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The first stage of data procass;nc consist in their checking and
partitioning at calculation units.Then,follows the building of
the digital model,that for random distributed data uses ﬁhe Inter-
col program voncelved on interpolation Dbasis uclng the colloca-
tion method.The range of ;ﬁb@”ﬁ@latlcn (fl .1) within Diocks
points are de*e”mdned is of circular shape and obtained gettingR
the maximum corre7atlon distance between points equal wwth(7/2
eel/UYN for even or relatively even terrain,or (1/4.5... 1/6. 5*
for uneven terrai Ovbelng medium wave length of terrain oscila-
tion in comparlscn with the general trend surface,

The choice of trend surface cor-

o R — responding to every domain is
/,afJ\\gf,a-~\\ made aﬂalyclﬁg the standard devi-
o 7 % N ° > ation of differences between the
y ettt ;\;- + N measured heights and their esti-
T BRSPS *5*"i \ mated values,These are infered by
{ T* fg\j:'i el means all variants resulted after
o\ LTSl 57T | ] the combination of a basis surface
R VLN T ,",L/ composed of the first six terms
| /\w-++-§;¥#i§-%4~vh of the incomplete bicubic polynom
L} I s i rie—s] ; (égg-agE-nzg—-Az3=0) with the rest
. i+ 4 he tTerms
\ T rFr o+ + b+ + T Gfthw‘v ®
\ FH++ 4+ P I the De;-.;.aa.nl?lc, bne 12 pD_‘f}f’lel&i
\ et ’fj} cueff;czen** are determined using
TS 4 *_-F the method of the least squarﬂs:
. 4 P
%g-;s Z= 11 x <3 Ay y2y3f (1)
° -rﬁfarence ponts where AnnmAn-z=Ao-=h._ =0
o - reference Dosnts within SEEE RR2TR2FTAZTNEE
interpolation range —— T
+ — interpolated points AxzL+v; (AAJx-AL=0; x=(AAJAL ()

Then we use the following apllied netatic i
Z=Agg+Agpx + Agy ;&-Qwr;x XY+ Ay Ak ALY+ A,,,X‘?’2+ FCH AB*X“.’,ARXY’

‘—-—v—-—'J ’-——s———-—-’ e L.V—-J L
AB Ab AD At A7

variants i1s cobtained by

a

/]
ot
+
1]
8]
‘41)
4]
£
¥
y
)
(]
1]
w

Acco”d_ng to +%es 18 tre
combinning A...A ezeme‘ts.

. = r\"’o AL Af HEE i
A ; AAZAIMASABAT ; MAZAZAL ASASAT (3)

-

_l(x,y), 2(3,;;..;? (x,v surfaces will successivel
i

owing to them new Zi height values &ir N reference points y the
interpolation range will be calculated, and subsequently the
standard deviation of heights differences, (.
1 - 511 :
22777 TN—=0 5 XN =G T — ()
(::‘%-«N} ‘ {m=no.of combingtions)
The surface corresponding to (. value will be selected as
rend surface (in =T _(X,Y). ™7 Its coefficients will be

s b A
5 e 4 sk
uation in the system an welght

redefermined assigned for svery eg 1 }
equal with the reverse value of height difference previocusly
obtained in reference point whose corresponds the equation.
1?" s T ‘-. T
(APA)Ix— APL=0 ; x= (APA]APL (5)
where p, = lf(zi-zi>? in the P matrix weight,
Then the Z; height values are calculated as well as the z3
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differences which participate in the interpolation process using
the collocation method

Zli)= TAXY)+ dC'L (6)
Since the inverse C~~ of covariance matrix and L vector remain
constant for allﬂinterpolated points in a range, the interpola-
tion vector N=C-1L is computed so that the interpolation is prac--
tically reduced to the product c'N. .

The use of this method has the advantage of interpolating a group
of points (fig.l) in every range with a diminished time necessary
for the computation, since the covariance matrix need to be inver-
ted once.

