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Abstract 

Structural Health monitoring of overhead cranes bridges by 

the traditional inspection system with wired and bulky 

instrumental technologies face many challenges during the 

harsh environment and under working condition. This paper 

proposes a portable wireless and efficient NDT method 

using the GMR sensor array technique for the identification 

of fatigue cracks in the bridges of travelling overhead 

cranes.  

In this paper, to enhance the efficiency of overhead cranes 

by minimizing the inspection time, a portable wireless robot 

combined with GMR (Giant Magnet Resistive) sensor and 

NDT technique is developed. This novel solution offers 

mobility, high accuracy and low power consumption. For 

the detection of cracks and defects in overhead crane bridge 

eight GMR (Giant Magneto Resistive) sensors NVE 

(AA006-02) placed linearly on a PCB board with equal 

distance. Two magnetic wheel of neodymium N42 located 

on both side of the GMR sensor array to magnetize the steel 

surface for accurate defect reorganization. Unlike MPI 

(Magnetic Particle Inspection) where a global magnetization 

requires for further inspection, this automated detection 

system only magnetize the surface area under the vicinity of 

GMR sensor array. The instrumentation circuit including 

eight high speed multiplexer, Operational amplifier, and one 

8 bit analog to digital converter. A PIC 877A 

microcontroller and raspberry pie was used to perform local 

data storage, data processing and controlling. In order to 

verify its performance and efficiency few experiments have 

been conducted in laboratory. This presented testing solution 

is quick and offers a step towards automated testing of 

overhead crane bridges. However, it improves the work 

efficiency and can meet the serious challenges within the 

inspection of overhead crane bridges.  

Keywords:  GMR Sensor Array, Non- destructive testing, 

Overhead crane bridges, Crack Inspection. 
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1. Introduction

Overhead cranes that carry heavy loads, transfer material in 

manufacturing and maintenance industries play a very 

important role in enhancing the efficiency by minimizing the 

downtime. Overhead cranes are commonly in use such as 

steel industries, automobile industries, construction, 

shipping industries etc. Inspection and health monitoring of 

overhead cranes bridges is critical, not only to prolong the 

normal functions of diverse facilities, but also to halt any 

structural failure. Current overhead crane bridges assessment 

method particularly relies on human inspection which is less 

reliable and accurate. Human inspection is limited by 

accessibility and lacks behind in automatic features. With 

high accuracy and stability, the traditional visual inspection 

system can inspect the formation of cracks and corrosion on 

metal surface and prevent the structural damage. However, 

restricted with bulky instruments, complicated wiring work 

and harsh environmental situation, this system requires more 

time and man power. In today’s competitive industry 
marketplace, this method doesn’t match with the economic 
requirement of the industries.  

Numerous overhead crane inspection methods have been 

reviewed in the literature including Sonar – IR [1]. 

 Imanishi. D [2] developed a system for the crack detection 

of steel structures using the thermoplastic effect. In this 

study a remote and efficient NDT method was proposed for 

detection of fatigue cracks in grinder of overhead crane by 

using the thermoelastic effect. Due to load into the girder of 

overhead crane, cracks formation occurs that can be detected 

by combination of high temperature amplitude area with low 

amplitude are by using thermography.  

K. Shin [9] proposed a system for health monitoring of steel

crane girder using PZT sensors. In this work detection of

cracks is carried out by using the Fast Fourier

Transformation(FFT) in frequency domain. A Co-herence

based NDT method was used to detect the damages.
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K.Q. Ding[ 10] developed a set of health monitoring and 

diagnosis system for crane based on Bragg grating sensors. 

In main parts of cranes, a fiber grating sensor are mounted 

and by analyzing the real time strain sensors data signal, the 

health condition of crane can be monitored.  

Out of wide range of inspection methods magnetic sensors 

such as magnetic particle, magnetic flux leakage, Hall Effect 

sensors offers an effectual means of crack detection in steel 

structure of overhead crane bridges. As the bridges of 

overhead crane are made of ferromagnetic material, it makes 

the use of magnetic sensors more operative.  

Magnetic sensors have many advantages (1) Ability to 

detect both surface and sub-surface defects (2) Non contact 

and nondestructive methods. (3) Requires less power supply  

Below figure 1.  Show an overview comparison of magnetic 

sensor in terms of sensitivity, cost and power consumption. 

