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Abstract-The paper describes designing of a system with the help of the sensors to detect the different parameter. We have 
designed a compact wireless modular sensor architecture, which contains a number of circuit boards (nodes), we can use it in 
environmental monitoring systems. Each node has a major function i.e. inertial sensing, tactile sensing, data collection and 
transmission. Their primary goal is to collect the data and transmit towards the server and then it is transmitted towards http 
or web for browsing from different locations. In this paper we present the design of complete IPv6 based Wireless sensor 
network. For real time data acquisition system microcontroller Atmega32u4 is easily interfaced with nRF24.This sensor 
continuously generates enormous amount of data in the form of packets and frame (date, time, source address, destination 
address, data, ERC and CRC) which can easily reach to the destination. 
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I. INTRODUCTION 
 
A wireless sensor network consist of devices 
equipped with sensors, microcontroller, radio 
transceivers that cooperate to form fully connected 
network of a sensor node. The wireless nodes are 
autonomous devices, which are often battery- 
powered with sensing, processing and communication 
capabilities. Sensors are electronic devices which are 
capable of sensing environmental parameters such as 
temperature, humidity, light intensity, pressure, soil 
etc. This sensor measures the different parameters 
around the sensing device and converts the sensed 
data into the electrical signal.  
 
The sensed data is sent via radio transmitter i.e. 
nRF24 to the sink node or server. Sink node 
combines with software for processing the sensed 
data collected by sensors and it is often connected to 
the API’s for example, thingspeak. 
 
During the Data transmission in the wireless media 
large energy may consumed. For energy 
conservation, the data reports are often sent to the 
sink node through a multi-hop short-distance 
communication, with intermediary sensor nodes 
forwarding their own and neighbors data. 
Intermediate node can perform the task to receive and 
filter the data from other nodes and send it to server 
through shortest path distance process. 
Challenges- 
 
 To know several sensor networks and protocol 

specific details. Operating system for low level 
abstraction and simulation or directly are the 
sensor hardware. 
 

 Extraction and use of sensor generated data in the 
proper format that can be accessed by final user in 
graphical format with their predefined queries. 

 Concern the semantic gap between the 
representation of high level application received 
at the server and  

  
 Low level data transmitted from the sensor node. 

There are large numbers of devices which are already 
monitoring different parameters in the physical world 
and available to use. Above this the main constraint is 
how to enable people to create applications on such 
WSN systems. To achieve this goal, a crucial 
requirement is to provide a layer of abstraction to 
distribute the sensing tasks and queries to the WSN 
and to gather the sensor generated data. 

  
This paper provides following contributions: 
 To develop a complete IPv6 based network 

architecture that allows end-to-end 
communication between the sensor nodes and IP 
devices too. 

 To develop software architecture to process the 
sensed data and further it is linked to the server. 

To present the implementation of efficient IPv6 based 
architecture for WSN.  
 
II. LITERATURE SURVEY 
 
In 2006, Arboleda et al worked on ‘Comparison of 
clustering algorithms and protocols for wireless sensor 
networks’. He discussed basic concepts related to 
clustering and analysis of LEACH- based protocols.  
In 2008, Kumarawadu et all in the paper ‘Algorithms 
for node clustering in wireless sensor networks: a 
survey’ discussed the key design challenges of WSN 
clustering and analyzed the performance issues. 
‘Cluster head selection in clustering algorithms for 
wireless sensor networks: a survey’ by Deosarkar et 
al, discussed about the cluster head selection strategies 
based on the classification of deterministic scheme, 
adaptive scheme and combined metric scheme. Jiang 
et al worked on classification of WSN clustering 
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schemes based on 8 clustering attributes in 2009. He 
also analyzed popular WSN clustering algorithms and 
also comparison between those algorithms. Vipul 
Gupta worked on developing a web-based service 
called Sensor network that facilitates a heterogeneous 
mix of devices to interact with one another in the 
paper ‘Sensor Network: An open data exchange for 
the web of things’ in year 2010. In 2011, Joshi et al in 
the paper ‘A survey of hierarchical routing protocols 
in Wireless Sensor Networks’ discussed familiar 
clustering algorithms in WSNs and compared 
clustering routing protocols based on energy 
conservation and network lifetime. 
 
