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Abstract: This paper introduces a simple and fast method for the production of 1:2000 Belt Topographic 

Map for road design. This method uses the information of the existing road control point, and the 

operation of the Google Earth is based on the collection of scattered points, the exhibition points, 

projection transformation and so on. Using the South CASS software, CMAP software and other mapping 

software to product line with the accuracy requirements of the 1:2000 Belt Topographic Map. It provides 

convenience for road design in the feasibility study stage. 
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I. INTRODUCTION 

Among various kinds of engineering construction, 

especially for the design of railway, highway, 

pipeline and laid, 1:500 or 1:2000 topographic map is 

often regarded as external reference and design basis. 

However, this large scale topographic map is 

obtained by the whole field digital mapping or digital 

photogrammetric, which is time-consuming and 

laborious. In recent years, there has been a Belt 

Topographic Map, because of its practicability, 

economy and ease of operation is widely used in road 

engineering construction. But it also has its 

disadvantages, its strip is often horizontal or vertical 

long, and the other is short lead to the difficulty of 

measuring range. Especially the full field digital 

mapping because distribution not full so that the map 

information is missing or the distribution deviates 

from the path leading to the map cannot be normal 

use. General road design as a feasibility analysis 

phase of the use of 1:2000 topographic map of the 

accuracy of two times the accuracy of mapping 

topographic map, the exploration and research of 

other methods to produce the 1:2000 Road, which is 

in line with the requirements of accuracy, is very 

necessary. 

Earth Google image and its geographic 

coordinates can be used to compensate for these 

problems. By collecting scattered points on Earth 

Google, expand point coordinates in drawing 

software, extraction of elevation and ground objects 

and other operations. It can not only reduce the scope  

of the belt topographic map to determine the 

difficulty of the terrain mapping, but also can achieve 

the accuracy of 1:2000 terrain map for road design, so 

as to provide a feasibility analysis stage for the 

project construction. 

II. PRODUCTION OF 1:2000 STRIP TOPOGRAPHIC 

MAP  

The choice of test area is located in Shannan 

Prefecture of Tibet Naqu Cuo La Xiang, the study 

area has an average altitude of 4000 meters, high 

altitude and parts of the mountain steep, the basic 

road along the river valley and advance. Only in 

measures there are some residents near the Cuo La 

Xiang, other place almost sparsely populated. 

Production of this road map requires the use of field 

measurement and processing of data processing. 

Using Google Earth and the South CASS complete 

the topographic map to reduce the external pressure.    

A. The Basic Technical Requirements  

The scale of the topographic map is made 

according to the purpose of the topographic map and 

the method of mapping. The highway strip 

topographic map is a highway design with high 

precision, and the features are generally not 

integrated. It should reflect the characteristics of the 

area. Banded topographic map generally adopts high 

precision large scale mapping. The larger the scale, 

the higher the accuracy, but the longer the time, the 

more number of the map. The 1:2000 terrain map is 
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not only meets the accuracy requirements but also can 

save money. 

Most of the road map is based on the 1980 Xi'an 

coordinate system, and the elevation datum is based 

on the 1985 National Height Datum [1]. Basic 

contour interval of 1:2000 topographic map, such as 

shown in table 1. 

 

Table 1. Basic equal height distance (m). 

 

Encryption in the industry, elevation note points 

and contours of near field outside the error in the 

elevation of control points is not more than as stated 

in table 2.The two times of the errors in Table 2 is the 

maximum allowable error for the road design. 

Table 2. The error in elevation (m). 
 

B. Technical Operation Process  

For Based on the Google Earth topographic map 

production process is shown in Figure 1. 

 

Figure 1. Production flow chart based on Earth Google. 

The KML file information in Google Earth 

positioning road in the southern area of Tibet position, 

and select has obvious feature information and text 

information and a clear image[2]. Through the use of 

the same name in the South CASS software, the use 

of the affine transformation is used to correct the 

interception of the image, and the feature points 

should be uniform, so as to reduce the errors and 

improve the accuracy. The location of the road in the 

Cuo La Xiang is shown in Figure 2. 