Among other magnetic sensors, GMR sensor delivers lowest 

power consumption, smallest size and highest sensitivity. 

GMR sensors offer linear output and can operate under wide 

range of temperature.  

 
Figure 1:  Comparison of Magnetic sensor based on cost and 

power supply. 

 

The main objective of this work is to develop wireless 

automated crack detection and monitoring method for 

detection of cracks on overhead crane bridges by using eight 

channel GMR sensor array. A wireless sensor network 

technology has been developed for the structural monitoring 

of overhead crane bridges. A unique structural robot has 

been built, equipped with four permanent magnetic wheels 

of Neodymium N42 for climbing operation on overhead 

crane bridges. The robot can climb on 90 degree vertical 

surface as well as on inverted surfaces of overhead crane 

bridges by carrying   the designed sensor system unit to 

perform the monitoring operation. The robot can easily roll 

over concave and convex surface and can perform the 

inspection task. The major advantages of this method are 

low cost, automated and high efficiency.  

This paper mainly focuses on the research points: 

Introduction and Motivation (Section 1); GMR sensor effect 

and characteristics (Section 2); Eight Channel GMR Sensor 

array design and connections (Section3); Overhead cranes 

bridge defect detection and results (Section 4); Conclusion 

(Section5 ).  

 

 

2. GMR Sensor Effect & Characteristics   

2.1. Overview of GMR Effect 

Giant magneto- resistance (GMR) effect is a quantum 

mechanical magneto- resistance effect that can be spotted 

out in ultra- thin film structures composed of alternating 

ferromagnetic and non- ferromagnetic layers. In the year 

1988, the invention of giant magnetoresistance (GMR) gave 

a new prospective to the researchers for better understanding 

of polarized carriers in the ferromagnetic materials and a 

new way to apply it for nondestructive testing [3]. 

GMR sensor has high bandwidth and sensitivity independent 

of magnetic field. Due to these features it is drawing interest 

of many researchers and widely used in various applications. 

Low power source and small dimension of GMR sensor is 

another eye catching feature. GMR sensor is capable to 

detect magnetic field vector along the axis of the sensing 

direction [4]. By comparing the change of resistance of 

GMR and the AMR (anisotropic magneto resistors) a 

noticeable change of 10 to 20 % can be seen in GMR 

materials. 

From the constructional point, a GMR film consists of two 

or more magnetic layers of thickness of few nano meters, 

isolated by non- magnetic layers.  The thicknesses of the 

layers between the GMR sensors are critical to thickness. 

Only in case of is suitable thickness, polarized conduction 

electrons forms an anti- ferromagnetic coupling between the 

adjacent ferromagnetic layers, by creating an energetically 

layer for magnetizations of adjacent layers to align in an 

anti- parallelization. [5]  

The commonly used material in GMR sensor are 

ferromagnetic (Fe, Co, Ni, and alloys) and non- 

ferromagnetic (Cr, Cu, Ru)  materials with saturation field 

below 100 Oe and GMR over 10 % [6]. 

2.2. NVE Corporation’s AA006-02 GMR Sensor 

At first an arrangement of eight Si1102 GMR were used for 

the sensor array. Later for better results eight NVE’s 
AA006-2 GMR sensor were selected for the sensor array. 

NVE GMR sensors have some advantages and features: 

➢ It has in- built wheat stone bridge for temperature 

compensation.  

➢ GMR sensor lift off value has less effect on output 

➢ Ability to detect both the negative and positive 

magnetic field in the sensitivity direction  

➢ Ability and reliable for detection of low sensing 

magnetic field. 

 

Table 1: GMR NVE AA006-02 properties 

Linear Range: 5.0-3.5 Oe Sensitivity: 0.9 – 1.3 mV/V 

Max. Nonlinearity : 2%  Max. Hysteresis : 4%  

Max. Operating 

Temperature: 125°C  

Typical Resistance: 30 Kῼ 

Max. Output: 350mV  Bandwidth: 0 (DC)- 1 MHz  
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2.3. Principle of Operation  

The wireless sensing unit is composed by a series of 

magnets and GMR sensors. The Magnet (NeFeB N42 grade) 

has a diameter of 10mm and a height of 5mm. The 

arrangement of GMR sensor and magnet is asymmetrical 

and are separated by a distance of 13mm along the center of 

each other. By the asymmetrical arrangement of magnets 

and GMR sensor, GMR sensor offers bi-polar output voltage 

[7].   

