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Abstract

Representation of results/data graphically depicts a better understanding of the behavior of the results/data.
Contour plotting is an easy way of representing results/data. Contouring algorithms use linear interpolation in
determining the point of the intersection between contour lines and grid segments when drawing contour lines.
Using linear interpolation is not very precise and results in discontinuities at end points. This paper presents and
examines the contouring algorithm that uses inverse distance weighting interpolation in determining the point of
the intersection between contour lines and grid segments of randomly generated data. Comparison made between
the maps produced by these algorithms that use linear, cubic and inverse distance weighting interpolation, showed
that the map produced by inverse distance weighting interpolation is wrong because different contour lines cross
each other, the map produced by cubic interpolation depicts less information because some contour lines are
missing when compared with the map produced by linear interpolation.
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1. Introduction

To understand the numerical model behavior of any kind of results/data, it is essential to represent such
results/data in a graphical format. The examination of a vast amount of results/data is replaced by a simple visual
depiction in this graphical format. This graphical representation of results/data is the best way to show a large
amount of data to people, which could put them to sleep or/and convey little or no information, when read in plain
text. A step toward to such representation of results/data is the use of Contour plotting (Singh & Saini, 2011). A
contour plot is the most practical and effective approach to express three-dimensional data graphically on a two-
dimensional surface such as a map or a computer screen; it typically shows a bunch of lines, called contours or
contour lines, with different values; which are often wavy or forming concentric, irregular closed loops or other
patterns.

Contour lines generally do not meet or intersect each other, but connects points of equal quantity (e.g., elevation,
pressure, temperature etc.) of the contour area. It is a function of two variables; a contour line of a function g(a,b)
with value v, is a collection of all points (a,b) where g(a,b)=v (Aramini, 2012). You've probably used a contour plot
if you've ever gone hiking and brought a topographical map with you to show you the lay of the land. Many
disciplines primarily use contour plot to analyze/visualize an actual or theoretical surface of application and to see
the pattern of distribution or find anomalies in the parameters of the discipline that uses it. The most common
applications are displaying data of topological features of an area on a map (Paul, 1987). The depiction of selected
features of the earth's surface in graphical form is done on topographic maps. The depiction of the elevation and the
shape of the terrain is the unique feature of topographic maps. Such maps represent the physical properties of the
terrain in an accessible and legible format, as determined by exact engineering surveys and measurements. The
contour plot shown in Figure 2 represents the terrain (hill) in Figure 1.
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Figure 1. Hill (Source: http://www.bushwalking101.org/interpreting-map-features/)
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Figure 2. Graphical representation of the Hill (Source: http://www.bushwalking101.org/interpreting-map-
features/)

Computer algorithms for contouring spatial data differ in subtle ways that affects the appearance of maps which
they produce. Most operate by estimating the values of the surface at a regular grid work of points across the map
area. Contour lines are drawn through this grid work by mathematically interpolating the grid edges (segments)
with the contour lines (Davis, 1987), in order to determine the point of the intersection between them. Almost all
contour drawing algorithms (Davis, n.d.; Meek & Beer, 1976; Singh & Saini, 2011; Snyder, 1978; Yeo, 1984) use
linear interpolation to determine the points of the intersection between each contour lines and segments where the
contour lines must cross or intersect. In these contour plotting algorithms, linear interpolation is used mainly
because of its simple nature to use and to implement and for fast contour plotting. It also produces smooth contour
surfaces as long as the line segments joining the points of intersection are short.

Despite the simple, fast, easy to use and to implement nature of the linear interpolation in finding the points of
the intersection between segments and contour lines in contour plotting algorithms, and the generation of smooth
contour surfaces, it is not very precise and results in discontinuities at end points (Paul, 1999). The contour surfaces
generated by these algorithms deviate from the true location (i.e.; the real intersection point between a contour line
and a segment) which may be quite too far from the actual intersection point predicted by linear interpolation
(Aramini, 2012; Singh & Saini, 2011). So, there is a need for a better interpolation method in determining the points
of the intersection between contour lines and segments in order of generated a better and more accurate contour
plot.
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The contributions of this paper are to:
e use inverse distance weighting (IDW) interpolation method in determining the points of intersections
between contour lines and segments in the contour plotting algorithm
e plot a contour map of a randomly generated numbers with the proposed algorithm and
e compare the map generated by this interpolation method with the maps produced by linear interpolation
and cubic interpolation (Abdulrazaq et al., 2021).