III. HARDWARE 
 

 
Fig. 1Wireless Sensor Node Specification 

 
A. Atmega32u4  
For this prototype, we are using Atmega32u4 as 
processor. There are many processors available like 
Atmaga8, Atmaga16, Atmega32, Atmega32u2 but 
because of some advantageous specifications of 
Atmega32u4 (processor) over other processors, we 
have used Atmega32u4. The ATmega32U4 is low-
power CMOS 8-bit microcontroller- RISC 
architecture. This microcontroller achieves 
throughputs of 1 MIPS per MHz. This optimizes 
power consumption and processing speed as it is 
executes many instructions in a single clock cycle. It 
instruction set with 32 general purpose registers. 
These 32 registers are directly linked to the 
Arithmetic Logic Unit (ALU), which allows two 
independent registers to be used in one single 
instruction executed in single clock cycle.  
 
The ATmega32U4 provides the following features:  
 It has 32K bytes of in system programmable 

flash.  
 It has EEPROM of 1k bytes. 
 It has SRAM of 2.5K bytes. 
 It has 26 general purpose I/O lines. 
 It has 32 general purpose registers. 
  It has 4 flexible Timer/Counters with compare 

modes and pulse width modulation. 
 It has high-speed Timer/Counter with  
      PLL adjustable source 
 It has 1 USART including CTS (clear to send) 

/RTS (request to send) flow control signals. 

 It provides byte oriented 2-wire serial interface. 
 It provides analog to digital converters instead of 

just analog comparators. 
 It has an on-chip temperature sensor. 
 It has a programmable watchdog timer. 
 In idle mode the CPU is stopped while it allows 

SRAM, Timer/ Counters, SPI port and interrupts 
system to function. 

 In Power-down mode register are saved but the 
oscillator is stopped, disabling all other chip 
functions until it receives the next interrupt or 
reset. 

 In Standby mode, the Crystal oscillator is running 
while other devices are sleeping. This allows fast 
start-up and low power consumption.     

 
The Atmega32u4 is based on RISC architecture is 
manufactured using high-density nonvolatile memory 
technique. Program memory is allowed to reprogram 
by on chip ISP flash through SPI serial interface, by a 
nonvolatile memory programmer, or it can also be 
programmed by the on-chip boot program. The 8-bit 
RISC CPU with ISP Flash on a monolithic chip, 
makes microcontroller to provide high flexibility and 
it is very cost effective for many embedded control 
applications. This microcontroller is supported with 
program and system development tools like C 
compilers, macro assemblers, program 
debugger/simulators. 
 

Table I. Analysis on ATMEGA32U4 
Power 
Supply 

Microcontr-oller 
Code Oscillator Operating 

temp. Range 

2.7-5.5V 

ATmega32U4-AU External 
XTAL 

 
-400 to +850C 

ATmega32U4RC-
AU 

Internal 
Cabin. RC 

ATmega32U4-MU External 
XTAL 

ATmega32U4RC-
MU 

Internal 
Cabin. RC 

 

 
B. Real Time Clock 
Real Time Clock is placed on server node, to collect 
real time environmental information/data through 
different sensors which are interfaced with 
microcontroller as a sink/server node. In Wireless 
sensor nodes, Real time clock is used for periodic 
node wakeup. The periodic node wakeups in WSN 
context refers to wakeups based on events and it 
allows the processor to enter into deep sleep modes. 
The real time clocks can also activate the sensor 
nodes. Time synchronization can also be maintained 
by RTC’s. These real time clocks are the replacement 
for industry standard real-time clocks. It provides an 
automatic backup supply with integrated trickle 
charger. Backup supply may be implemented by 
using a capacitor or a non- rechargeable battery. The 
RTC registers include an Oscillator Fail flag that 
indicates the status of RTC oscillator. And a STOP 
bit which allows the processor to disable the 
oscillator. Time registers of RTC’s are generally 
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updated once per second and to prevent timekeeping 
glitch, all the registers of RTC’s are updated at the 
same time. The device also includes automatic leap-
year compensation. RTC are used in general 
consumer electronics. The real time clock provides 
following features:  
 

 It automatically switches to backup supply.  
 Serial clock is supported by I2C interface up 

to 400 kHz. 
 It uses 32.768-kHz Crystal with -63 ppm to 

+126 ppm adjustment. 
 It has integrated oscillator-fail detection. 
 8-Pin SOIC Package. 
 Ambient operating temperature of RTC: –

40°C to 85°C. 
 