GMR sensor consists of four resistors in an arrangement of a 

Wheatstone bridge configuration. Two resistors perform 

sensitivity function and other two resistors are magnetically 

shielded by a layer of material of high magnetic 

permeability that also helps to act a magnetic flux 

concentrator in two resistors for sensitivity.  Depending on 

the axis of the sensitivity along the inspection surface area, 

GMR sensor detects the components magnetic flux leakage. 

In case when the sensitivity is coplanar along the inspection 

area, GMR sensor identifies the tangential component (Hx) 

of the magnetic flux leakage.  

In a case when sensing unit of GMR sensor is far from the 

steel surface, the GMR sensor through a constant output 

depending on tangential magnetic field component of 

magnet mounted on the sensor. When the sensing unit 

approaches the cracks in ferromagnetic structure, a variation 

in the resultant of magnetization can be noticed, that over all 

affect the GMR sensor output and Hx component.  

 

3. Design & Implementation of GMR Sensor 

Array  

 

This section presents the design strategies of GMR sensor 

array with Raspberrypi3. The wireless sensing unit   

consists of power supply circuit (PSC), router to establish a 

wireless communication, Rasberryi3, GMR sensor array 

with an analog to digital converter (ADC). In addition, a 

data acquisition (DAQ) system, ADC Pi is used to convert 

the analog sensor signal to digital signal for graphical 

display.  Below figure 2 shows the overall arrangement of 

sensing unit with GMR sensor on Rasberrypi3. 

 

Figure 2:  Block diagram of GMR sensor and Rasberrypi3 

 

 

 

A Pi camera mounted at the front of the sensing unit will be 

able to capture the visual condition of the steel surface. 

Captured video can be live stream to a remote location and 

can be stored for further analysis.  

 

 

                               Figure.3 Pi Camera  

 

Figure 4 shows the block diagram of the experimental setup 

for the crack detection.  In this experiment steel surface of 

thickness 5mm are magnetized with the help of permanent 

magnetic wheels of the robot. A voltage of 5.15 V is 

supplied to GMR Sensor of NVE AA006-02. In order to get 

the amplified output voltage, a differential amplifier of gain 

10 times is used. In order to control the motion of robot and 

overall sensing system movement, a mobile platform is 

created by using GSM. By creating a IP address for router, 

and using the same IP same address, we can live stream the 

video as well as the GMR sensor output voltage on a remote 

computer. This real time data can be stored in the PC for the 

further reference. 

 

 

Figure 4. Block Diagram of Wireless setup. 

 

In addition, a DAQ (Data Acquisition) system was 

developed for the storage of the real time data. As the 

sensing unit is mounted on the robot, the whole 

measurement system is controlled wirelessly from a remote 

location. The movement of the sensing unit can be 

controlled by two ways.  

1.  By manually operating the joystick from remote location  
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2. By entering the GPS co-ordinates for a particular 

inspection area.   

 

 
            Figure5:  Flow Diagram of Data Acqusition  

   

3.1. Detection Mechanism Simulation   

By performing the FEMM method, the mechanism of 

detection of permanent magnet excitation and calibration of 

vertical component of magnetic flux density on the steel 

surface is shown in figure 6. The array of eight GMR sensor 

scans parallel to the x-axis with lift off value of h= 5 mm 

minimum robot speed of  V= 0.001 mm/s.   

 

 
Figure.6.  Relation between the magnetic flux density and  

lift off values  

 

Here the simulation of magnetic flux densities with varying lift 

off values is shown in figure. In case of GMR sensor lift off is 

very less as compare to eddy current method. Three different 

lift off values 2mm, 5mm, and 10mm assigned for the sensor 

placement. As the lift off values increases from 2mm to 10mm , 

the direction of magnetic, there is a change in the vertical 

component of magnetic field.  This change in vertical 

component of magnetic field induces the change in output of 

GMR sensor. So below 10mm any value can be suitable for the 

lift off value as it does not affect so much the GMR sensor 

output.  

 

 

As the sensing unit is mounted on the robot at h= 5mm lift off, 

the whole measurement system is controlled wirelessly from a 

remote location. The movement of the sensing unit can be 

controlled by two ways.  

