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Abstract— Energy monitoring and fault diagnostics are 

critical for industrial motor systems to maintain safety, 

reliability, efficiency, and uptime. Accurate monitoring and 

estimation of energy usage condition of motor systems enable 

proper actions at various levels to be taken to improve the 

overall system efficiency for energy savings. Early detection 

of motor system failures through fault diagnostics and 

prognostics allows appropriate maintenance to be scheduled 

proactively to prevent catastrophic motor failures, avoiding 

expensive economic losses associated with process downtime 

caused by motor failures. The advances in wireless 

communications and highly integrated electronics have 

enabled the implementation of low cost, low-power, and 

multifunctional sensors and actuators. The deployment of 

large numbers of these sensors and actuators resulted in the 

development of wireless sensor networks (WSNs). The 

collaborative operation of WSNs brings significant 

advantages over traditional sensing, including flexibility, 

high fidelity, self-organization, aggregated intelligence via 

parallel processing, low cost, and rapid deployment. These 

unique features make WSNs a promising platform for online 

and remote implementations of energy monitoring and fault 

diagnostic systems. 
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I. INTRODUCTION 

Fault detection and isolation are important to improve the 

safety and reliability of practical control systems. Induction 

motor especially three phase induction motor plays vital role 

in the industry due to their advantages over other electrical 

motors. Therefore, there is a strong demand for their reliable 

and safe operation. If any fault and failures occur in the motor 

it can lead to excessive downtimes and generate great losses 

in terms of revenue and maintenance. Therefore, an early 

fault detection is needed for the protection of the motor. In 

the current scenario, the health monitoring of the induction 

motor are increasing due to its potential to reduce operating 

costs, enhance the reliability of operation and improve service 

to the customers. The health monitoring of induction motor is 

an emerging technology for online detection of incipient 

faults. The on-line health monitoring involves taking 

measurements on a machine while it is in operating 

conditions in order to detect faults with the aim of reducing 

both unexpected failure and maintenance costs. 

Wireless sensor networks have recently come into 

prominence because they hold the potential to revolutionize 

many segments of our economy and life, from environmental 

monitoring and conservation, to manufacturing and business 

asset management, to automation in the transportation and 

health care industries. The design, implementation, and 

operation of a sensor network requires the confluence of 

many disciplines, including signal processing, networking 

and protocols, embedded systems, information management 

and distributed algorithms. Such networks are often deployed 

in resource-constrained environments, for instance with 

battery operated nodes running untethered. These constraints 

dictate that sensor network problems are best approached in 

a hostile manner, by jointly considering the physical, 

networking, and application layers and making major design 

tradeoffs across the layers. Advances in wireless networking, 

micro-fabrication and integration (for examples, sensors and 

actuators manufactured using micro-electromechanical 

system technology, or MEMS), and embedded 

microprocessors have enabled a new generation of massive-

scale sensor networks suitable for a range of commercial and 

military applications. The technology promises to 

revolutionize the way we live, work, and interact with the 

physical environment. In a typical sensor network, each 

sensor node operates untethered and has a microprocessor 

and a small amount of memory for signal processing and task 

scheduling. Each node is equipped with one or more sensing 

devices such as acoustic microphone arrays, video or still 

cameras, infrared (IR), seismic, or magnetic sensors. Each 

sensor node communicates wirelessly with a few other local 

nodes within its radio communication range. Sensor networks 

extend the existing Internet deep into the physical 

environment. The resulting new network is orders of 

magnitude more expansive and dynamic than the current 

TCP/IP networks and is creating entirely new types of traffic 

that are quite different from what one finds on the Internet 

now. 

 
Fig. 1: Online and remote energy monitoring and fault 

diagnostics for industrial motor system using WSN 

II. PROBLEM IDENTIFICATION 

Induction motors are rugged, low cost, low maintenance, 

reasonably small sized, reasonably high efficient, and 

operating with an easily available power supply. They are 

reliable in operations but are subject to different types of 

undesirable faults. 

Faults in induction motors can be categorized as follows: 
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A. Electrical-Related Faults:  

Faults under this classification are unbalance supply voltage or 

current, single phasing, under or over voltage of current, reverse 

phase sequence, earth fault, overload, inter-turn short-circuit 

fault, and crawling. 

B. Mechanical-Related Faults:  

Faults under this classification are broken rotor bar, mass 

unbalance, air gap eccentricity, bearing damage, rotor 

winding failure, and stator winding failure. 

C. Environmental-Related Faults:  

Ambient temperature as well as external moisture will affect 

the performance of induction motor. Vibrations of machine, 

due to any reason such as installation defect, foundation 

defect, etc., also will affect the performance. 

III. METHODOLOGY 

 
Fig. 2: Experimental Setup 

The sensors used and the functionality of the system. Figure 

3 shows the three different subsystems of the designed 

system: the sensor devices, the coordinator node and the 

information management system (base station). The 

coordinator node is physically connected via USB to the 

monitoring computer, where data is assessed and processed. 

