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Abstract  

Overhead crane plays a vital role in almost all industries, and work under many harsh environmental conditions. 

Repetitive heavy loading and harsh environmental situations cause structural failure of overhead crane bridges. 

Corrosion is one of the major causes of structural failures. Regular and effective monitoring can contribute to 

minimizing the structural failures. This research work proposed an automated robot MILA3D for the inspection 

of steel structures, particularly for overhead crane bridges. MILA3D can perform crack detection and corrosion 

detection by using NDT technique and 16 channel GMR (Giant Magneto-Resistance) sensor array.  Designed 

magnetic wheel not only provides adhesion forces to climb on a vertical surface but also contribute to the 

detection of defects & flaws into steel surface by emitting a magnetic field. The MILA3D robot have some 

special features like compact & flexible structure, fully autonomous, collects data and send back to the remote 

location station for real-time monitoring as well as also enables to create a 3D map of the inspection area. The 

proposed method provides a noticeable contribution in deprecating the limitations of recent overhead crane 

bridges inspection methods by providing a cost economical and effective solution by using the GMR sensor and 

NDT technologies.  
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1.  Introduction 
 

Overhead cranes are essential elements for the material handling particularly in steel plants. 

The key factors playing a vital role in the operation of the overhead crane in material 

handling are good displacement, carry the technical process, storage of good for a limited 

time frame. At present, almost all industries have overhead cranes for the material handling 

transportation. An overhead crane plays a crucial role in the transportation of heavy material. 

In overhead cranes, bridges are an essential part of material/goods transportation so it requires 

timely decision making for maintenance and repairs. It consists of a row girder, runway 

girder, a crane girder, and crab trolley. In most cases of the weight of goods to be transported 

and weight of girder acts as repeating load in the moving girder, which overall resulted in 

many cases of fatigue damage.  The potential causes of the crane failures are corrosion and 

structural fatigue. Currently, most of the overhead cranes are inspected by the inspector by 

visual inspection. Due to large crane sizes, visual inspection is not possible to inspect all areas 

and some areas are narrow and out of reach of the inspector. The second factor is the huge 

cost and time consumption in visual inspection. For inspection of a large number of cranes, it 

requires skilled inspectors, so availability of skilled inspector is another challenge for the 

industries. There are still many existing technologies for the monitoring and inspection of 

steel surface. But all existing technologies have some limitations and it’s necessary to build 
more sensitive, reliable and accurate method for the inspection of overhead cranes. 

This paper proposed an automated system to overcome the existing drawbacks in the 

inspection process of overhead cranes by introducing an automated robot for crack detection. 

This robot can climb on vertical as well on a horizontal surface by carrying the sensors and 

NDT techniques. The main objective of this research is to build an inspection robot to 

enhance the inspection quality, inspection speed, and safety.  The robot is equipped with an 
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array of sensors and cameras, to capture high-quality photos and transmit it to a remote 

location for further analysis of cracks and defects. Detection of cracks is performed by using 

16 channel array of GMR sensor that is mounted on the front axle of the robot. A LIDAR 

camera mounted at the top of the robot captures the 3D images and process the images to 

build a 3D map of the inspected area.  

 

2.  Literature Survey 
This literature describes various computer vision algorithms that can potentially detect and 

track damages in structures. Many of these have some limitation like that can only detect 

surface cracks, not metal loss and corrosion A.Liebbeandt et.al(2012) developed two 

directional wall climbing robot based on attraction force that can be used to inspect the oil 

tanks or steel bridges [1]. A. Sung-yu et.al (2007) has presented an automated inspection 

system using a mobile robot that can detect concrete cracks in a tunnel employing an 

illuminator. In this designed system cracks are inspected horizontally and vertically. The 

mobile robot consists of a CCD camera that can capture the images of concrete structures and 

maximize the contrast distribution on cracks and no cracks. [2]  

