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Abstract - This research proposes a new intelligent fault 

detection and condition monitoring system of a cooling 

radiator of a tractor using machine vision systems. The 

proposed system consists of several different procedures, 

including image capturing, image pre-processing, and 

image processing. The proposed system, as a novel idea, 

uses a white paper sticker of known real-world dimensions 

marked with a colour dot or dots in it. The scaling factor is 
calculated by correlating the real-world sticker 

dimensions and camera image dimensions. The colour dot 

is considered as the target in the region of interest. The 

image was captured in a video format using a DSLR 

camera fitted with a macro lens. The macro lens offers 

image capturing at close-ups. The video images are 

processed through the template matching algorithm to 

calculate the displacement of the target point.  The 

calculated displacement values are converted into 

acceleration values using mathematical relationships.  The 

vibration is measured at the same point using a 

conventional accelerometer and Dewesoft interface. A 
good agreement of vibration measurement is recorded 

between the vibration measured by image vision systems 

and accelerometers. The mounting of the radiator can be 

repaired or replaced by referring to the manufacturer 

catalogue specifications.   

 

Keywords - Condition monitoring, tractor radiator, 

machine vision, DSLR camera, macro lens   

 

I. INTRODUCTION 

The radiator is a vital component of a 

compression ignition (CI) engine cooling system. The 

engine heat may reach up to 2700 °C under the maximum 

speed conditions owing to the internal gas temperature. 
The thermal expansion of the engine components, the 

change in viscosity index of lubricating oil, and knocking 

of the engine due to improper combustion are the 

outcomes of elevated engine temperature. The total 

thermal efficiency of the CI engine is affected by the 

performance of the radiator. Eddy current testing, 

radiography, vibration analysis, acoustic emission, and 

ultrasonic testing are traditional condition-based 

monitoring systems. Thermal imaging and machine vision 

systems are new condition-based monitoring methods. [1] 

The tractor radiator must withstand the vibrations 

induced by the CI engine of the tractor and road. The 

radiator support brackets, rubber bushes, and mountings 

are subjected to fatigue stress and fatigue failure owing to 

the continuous fluctuating vibration amplitude. The crack 

induced by vibration will lead to leakage of coolant fluid, 

which affects the total performance of the tractor engine. 

The coolant pump and cooling fan are vital components of 
cooling systems. In addition, the cooling fan contributes to 

vibration to the engine and road vibrations.  [2] 

The coolant pump circulates the right amount of 

coolant through the radiator cooling circuit. The pump is 

also one of the sources of vibration due to the kinetic 

energy of the turbulent flow, velocity magnitude of the 

coolant fluid, and worn out in the bearings.[3] 

The radiator of a tractor is subjected to vibrations 

from various sources. The need for fatigue analysis of the 

radiator parts is important to ensure better structural 

strength. The life of a spring can be predicted using 

nonlinear finite element analysis (FEA) software. The 
fatigue life can be calculated by fitting the S-N curve. The 

use of the Green-Lagrange strain method simplifies the 

calculations using a single function. The reliable operation 

of the tractor radiator is affected by vibration excitation by 

the engine, road, cooling fan, and cooling pump.[4-6] 

The performance of the radiator, in general, 

affected by the following reasons 

1. Leakage of the coolant due to crack-induced micro-

cracks. 

2. Leakage of the coolant due to corrosion-induced crack 

due to improper mixture coolant and additives. 
3. Leakages due to perforations due to throwing of stone 

and debris up the radiator. 

4. Leakage of the coolant due to excessive vibration in the 

plastic reservoir and aluminium core. 

 

Condition-based monitoring (CBM) is one of the 

most significant and effective methods used to detect faults 

in a machine that helps maintain various machinery and 

equipment in a factory before repairs occur.  Many 

scientific journals and case studies have shown that CBM 

provides significant advantages in saving considerable 

money and time in many industries.[7] Recent studies 
suggest that better maintenance is a way for a company to 
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make a profit. Science conferences and research papers 

have been campaigning in recent years that companies can 

maximize their profits through conditional monitoring. [8-

10] Condition monitoring helps to know the inside 

information and brings it to the outside of a running 
machine. Vibration analysis and lubricant analysis are two 

important methods for condition monitoring. By observing 

the current state of a running machine, its future course can 

also be predicted. Condition monitoring helps determine 

the internal conditions of a running machine.  

