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Abstract— Feedback mechanisms are an integral part of industrial automation. Feedback in systems is commonly 
implemented using wired communication interfaces to control parameters of a system and monitor its responses. Wireless 
means are emerging as an advantageous alternative to wired media. The benefits of wireless connections are compactness, 
relative ease of installation and ease of remote operation in areas which are difficult or dangerous for humans to access 
routinely. Wireless operation can be reinforced by employing software-based user-friendly interfaces. Such user interfaces 
provide for control facilities as well as feedback reading facilities to and from the appliance. 
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I. INTRODUCTION 
 
Motion control is essential in a huge number of 
industrial and residential applications such as 
automobiles, aircraft, oil refineries, power plants etc. 
Electrical drives, which employ electric motors, are 
vital systems used for motion control. Functioning of 
an electrical drive is often time-critical and 
safety-critical, which makes effective closed-loop 
feedback provisions an absolute necessity. Control is 
generally established using wired interfaces. However 
wired connections have limitations: they are laborious 
to install, ease of access is sometimes circumscribed 
and they depend greatly on physical surroundings. 
Interruption in their operation caused by 
environmental factors may prove expensive to detect 
and repair. 
This paper proposes a system which would replace the 
wired connection between an electrical drive and the 
control terminal by a sophisticated Bluetooth 
connection, while providing an Android-based user 
interface that would enable control and supervision of 
the drive with minimal efforts on the user’s part. This 
system would overcome significant drawbacks of 
wired interfaces, i.e. there would be no interruption of 
operation owing to physical damage and wireless 
Bluetooth technology would enable easier access to the 
device where physical wires and connections may be 
difficult to install. 
 
II. TECHNICAL COMPONENTS 
 
In this section the technical components used in the 
design of the system is discussed. 
 
A. Bluetooth Module 
Bluetooth is a wireless standard for data exchange 

over short distances. It creates personal area networks 
(PANs) with high security level, which is an essential 
factor in this system. Bluetooth operates in the range 
of 2400-2483.5 MHz (including guard bands) and 
frequency-hopped spread spectrum technology. This 
falls in the globally unlicensed short range RF band. 
Bluetooth is a packet-based protocol. 
The Bluetooth module used in this system is the 
WT11-A module by Bluegiga Technologies. The 
critical features of this module with regard to the 
system are that it is a class 1 Bluetooth (version 2.0 + 
Enhanced Data Rate) which supports data rates up to 
3Mbps and features low power consumption. Its range 
is limited to 300m. This module has inbuilt powerful 
iWRAP firmware which enables users to access 
Bluetooth functionality with simple ASCII commands 
delivered over a serial interface (UART).  
 
B. Microcontroller (MSP430 – UART features) 
MSP430 microcontrollers (MCU) from Texas 
Instruments (TI) are 16-bit, RISC-based, mixed signal 
processors designed for ultra-low power. The 
controller features a power consumption as low as 250 
µA in active mode as well as supports five distinct low 
power modes. 
The MSP430 IC used in the system is MSP430F5325, 
which belongs to 5xx family of MSP430 MCUs. It has 
an extended memory and can be clocked up to 25MHz 
using an external crystal. It has features of controlling 
power using low power modes, supply voltage 
supervisor and frequency stabilization. 
In addition, the controller also supports Universal 
Serial Communication Interface (USCI) which 
includes UART, SPI and I2C interfaces. The UART 
mode used in the system supports 7 or 8-bit data with 
odd, even or no-parity; and independent transmit and 
receive shift registers. These features are essential in 
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the system to process communication received or 
transmitted at the Bluetooth module.  
 
C. Android (User Interface) 
Android is an open-source software stack that includes 
the operating system based on Linux kernel, 
middleware, and key mobile applications, along with a 
set of API (Application Programming Interface) 
libraries for writing applications that can shape the 
look, and function of the devices on which they run. It 
has been mainly designed for mobile devices such as 
smartphones and tablet computers which use 
touch-screen operation. 
The key elements of Android are a powerful software 
stack, consisting of a Linux kernel and a collection of 
C/C++ libraries; and the Dalvik Virtual Machine 
(DVM). Android uses DVM as its own customized 
Virtual Machine designed to ensure efficient running 
of multiple instances on a single device. 
This system incorporates Android to develop a user 
interface which provides convenient features to 
control and monitor the electrical drive.  
 
D.   RS-485 Standard 
The RS-485 is a standard which defines the electrical 
characteristics of drivers and receivers for use in 
balanced digital multipoint systems. RS-485 allows 
multiple devices (up to 32) to communicate at 
half-duplex on a single pair of wires, plus a ground 
wire, at distances up to 1200 meters (4000 feet) with 
100kbps. Both the length of the network and the 
number of nodes can easily be extended using a variety 
of repeater products on the market. The data is 
transmitted differentially on two wires twisted 
together, referred to as a "twisted pair." The properties 
of differential signals provide high noise immunity 
and long distance capabilities. If ‘a’ and ‘b’ denote the 
pair of wires used in communication, then  
• for binary 0, Voa-Vob > +200 mV 
• for binary 1, Voa-Vob < -200 mV [13] 
 
III. SYSTEM STRUCTURE  
 
This section discusses the general block diagram 
along with algorithm used in Application design.  
 
