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Abstract — It is an important means using metallic pipeline detector to survey the position, depth and direction of city 
underground pipelines. Due to the complicated city environment and interference signals, problems will be much more complicated 
than the theoretical prediction during underground pipeline detection. According to years of development experience, theory and a 
large number of experiments, an electromagnetic induction method was used and an effective horizontal positioning algorithm is 
proposed which can reasonably guide detection personnel to find the target line as soon as possible. This algorithm can improve the 
efficiency of horizontal positioning and the accuracy can be controlled within ± 3% buried depth. 
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I. INTRODUCTION 

In recent years, large and medium-sized cities have been 
expanded rapidly in China with the progress of urbanization. 
City construction, science and technology developed so fast 
that the original city plan cannot match it. In addition, the 
laying and management of underground pipeline belong to 
multiple departments, therefore, the unified planning and 
management cannot be implemented. The consequence is 
that large amount of underground pipeline is disorderly and 
there is no complete and sound underground pipeline data 
maintenance in any department. Each year, economic losses 
caused by the pipeline accidents due to construction reach up 
to hundreds of billion RMB [1]. Therefore it is very essential 
to enhance the detection and management of underground 
pipelines for the normal operation of city function [2]. 

At the end of nineteenth century, people began to study 
and apply the underground pipeline detection [3]. More and 
more technologies and methods were gradually mature. 
However, more and more types and number of pipeline were 
emerged with the development of new technologies. In order 
to be adapted to the new situation, many researchers have 
conducted the deep research to the pipeline detection 
technology, among which the electromagnetic induction was 
widely applied in the city underground pipeline detection and 
aroused the attention of researchers [4-8]. The receipted 
signal will be interfered because of the more and more 
intensive underground pipeline, which affected the accuracy 
of detection. Therefore, this paper will research using 
electromagnetic induction method to accurately ensure the 
horizontal position of target when detecting the underground 
pipeline. 

An effective horizontal positioning algorithm is proposed 
according to years of development experience, theory and a 
large number of experiments. 

II. BASIC PRINCIPLE OF HORIZONTAL POSITIONING  

 

Figure 1．Working principle of electromagnetic induction method 

As shown in the Fig.1, by offering the transmitting coil 
(rectangular)with harmonic current by transmitter, harmonic 
magnetic field is set up in the underground. Buried metallic 
pipeline produces secondary current in the harmonic 
magnetic field[9]. The process is derived as follows: 

When an alternating current 
tieII 

101  is passed through 
the coil of transmitter, an alternating magnetic field 

tieHH 
101  which is sufficiently strong can be produced 

around the periphery. Then the induction electromotive force 
e  is formed in the underground metallic pipeline. 
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(1) 
In the type(1), M represents the inductance coefficient 

between the coil of transmitter and the underground metallic 
pipeline. It can be determined by the shape, separation 
distance, position and other factors of the transmitter and 
underground metallic pipeline. The underground metallic 
pipeline and earth can be regarded as the resonant circuit 
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with resistance R and inductance L. Induced current 2I is 
formed in the equivalent circuit. 
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If the transmitter can be directly connected to the pipeline 

to be measured, then 21 II  . 2I  can forms a secondary field 
around the pipeline. The magnetic field intensity of a point  
in the secondary field is expressed by B. 

Assume that there is a underground metallic pipeline 
with an effective length of L, containing secondary current 

2I , as it is shown in Fig.2.The so-called effective length is 
the length of the secondary current that can be observed in 
the underground pipeline, it depends on the transmit power 
and position of the transmitter. P is an arbitrary point. The 
vertical distance from the point P to the underground 
pipeline is a . The magnetic field intensity of P can be 
derived as follows: 
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(2) When the pipeline is half infinite, 01  , 22
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 (3)When P is in the extended line of pipeline, 0B ; 
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 (5) If P is a point above the ground, the secondary 
magnetic field intensity is the strongest when P is just above 
the underground metallic pipeline. 

 

Figure 2.  The magnetic field of a long straight pipeline carrying current  

Through the coil of receiver, the strength of magnetic 
field produced by secondary current can be determined. 
Eventually, the accurate location can be calculated. 