 

Figure 2. The road is located in the area of image. 

Vectorization, the South CASS software comes 

with graphic symbols according to the scale and 

non scale walls and houses etc. based on the 

corrected image of vectorization. Because the road 

is along the river valley construction, so there will 

be rivers of the image as a base map and the 

extraction of river information and vector.  

 

Figure 3. Road and river trend.  

Note, based on the Earth Google to obtain the 

relevant landmark name[3], collection and collation, 

and then the corresponding location in the 

topographic map. 

General digital mapping is the control points, 

point of break points, directly build DTM, or 

projection transformation to build DTM generated 

contour. Due to the higher elevations in this area, 

sparsely populated and steep terrain, not suitable for 

measurement of whole field broken department, 

involving both along the road distance is wide, all 

field operations. As a reference to the road line 

selection of the strip topographic map, because of the 

width of the road map is generally based on the road 

to the middle of the road, to the road on both sides of 

the 300 - meter range. Therefore, we can use the 

Earth Google to gather the scattered points, through 

the construction of DTM, and then generate the 

contour. Specific operating procedures are as follows: 

Along the roads around inside certain limits 

collect the points in the Google Earth. Because 
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1:2000 road design with the width of the zonal 

topographic map is 600 meters, from the edge of the 

road, approximately every 30 meters acquisition a 

scatter. That is along the road toward each mining 

point line need to approximately 20 points 

(equivalent to a point on the 15 mm), and the interval 

of each mining point line is 30 meters, in the scope of 

the road, each 30 m x 30 m range guarantee has a 

scattered point. Can be used in scale measure distance 

in Google Earth, to ensure that the collecting scatter 

covers the required range. To be conducted on the 

basis of the feature point and feature line point, again 

according to 30 meters, a uniform point to gather, and 

record the coordinates and elevation information, the 

feature points on the road with a scatter symbols to 

distinguish, and pay attention to according to remote 

sensing image acquisition ridge valley points, use 

EXCEL for record. The coordinates of the points are 

in degrees, minutes, seconds, display, and need to be 

degrees, minutes, seconds; the conversion is the 

second unit. Scatter points are shown in Table 3. 

Table 3. Point coordinates.   

 

 

Figure 4. Point and point matching. 

 

The acquisition of the scattered point coordinates 

of the projection conversion, from the WGS-84 

coordinates to 1980 Xi'an coordinates. In the South 

CASS software to start the point, using CMAP 

software (A map editing software based on AutoCAD 

platform for the two time) as a field with the 

corresponding feature points on the road of the hubs 

as a benchmark, the road whole scatter vector. Points 

of collection and registration of foreign trade points 

are shown in Figure 4. 

Height matching, the analysis found that the 

height of the scattered points is higher than the 

control points. Therefore, to the point of elevation 

correction, will be scattered point elevation data 

output, bulk modification, and then the control points, 

feature points, scattered points to the unified layer, 

output .dat file.  

By the elevation information builds DTM, and 

automatically generated by the DTM contour. Editing 

and processing contour data in CMAP software. The 

1:2000 topographic map is generally required to note 

the 10-15 elevation points per kilometer, which can 

be selected according to the collection points of the 

points. In the South CASS software to select the 

appropriate spacing, the implementation of the height 

of the filter command, you can choose to point out 

the height. Contour results are shown in Figure 5. 

 

Figure 5. Contour data graph.   

III. ACCURACY ANALYSIS OF TOPOGRAPHIC MAP 

A. Contour and Elevation Accuracy 

Based on the statistical analysis of the data of the 

scattered point data and the road control point data, 

the difference between the two kinds of data is 

calculated. Due to road control point data accuracy is 

higher, so the correct elevation value of the data 

mining the hubs, unified increased by 2 m to achieve 

and road control point matching. But changes of 

scatter elevation value influence the contour of the 

actual distance of migration, thus reducing 

topographic map precision, lower than the total field 

digital mining point accuracy. 

