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ABSTRACT

The author describes a method of least squares surface titting, as

a system for terrain elevation data processing, in which the elevation
data are overlapped along common cell boundaries to avoid discontinuities
cf surfaces across the boundaries. The method has been tested using
Chebyshev Polynomials and some test results are presented in this paper.

INTRODUCTION

Terrain elevation data can be presented in three main modes, namely
discrete mode, graphical mode and functional mode. The functional mode

of representing terrain elevation data gives rise to what can be described
as Functional pigital Elevation Model (FDEM).

FDEM is a mathematical expression representing terrain elevation, Z, of
a point as 4 function of its plan coordinates (x,y) .

That 1s;

b=k (56, v)

In expanded power series form, the expression can be written as:-
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A computer hardware and software are required for storing and processing
data in FDEM.
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Some examples of the most commonly used functional model forms of
representing terrain elevation data as surfaces are: linear
function (Allam, 1978), bilinear function (Leberl, 1973; de
Manson d'Autume, 1979), hyperbolic paraboloid function (Grist, 1972),
bicubic polynomial function (Schut, '1976), and double Fourier Series
function (Maxwell and Turpin, 1968).

The main uses of FDEMs are found in computer-assisted engineering
applications and in mapping. Doyle (1978) and Turner (1978) have
highiighted some of these applications.

The usefulness of these applications notwithstanding, the mathematical
formulation of the appropriate FDEMs and their solutions have some
problems to overcome. The author has identified some of these problems
at different operational levels as shown in Table 1.

Table 1: Problems Associated with FDEMs

LEVEL OF OPERATION ASSOCIATED PROBLEMS

1. DATA CAPTURE (a) Type of terrain

(b) Accuracy of data

(c) Density of data
(d) Pattern of data

2. DATA PROCESSING (a) Type of FDEM
(b) Model constraints

(c) Accuracy of output data (specifications)

(d) Computer Algorithm

3. DATA OUTPUT (a) Type of output data
(b) Accuracy output data

(c) Application of output data

Surface Fitting

In digital elevation model (DEM), functional mode has some particular
advantages over discrete form or graphical form. In functional

mode, a digital computer that processes the data also stores the
elements of the surface either cellwise or globalwise. These elements
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can be of different types depending on the intended use of the terrain
(Collins, 1975). In this work, the stored elements of a surface

are the coefficients of the surface polynomial (Segu, 1985). Now
during any subsequent use of the surface, such as in interpolation,
surface data analysis can be done directly on that surface by use of
these surface elements. This is of great advantage.

The elemens of a terrain surface stored in a computer are derived from
field data by a process of surface fitting. Several techniques of
surface fitting have been developed and tested both patchwise and
globalwise. Jancaitis and Junkins (1973) describe some technique

of surface fitting and its associated problems.

Least Squares

Least Squares technique is a very powerful tool for fitting experimental
data to some mathematical model. Birge (1947)and Berztiss (1964) have
covered this subject to great depths. The writer has adopted the
principle of least squares in this work without prejudice.

Chevbyshev Polynomials

As pointed out earlier, there are many different techniques of carrying
out surface fitting. The work carried out by the author has been
based on Chebyshev polynomials (Segu, 1985).

Surface fitting by Chebyshev Polynomials requires that the data be
in profile mode. The profiles should be at regular intervals but the

elevation data along these profiles need not necessarily be at regular
intervals.

PRINCIPLES OF OVERLAPPING

DEM data for terrain surface fitting are acquired invariably in discrete
mode either photogrammetrically or by digitizing a contour map. The
data can be in random, regular grid or profile form.

If the captured data are fitted with least squares surface polynomials
cellwise, the surfaces so: derived will not, in general, be continuous
across cell boundaries unless certain precautions are taken (Jancaitis
and Junkins, 1973). The technique of overlapping the data across

fixed cell boundaries as discussed in this paper is an attempt to solve
this problem.
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In Chebyshev polynomials, the data to be fitted are in profile form.
The method of surface fitting in a cell is based on fitting observed
profile elevation data, Z, along a fixed axis, say y, to a degree k in

y line by line and to a degree 1 in x. By overlapping data from
adjacent cells at varying percentages of overlap, the resulting accuracy
of {fitE, were compared.

The basic principle guiding mathematical modelling with overlapping
data is that a cell surface function is allowed to be influenced by
data outside the original cell boundary. The effect of this is that
such a surface will acquire some characteristics of the adjacent cell.
Assuming cells of equal sizes and similar terrain types, the maximum
percentage overlap has been assumed intuitively to be 50%. Over 50%
overlap, the surface so defined can be assumed to have degenerated into
a completely different surface function from the original.

