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Abstract: Based on the positioning technology and laser ranging technology, a 

method is proposed to positioning the fault area of transmission line. Using the GPS on 

the UVA  to determine the location information of the fault point. The distance from the 

fault point to the UVA is measured by the laser ranging module. Through the 

information of the fault point and the distance can obtain the accurate location 

information. A large number of studies have found that there are errors in the method, 

and these errors are inevitable. It is very important to reduce errors. A method of 

mathematical is proposed to analyze the error. Analyzing these errors can find that 

reduce the fluctuation of UVA and adjust the laser incidence angle can reduce the error. 
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1. Introduction 

The fault points of transmission line needs to be found. Traditional fault location 

methods usually use current, voltage and other information for location 

(e.g.impedance method and traveling wave method). The method of impedance is 

mainly based on the distance from the measuring point to the fault point [1-2]. The 

impedance method is based on the necessary prior conditions (resistance is uniformity). 

So the impedance method is just using for the simple condition. The traveling wave 

method calculates the fault distance by the time when the traveling wave arrives at the 

end of the line [3].  The traditional fault location method is unable to find the fault 

caused by non-electric factors [4]. 

The electrical transmission system has its own particularity and there will be 

electromagnetic field effect around it. That would affect the GPS built-in UVA. The 
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problem need to be solved. In order to capture high-quality images, the UVA needs to 

hover steadily [5]. Reasonable shooting distance should be established according to 

different shooting equipment. 

A new measurement method is proposed. In order to find the fault location, improve 

the safety of UAV and eliminate the potential threats. Taking the fault of wire spacer as 

an example, the positioning error of the new method is analyzed. 

 

2. Positioning Fault Location 

2.1 Positioning process 

A image is taken by the UVA with machine vision products, then the image is 

transmitted to the ground system in real time. If the fault is identified here, the position 

needs to be obtained. The UVA itself has GPS function. The latitude, longitude and 

elevation coordinates of the UVA can be roughly measured. On the basis of GPS 

positioning, the coordinates of UVA in the space rectangular coordinate system are 

obtained through the transformation of space geodetic coordinates and space 

rectangular coordinates. The distance from the fault point to the UVA is measured by 

the laser ranging module. The spatial rectangular coordinates of the failure points are 

obtained by the distance and the coordinates of UVA. Then the position of fault point is 

obtained by inverse transformation of coordinate system [6]. 

 

2.2 UAV positioning 

GPS satellites transmit carrier signals at two frequencies. That is L1 carrier with 

frequency of 1575.42mhz and L2 carrier with frequency of 1227.60mhz. But the 

transmission has its particularity. The strong electromagnetic effect will affect the 

instability of the GPS signal. As a result, only the rough information about the UVA can 

be obtained. 

 

2.3 Laser ranging 

Now, the basic location information of the UAV has been obtained. So two things will be 

thought. The flight of the UAV will be affected by the electromagnetic field around the 

power line, so it needs to maintain a relatively safe observation distance; The scene to 

be observed is very complex. The laser ranging method is selected to solve the 

problems. One sensor module(The measurement range is 0-40m, and the accuracy is 

0.05m) is proposed to detect the distance. Laser ranging is a method of light wave 

ranging.The distance from the fault point to the UVA can be obtained by the time what 

takes for a round trip of light propagation between the UVA and the point of failure.  

 

2.4 Coordinate transformation 

The longitude, latitude and altitude information of the UAV obtained by GPS is 
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converted from spatial geodetic coordinates to spatial rectangular coordinates by 

formula 1. The coordinates of the fault points are calculated by the UAV coordinates. 

The fault point coordinates can be transformed by formula 2 to obtain the longitude, 

latitude and altitude information of the fault points. 

     

Fig. 1 Coordinate System Transformation 
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is measure rotation angle parameters between coordinate 

systems. 