In H.M. La et al. (2013) developed an autonomous robotic system integrated with advanced 

non- destructive evolution (NDE) sensors for high- efficiency bridge deck inspection and 

evolution[3]. R.S Lim et at. (2014) a real-world bridge deck crack inspection were reported 

which also utilized the NDE techniques to perform the automatic inspection on the bridge 

deck and record health condition on the bridge deck.[4] 

A. Mazumdar et at. (2009) proposed a legged robot that can move across a steel structure for 

inspection. Strong permanent magnets embedded in each foot allow the robot to be hanging 

from steel ceiling powerlessly while the attractive force is modulated by tilting the foot 

against the steel surface.[5]. D. Zhu et al. (2012)  used a magnetic climbing robot capable of 

navigating on steel structures, measuring structural vibrations, processing measurement data 

and wirelessly exchanging information to investigate the performance of flexure based mobile 

sensing nodes to be able to identify minor structural damage illustrating a high sensitivity in 

damage detection.[6] R.G Lins et. al( 2016) recently presented a crack detection algorithm by 

combining the RGB color model with a particular filter to approximate the probability 

distribution by a weight sample set.[7] 

 

3.  Mechanical Design of MILA3D Robot   

 
This section of the paper presents the designed prototype robotic technology for overhead 

crane bridge inspection. The designed robot consists of four magnetic wheels for climbing on 

the bridges of overhead cranes. Specially designed lightweight and high attractive force 

magnetic wheels are used for the climbing purpose. Each magnetic wheel equipped with 

Neodymium Iron Boran (NdFeB) grade N42 that provides necessary adhesive forces to the 

robot to remain stick on the steel structure. By putting a thin layer of rubber on the rims of the 

wheel it is easy to achieve high friction coefficient between wheel and surface. The novelty of 

this work is the design of the robot i.e. compact, flexible and lightweight structure which is a 

favorable point for climbing operation. The robot is designed in such as way that it provides a 

high degree of freedom to climb on edges and corners. Keeping all limitation from the 

previous designs into mind, this designed prototype is light in weight and carries all sensors 

and components.  The prototype of inspection robot is shown below in below figure.1 

 



                
 

Figure.1. Designed Model of MILA3D Robot (a) Side View   (b) Top View 

 

                 
Figure. 2 Dimension of MILA3D robot  

 

3.1. Technical Specifications 

 
 This section describes MILA3D, a magnetic wheeled climbing robot for the inspection of the 

overhead crane bridges.  The proposed robot design is shown in figure 1 consists four light 

weight magnetic wheels. To keep the climbing process effective, the robot chassis and parts 

are fabricated in carbon alloy. The robot consists of two axle’s i.e. front axle and rear axle. 
Front and rear axles are equipped with two DC motors to power up the wheels. A differential 

steering mechanism is provided for turning the robot. On the front axle of the robot, GMR 

sensor array is mounted for the detection of cracks on the steel surface. The dimension of 

robot is in centimeters are 35*25*15cm and having a total weight of approx.4.5 Kg with 

battery. Specifications of robot are presented below in table. 

 

                                   Table 1. Dimensional specification of robot 

 
Parameter Value  

Size ( Length , Width , Height ) 35 CM, 25CM , 15CM 

Locomotion  Magnetic wheeled  

Control Operation 2.4GHZ Remote Control unit 

Drive 4 motors. 4WD  

Apprx. Total Weight without battery  4kg ( Approx)  

Maximum Travel Speed  0.75m/s 

Battery  Lithium Polymer 1000mah 

Controller  Beaglebone X 

Operating voltage  12 V 

Communication  Wireless  

 

MILA3D robot is tele-operated so that the inspection person can operate it by remote 

location. By mounting receiver module on the structure of robot and transmitter module at the 



place of inspector, a wireless communication of 2.4GHz can be established to control the 

robot from remote location. Both the DC geared motors are controlled by electronic speed 

control device and can be controlled wirelessly from remote location. Shock absorbers 

mounted at the front axle to minimize the shocks for the smooth motion of robot.  