2. Related Works

Much information are needed by the contouring algorithms, all they required are the contour values and
estimated function values at discrete nodal points. Many researchers have worked on different interpolation schemes
in the contour plotting algorithm. Meek et a/ (1976) developed a scheme using linear interpolation which is based
on any isoparametric element surface in 2D domain. A linear interpolation-based algorithm for determining the
point of the intersection between a contour line and grid edges was developed by (Snyder, 1978). Aramini (2012)
developed an algorithm that uses reverse linear interpolation to determine the point of the intersection between a
contour line and grid edges then used the algorithm to plot contour map of orbital 7a; of BH3CO. Yeo (1984)
developed an algorithm which is beneficial for a variety of purpose 2D mesh where a linear interpolation is used
over triangular elements, which are refined in the domain.

Wau et al., (2020) uses linear interpolation to improve second order machine-learning (ML) based visible-light-
positioning (VLP) system when reducing training samples in ML algorithms. Ekoule et a/ (1991) developed a broad
triangulation process that solves the issues of traditional triangulation algorithms while simultaneously plotting
contours linearly across an element. A cubic interpolation contouring algorithm was proposed by (Goldani-
Moghaddam & Enright, 2008) to solve partial differential equation (PDE) via visualization. This algorithm locates
the points where contour curves and triangle sides intersect, then creates smooth contour curves to connect these
spots. Singh & Saini (2011), developed a very fast algorithm for plotting contour on 2D and 3D domains. This
algorithm used linear interpolation to interpolate the three-node triangular and four-node tetrahedral element over
the function.

Xiao-Ping (2016) proposed a spline interpolation function to improve the comprehensive regionalized method
of linear interpolation that are used in creating gridded digital elevation models (DEMs) from contour lines for
geomorphic information. To predict the accurate wear of rough surface contact (spur gears), a numerical model that
uses piecewise linear interpolation was proposed by (Wang et al., 2021). To determine the appropriate interpolation
method that can be used in carrying out the accurate surface analysis of chromium (Cr) and cadmium (Cd) which
have hostile influences on human health. Ouabo et al., (2020) assess the performance of Ordinary kriging and
Inverse Distance Weighted (IDW) Interpolation methods. IDW interpolation outperformed Ordinary kriging with
regards representation of the concentration of Cd and Cr on the maps of the study area. To study the accurate water
pollutants distribution in Wadi El Bey river Watershed, Tunisia. GIS and Inverse Distance Weighted Interpolation
(IDW) method were used by (Khouni et al., 2021) in predicting the variation of the pollutants all over the study
area.
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3. Contouring Algorithm
The contouring algorithm is shown Algorithm 1

Algorithm 1 Contouring Algorithm
Input: Values at discrete grid points.
Output: Contour map
1: Determine the minimum and maximum values of the grid points
2: Computes a number of contour values by arithmetic method between extreme points using
equation 2
for each contour value
4: Walking through the grid of points looking for any segment that the contour value lays
between
5: if contour value lays between the segment

W

6: Determined the point of the intersection between the contour and the segment by any
interpolation method

7: end if

8: Locate a neighboring segment having a similar property

9: if found

10: Repeat Step 6

11: Draw a straight-line segment to connect the previous and current intersection points

12: end if

13: end for

14: Return contour map

3.1 Arithmetic method
This method is used to evaluate contour values that are inside grid nodes range of values. The range of values
is obtained by determining the minimum and maximum values of all the grid nodes values. Three parameters are
required in generating contour values using this method, they are:
i.  The starting (minimum) value
ii.  aconstant increment between levels (delta) and
iii.  the number of contour values to be generated

Equation 1 is used in determining the constant increment between levels:

zmax + zmin
delta = ——— (D
ncv

Where zmax and zmin respectively are the maximum and minimum of all values at the grid points and ncv is the
number of contour values to be evaluated. Contour values would then be: zmin, zmin + delta, zmin +2* delta,. ... zmin
+( nev -1)* delta,
In general, this can be represented in equation 2.

cv[i] = zmin + i * delta (2)
Where cv/i] is the ith contour value

3.2 Interpolation

Interpolation is any procedure for fitting a function to a set of points/values in such a manner that the
function intercepts each of the points/values. Unknown points/values of different observation (chemical
concentrations, noise levels, rainfall, elevation etc.) can be predicted by interpolation. There are several
types of interpolation methods:
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3.2.1 Linear Interpolation

