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Abstract—The main purpose of this paper is to design a
wireless multi-channel data acquisition system for a farming area.
From this work, we can monitor the farming field, and identify
where irrigation as well as fertilization are required by acquiring
data like temperature, humidity, pH, moisture of the soil, etc.,
through multiple sensors. The data acquired from various sensors
is transmitted continuously to the base station using Zigbee
technology, all the data is received, and saved for records and
also displayed for controlling action. it helps in identifying the
required steps to be taken for efficient farming from a remote
location. The system is designed in such a way that a layman
can also operate it.

Index Terms—Multi-channel data acquisition; zigbee; sensors;
irrigation; fertilization.

I. INTRODUCTION

In the past few years people are utilizing the merits of
embedded system into monitoring and control of systems.
Monitoring parameters like temperature, humidity, pH, mois-
ture etc, is an important factors for obtaining high-quality
farming. Remote monitoring of this data is a smart way of
farming. This can be made possible with the help of embedded
systems.

Fig. 1. Block diagram of Data Acquisition System

Data acquisition is acquiring analog data from the physical
medium and convert into digital data for further processing
and records. In a data acquisition system physical medium
is like temperature, pressure, moisture, humidity, sound, pH,
etc. The signal conditioning circuit converts the sensor sig-
nal into digital values, amplify low-level signals into high-
level signals, increase resolution and reduce noise for the
highest accuracy. Therefore analog to digital conversion, fil-
tering, isolation, multiplexing, excitation, linearization, etc.,
are operators of a signal conditioning circuit. Data acquisition
hardware generally interfaces between real time signals and
the computer. DAQ hardware contains multiple components

like ADC, DAC, TTL, high-speed timers, RAM, etc. The block
diagram of a generalized data acquisition and control system
is shown in Fig. 1.
For the development of this system, various previous works
have been referred. M.Benghanen et al., developed the me-
teorological data based low-cost wireless data acquisition
remote monitoring system. This system collects data and
sends data through wireless technique [1]. Yiming Zhou et
al., developed wireless design of low-cost Irrigation system
[2]. M.Benghanen et al., developed low cost data acquisition
system for weather station monitoring [3]. S. Jin, et al.,
designed remote measurement and control System for green-
house based on GSM-SMS [4]. M.h Waseem, et al., developed
low-cost underwater wireless sensor network for water quality
measurement [5]. S. Ameur, et al., designed a system for
monitoring of a greenhouse using a microcontroller- based
meteorological data acquisition [6]. A microcontroller-based
data-acquisition for meteorological parameters station mon-
itoring energy conversion and management is developed in
[7]. A low-cost microcontroller-based system to monitor crop
status is developed in [8]. R.K Prasad et al., designed and
implemented a wireless transceiver for data acquisition in
Wireless Sensor Network(WSN) [9]. The design of low-cost
transceiver for data acquisition in wireless sensor network
[10], It gives information about exploring the potential of
WSN in the area of agriculture. Thysen and Ninomiya have
developed information technology in agriculture and rural
development [11, 12]. N. Wang, N. et al., developed wireless
sensor network in agriculture and food industry [13]. A Low-
Cost Concept for data acquisition Systems has been applied
to decentralized renewable energy in Plants [14].

This paper is organized as follows: Section II provides
the design details of multi-channel wireless data acquisition
system. Section III discusses the various sensors used during
the experiment. Section IV provides the experimental setup
and discussion followed by analysis. Section V concludes the
paper.

II. WIRELESS DATA AQUISITION

Wireless sensor network system consisting of radio fre-
quency transceivers, sensors, microcontrollers and power
sources. Recent advances in wireless sensor networking tech-
nology have led to the development of low cost, low power,
and multifunctional sensor nodes. Various sensors, such as



temperature, pH, humidity and moisture, allow monitoring
of different parameters. These can communicate with other
sensor systems and exchange data with external users as well
as store data for several purposes. at the present, there are two
standard technologies available for WSN: one is ZigBee, and
other is Bluetooth. Both work inside the Industrial Scientific
and Medical (ISM) band of 2.4 GHz, which permits free
operations. In general, as frequency increases, bandwidth also
increases, allowing higher information rates. Control necessi-
ties are higher, and transmission separation is impressively
shorter. It is conceivable to make a WSN utilizing Wi-Fi
(IEEE 802.11), but this protocol is usually utilized in PC-based
systems because it was developed to extend or substitute for a
wired LAN. At the transmitter end, there are several sensors

Fig. 2. Transmitter and Receiver part of Wireless Data Acquisition

like temperature sensor, humidity sensor, soil moisture sensor,
pH sensor and light intensity sensor. The data is acquired
from all these sensors and is transmitted to the receiver end.
The receiver end might be anywhere within the reach of the
transmitter. The received data is logged and displayed. A
farmer reading the data get acknowledged from the acquired
values, the farmer can know the status of the farming area
and can take the appropriate action. A microcontroller based
control system can also be designed, by which the process can
be automated. Fig. 2 shown the block diagram of wireless data
acquisition.

