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Abstract - The system proposed in this paper aims at monitoring the torque and efficiency in induction motors in real time 
by employing wireless sensor networks (WSNs). An embedded system is employed for acquiring electrical signals from the 
motor, and then performing local processing for torque and efficiency estimation. The values calculated by the embedded 
system are transmitted to a monitoring unit through a wireless WSN by using RF module because Wireless sensor networks 
are an emerging technology for low-cost, unattended monitoring of a wide range of environments. At the base unit, various 
motors can be monitored in real time. This study demonstrated that the use of intelligent nodes, with local processing 
capability, is essential for this type of application 
 
Indexterms - Efficiency and Torque measurement, embedded systems, induction motors, wireless sensor networks (WSNs).  
 
I. INTRODUCTION 
 
Environmental concerns, as well as an increasing 
demand for energy, provide strong motivation for 
further investment and research in demand side 
energy management techniques. Improving the 
efficiency of loads is one area in which available 
funds are designated to find and replace old and less 
efficient systems with higher efficiency counterparts.  
Electrical motors , and more specifically, induction 
motors are the main loads in the electrical power 
systems of industrialized countries. The enormous 
number of electrical motors represents a significant 
potential for the application of demand side energy 
management techniques. In addition, the efficient 
operation of the motors can bring direct and 
significant savings in consumed energy levels and 
indirectly reduce greenhouse gas emissions, as well 
as requirements for the installation of new power 
plants, transmission lines, and distribution systems. 
 
It is estimated that over two-thirds of the total electric 
energy generated is consumed by motor driven 
systems. On average, the motors in industrial plants 
operate at 60% of their rated load because of 
oversized installations or under loaded conditions 
and, as a result, have fairly low efficiencies.. 
Regarding the type of motors usually employed, 
about 90% are three-phase ac induction based,[2] 
mainly due to its cost effectiveness and mechanical 
robustness[3]. Torque is one of the main parameters 
for production machines. In several industry sectors, 
torque measurements can identify equipment failure, 
which makes their monitoring essential in order to 
avoid disasters in critical production processes. For 
decades, researchers have studied methods and 
systems for determining the torque in rotating shafts. 
There are basically two lines of study: direct torque 
measurement on the shaft, and estimated torque 
measurement from motor electrical signal. In most 

cases, the methods for direct torque measurement on 
the shafts are the more accurate. However, they are 
highly invasive, considering the coup ling of the 
measurement instrument between the motor and the 
load. Moreover, some of these techniques still have 
serious operational challenges. The estimated torque 
from the motor’s electrical signals (i.e., current and 
voltage) makes the system less invasive, but it is less 
accurate when compared to direct measurement 
systems. There are problems, such as noise in signal 
acquisition, those related to numerical integration, 
and low levels of voltage signals at low frequencies. 
However, in many cases, high precision is not 
critical, and low invasiveness is required. There are 
different methods to measure efficiency in induction 
motors, which are based on dynamometer, duplicate 
machines, and equivalent circuit approaches. 
However, their application for in-service motors is 
impractical, because it requires interrupting the 
machine’s operation to install the instruments. There 
are some simple methods for in-service efficiency 
estimation, like the nameplate method, the slip 
method, and the current method. These methods 
present as the main limiting factors the low accuracy, 
estimative based on nominal motor data and the need 
of typical efficiency-versus-load curves.   
 
II. LITRARURE SURVEY 

 
There are some simple methods for in-service 
efficiency estimation, like the nameplate method, the 
slip method, and the current method. These methods 
present as the main limiting factors the low accuracy, 
estimative based on nominal motor data and the need 
of typical efficiency-versus-load curves.  
 
Hsu and Scoggins presented the air-gap torque[2] 
(AGT) for energy efficiency estimation. In, the AGT 
is also used to measure efficiency in a much less 
invasive manner. The AGT[2] method can be 
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employed without interrupting the motor operation 
and it is not based on the motor nameplate. This 
method generally is more accurate than the other 
methods described earlier. In this study, the AGT 
[3]method was used for the estimation of the motor 
shaft torque and efficiency[1], because it is the 
noninvasive method for determining torque and 
efficiency that has less uncertainty[1]. Traditionally, 
energy monitoring and fault detection in industrial 
systems are performed in an offline manner or 
through wired networks[1]. The installation of cables 
and sensors usually has a higher cost than the cost of 
the sensors themselves. Besides the high cost, the 
wired approach offers little flexibility, making the 
network deployment and maintenance a harder 
process.  
 