C. SD Card 
SD memory cards may also support a second security 
system based on commonly used standards, such as 
ISO-7816, which can be used to interface the SD 
memory card into public networks and other systems 
supporting mobile e-commerce and digital signature 
applications. This compatibility includes mechanical, 
electrical, power, signaling, and software. The intent 
of the SD I/O card is to provide high-speed data I/O 
with low power consumption for mobile electronic 
devices. 
 
D. Sensors 
Sensors are the things that measure the environmental 
parameters in the physical world. The sensed data 
requires data processing before the microcontroller 
reads it. This data processing is done in the sensor 
nodes. In our prototype we are using temperature and 
humidity sensor, digital pressure sensor.   
 
1. DHT11 Temperature and humidity sensor  
DHT11 temperature and humidity sensors are digital 
sensors. DHT11 elements are extremely accurate on 
temperature and humidity calibration. Calibration 
Coefficients are stored in the OTP memory of DHT11 
in the form of programme, which are used by internal 
signal detecting process of sensors. The sensor 
provides single-wire serial interface, this makes the 
system integration easier. DHT11 sensors are small in 
size, it consumes less power and up to20 meters 
signal transmission. Because of these advantages of 
DHT11 sensors are used in various applications. It is 
a 4-pin single row pin package. It is convenient to 
connect to the sensor node. The interfacing of DHT11 
sensor with microcontroller is shown in fig. 2. 

 

 

Fig. 2 DHT11Temperature and humidity sensor 

Table II.  Technical Specification of DHT11 

Sensor Measurement 
Range 

Humidity 
Accuracy 

Temp. 
Accuracy Resolution 

DHT11 20-90%RH 
0-500C ±5%RH ±20C 1 

 

 
Fig. 3 Interfacing of Microcontroller with DHT11 

 
2. BMP180 Digital Pressure Sensor 

 

 
Fig. 4 BMP180 Digital Pressure Sensor 

 
The BMP180 digital pressure sensor is the new 
generation of high-precision digital pressure sensors 
for different applications. It is an ultra-low power, 
low voltage electronic component. The BMP180 
offers superior performance with low altitude noise of 
0.25m at a fast conversion time. The sensor provides 
I2C interface due to which there is ease of system 
integration with a microcontroller.  The functioning 
of BMP180 is based on piezo-resistive technology. 
These sensors are highly accurate, linear and stable.  
The interfacing of BMP180 sensor with 
microcontroller is shown in fig. 5. 
 

 
Fig. 5 Interfacing of BMP180 with microcontroller 

 
These sensors are so designed that they are connected 
directly to the microcontroller via the I2C bus. The 
sensed pressure data is compensated by the calibrated 
data of the EEPROM of the BMP180. It consists of a 
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piezo-resistive sensor, an A to D converter and a 
control unit with EEPROM memory and a serial I2C 
interface. The BMP180 pressure sensor delivers the 
uncompensated value of pressure. The calibrated 
pressure value is stored in EEPROM and it is further 
used to compensate the temperature dependence of 
the sensor.  
 
3. Internal Sensor  
3.1 RTC temperature sensor  
The real time clock connected to the sensor node has 
a in-built internal temperature sensor which calibrates 
the chip temperature of microcontroller. Wireless 
sensor node can access the sensed value of chip 
temperature via I2C bus. The RTC temperature 
sensor is in a 10-bit two’s complement format and 
has a resolution of 0.250C. The measurable 
temperature range is between -40ºC and +85ºC. The 
RTC temperature sensor is used to measure the 
temperature of the board. The RTC temperature 
sensor is a in-built sensor to the RTC, the applications 
which requires probe temperature sensor, it must be 
integrated from micro analog and digital inputs. 
 
