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Abstract 
MFL (Magnetic Flux Leakage) inspection is one of the most commonly used methods for detecting corrosion 

defects in pipelines. Normally, an MFL system is divided into three parts: in-pipe inspector, out-of-pipe locating 

system and data analyzing system, and AGM (Above Ground Marker) is a crucial device to locate the corrosion.  

With the fact that most currently existing AGM devices lack flexibility and their data communication is 

cumbersome, a high-precision AGM system, which operates simply and automatically, was developed for MFL 

systems. According to the analysis of the specifications and functional goal of AGM, a piece of hardware was 
designed and developed, including recharging, power supplying, signal processing and controlling blocks. 

Corresponding software for timing and data acquisition was also developed, and verified by experiments. The 

results indicated that the signal of an in-pipe inspector, passing by the AGM at the level of 3 meters deep 

underground, could be effectively detected. 
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1. Introduction 
Pipeline transport, one of five basic modes of transportation, is a kind of transportation 

based on pipelines, mainly used for delivering gas, petroleum and chemical products. It is a 

very important aspect of the trunk movement in Chinese transportation network. During the 

11
th
 five-year (2006-2010) development of China, the oil and gas pipelines in China increase 

at a marvelous speed of 5,000 kilometers per year. 

During the long-term service, defects may appear on the pipe wall for reasons like 

corrosion, internal or external mechanical forces, endangering the safety of people’s lives and 

property. There arise the call of tests to the safety and integrity of pipelines. Over the years, a 

number of inspection methods have been developed for detecting the defects in pipe walls, 

such as visual, X-ray, ultrasonic, and magnetic particle[1], among which, magnetic flux 

leakage (MFL) is the most widely used method for gas pipeline inspection and has established 

its unique advantages[2][3]. 

Normally, an MFL inspection system consists of three major parts, in-pipe inspector, 

out-of-pipe locating system and data analyzing system. Locating system plays the crucial role 

of precisely locating the defect, which can avoid unnecessary dig-out and reduce a wealth of 

cost and downtime for maintenance of the pipe. Above Ground Marker (AGM) is the 

principal part of the out-of-pipe locating system. It achieves the precise locating of the defect 

by marking the very time when PIG passes by below. 
 

2. Working Principle 
The MFL in-pipe inspector is also called a PIG because of the pig-like squealing noise 

made by its progress. When the PIG is propelled by gas or oil in the transmission pipeline, an 

odometer wheel, which is assembled on the inspector, will turn with it and marks the distance 

it has travelled. The odometer wheel may mark the location of the defect theoretically, 

however, for reasons like the structural error of the odometer wheel, the change in diameter of 

the odometer wheel due to mechanical wear, slippage and so on, the value that it marks may 
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not agree with the actual distance. Statistically, an error of 1 meter accumulates when the PIG 

travels every 1 km [4]. For modern long-range transmission pipelines whose length usually 

exceeds 200 km, the accumulated error may reach a value unbearable, and will lead to the 

failure to inspection. 

Above ground marking system is designed to correct this error accumulation. Its main 

task is to mark the exact time when the inspector passes by below. 

Usually, an above ground marker is buried along the route of transmission pipeline every 

1 to 2 km, right above the pipeline, as shown in figure.1. Timing counters on all markers 

should be synchronized with the one on the PIG. During a full process of inspection, all 

markers make a record of the time when the inspector passes by. Assuming that the location 

(represented by the distance between the position and the start point) of the marker which the 

inspector has just passed by is
i

L , the time when it passes is 
i

t (it can be read from the record 

of the marker), then the actual location of the defect can be corrected as follow, 

 

LttLL
ii
 )(                               (1) 

 

where t  is the time when the PIG detects a defect, and L  is the distance that the PIG 

travels corresponding to the minimum time interval of the timing counters. Thus, the error 

between an actual location and the record of the odometer wheel can be restricted to a 

maximum of 1 to 2 meters.  

 

 
Figure.1 working principle of above ground marking system 

 

3. Design of the above ground marking system 
3.1.Design of the above ground marker (hardware) 

Reference [5] summarized the design and improvement schemes of AGMs over the years. 