In this context, wireless networks present a number of 
advantages compared to wired networks as, for 
example, the ease and speed of deployment and 
maintenance, and low cost. In addition to that, 
wireless sensor networks(WSNs) provide self-
organization and local processing capability. 
Therefore, these networks appear as a flexible and 
inexpensive solution for building industrial 
monitoring and control systems. Never the less, the 
use of WSNs[1], when developing automation 
systems for industrial environments, presents a 
number of challenges that should be faced. Wireless 
networks have unreliable communication links, what 
can be aggravated with noise and interference in the 
communication spectrum range[1]Studies on the 
application of WSNs in industrial environments, 
aiming at replacing wired systems, have been 
extensively explored in recent years. This paper 
presents an embedded system for determining torque 
and efficiency in industrial electric motors by 
employing WSNs technology. For a set of electric 
motors, current and voltage measures are gathered for 
later processing into an embedded system. Torque 
and efficiency results are then sent to a base unit for 
real-time monitoring. This way, preventive action can 
be taken whenever low-efficiency motors are detected 
and in cases of torque outbreaks. 

 
III. INDUSTRIAL WSN 
 
WSNs are formed by devices equipped with sensors 
and are capable of communicating via radio 
frequency. These sensors can produce responses to 
changes in physical conditions such as temperature, 
humidity, or magnetic field. Specific types of WSNs, 
such as for industrial monitoring, have unique 
characteristics and specific application requirements. 
Therefore, the deployment of WSNs must necessarily 
involve considerations of the targeted application [1], 

[9]. In general, there are key features that should be 
provided by the WSN, such as security, robustness, 
reliability, throughput, and adequate determinism. 
Among these characteristics, the lack of reliability is 
the main reason why many users do not deploy 
wireless equipment [9], [10]. Much of this concern is 
related to the interference in the spectrum used by the 
wireless networks for communication. Nodes in a 
wireless network may suffer interference from the 
coexistence with other network nodes, from other 
networks, and other technologies operating in the 
same frequency range. 
 
In industrial environments, there can be other sources 
of noise, such as thermal noise, and noise from 
motors and devices that cause electrical discharge [7]. 
The error characteristics presented in the wireless 
channel depend on the propagation environment, the 
modulation, transmission power, frequency 
range,among other parameters. In general, industrial 
wireless systems tend to have varying and often high 
error rates [10]. 
 
The IEEE 802.15.4 standard is well suited for WSN 
applications. It provides wireless communication with 
low power consumption and low cost, for monitoring 
and control applications that do not require high data 
transmission rate. There are some protocols that 
implement the network layer over the IEEE 802.15.4 
standard, such as Zigbee and WiFiThe standard 
defines three frequency bands: 868 MHz, 915 MHz, 
and 2.4 GHz [11]. In this study, we have considered 
only the 2.4-GHz band. 
 
Nowadays, many communication devices operate in 
the 2.4-GHz band, which is an unlicensed band 
within the Industrial, Scientific, and Medical radio 
bands (ISM), including radios that use the Bluetooth 
technology, WiFi, and other devices such as cordless 
phones and microwave ovens. The ISM band was 
initially allocated for noncommercial use, and it was 
later modified to allow more services, which led to 
the emergence of a large number of applications.  
The only restriction is on the strength of the signal 
power, for ensuring reduced interference among 
concurrent systems. Since there is no protection 
against interference of concurrent users, it is 
necessary to develop efficient coexistence 
technologies, providing a good operation of 
unlicensed band systems. Therefore, it is necessary to 
develop a new approach for wireless communication 
systems design, which should include spectrum 
occupation measurements, modeling of interference 
and coexistence, and performance evaluations. The 
operation of WSNs in harsh industrial environments 
has been continuously evaluated [10]. 
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IV. PRAPOSED BLOCK DIAGRAM 
 

