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Three dimensional view (3 DV) is well developed and used in a lot of scientific 
fields to actualize the difficult configuration of objects. Especially in architecture 
and mechanics, the 3 DV is essential for designing4). And recently, in natural science 
such as environmental conservation and disaster prevention, the 3 DV is considered 
to be a good expression of landscape2,6,7). The planning to protect those areas 
from the occurrence of natural disasters and maintain the beauty of natural scenery 
are very important and, at the same time, very difficult with the extension of 
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residential and product areas. Furthermore, the essential should be understood by 
the residents. Under these circumstances, the contour map is not considered to be 
a good expression of land configuration, because the skill to recognize the configura
tion is dependent on the experience of viewer. Even a viewer who has good ex
perience to read the contour map sometimes lose the situation of the small area in 
the whole basin. 

For above mentioned reasons the 3 DV is, recently, spotlighted with the de
velopment of computer technology. The merit to use the 3 DV with the computer 
is that: 

CD Once all data are fed into the computer, the 3 DV figures which can be 
viewed from any direction and dip angle are made easily. 

® If the land configuration is not prominent enough, vertical emphasis is some
times needed to make more clear the vague change of land configuration. 

In the mountainous areas, designing and setting up the forest road route fitted 
to the land configuration, which does not damage the beauty of the area, are needed 
for the maintenance of the roads. Probably, the 3 DV will be a good material for 
setting up of those plans. 

Deformation of mesh creates a clear 3 DV of the complex landscape. In the 
study titled "Studies on the Three Dimensional Graphics for Saba Planning" (1985), 
the feeding process into the computer was done by reading the heights from con
tour lines with visual interpolationS). Making this processs more automatic, new 
method was presented and that is divided into two processes: input process by 
digitizer and interpolation by computer calculations. 

I. Main flow for making the three dimensional view 

The 3 DV expressed as deformation of mesh is considered to be one of the 
best methods which can be applied to the topography of the natural landscape but 
not to the artificial objects. So the most important thing is the way of interpola
tion between the contour lines to estimate the intersection heights of mesh, when 
input process is carried out using the contour map. 

One of the easy methods is that all interpolation between the contour lines are 
carried out by the visual interpolation with human eyes, and then these data are 
fed into the computer one after another. But this method has two problems. 
One is taking long time to read the intersection heights and another is difficulty 
for the people who are not accustomed to the contour map that cause many mis
readings. 

To eliminate these problems, input process is carried out by the device named 
"digitizer" which make possible inputting of the horizontal data (x, y values). The 
3 D data of the contour lines (basic data) are fed into the computer through the 
digitizer and intersection height (arranged data) are calculated from these basic 
data. It is important that the basic data are on the contour lines, because any 
figure will be generated by changing the factors on the category of needed unit 
and on the interval of mesh. 
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The flow of this program can be divided into several steps as follows (fig. 1). 
First step named "Input process" is mainly constructed as a routine of feeding the 
basic data by tracing the contour lines with digitizer. The effective number of the 
basic data will be discussed in the chapter II. Naturally following factors also 
should be inputted into the computer to make the 3 D figure~ : 

INPUT 
PROCESS 

SELECTION 
PROCESS 

INTERPOLATION 
PROCESS 

ROTATION 
PROCESS 

OUTPUT 
PROCESS 

INPUT 
Da ta on the con tour 
wi th digi tizer 
xi,yi,zi (j=l-NIIAX) 

INPUT 
1) Longitudinal and 

vertical nUllber 
of I18Sh ( LXV) 

2) Actual length of 
one IIElsh 

SELHCT 
N poin ts nearby one 
intersection of _h 
( Xi, Yi ) 

INTERPOLATE by 
n Wei IIh ted average 
2) lIul ti pI e re,ression 

ROTATE on 
the horizontal and 
vertical axes 

i< LxV 

Fig. 1. The flow chart of the process to make three 
dimensional view. 
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CD Scale of the applied map 
@ Longitudinal and vertical number of mesh 
@ Actual length of one mesh 

Second step is named "Selecting process". The x and y values of each inter
section points are automatically decided by inputting the above three factors. So 
the process on selecting n points of basic data (the data on the contour lines) is 
needed to estimate the height of each interpolation point. These n points should be 
collected from within the surrounding area of each intersection points. 

