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Abstract:
The deployment of appropriate technologies to enhance 
modern agricultural practices and improve crop yields 
is imperative for sustainability. This paper presents the 
development of a  standalone automated irrigation sys-
tem. The system design features good automation and 
control, which was achieved using an array of electronic 
timing system, soil feedback sensor and wireless commu-
nication system. Autonomous irrigation events are based 
on the states of the timing system, the soil feedback sys-
tem and the wireless communication system. The control 
and automation of these systems was done using an AVR 
microcontroller, which was programmed to trigger intelli-
gent and independent farm irrigation operation through 
a water pump attached to the system. The system also 
operates remotely via SMS command from mobile device 
and sends operational status feedback via SMS to pre-
programmed mobile user(s). It also sends soil moisture 
condition to a remote user upon query. The system pack-
age was produced using additive manufacturing tech-
nique. The power supply system was implemented using 
solar power system in order to achieve a  standalone, 
autonomous and reliable power supply necessary for an 
independent operation. The performance evaluation of 
the developed system show impressive response time, 
good reliability and excellent stability. Furthermore, the 
numerical experiment conducted using the Response 
Surface Methodology (RSM) produced a  mathematical 
model for the optimization of the irrigation process for 
optimum performance and cost effectiveness. 

Keywords: Additive manufacturing, Automation, 
Irrigation, Intelligent system, Microcontroller

1.	 Introduction
The development of appropriate technologies in 

modern agricultural practices have not only improved 
crop yields but have also increased the ease with which 
farming practices are being done especially with the 
advent of robotic tools. With the increasing awareness 
and advocacy for round – the – year farming, and the 
need to meet up with the challenge of global food de-
mand, deploying appropriate technologies to increase 
productivity and reduce the burden often associated 
with farm practices has become inevitable. Since the 

role of agriculture in the economic development of any 
nation cannot be overemphasized, there is need boost 
agricultural productivity with the use of intelligent sys-
tems for increased food production and revenue gener-
ation [1–2]. One of such areas in agricultural practices 
that has posed much burden, wasted useful times and 
resources is farm irrigation. Irrigation is the artificial 
application of water to the land or soil which assist in 
the growing of agricultural crops, maintenance of land-
scapes, and revegetation of soils in dry areas as well 
as during periods of inadequate rainfall [3–5]. Mainly, 
there are two types of irrigation systems namely; sprin-
kler [6–7] and drip irrigation system [8–9]. The use of 
the sprinkler irrigation system involves the spraying 
of water into the air with the aid of a pumping system 
and sprinkler, which falls on the crops in form of small 
drops of water like the rain. It finds suitable applica-
tion in farm rows or fields either uniform or undulating 
[10]. On the other hand, the drip irrigation involves the 
passage of water directly to the root of plants from or 
below the soil surface using pipes or tubes. This form 
of irrigation is highly effective and conservative and 
most suitable in areas with acute shortage of water 
supply [11]. With regards to the challenges posed by 
conventional irrigation practices, the use of intelligent 
systems for irrigation are better appreciated particu-
larly with large-scale farming. Conventional methods 
of irrigation are labour intensive, time-consuming, 
relatively ineffective due to poor water distribution 
and lack of monitoring as well as smart control mech-
anisms [12–13]. Its over-reliance on human control 
makes it not suitable for large-scale farming [14–16]. 
Automatic irrigation systems on the contrary are nei-
ther laborious nor time-consuming and can help meet 
the ever increasing demand for food production all the 
year round [17–18]. In addition, the process is cost ef-
fective in the long run as the initial capital invested will 
be offset via large scale farming to meet the increasing 
demand for food production [19–20]. The burden the 
automated irrigation system seeks to resolve is the abil-
ity to intelligently and independently irrigate the farm 
environment. As such, farmers can commit the time 
hitherto wasted on prolonged and laborious manual 
irrigation to other productive tasks while the system 
independently executes the irrigation process. Accord-
ing to Ganturi [21] and Curtis [22], the requirements 
for a smart irrigation system includes the effective 
application and distribution of water as well as good 
control and monitoring of the process of irrigation with 
appropriate feedback mechanisms. Karim et al. [23] 
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Lipo cells, LCD, switches, relay, LED, resistors, capac-
itors, crystal Oscillator, active SIM card, filament for 
additive manufacturing, metal frame for PV and con-
trol unit.

The capability of the automated irrigation system 
include the ability to take intelligent decisions on its 
state, based on operational and soil conditions. Also, 
the solar power provision will enable it sustain a con-
tinuous operation at all times and to achieve high 
reliability in its operations. The need for irrigation 
tend to increase with increase in solar energy usually 
accompanied by soil moisture loss. Hence, the solar 
energy can be trapped for powering the autonomous 
system. 

2.1.	 System Architecture
The architecture of the developed system is pre-

sented in Figure 1.

Fig. 1. Architecture of the automated irrigation system

2.2.	 Automation and Control
Generally, irrigation exercise is usually carried 

out in the morning or evening hours for the sake of 
the health of farm crops. The pre-programmed time 
for irrigation was done and stored on the micro con-
troller. Hence, the microcontroller routinely checks 
for this time with respect to the environmental con-
ditions. A DS1307 timing system also known as the 
real time clock was incorporated to give an accurate 
track of the date and time of the irrigation activities 
(Figure 2).

