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Abstract: Machines in Industries are often subjected to 

enormous wear and tear, which if unnoticed, may lead to 

production delays and increased maintenance cost. Machines 

must be able to analyse and provide statistics about its health, so 

that preventive measures can be taken to avoid catastrophes in 

the industries. Thus, there is a need of automated fault detection 

and prediction of system’s condition. The concept of equipment 

health monitoring is a crucial step in the field of research and 

development in the  manufacturing industries. This equipment 

makes it handy in situations where machines require continuous 

monitoring and is difficult for humans to provide such attention 

, especially in the case of unmanned vehicles. 
Prediction of the status of equipment by acquisition of data 

from industrial machinery is the critical step in building such a 

system. Health of machines can be estimated by the data 

collected  by the sensors-temperature, accelerometer, etc  

integrated with an embedded computing system, like a Raspberry 

Pi. This IoT model consisting of embedded system with wireless 

connectivity collects real time data from the 

equipment/machinery used in industries. This data is used to 

analyse and predict the health of the equipment, examine the 

steady-state characteristics using Machine Learning technique, 

Hidden Markovian Model. 
The concept of the proposed IoT model is evaluated over a 

conveyor belt test rig under various conditions, like different 

loads placed on various locations of conveyor belt and the belt is 

made to run at different speeds and data is collected over all 

these conditions. Then, a data model is created using Hidden 

Markovian Model which is further used in predicting the state of 

the belt based on the sequential data, here it is the sensor data. 

Given a state of the belt, this model can predict whether the belt 

is in proper condition or not, and if human intervention is 

required. Thus, at any point of time, having this setup on the 

machinery which needs to be monitored can be used in 

predicting the faults and notifying the user in case of any faulty 

behaviour or malfunctioning of machines. This setup can be 

used for any machines which are subjected to any motion, 

vibration and thermal changes. This helps in creating a 

completely automated fault detection systems in the present 

Industries. 
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I. INTRODUCTION 

Machines are in motion, either vibrational or rotational. 

They undergo wear and tear, and often deteriorate with time 

and usage. These failures are very frequent and may go 

unnoticed, leading to the breakdown of the entire machine. 

Identification of this faults is critical, as worn out equipment 

consume more energy than the properly functioning 

machines. This would affect the quality, cost and 

productivity. Due to the large number of equipments present 

in Industries, monitoring the condition of every machine 

manually is tedious. Instead, a setup which could monitor the 

health of the machine on continuous intervals and only notify 

when fault has occurred and human intervention is required, 

would ease our task. 
Machines must be able to analyse and provide statistics 

about its health, so that preventive measures can be taken, 

this could save us from the damage of equipment, well in 

advance. This idea comes into great favour in case of 

unmanned vehicles where there is no human intervention to 

monitor the damage. Monitoring the condition of machines 

along with managing the labour work requires additional 

manpower, which is quite expensive.  In addition, the 

strategy to increase the lifetime of an equipment is to run 

regular checks to ensure that the equipment is in good 

condition. This can be done by the use of intelligent 

predictive technologies and tools. Deployment of these tools 

and techniques can detect malfunctions or potential 

breakdowns in machines. 

The motivation of this project is to eliminate the manual 

intervention in check-up of the health of machines in 

Industries. Oil refineries have conveyor belts stretching over 

kilometres, and it is practically impossible for humans to 

examine these belts without any error and with accuracy. 

Also, this project aims to predict if the state of the machine 

on which it is operating is ideal with respect to the conditions 

of the surrounding in which it is operated. This would give 

the user an idea on when the machine would breakdown. 

Therefore, it aims to analyse and provide statistics about the 

equipment‟s health. 

The objective of this project is to record the vibrations and 

temperature of the machine (belt) and retrieved through a 

data cloud which can then be converted to the desired format 

and be provided as input to the algorithm and then study 

the  different equipment health monitoring methodologies 

and techniques to the acquired data from machineries like  
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Conveyor Belt using sensors and implement the proposed 

equipment Health Monitoring System using IoT and 

Machine Learning technique, Hidden Markovian Prediction 

Model to learn the data model and further predict the state of 

the system, from the known data model. 

