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ABSTRACT:

Existing topographic maps in s variety of sceles are a useful coure
ce for sutomated digitization to produce D,E,M. The reliability of
the D.E.M, can be estimated with use of terrain classification me-
thods tu predict the appropriate sampling interval, as well as a mo-
del of its accuracy can be defined. These accuracy requirements are
reviewed in concern of applicetions of D.E.M. in geosciences.

The applications of the concepts above are performed using topogra-
phic maps of 1:5000 scale in the srea of Greece and results ere com-

mented.

TERRAIN MOOELES DERIVES PAR CARTES TOPOGRAPHIQUES POUR UTILISATION
EN SCIENCES DE TERRE
M. Doufexopoulou et B. Nakos
Ecole Polytechnique Nationale, Athénes
Géodesie et Chartographie

RESUME :
Des certes topographiques en une varieté des échelles, constituent
une source utilisable & la dérivation des terrain modéles {0.E.M.j,
La reliabilité du ce modlle est éstimasble par des méthodes de clas-
sification cdu terrain, aussi que la dérivation d' un modéle d’exoc-
titude soit possible.
Les démandes d’éxactitude cont éxaminés en vue des applications du
terrain modéle en sciences de terrc,
En appliquant ces considérations/aux cartes topogmphiques en 4che!-
le 1:5000 de la région grecque, nous commentons les résyltats,
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Introduction

Geosciences are concerned with the description of the Earth's
form and shape 88 well as its genusnir: and the estimation of

its internal structure. Anomuly potential field observations,

Hke of the magnetic or gravity field are used as data. for verions

scopes, 8s geologicul interpretation, geophysica] prospecting,

geodetic positioning e.t.c.
There exists interaction between the observation surface on/or

outside the earth‘'s surface and the 3-D anomaly potentiec]l field

(magnetic or gravity field). This interaction results to & dis-

torted form of the potential anomalies due to the effect of the
topographic relief (terrsin) upon the potential field data, and
it can be significant in rugyed or in moderate relief areas, The

problem is approached in tvio ways:

- The observational deta are corrected for the terrain

~ The observed potentir] field is continued to some¢ constant el-

evation (upward/downward continuation of potentiel field)
For both spproaches, the terrain information is needed in appro-
priate model form, The most traditionel and frequent form of ter-
rein representation in isoline maps, is not suitable for sutomated
numericel anelvsis, However, traditionel maps can be used for the
derivstion of a Digital Elevation Model (D.E.M.) which 1s »

suiteble form of the terrain representstion in a variety of pur-

poses and appropriate to compute the terrain parameters, like

slope, wsvelength e.t.c. In most spplications of geosci-

the potentjal field observations are terrain corrected
which can be less or more

relief,
ences,

with pre-existing terruin informetion,

accurate than necessary.
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Here we approach this problem in the inverse sense: The sccu-
racy of a D.E.M, derived from existing maps cen be checked
whether it is appropriaste for @ specific use in geosciences,

performing the test:

h h
6D.E.M.s 6g.science (1)

is the standard deviation of the D.E.M. esti-

h .
where BD.E.M.
is the required

h
mated from chartographic rules and sg.science
accuracy in a specific application.

In this work, & software configuration to derive a D.E.M, from
existing maps is presented, The output is an elevation or a
slope matrix, The accurscy of the D.E.M, cen be checked for

its efficiency in the terrain correction computation (7.C.)

in the gravity field problems. The various expressions of the
T.C. can be put in form expressed with the terrain slope, which
is a parameter of the terrain classification, and an estimation
model for Gg.science can be derived for the case of T.C, compu-
tatioh. Finally, an application of the software is presented

and data about its production sbility are given.

Terrain representation in form of D.E.M.

The terrain is considered as » continuously varying surface
with traditional mapping representation in form of isolines.
However, isolines are not suitable for numericsl enalysis and
modeling. Therefore, the need for methods to use information
about the continuous variation of altitude over space brough
up verious methods of this representation in form of D.T.M,
These methods are classified in mathematical methods end image

methods.

