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Abstract

Currently, farmerops temporal arrangement is constrained by the generally inadequate treatment of spatial
simulation in terms of socioeconomic and ecological information, resulting in artificially deflected planning. For
farming in the future, positional information is of particular importance. In this paper, a description is given of
the farmerops temporal arrangement method, to reduce errors and time in precision farming, based on GPS/
GIS/RS and planning techniques currently being used in many institutions together with respective approaches,
usability, and trends. The system, being presented here, appears to be particularly suited to data processing and
data analysis incorporating image segmentation with location sensing, which will help to combine the advan-
tage of small field sample locations with large-scale, cost-efficient image processing methods.
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L. INTRODUCTION

Since China embarked on economic reform and
opening up to the outside world, her agriculture has
seen relatively rapid development, and it has since
produced abundant farm products to meet general
social demands. However, from a long-term point of
view, China’s agriculture is not only confronted with
multiple pressures such as growth of population but
greater demands on farm products by accelerated
industrialization . The prospects brook no over-op-
timism.

How shall farm products and increase of incomes of
peasants be effectively supplied? One of the valid
ways is to develop agriculture from a weak-quality
industry to a highly effective industry, and it is the
key for us to effect the process through the intro-
ducing of scientific methods and management , one
of whose nature is to handle the precision informa-
tion of farming.

Precision farming problems are inherently linked
to planing problems. To create better Planning Sup-
port System(PSS) that will begin to address these
complex issues, the changes of farmcrops and the
relationships between them and geo-referenced in-
formation must be positioned, recognized and un-
derstood. One approach to meeting these needs is
the integration of remote sensing (RS) image pro-
cessing, Geographical Information System (GIS),
farmcerops inventory, and Global Positioning Sys-
tem (GPS) for an operational farmcrops temporal
arrangement.

Lachapelle et al (1994) outlined the precision farm-
ing objective of optimizing field potential based on
information known about the field. Hermann et al
(1995) pointed out that the major application of po-
sitioning with GPS/DGPS is to be seen in the area
of local information and documentation. Chen et al
(1992) developed a portable information manage-
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ment system which integrated the remote sensing
(RS), GIS and GPS with basic interface screen over-
view.

Although the integration of RS, GIS and GPS has
been extensively studied in the past, little has been
done in developing some adaptive algorithms for
incorporating image segmentation with location
sensing, and farmcrops temporal arrangement.

The PSS discussed in this paper is intended to op-
erate in a WINDOWS environment.. The PSS
graphically integrates digital images and map in-
formation with observed positions. In general, the
PSS automatically plots a position onto a digital
image or map. The real value of the PSS will be re-
alized when data analysis tools permit user to “see”
further into the growing digital database of spatial
information that is possible using traditional carto-
graphic renditions of the data.

New analytical tools that extend our vision into lo-
cation sensing and extract the useful information
needed to practise farmerops temporal arrangement
are described in this paper.

I1. BASIC FUNCTIONALITIES

An application system is proposed for the farmerops
temporal arrangement project. The system under
consideration consists of five major functional blocks
shown in Figure 1. A standard Microsoft WINDOWS
graphical user interface is implemented for PSS
system equipped with mouse or other interface tools.
A brief discussion will be provided for each function
in the following paragraph.

1. Data processing. All the data process of the
observation and images until one gets the final
farmcrops planning can be arranged in the follow-
ing steps:

1). To input the multi-temporal images data
from the user.

2). To determine if there are significant
changes, either increases or decreases, occurring in
the images.

3). To classify the images.

4). To document the features which could char-
acterize the change areas of farmecrops, such as size,
time, speed, domain and so on.

2. GPS. A GPS unit concerns:
1). To feed field measurement information into
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Figure 1. Basic Interface Screen Overview and Display Windows
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the system.

2). To feed position information into the sys-
tem.

3). To feed navigation information into the sys-
tem.

3. Data analyzing. The analysis subsystem will
be in charge of following several items:

1). To determine possible correlation between
the features and interpretation of significance to
farmerops temporal arrangement

2). To describe the situation for a service area
around each of pointed locations based on statistics

3). To compare the areal extent of the farmerops
defined in each set of satellite data

4. Temporal arrangement. The study which is
proposed has two important appliances:

1). To find the appropriate procedure for moni-
toring and detecting farmerops change

2). Planning techniques are used to arrange
the rotation of crops and the adequate time of fer-
tilization.

5. Database. Field history, cropping system,
level of drought or excessive rain, interpretation key
and so on are maintained, managed and created for
the farmerops temporal arrangement.

