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Abstract—Capturing and recording data wirelessly provides
various advantages over wired data loggers. Also smartphones
have become many people’s primary personal computing device
due to their vast capabilities, low cost, and mobility. So
capturing data wirelessly on smartphones can result in cost
reduced solution and also that can provide flexibility of recording
data remotely. This paper describes the design and development
of hardware and software modules for wireless data logger
system using Android Smartphone. The wireless data logger uses
FPGA with external analog-to-digital converter (ADC), Real
Time Clock (RTC), serial to Bluetooth module and Android
smartphone. Sampled data from ADC with time stamp from real
time clock (RTC) module is read by FPGA and displayed on local
LCD. Also the data is sent to Android smartphone over
Bluetooth. FPGA firmware is developed in VHDL using Xilinx
ISE 14.7 and Graphical user interface (GUI) is developed using
Android Developer Tool (ADT). End user can change remotely
the data logger settings such as date and time.
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I.  INTRODUCTION

Data loggers are normally used for recording, analyzing,
comparing and monitoring various parameters such as
temperature, Humidity, PH, flow and many other depending on
application. Major feature of data logger is the capability of
collecting data over a period of time which can be analyzed
later point in time [6].

Traditional general purpose processors [GPP] and wired
communication devices requires high cost and long
development cycle. As the GPP have the fixed architecture,
limitation to data path width, so it may waste the hardware
resources. FPGA gives the flexibility of reprogramming and
have high level parallelism.

Wired communications possess several limitations like -
complex cable connections, electromagnetic interference, wire
cost and maintenance etc. There are several wireless
communication technologies, such as Bluetooth, WSN, WI-FI,
zigbee, IrDA, GSM etc. [4]. Taking in to account the
application range of various techniques, the cost of data
transmission, security and reliability, Bluetooth and WSN are
the most appropriate methods in the short range wireless data
communication and data transmission. Bluetooth is a low cost,
low power, universal radio interface in the 2.45GHz frequency
ISM band that enables portable electronic devices to connect
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and communicate wirelessly via short-range, ad hoc networks
[3].

The mobile communication devices are mostly focused on
voice and short messaging [1]. They have become one of the
inseparable parts of the people life for contacting each other via
text and voice and it also provides services like check mail,
play game, send and receive file, etc. The combination of these
two services is called as smartphone [2].

The Android OS is the fastest growing OS on the mobile
market. Furthermore, it is open source; thus allowing more
ease and freedom when developing applications [5].

This paper focuses on FPGA based wireless data logger
which sends captured data over Bluetooth to the Android
smartphone.

II. SYSTEM ARCHITECTURE

A. Block Diagram of FPGA based Data logger System

The system block diagram is shown in Fig. 1. The hardware
consists of temperature sensor and humidity sensor, ADC,
RTC, LCD, FPGA board, Bluetooth dongle and android phone.
FPGA selects the ADC asserting chip select signal which will
initiate the conversion in ADC. Once the conversion is
completed the FPGA will read the data from the ADC and will
send it to LCD and Android Smartphone over Bluetooth. Real
Time clock will give the current date and time which will be
read by FPGA and sent as reference for the data.
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Fig. 1. Fig.1 Block Diagram of FPGA based data logger system
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I1l.  SOFTWARE ARCHITECTURE

A. FPGA Software Architecture
Fig. 2 shows the FPGA software architecture.
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Fig. 2. FPGA Software Architecture

There are four major modules — LCD controller, SPI
controller, UART controller and Data logger. LCD controller
is used by data logger to display data on local LCD. The SPI
controller is used by data logger to communicate with ADC
abd RTC over SPI bus. The UART controller is used to send
and receive data to and from Bluetooth module HC-05. Fig. 3
shows the data logger algorithm.
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Fig. 3. Android application algorithm

B. Androd Application

When FPGA board is powered ON, the Bluetooth module
HC-05 becomes discoverable by Bluetooth enabled devices
within a distance of 10 meters. The first step is to pair the
Android smartphone and HC-05 devices. After pairing is done,
Andorid application creates a communication channel, and then
sends and receives the data over Bluetooth using this
communication channel. Android smartphone acts as the server
and HC-05 acts as client.

Android application creates a Bluetooth adapter and then
gets the list of all paired Bluetooth devices.

Once the connection is established and input/output streams
are created then application waits for the data from HC-05. If
any data bytes are received over the Bluetooth then the
application reads all the data bytes available in the input
stream. After reading all data bytes the application checks for
the delimiter character. In this project the delimiter is new line.
Once the application receives delimiter, received data is
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displayed in text box on the android smartphone.

Also the data is displayed in graphical format on Android
smartphone. To display the data graphically, AndroidPlot
library is used. AndroidPlot is an API for creating dynamic and
static charts in Android application. AndroidPlot version 0.5.2
is used in this project. Temperature and humidity plots are
created in main activity. XY series for Temperature and
humidity are also created in main activity. Data to be displayed
in the graphs is added in these series and the graph is re-draw
every time the new data is received. Fig. 4 shows the Android
application algorithm.
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Fig. 4. Android application algorithm

IV. RESULTS

Fig. 5 shows the snapshot of the FPGA based wireless data
logger system.

Fig. 5. Snapshot of FPGA based wireless data logger system
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Temperature and humidity data from temperature and
humidity sensor read through ADC is displayed on the local
LCD along with current date and time stamp from RTC as
shown in the snapshot. Also the temperature and humidity data
is sent over Bluetooth to Android smartphone.

The Android smartphone screen is shown in the same
figure, where temperature and humidity data received from
FPGA board is displayed in graphical format. Also the Android
smartphone sends the date and time entered in text box when
Send button is pressed. Date and time sent by Android
smartphone gets updated on LCD after predefined delay.

V. CONCLUSION

The FPGA based data logger presented in this paper
records temperature and humidity data over a period of time. It
also sends recorded data to Android smart phone through
Bluetooth when the device is within range. This data can be
used for future analysis of the environmental conditions at the
place where data logger is installed.
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