An engine is a set of rotating gears, shafts, etc., 

that can vibrate even when the machines are in good 

condition. These produce a certain frequency sequence as 

they rotate. These frequencies help detect the running 

nature of a machine. Therefore, various experiments were 

based on frequencies. Some vibrations do not have the 

same frequency continuously; for example, the vibration 

of an IC engine is not limited to its rotating parts. The 

strokes of the IC engine do not have a constant vibration 

because the engine performance depends on the speed and 
load of the engine; hence, there will be a change in 

frequency accordingly. Although it does not have a 

constant frequency, it is possible to analyze these 

frequency characteristics because they occur at regular 

intervals. Absolute vibration was calculated from the 

housing surface of the machine. Relative vibration is the 

frequency obtained from the parts separated by a thin 

lubricant fluid film. Diagnostic vibration information is 

calculated in the angular velocity variation influenced by 

parts such as shafts, gears, and rotor discs. Frequency 

calculations based on most condition monitoring were 

performed from the surface of the machine. 

There are a few main ways to uncover the internal 

state of a running machine. 

1. Vibration analysis:  The machine will have a certain set 

of frequencies when it is in good condition. There will be a 
difference in the frequency setting when the machine is 

malfunctioning. We call this mechanical signature 

analysis. [11]   

2. Lubricating-oil analysis: The metal particles present in 

the circulating lubricating oil inside the machine are the 

outcome of wear.  The chemical change in the lubricating 

oil is the outcome of an increase in temperature beyond its 

limit owing to adverse working conditions of the running 

machine. Some of the oil tests are chip detectors, 

spectrograph oil analysis procedures, and ferrography. 

3. Performance Analysis: The performance of the machine 
is calculated based on its output efficiency. If a certain 

level of efficiency is not available, it can be assumed that 

the machine has malfunctioned. The reason for this 

malfunction can be identified by the analysis. 

4. Thermography is the most sophisticated computing tool 

used in recent times. This method is measured with the 

temperature changes that occur in the machine. 

In many of the aforementioned methods, vibration-based 

condition monitoring is used in many industries. 

Vibration can be calculated using software such 

as ANSYS.  NASTRAN, however, its boundary conditions 

cannot be accurately stated. The vibration measured at 

different points is combined to analyze the overall 

performance of the machine or structure. Vibration 
calculations using contact sensors are mostly applied up to 

the present time. [12-14] 

An acceleration sensor mounted on the surface of 

a machine can capture the frequency levels. The frequency 
calculation and vibration modelling methods should be 

considered separately. [15-18].Various studies have been 

conducted to calculate the vibration using different types 

of touch sensors. [19-20]  New computational methods 

such as noncontact frequency detection methods are being 

used, but these new computational methods must be 

compared with the acceptable computational methods 

already in place [21,22]. 

The location where the non-contact vibration is 

intended to be calculated must be visible to capture the 

images. The shape of the machine may not be visible 

owing to its structural design, where the vibration must be 

calculated. Therefore, non-contact frequency measurement 

methods are subjected to limitations. The 3D vibrometer 

provided complete information about the vibration of the 

machine. However, the 1D vibrometer calculates the 

machine frequency directly through the hole, and vibration 

measurements were used to observe changes in the 

structures of mechanical and civil structures. The vibration 

calculation method can be divided into two types: non-

contact and contact-type. Acceleration sensors are used for 

the calculation of contact-type vibrations. This will 
accurately calculate the vibrational frequencies. The new 

method of non-contact frequency calculation method 

should be confirmed by comparing it with the conventional 

method of calculation. In contact-type frequency 

calculation methods, the touch sensor adds some weight to 

the structure, which does not cause major changes when 

operated on a large structure in the vibration 

measurements. The additional weight of the sensor to the 

very small structure may cause changes in the calculated 

frequency. Another drawback of contact sensors is that 

they only calculate the frequency of where they are 
affixed. Therefore, it is not possible to calculate the 

absolute frequency of a structure. Contact sensors cannot 

be fitted where structures with high temperatures, rotating 

parts, or structures that are not easily accessible. 