A D.T.M. consists of two components &) set of representative
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points of the terrain stored in the computer memory and

b) eslgorithms to interpolate any new point of a given plani-
metric location and/or to estimate ~other” data (Linkwitz,
1970). "Other data" means an other magnitude different from
the elevation like the slope of the terrain gur face, The

e of the terrain has been proposed as 8 criterion for the

slop
terrain classification (Ayeni, 1978).

The majority of D.T.M. spplications concerns of Digital Elevation
Model, (D.E.M.), 1,0, 8 digitsl representation of the contin-
uous relief variation over the space. The usefulness of & D.E.M.
can be classified to the following applications:

1. Storage of the D,E.M. in national data basses (for geodetic

and chartografic purposes)
2. Cut end fill problems in road design snd in civil engl

3, 3-D display of land forms (landscope erchitecture)
risons of different kinds

neering

4, Statistical analysis and comps

of terrain
5. Computation of slope maps and slope profiles

6. Thematic information

Applications No, 4 and 5 concerns mainly of the geosciences.

The confiquration of the D.E.M, production

The ccnfigurstion of the D.E.M production consists of the use

of slready existing topographic meps to receive digitized
coordinates (Fig. 1l.). The registration of the digitized coor-
dinates is done with affine model of six parameters using the

least squares method to obtain the parameters, The raster to

vector conversion configures the scanner thinning and topology

The accuracy of scanner after propagation the

construction.
ordinates in &

model gives the following variance for X, Y cc
map system for scale 1:5C00 (Nakos, 1989).
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2 2
6X.Y = 0,27 m (2)
The digitized elevation data can be used in combination with
some interpolation method to receive the D.E.M, The interpola~
tion is performed assuming that the digitized data are random-
1y distridbuted points. (Fig. 2.).

The existing software can be combined with small commercial
software packages for contour displey and a printout or &n
orthographic or perspective view of D.T.M.

DIGITIZATION!

—— - =-=-—"-1
1 1
i THINNINGI ! :
! I
| [ Raster to
I :'"—"‘ vector conversion
! TOPOLOGY !
) CONSTRUCTION | !
]
H

[ SR

HEIGHT

LABELING

Figure 1, Digitization flow chart of existing maps
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The hardware configuration of the used system consists of:

An A.T, IBM compatible with 640k memory, 60 Mb H/D and
EGA card.

- A HP scanjet/scenner with 300 dpi resolution

A Digitizer Microgrid series II, summagraphics with 1016
lineyinch resolution

In the spplicstion a non commercial software has been used,
which can be described as follows:

The digitization is held with automatic scenning of the meap

isolines.

A raster to vector procedure transforms the digital image

dets of the contour lines in a vector formst, (Nakos, 1988a).

The interpoletion is done (Nakos, 1988b), by the moving surface method
(Sckut, 1976).

Magnitudes and slopes cen be produced directly from the data.
An interactive editing utility is tagging the height (elevation)
values using also a digital tablet.

The output of the package is an elevation matrix and/or &

slope matrix.

HATRIX FORM

X, Y. Z INTERPOLATION
DATA

Fig. 2. D.T.M., production with interpolation of random

distributed x, y, z data
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The terrain information in geosciences

The terrsin influence upon the intensity of the gravity of
magnetic vector fields is taken into account either in form
of terrain correction or in the form of the upward/downward
continuation correction terms of the snomaly (gravity or
magnetic) et the point level or at 8 constant surface level,
This kind of corrections concern of varions applicstions in
geosciences. A csse familiar to geodesists, is the geodetic
use of the gravity field data, and especislly the computetion
of T.C. in the numerical solutions of the andetic Boundary
!alue_froblem (GBVP) (see Moritz, 1980)

The terrain influence upon the gravity vector is taken in
form of T.C. applied to the Bouguer plate gravity reduction
and in form of downward continustion correction terms of the
Eree Air (F.A.) gravity snomaly at the point or at the ellip-~

soid level.

Both corrections are equivalent under certain assumptions
which concern of that no mass density change occurs within
the region of study. This physical consideration is expressed
snalytically that F.A, enomalies and topographic elevations
bear a linear relationship:

Agg ,, = A+ b.h b= 2ik.d (3)

where Ag. , 1is the F.A, snomaly, h the topogr. elevation
is the mesn Bouguer anomaly within the region

(essumed conetant)
b is the Bouguer coefficient
k is the grevitational constant,J‘the mass density

of terrain

for the GBVP, the downward continuation of AgF A, is guaranteed
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tz, 1980, p.67) and practically

by the theorem of Runge (Mori
ly on a simple surface (lev~

it gives o ficticious gravity anoms

el ellipsoid, some internel sphere e,t.c.) whictk generates 8

disturbing graw potential T coinciding with the sctual one

on/outside the Earth.