ITI. PLOTTING A POSITION ONTO A SEG-
MENTATION IMAGE

Image segmentation is an important step in the
analysis of digital images. Usually, it is employed

after image enhancement and before object recog-
nition. In this section, the problem of how to trans-
form a primary image into a segmentation image,
and homogeneous region image is described. At the
same time, we will apply an adaptive Voronoi tes-
sellation to the image.

At first, the primary image is segmented by the judg-
ment of intraparallelism which involves the at-
tributes stemming from the gray level, such as in-
tensity, hue, saturation ete. To each pixel of the seg-
ment that maybe contains multiple objects, if the
attributes are parallel, then give it a corresponding
label, otherwise give it a question mark label which
is a control label used to indicate where the seg-
ments must be continuously subdivided. As a re-
sult, an image composed of these labels is obtained.
It is called the segmentation image.

The pixel intensities of neighboring pixels from the
same object can be assumed to be incompletely cor-
related. For many objects more than one segment
may be obtained. Thus these segments must be
conbined into homogeneous regions on the basis of
the knowledge of objects that determine collections
of segments, which form “natural” components of
the scenes.

Figure 2 illustrates the elements of segmentation
image and homogeneous region image, and their
transformation. The attribute and uniformity of seg-
ments, which are mainly based on statistical prop-
erties and sensor dependent; while the attribute and
homogeneity of homogeneous regions mainly refer
to the knowledge of objects and themes, which in-
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Figure 2. The elements of segmentation image and homogeneous region, and their transformation.
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clude the geometric characteristics. For example,
segments 10, 12, 14 in Fig.2 indicate three rice lands
with different water depths. Because all of them
have the same attribute, regular polygon, they
should be merged into a single homogeneous region
by using form attribute.

Pyramidal techniques have been shown to be effi-
cient methods for image segmentation. On this al-
ready irregular structure, an irregular pyramid will
be build. The advantage of this approach is that the
Voronoi tessellation and the Delaunay graph offer
a reduced description of the image and the neighbour
relation between regions, which is already adapted
to the image content(Etienne 1996).

Voronoi diagrams built from a distribution of dis-
crete seeds are also of interest in the content of geo-
metrical partitions. Given a distance function, each
Voronoi polygon is associated with a seed and is
defined as the set of points which are closer to this
seed than from any of the other seeds (see Figure
3).

~., Seeds

N

Figure 3. A Voronoi diagram and the associated
Delaunay tessellation. The seeds are contained in
the interiors of the polygons.

Each seed is connected with field sample locations
using GPS/DGPS so that a consistent reference sys-
tem could be used. The number of sample points is
approximately that of the seeds.

Geo-referenced information means information
available at a respective seed position. Thus, if po-
sitioning is available at the seed, image segments
may be accessed. A number of intermediate stages
are conceivable, starting with a display for the user
only and leading to totally automated processes.

Image segmentation proceeds in two steps. The first
step is the splitting: polygons are added in the sup-

port of the seeds and image until convergence. This
step involves a dynamic management of the Voronoi
diagrams. The second step is the merge step: some
polygons and seeds are deleted. If a polygon P is
nonhomogeneous, a seed should be added in the
middle of each Voronoi edge e¢= P(1Q where the
polygon Q is neigbbour of P, otherwise, we do noth-
ing.

IV. PLANNING TECHNIQUES FOR
FARMCROPS TEMPORAL ARRANGEMENT

Economic representation of data with all their in-
terrelationships is one of the most central problem
in information sciences. In thinking, and in the sub-
conscious information processing, there is a general
tendency to compress information by forming re-
duced representations of the most relevant facts,
without loss of knowledge about their interrelation-
ships, The purpose of intelligent information pro-
cessing seems in general to be creation of simplified
images of the observable world at various levels of
abstraction, in relation to a particular subset of re-
ceived data.

Temporal arrangement of crops is a vivid example
of this kind of problem hence the name “temporal
arrangement problem”. The term “temporal”
strongly evokes the idea of a one-dimensional plan-
ning space but the temporal arrangement problem
may also refer to temporal-spatial planning in a four-
dimensional workspace. However the section of this
paper will focus on the one-dimensional case.

Consider the map shown in Figure 4. It consists of
three landforms: high-land, slope-land and low-land,
where one is a neighbour of the others which are
planted or are not.

/] Planted Land
I:I Non-Planted Land

1. High-Land
2. Slope-Land
3. Low-Land

Figure 4. A map of cropping system
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The study area is chosen in lower reaches alluvial
plain of Yellow river. This study area selection is
made on the basis of the geographic coverage of the
socioeconomic data that corresponds to the mainly
farming area in China. In addition, area bounding
the Yellow river and suffering from severe drought
or excessive rain is the major factors considered in
choosing the study area. The relationships between
landform and drought or excessive rain are demon-
strated in Table 1. The farmcrops in this area may
be classified five types:

(1) Spring-sown crops April-August.