In the laser ranging process also needs to achieve the rectangular coordinate 

correction. The failure point needs to be converted in the rectangular coordinate 

system (x,y,z) with the UVA as the origin and the spatial rectangular coordinate system 

(X,Y,Z) with the earth as the origin through the following formula, as shown in Fig.2. 
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Fig.2 Coordinate Datum Transformation 
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X Y Z   is three translation parameters caused by mismatching of origin of two 

coordinate systems. m is the scale parameter generated by the inconsistent scale of 

the coordinate system. ( ) ( ) ( )X Y ZR R R   is the rotation parameter produced by the 

two coordinate systems not being parallel. 

 

3. Fault Location Result 

The transmission line above a farmland (E：121.21165°,N：31.26907°) was selected 

for experiment. There is no damage to the line spacer bar. So, three points on the line 

are selected for positioning processing. Takes one of the test points as an example to 

illustrate the accuracy of fault location of the system. The distance from the test point 

to the UVA measured by laser ranging is 5.4 meters. The location of the UVA is 

obtained by the UVA built-in GPS(E：121.21173°，N：31.26943°). The UVA has an 

altitude of 21.22 meters. Then the UVA space rectangular coordinate will be got (X, Y, 

Z) = (2827779.667 m, 4667453.051 m, 2827779.667 m). The spatial rectangular 

coordinate of the test point is obtained through coordinate transformation. The test 
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point’s space rectangular coordinates is(-2827774.267m,4667453.051m,3293970.9 

33m). (Scale parameter m=1;The point’s space rectangular coordinates after the 

translation of rectangular coordinates is (2827769.687 m, 4667443.951 m, 32938 

74.763 m); 2 2 2
arccos 56.775Z

Z

X Y Z
  

 
; The other two rotation parameters were 

12.447°) Then, the longitude and latitude information of the test point is 

obtained(121.21164°，31.26906°). Table 1 shows the analysis of test results. 

 
Table 1 Experimental Results and Real Data Comparison 

 Test point 1 Test point 2 Test point 3 

Precise coordinates 
N 31.2870715 

E 121.211597 

N 31.2870667 

E 121.212677 

N 31.2873412 

E 121.211867 

Algorithm to draw 
N 31.28709 

E 121.21159 

N 31.28705 

E 121.21266 

N 31.28635 

E 121.21286 

 

The results show that there are errors in the test results, and the error is effectively 

limited to five decimal places. 

 

4. Error Analysis 

4.1 Causes of error 

4.1.1 GPS positioning error 

Various errors in GPS positioning can be divided into three categories: satellite error, 

signal propagation error and receiver error. 

4.1.2 Coordinate error 

As UAV aerial photography is carried out in a complex environment, it will be affected 

by many environmental factors. This makes it impossible for the UVA to maintain 

absolute relative stillness during aerial photography. However, the fluctuation 

amplitude of the UAV is too small, so the GPS positioning cannot grasp such a small 

change. Resulting in coordinate error of the algorithm. This error can only be 

effectively solved with the continuous upgrading of GPS positioning system. The up 

and down swing of UVA will change the translation parameters and the rotation 

coefficient. Furthermore, the Angle of laser transmitting from the laser ranging module 

is changed. This will affect the accuracy of laser ranging and result the errors. 

 
4.2 Experimental analysis 

By increasing the values of the translation parameter x, the translation parameter y 
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and the translation parameter z respectively, the variation rules of errors in various 

ways are observed. The three-dimensional coordinate system is established with the 

ground and the UAV as the origin, and the initial value is set: it is assumed that the 

position of the UAV is point A(1,1,1) in the coordinate system with the earth as the 

center. It is assumed that the position of the failure point in the rectangular coordinate 

system with UAV as the origin is B(0,0,-1); this keeps the rotation parameters fixed; 

the translation parameter is 1; the laser incidence Angle is 45; scale parameters default 

to 0 for ease of calculation. 

Point C(1.5,1,0.7071) is obtained through coordinate transformation by point B. Since 

the three-dimensional coordinates cannot well describe the error changes. So the 

distance between the points C and the points obtained under various modes to 

describe the error. 

' ' 2 ' 2 ' 2( 1.5) ( 1) ( 0.7071)D x y z     
                             (7) 

Changing a single translation parameter for analysis: Changing the parameters in the 

horizontal direction (x,y) will reduce the rotation parameters; When the vertical 

direction (z) parameter is changed, the rotation parameter will increase and the laser 

incidence Angle will increase. The experimental results are shown in Table 2. and figure 

4. 