 

To have a smooth access on the concave and sharp corners a servo mechanism joint in 

between the chassis of the robot is provided.  A rotational joint in between the chassis offers 

an extra degree of freedom to the robot. Programming of servo motor is performed in such a 

way that during the bump or sharp corners it can rotate so that the rear axle comes closer to 

the front axle as shown in figure 1(b).  By doing this process, robot chassis can maintain some 

height to pass the sharp corners. LIDAR sensor on the top of the robot can be used for 3D 

imagining and creating a 3D map of the inspected area. For the safe movement of the 

MILA3D robot, four infrared sensors placed on four corners (two at the front and two at 

back) of the robot for the edge detection. Once the IR sensor detects, that robot body is out of 

surface boundary, it provides high signal and controls the motion of wheels. For localization 

and mapping operation SLAM is used in the robot. 

 

4. Design of Magnetic Wheels 
 

The MILA3D robot is designed for structural health monitoring of overhead crane steel 

bridges. For the climbing action on a vertical surface, it is mandatory to calculate the 

adhesion forces between the wheel surface and the ferrous metal surface. In this work, 

magnetic wheels were designed for climbing action of the robot that satisfies some condition 

like: 

1. Adhesion forces are same in all direction during the rotation of wheel.  

2. Wheel size and weight kept minimum for the climbing purpose  

3. Provides sufficient coefficient of friction and adhesion forces between wheels and 

inspection surface  

Magnetic wheels are fabricated with Neodymium iron Boron ( NDFeB) permanent magnet 

instead of electromagnets.[9] The main reason of selection of permanent magnet is high 

magnetic field intensity so high adhesion forces can be achieved. From the literature survey, 

it is clear that wheel design should be simple and light weight so that it can be easily titled 

and steered at any angle. By considering all the parameters, we have designed a magnetic 

wheel consisting neodymium magnets and ferromagnetic rings. The designed wheel consists 

of permanent magnet sandwiched between two ferromagnetic rings of size 3.5mm on both 

side of permanent magnet. The function of these ferromagnetic rings is to provide a magnetic 

flux to the magnet. The wheel design is presented below in figure 4.   

 
Figure. 4(a) Exploded view of magnetic wheel   (b) Mesh view of magnetic wheel with rubber covering 

  



4.1 Calculation of Adhesion Forces 

 

4.2.1 Adhesion force between magnet and steel surface 

 

During the experiment, the designed magnetic wheel was placed on steel surface of 10mm 

thickness. Adhesion force between the wheel and the steel surface was calculated by pulling 

the wheel away from the steel surface. As shown in below figure 5 when the wheel was in 

direct contact with steel surface the calculated adhesion force was 247 N. In the other 

scenario it is noticeable that with the increase of the distance between the magnetic wheel and 

steel, there is a gradual decrease in adhesion forces. 

 
Figure.5 Adhesion force between steel plates and  magnet  

 

4.2 Magnetic Flux Calculation of Magnetic Wheel  

 

The adhesion forces must be enough to carry at least a weight of 5 to 6 kg robot with all 

inspection devices and camera. Here some simulation is performed on the magnetic wheel to 

calculate the flow of magnetic field lines and density of magnetic flux. As the wheel has to 

roll on thin and as well as thick inspection surfaces which affect the magnetic flux density 

due to the variation in thickness of inspection area.A finite element method (FEMM) method 

was performed on the wheel and steel plate of thickness 10mm. The result of adhesion force 

and magnetic flux between the wheel and steel plate is shown below in the figure.7 

         
Figure. 7 Finite Element methods performed on wheel for adhesion force and magnetic flux density. 

 

Grade: N35  

Outer Diameter: 1.18 inches /30mm 

Inner Diameter= 0.552” 
inches/14mm 

Thickness = 0.196” inches / 5mm 

Distance= 0 

Adhesion Force= 52.55 lb 

                                  23.83/ 247.0 N 

 

 

 



It is force produced by one magnetic wheel. By using this prototype of 4 wheels it is possible 

to generate a maximum adhesion force of 169 N which can carry a weight maximum 9 kg. As 

this adhesion force can be only generated between a piece of magnet and steel surface, 

provided that they are in direct contact with each other.  