This is the simplest way for obtaining values between data points; it only requires the two data points at the
segment's endpoints. The aim is to determine the point of the intersection between contour line and grid segment.
Equation 3 shows the formula for determining the point of intersection using linear interpolation:

I(x) =z1+ wdx €))
Where /(x) is the linear interpolant, §x is the scale of the grid segment to a specific unit; given by equation 4.
z2—2z1
=— 4
* unit )

w [0, 1]is the local variable, given by equation 5:
cval — z1

w=——+ 5

z2—-2z1 ®)
z[ and z2 are the two adjacent values of a segment and cval is the contour value. But a significant issue with linear
interpolation is that, it results in discontinuities at each point.

3.2.2  Inverse Distance Weighting

This is an interpolation method that assumes that grid points have a local influence on a contour value,
which diminishes with distance. This local influence gives grater weights to the grid points closer to the
contour value, while grid points further away from the contour value are given lower weights. The weights
of the grid points are used to identify where the contour lines and grid points intersect. Equation 6 shows
the formula for utilizing inverse distance weighting interpolation to find the point of intersection between
contour lines and grid points.:

idw(x) = zi + ziWeight * 8x (6)

idw(x) is the inverse distance weight interpolant, §x is the scale of the grid segment to a specific unit; given by
equation 4 and zilWeight is the weight contributed by zi as shown in equation 7.

wi
iWeight = ——— 7
zuvely TWeight 0
TWeight is the total weight depicted by equation 8.
2
TWeight = 2 ziWeight (8)

i=1
wi is the weight contributed by zi (the two adjacent values of a segment) to the contour value as given in equation
9. These weights are measured based on the distances of z/ and z2 from the contour values and must sum up to 1
as shown in equation 10, to avoid overestimation or underestimation of the intersection point.

wiL = di (9)
i€1,2

1=wl+w2 (10)

4. Experimental Evaluation
In this section, the implementation and evaluation of inverse distance weighting interpolation method in
contouring algorithm against linear and cubic interpolation was done.
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4.1 Setup

The implementation of these contouring algorithms is based on the modification of (Rand, 1997); which uses
java applet to plot contours based on a given matrix of floating-point values. This implementation was done on a
Windows 10 operating system, using NetBeans IDE, which includes the version 2 of JDK. Data used for this
experiment are randomly generated.

4.2 Results and Discussion

Figures 3-5 show the maps that are respectively generated by linear, cubic and inverse distance weighting
interpolation methods in determining the intersection point between contour lines and grid segments that are
randomly generated (Abdulrazaq et al., 2021). Results show that the map generated by the algorithm that uses
linear interpolation is smoother and contains more information (contour lines) than the map generated by the
algorithm that uses cubic and inverse distance weighting interpolation. This is because, some contour lines on the
map produced by the cubic interpolation are missing when compared with the map produced by linear interpolation.
The map produced by inverse distance weighting interpolation is not correct because contour lines produced by this
method are crossing each other. Which implies that a point can two values (i.e., values of the contour lines that

cross each other), which is not possible.
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Figure 3. Contouring Map that Uses Linear Interpolation
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Figure 5. Contouring Map that Uses Inverse Distance Weighting Interpolation
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5. CONCLUSION

To comprehend the numerical model behavior of any form of result/data, a graphical representation is required.
Contour plotting of data is one step toward this type of representation. Algorithms that are used in drawing contour
map use linear interpolation in determining the intersection point between contour lines and grid segments. But the
use of linear interpolation in determining intersection point is not very precise and results in discontinuities at end
points. This paper studied the application of inverse distance weighting interpolation in determining the intersection
point between contour lines and grid segments. An application using java programming language was developed to
implement the application of linear, cubic and inverse distance weighting interpolations in determining the
intersection point between the contour lines and grid segments in the contouring plotting algorithm. Each of these
interpolation methods was used to represent randomly generated values. Comparison was made between the maps
produced by these algorithms, and it was observed that the map produced by inverse weighting interpolation is
wrong because different contour lines are crossing each other and the map produced by cubic interpolation contains
less information (i.e., a lesser number of contour lines). This shows that the map produced by linear interpolation
shows more information and contour lines.
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