The results presented in this paper have been based on calculations of
percentage overlap from 0% to 30% in steps of 5%.

EXPERIMENTAL DATA

The results of this work are based on an experiment carried out on a test
site measuring 2000m by 8000m. The original field data were captured
photogrammetrically as (x, y, z) at regular intervals of 50m in x and y.
The test area was later subdivided into cells of sizes 1000m by 10000m.

There were thus 2 x 8 = 16 cells in the whole test area. And a typical
cell had 21 x 21 = 441 data points.

Each cell's data were fitted with a least squares Chebyshev polynomial
surface to a degree of fit that gave a Root Mean square Error (RMSE) of
fit closest to and less than 5m. The data were then overlapped progre-
ssively across common cell boundaries from 0% to 30% in stepse 6f 5%.
The low accuracy of fit specified for this project, as also evidenced
from the presented results, is a result of two main factors:

(1) low density of data and

{2) rough terrain.

To test the accuracy of fit at different percentage overlaps, two approaches

were adopted:

(1) For each cell, nine fixed "standard" points were defined as shown

in Fig.l. After each surface fitting routine, residuals were computed

at the standard points of each cell and the RMSE calculated at the

corresponding percentage overlap. Table 2 is a summary of these results.
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FIG. 1.
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FIG- 2. COMBINED RESULTS
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TABLE 2: SUMMARY OF RMSE AT CHECK POINTS

OVERLAP

20%
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TABLE 3: SUMMARY OF RMSE OVERALL

TABLE 3: SUMMARY OF RMSE OVERALL
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TABLE 4: SUMMARY OF DEGREE OF FIT

DIGREE OF FIT AT DIFFERENT % OVERLAP

5% 10% 15% 20%
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Each new cell, defined by the appropriate percentage overlap,
is tested for accuracy of fit by computing the residuals at
all points and the corresponding RMSE calculated. Table 3 is a
summary of these results.

The corresponding degrees of fit at different percentage overlaps
is summarised in Table 4. In some cells, the terrain is so rugged
that the available data were not sufficient to define a polynomial
surface to the required specifications of accuracy of fit.

These cells are shown with a dash (-) in Table 3. at the corresponding
percentage overlap.

A further analysis of the results is shown by Fig. 2. In this
Figuge, the RMSEs in alkl cells at a corresponding percentage overlap
are added together and the average value computed both for the

check points and for the overall. Since the RMSEs apply to the same
corresponding cells, these averages at different percentage overlaps
do reflect the differences in accuracy of fit in the test area at
the different overlaps.

Judging from the accuracy of fit of a fixed cell, the optimum
percentage overlap for this test site at the given specification
{l.e.*acquracySer fiit) is W53, Ovelall, the optimum percentage
overlap is 25%. These figures, however, will have to be taken with
caution since the graphs in Fig.2 do not show definite minima.

DISCUSSION AND RECOMMENDATIONS

The method of least squares polynomial surface fitting with overlapping
data has been developed with an assumption that one is working with

a fixed grid (i.e. cell) size pattern. Therefore an overlap will have the
meaning of an expansion of the cell size by an appropriate percentage in
cell size. The data within a new cell area will be used to define the
corresponding mathematical surface.

Differences in RMSE of fit across cell boundaries is an indication of a
discontinuity of surfaces across those cell boundaries. These differences
are not zero as shown in the tables above; but rather they are kept to

a minimum within working accuracy. Where the terrain is broken and the

observed data are not of high enough density, this method fails-as shown
in Table 4.

The main factors influencing the use of this method for surface fitting
are:

1) type of terrain: different cells of different terrain types
give different percentage overlap for the same aceuracy of fit.

This aspect requires further investigation on the type of terrain
and the corresponding percent of overlap.
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density of data: some cells could not be fitted to the
required accuracy of Ffit Tor lack of sufficient data. This
implies a need for differential density for different types
of terrain for a required accuracy of fit and fixed cell size
or a variable cell size for a fixed density of data.

(3) Percentage overlap in relation to terrain type and density
of data. This will have to be investigated further in order
to establish their relationships.

CONCLUSION

The method of least squares polynomial surface fitting with overlapping
data has been shown to be a working alternative in functional digital
elevation modelling. However the actual amount of data overlap in percent
is a function of many factors the main ones being terrain type, data
density and accuracy of fit., The author is"Still working.on.this to
establish these parameters and their relationshivs.
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