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Abstract: In geographical sciences, continuous scalar or vector fields are used to represent natural and
environmental phenomena such as temperature or wind. This paper presents our visual environment VMACC
for handling continuous field data. Two types of manipulations are offered with VMACC: unary manipulations
such as inserting, deleting, changing set for the sample points and binary manipulations such as union,
intersection and difference of two fields of same type. Values of the field at any point of space are estimated
using a global spatial interpolation method. The estimated field is then visualised as a grid of points. The visual
approach adopted is very interesting to make available to the different users of the environment a simple and
intuitive ways to manipulate their data.
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INTRODUCTION D is the continuous field domain and D R

Over time, the continuous fields have been defined and f (D) - R
in different ways by several authors in different These  fields  are divided into two types which are
disciplines. the scalar and vector we defined respectively, a scalar

In physical sciences, the field is an area where a field is a field defined at any point in space such as a
magnetic, electric or systems of gravitational or single value for example (f.i.temperature), so that a vector
electromagnetic forces are existing. field on a set values, which form a vector at each point of

In computer science, the term field may have several space (f.i. wind).
different meanings depending on the context. It is These continuous fields can have multiple
therefore necessary to define what we mean by representation models, which are based on sample points
continuous fields. or areas preferred, the point grids, tessellations,

More generally, we adopt the following definition triangulated Irregular Networks (TIN) and the contours
(Larousse  encyclopedia):  a  field  is a portion of the also called isolines [1, 2].
space where the force applied to an item depends on its The values of a field are calculated and represented
position alone. by interpolation or extrapolation in an integrative or a

A field is commonly associated to any phenomenon local method.
which can be represented mathematically by a function of In GIS applications, continuous fields represent
space and time. Formally, a continuous field cf is defined phenomena related to the environment and its resources.
as follows: For   example,   in   meteorology,   where  territorial

cf = (D, f ), are continuous in space and can then be observed as

Where: location.

2

f is the function representing the continuous phenomenon

data processing has been traditionally applied, variables

non-discrete fields with determined values in every
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Table 1: Methods for interpolation of continuous fields

Global method:
a estimated point is based
on samples of all points

Local method:
A estimated point is only
based on its neighbors

Continuous fields offer a more realistic view of certain
geographic phenomena, as they are perceived by people.
The geographic world can be described by a number of
variables, each measurable at any point. Pressure,
temperature, wind and heat source like sun are all
examples of continuous fields.

However, in practice we cannot store all the values of
the field into a database because their numbers are
infinite. This remark implies the existence of special
structures  of  databases called: field-oriented databases
or continuous fields’ databases where only the
continuous  data sample points are recorded, together
with interpolation methods. In this area, much attention
has been devoted recently to Continuous field data
model, efficiency of data storage [3], data access [4] and
data query [5, 6].

This paper describe our visual environment VMACC
(environnement Visuel pour la MAnipulation de données
Champs Continus) for handling continuous field data by
simple operations such as: insertion, deletion and update
or by more complex operations involving amalgamation of
two or more fields such as union, intersection and
difference. All these operations are made on the field and
the sample points This continuous field modeling is used
as an aid in spatial decision making process. The
approach advocated for the implementation of VMACC is
the visual approach described in the following paragraph.

The Advocated Approach: For humans, the use of images
was and still is an important way of expression and
communication. From young age, the humans learn life
through images and throughout their life they believed in
forming pictures in their mind. Research in visual
languages considers human visual perception to design
systems that use images or graphic symbols. They thus
offer a simple and intuitive way of expressing.

This research has been introduced in the field of
geographic  information  for   more   than   fifteen  years
[7-10, 2]. These languages use the concepts of visual
icons and metaphors to represent objects and
relationships between objects. They  are  often  classified

according to the used type and degree of visual
expression,  icon-based languages (or iconic languages)
or images, diagrams based languages (most often directed
graphs)  and form-based languages or spreadsheets.
Some  languages  combine  several  of these primitives.
For example, they use a mixture of representation by icons
and diagrams.

Our previous work on visual representation of
discrete geographic data [11], together with the research
on modeling of spatio-temporal continuous fields carried
out by Gordillo in [3], lay the basis for the present
proposal.