Laser Doppler vibrometry (LDV) contact-type 

frequency calculation method allows the calculation of the 

frequency at a specific location. The scanning laser 

vibrometer helps to calculate the vibrations occurring at 

different points in a structure. In the eddy current sensor, 

the frequency is measured by the electrical changes that 

occur in the gap between the sensor and the structure. This 

can only be implemented on an electrically conductive 

structure. The displacement at a point in the structure can 

be calculated by analyzing the video footage. Various 
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research papers suggest that the displacement in a structure 

can be accurately calculated using the digital image 

correlation technique. [23] three-dimensional displacement 

can be accurately calculated using two cameras. Stochastic 

speckle patterns must be made on the surface of the 
structure to calculate the deformation. [24] Digital 

photogrammetry is a non-contact, highly sensitive full-

field measurement data that include photogrammetry, 

which includes optical measurements, computer vision, 

and digital image processing analysis. [25] Vibration can 

be calculated from the photo frames obtained by the 

camera using image processing techniques. [26, 27] 

II. PROPOSED MACHINE VISION SYSTEM 

Template matching is a basic component of machine 

vision practice for determining displacement. Many 

research articles claim that a template-matching algorithm 

is an excellent tool. With this template machine algorithm, 

two consecutive image images can be compared with the 

next position of the point in the image as a whole image 

template. [28, 29] 

Assume an image I, with an offset of x=(xa, xb) and a 

template T of dimension rT ×x cT 

. The error of the fit E(x) can be expressed,  
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A. Scaling Factor determination 

When comparing images, these images also require a 

comparable real-world size. We call this the scaling factor. 

Before recording the video image, in this new method, the 

scaling factor arrived using a white paper sticker with a 
predetermined real-world dimension affixed to the object 

surface where the vibration is to be measured. The dots are 

marked with a colour on the sticker. The template was set 

by fixing the target at this point. The template algorithm 

compares two consecutive images and measures the 

variance of that point. [30-34] 

B.  Object tracking using Template matching through 

Up- sampled Cross-Correlation Algorithm 

There are several types of template-matching algorithms. 

Up-sampled cross-correlation modified Taylor 

approximation Normalized cross-correlation are the 

important template algorithms. 
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Equation (7) provides subpixel-level cross-correlation 

based on a time-efficient matrix multiplication discrete 

Fourier transform (MM-DFT) in a block around the initial 

peak of RFT to attain a subpixel resolution. 

 

C.  Calculation of acceleration for vibration 

measurement using finite element algorithm. 
Measurements such as velocity and acceleration were 

calculated by a mathematical telephone with the help of a 

finite element algorithm to measure the displacement 

levels measured by the template matching algorithm. The 

aspiration measurements thus detected should be compared 

with the relational measurements calculated by the ration 

sensor in addition to the existing ones. 
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III. FIELD TESTS- EXPERIMENT SETUP 

A. Experimental Model 

Test specimen: Agricultural tractor, Model: TAFE 

4410, Engine Power: 32.8 kW, Manual transmission, 

Wheelbase: 184 cm, Weight: 1999 kg 

 

B. Camera  

Canon Eos 5D Mark II DSLR with 21.1Megapixel, 

Sensor Size 36.0 x 24.00 mm, Pixel Dimensions 

5616x3744, Pixel Size 6.41 μm, Diffraction- Limited 

Aperture f/10.3, Image sensor DIGIC 4, Movie Size 1920 

× 1080, 640 × 480 at 30fps, Movie Length/Maximum 

duration 29m 59sec, Max file size4 GB, Camera Lens: 

Macro Lens 

 

C. Computer specifications  
Toshiba Satellite-Laptop, Model: C640-I401A, 

processor: Intel Core i3-370M, RAM: 2GB, internal 
storage: 320 GB, screen size: 14.0 inches. 

