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ABSTRACT

7KH SXUSRVH RI RXU UHVHDUFK ZDV WR DVFHUWDLQ D UHODWLRQ EHWZHHQ WKH DFFXUDF\ RI UHOLHI IRUP UHFRYHU\ DQG WKH

VDPSOLQJ LQWHUYDO RI FUHDWHG '(0� 7ZR DVSHFWV RI WKH SUREOHP RI VWXG\LQJ WKH DFFXUDF\ RI UHOLHI UHFRYHU\ ZHUH
VHOHFWHG� WKH FRQVWUXFWLRQ RI UHJXODU '(0 DQG WKH UHFRYHU\ RI FRQWRXU OLQHV XVLQJ FUHDWHG '(0� $V D UHVXOW RI RXU
H[SHULPHQWDO ZRUNV� ZH UHFHLYHG WKH VWDQGDUG GHYLDWLRQV RI PDUNV RI '(0 FUHDWHG E\ FDUWRPHWULF PHWKRGV LQ

UHODWLRQ WR WHVW JULG EDVHG RQ WKH PDS� 7KH HVWLPDWLRQ RI FRQVWUXFWHG FRQWRXU OLQHV ZDV SHUIRUPHG E\ WKH YLVXDO
FRPSDULVRQ RI WKH JLYHQ PDS RI FRQWRXU OLQHV WR WKH PDS EXLOW RQ '(0�

1. INTRODUCTION

$ WHUUDLQ UHOLHI LV RQH RI WKH PDLQ HOHPHQWV IRU VROYLQJ WKH ZKROH VHULHV RI WKH HQJLQHHULQJ ZRUNV� 3ODQQLQJ UHODWHG WR

FRQVWUXFWLRQ RI URDGV� PRWRUZD\V� UHVHUYRLUV� UHFODPDWLRQ V\VWHPV� ZDWHU VXSSOLHV DQG VR RQ LV SHUIRUPHG RQ WKH
EDVLV RI LQIRUPDWLRQ RQ WKH WHUUHVWULDO UHOLHI� 7KHUH LV JURZLQJ DPRXQW RI ZRUNV LQ ZKLFK WKH ILQDO JRDO LV GDWD
DFTXLVLWLRQ IRU VKLIW DQG HURVLRQ SURFHVVHV� 'HWHUPLQDWLRQ RI DUHD RI VXEPHUJHG DQG IORRGHG WHUULWRULHV EHORQJV WR WKH
VHSDUDWH JURXS RI ZRUNV�

We have developed the computer technology of determination of  area of  submerged territory based on a digital
elevation model.

2. TECHNOLOGY OF DETERMINATION  OF SUBMERGED AREA

On the basis of DEM creation is output information obtained by the cartometric method based on the scanning a map,
although other methods of obtaining information can be used.
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The technology includes the next basic processes: digitalization of a cartographic material; building a regular model of
the elevation; determination of   line of submerged; representation of the results.  The plot of general technological
scheme is shown in Figure 1.

Basing on the performed analyses of the different methods of output data collection for relief it has been established that
stream digitizing or scanning contour data from map in combination with point data is the most preferable.

From previous research it has been found that Kriging's method using the search for the nearest points in quadrants has
several advantages in comparison with other methods of approximation such as weighted average, polynomial or
multiquadric.

The accuracy of the area determination depends on the accuracy of finding the submerging line in turn this accuracy
impacts the choice of sampling interval determination for regular DEM creation.

3. DETERMINATION OF OPTIMAL SAMPLING INTERVAL USING SPECTRAL ANALYSIS

According to Shannon sampling theorem (Pavlidis,1982) any continuous band limited function defined on the interval
[a,b] can be restored from a set of sampled values. The accuracy of recovered form of the relief depends on the
sampling interval.
Optimization of choosing interval can be carried out basing on correlation and spectral analyses of the relief. Assuming
that the relief is a random function and after eliminating trend the statistical characteristics of the function is described
by a correlation function.

The degree of dependency  between oscillations of relief impacts a number of points that define the sampled function. If
dependency increases the number of the points can be decreased and vice versa.

A spectral density serves for description of the frequency structure. The principal relations of spectral theory are given
in
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where )(τK  is the autocorrelation function; S(w) is the function of spectral density, w is round frequency.

The function )(τK  and S(w)  form Fourier transform pair. Using the sampling theorem terrain relief can be represented

with required accuracy in the case when picket points will be located through interval

cf2

1
0 =τ , (3)

 where fc is boundary frequency;
cf2

1
 is the shortest period in realization.

The boundary frequency fc is related to the boundary round frequency wc by relation

dc fw π= 2 , (4)

 then optimal interval

Khrystyna Burshtynska



150 International Archives of Photogrammetry and Remote Sensing. Vol. XXXIII, Part B4. Amsterdam 2000.

cw

π=τ0 . (5)

 While studying problem the relief recovery we use the fact that little oscillation of relief corresponds to the high-
frequency of its Fourier transform, so the limit little value of the amplitude error can be given and the value of
amplitude of spectrum Sc  can be defined:

τ∆= NSc , (6)

where ∆ - permissible small amplitude error; N – number of points; τ – interval between points.

 We define boundary frequency wc by given permissible value of spectrum and optimal sampling interval by the
expression (5).

4. EXPERIMENTS AND RESULTS

Some experimental works of selection of optimal sampling interval using the spectral theory and determination of the
area of submerged territory are presented in this section in order to evaluate the potential of suggested technology.