 

Figure 3. I-shaped coil in the receiver 

This paper takes the I-shaped coil which is often used in 
the receiver as an example. It can be seen from Fig.3.Coil1 is 
mainly used for the pipeline location, while the horizontal 
coil2/coil3 is mainly used for detecting depth of pipeline by 
gradient method. When the receiver is just above the 
pipeline, magnetic flux through the coil1 is 0,and the 
magnetic induction intensity is 0,while the magnetic flux 
through the horizontal coil2/coil3 reaches the maximum, and 
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so it does the magnetic induction intensity. By this means, 
the position of pipeline can be determined. Using the phase 
of coil2 and coil1,it can be determined whether the receiver 
is located on the left or right of the pipeline. The worker can 
move to the point just above the pipeline according to the 
arrow on the indicator. Specific algorithm will be described 
in the following. 

III. HARDWARE SYSTEM FRAME DESIGN  

 

Figure 4. Transmitter system design framework 

 

Figure 5. Receiver system design framework 

As shown in the  Fig.4, alternating frequency module can 
produce low frequency sinusoidal signals with different 
frequencies. Through filtering, amplification, feedback and 
other modules, a number of high SNR(signal-noise ratio) 
sinusoidal signals can be obtained with different power and 
frequencies. HMI(Human Machine Interface) can help us 
choose the signal frequency and adjust the signal power.  

In the Fig5., receiving module includes 3 coils which can 
receive the horizontal component of secondary field and 
produce induction electromotive force which can be 
transformed into voltage signals. These signals are amplified, 
filtered, amplified and converted into 0-5V signals. 

IV. HORIZONTAL POSITIONING ALGORITHM  

It is essential to confirm the condition of four kinds of 
display model in the horizontal position algorithm of 
underground pipeline. Four kinds of display models are 

display the left arrow, display the right arrow, display two 
arrows simultaneously, and no display, which are as follows 
in Fig.6. 

But it does not mean that the arrow must be displayed no 
matter where the detector is. The arrow will not be displayed 
when detector is far from the pipeline to be measured (the 
general distance is more than twice of buried depth), or the 
buried depth is more than 5 m, or the coil is parallel to the 
pipeline to be measured (the magnetic flux through the coil is 
0), or the signal is very weak. The magnetic induction 
intensity of vertical coil is 0 in theory when the detector is 
above the pipeline to be measured. In practice, the data 
collected could not necessarily zero due to the complex city 
environment and interference signals. It is necessarily to set a 
threshold within which the left and right arrow will be 
displayed at the same time. When this happens, it means that 
the detector is above the pipeline to be measured. 

 

Figure 6.  Instruction pipeline position when deviating from or near the 
pipeline 

A. Left and right indication algorithm  

The changes of magnetic field component can be seen 
from Fig.7 when the detector moves on both sides of the 
pipeline to be measured [10]. The transmitter signal is a 
sinusoidal signal with a fixed frequency. When the detector 
locates on the left side of pipeline to be measured, the current 
signals generated by the vertical and horizontal induction 
coil are in same phase. When the detector locates on the right 
side of pipeline to be measured, the current signals generated 
by the vertical and horizontal induction coil are in anti phase. 
Phase difference is 0 when the current signal is in same 
phase and 180o when the current signal is in antiphase. The 
algorithm of judging the phase difference of vertical and 
horizontal coil is shown as follows: 

 

Figure 7. phase characteristics of induction current generated by the 
vertical coil and lower horizontal coil 
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Let induction signal of vertical coil 

. )()sin()()()( 1111 tntAtntsty                    
(6)            

Let induction signal of lower horizontal coil 
)()sin()()()( 2222 tntBtntstx                           

(7) 

Where, 1( )s t  and 2 ( )s t  are useful signal, 1( )n t  and 2 ( )n t  

are noise signal, 1 and 2  are the initial phase of vertical and 
lower horizontal coil respectively. 

The cross-correlation functions for ( )x t  and ( )y t  is 
( )xyR 

[11]. 