D. Block Diagram and Description 
Fig. 1 shows the block diagram of this system. The 
RS-485 link is preferred over other serial interfaces 
due to its immunity over noise and its ability to 
withstand proper and undistorted communication over 
larger distances. 

 
Fig. 1 Block Diagram 

 
1) User Interface: The UI is an Android-based 
application. The code is developed in Java and XML 
to create buttons, string entries and displays. This 
application is installed on an Android mobile phone or 
tablet. The application uses Bluetooth hardware 
present in the Android device and communicates with 
the Bluetooth module (WT11-A) present at the 
drive-end.  It provides a user interface for a number of 
functions: 
 Switching the motor ON/OFF 
 Setting priming speed. 
 Setting different values of speed and duration of 

running. This will be set in a number of 
sequential steps with different settings. An 
override option will also be available. 

 Displaying feedback to monitor parameters and 
detect faults.  

     One of the proposed UI to set different speed values 
and their duration of running is illustrated in Fig.2. 

 
Fig. 2 Proposed UI 

 
The speed and duration are set with pre-defined values 
which are present in the drop-down menu. The 
override function can be used to set a user-defined 
speed and duration settings. 
The drop-down menu appears as shown in Fig. 3. 

 
Fig. 3 Drop-down Menu 
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   2) Bluetooth module: This is used to enable 
Bluetooth communication with the User Interface. 
     3) Microcontroller: This is the processing and 
controlling unit of the system. 
     4) Electrical Drive: This is the primary component 
employed for motion control. The drive consists of 
independent DC power source, power modulator 
block, DC motor, load (which is a pump), a sensing 
block unit and a controller unit. The drive in our 
system employs a brushless DC motor. The 
microcontroller controls the input to the drive’s power 
modulator according to feedback received from the 
sensing unit regarding speed and temperature. The 
temperature is monitored by the sensing unit using an 
Insulated Gate Bipolar Transistor (IGBT) sensor.  
The pool pump motor drive used in this system, sends 
all its data over the RS-485 link. The drive has 
additional features to detect under and over-voltage 
and current, and communicates the same to the 
controller over the serial link, which is then displayed 
to the user on Android screen. The speed, airflow, 
torque, voltage, etc. can be set by the user which is 
communicated to the drive over the same serial link. 
The current status of the drive can also be read over 
the RS-485 link. Moreover, the drive can be 
configured to avoid freezing, by using automatic 
temperature adjustment feature. 
Since this motor drive is being used in a swimming 
pool, the speed and duration set by the user determines 
the volume of the water being displaced. 
 
5) Power Supply: Each integrated circuit in the 
implemented system requires a different VCC supply 
voltage. Since it is infeasible to arrange multiple 
power sources, this is implemented as a block which 
takes in a power source of 12 V DC and regulates it to 
output 5V and 3.3V to different blocks of the system. 
The MAX-485 transceiver and LCD requires a power 
supply of 5V, whereas MSP430 and WT11-A requires 
3.3V. The 12V input is obtained from an adapter 
which is powered from the mains supply. 
This power supply block can be bypassed if a regulated 
voltage of 5V and 3.3V are available directly using 
other sources. The circuit diagram of the implemented 
power supply block is shown in Fig. 4. The regulators 
used here are L7805 and LD1117V33. 
 

 
Fig. 4 Power Supply 

6) RS-485 - TTL Converter: The logic levels of 
RS-485 standard and TTL standard are different. A 
converter is used as an interface, which converts 
RS-485 logic to TTL logic and vice versa. The circuit 
diagram of the implemented converter block is shown 
in Fig. 5. 

 
Fig. 5 RS485-TTL Converter 

 
7) Indication: The indication block takes input from 
the controller, the power supply block and the sensing 
unit of the electrical drive. The indication is 
implemented as a simple array of LEDs and an LCD 
screen to provide visual feedback about the 
functioning of each of the three blocks.  
 
E. Android Application 
The user interface is an Android application with 
facilities to control and monitor various parameters of 
the drive. The flowchart of the Android application is 
shown in Fig. 6. As soon as the Bluetooth is turned on, 
the Android device starts searching other online 
devices in the vicinity of it. The results are displayed to 
the user. The user then clicks the Bluetooth address 
corresponding to the WT11-A module, and once they 
are paired and confirmed, the new UI displays the 
controlling and monitoring functions to the user. All 
the controlled and monitored data are saved onto 
Android device’s phone memory, or onto the SD card 
interfaced to the microcontroller or the Android 
device. 

