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ABSTRACT

A program package for interpolation of digital height models and their
applications, together with plotting software, has been developed by WILD.
The input comprises arbitrarily distributed reference points captured by
photogrammetric or geodetic devices. The interpolation is based upon a
triangular grid using the method of finite elements (Zienkiewicz func-
tions). From these triangles, a rectangular grid and/or contour lines are
derived. Two different breakline types (sharp and round) as well as
structure lines are considered. Additional application programs, for
example for the computation of profiles, volumes and perspectives, will be
available. The programs are written in FORTRAN and need very short compu-
tation times. A very sophisticated user-interface menu together with
"HELP" facilities provide an easy use of the program package even for
inexperienced users. The programs are implemented on the NOVA 4/X and VAX
computers.

INTRODUCTION

The program package called CIP (Contour Interpolation Program) computes a
high-quality Digital Height Model (DHM). It is the result of continuous
development and the experience of many years as well as of tests of
several computing and interpolation techniques (Zumofen, Leoni 1977). The
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following technique is used here: A given pointfield, within which the .

distribution of points may be arbitrary, is divided into triangles. This
technique was chosen in order to achieve a continuous surface reproducing
the greatest possible number of fine details. Geomorphological breaklines,
which can be of different types ("sharp" for artificial, "round" for
natural breaks), are considered as well as structure lines (Breaklines
define discontinuities of the surface). The triangular sub-division has
the advantage that the original data are used directly and so approximate
the ground surface in a better way than does square-grid interpolation.
Also the computing time is much lower than In those square-grid methods
which take breaklines into account.

Each triangle is subdivided into sixteen sub-triangles. The method of
finite elements is used here, together with the Zienkiewicz function. In
each point of a main triangle the normal to the surface is computed from
all surrounding points, a procedure which can be interpreted as the
generation of a curved surface. Filtering can be used In two different
ways, firstly for smoothing the surface within the limits defined by the
predetermined standard deviation of the reference points and, secondly,
for the smoothing of the contour lines, where a bandwidth can be entered.
Additionally, Akima interpolation may be used during plotting.

Many applications are possible, e.g. the computation of a rectangular
grid, the computation of contour lines with many different features or the
interpolation of single points (compute Z from a given ‘pair of X, Y
coordinates). Also, one can compute the volume between a given horizontal
reference plane and a part of the surface enclosed by a polygon (option).




The program is written in FORTRAN, has approximately 22 thousand state-
ments and Is divided into eight independent parts, which are controlle

automatically by a very user-friendly human interface. Of course it is
also possible to run the single parts independently. The computation time
Is very short because the latest computing techniques are used. CIP can be
executed on VAX computers and on the NOVA 4/X, which requires a minimum
storage capacity of 128K bytes (1 byte of 8 bits).

DATA ACQUISITION

Data for the CIP program are arbitrarily distributed reference points.
They can be measured on analytical plotters such as the WILD Aviolyts AC!
or BC1, in grid or profile mode. A new option for data capturing is a new
WILD program for PROGRESSIVE SAMPLING, which already considers the inter-
polation with triangles. Here in a very sophisticated way as little data
as possible are measured which describe the terrain optimally. This
program will be described separately. The data may also come from analog
Instruments or from digitized contours or from tacheometric surveys. The
data must be in files with a maximum length of 32'000 records, where one
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record contains an arbitrary 8-character feature code, X, Y, Z and an

7

rbitrary 2-digit control code. The total number of reference points is
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dependent only on the available disk space. Feature and control codes may
be omitted. Separate files are prepared for breakline and structure-line
points. A special file can also be prepared for '"dead areas" (inper
windows) in which contours are not to be drawn (e.g., lakes, houses etc.)
The dead areas are described by polygons

THE INTERPOLATION ALGORITHM

The interpolation is subdivided into two parts, first for computing the
terrain surface (smoothing included), second for deriving and smoothing
the contours. The interpolation is only performed within the area where
points are measured, so no special polygon must be entered.

a) Interpolation of the surface: The interpolation method is based on a
triangular network 1n which the reference points are the vertices. The
procedure proposed by Delauney (explained e.g. in Gottschalk 1981) is
applied for the construction of the triangular mesh, i.e. three points
form a triangl le they define contains no other
reference poin lines always form the edges of
triangles. ‘ reak- or structureline are not
closer than gles, they are subdivided auto-
matically

Fig. 1 -
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se complete bicubic approximation of

2(%,Y)= aq +62X +d3‘¥' +54X2 1‘-55}(\’ +56r'4 +a~/-ff(-5 4.68',(4‘{ +59}(‘r'2 +a.or’3 (1)
For the numerical realization Zienkie shape functions (Bazeley [13965])
are used
T/ \ 9
LAY = & Ui, (2)
=1
where u; are parameters and i are the shape functions which are written in
natural triangular coordinates L;, e.g.:
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triangle into

the densification of a main
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Fig. 2: Densification of a trian into 16 subtriangles,

The following equation is used for smoothing

Fods 0%(s) +x gy [(x(sy) )2 + (3(s)-y{)2] = min (8)
where o is the curvature of the actual contours represented by x(s), V(s)
and x, y are the contour points given from the terrain.

g; Is a weight factor proportional to the slope of the terrain and propor-
tional to a parameter chosen by the user, i.e. the smoothing is more effi-
cient where the terrain is flat,

THE PROGRAM PACKAGE "C I P ™

CIP (Contour Interpolation Program) is a combination of elght different
“rccrams They are called one from another, but can also be called inde-
Fcﬂdcﬂuiq A very important part for the user is the handling of the input
parameters and this part is designed to be very user-friendly. All inform-
mation is entered via menus. These can easily be used by an operator with
little experience in photogrammetry or the use of computers. The menus
have sub-menus and the descriptions of the parameters are either self-ex-
planatory or they are supported by HELP functions. Many sophisticated
features such as blinking, ringing a bell, dimming, and the checking of
parameter and 1npu= files assist the user as guides, hints or warnings.
Once all menus are completed, all parts can be started together, so that
the operator need not walt for intermediate results. Fig. 3 shows the
flowchart of the program.