1. By manually operating the joystick from remote location  

2. By entering the GPS co-ordinates for a particular 

inspection area.   

In order to achieve the output voltage of GMR sensor on 

cracks, an experiment was conducted on the steel plates of 

having thickness 5mm consisting of defects of varying size 

and depth.  

The artificial profiles of cracks in steel plates of 5mm are: 

Depth = 0.5 mm, 1mm, 1.5mm, 2.0mm, 2.5 mm and 3mm 

Width = 0.5mm and 1mm  

An array of eight GMR sensor of NVE AA002-02 is used 

for detection of cracks. Here Figure 7 represents the 

response of GMR sensor under varying parallel magnetic 

field applied in the direction of sensitivity. 

 

 
Figure 7:  GMR sensor response under applied magnetic 

field [8] 

 

Below figure 8 shows the arrangement of eight NVE 

AA002-02 GMR sensor array in between the two permanent 

magnetic wheels (NeFeB N42) and magnetic field 

distribution on steel surface area. Similarly figure B shows 

the variation in magnetic field distribution in defective 

reason.  
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Figure 8: (a) Arrangement of GMR sensor array and 

magnetic field under no defect   (B) Distribution of magnetic 

field under defective reason 

3.2. Flow Diagram of Data  

In order to ordinate defect signal with a suitable signal to 

noise ratio, is it necessary to record the sensor signals and 

process these signals for signal conditioning in order to get 

rid of noise. An amplifier is required to enhance the signal. 

Here the challenge is to keep the sensing unit small and light 

in weight. On PCB board due to size constraint, we have 

used multiplexer. 

 

 

 

 
           Figure.8 Flow diagram of detection system with robot 

  

3.3. Arrangement of GMR Sensor  

 

As the GMR sensor array was placed between the two 

magnetic wheels made of neodymium N42 permanent 

magnets. These magnetic wheels contribute in magnetizing 

the inspection surface. The small magnets placed above the 

GMR sensor also contributes in magnetizing the steel 

surface 

In order to achieve the best results from the sensor array, 

GMR sensor array kept at a certain height from the 

inspection area. As shown below in figure 9. 

The development of a GMR sensor array is carried out for 

the detection the defects and metal loss due to corrosion. To 

make the GMR sensor array lightweight, eight NVE’s 
AA006-2 mounted on a PCB (Printed Circuit Board) board 

with small Hall sensors. The eight GMR sensors are placed 

horizontally on PCB board with a distance of 10mm among 

each other. Hall sensors are fixed just above the GMR 

Sensor. As the GMR sensor array was placed between the 

two magnetic wheels made of neodymium N42 permanent 

magnets. These magnetic wheels contribute in magnetizing 

the inspection surface. To achieve proper results from each 

GMR sensor, we have placed the three small neodymium 

N42 magnets in between the GMR sensor array. Three rings 

of neodymium N42 magnet are place between sensor 

number sensor 3 and sensor 6.  

 

 
 

Figure.9 GMR sensor mounting on the rear wheel axle of 

robot 
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4. Conclusion 

In this paper a wireless sensing unit for the crack detection 

equipped with NVE’s AA002-2 GMR sensor was designed 

for a four magnetic wheeled autonomous climbing robot. 

This system employs eight high sensitive GMR sensors 

mounted a printed circuit board in an asymmetrical pattern 

with hall sensors and permanent magnets. No external 

excitation source or current required for inducing the 

magnetic field. The magnetic field was induced by the 

magnetic wheels of the robot and the small magnets placed 

above the GMR sensor in PCB circuit. Instrumentation 

consists of power supply circuit (PSC), router to establish a 

wireless communication, Rasberryi3, GMR sensor array 

with an analog to digital converter (ADC). In addition, a 

data acquisition (DAQ) system, ADC Pi is used to convert 

the analog sensor signal to digital. The designed system can 

detect various types of defects by giving a variation in 

output of GMR sensor. If surface is without defect, the 

output of GMR sensor becomes constant. Lesser will be the 

distance between bridge surface and sensor, larger will be 

the change in resistance. The output waveforms are in sine 

forms representing defects with varying shape, size and 

orientation. The arrangement of GMR sensors are in such 

that it can measure the cracks located at different angles. By 

using this designed system, it is feasible to identify the 

fatigue cracks in overhead crane bridges.    
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