The programm comprises five covariance functions:

)-kdz, where C(0)=V,or with filtering C(0)=(1-10"2)V
1 (7)
F =(1-(d2/m?))1/2; FC3 =1/ + dz/m%; Fcaze'Zd/D;F05=lﬂl+d/m)

Having as decision parameter the comparison between the error of
evaluation and the maximum admissible error:

m=c(0) -ctc e < Mgap (8)

the covariance function can be automatically changed in view of
addapting to the terrain surface configuration.

When the range. of interpolation is crossed by break lines, this
part in subranges that are separately analysed. The computation
units process in Intercol program comprises up to looo points,

and the result of the processing is a model generated as a square
network.

The relief modelling starting from the uniformly structurated input
comming from the sampling process or from Intercol program is
processed using Intercub program. Its algorithm is based upon ap-
proximation theory with spline functions used in different vari-
ants for the achievement of the digital elevation models{Ref.1,4,5)
that combine controlled polynomial approximation with the conti-
nuity and smoothness of representation. A completely bicubic poly-

nom is used: m
Z=F(x,y) =l XA ¥Y]” (9)

the 16 parameters being determinated by lmposing four conditions
in each of the corner points of a network element which expresses
the connection in reference points (Zi)’ the continuity of slope
(Z; and Z% ) and the smoothneSS‘(Zgy); Considering the origin of

the coordinates system in the left corner of every square element
and the length of the side of thus is equal to a unit, the [A]
matrix elements result as functions only of Z,Z;,Z‘,Z; numerical
values(fig-2 and(10) formulas). yoxy

3 QWL Aoo=421 5‘ Ay= Z;Q{; A= Z;‘ﬂ 7 f‘\f AN
yi ) A20= ’2—{2\/,(2_ Z@ ] - ZX’} ; A35§[ Z\;(é— Zd —-Zz ; ( 10 )
o= 3Zxg 24 12 Zow Ty ;
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The consideration of break lines within this program is obtained
adding some supplementary conditions concerning the curvature
continuity., The processed computation units are dimensioned up
to looo points,

After the obtainning of digital model with one of the two proce-
dure above described, the data are stored .on magnetic tape or disc
in a basis that includes only (Z, .) heights,the step value (h),

ekl

P v PO N s
the (XO,YO) origin and (i,j) dimdh=ion. Is not necessary to stor
the Xi 50 Yi 3 coordinates, since they may be obtained by compu-

2 ?
tation formulas: Xij = Xo+l“’ Yij = YO+ Jh .

3. APPLICATIVE WORKING

According to digital model informations,optionaly,conventional
relief representations through contour lines at different scaleg
or spatial representations (3D) can be obtained.

The levelling generation proceeding first call Interlin program
which computs the maximum and minimum height,the number of con-
tour lines and the points belonging to them on each side of the
existing squares of the network,as long as on the break lines
conforming to the equidistance introduced by the initial parame-
ter, The new points determined by the linear interpolation are
provisionally stored in files labeled according to the values of
contour lines.

Consequently will be called the Genmatre program that generate
the representation matrix of every contour line, The element of
the matrix represents the number of intersections that makes the
curve with the sides of the grid squares,their value varying
from o to 4, Besides i erformed the testing of contour line
configuration by comparing elements on every row,column and dia-
gonal of the matrix to detect the areas where the curves have a
low determination. The existence of such aresas point ocut the fact
that the Hetwork of the digital model has a not adequate density
thus it doesn't contain a sufficient quantity of information and
automaticaly should be thickened with Intercub program,the step
of the network becomming h/2. Then the computation sequences from
Interlin and Genmatre programs are repeated.