The topographic information needed for the T.C. is known to

be a function of which_accuracy the “Bouguer” anomaly value
is desired for eny given gravity station., This informetion
should not be necessarily in gridded format but its provision

in gridded D.E.M. format is very atractive being efficient

for eny station location computations of T.C. (e.g. Forsberg

1984, Sideris 1985).

n the solutions of the GEVP based

the gravity field enters also as

e function for modeling. Thus, the terrain information is

needed to provide an oversll smoothing to the field, end e D.E.M.
which can be slightly different that the asctuel terrain is an
orm of the terrain information.

It should be noted that i
on spproximation methods,

appropriate f

The slope of the terrain 2s @ paramefor of the T.C.

on is described with various para-

The spatial terrain variati
The most useful for

meters (e.g. Fredericksen et. 21 1985).
gravity field protlems are: ‘

The_relief, the_slope, the wavelength, the power spectrum,
Among these the most important 1is the slope, as it controls
the gravitational forces. The value of slope is related to
the convergence of the series which solve the GBVP (Moritz,

1973 end Moritz, 1980).

n in a 2-D0 function z = 2z(x,y) as:
1/2

P oa 2 2
slope = l("z/ax) + (az/ay)J _ (4)

The slope is give
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There exist various methods to compute the slope without

need to approximate the terrain with 8 methematical function

z = 2(x,Y).

In the various forms of T.C. of gravity for the numerical
solutions of the GBVP the slope enters as 3 parameter, The most
frequeat foras of T.C, are:

- The T.C. computed from integration of terrain mess (prisem

method):

T.Co = kjljé.g-;-sz dv (5
v

where k, d as before snd z, 1 as in Fig. 3.

Since:

h-h
cosz = -I_E (6)

h=h
r.Cc. = kSJ-—I:,;P- av (7).
v

In this form T.C is used to P

compute the Faye snomalies hp level
(AgFA¢T.C.) in the Stokes
integral

Fig. 3, Definition of 7.C.

- The G, term of Molodensky’'s solution
In the planar approximation of the series solution
(Molodensky’s) of the GBVP it holds (Moritz, 19€0):

G1 = T.C, (8

where Gl is:
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h(x.y)=h(xp. ¥p)

. .
G, = :
1% jj % 5757, O (x,y)dxdy (9)
D Togmy, e e
3/
note that: A = [(xp-x)2~(yp-y)2] 2 (10)
{il}

A= r(x,y)

8. holds if Eq, 3. 18 essumed,

The equality given by Eq.
ace is sssumed stochastic,

1f in addition, the elevation surf
GI-T.C. cen be put in form of convolution:

T.C. s 6y {[ﬁ(x:v)oag(x.vﬂ . r(x.y)-h(x,y)Ehg(x.y).r:A«vg}

(12)
asis of FFT computations for T.>

.

This representation 1s the b
(Forsberg, 1964, Sideris, 1985).

. The qradient correction
The gradient correction (e.g.
replace G, but using also the difference:

Groten, 1979. p.314) aims =

Ag(x:Y) - Ag(xpo YP)

The T,C. is:
34g -
T.C. s [h(x,y) - h(xp,yp)] |

wheregag/ah 1s the F.A, gradient .
h(xp.yp) is the elevation of the point P where T.C. is t¢

pe compuied
is the elevation of the "running” point cf

hix.y) The
cerraat.
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The various forms of T.C, depend on the accurecy of the goal,
the accuracy of the gravity survey and that of the topographic

information,

An estimation model for 6; science

From EQq. 7 the T,C. (in mgals) is of the form:
TC~ 2§ An.ds (15)
r

where Ah = h-h_ (elevation difference)
r is the disteance .
mean or point anomaly

89
d6 the area of the base of prism element

For a8 required value of GzT c (defined from the required
sccuracy for the specific application), 6 will be evealusted.