 

5. Crack Inspection NDT Methodology:   
 

5.1 Testing of GMR & MMM (Metal Memory Method) method on Steel Plates  

 

For a better examination of cracks few experiments were performed with GMR sensor and 

MMM sensor. To observe the flaws and cracks inside the surface of overhead crane bridges, 

the first experiment was performed by using MMM sensor TSC-3M -12 of 

Energodiagnostika. Two magnetic probes of MMM sensor, one with 4 channel sensor and 

another with single sensor is shown in below figure 8  

 

   
Figure 8 MMM sensor TSC-3M-12 probes  

 

MMM method is one of the non-destructive testing methods based on the analysis of  

self-magnetic leakage fields (SMLF) distribution on component’s surfaces for determination 

of stress concentration zones (SCZs), imperfections, and heterogeneity in the microstructure 

of the material and in welded joints. The MMM method uses natural magnetization to detect 

the flaws into ferromagnetic structures. In the experimental process, an overhead crane wheel 

surface and subsurface defects was under consideration. MMM techniques do not require any 

external magnetization by electric probes like in eddy current method. Some of the 

experimental data graphs are presented below in figure.9. During the movement of the 4 

channel probe of MMM sensor on the steel surface, some picks were noticed into the graphs 

that represents the SCZ (Stress concentrated zone). Usually the picks of the graphs shows that 

location of cracks on the surface as well subsurface. Below in figure 9, three graphs reflect 

the XY graph, Polar graph and 3D graph of the cracks on the steel surface. MMM method is 

quiet easier than many other NDT techniques. Only difficulty with this method was to find 

out the exact length and depth of the cracks. Another factor is lift off values causing the 

variation in reading the magnetic field values. 

 

 
Fig.9.1 XY Grpahs  on a steel surfce by MMM Method. (a) 1-  Field gradient distribution of channel H1 ; 2-  Field 

gradient distribution of channel H1 along y-axis: 3-1-  Field gradient distribution of channel H2; 4- Field gradientt of 



dh/dx of channel H2 ; 5- Field gradientt of dh/dx of channel H1: dotted lines in reactangular form show the SCZ ,where 

chances of crack can be possible between distance 450mm to 590 mm of the inspected area.  

 

            

 Fig. 9.2 Polar Grpah Results  at wheel surface                     Fig. 9.3  XYZ Grpah Results  on wheel surface  by MMM 

Method ( a) SCZ ,represents the Stress Concentrated Zone 

of the section. 

5.2 GMR Sensor Array   

 
The most commonly used NDT techniques for the inspection of overhead crane bridges are a 

visual inspection, eddy current method, an ultrasonic method, and Magnetic flux leakage 

method, infrared thermography and many others.[5]  For ferromagnetic materials, generally 

eddy current method and magnetic flux methods are in use. In the case of Eddy current 

method consists of an excitation coil and magnetic sensors for sensing the flaws into 

ferromagnetic structures. But this method is quiet less sensitive to sense the thickness of 

corrosion layers on ferromagnetic structures [10].  This method is less informative about 

corrosion formation and detection.  

Magnetic flux method is in use to detect small cracks and metal deterioration in the region of 

high saturation. Due to this, the magnetic flux method is limited to be used in the inspection 

of steel bridges with high metal decay[11]. In the case of fatigue crack and metal loss in 

ferromagnetic structure, MFL method has limitations. It is possible to detect the presence of 

magnetic flux leakage around the fatigue crack by using the magnetic sensor at suitable lift 

off value. But in case of large metal decay it is not feasible to detect the presence of magnetic 

flux leakage.  Lift off value in case of irregular structure of the inspection area and speed of 

movement of sensor has a considerable impact on the reliability of inspection. The problem of 

lift off value restrains the use of eddy current testing in quantitative non destructive testing 

[12]. 

An overhead crane bridges and girders structure are not regular and also consists of many 

weld joints and bolts. In case overhead crane bridges inspection, eddy current testing and 

magnetic flux leakage methods are not successful. To overcome the problem of lift off value 

here in this paper we designed a GMR sensor that can detect the metal loss and fatigue 

cracks.  