 

 
Figure 1:  Proposed block diagram 

 
V. EMBEDDED SYSTEM INTEGRATED INTO 
THE WSN 
 

 
Figure 1:  Embedded system integrated into WSN 

 
The WSN proposed in this paper. End nodes are 
composed by the embedded systems located close to 
the electric motors. The values of motor voltage and 
current are obtained from the sensors, and the 
embedded system performs the processing for 
determining the values of torque, speed, and 
efficiency. Information obtained after the processing 
are transmitted to the base station through the WSN. 
Depending on the distance between end nodes and the 
coordinator, it may not be possible to achieve direct 
communication, due to the radio’s limited range and 
the interference present on the environment, among 
other factors. Therefore, the communication among 
nodes and coordinator can be done with assistance of 
router [1]. For current measurement, CT coil are 
employed due to their robustness and non-
invasiveness. Transformers with grain-oriented core 
are used to measure the voltage between phases, 

which provide the voltages in the secondary and 
primary without delay. The acquisition and data 
processing unit (ADPU) is responsible for data 
acquisition and conversion, besides the data 
processing. The printed boards power supply supplies 
the current and voltage for the sensors, the RF2.4 
GHz transceiver, and the ADPU. The main element 
of the ADPU is a PIC16F877A, which is a digital 
signal controller designed for applications that require 
high processing capacity. It has two integrated ADC, 
which perform simultaneous acquisition of the 
voltage and current sensors. The input/output 
channels can be used for user interface, and possible 
connections to auxiliary sensors and actuators. The 
values of torque and motor efficiency are transmitted 
using the RF 2.4 GHz Transceiver.  
 
The MAX232 is an integrated circuit that convert 
signal from serial port to compatible digital logic 
circuit. The MAX232 is dual transmitter/ dual 
receiver that typically is used to convert the RX, TX, 
CTS and RTS signals. 
 
VI. TOOLS TO BE USED 
 
MICROCONTROLLER PIC16F877 
Features: 

 Only 35 single-word instructions to learn 
 All single-cycle instructions except for 

program branches, which are two-cycle 
 Operating  speed: DC – 20 MHz clock input 

DC – 200 ns instruction cycle 
 Up to 8K x 14 words of Flash Program 

Memory,  
 Up to 368 x 8 bytes of Data Memory (RAM),  
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 Up to 256 x 8 bytes of EEPROM Data 
Memory 

 Pin out compatible to other 28-pin or 40/44-
pin  

 
MEMORY ORGANIZATION 
There are three memory blocks in each of the 
PIC16F87XA devices. The program memory and 
data memory have separate buses so that concurrent 
access can occur and is detailed in this section. The 
EEPROM data memory block is detailed in 
Section3.0 “Data EEPROM and Flash Program 
Memory”.  Additional information on device memory 
may be found in the PIC microcontroller. 
 
STATUS REGISTER 
The Status register contains the arithmetic status of 
the ALU, the Reset status and the bank select bits for 
data memory. The Status register can be the 
destination for any instruction, as with any other 
register. If the Status register is the destination for an 
instruction that affects the Z, DC or C bits, then the 
write to these three bits is disabled. These bits are set 
or cleared according to the device logic. Furthermore, 
the TO and PD bits are not writable, therefore, the 
result of an instruction with the Status register as 
destination may be different than intended. 
 
PIC PROGRAMMER 
The PIC programmer is software that is used to dump 
the hex file in to the PIC controller. The PIC 
programmer is capable of programming a variety of 
Flash based Microcontrollers. It has a separate 
programmer/debugger unit which plug into the board 
carrying the chip to be programmed this makes it 
possible to use the programmer with a custom circuit 
board. 
 
CC2500 RF MODEM 
CC2500 RF Modem is a transceiver module which 
provides easy to use RF communication at 2.4 GHz. 
It can be used to transmit and receive data at multiple 
baud rates from any standard CMOS/TTL source. 
This module is a direct line in replacement for your 
serial communication it requires no extra hardware 
and no extra coding to turn your wired 
communication into wireless one. It works in Half 
Duplex mode i.e. it provides communication in both 
directions, but only one direction at same time (not 
simultaneously). This switching from receiver to 
transmitter mode is done automatically. 
Features: 

 Supports multiple baud rates 
(4800/9600/19200/38400). 