The paper is organized as follows: Firstly, we discuss few 

related works in section II, Secondly,  we have section III 

where the system model is explained. Thirdly, we have 

Section IV which deals with the implementation of the idea 

and then,  section V is regarding the experimental results we 

have obtained when this above explained proof of concept is 

implemented in the laboratory. Finally, the Future Work and 

Conclusions section is discussed with the finding of this 

project, are explained in section VI. 

II. RELATED WORK 

IoT and wireless sensor networks act as base for equipment 

health monitoring. Here, we provide a brief insight of the 

papers we have referred and taken some inspiration for this 

project. 

Firstly, the case study that was referred is, In [1], the 

sensors are positioned near the source of vibrations to 

monitor the vibrations of the bridge continuously. To identify 

the condition of the bridge, the signals obtained are processed 

to extract the features of the bridge. The displacement and 

acceleration of bridge responses are measured by the sensors. 

This data is sent to the local server where the data was 

interpreted using neural network techniques. The aim is to 

determine how the acceleration and displacement data 

domain would perform, when given as input to the applied 

neural networks. The architecture of the neural network 

model consists of an input layer, one or two hidden layers 

with n neurons and an output layer. The time- acceleration 

and the time- displacement domains of the bridge due to 

earthquake loads form the input layer, while the bridge 

condition level determined using finite-element analysis 

software constitutes the output layer. The bridge condition is 

classified in a range 0 to 3, which state the extent of bridge 

health condition starting from safe to high risk level. Thus, 

neural network helps in identifying the condition of a bridge 

at particular time due to an earthquake, and thereby the 

repair or maintenance of the bridges can be performed to 

avoid any damages to the bridge  

Secondly, another case study which was referred is the 

Structural health monitoring via micro electromechanical 

system accelerometers was carried out in [2] which gives a 

brief description of how these devices can be embedded 

within wireless sensor networks in order to allow the 

captured data measurements to be transmitted wirelessly to 

the local server. WSN technology was used for structural 

health monitoring due to its ease of installation with minimal 

structural intervention and low cost. This paper gives a 

review on the recent developments in the area of Structural 

Health Monitoring using WSNs. This paper also 

demonstrates the use of the following sensors to capture 

various parameters related to a structure, like Fiber optic 

sensors (FOS), piezoelectric sensors and magneto resistive 

sensors which can be used to predict the health of the 

structures by sensing the chemical and physical parameters 

related to it.  

Thirdly, Paper [3] uses the probabilistic robustness theory 

to design a system for fault detection and monitoring. The 

background related to this work is an R&D project whose 

objective meets the following requirements: 

 Continuous monitoring of the equipment aims to 

identify the changes taking place in the conveyor belt. 

 This system features in detecting faults in the conveyor 

belt while it is in operation.. 

Finally, In paper [4], the author has depicted a hardware- 

software model which can be deployed remotely to monitor 

the machines and collect the data from it. The hardware 

components include a PCB with an IEEE 802.15.4- 

compatible microcontroller, Micro-USB connector, battery, 

battery charger/monitor, humidity/temperature sensor, IMU, 

and a MEMS microphone. Wireless control of the sensors 

and data collection is supported by the software. The user 

interface of the entire system allows 3-dimensional view of 

the collected data and the entire setup of the system. In case 

of rotating machinery, two different motor setups are 

arranged to test this equipment in the laboratory to ensure the 

proper functioning of the experiment. 

Based on the following literature survey in this domain of 

equipment health monitoring system, we have proposed a 

model which could meet the objective of the project along 

with the good accuracy and a setup which is feasible. We 

have conducted this proof of concept over an industrial 

machine, Conveyor belt spread about 10m in length. 