 

D. Vibration Measurement system  
USB powered data acquisition: SIRIUS® MINI, 

Software: Dewesoft NVH analysis software, Number of 
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axes: 3, Accelerometer Sensors: 13TI-50G-1, Type: IEPE, 

Sensitivity: 100mV/g, Weight: 10 g, Frequency range: 2 to 

5000 Hz ± 10%, Dimensions: 15.0 × 15 × 15 mm, 

Temperature Range: -51 degrees to +85 ° 

 

 
Figure1 Experiment setup –close view 

 

1. Agricultural Tractor  

2. Paper sticker with real-world dimensions 

3. DSLR Camera  

4. Camera screen showing the image of the scene. 

 

 
Figure 2: Experimental setup- Overall view 

 

1. LED light source 2. Computer system  

3. Acceleration sensor interface 4. DSLR Camera  

5. Agricultural Tractor 

 

Figures 1 and 2 show the experimental setup, an 

agricultural tractor, an LED light source with variable 

current switch to change the intensity of light, a DSLR 

camera, a computer system, and an interface for the 

accelerometer sensor are shown in the figure. 

IV. EXPERIMENTAL METHOD 

 
Figure3. Radiator body 

 

1. Radiator body 

2. Paper sticker affixed on the radiator body 
3. Radiator fan 

 
Figure4. Reference paper sticker on the radiator body 
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1. x-axis 2. Target point 3. y-axis  

4. Real-world reference line  

5. Radiator body 

 
Figure5. Paper sticker details 

 

1. Real-world dimensions line  

2. x-y axes set to (0, 0) at the target point 

3. Region of interest (ROI) 

 

Canon DSLR EOS50 Mark II can produce videos 

of 640 × 480 and 1920 × 1080 pixels at 100fps and 30fps, 

respectively. In a 640 × 480 pixel video frame, the left 

bottom corner measures (0.0, 0.0) and the right top corner 

measures (640 × 480). A paper sticker with known was 
affixed to the radiator body, where the video was captured 

for vibration analysis. The sticker of the real-world 

dimension is correlated with the image dimensions in 

pixels and using a suitable conversion factor, and the 

image dimensions were fixed to the real-world dimensions. 

[35-38] 

Figures 3, 4, and 5 show the practical 

arrangement of paper stickers with real-world dimensions. 

The length and height of the sticker were used to specify 

real-world dimensions. The colour dot in the sticker can be 

a target point; alternatively, any point in the sticker may be 
taken as the target point. At least one key-frame is required 

to perform the programmable search in a template 

matching the displacement. The up-sampled cross-

correlation algorithm calculates the displacement with sub-

pixel accuracy. The template is matched when the sum of 

squares is the maximum between match pixel and template 

pixels of RGB contrast. [39 -41] 

 

V. RESULTS 

Figure6 to Figure14 the legends coloured in red show the 

acceleration value derived from the image vision process 

mathematical algorithm. The legend in blue is the 
acceleration values measured from the conventional 

acceleration sensors and Dewesoft interfacing software. 

The graph trend shows a good agreement between the two 

measurement techniques. 

 

 
Figure6 Vibration comparisons for two seconds (0.08 to 

1.96 Sec) 

 

 
Figure7 Vibration error comparisons for two seconds 

(0.08 to 1.96 Sec) 

 

Figure6 show the vibration trends for the period of 0.08 

seconds to 1.96 seconds, and the graph was plotted 

between time and x-axis acceleration. 
Figure7 show the vibration error for the period of 0.08 

seconds to 1.96 seconds, and the graph was plotted 

between time and x-axis acceleration. 

 

 
Figure8 Vibration comparisons for one second (2.04 to 

2.88 Sec) 
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Figure8 show the vibration trends for the period of 2.04 

seconds to 2.88 seconds, and the graph was plotted 

between time and x-axis acceleration. 

Figure9 show the vibration error for the period of 2.04 

seconds to 2.88 seconds, and the graph was plotted 
between time and x-axis acceleration. 