Functional System Specifications Vmacc: The VMACC
Environment was developed as part of our work for
manipulating data in continuous fields by offering the
following features:

VMACC offers solutions in handling unary covering
a single continuous field scalar or vector. These
operations  are  insertion, modification and deletion
of sample points: on the other hand it can handle two
fields of the same type (scalar / scalar or Vector /
Vector) ensuring their union, intersection or
difference.
In VMACC, field values at any point within the
region are estimated using a global interpolation
method. The field is then represented by a grid.
The  input data and results can be exported into XML
format, BMP format or MapInfo (MIF and MID). This
allows the flexibility of the tool and offers the
possibility of other processings on the dataset using
GIS tools.
A navigation operator was developed to allow users
to visualize data according to their needs.
Other functions are available in VMACC to allow
users to customize their environment by changing
the theme, the color of the background of the
application and the background of the map.

Conceptual Model: In design approach VMACC
recommends the use of visual representations based on
icons to represents data and processes. An operation will
be represented visually by its theme identifier and its
spatial type.

The spatial type is visualized by an icon. The theme
identifier consists of a text value which is a label of this
icon. The visual representation of the spatial type is then
linked to a theme identifier to give the complete visual
representation of an operation. These were defined as
follows:
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Table 2: Visual representations of handling binary

Union

Différence

Intersection

Table 3: Visual representations of handling unary

Insertion

Modification

Deletion

Table 4: Visual representations dedicated to process data export

MapInfo

XML

BMP

Case in Handling Binary Operations (Two Fields)
Union: The union between two scalar or vector fields
generates a field that includes the union of two rectangles
encompassing the two fields. In this case the sample
points are recalculated by interpolation based on all
sample points.

Difference: The difference between two scalar or vector
fields is treated the same way as the union. The problem
arises in determining the boundaries of the area
difference.

Intersection:    The    intersection    operator    operates
the same way as the previous operators, the difference
lies in the area that will be considered (rectangle
intersection).

Case Handling Unary Operations (One Field)
Insertion: This operation inserts a sample point to the
position of clicks on the map.

Editing Points: The change allows you to select a point
on the map and display data relating to its position in edit
mode.

Deletion: The deletion can select a point on the map to its
deletion.

Fig. 1: Used  icons  for  the  representation  of  the  field
as a grid

Fig. 2: Main Interface of VMACC

Table 3: Visual menus for loading data

Data Export: Regarding the export of data, the following
icons have been selected:

Representation   of    the   Field   as   a   Grid:   To  view
the  values  of  the field at any point, a button will
generate a grid whose values are calculated by global
interpolation.

VMACC Presentation: The following figure shows the
main interface of our visual environment VMACC.

Based on an iconic representation VMACC is purely
visual. VMACC can load one or two fields, scalar vector.
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Fig. 3: Displayed Map with two scalar fields Continuous fields are used to represent the natural

Fig. 4: Displayed Map with two vector fields type. This approach is very interesting in this area where

Fig. 5: Grid display for fields Algeria and Tunisia. REFERENCES

Fig. 6: Results  of  the  application  of  binary  operators Interfaces to Database Systems. R. Cooper, Springer
on the two fields Algeria and Tunisia as a grid Verlag, Glasgow, UK, pp: 113-135.

These previous menus allow the loading of one or
several fields on the map of the study area Figure 3 and
Figure 4.

After estimation of field values interpolated globally
they are viewed as a grid as shown in Figure 5:

The results of binary manipulations applied to the
two previous fields are shown in Figure 6:

CONCLUSION

and environmental phenomena.
In this work, we presented our study focusing on the

design  and implementation of a visual environment for
the manipulation of field data. This led to the development
of VMACC.

The  visual  approach advocated in VMACC based
on an iconic representation. The possible manipulations
such as insertion, deletion, modification has been made
for the sample points. The binary manipulations can be
union, intersection and difference of two fields of same

users are numerous. The interest lies in making available
to them in simple and intuitive ways the tools for
manipulating their data.

One of the main goals of our future research will be
concerned with the enhancement of VMACC so as to
include operations about temporal fields. As a matter of
fact, most of the continuous fields are time-conditioned
and hence a more realistic modelling of certain phenomena
should also consider the time parameter. For example, the
temperature on Earth and the pollution would better be
analyzed, if time is also taken into account.
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