III. SYSTEM MODEL 

A. Proposed Model 

An intelligent system for equipment health monitoring to 

analyse and make optimal data predictions. The following is 

a diagrammatic representation of the proposed system 

model: 

 
Figure 1: Proposed Model 

The system consists of various sensors such as 

temperature, vibration, accelerometer, etc. Wireless sensor 

systems are used for the communication of sensor data 

wirelessly to the computer placed at a distance, to meet the 

industrial application. This type of wireless transmission of 

sensor data is provided to accommodate online monitoring of 

the state of machine, cloud storage of data  and decision 

predictions can be applied with ease to the data which is 

acquired wirelessly. The designed embedded wireless system 

with temperature, acceleration sensors sense the equipment‟s 

data. The data acquired from these sensors is aggregated and 

is transferred to cloud via an access point setup.  
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This data acquired is stored on cloud and is continuously 

monitored. Any deviation of the normal functioning of the 

equipment can be identified through the data. The data can 

be analysed to make optimal predictions. 

The wireless sensor network with temperature and 

acceleration sensors are interfaced to the embedded board. 

Functioning of each sensor is listed below as an example: 

 The temperature sensor is used to detect the ambient 

temperature. The equipment‟s temperature can be 

measured using this sensor. In case, if the conveyor 

belt is operated at a very high speed resulting in the 

overall temperature rise in the motor and belt, can 

be captured using this sensor. Also, if very hot 

substances are kept over the conveyor belt can be 

identified using this sensor. 

 A 3-axis accelerometer with signal conditioned 

voltage outputs is the accelerometer sensor used. In 

tilt sensing applications, this sensor can measure 

the static acceleration of gravity as well the dynamic 

acceleration caused due to the motion of the 

equipment. This sensor provides data related to the 

x, y and z axis values in the motion of the belt at a 

particular point where the sensor is placed. 

B. Data Acquisition and Data Cleaning 

The data from the sensors is collected from the Raspberry 

Pi and is sent to the ThingsSpeak cloud account, from which 

data  could be downloaded to analyse it. ThingsSpeak 

provides a feature to view the live updating of data from the 

sensors, making it easier for the user to know if the Raspberry 

Pi, along with sensors are placed properly on the conveyor 

belt. This collected data is downloaded in the form of csv file 

in our local machine so that it could be cleaned and analysed 

further. The data consists of 2 columns, the time at which the 

data is updated from Raspberry Pi to the cloud account and 

the value of the Accelerometer or temperature sensor. The 

Conveyor belt is run at different weights kept over it with 

different speeds. 

 

 
Figure 2: Glimpse of the dataset without data cleaning 

and which is in accordance with the Hidden Markov 

Chain 

Data cleaning plays a major role in elimination of improper 

data points, which do not impact the predictive data model. 

The noisy data points were removed along with data points 

due to hardware malfunctions. Next, Data Standardization 

which is used to compare scores between different variables 

has been applied on the data points, which involves setting 

different variables on the same scale. To Standardize the 

variables, mean and standard deviation are calculated for 

each variable, following which the mean is subtracted from 

each variable and divided by the standard deviation. Then, 

Data Binning is used to create various bins to place the above 

standardized values into those bins so that we can arrive at a 

computation matrix consisting of all the probabilities. This 

technique is also known as Discretization, used in data 

pre-processing and statistics. The above data after data 

cleaning and pre-processing is used for analysing. 

 

 
Figure 3: A glimpse of the dataset after applying the 

pre-processing techniques (Standardization and Binning) 

 

C. Mathematical Model for Analysis 

The model chosen for analysing the data is a Hidden 

Markov Model and basic probability rules to do the 

prediction of the data model. Hidden Markov Model (HMM) 

is statistic model where the system being modelled is 

assumed to be a Markov Model with some hidden states. It is 

an unsupervised Machine Learning Algorithm. However, 

Hidden Markov Model (HMM) is often trained using 

supervised learning method in case if the training data is 

available. HMM is a graphical model, which is generally 

used in predicting states (hidden) using sequential data like 

weather, text, speech etc. Markov Model has been used to 

model randomly changing systems such as weather patterns. 

In Markov Model all the states are visible or observable. In 

this project, the hidden state is the condition of the Conveyor 

Belt on which speed and weights it is running on and visible 

state is the vibration value of the accelerometer kept on the 

Conveyor Belt. 

The most important point of Markov Model is that it states 

that the future state depends only on the current state and not 

on any other older states. This is known as Markov Property. 