DTM is elevation point to construct the 

interpolation of irregular triangle net, polynomial 

function approximation accuracy is not high, rather 

than the uniform B spline function with higher 

precision. This method is used to calculate the second 
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1 31 4 53.38 92 51 27.24 4868 
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4 31 4 53.14 92 51 27.63 4868 

5 31 4 53.03 92 51 27.80 4865 
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interpolation method, the contour generated by the 

contour in addition to the deviation of the partial 

height point lead to the accuracy of the loss, the DTM 

automatic generation of contour error is small, and 

the basic can be ignored. 

The error of mean square of the height of the 

1:2000 topographic map of the road is not more than 

0.4m, the hills are no more than 0.5m, the mountain is 

no more than 1.2 m, and the mountain is not more 

than 1.5 m. The error of mean square of two times the 

maximum allowable error。By calculation, the error 

of mean square is 0.9 m in the system of Earth 

Google, which meets the requirements of road design 

precision. 

B. Vector Accuracy 

Vector accuracy is influenced by two aspects, 

the first is the size of the linear error, and the second 

is the pixel size of the Earth Google. The aerial 

photograph's pixel size of city or tourist attractions 

and other crowded areas are small, high resolution, 

generally less than 0.6 m; Aerial photographs have 

little or no area, the pixel is relatively larger, 

generally less than 20 m[5]. In order to improve the 

accuracy of vector, we should try to reduce the scope 

of the field of vision and then cut the image, and then 

analyze the features of the object in strict accordance 

with the principle of remote sensing image analysis. 

There are some human errors in the process of 

vector, such as the height of the abnormal value, the 

polygon is not closed, and the contour is not 

reasonable, hanging nodes and elements of the 

omission and other information. But these are 

avoided in the later period, and the accuracy of the 

topographic map of the road is the key to the terrain 

factor, so the vector error can be neglected, so the 

accuracy is not affected. 

C.  The Data Accuracy 

The collection point is carried out in the Google 

Earth, it replaces the field measurement of the broken 

part, reducing the pressure in the field. But the 

precision is reduced, mainly reflected in:   

    The scattered points collected on Earth Google 

are the coordinates of latitude and longitude, 

that is, the geographic coordinates. Its 

ellipsoid reference is WGS-84. The 

coordinates used in the control point 

information of the road are the plane 

coordinates and the ellipsoidal datum is the 

1980 Xi'an coordinate system. So the 

coordinate conversion can have some accuracy 

loss. 

    Spread out the points after the translation, and 

translation is carried out in accordance with 

the field matching feature points. Field feature 

point data accuracy unchanged, but other than 

industry feature points as a benchmark 

translational accuracy data based on feature 

points linearly decreasing. 

D. The Map Deformation  

The large scale topographic map is directly used 

in the planning and design of engineering 

construction projects and the relative accuracy is 

required. When the altitude of the survey area is 

relatively low, and it is located in the national 3 

degrees or 6 degrees with the central meridian, it can 

choose the national unified Gauss plane coordinate 

system. Otherwise, it is often needed to use any 

central meridian and the projection plane to establish 

an independent engineering control coordinate system 

to reduce the projection distortion of the observed 

values. 

E. The Design of System Architecture 

The object is acquired by using the remote 

sensing image on the Google Earth, and the correct 

use of the affine transformation, and its correction 

accuracy and the uniform selection of the correction 

points are important. The concrete process is to use 

the same name point information in remote sensing 

image which contains the information of ground 

objects to use the affine transformation to correct. A 

total of 13 remote sensing images are used, and the 

error of each correction includes the largest residuals, 

the residuals and the error of mean square. For the 

average error of mean square that got the error of the 

whole. The maximum residual error is for 13 remote 

sensing images. The residual value is the residual 

value of all the graphs. 

After correcting the road to do a set of inspection, 

road edge should be completely and remote sensing 

image of the road image, otherwise you will need to 

be corrected. 

IV. CONCLUSIONS 

Take the design of road in the southern area of 

Tibet for instance. It is feasible technology to 

product 1:2000 Strip Topographic Map for road 

design in Google Earth software. This method is 

convenient and fast, and it can be used in the design 

of the road, and it can be used for the feasibility 

analysis of road design.
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