The coordinator node gathers all the information generated 

by the sensor network and transmits it to the monitoring 

application, which was developed to handle that network. The 

wireless network has been designed in a star topology. An 

alternative approach would be to locally process the data 

extracted from the motors at the sensor level and only 

transmit the processed results (e.g., fault alarms), reducing 

the traffic load, but at the cost of increasing the hardware and 

software requirements of the end sensor devices.  

 
Fig. 3: Architecture of the designed wireless sensor network 

 
Fig. 4:  Block diagram of the hardware structure of the 

sensor nodes 

The dual processor design allows for a 

microcontroller to handle only the communication stack of 

the IEEE 802.15.4 standard, while the other samples the 

sensors. If a single microcontroller were used, it would be 

more difficult to achieve real time monitoring of the 

vibrations because the number of samples required for an 

accurate assessment would be more limited. The sensor node 

is powered by a battery but it can also be operated using an 

external power supply, via micro-USB. 

A. Software:  

The beacon-enabled mode of the IEEE 802.15.4 standard is 

used since it synchronizes the communication between the 

coordinator node and the sensor nodes. This approach ensures 

that the data has been sent, which is essential in this 

application. The coordinator node periodically sends beacon 

frames to the associated sensing nodes to synchronize them. 

The beacon frame is the first part of a super frame, as shown 

in figure 5. 

 
Fig. 5: Beacon-enabled mode: super frame structure with 

GTSs. 

The use of this structure allows sensor nodes to track 

beacons, in order to synchronize their transmissions with the 

coordinator node. This mechanism allows the nodes media 

access during the active period, and enables the use of low-

power modes during the inactive period of the super frame, 

in which transmissions are prohibited. 
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(a) Transceiver 

 
(b) ATMega328 microcontroller 

Fig. 6: Flow chart of the node sensors 

IV. RESULT 

This report presents a wireless sensor network for early 

detection and monitoring of motor system failures. The 

system has been designed to merge various parameter 

measurements in real-time, improving the detectability of 

faults. The monitoring of the motor system involves the 

measurement of several quantities, namely vibrations, 

temperature and current consumption. Thus, compared to a 

conventional approach that relies solely on vibrations, this 

design has two more information sources which can trigger 

an alarm. The wireless communications are based on the 

IEEE 802.15.4 standard in beacon-enabled mode and with 

guaranteed time slot. This ensures the data transmission and 

a synchronous acquisition, which are critical elements in a 

condition monitoring system based on a wireless sensor 

network. The data received by the coordinator node is stored 

and assessed in a PC. The data is graphically presented in 

real-time by means of a virtual instrument developed in 

LabVIEW. The proposed system can be easily scaled up to 

include other sensors on the sensing node for the 

measurement of other parameters of interest, or to add new 

sensor nodes to the wireless network. The system has a high 

autonomy, easy installation and reduced maintenance costs. 

Experimental measurements confirm the feasibility of the 

implementation of the sensor network, and its usefulness for 

the preventive maintenance in three-phase rotating 

machinery. 

 
Fig. 7: LabVIEW front panel for load 1 and 2 

 
Fig. 8: Front panel when Loads 1 and 2 are ON 

 
Fig. 9: Front panel for induction motor speed 

V. CONCLUSION 

The advantages of WSNs over traditional sensing have made 

them a promising platform for remote monitoring systems. 

The motor energy efficiency and health conditions are 

estimated using only motor terminal electrical data through 

WSNs in an online, remote, and nonintrusive manner. The 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5375755/figure/sensors-17-00469-f011/
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feasibility of the proposed scheme has been demonstrated 

through a series of laboratory experiments and field tests. 

This paper has also addressed the challenges when applying 

the proposed WSN scheme in industrial environments, 

including wireless-link quality dynamics, noise and 

interference, and environmental impact on communication 

range and reliability. In summary, the following key 

contributions have  

 An online and remote energy monitoring and fault 

diagnostic system in a WSN scheme has been proposed, 

and its feasibility has been demonstrated. The 

nonintrusive nature of the proposed scheme is well 

aligned with the current trend of electrical-signal-based 

motor fault diagnostics, such as the motor current/power 

signature analysis (MCSA/MPSA). 

 The spatiotemporal impacts of industrial environments 

on the proposed WSN scheme have been experimentally 

investigated. The empirical measurements have 

demonstrated that the average LQI values provided by 

WSN radio components are closely correlated with PRR 

and can be used as a reliable metric for wireless-link-

quality assessment during the deployment of the 

proposed WSN scheme. 

VI. FUTURE SCOPE 

 EEG, ECG and other health parameters can also be 

monitored. 

 Continuous monitoring and future diagnosis can be 

performed via the same system     (TELEMEDICINE). 

 More than a single patient at different places can be 

monitored using single system. 
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