Applying the covariance propsgstion law in Eq. 15:
2 2 .2 2 2 2,2
61.c~!( Jh 6h + ( )" 6ag + ( )76, (1)

.

which gives in detail:
. 2
2 2 3r€hh 2
2 2_ 4 2 4ht 2 4° 2
6 <6 «-—%— 6 + 65 6 (17)
T.C. & r h rS 44 v
From the inequality:

2 2
6r.c. £ 659

The equality condition is chosen and after elementary

algebra:
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2 :
62 (1‘Ah) 62 . 2o 2
- o, - =67 (18)

But 1-4h% = 4h? and ah/, = k = slope and (18) is:

2 .
2 _(ah 2 2.2
67 =(33) 63y - 376, A (19)
In Eq. 19 the variable factor is the slope and Eq. 19 can be
used to evaluate 6& for various slopes of the terrain.,

Application

For epplication of the D.E.M, configuration, a msp of HAGS

in scale 1:5000 was used with contour interval 4 m, The test
area belongs to the western part of Greece and is of size

4 km x 2,5 km, The production ability wes about 20 hours with
use of the described non commercial software, divided as:

- about 15 hours for the digitizetion procedure (raster-to-
vector conversions)

- about 5 hours for editing the D,E.M,

The file of digitized elevations was 8,54uByte while the

final D.E.M. with 100 m sampling intervel, consists of 26

rows and 41 columhs.

Fig., 4, S and 6 represent respectively the D.E.M, the slopes

and the isoline map after the 6.E.H. drawn with isoline in-

terval 20 m,

The elaboration of the digitizetion procedure was done after

division of the area in 12 subregions. (Fig. 7. end 8.) where

the mean, minimum and maximum value of elevation and slope

are written respectively.
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334,04 m | 251,51 m| 216,78 193,35
230.54 m | 153,86 m| 158,39 140, 89
403.58 m | 307,84 m| 288,15 283, 36
132,97 m | 168,24 m| 140,61 178,92
44,97 m | 90,03 m 68, 44 89,39
302.68 m | 279.97 n| 238,94 239,64
47,03 o 82,64 82,21 136, 49
7,99 m 31,32 47,99 53,27
133.49 o | 171,98 194,95 228,35

Fig. 7. Mean, minimum and maxim

um elevation of subregions

33,06 20,57 32,00 27,63
4,58E-04 0,16 ) 0
116,80 49,55 74,59 70.35
39,39 30, 10 25,41 24,62
1.88£.03 | 1.17E-03| © 2,93
134, 34 99, 33 76,85 72.97
16,18 19,17 17,07 27,15
1.49€-07 | 1.31e-05 | 1.906-05| 6.1E-03
40,77 54,09 63,21 130, 37

Fig. 8. Mean,

minimum and maximum slope of subregions

Mean Minimum Maximum
Elevation |147,25 7,99 403,58
Slope 25,13 0 130, 37

Fig. 9. Mean, minimum and maxim

of the test area
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Fig. 4. D.E.M. of the Fig. 5. Slope matrix of
epplication the D,E.M,

Fig. 6. Contour map created from the O0.E.M,
Contour interval 20 m

Comments and_remarks

The production ability of the system for this large scele

of map (1.5000) is rather cost effective (20 hours). However
the system performed very well end it is of importance to
point. out that the produced D.E.M. has only a 108 of the ori-
ginal digitized data volume, with a very qood result of ac-
curacy.

For production purposes one could configurete smaller scales
of maps and perhaps, the use of commercisl interpolatior soft-

ware.
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The excellent performance at this rsther large scale shows
that the system can be used for investigations of the T.C,
computation as well as for numerical checks sbovt the valid-

ity of downward continuation of the gravity field.

The output of a slope matrix is a very useful fora to check,
through Eq. 19 the efficiency of height information in the
T.C. computation, end to visualise in which parts of the map
more dense height informstion is needed.

The slope matri< cen also be useful for investigations of
geological structures (non visible faults e.t.c.) in relstion
with other potentisl geofunctions (gravity, magnetic e.t.C.).

July 1989

fig9. 10.Slope map created after the slope matrix
Contour interval 20% (not refered in text)
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