Table 2 Rectangular Coordinates after Single Parameter Transformation 

control point 

Increase the 

translation 

parameter x 

Increase the 

translation 

parameter y 

Increase the 

translation 

parameter z 

x: 1.5 

y: 1 

z: 0.7071 

2.2048 

0.5108 

1.3546 

2.1254 

2.3648 

0.2912 

1.3311 

2.972 

1.4313 

 

2.7745 

0.049 

1.8170 

2.5736 

2.0915 

0.049 

1.0245 

3.1405 

2.317 

 

 

Figure 4 Error after Single Parameter Transformation 
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Changing the parameters of double translation for analysis: There are 12 conditions  

can occur when the parameters of double translation is changed. In either case, the 

rotation parameters and the incident Angle will change. Different from changing a 

single parameter, the simultaneous increase and decrease of two parameters are two 

different cases. There is no symmetry, so we need to analyze them one by one.As with 

changing a single parameter, changing the translation parameter in the vertical 

direction (z) will affect the error more than changing the translation parameter in the 

horizontal direction (x,y). The experimental results are shown in table 3 and 4. The 

error is estimated by calculating the distance from a large amount of data. Compared 

with the change of single parameter, the simultaneous change of two parameters will 

increase the error. 

Table 3 Rectangular Coordinates Transformed by Double Parameters 

control 

point 
x+y+ x+y- x-y+ x-y- x+z+ x+z- 

x: 1.5 

y: 1 

z: 0.7071 

2.7799 

0.7068 

0.8790 

 

1.6473 

0.0297 

1.5923 

 

1.2897 

1.2895 

0.1176 

 

0.6656 

0.7430 

0.7106 

 

2.6250 

0.0825 

2.6651 

 

2.0444 

0.1221 

1.0273 

 

 

Table 4 Rectangular Coordinates Transformed by Double Parameters 

control 

point 
x-z+ x-z- y+z+ y+z- y-z+ y-z- 

x: 1.5 

y: 1 

z: 0.7071 

2.5335 

1.8080 

0.7500 

1.0548 

0.7422 

0.2765 

3.4665 

1.1920 

0.7500 

1.7210 

0.9833 

1.1495 

2.1450 

0.8049 

0.0360 

1.0203 

0.0233 

0.5464 

 

Changing three translation parameters for analysis: There are 24 conditions will 

happen when you change three parameters. The results are shown in  figure 5.A large 

number of data are obtained through experiments and calculated. The variation of the 

three parameters will lead to the aggravation of the error. The reasons for this is very 

complex. Conclusion: the error caused by the increase of the translation parameters of 

x and y is much smaller than that caused by the increase of the translation parameters 

of z .(the increase of the z parameters will lead to increasing the laser incidence Angle 

and rotation parameters). The value of the error can be adjusted by changing the size 

of another parameter when one parameter is increased. 

The experiment assumes that the UAV and the fault point are in the same plane for 

analysis, and does not discuss the situation of laser incident Angle based on space too 
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much. However, the method to reduce error can also be found through analysis. When 

the UAV detects the fault point, if it cannot keep absolute relative static, it is an 

effective method to improve the measurement accuracy by not floating up and down as 

far as possible. Adjusting the incident Angle of the laser emitter according to the actual 

situation  can reduce the error, but this method needs to be combined with the reality. 

How to ensure the UAV does not float up and down and how to judge the translation 

parameters of UAV should be the main research direction of accurate positioning in the 

future. 

 

Figure 5 The Error Generated by The Transformation of The Three Parameters 

 

5. Conclusion 

A method for fault location of power lines has been proposed. A mathematical model is 

established to analyze the positioning error. The results show that the rotation 

parameters and the laser incidence angle were changed by changing the translation 

parameters. The errors in various modes is very complicated. The results show that the 

error can be reduced effectively if the rotation parameter is inversely related to the 

laser incident Angle. Otherwise, it will greatly increase the error. It is concluded that 

change the angle of laser incidence and reduce the fluctuation of UVA can reduce the 

error. 
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