 Works on ism band (2. 4 GHz) which is 
reserved internationally so no need to apply 
for license. 

 Supports multiple frequencies within the 
same band rate thus avoiding data collision. 

 No complex wireless connection software or 
intimate knowledge of RF is required to 
connect your serial devices. 

 Designed to be as easy to use as cables. 
 No external antenna required. 
 Plug and play device. 
 Works on +5 V DC supply. 
 Standard UART interface. 
 Plug and play device. 

 
Specification: 
 Working Voltage: 5 Volts DC 
 Frequency: 2.4 GHz 
 Range: 25 Meters Outdoor/Theoretical 

 
Applications: 

 Wireless Sensor Network. 
 Wireless Device Control. 
 Wireless Data Transfer. 
 Wireless Energy Metering 

 
VISUAL BASIC 
Visual Basic is a tool that allows you to develop 
Windows (Graphic User Interface - GUI) 
applications. The applications have a familiar 
appearance to the user. Visual Basic is event-driven, 
meaning code remains idle until called upon to 
respond to some event (button pressing, menu 
selection). Visual Basic is governed by an event 
processor. Nothing happens until an event is detected. 
Once an event is detected, the code corresponding to 
that event (event procedure) is executed. Program 
control is then returned to the event processor 
 

 
Software circuit diagram 

 
VII. SYSTEM ANALYSIS 
 
The system used in the latest existing system is 
embedded system integrated with wireless sensor 
network. A WSN is used here for making the 
calculations more reliable and noninvasive.  
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At first the parameters are calculated using the 
embedded system circuit. Here used only two 
sensors. A Hall Effect voltage sensor and current 
sensor.The current and voltage values are obtained 
from the sensors. Here Air Gap Torque method is 
used for the calculation of efficiency. That is first 
using the voltage and current values the Air Gap 
Torque is calculated. And this torque is recorded. 
From this the losses are subtracted from the air gap 
torque and the shaft torque is calculated. 
 
Using this shaft torque we can calculate the 
mechanical efficiency. The efficiency can be obtained 
using formulas. 
 
The AGT method proposed we can calculate the 
torque using the equation. 

    3 2 (2 )
6

ag a b ca a b a b ab a b
pT i i v r i i dt i i v r i i              

 
….. (1) 
 
where 
p number of motor poles; 
ia, ibmotor line currents, in ampere; 
vca, vabmotor power line voltages, in volt; 
rresistance of motor armature, in ohm. 
 
Equation (1) can be applied using instantaneous and 
simultaneous acquisitions of ia,ib, vca, vab, and a 
measured value of r. It is valid both for motors 
connected in Y, with no connection to the neutral, or 
Δ. Its integrals corresponding to the stator flux 
linkages. AGT equations has also been used in many 
works that use other types of motors .The torque on 
the shaft can be estimated by subtracting the losses 
occurring after the process of electromechanical 
energy conversion from AGT[1]. 
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T
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        …. (3) 
The WSN used here is CC2500 RF modem. Using 
this monitoring task can be done from a base station 
away from the motor.

 

 
CONCLUSION  
 
This paper presented an embedded system integrated 
into WSN for online dynamic torque and efficiency 
monitoring in induction motors. I used the AGT 
method to estimate shaft torque and motor efficiency. 

The calculations for estimating the targeted values are 
done locally and then transmitted to a monitoring 
base unit through an CC2500 RF modem WSN 
The proposed energy management system in this 
paper is a combination of advanced techniques and 
plant management process, aiming for goal through 
technical means. It has integrated new techniques 
such as nonintrusive efficiency estimation. 
 
Wireless sensor network is used to transmit data 
collected from the machine to the base station. Visual 
basic is used for the graphical user interface. In the 
visual basics we calculate the efficiency of the system 
torque and other parameters measured. .   
 
The total system gives an efficient mechanism for the 
measurement of the parameters of the induction 
motor and calculating its efficiency without 
interrupting the actual working of the system. 
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