After the selection process, the estimation of intersection height is carried out 
by using the statistical interpolation. Many statistical analyses exist for the inter
polation from the contour lines. In this paper, however, the weighted average 
which is mean value of n points weighted by the distance from the intersection 
points and multiple regression analysis are applied. Those arranged data, formed 
as matrix through the interpolation process, are rotated on the horizontal axis (X 
or Y axis) and vertical axis (Z axis) to make the 3 DV. This process is named 
"Rotation process". Selection, interpolation and rotation processes can be coordi
nated into "Calculation process". 

Last process is "Output process". The calculated 3 D data is outputted connect
ing each intersection to form the mesh, both to display screen and to X-Y plotter. 

II. Input process by digitizer 

The process is based on feeding xi, yi and zi values of the contour lines into 
the computer, and is carried out by tracing with the digitizer. As it is shown 
in fig. 2, xi, yi and zi values on the contour lines are inputted in adequate intervals 
tracing with digitizer. The digitizer is the device which make inputting of the hor
izontal data possible. Also before tracing each contour line the height of that line 
should be fed into the computer. It is better to display inputted points on the 
screen (fig. 2) for the adequate interval tracing. The area where the steep slope is 
continued has no problem to interpolate at the next stage because the contour 
lines are very dense and number of traced points are many. But in flat or nearly 
flat areas, where few contour lines exist, more tracing to fill these area are needed 
for good interpolation. At the end of input procedure, if the points in the screen 
are distributed uniformly, this is considered to be desirable. 

Fixing the most effective number of traced points is a problem in this pro
cedure. This number is considered to be related to the number of mesh matrix 
(L X V), and dependent on the accuracy of the land configuration which is desired. 
One criterion is the same number as the mesh matrix but as the results of some 
trials have shown, traced number which is more than 2/3 of mesh matrix was 
almost enough to express the land configuration. It is natural that feeding a lot 
of points makes a good figure (3 DV) but this may lead to waste of time. 

For getting the good results of interpolation the highest point of the land 
surface should be fed at the area where the land configuration is convex, and in 
contrast with this, the lowest hight should be fed where the surface is concave. 
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Display Screen 
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Fig. 2. The device for drawing three dimensional view. 
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III. Calcula tion process 

1. Selection of surrounding points 

To estimate the intersection height, the n points of contour data should be 
selected from the surrounding area of a given mesh (Xi, Yi). In this process, 
there are problems on setting up the category of surrounding area and the decision 
about the number of selected data. 

(1) Setting up the category 

The circular category is found to be the best shape to select the surrounding 
points and, in this program, the radius is extended until the number of selected 
data reaches to constant n value. As the results of trials shows about 4 times 
of mesh length is considered to be proper as the initial value of radius. In order 

to make category area twice the extension rate of radius was decided to be ";2: 
value in this program (fig. 3). 

(2) Decision about the number of selected data 

The number n should be decided in relation to the procedure of interpolation. 
The appropriate value is found to be from 5 to 10. 

2. Interpolation of intersection heights 

Interpolation method is divided into two kinds in this paper. Once is the 
method that all intersection points are estimated by same procedure (basic inter
polation), and another is the method that interpolation is carried out several times 
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Fig. 3. Extension of the category to select the surrounding points. 
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III different ways (applied interpolation). The details are as follows. 

(1) Basic interpolation 

a) Weighted average by the distance from the intersection points 

The height of intersection points are determined by the estimation of the 
weights which are added to each height of n points in inverse proportion to the 
power of the distance from the intersection points. According to this estimation, 
naturally, the height of the points which are situated far from the intersection is 
light-weighted and near ones are heavy-weighted. Examination on the value of 
power suggested that good estimation is gained by taking 2nd or 3rd power of the 
distance. This interpolation method is a kind of easy procedures but make relatively 
good results in a short time. All fig. 5, fig. 7 and fig. 8 were made by this inter
polation method. 

b) Multiple regression analysisll 

This analysis is based on least-squares method that is the estimation by partial 
regression coefficient analized with the 3 D data of n points. As the results of 
examinations of this method have revealed the analysis with contemporary micro
computer takes a long time and does not give the good interpolation. The reason 
for this was found to be that the number of inputted data was less than proper 
value for application of this analysis. But increasing the total number of inputted 
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data will lead to taking more time in the input and selection processes. Probably 
this interpolation would need the faculty of high-level large computer. 

(2) Applied interpolation 

As refered before calculation time is a big problem for the micro-computer, 
therefore, the second interpolation which is based on first interpolation data would 
be needed. One of the applied interpolation is as follows. 