 
Figure9 Vibration error comparisons for two seconds 

(2.04 to 2.88 Sec) 
 

 
Figure10 Vibration comparisons for 1.5 seconds (0.08 

to 1.50 Sec) 

 

Figure10 show the vibration trends for the period of 

0.08seconds to 1.50 seconds, and the graph was plotted 

between time and y-axis acceleration. The vibration 

measured by machine vision shows a significant error at 

0.08sec because of shake of camera shaking during the 

initial manual operation. 

 
Figure11 Vibration comparisons for 1.5 seconds (0.08 

to 1.50 Sec) 

 
Figure12 Vibration error comparisons for 1.5 seconds 

(0.13to 1.50 Sec) 
 

Figure11 shows the vibration trends for the period of 0.13 

seconds to 1.50 seconds, and the graph was plotted 

between time and y-axis acceleration. 

Figure12 show the vibration error for the period of 0.13 

seconds to 1.50 seconds, and the graph was plotted 

between time and y-axis acceleration. 

 

 
Figure13 Vibration comparisons for 1.5 seconds (1.54 

to 2.88 Sec) 

 

 
Figure14 Vibration error comparisons for 1.5 seconds 

(1.54 to 2.88 Sec) 

 

Figure13 show the vibration trends for the period of 1.5 
seconds to 2.88 seconds, and the graph was plotted 

between time and y-axis acceleration. 
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Figure14 show the vibration error for the period of 1.5 

seconds to 2.88 seconds, and the graph was plotted 

between time and y-axis acceleration. 

 

VI. DISCUSSION 
References [42, 43, 44, 45, and 46] verified the algorithm 

used in the vision sensor and the proposed vision system. 

References [47, 48] confirmed the results and the 

percentage of error. The lower the displacement values, the 

higher the percentage of error; the percentage of error is 

comparable to the higher value of displacements. The 

minimum size of the proposed machine sight system is 

0.01 mm displacement. 

References [49, 50] suggest the suitable anti-vibration 

mounting which keeps the radiator working within the 

vibration limits to avoid vibration-related fatigue failures 

of radiator components.    

 

VII. CONCLUSIONS 

The following conclusions have been made, 

a) The proposed system is best suited for vibration 

measurement of stationary machines with low-frequency 

limits. The use of a macro lens helps capture very close 

image frames. Close-up images assign real-world 

dimensions to a white sticker known to achieve an 

accuracy of 0.01 mm and help mark the smallest target in 

the area of interest. 

 
b). The percentage of error was recorded at very low 

vibration values ranging from zero to 5% to 50%, whereas 

the essential limit for vibration analysis was recorded at 

5% to 10% error. However, the map trends follow the 

same path for all sets of data. 

 

c) The proposed probe avoids the difficulty of camera 

calibration. A white sticker of known real-world 

dimensions is used to raise the scaling factor because the 

dimension of the image is adjusted with an accuracy of 

less than one mm with a real-world dimension. The white 

sticker reduces noise in the background image. Image 
processing is performed without pre-processing the images 

to calculate sub-pixel-level displacements to save time and 

memory. 

 

d). Different intensities of light did not differ significantly 

in the measurement of the vibration levels. As a template 

search for calculating displacement accounts only for 

changes between the target point intensity and background 

intensity. The change in light intensity caused the same 

amount of change throughout the image. 

e) The amount of vibration measured by the machine sight 
system using the mathematical method is less than the 

values of conventional accelerometer measurements, 

which may be due to the sensitivity of the accelerometer 

sensor. Image processing is performed by targeting the 

smallest point in the area of interest in an image frame. 

Further research is required to determine the exact cause of 
this error. 

f). The measurement data have comparable precision 

graphing trends that can be used as a non-contact 

vibration-measuring instrument in an automated level 
monitoring system. 

g). Further vibration study is needed to be done at each 

mounting to maintain or replace the mouuntigs. 
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	e) The amount of vibration measured by the machine sight system using the mathematical method is less than the values ​​of conventional accelerometer measurements, which may be due to the sensitivity of the accelerometer sensor. Image processing is pe...
	f). The measurement data have comparable precision graphing trends that can be used as a non-contact vibration-measuring instrument in an automated level monitoring system.
	g). Further vibration study is needed to be done at each mounting to maintain or replace the mouuntigs.