E. Transmitter/Receiver Section 

nRF24L01 
(Single Chip 2.4GHz Transceiver) 

We are using nRF24L01 transceiver in our design. It 
is a single chip 2.4GHz transceiver featuring 
embedded baseband protocol engine. It is designed 
for low power wireless applications. The nRF24L01 
operates in the world-wide 2.4 – 204835 GHz ISM 
frequency band at. It is operated through a Serial 
Peripheral Interface (SPI.) Register map is available 
to the transceiver through Serial Peripheral Interface. 
The map contains all the configuration registers in the 
nRF24L01. The embedded baseband protocol engine 
is based on packet communication and supports 
advanced autonomous protocol operation. Internal 
FIFOs of nRF24 makes sure that the data is flowing 
smoothly between the radio end and the system’s 
Microcontroller. The radio end uses GFSK 
modulation. The air data rate supported by this 
transceiver can be configured to 2Mbps. The high air 
data rate featured with two powers saving modes 
makes nRF24 well suited for low power applications. 
Internal voltage regulators provide a very high Power 
Supply Rejection Ratio and a wide power supply 
range. As nRF24 is well suited for low power 
designs, we are using to reduce power consumption 
of the prototype. 

 
Fig. 6 nRF24   

(Single Chip 2.4GHz Transceiver) 
nRF24 includes following features: 

• Radio 
  It operates in 2.4GHz ISM band worldwide. 
 It has 126 RF channels. 
 It has RX and TX pins in common. 
 It uses GFSK modulation 
 It has air data rate of 1 and 2Mbps. 

 Transmitter  
 Programmable output power: 0, -6, -12 or -

18dBm 
 Output power : 11.3mA at 0dBm 

• Receiver 
 It has integrated channel filters. 
 Sensitivity: -85dBm at 1Mbps 
 It provides Programmable Low noise 

amplifier gain 
• Enhanced ShockBurst 

 It provides dynamic payload length of 1 to 
32 bytes. 

 It provides automatic packet handling. 
 It provides auto packet transaction handling. 

• Power Management 
 It has integrated voltage regulator. 
 Supply range: 1.9 to 3.6V 
 It provides idle modes with fast start-up 

time. 
 Standby-I mode: 22uA,  

Power down mode : 900nA 
 Maximum start-up from power down mode : 

1.5ms 
 Maximum start-up from standby mode: 

130us 
• Host Interface 

 It provides 4-pin hardware SPI. 
nRF24 is used as Wireless PC Peripherals like mouse, 
keyboards and remotes. It has applications in 
advanced media center remote controls, Voice over 
IP (VoIP) headsets and low power wireless sensor 
networks. 
 
III. SOFTWARE 
 
A. Arduino 
Arduino is an open-source platform which makes 
easy to write code and upload it to the I/O board. 
Variety of sensors connected to the microcontroller 
board for monitoring and sensing environmental 
surrounding condition controlled by light, motors and 
other actuators. This microcontroller board is 
programmed by Arduino programming language 
which can monitor and stored in the output devices. 
Basically it isused for home automation system, 
screen with the html messages of a testing kit, traffic 
lights. A major milestone has been connecting 
Arduino to mobile phones with Arduino boards.   
 
B. ThingSpeak 
Thingspeak is a newly developed open application 
platform for mankind which enables to connect 
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electronics gadgets with people. It is an open source 
API which application developers allow us to put it 
on our own servers and can put it on our own 
computer. A big part of thingspeak is to keep track of 
real time data collection. It provides data processing 
which gives a little bit meaningful data from the raw 
sensed values. We have data visualization in 
thingspeak i.e. Charts and gauges. The APIs are 
location aware, if we are moving the sensors, it can 
the location of sensors. For open source use 
thingspeak is licensed from GPLv3 and for closed 
source applications it is licensed from iobridge. This 
application is installed over many servers.  
 
IV. WORK IN PROGRESS 

 
Thus we have designed sensor nodes which are 
capable of sensing different environmental 
parameters i.e. temperature, pressure, humidity etc. 
This sensed data is interfaced to the sink node via 
nRF24 transceiver.  
 
These sensed values are processed by the Arduino 
software. If the sensor nodes are connected to the 
API’s like Thingspeak, the designer can observe the 
sensed data globally. Our next step is to connect these 
sensor nodes to the web or http, so that the data can 
be accessed from anywhere rather from a single sink 
node. 
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