 
Fig. 6 Flowchart of Android Application 
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IV. RESULTS 
 
Implementation is in progress at the Integrated 
Engineering Services (IES) Department, Larsen & 
Toubro Ltd, Powai. Till date, the work has yielded the 
following results: 
 
F. Bluetooth Module Testing 
WT11-A Bluetooth module is configured for a baud 
rate of 115200 bits/second. It has been tested by 
successfully interfacing it to a PC using the RS-232 
serial cable. The RS-232 – TTL converter is used as an 
interface for logic conversion. The working is 
observed on the Windows HyperTerminal by sending 
AT commands. 
 
B.   Android Application Development 
The Android application to detect remote online 
Bluetooth devices is developed using Android SDK on 
the Eclipse IDE and tested on an Android mobile 
phone. Currently the application is in progress and has 
been developed to scan for online devices. The 
following screenshots (Fig. 7 and 8) demonstrate the 
working. A Menu has been provided to the user which 
displays the user’s mobile Bluetooth details, list of 
already paired devices, and scan discoverability 
feature. The scan discoverability allows other 
Bluetooth devices to discover user’s Bluetooth device. 

 
Fig. 7 Android Application Screenshot – 1 

 

 
Fig. 8 Android Application Screenshot – 2 

 
CONCLUSION 
 
The system once fully functional will enable wireless 
control and monitoring of the parameters of an 
electrical drive. Owing to discrete sequential sets of 

speed and duration of operation, a user will only need 
to configure these settings once. In the event of 
immediate changes being necessary, the user can avail 
of an override option. 
This is a foundation step into the domain of wireless 
control and automation. Future scope of wireless 
automation includes usage of flexible networks of 
microcontroller based systems to control and monitor 
a bank of electrical appliances in industrial and 
residential arenas. These networks would not be 
restricted to Bluetooth but would also use Wireless 
Fidelity (Wi-Fi), Radio Frequency Identification 
(RFID) and Zigbee etc. 
 
ACKNOWLEDGMENT 
 
We are grateful to Mrs. Pushpa U.S., Asst. Professor, 
Fr. Conceicao Rodrigues Institute of Technology, who 
is also a part of this project, for her valuable guidance; 
Mr. Kailas Chavan and Mr. Sainath Shinde of IES 
Dept. Larsen & Toubro Limited, during each step of 
the implementation of this project. We are highly 
grateful to Mr. Amrut Joshi, Asst. General Manager, 
IES Dept. Larsen & Toubro Limited, for permission to 
conduct our project research in this domain. We are 
also grateful to Mr. Naveen Shetty, Yashna Circuits, 
and Mr. Deepak Sawant, Proprietor, Interfabindia; for 
their contribution towards our project. 
 
REFERENCES 
 

[1]  Reto Meier, Professional Android 4 Application Development, 
Wiley-India ed., Wrox Publications: 2012. 

[2] Herbert Schildt, The Complete Reference: Java 2, 5th ed., Tata 
McGraw-Hill India: 2002, 47th reprint 2010. 

[3] G.K Dubey, Fundamentals of Electrical Drives, 2nd ed., Narosa 
Publishing House: 2002, 45th reprint 2012. 

[4] MSP430x5xx and MSP430x6xx Family User's Guide (Rev. M), 
Texas Instruments (SLAU208M), June 2008–Revised 
February 2013. 

[5] “MSP430F532x Mixed Signal Microcontroller (Rev. D)”, 
Texas Instruments (SLAS678D) August 2010—Revised 
February 2013. 

[6] “WT11 data sheet” Version 2.5, Bluegiga Technologies, 
February 09, 2007. 

[7]  iWRAP User Guide, Version 3.9, Bluegiga Technologies, 
March 25, 2011. 

[8] Texas Instruments Official Website [Online]. Available: 
http://www.ti.com/msp430. 

[9] AT&T Developer Program: Developing Applications for 
Android, Document 1.0, Revision 0.6, Revised April 08, 2010. 

[10] Curt Franklin and Julia Layton, How Stuff Works, webpage on 
“How Bluetooth Works” [Online]. Available: 
http://electronics.howstuffworks.com/bluetooth.htm 

[11] Android Official Website [Online]. Available: 
http://developer.android.com/training 

[12] Ruta A. Bhave, Mitali S. Gogate, Ajay A. Maity, Priyanka D. 
Shivthare, “Wireless Automation of an Electrical Drive using 
Bluetooth.”, IJESRT, vol.2, issue 11, pp. 3291-3294, Nov. 
2013. 

[13] Jan Axelson, webpage on “Basics of the RS-485 standard” 
[Online]. Available: 
http://www.bb-elec.com/Learning-Center/All-White-Papers/Se
rial/Basics-of-the-RS-485-Standard.aspx 

 
 


