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Abstract: In this paper, the principle of contour interpolation is introduced firstly. And then, we deduce the 
propagation formula of the horizontal accuracy of the interpolated contour lines, and discuss the accuracy of 
interpolated contours on triangulated irregular networks with different constrained conditions and find that 
the quality of the contours interpolation is relative closely with the quality of triangulated irregular networks. 
At last, the interpolated contours are applied into two practical applications, which are the auto-connecting of 
the discontinuous contours and the Chinese-English metric unit conversion of the contours. The experiments 
indicate that the reconstructed contours based on the triangulated irregular networks can satisfy the different 
accuracy of the two applications. 
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1. Introduction 
The interpolation of contour lines is to obtain one contour line or more between two contour lines by 
interpolating. At present, the methods of contour interpolation based on the DEM (Digital Elevation Model) 
surface can fall into two types: one is based on the regular grids, and the other is based on TIN (triangulated 
irregular networks). Essentially, they are the same in essence which is computing the points’ coordinate on 
the interpolation contours according to the vertexes’ coordinate of the regular grids or the TIN. But their 
difference is that the vertexes’ elevation of the regular grids is interpolated, not accurate; while the elevation 
of triangle’s vertexes is precise. So the latter effect is better than the former [1]. 

The triangulated irregular networks are of two types: unconstrained triangulated networks and 
constrained triangulated networks. Because the former only considers the position attribute of the points, but 
does not consider the attribute of the lines. The interpolated contours based on the former are not precise, and 
even more maybe there are some mistakes. Therefore, in practice we usually adopt the constrained 
triangulated networks to interpolate the contours. Because the request of applications is different, the 
constrained condition is different too. For example, for connecting the discontinuous contours, which are 
produced in the process of digitizing the topographic maps, we can only use the TIN which regards the 
contours as the constrained condition. While for the Chinese-English metric unit conversion of the contours 
in the international communication, the quality of TIN is required to be much better. 

In this paper, the method of contours interpolation based on TIN (Triangulated Irregular Networks) is 
introduced. And then, we deduce the propagation formula of the horizontal accuracy of the interpolated 
contour lines, and discuss the accuracy of interpolated contours on TIN with different constrained conditions. 
At last, for the auto-connection of the discontinuous contours and the Chinese-English metric unit conversion 
of the contours, we study them and put forward some practical schemes. 

2. The interpolation of contour lines based on TIN 
2.1. Algorithm Principle 
To interpolate the contours on TIN, we usually adopt the linear interpolation. And there are two methods: 
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one is that interpolating all points before connecting them; the other is that interpolating a point and then 
connecting it [2]. Due to topologic relationship of the triangulated networks, the direction of contour lines 
becomes easy to confirm. So, in this paper, the latter is adopted. 

According to the topologic relationship of triangles, we can confirm the interpolating contour line’s 
direction, and then extract all contour lines. For a triangle, it gets across only one time by one contour line at 
most. So, in order to memorize the useless triangles, we can make a sign for every one, and initialize their 
value to zero. If one triangle gets across, the value of its sign will add to one. The main steps are as follows: 

1. Searching one edge of triangle which accords with the interpolation condition, marking S ; 
2. Interpolating the elevation point, and adding it to the tail of contour line’s chain; 
3. Taking edge S  as the starting edge, and searching other appropriate edge, marking N , in the left 

triangle of starting edge; And then interpolating the elevation point, and adding it to the chain tail; 
4. Searching other appropriate edge in the unused triangle adjoining the edge N , interpolating the 

elevation point, adding it to the chain tail and repeating this process. If returning to the starting edge S , then 
going to step7; if arriving to the boundary edge, then going to step5; 

5. Searching other appropriate edge in the right triangle adjoining the starting edge S , marking M , 
interpolating the elevation point and adding it to the chain head; 

6. Searching other appropriate edge in the unused triangle adjoining the edge M , interpolating the 
elevation point, adding it to the chain head, and repeating this process until to arrive to the boundary edge; 

7. If returning to the starting edge S , the interpolating process of the current contour line goes to end. 

2.2. The horizontal accuracy analysis of the interpolated contours 
Figure 1 shows interpolating one point on one edge of the triangle. Point ),,( 1111 zyxP  and point 

),,( 2222 zyxP  are the vertexes of the edge. Point ),,( zyxP  is the elevation point to interpolate. The 
elevation value z  of point P is known, but the horizontal coordinate ),( yx  is unknown. So, to get the 
horizontal coordinate, we can project the edge on the plane yoz  and plane xoz , illustrated as Figure 1. 