Therefore we chose 3 test areas on the maps. The characteristics of test areas and accuracy of regular DEM creation are
given in the Table 1.

Average standard deviation of DEM point determination is produced from the differences between grid interpolated on
the map and calculated DEM.

Input data for DEM creation is generated by scanning contour data with 1-mm map spacing. Information about
characteristic points of relief and additional points at the flat area of map is recorded in the individual file. Regular
DEM is created by Kriging method using Surfer program.

��

Test
area

Map scale Area size,
cm×cm

Cross
section,

m

Slope in
degrees

Spacing
between

DEM
nodes,

cm

Number of
points for
estimation
of accuracy

Standard
error of
DEM

creation,
 m

I 1:2000 16x34 1 0-20 1 544 0,28
II 1:5000 21x33 1 0-30 1 693 0,33
III 1:10000 10x10 2,5 0-12 1 121 0,55

Table 1. Characteristics of test area and the accuracy of DEM creation

Two aspects of the problem of studying the accuracy of relief recovery were selected: the construction of regular DEM
and the recovery of contour lines using created DEM.

If a great deal of papers the questions of the regular DEM creation are devoted to the second topic is described less
completely. The accuracy of the area determination depends on the accuracy of the plotting contour line.

We define characteristics of accuracy  these two cases differently. The average standard deviation of DEM
determination is received basing on height differences between the correct DEM and reconstructed DEM.

The accuracy of the contour line creation is easily to  estimate by visual comparison of contour line on the scanning
map and line created using DEM. On  one hand, from grid spacing depends the accuracy of reconstruction of contour
lines. On the other hand, it impacts volume of stored information.

To determine optimal sampling interval we calculate discrete value of correlation function from the differences between
heights of test grid and heights calculated  using DEM and than we define the value of spectral density by Eq. (1). The
nature of  variogram  is related to correlation function so that it is reasonable to use  the definition of spectrum, because
one's nonnegative.
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The techniques of variogram creation are described in Davis (1973). The plot of variogramms and spectrums functions
is given in Fig. 2. The value grid spacing is shown in the x - axes and the value semi-dispersion of )(τγ is marked in the

y - axes.

The permissible spectrum of amplitude Sc for area I at 22 01,0 m=∆ ; N = 160; ,1mm=τ it is defined as Ivancov  (1972):

Sc = .6,1116001.0 2 mmm ⋅=⋅⋅  For the given boundary value of spectrum  mmmS ⋅= 21,0  from graphics  (Fig. 2b) the

boundary frequency is defined 
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The most complex form of the relief is site of the map of 1:2000-scale (area I), it consists of parts with quiet slope
( α <5o), steep slope crossing by gullies (α >10o) and flat parts near the river bed with the quite remarkable form of
microrelief (α <1o).

The selection of sampling interval, i.e. appropriate size of the grid, defines residual errors of the recovered contour
lines.

The windows for area I with test contour line000 (plotted points) and contour line reconstructed by DEM built with
sampling intervals 1cm and optimal interval are  shown in Fig. 3.

It is observed the considerable deviation test of contour lines from lines created using  DEM with sampling interval at 1
cm. (Fig. 3a) so some part of relief form is smoothed. At the flat area, solid contour lines are depicted as closed
discontinuous figure. It is noted that an additional data as characteristic points does not allow plotting contour lines with
required accuracy.

The sampling interval equal to 3 mm permits to reliably plot contour lines on slopes and on flat areas complex
microforms are not exactly recovered (Fig. 3b). Decreasing sampling interval to 1.5mm almost does not change
preceeding picture, but somehow enchances contour lines in flat areas with complex microforms.
The given way contour lines of reconstruction by DEM has high requirements for accuracy of plotting contour lines.
Selection of the cartographic materials for the DEM creation  is related to accuracy of determination of the submerged
area that is limited by type of lands: 1) a truck garden, a plough-land; 2) a hayfield, a pasture; 3) a forest, scrubs; 4) a
marsh.

For determination of the submerged area three sites of the different forms and sizes on the area I are selected. The
determined area is evaluated by test mesh with a mesh size of 1x1 mm2 each. The received results are given in Table 2.

Area S,
ha

Smesh,

ha
SDEM ,

ha
∆ Smesh,

ha
∆ S,
ha

% from Smesh

I 0,599 0,610 0,004 0,011 1,8
II 0,789 0,768 0,004 0,021 2,7
III 0,100 0,085 0,002 0,015 15,0

Table 2. The accuracy of determination of the submerged area

It is worse to determine  small size areas with the stretched forms of the contour lines.
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On the output of system is received: regular DEM, graphic image of relief as contour lines with plotted submerging
lines, quantitative values of submerged area.

5. CONCLUSIONS
+
The performed experiments give the possibility to make conclusion about the expediency of the usage of the given
technology of determination of the area of the submerged territory based on DEM.

 The main cartographic materials for the determination of submerged area in inhabited sites  can be recommended
1:1000 – 1:2000-scales topographic plans with cross section equal to 0.5-1m. For especially precise works it can be
1:500-scale plans with cross section equal to 0.25 m.
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Figure 2. The graphics of variogram and their spectrum.
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(a)

(b)
Figure 3. Comparison of characteristics of the test contour lines in relation to the recovery contour lines built

on DEM with sampling intervals: a) 1 cm; b) 3mm
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