Mathematically we can say, the probability of the state at 

time t will only depend on time step t-1. In other words, the 

probability of s(t),  if given s(t-1), that is p(s(t)|s(t−1)). This is 

known as First Order Markov Model. In case, the probability 

of the states at time t depends on time step t-1 and t-2, it‟s 

known as Second Order Markov Model. As there is an 

increase in the dependency of past events, the order 

increases. The 2nd Order Markov Model would be 

p(s(t)|s(t−1),s(t−2)). 

 
Figure 4: Second Order Markov Model 

Basic Terminologies with respect to Markov Chain: 
 Initial Probability Distribution: The System has to start 

from one state. That is the initial state of Markov Model 

(when time step t=0) 
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 Markov Chain: There are basic 4 types of Markov 

Models. When the system is fully observable and 

autonomous it‟s called Markov Chain. The Markov 

Chain consists of the following parameters: A set of M 

states, an initial probability, and a transition probability 

matrix A 

 Final /Absorbing State: When the transition 

probabilities of any step to other steps are zero except for 

itself then it is known as a Final/Absorbing State. So 

when the system enters into the Final/Absorbing State, it 

never leaves. 

 Hidden Markov Model: In Hidden Markov Model the 

state of the system will be hidden (unknown), however at 

every time step t the system in states(t) will emit an 

observable/visible symbol v(t). An example of Hidden 

Markov Model in the below diagram. 

 
Figure 5: Hidden Markov Model 

In this project, the probability matrix is created using 

python programming language which is of order, MXN, 

where M is the number of conditions under which the 

Conveyor Belt is tested an N is the number of bins present in 

the dataset. Then the probability of each of the above point in 

the matrix is calculated for that particular condition in which 

the Conveyor Belt is running. The future data points can be a 

potential input to the conveyor belt, or in other words, the 

value of the accelerometer for the vibrations it is subjected to 

can be predicted if the Belt is running normally in a healthy 

environment. Using this technique we can actually monitor 

the health of the belt whether it is running within proper 

speed ranges or if the belt is not in proper working 

conditions. 

The Hidden Markov Model is used in the prediction of the 

hidden state of the machine, that is the condition of the 

machine, given the visible state of the machine, that is, the 

accelerometer value or temperature sensor value. Using a 

probability matrix which is generated , HMM can predict the 

hidden state, that is the condition of the machine on which it 

is operated. Any variation from this predicted value of the 

hidden state, can be considered as faulty behaviour of the 

machine and human intervention is required.  

D. Algorithm 

1. Connect the sensors to embedded boards and place 

it on the equipment to be monitored. In our case, 

Conveyor belt deployed at Honeywell laboratory at 

Information Science and Engineering laboratory, 

M.S Ramaiah Institute of Technology. 

2. Set the belt in motion at different speeds and collect 

values at various points with different loads/weights 

placed on the belt. 

3. The collected values are directly stored on 

ThingsSpeak Cloud where data can be downloaded 

and visualized. 

4. Data Cleaning is performed on the obtained dataset 

to remove null and missing values in the dataset, 

data standardization is applied to the data and 

further data is discretized. 

5. The signature of the belt is obtained by plotting the 

dataset values using matplotlib library. 

6. The forward and backward learning algorithm is 

applied to obtain a probability matrix in the 

following way: 

 Forward Algorithm: To derive the probability 

of the next time step, in Forward Algorithm we 

use the computed probability on the current 

time step. Hence it is computationally more 

efficient O(N^2.T). If provided with a sequence 

of visible state V, to make the algorithm 

recursive, the probability of the Hidden Markov 

Model being at a hidden state at a specific time 

step t needs to be determined. 

 

 Backward Algorithm: This is the time reversal 

of the Forward Algorithm. Along with finding 

the probability that the machine will be in 

hidden state S at time t, the backward 

Algorithm will also generate the remaining 

part of the sequence of the visible symbol V. 

Both these algorithms have been used in this 

paper. 

7. Thus, the state in which the conveyor belt is running 

is displayed on the screen. Any abnormalities on the 

belt are also predicted by the obtained results. 

8. Given any value of the conveyor belt, the above 

generated data model would be able to predict if the 

conveyor belt is running at expected conditions or if 

any human intervention is required. 

