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ABSTRACT:

Earth observation is the gathering of information via remote sensing technologies supplemented by earth surveying techniques,
encompassing the collection, analysis and presentation of data. Remote sensing technology is playing a key role on precision
agriculture. From the point of view of remote sensing and photogrammetry field, this article first took an overview of its applications
on agriculture throughout past 3 decades, analyzed the advantages and disadvantages of different kinds of remote sensing when
applied on agriculture respectively, and then discussed the solution on different platform based remote sensing image and data fusion.
Finally, the paper summarizes potential trends tending to broaden the precision agriculture application of remote sensing data fusion.

1. INTRODUCTION

Agriculture and food production is the world’s largest industry.
The overall aim of precision agriculture is to increase crop
production and productivity, and to improve food security, as
well as the general promotion of economic development. Earth
observation techniques provide it with information on crop
types and locations and identify areas where control of the
health and development of the crops is needed. Combined with
other spatial data, this information is used to establish yield
prediction models that prevent or minimize the effects of food
crises.

Earth observation is the gathering of information about planet
Earth’s physical, chemical and biological systems via Remote
Sensing technologies supplemented by earth surveying
techniques, encompassing the collection, analysis and
presentation of data.

This paper first reviewed current techniques of earth
observation (photogrammetry and remote sensing) data
processing on agriculture, and analyzed the advantages and
disadvantages of different kinds of remote sensing when applied
on agriculture respectively. Then some of multi-platform data
fusion technologies were addressed afterward for the better
services on the field of precision agriculture.

2. OVERVIEW AND CURRENT SITUATION

Over the past three decades, a wide variety of remote sensing
devices, ranging from earth observation satellites down to the
general digital camera, have been utilized and evaluated for
precision agriculture applications.

In early researches, remote sensing can be used for precision
agriculture in different ways by monitoring seasonally variable
crop condition (Moran et al, 1997a; Pearson et al., 1994), or by
creating biomass estimates during the growing season using the
traditional approach based on vegetation indices (Tucker et al,
1980), or by providing information on soil and plant condition

and variability to the overall crop management and decision
support system.

Moran et al, 1997a pointed out that remote sensing data could
be used to produce the meterological-parameter maps which can
be integrated with the biomass maps, or Leaf Area Index (LAI)
estimates, in order to predict the yield of the year. Riedell et al.
(2004) introduced an effective method to detect specific insect
pests and to distinguish between insect and disease damage on
oat. Results showed that canopy characteristics and spectral
reflectance differences between these two damages could be
obtained, but these differences may not be consistent from one
growing season to the next. By using multi-temporal Landsat
imagery, Kurtz et al. (2009) classified land cover types and
grazing intensity, which was defined based on the percentage of
bare soil, sward height, etc.

Figure 1 shows the example of change detection in crop field in
the way of remote sensing images. The data acquired from
Quick Bird locating some place in Shanxi Province. Figure 1a is
taken on Feb. 2010, Figure 1b is taken on the same season next
year. After ortho-rectification and comparison, the changing
regions could be clearly detected in crop fields (see the white-
color regions in figure 1c).
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Figure 1. An example of change detection

Besides the visible and near infra-red (NIR) portion, the
microwave portion of the spectrum have already proven its
usefulness either spaceborne platforms or airborne platforms
(Moran et al, 1997b). Synthetic Aperture Radar (SAR) data can
be used to estimate the near-surface soil moisture content
(Dobson & Ulaby, 1986; Pultz et al, 1997), it also can provide
useful information about crop and soil parameters, such as weed
infestations and soil moisture, with low spatial resolution.
Moreau and Toan (2003) used SAR data to quantify biomass in
an Andean wetland for optimizing livestock management.

Even though remote sensing technologies plays an important
role in overall applications of precision agriculture, most of
practices of researches are based on single source of remote
sensing platform, either from satellite data, or from airborne
data, or from ground-based data. There exist the significant
merits and drawbacks (See table 1).

Type Advantages Disadvantages
Historical data are readily available Resolution is lower than other sources.
Cost of large area images is very low Repeat cycle is out of control
Satellite Very large areas can be scanned near Correction of radiometric data because of

remote sensing

instantaneously.
Data for radiometric bands up to 16 micro

atmospheric interference is challenging.

meters are available

Can quickly scan large area. Images must be ortho-rectified and
. Cost when scanning large areas is georeferenced.
Aerial . . -
hotogrammetry relatlvgly Io_w. _ Cost to acquire small areas is high.
P Data with high resolution Affected by weather condition
Calibration must be performed
Low-altitude Can provide data with extremely high Flight control is not steady

resolution

remote sensing Flexible for data acquisition

Hard to geo-referencing

Collect data as you want

Close-range
g More accurate

photogrammetry

Not applicable for large crop field

Tablel. Comparisons of different remote sensing platforms

This table demonstrated the necessity of data fusion from multi-
source, multi-platform remote sensing system on precision
agriculture.