After that the curves fulfil the required conditions imposed of
the Genmatre program,the files of temporary stored points are
processed with Sol sorting program which are achieved on the prin-
ciple contour lines digitizing in the square schema. The program
is composed by subroutines for most plausible forms of the curves
analyzing with respect of the characteristic morphological ter-

rain surface features., The existing contour lines within a compu-
tation unity can be closed, the first point being identical witl
the end point or open,when the end pecints are set on computation
limits unity. Corresponding tc that classification,the accurate
contour line tract is determined through logical order sorting
the points investigating each square using St,Dr,Su and Inf sub-
routines,not generalising the shape of the curve., The network

elements in which the terrain has a saddle form,characterised by
the existence of four points belonging to a curve on the sguare
sides are analysed with spe ¢ Parabol subroutine,that assimi-
lates the terrain with a hyperbolic paraboloid. The position of
the four points in a local coordinated system having its origin
in the center the hyperbole got by intersection of the para-
boloid with a horizontal plan equivalent in height with the curve

A"
F
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value and the configuration of the points within neighbouring squares
establishing the order for correct points connection.The subrou-
tine make also the distinction between saddle shapes and the ca-
ses in which the four points of a square are due to the break
line., The files of the points obtained by Sol program makes the
curve under the polygon form. The usual contour line aspect is
obtaiped consequently to Rot program that generates additional
points on every side by a sliding interpolations method with a
5 degree polynoms. The number of additional points is established
according to the charateristics of the used plotter for mapping.
The second application procedure makes the generation of spatial
representation (32D) by Relief-S program according to a variant
of Wright method. The input data are composed of the correspon-
ding heights network to the area that is to be represented and
extracted from the general DEM in a [ R] matrix, (X _,Y_ ) origin,
(h) step and (i,j) the network dimensions. The points are trans-
formed in a special coordinater system for the obtaining 3D view
effect: ' . : -
xi’j X, + (1-1) T, + (3-1) hn
1 5 .

| Yi,j (i-1) Ty + zi,j z
This is equivalent with the displacement on the horizontal (T_)-
optionally toward the left or the right and on (T_) vertical,
Yi 3 coordinate being replaced with the value of Zi 3 height.

- . b

The points along i=1 line that belong to [R! .] matrix with trans-
formed data,define the first minimum visibiiify limit. In compari-
son with this, computating interval by interval a function of the

form: ()
F(e) = E& -5 ] .
Pi,j’Pi+l,j Pi,j’Pi,j+l (12)

(11)

#

min

the visible points of i=2 line are determined. The negative va-
lues of the function points out the hidden points and in their
place new points are liniary interpolated and they will correct
the longitudinal section initially drawn by the point of i=2 line
obtaining the following minimal visibility limit, This represent
the correct representation line on the horizontal. During the pro-
cessing its points are consequently located in the line files of
representation in crossing direction. The procedure 1s repeated
with the next line of the matrix [R} .] . Different perspective
variants can by obtained by applying 'J" some rotation of the data.
Fig,3 presented spatial plots - 2D corresponding to a sheet of
map at l:lo,oco00 scale acquired with IzGSRpS complex of program
and plotted to Aristo automatic drawing installation.

4, CONCLUSIONS

The applications achieved with I§GSRES complex program have pro-
ved the possibility getting digitally contour lines which fulfill
all the accuracy and mapping quality imposed for levelling repre-
sentations on great scale maps.As compared to conventional resti-
tution,digital restitution is more accurate in even,relatively
even and moderately irregular terrain areas,but less adequate to
thoroughly irregular terrain,crossed by a large number of break
lines.

Data sampling is a fundamental element in the technique of DEM's
and it always conditions the accuracy,fidelity,yield and price.
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topographic map at lilo,oco scale (bottom), acquired
with IBGSR§5ccmglex of programs.

Fig.3 Spatial plots - 20 (top) corresponding to sheet of
e

ers prove to be the
most efficient means of getting the sampling,cffering more rapid
on line checking,testing and correcting by an interactive process,
Tt also allows tremendous opportunities for the implementation of
complex sampling procedures that allow the getting of height in-
formation according to the structural characteristics of each ter-
rain class.
Nowadays the digital models impose themselves ever more
hey represent a modern data basis,having the capacity ©
ring informations to a large range of technical and en i
activities,

2

"us the use of interfaced devices with comput
-
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