(2) Spring-Summer-sown crops May-Septem

ber.

(3) Summer-sown crops dJune-October.

(4) Summer-Autumn crops July-November.

(5) Autumn-sown crops October- June.

To make a farmerops temporal arrangement, we give
the constraints as follows:

(a) Balance spring-sown crops with autumn-sown

Crops.

(b) The farmcrops temporal arrangement of high-
land is prior to slope-land, in turn slope-land
is prior to low-land.

(c) Adjust farmerops temporal arrangement cor
responding to the level of drought or exces-
sive rain.

The planning techniques used for farmerops tem-
poral arrangement by this system have two cases:
(1) When the middle-long-term weather forecast-
ing is not considered, the farmcrops tempo-
ral arrangement is a combination of Plot 1 +
Plot 2 + Plot 3 temporal arrangement. In
terms of constraints (a), (b),(c) above, we may
get the arrangements shown in Figure 5.

(2) According to middle-long-term weather fore-
casting, the farmcrops temporal arrangement
appears to be a more complicated situation to
represent the relationships between the plots.
An algorithm for farmcrops temporal arrange-
ment considering middle-long-term weather
forecasting is presented. According to con-
straints (a), (b), (c) above, we may get the ar-
rangement shown in Figure 6.

V. CONCLUSIONS

The use of PSS is expected to increase in the fu-
ture, but the development of both the hardware and
the software will have to be based on rational con-
siderations and projects. To enhance the
interactivity, efficiency, and computational power
in a WINDOWS environment as much as possible,
suitable system may be developed as, for instance,
the framework presented in Section 2. A novel data
processing and data analysis algorithm that at-
tempts to build Voronoi diagrams from a distribu-
tion of discrete seeds, which are connected with field
sample location using GPS/DGPS, is proposed. The
incorporation of image segmentation and location
sensing helped to combine the advantages of small
field sample locations with large-scale, cost-efficient
image processing methods is pointed out. At the
same time, a farmcrops temporal arrangement
method in terms of the integration of GPS/GIS/RS
and planning techniques is proposed. It will be use-
ful to reduce errors and time in precision farming.

REFERENCES

[1] Chen, C. F. et al, 1992, Integrating remote sensing,
GIS and GPS in PEN computing environment,

Table 1. The relationships between landform, level of drought or excessive rain and rota-
tion of crops

Landform Level of drought or Rotation of crops Field yield
excessive rain

High-land Other Twice / a year High
Very serious Thrice / two years Middle

Slope-land Less serious Twice / a year High
Serious Thrice / two years Middle
Very serious Once / a year Low

Low-land Less serious Thrice / two years Middle
Serious
Very serious Once / a year Low




6 Li et al.: Application of GPS/GIS/RS for Farmcrops Temporal Arrangement

1 238456 78 9 10 11 12 (Month) 1 23 45 6 7 8 9 10 11 12 (Month)
~<@l——— [xcessive rain

1 Pltl
[ 1 Pltl
| |  Plot2
1  Pot2
[ 1 (Plt3 | | Plot3

Figure 5. Farmcrops temporal arrangement ignor-  Figure 6. Farmcrops temporal arrangement con-
ing weather forecasting sidering weather forecasting

ASPRS/ACSM/RT 92, pp. 309-314. The Journal of Navigation, Vol. 48, No. 2, pp. 269-
[2] Etienne, B. et al, 1996, Vornoi pyramids controlled 278.

by Hopfield neural networks, Computer Vision and [4] Lachapelle, G. et al, 1994, GPS system integration

Image Understanding, Vol. 63, No. 3, pp. 462-475. and field approaches in precision farming,
[3] Hermann, A. et al, 1995, GPS and DGPS as a Navigation, Journal of the Institute of Navigation,

challenge for environmentally-friendly agriculture, Vol. 41, No. 3, pp. 323-335.

CPGIS T 1997 # 6 A 2 H AT FFT O AERAF AMNEDH, ETH60%4:GIS %K,
f&H5mTR—ED. 2/, BCPCIS& RF AT k& MitE, H%CPGIS BE4K,
Mz B| B EM, FR, TR, Mk, ##FE, XILARR 19 T fe 50 7T,

On June 2, 1997, CPGIS held its 5th Anniversary Celebration Meeting in Beijing.
All the Presidents of CPGIS attended the meeting. From left to right, they are
Peng Gong, Bin Li, Yuemin Ding, Lin Liu, and Hui Lin.