III. SENSORS

The respective sensors which can acquire different physi-
cal parameters such as ambient temperature, light intensity,
relative humidity, soil moisture and pH are connected to an
input port of ATmega328p microcontroller which acts as a
transmitter. it transmits the data acquired by a zig-bee module
connected to it. The sensors used in the experiment are
discussed in the below.

A. Temperature sensor (LM35)

LM35 is a precision integrated-circuit temperature sensor,
whose output voltage is linearly proportional to the Centigrade
temperature. It is a cheap and portable sensor which can be
used for soil temperature measurement. This can be used with
a range of −55◦to150◦ with an accuracy of ±5%.
Fig. 3 shown as temperature sensor (LM35).

Fig. 3. Temperature Sensor (LM35)

B. Humidity sensor (DHT11)

Humidity measurement instruments infer humidity from
some other quantities such as temperature, pressure, mass or
a mechanical or electrical change in substance as moisture
is absorbed. By calibration, these measured quantities
can infer to humidity. DHT11 humidity sensor includes a
resistive-type humidity measurement component, a negative
temperature coefficient (NTC) and a high-performance 8-bit
microcontroller. The humidity sensor provides calibrated
digital signal output. It has high reliability and long-term
stability. From humidity sensor, we can get an idea about
the climatic condition and also predict about rainfall, which
is useful for irrigation of the field. The power supply of
humidity sensor is 3.3 to 5 volt and 2.5 mA current. It
is also known as digital temperature and humidity sensor,
DHT11 is good for 20 to 90 % humidity readings, with an
accuracy of ±5%. Fig. 4 shown as humidity sensor (DHT11).

Fig. 4. Humidity Sensor (DHT11)

C. Soil moisture sensor or soil hygrometer

Soil moisture sensors refer to the water content in the soil.
The direct measurement of free soil moisture requires a hefty
process. These soil moisture sensors infer the volumetric
water content by using some other property of the soil, such
as electrical resistance, dielectric constant, or interaction
with neutrons as an substitute for the moisture content. The



relation between the measured property and soil moisture is
calibrated and it varies depending on environmental factors
such as soil type, temperature, or electric conductivity. In a
crop field area deploying moisture sensor to detect moisture
gives the information about the moisture content in the soil
and the requirement of irrigation in the particular area. Here
a soil moisture sensor module - DC 5V for Arduino and
other MCU KG003 is used in the field area to obtain the %
moisture. Fig. 5 is soil moisture sensor.

Fig. 5. Soil Hygrometer

D. pH Sensor
pH sensor is used to detect the decimal logarithm of the

reciprocal of the hydrogen ion activity, H+ in a field area.
In soils or growing media, pH strongly affects the nutrients
and the presence of micro-organisms as well as plants in the
soil. Some plants require a particular pH range to enable the
required nutrients to be consistently available to the plant.
If the soil is much acidic or much alkaline, it may create a
situation which restricts certain elements essential for growth
from being absorbed by the root structure. Inadequacies in
the required components in plant development can cause
harvest disappointment. Deploying pH sensor in the farming
area to detect pH level and know where the pH level is not
favorable, and treating to it correspondingly is a smart way
of agriculture. The pH sensor comprises of a glass electrode.
Which is a membrane that responds to pH. The sensor
outputs a voltage between +420 to -420 mV. At a pH of 7.0,
the value is 0. Each pH change corresponds to a change of
±60mV . As pH values become much acidic, the mV values
become greater. For example, a pH of 4.0 corresponds to
a value of 180 mV. The pH electrode is also calibrated to
temperature changes in Arduino. Fig.6 is a pH sensor module.