To sum up, since an above ground marker should promise a reliable operation in the natural 

environment without power supply for a long time (a full process of inspection may last for 

tens of hours), its development is required to observe the following principles: (1)employing a 

stable source clock with high precision and strong capacity of resisting disturbance, (2)highly 

sensitive to magnetic flux leakage, (3)low consumption and employing an independent power 

source, and (4)low cost. 

The scheme design of the AGM is showed in figure 2. The signals collected from the Hall 

sensor pass through the filter and get amplified, and are then sampled by the A/D converter of 

the micro control unit (MCU) to form a data array. If ever the data array reflects the signal 

induced by the change of magnetic field caused by the pass of the PIG, the corresponding 

timing counter value will be put into the flash memory of the MCU. 

Hall sensor is adopted here for it offers a high sensitivity to the magnetic field [6] and its 

sensitivity can be easily adjusted by computer programming to meet the needs of different 

projects.  

Lead acid battery is adopted to supply power for the portable system. Lead acid battery 

has no memory effect and low self-discharge rate, while its gravimetric/volumetric specific 



energy is comparatively small. However, considering its service in wild nature, a certain 

weight may add to its physical stability in bad weather/environment. Besides, as the 

technology develops, lead acid battery evolves to Valve-Regulated Lead Acid (VRLA) battery, 

whose advantage is being free-of –maintenance, safer, cleaner and having more specific 

energy (twice as much as normal lead acid battery) and a longer life(10 years for average) , 

and it still cost the least compared with Li-ion Battery, NiCd Battery and NiMH Battery. 

 

 
Figure.2 scheme design of the above ground marker 

 

A large number of AGMs will be utilized during a full inspection, but little information 

(only the timing counter value and a short period of data samples) should be sent from an 

AGM. So every AGM is connected to the host computer via a wireless interface, to simplify 

operation and raise the efficiency. It also gets its time synchronized with the inspector via this 

wireless interface. 

To satisfy the need for portability and battery charging, a suitcase is designed and 

produced. Every suitcase contains 10 markers and charges them at the same time.  
 

3.2.Design of corresponding software 
Corresponding software includes 4 aspects: time count, data acquisition, interference 

elimination and communication. 

According to the setting of the Hall sensor, the signals induced when the PIG passes by 

will form a half sine-like waveform, and the time when the signal reaches its peak is the exact 

time when the PIG get to the intersection point between the axis of AGM and the pipeline. 

Interference elimination is mainly based on the fact that the amplitude and waveform of 

interference is different from that of a real case. The flow diagram is showed as figure 3. 

Communication programs are set as interrupt routines. When AGM receives time 

information from the inspector, it reset its own timing counter value with this time value. 

When AGM receives requirements from the host computer, the marked time values (marking 

the time when PIG passes by) are sent back. 
 

4. Experiment and results 
Finite element analysis shows that the density of magnetic field at the level of 3 meters 

above the inspector is of the order of 1 Gs. Helmholtz coils are employed to produce such a 

field and an AGM moves inside from left to right, to simulate the situation that an inspector 

passes by from right to left. Sampled at the rate of 10 kHz, with the inspector moving at the 

speed of 5m/s, about 100 samples are recorded to form the waveform, as in figure 4. Results 



show that the system can effectively recognize and catch the signals induced by the change of 

the magnetic field when the PIG passes by. 

 

 

 
Figure.4 data and waveform from experiment 

 

Figure.3 flow diagram of corresponding 

software 
 

 

5. Discussion and Conclusion 
Based on a specific analysis to the working principle and techniques of above ground 

marking system, a portable high-precision above ground marker is developed and 

corresponding software is written. Experiments indicate that this system can precisely detect 

the signal of an in-pipe inspector, passing by the AGM at the level of 3 meters deep 

underground. The AGM is connected to the inspector and host computer via a wireless 

interface, to simplify operation and raise the efficiency.  

Since it is rare that a Hall sensor is employed in an above ground marking system, its 

parameter settings and countermeasures to interference are worthy of further discussion. 
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