APPLICATIONS

a) Contours: The main application of the CIP program package 1is the
derivation of contour lines. The generation of a contour map from a
digital elevation model (DEM) can be interpreted as an information trans-
fer from the surface to the map (Makarovic, 1972). Two factors largely
govern the final quality of the contour lines - first, the sampling of the
data and, second, the method of Interpolation. For a morphologically
high-quality map both sampling and interpolation must be optimal. The
sampling 1is responsible for the information which reaches the user. For
sampling the WILD PROGRESSIVE SAMPLING program 1s recommended. The inter-
polation is responsible for the conversion of the digital data into a
graphic representation of the surface. Obviously, breakline and struc-
ture-line data are necessary to describe the surface satisfactorily
(Figures 6 and 7). Breaklines may cause sharp bends for artificial sur-
faces, e.g. Kkerbs, embankments, or they may cause rounded bends for
natural dzscunb‘nuibzes Structure lines lead to round bends, and the
contour lines xntarseft the structure lines at approximately 90 degrees
The contours in dead areas must be suppressed.




CIP

- Program administration
- Parameter input via MENU

- File input and file status selection

Read and sort input files

; ! Plot Program

| 0
- Qualified input ~ Preparation of map sheet ang
- Account of dats set limits ! ! P | ! table orientation
- Subdivision of breaklines and | ! | :
structure lines into an | T i Plot Situation
appropriate length | !
- Sort input data in X and Y ! i : i - Breaklines roung
i ! ! | - Breaklines sharp
! 0 ! | - Structure lines
A . ! - Spot heights
| N i . = Reference points
! i - Dead Areas
Setting up the triangles S ! i PLOT TRIANGLES
i ! | PLOT CONTOURS
- Breaklines and structure lines are ] ; | PLOT MAP SHEET

taken into account

Computing the finite element surface

- including smoothing in 2

End of Program

Contours -

- Subdivision of the main triangles intg 16 sub-triangles

- Interpolation of intersections with the subtriangles

- Sorting of the Fragments for generation the contour lines
- Smoothing in X and Y

- Generation aof the plotfile for contours

Interpoiation of a
rectangular grid

ienkfewics functions

'
<
-
Y
~4

Generation of a plotfile for triangles

Computation of
single points

Computation of
true errors

Computation of
serspectives

- including
- arbitrary

Computation of

volumes

Computation of profiles

Figure 3: Flowchart

of the program
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File handling: Up to 20 files each can be specified for mass points,
breaklines, structure lines and spot heights and one file for dead areas.
The files are catalogued. Each file S a certain status, e.g. File
Missing, Ready for Use, Not to be Used, Breaklines Sharp or Round, Struc-
tureline. The file names appear In the lists on tr screen normally,
immed or underlined, according to their status.
Help functions: At all places, where Input 1s required exp
can be called by entering "?". This is a very convenient fe
parameter input, especially for non experienced users.
Indication of already computed steps: An indicator shows if a program part
has already been computed. ‘
Starting Computation: Either a particular program part may be started
alone (e.g. Just only that part which defines borders or mean lengths of
triangles) or pre-specified parts of the program may be started in arbit-
rary combination.
On-line checks: All input is instantanecusly checked for blunders, ortho-
graphic and logical errors and plausibility.
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Debugging tools: There are several ways t0 analyse a data set. It is pos-
sible to draw the triangular mesh to discover possible errors in the data
set. An interface program reads a plotfile and interprets the contents. In
all program parts error messages and warnings are provided to detect gross

errors during computation.
Matrix for simple pen assignment |
In a matrix which giott;;g Lools are ie
Qutput prot tocol: A long and a

much ;usOFWathﬂ on Lhﬂ ompu
out separately.

g program: The user defines
with l1ne Symbois etc.

i nNich gives
s can be printed

EXAMPLES _
EXAMPLE 1: The photogwaphs were taken with a commonly-used Polaroid
camera, the same camera for both pictures. The photo scale was 1:3.5 and

the base-height ratio 1:5.

The mdss points were measured in the Aviolyt 8C! in a regular grid. The
grid width was 6 mm. Breaklines were digitized around .the eyes, nose and
mouth. A total of 900 points was measured.

Computation: Contour interval = 1 mm. The st ard deviation of the
"heights" for the Lrlangu;ation network was set to 0.02 mm. Only the
intersections with the main triangles were used. The smoothing criterion
for contour lines was set to 0 (this criterion is defined in height and
applied according to the surface slope). A total numer of 9'600 points was
interpolated and the computation time was 13 minutes on the Nova 4/X.
Plotting time on TAZ table was & minutes
EXAMPLE 2: Photo scale = 1:10'000. The mass points were measured In a
regular grid with a grid width of 20 m in the ground. A total of 4'300
mass points and breakline points was measured.
Computation: Co ﬂtour interval = 2 m. The standard deviation in height for
the triangulation network was set to 0 sa as to produce a characterful
plot. During the interpolation the intersections with the main triangle
sides and some additional sub-triangle sides were used. The smoothing
criterion for the contour lines was set to 10 cm. A total number of 18'000
points was interpolated. The computation time on the Nova 4/X was 38
minutes. Plotting time on TAZ table was 9 minutes
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£ 4: Comparison between structure lines and breaklines:
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Figure 6 Figure 7
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Edge declared as Edge declared as

L 1 A e~ 13
a break line a Structure line
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