Showing in fig. 4 the intersection 
points plotted by circle are estimated at 
first by basic interpolation. And then 
other points like a-h points are esti
mated by taking average of surrounding 
nearest four points that are already in
terpolated. By this procedures, total 
operating time of system is reduced to 
about 2/3. Three figures shown in fig. 
5 are made by visual, weighted average 
and applied interpolation, respectively. 
A is made by visual interpolation that is 
carried out by human eyes. B is made 
by basic interpolation of the weighted 
average in inverse proportion to the dis
tance. And C is made by the applied 
interpolation explained in this section. 
Comparing these three figures, Band C 

g-

-a e 

---f++--- d h-

r-+ b--+t+--
I 

Fig. 4. Applied interpolation. 
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which were made by computer-interpolation are a little smoothed by taking aver
age, but as it can be seen from fig. 5 these methods presented here are not in
ferior to the visual interpolation. 

3. Rotation of points 

The requested 3 DV is given by the rotation process that is rotation on the 
horizontal axis and vertical axis according to the direction of view and dip angle. 
At first all the intersection points are rotated on the axes and then rotated points 
are projected on vertical face. At last all projected points are connected with 
each other to form mesh deformation6). 

IV. Output process 

After the rotation process the 3 DV should be drawn on the display screen 
to select the requested one. The rotation and output processes on the screen are 

repeatedly carried out until the desired 3 DV is gained. Once the best figure is 
chosen on the screen, there are two ways to output it: one is the copy of screen 
content to the device "printer" and another is drawing by the device "X-Y plotter". 
All 3 DVs in this paper were copied from the display screen. 

Sometimes painting in the mesh will be needed to divide the whole basin into 
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A B 

Fig. S. The comparison of three kinds of interpolation. 

(A: Visual, B: Basic, C: Applied) 
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Fig. 6. Working and operating time on different methods. 
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several units by colors on 3 DV. This painting is a good way to understand the 
relation between the land configuration and colored factors. It will be actualized 
easily because most of the contemporary micro-computer have the function for 
painting. 

v. Working and operating time 

It is very obvious that the working time depends on the ability of the worker 
and operating time depends on the efficiency of the operating system. In this 
chapter, the generalized working and operating time are introduced. The time to 
finish the input process actually changes according to whether the worker is ac-

Fig. 7. The 3 DV of landslide occurred at the branch of U susbetsu river. 
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customed to this work or not. But roughly it can be estimated to be from 0,5 to 
1 hour as fig. 6 shows. Selection and interpolation process cannot be separated in 
this program, but as it is estimated the time for interpolation only is not so long. 
Selection process takes the longest time of all the processes. The calculation time 
is naturally reduced by using the high-level operating system. 

It the program is built "BASIC" and the micro-computer is 16 bit-machine, 
and if mesh matrix is 60 X 60 (L X V) calculation time to select 10 points correspond
ing each intersection takes from 4 to 6 hours. But this operating time can be 

1 1 Syc>SJakkonoaawa R. 
2 Shizennoa.w. R. 
3 Kanelhimenoaawa R. 

" YamllmOtono.-w. R. 
& Nilhidanoaawa R. 
& Hachi_aR. 

o 1000 
• . '(m) 

Fig. 8. The 3 DV of Yagishiri island. 
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reduced by applied interpolation as referred before. It doesn't take long time to 
rotate all the intersection points, so under the same condition, the rotation process 
takes about 5 minutes. Output to the display screen takes the shortest time of all 
the processes, but output to X-Y plotter is particularly dependent on the efficiency 
of the device. 

Fig. 7 is the 3 DV of landslide occourred at the branch of Usubetsu river, 
and fig. 8 is the island named Yagishiri. As an eample, fig. 7 took about 5 hours 
to be completed and fig. 8 took 6 hours. 

Concluaion 

As the results of repeated examinations showed, this method was regarded as 
appropriate to make 3 DV. The problem of calculating time will be solved by using 
more high-level operating system. The merit to use this kind of system is that 
the 3 DV of any area can be drawn with any size of mesh, once the data of the 
contour lines are fed into the computer. 
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Photo 1. The first stage of input process. 

(The 3D data of the contour lines traced by the digit izer.) 

Photo 2. The last stage of input process. 

(All points are almost u niformly distributed.) 

Plate I 



Plate II 

Photo 3. The 3DV of landslide on the display sc ree n. 

Photo 4 . The painting wh ich divide the whole basin into several 
units by colors. 