IV. IMPLEMENTATION 

The wireless sensor network with temperature and 

accelerometer sensors are interfaced to an embedded board. 

In our case, Raspberry Pi2 board along with - temperature 

and accelerometer sensors are deployed on the Conveyor test 

rig, set up at Honeywell research lab, Dept of Information 

Science and Engineering, M.S Ramaiah Institute of 

Technology. 

Functioning of each of these sensors are stated below: 
1. Temperature Sensor: It is used to detect the 

temperature of the surrounding region. With respect 

to this project, it is used to determine the 

temperature at which the equipment is operating. 

2. Accelerometer Sensor: The sensor used is a 3 -axis 

accelerometer with signal conditional voltage 

output. It is used to measure the tilt of the equipment 

is 3 axes(x, y, z axis). 
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The sensor data is collected over the Conveyor Belt, with 3 

such weights and 3 speed values and integration of these two 

factors. The belt has been run at speed of 5rpm (rotations per 

minute) to 15 rpm with no weights, weight of 2kg placed on 

it, weight of 4kg placed on it. The dataset thus obtained 

consists of these above nine combinations. The data is 

collected by the Raspberry Pi and transmitted to a configured 

cloud account through which data can be downloaded and 

accessible. For each of the above condition, 100 data points 

have been collected from the Conveyor Belt. 

 

The vibrations of the belt collected, when transferred to the 

ThingsSpeak account will have the GPS (exact location) on 

where exactly those vibrations on the belt are captured, thus 

enabling users to know exactly where the vibrations are 

recorded. This feature makes it very useful in cases of 

Conveyor Belt covering very large distance (oil refineries, 

coal mining etc) to know at which part of the belt the 

vibrations are recorded. 

V. RESULT 

The accelerometer sensor values with respect to time are 

shown in figure 4 for better visualization. The x-axis 

represents time and the y-axis represents the value gained by 

the accelerometer sensor. The ThingsSpeak cloud takes real 

time data from the sensors and displays on the local system 

alongside temperature. The data acquisition is done in the 

xlsx format and further analysis is done. 

The prediction done is by using Hidden Markov Model 

with forward and backward algorithm. The algorithm is 

trained for several values from the accelerometer. The results 

are presented in the form of a matrix that are used to 

understand and eliminate fault data. Different signatures are 

gained and understood for detailed analysis. 

 

 
Figure 6: Accelerometer values with time 

 

In our case, the values from the sensors obtained through 

the ThingsSpeak Cloud are processed. These processed 

values form the training dataset. When a new accelerometer 

test value is encountered, the proposed model predicts the 

condition of the equipment, for example, “Speed 5rpm no 

Weight” as shown in Figure 7, indicates that the Equipment 

is running at a speed of 5rpm and there is no load on the 

machine. In case of an unexpected accelerometer value, the 

user will be alerted with an Abnormality Message as shown 

in Figure 8. 

 

 
 
Figure 7: State of belt shown to the user based on values 

received from sensors. 

 

 
Figure 8: An alert shown to user in case of abnormalities. 

VI.  CONCLUSION 

This project offers a design of automated equipment health 

monitoring system that tracks the changes taking place in the 

equipment at regular intervals. The sensors are deployed to 

detect vibration parameters and speed of the conveyor belt. 

We have designed and developed a system where the sensors 

are tested for different cases and the results are verified and 

also, the prediction is carried out by Hidden Markovian 

Model. In most of the cases, the monitoring of the conveyor 

belt is done and the deployment of sensors were tested, 

periodic collection of data is verified. 

This embedded wireless system with the sensors can be 

used to detect any change in the vibration of an equipment. 

Hidden Markovian Model is used for the case of prediction of 

different cases and signatures. The signatures repeat over a 

time period, making it easier for prediction of the entire 

system that is being monitored. 

This model can be used for any vibrational or any mobile 

equipment such as boilers, drilling machines and other such 

tools. Hidden Markovian Model can be used for prediction of 

states of that equipment in any automated industry which 

will reduce the manpower and also, accuracy can be 

improved by using data collection periodically. During this 

setup and after some time period, automatic monitoring can 

be made regarding the equipment health of the industry. 
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