 

5.2.1 Proposed GMR Sensor Array 

 

To overcome the limitations inspection methods for the overhead crane bridges, a GMR 

sensor array arrangement with the front wheel axle of robot is shown below in figure 10 

An array of designed GMR sensor is mounted at some height from the inspection surface. 



 
 

Figure.10 GMR sensor arrangement on front axle. 

 

In order to make the inspection process rapid and to detect the small flaws a linear array of 16 

channel NVE AA-005-02 GMR sensor is used. GMR sensors have some advantages like 

being robust to noises and vibrations. In case of GMR sensor, magnetic field perpendicular to 

GMR sensor sensitivity direction doesn’t affect the GMR sensor values.[8] It also has high 

sensitivity to minor changes in magnetic field that allows our system accurate calibration of 

position and displacement. The main advantage of GMR sensors are high reliability, easy 

design to mount and low power consumption. 

 

5.3 Experimental GMR Sensor  

 

 The below figure presents the experimental setup for the crack detection in steel plate of 

thickness 10mm. Magnetization of steel plate was done with the permanent magnets used in 

the wheel . A supply of 5.5V was supplied to GMR sensor array and output of sensor was 

amplified by using the amplifier. To achieve the accurate output result of GMR sensors , 

output  processed by the analog to digital converter and by using FPGA controller signals 

were processed to remote host location. By using the Lab view program on the remote host 

PC, we can process and store the data. The robot moves on the steel plate autonomously by 

getting the moving co-ordinates from remote location by using the XY table.  

 

 
 

Figure.11 Data Acquisition system 

 



During the experimentation, we considered a steel plate of 10mm thickness and having some 

cracks with 1mm and varying depth of 1mm, 1.5mm, 2mm. The robotic wheel 

with GMR sensor array rolls on the steel surface for crack inspection.   The figure below 

presents the output voltage GMR sensor with the three different varying depths. The peak 

value indicates that the magnitude of GMR sensor value is directly proportional to the depth 

of the crack. In the second peak it is clearly noticeable that with the increase in crack depth, a 

minor increase in the magnitude of output voltage of GMR sensor was noticed. A simple 

process to estimate the width of crack is possible by taking out the difference between the 

maximum and the minimum peak of GMR sensor output voltage [13].  

 
Figure12. GMR Output voltage curve for crack of width 1mm     Figure.13 GMR signals for different widths  

 

By placing the GMR sensor array of 16 channels on the front axle of MILA3D, it is possible 

to inspect cracks and metal loss on a large area with a faster speed and with more accuracy  
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Conclusion 

 

In this work, an automated inspection robot MILA3D with an advanced way of detecting the 

surface and subsurface cracks of varying thickness and depth in overhead cranes steel bridges 

based on GMR sensor was developed.  A climbing robot MILA 3D for the inspection of 

overhead crane bridges was developed. To detect the under surface defects into the overhead 

crane's bridges a novel solution was designed with the GMR sensor. In the designed 

inspection system, no external excitation source or current required for inducing the magnetic 

field.  A magnetic field was induced by magnetic wheels of the MILA3D robot. An array of 

GMR sensor on the axle of the robot calibrates the difference between the magnetic field 

density of the defected area and area without defect. The novelty of this work is the flexible 

design of the robot that can cross obstacles and sharp corners of the overhead crane bridges. 

Second, this designed inspection system is insensitive to the lift-off effect. The arrangement 

of a GMR sensor are in such a way that magnetic field lines are parallel and perpendicular to 

the steel surface of the inspection area and can measure the cracks in different angle 

positions. From the experimental results, it is clear that the magnitude of the output voltage of 

the GMR sensor depends on the depth and width of the cracks. In this work, a climbing robot 

MILA3D was designed for the autonomous inspection of the overhead crane bridges by using 



the NDT technique GMR sensor. By this robot, it is feasible to identify the fatigue cracks, 

metal loss, and corrosion on a ferromagnetic material. 
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