E. Light Intensity Sensor (TEMT 6000)
TEMT 6000 is one of the fastest sensors that can measure

the light intensity in Lux. It is also known as silicon NPN
phototransistor. With a reaction time of 15 microseconds.
This device is sensitive to the visible spectrum; This sensor
is used in the farming area to monitor the intensity of light.
The intensity of light is one of the factors which plays a
significant role in the plant development. Fig. 7 shown as
light intensity sensor (TEMT 6000).

Fig. 6. pH sensor module

Fig. 7. Light intensity sensor(TEMT 6000)

F. Zigbee

Zigbee is network specification standardized by Zigbee
Alliance for wireless control and monitoring solution of
smart connected products designed the top of IEEE 802.15.4
MAC/PHY. It is a low-cost wireless technology developed as
an open global standard. operating at 2.4 GHZ, 900 MHZ
and 868 MHZ embedded in a single chip. It is a low- power
wireless LAN mesh network that covers a large area. It is
designed to provide high data throughput where the duty
cycle is low in applications, and low power is an important
consideration. It is reliable to communicate with every
signals so if one of the signal fails the other will continue
to communicate without interruption. In this project, Zigbee
is used to transfer data from the field area to the receiving
station. Fig. 8 shown as Zigbee.

Fig. 8. Zigbee

G. Arduino Uno

Arduino Uno is a microcontroller device with an intuitive
programming language. Arduino Uno has 6 analogue inputs
pins and 14 digital input-output pins. By equipping the pins



with different sensors, integrated circuits, actuators, etc.,
A whole system can be developed. Arduino-Uno uses a
supply voltage of 5 volts, and an input voltage range of 7
to 12 volt is recommended. It generates an output voltage
of 5V. It has a 32 KB flash memory and 1 KB EEPROM
and used 2 KB of SRAM. Pins 0(RX) is used to receive
data and 1(TX) for transmitting data. These two pins are
connected from two Zigbee setups: one for transmitting and
other for receiving. Using 9V battery, 5V supply is created
to power Arduino for both transmitter and receiver parts.
USB connection can also use to power it. Arduino provides
various communication with the device like computer, another
Arduino, other microcontrollers Zigbee, etc. Programme is
written by Arduino software in c, c++. One automatic reset
button is available in Arduino, for reset programme before
an upload. Two different programs are written and deployed
at the receiving as well as transmitting Arduino respectively.
At the transmitting end, the data from various sensors is
collected and sent to Zigbee for transmission. At the receiving
end the data received from the ZigBee is read, displayed and
saved. Fig. 9 shown as arduino uno.

Fig. 9. Arduino Uno

IV. HARDWARE SETUP

A hardware setup has been designed with different sensors,
two Arduino unos, two Zigbee, two zigbee modules, two
batteries and one LCD.

A. Transmitter End
In the transmitter part data has been acquired from

different sensors like LM35 temperature sensor, humidity
sensor DHT11, soil moisture sensor, pH sensor and light
intensity sensor. All acquired data is send to receiver part to
be displayed and recorded at the receiving end. Fig. 10 is
hardware setup of transmitter end.

B. Receiver End
At the receiver end, the data is displayed and saved

continuously. LCD is used to show the incoming data
showing the output of various sensors deployed in the field
area. Farmer is updated about the farming area condition.
Fig. 11 shown as hardware setup of receiver end.

Fig. 10. Hardware setup of transmitter end

Fig. 11. Hardware setup of receiver end

V. ADVANTAGES

In this paper low-cost, low-power system is designed for
Zigbee based wireless data acquisition for the farming area,
from the readings of humidity sensor, the farmer can know
about the climate and possibility of rain fall. It will help in
proper planning for irrigation.
From the readings of moisture sensor, that will help the farmer
to conserve water also power and solve the water problems in
the farming area.
From the value of pH sensor, the farmer can know about acid
level of soil and fertilize particular crop field where it needs.
also can conserve fertilizer from the reading of ph sensor.

VI. CONCLUSION

In this paper, a Zigbee based wireless data acquisition
system for the farming area is designed, to acquire data
from various parameters required for farming like temperature,
moisture, humidity, light intensity and pH from the field area
and transfers to farmers residential place. he can monitor the
condition of the field. The system is designed in a very simple
way that an illiterate villager can also operate. All parameters
are displayed on LCD at the receiver end and also recorded.
This system has many advantages like low cost, low power
and fast data transfer rate compared to Bluetooth. Fig. 12,
13 shown record of the saved data and plot of temperature
humidity and sensor. Fig. 14 shown as applications of wireless
data acquisition.
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