On the plane yoz , because  CPBPAP 21 //// ′′′ , we can get: 
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Similarly, we can get the expression of the coordinate x : 
21)1( kxxkx +−=
 

Figure 1. Interpolating one point on a edge
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The formula of the coordinate ),( yx can be expressed by following matrix: 
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, which is the covariance matrix of the coordinate ),( yx . 

Now, we suppose that the mean square errors of the points 1P , 2P  are yx σσ , on the orientation yx, . Then 
the mean square errors of the interpolated point on the orientation yx,  are as following matrix: 
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By simplification, we can get following formula: 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

+−

+−
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
′
′

y

x

y

x

kk

kk
σ
σ

σ
σ

122               0            

0                  122
2

2

                                      (3) 

In formula (3), k  is an elevation constant. 
For the interpolated contour lines, the horizontal accuracy of all points can be expressed by formula (3). 

Therefore, the horizontal accuracy of the interpolated contours can be expressed by formula (3), too and is 
determined by the elevation constant k  and the horizontal accuracy yx σσ ,  of the known elevation points. 

2.3. Accuracy analysis of the interpolated contours based on TIN with different constrained 
conditions 

In order to analyze the accuracy of the interpolated contours based on TIN with different constrained 
conditions, this paper discusses two types of TIN: one regards the contours as the constrained condition 
(Figure 2a), and the other corrects the planar triangles through adding the terrain feature points (Figure 2b). 

 
a                                                                                b 

Figure 2. The TIN with different constrained conditions 

 
a                                                                              b 

Figure 3. The result of the interpolated contours  based on the TIN with different constrained conditions 
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The former is to add contour lines into TIN, which is rebuilt with the discrete points on the contour lines, 
to generate new TIN to ensure that the contour lines are not crossing the triangles. The latter is to correct the 
planar triangles by fitting the elevation of the peaks, the points of mountain valleys, the points of mountain-
saddles and other terrain feature points in order to generate new TIN with higher precision [3].  

Figure 3 shows the results of the interpolated contours on the two types of TIN. Figure 3(a) shows the 
result on the former TIN, and Figure 3(b) shows the result on the latter TIN. In this experiment, the contour 
interval is 10 miters. The white lines are the original contour lines, and the black ones are the interpolated 
contours. 

From Figure 3, the result of the interpolated contours based on the second TIN is better. Its reason is that 
correcting the planar triangles by adding the terrain feature points considers the relation of the contours, and 
excellently represents the terrain feature by adding the terrain feature points, such as the peaks, the points of 
mountain valleys, the points of mountain-saddles and so on. 

Therefore, in practice we can adopt the TIN with different constrained conditions to interpolate the 
contour lines, according to the different demands. 

3. The application of the interpolated contours 
3.1. The auto-connecting of the discontinuous contours 
A main source of error is digitizing the contour lines. It is impossible that all the contour data is accurate. 
The discontinuous contour lines are produced in the map digitization when the contours are dense, the 
annotations overlaps, and the escarpments occur on the map. These are expressed by Figure 4. This is a 
serious error for DEM, terrain analysis, cartographic generalization of relief, topologic relationship of 
contours, and so on. So it has to be corrected. 

Figure 4 shows a lot of discontinuous contour lines. Manual connecting is hardly possible. We must 
connect them automatically by some technique. 

 

Figure 4. The case of the discontinuous contour lines 

 

Figure 5. The region of the discontinuous contour 

To realize the auto-connecting of discontinuous contours, the contour lines must be added into TIN to 
ensure that every contour can not cross each triangle. If the all contours are continuous, in every triangle, 
there must be two vertexes with the same elevation and the elevation of other vertex can be same or not. If it 
not same, the difference must be one contour interval. If the elevation is different among three vertexes of 
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one triangle, and the elevation deference is larger than one contour interval, this triangle must lie in the 
region, where the contours are discontinuous, as the shadow in Figure 5. So we can interpolate the break 
contour line in the shadow triangle regions by the above method in the section 2.1. And then the auto-
connecting of discontinuous contours is carried out. Now we are introducing this process in detail. 