)()()()(

)]()()][()([)(

21212121

2211





nnsnnsss

xy

RRRR

tntstntsER





      (8) 
Because it is irrelevant between noise signals, and noise 

signal and useful signal, it can be deduced as follows: 
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According to 1 2  , it can be judged the detector is on 

the left ( 1 2  =0) or right ( 1 2 180    ) of the metallic 
pipeline to be measured. 

But in fact, 1 2  is not likely to be  0 or 180°because 
of the variety of interference. In order to observe the phase 
difference between the coil1 and coil2 in the process of 
receiver movement, a real buried optical cable with depth 
from 0.5 to 1.5m was tested. Point A-G shown in Fig.8 is 
measured on the ground. The results are shown in the Table 
1. 

 

Figure 8. Phase difference test 

TABLE I   THE RESULT OF PHASE DIFFERENCE TEST 

Emission 
frequency(Hz) 

Emission 
Current(mA) 

buried 
Depth(m) 

Phase difference(Arc)  

A B C D E F G 

512 34.5 0.5 0.071 0.047 0.064 1.51 3.062 3.088 3.065 

512 34.5 1 0.074 0.061 0.068 1.48 3.075 3.093 3.072 

512 34.5 1.5 0.069 0.053 0.075 1.46 3.079 3.11 3.069 

1k 34.5 0.5 0.053 0.06 0.059 1.49 3.07 3.09 3.071 

1k 34.5 1 0.072 0.067 0.048 1.5 3.087 3.096 3.078 

1k 34.5 1.5 0.065 0.057 0.072 1.38 3.092 3.085 3.12 

B. Indication algorithm with the detector is just above 
the pipeline to be measured  

When the detector moves around the metallic pipeline to 
be measured as shown in Fig.9, h is the vertical distance 
between the lower vertical coil and buried pipeline to be 
measured. 19.05 is the distance between the centre point of 
horizontal coil and axis of lower vertical coil, the unit is cm. 

xB  of lower coil can be deduced from Figure 4 as 

2 22
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  , magnetic field intensity of 

vertical coil
2 22 [ ( 19.05) ]c
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Let 
2 2[ ( 19.05) ]
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  , when the buried depth h is a 
definite value, the magnetic field intensity of horizontal and 
vertical coil changes with the increase of horizontal moving 
distance as shown in Fig.10 and 11. 
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Figure 9. The magnetic field intensity away from the pipeline to be 
measured 

 

Figure 10. The relationship between the magnetic field intensity variation 
of lower vertical coil and horizontal moving distance (X unit: cm) 

 

Figure 11. The relationship between the magnetic field intensity variation 
of horizontal coil and horizontal moving distance (X unit: cm) 

When the detector is just above the metallic pipeline to 

be measured, the value of 1s  is 0 and 2s  reaches the 
maximum. Usually, it is judged by peak method and valley 
value method to see whether the detector lies on the right 
above of pipeline to be measured. A range not a point is set 
when the detector is on the right above of pipeline to be 
measured in order to detect conveniently. It is unreasonable 
to use an absolute threshold because the intensity of signal is 
influenced by a number of factors, such as the current of 
transmit, buried depth, distance from the transmitter, external 
disturbance, etc. A relative threshold is adopted, the details 
are as follows: 

Let 
' ( ) /x c xk B B B  , 

'k  is 1 in theory when the 
detector lies on the right above of the pipeline to be 
measured. Position indication can be limited to a range by 

setting 
'k . 

C. No display algorithm  

The detector far away from buried pipeline 

 

Figure 12. The magnetic field intensity variation of two horizontal coils 
away from the pipeline to be measured 

According to Biot-Safar theorem, the magnetic field 
intensity of the two vertical coils at the position as shown in 

Fig.12 is as follows ( xB  and sB  is the magnetic field 
intensity of the lower and upper vertical coil respectively): 
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Where,   is magnetic conductivity of soil medium, I  is 

induced current of the pipeline to be measured. The distance 
between the upper and lower vertical coil is 38.1 cm which is 
decided by distribution of 3 coils (two vertical and one 
horizontal) on the circuit. 
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, the magnetic field intensity of the upper and 

lower coil is equal. That is 
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2 2 38.1x h h   can be obtained after simplification. The 

relationship between x  and h  is as shown in Fig.13. When 
2 2 38.1x h h  , then s xB B , on the contrary, s xB B . It 

can be identified that horizontal distance exceeds the buried 
depth of pipeline to be measured. In order to reduce the 
detection search range, it can be set that position indicator 

will disappear when s xB B . If you want to expand the 

search range detection, it can be set that s xB kB , k >1, and 
k  should be determined according to the needs and 
experimental data. 

