certain portion of the fields was infected by wheat rust
disease. The disease symptom with yellow stripe speckles became ob-
vious on leaves at the grain filling stage, which is the appropriate
timing for detecting the disease using remote sensing images. Besides
the disease occurrence, some wheat plants within a certain area of field
were also lodged due to strong wind during the grain filling stage. The
disease occurrence that mixed with lodging situation formed a com-
plicated context, which was used to assess the robustness of the de-
veloped mapping protocol in this study.

2.2. Data acquisition

In this study, image acquired by the ZY-3 surveying and mapping
satellite, launched by China in 2008 for land resource observation, was
used in this study. The data have a 5.8 m spatial resolution with four
bands in blue, green, red and infrared, a broad imaging swath (52 km)
and a short revisit frequency (5 days). The parameters of ZY-3 image are

shown in Table 1.
A scene of ZY-3 satellite image was acquired on May 11, 2013 which

was synchronously with the field campaign as shown in Fig. 1. The ZY-3
image was registered to the Universal Transverse Mercator (UTM),
World Geodetic Survey 1984 (WGS-84), Zone 48 N, coordinate system.
Image preprocessing included a radiometric calibration, an atmospheric
correction and a geometric correction. Calibration coefficients were
obtained from the header file of the image. The calibrated data was
then processed with an atmospheric correction according to the algo-
rithm developed by Liang et al. (2001), which estimated the spatial
distribution of atmospheric aerosols and retrieved surface reflectance
under general atmospheric and surface conditions. The geographical
registration was conducted with a set of ground control points (n=80)
collected using the DGPS with sub-meter accuracy by Registration
module and Image-to-Map Ground Control Point function in ENVI 4.3.

2.3. Overall workflow of wheat rust mapping

Fig. 2 presents a workflow of mapping wheat rust with high-re-
solution satellite images. First the non-vegetated area and the lodged
plants were removed from the images to avoid the effects of these areas
on the mapping results. Then we analyzed the sensitivity of the spectral
features we selected through an independent t test. In the feature se-
lection part, we conducted a cross-correlation check in the filters fea-
ture selection method and compared it with wrapper feature selection
method. Finally, the mapping of wheat rust was realized with SVM
classifier and RF classifier to evaluate the validity of different methods
in the data process.

2.4. Extraction of wheat fields

The RS images of the study area included wheat, trees and build-
ings. Given the fact that the spectral divergences among different
ground objects, such as farmlands, forests, water body, and impervious
areas, are always greater than that between healthy and diseased areas
inside a crop field, it is necessary to extract the wheat planting area
before conducting the disease monitoring (Zhang et al., 2015). Hence,
the vegetated area was separated from the non-vegetated area. Mean-
while, in the vegetated area, some plants were lodged due to strong
wind. These lodged area may have different spectrum and be mixed up
with the rust wheat. However, the vegetated area and the lodged plants
can be easily separated from trees and buildings by a maximum like-
lihood classifier (MLC) with original reflectance of each band of ZY-3.
This process was realized in ENVI 4.3.

2.5. Calculation of vegetation indices

Together with the four original bands of ZY-3, the vegetation indices
were also calculated including normalized difference vegetation index
(NDVI), green normalized difference vegetation index (GNDVI), trian-
gular vegetation index (TVI), soil adjusted vegetation index (SAVI),
Modified soil adjusted vegetation index (MSAVI), Modified triangular
vegetation index (MTVI). The definition, calculation formulae and re-
ferences are listed in Table 2. Among them, the NDVI is the most
popular VI is sensitive to the change of green biomass or general vigor
of vegetation (Rouse et al., 1973; Pu and Gong, 2011). The GNDVI is a
modified version of NDVI, which replaced the red band with green band
in the normalization formula (Gitelson et al., 1996). Both the NDVI and
GNDVI were applied for detecting plant diseases (Zhang et al., 2012).
The TVI accounts for the radiant energy absorption of chlorophyll
(Broge and Leblanc, 2001), whereas the SAVI is used for minimizing
soil influences on canopy spectra, which is suitable for observing some
severely damaged fields with different soil exposed proportion (Huete,
1988). In addition, Haboudane et al. (2004) made important mod-
ifications to TVI and SAVI, resulting in the modified-SAVI (MSAVI) and
modified-TVI (MTVI), which are less sensitive to chlorophyll effects,
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