Here, supposed that the TIN was built. The main steps of auto-connecting are as follows: 
1. Detecting the discontinuous contour lines. The discontinuous contours are the unclosed contour lines 

whose starting-points or end-points do not on the borderline of the topographic map. If detecting one line, 
please add it to the chain DisDgxList ; 

2. Detecting the triangles in the region of the discontinuous contours. If the chain DisDgxList  is empty, 
please go to step 5; if the chain is not empty, pick up the first contour line, and search the appropriate 
triangles which satisfy the above conditions, such as the triangles in the shadow of Figure 5; 

3. The interpolation of contour lines. According to the method in section 2.1, interpolate all the elevation 
points, and add them into the current contour line 1C  in the appropriate order. If this contour line arrives to 
the borderlines, please go back to step 2; if not, please go to step 4; 

4. Connecting the contours. First, another contour line 2C  is searched in the chain DisDgxList , which is 
conterminous with the contour line 1C . Then the points of the contour 2C  are added into the contour 1C  in the 
right order. At last, the contour 2C  is deleted from the chain DisDgxList . And then return to step 2; 

5. End. 
Figure 6 is the result of Figure 4 by connecting the discontinuous contours. Figure 7 shows the rectangle 

region in Figure 6. Figure 6 and Figure 7 show that the corrected contour lines can express the topography 
feature accurately. 

 
Figure 6. The result of connecting the                     Figure 7. The local result of Figure 6 
discontinuous contours 

3.2. The Chinese-English metric unit conversion of the contours 
At present, the metric measure units are adopted in China, e.g. meter. While the English measure units are 
usually adopted in other countries, e.g. foot and yard. These different units make the international 
communication very inconvenient. So the unit conversion will play an important role. 

In nature, the unit conversion of contour lines is the contours interpolation. From the above paragraphs, 
we know that the quality of the contours interpolation is relative closely with the quality of TIN. So, in order 
to get the high-precision contour lines, a special TIN is built to correct the plane-triangles through adding the 
terrain feature points. This TIN is based on another TIN, which regards the original contours as the 
constrained condition. And it could ensure that the interpolated contours can express the topography feature 
as accurately as possible. 

The formulae of unit conversion are as follows: 
1 meter = 1.0936 yard = 3.2808 feet 
1 yard = 0.9144 meter = 3.0000 feet 
The method of unit conversion of contour lines is proposed as follows: 
1. Building the high-precision TIN in the Chinese metric system; 
2. Conversing the unit of elevation in the Chinese metric system into the unit in the English system, and 

finding the minimum and the maximum elevation; 
3. Computing the interpolated elevation, according to the minimum elevation, the maximum elevation 
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and the contour interval; 
4. Interpolating the contour lines, completing the unit conversion. 
Figure 8 shows the result of the unit conversion, where the contour interval is converted to 10 yards from 

10 meters. Figure 9 shows the rectangle region in Figure 8.The white lines are the contours in the Chinese 
metric system, and the black ones are in the English metric system. In Figure 8 and Figure 9, the contour 
lines in the English metric system are much closed to the ones in the metric system in the regions of the 
mountain ridges, the mountain valleys, the mountain-saddles, and so on. The result of conversion expresses 
the topography feature as accurately as possible. 

 

Figure 8. The result of conversion                   Figure 9. The local result of Figure 8 

4. Conclusion 
In this paper, we deduce the propagation formula of the horizontal accuracy of the interpolated contour 

lines, and indicate that the horizontal accuracy of the interpolated contours is determined by the elevation 
constant and the horizontal accuracy of the known elevation points. Then, the reconstructed contours are 
compared, which are rebuilt on the different triangulated irregular networks. The experiments show that the 
quality of the contours interpolation is relative closely with the quality of TIN. The higher the precision of 
TIN is, the better the interpolated contours is. And the method is applied into two practical applications, 
which are the auto-connecting of the discontinuous contours and the Chinese-English metric unit conversion 
of the contours. The experiments indicate that the reconstructed contours based on TIN can satisfy the 
different need of the two applications. 
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