3. IMAGE AND DATA FUSION TECHNOLOGIES

Remote sensing data fusion, as one of the most commonly used
techniques, aims to integrate the information acquired with
different spatial and spectral resolutions from sensors mounted
on satellites, aircraft, and ground platforms, to produce fused
data that contains more detailed information than each of the
sources (Zhang, 2010). Due to the development of multi-view
and multi-resolution earth observation systems, data fusion of
satellite, aerial, and close-range images is necessary for
precision agriculture and environmental monitoring application.
Moreover, the cross-sensor platforms could be satellites, aircraft,
UAVs, and vehicles; the surveillance range is hundreds of
kilometers or some kilometers for crop field monitoring.

In general, remote sensing fusion techniques can be classified
into the pixel level and the high level (i.e. feature level, and

decision level) (Pohl & van Genderen 1998). The pixel level
fusion is mainly applied to optical images, such as
panchromatic and multispectral images (Pellemans et al. 1993;
Aiazzi et al. 2007; Gangkofner et al. 2008; Amolins et al. 2007;
Gamba & Chanussot 2008). The high level fusion includes
multi-source data fusion, such as SAR, optical images, GIS data,
LiDAR data, and in-situ survey data (Solberg et al, 1994;
Zabuawala et al, 2009).

In some applications on precision agriculture and forest, plant
growth model combining hyperspectral, LIiDAR, SAR, and field
data could be proposed to estimate plant heights, LAl dynamics,
and above ground biomass (Patenaude et al, 2008). Pacheco etc.
tried to fused the measurement result of LAI from ground-based
data collection and hyperspectral airborne image. The corn and
white beans were selected for this test. Correlations between
ground eLAl and eLAl values derived from hyperspectral data
produced encouraging results. Correlations were not strong
when analysis was done on a single crop type. However,
correlation results are good when data from all canopies are
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considered (Pacheco et al, 2001). Wang et al. (2007) proposed
an effective forest boundary delineation method using both
aerial images and LiDAR data. Wulder and Seemann (2003)
addressed a method of forest height update through the
integration of LiDAR data and Landsat images.

As the resolution of images from spaceborne, airborne or
ground-based platforms ranges from coarse to fine, data fusion
using those images reflects the specific properties of the
individual sensors at that resolution. For satellite images,
automatic high resolution satellite image geo-referencing can be
implemented by fusing existing digital orthophotos derived
from aerial images. Pest/disease monitoring and disaster
assessment in crop field sometimes require accurate satellite
images. However, this kind of application involves an accurate
geo-referencing processing of the images to a given geodetic
reference system. Taking advantage of existing digital
orthophoto-maps  derived from aerial photogrammetry,
automatic high resolution satellite image geo-referencing could
be implemented.

Regarding to aerial data/images and vehicle-borne/ground-
based sensor data, the fusion can be applied for improved
semantic mapping. Ground-based data is obtained by an all-
terrain vehicle equipped with a calibrated or omni-directional
camera, differential GPS, etc. This semantic information is used
for local and global segmentation of an aerial image. After
matching with features detected in an aerial image, the data is
used as input to a region- and boundary-based segmentation
algorithm for special precision agriculture applications. At the
same time, most of aerial, low-altitude and ground-based
images are processed by the techniques of photogrammetry.
With the advantage of photogrammetry, some crop geometric
parameters can be obtained from the micro-level, such as the
height of the individual plant, the width of each row, the density
of the crop per square meters, etc. it may be the replacement of
in-situ survey.

Combining digital stereo-photogrammetry and LiDAR
techniques, St-Onge et al. (2008) generated hybrid photo-
LiDAR canopy height models for effective canopy height

mapping.

This paper integrated a stereo close-range photogrammetry
method for the field survey of crop field. Several pairs of
images are taken by a handy digital camera at the rural area,
Heilongjiang Province, China on July 2012. After a series of
processing, such as camera calibration, image orientation, the
fundamental geometric parameters can be calculated precisely.
For the accuracy assessment, in this test a tape was placed for
measurement with the same purpose. In figure 2, the planting
interval of rice was about 26¢cm for both two ways (close-range
photogrammetry and manual tape measurement), and in figure 3
the height of soybean is around 80cm or so.

a Left image b) Right iage
Figure 2. Original stereo images of rice

Figure 3. Original stereo images of soybean

4. CONCLUSIONS

Remote Sensing technology has become a key component of
precision agriculture and is being used by an increasing number
of researchers, engineers and scientists. This paper mainly
focused on the necessity of remote sensing image and data
fusion on precision agriculture. Due to the fast development of
various sensor technologies, it won’t be easy to develop
effective methods for automatic fusion and interpretation of the
multi-platform remote sensing data.

Recently more new methods, such as knowledge representation,
classifier combination etc., have been investigated for the
application of precision agriculture. The fusion of SAR and
optical imagery increased the possibility to make the signal
sensitivity corresponding to biomass variation high enough to
facilitate high accuracy biomass mapping. The fusion of
different sensors e.g., wireless sensor network and satellite, is
also expected to be widely used for quantitative modeling and
inversion of the biophysical parameters, ecological modeling,
and so on.
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