 

Figure 13. The relationship between the horizontal moving distance and buried depth (the magnetic field intensity of the upper and lower coil is identical) 

The vertical coil of detector is parallel to buried pipeline 
to be measured 

 

 

Figure 14. Variation of magnetic field intensity with vertical coil rotating in 
a horizontal plane   

The detector can be seen from the Fig.14 as follows, 
when it rotates in the horizontal plane: 
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The vertical coil of detector is parallel to the buried 

pipeline to be measured when 0  , and both xB  and sB are 

0 in this case. xB  and sB  are growing with the increasing of 
 .When 90  ,the vertical coil of detector is vertical to the 

buried pipeline to be measured and both xB  and sB  reach 

the maximum. The magnetic field intensity cB  of vertical 
coil does not change during the rotation. In reality, when 

0  , xB  and sB  are not 0 due to a variety of external 
interference in the actual testing process. But it is relatively 
small. In order to improve the detection efficiency, a 

threshold kB  is set when   is in a very small range. Once 

the magnetic field intensity is less than kB , position 
indicating arrow will not be displayed anymore. 

IV. EXPERIMENTAL DATA  

To validate the algorithm, a 200 m long wire was laid on 
the ground with one end on the ground and the other end was 
connected with the transmitter in the laboratory. A 2m high 
experimental frame was made to fix the detector vertically to 
help the detector move up and down along the slide-way. In 
order to accurately measure the distance, a laser measuring 
instrument was fixed on the bottom of detector. Horizontal 
positioning error can also be measured by the red light 
emitted by laser measuring instrument. Experimental frame 
can be moved around the wire. Experimental personnel stood 
on the ladder of humanoid to observe the positioning 
indicator. 

Before the experiment, 1 2  was set as 0.08, 

if 1 2  <0.08,then the detector is on the left of pipeline; If 

1 2  >3.06, then the detector is on the right of 

pipeline.Coefficients of detector were set as 
'k ≥0.95, k ≥1.5, 

BK≤10. The result of experiment can be seen from Table 2. 
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TABLE II EXPERIMENTAL DATA OF HORIZONTAL POSITIONING ERROR 

Serial 
number 

Frequency 
of 

transmitter 
(Hz) 

Emission 
current 
(mA) 

Buried 
depth 
(cm) 

Horizontal 
positioning 
error (cm) 

Relative 
error (%) 

1 512 40 50 ±1 ±2.4 
2 512 40 80 ±2 ±2.5 
3 512 40 100 ±3 ±3 
4 512 40 150 ±4 ±2.7 
5 512 40 180 ±5 ±2.8 
6 1K 20 70 ±2 ±2.9 
7 1K 20 90 ±2.5 ±2.8 
8 1K 20 110 ±2 ±1.8 
9 1K 20 130 ±3 ±2.3 
10 1K 20 150 ±4 ±2.7 
11 1K 20 170 ±5 ±3 
12 1K 20 180 ±5 ±2.8 
In addition, displaying content of positioning indicator 

met the set range. In order to further verify the reliability of 
the algorithm; experimental personnel went to a real cable 
buried site in Hebei province to test and compared with the 
test result of LD4000. It was proved that the range of 
horizontal positioning error is less than that of LD4000. 
Displaying content of positioning indicator met the set range. 

V. CONCLUSION 

The above research proves that the horizontal positioning 
algorithm is stable, reliable and has higher precision than the 
similar products. With the limitation of experimental site and 
number, universality of the algorithm needs to be further 
validated in different sites and environments. 
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