Fig. 2. DS1307 timing system

According to the programming of the microcon-
troller, there will be need for irrigation only if the 
soil moisture goes below 25% and such irrigation 
operation is halted if the farm is irrigated up to 50%. 
Therefore, the microcontroller keeps its check for the 
environmental conditions in respect of the pre-set 
time most especially when the humidity drops below 

developed a sensor-based M2M agriculture monitor-
ing systems for developing countries citing high level 
of automation and control as one of the challenges to 
be addressed. Also, Alagupandi et al. [24] developed 
a smart irrigation system for outdoor environment us-
ing TinyOS while Gutierrez [25] developed an automat-
ed irrigation system using a wireless sensor network 
and GPRS module. These works provided a convenient 
platform for automation, control and tracking of irri-
gation activities. Mrinmayi et al. [26] also developed 
a smart irrigation system using internet of things while 
Roy and Ansari [27], developed autonomous irrigation 
systems that uses every day climate criterion for irriga-
tion purpose. This helps in saving considerable amount 
of water for irrigation via the use of Programmable 
Logic Controller (PLC). The issue of water loss due to 
precipitation has been identified as one of the major 
challenges during the irrigation process. In a bid to 
address this challenge, Kumar et al. [28] developed an 
automatic irrigation system that uses field sensing and 
forecasting in an attempt to control irrigation based on 
soil moisture for the sustainable irrigation of crops. For 
effective distribution and control of water irrigation ac-
tivities, Bai and Liang [29] as well as Li-Fang [30] de-
veloped an optimal model for water conservation. The 
parameters that are essential in order to facilitate good 
monitoring and control are; temperature, air humidity 
and soil moisture [30–35]. The design objectives of the 
developed automated irrigation system are to achieve 
operational intelligence, automation and independ-
ence thereby easing the stress often associated with 
conventional irrigation practices. The novelties of this 
work lies in the fact that the ease of operation of the 
developed automated system comes with its multiple 
modes of operation, which affords the user convenient 
choices of operation. The modes include the full auto-
mation mode whereby the system operates autono-
mously using the states of the timing system and the 
soil feedback sensor to take intelligent decisions on 
appropriate time and extent of irrigation activities to 
be implemented. In addition, a user could send a com-
mand remotely via mobile phone to the field system to 
start or stop irrigation. Furthermore, users have the 
privilege of querying the system remotely in order to 
get feedback on the real time soil conditions. Upon re-
ceiving such command via the Short Message Service 
(SMS), the system queries the soil feedback sensor and 
sends the soil moisture readings to the authorized us-
er(s). The system can also be made to operate in the 
manual mode relying on human effort or semi auton-
omously relying on human control during certain pe-
riods such as the start up or shut down based on the 
environment and nature of irrigation activities to be 
carried out. The aforementioned peculiarities of the 
developed automated irrigation system have not been 
sufficiently reported by the existing literature.

2.	 Materials and Method
The materials employed in the implementation of 

this system are real time clock module, YL – 69 sen-
sor, SIM800L, Atmega328 microcontroller, DC water 
pump, PV module, LM6009 module, LM 2596 module, 
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25%. Anytime these two conditions are active, a relay 
is activated to switch the irrigation pump ON. A Short 
Message Service (SMS) alert is sent to the authorized 
user on the state of the pump and the active mode 
of control. The authorized user receives a message 
“Pump ON”, and Control mode: “Auto”. At any condi-
tion outside the aforementioned operational limits, 
the pump state is kept “OFF”, and the state indicates 
“Idle”. These are designed to take place without the us-
ers’ input. In addition, users can send a message “ON” 
from a mobile phone to the SIM number in the system. 
Upon receiving this message, the system activates the 
relay which will in turn activate the irrigation pump. 
The state changes to “Pump ON” and the control mode 
changes to “Remote”. The state is sent as feedback to 
the remote operator’s mobile phone. Upon receiving 
the message “OFF” from the user, the pump goes off 
and the state returns to “Idle”. This would equally be 
sent as feedback to the users’ mobile phone. The user 
also has the privilege to query the system via a sim-
ple SMS command to get the real time soil moisture 
reading, which will be sent as a message from the 
system to the users’ mobile phone. In the event of an 
emergency need of water on site, such as in the case of 
washing harvested farm crops, a manual mini switch 
is provided for the pump on – site. The Light Emit-
ting Diode (LED) goes “OFF” in the idle state, “BLUE” 
in the remote control state, “GREEN” in the timing 
or soil automation state and “RED” in manual oper-
ation mode. One of the peculiarities of this system is 
that users have the privilege of querying the system 
remotely in order to get feedback on the real time 
soil conditions. Upon receiving such command via 
the SMS, the system queries the soil feedback sensor 
and sends the soil moisture readings to authorized 
user(s). For the purpose of this work, only one mois-
ture sensor was used and this is shown in Figure 3. 
The features of the soil moisture sensor include: 
power supply (3.3 V–3.5 V), output voltage (0–4.2 V), 
current 3.5 mA), size (60 × 20 × 5 mm). It comprises 
of two probes which passes current into the soil and 
thereafter reads the electrical resistance so as to de-
termine the moisture level. High moisture content in 
the soil often triggers high conductivity of electricity 
by the soil and vice versa. The output voltage from the 
soil moisture sensor is then amplified and sent to the 
micro controller where it is converted to digital us-
ing Analogue to Digital Converter (ADC). On the con-
troller, the voltage is compared to the threshold value 
pre-set on it, if the measured voltage is less than the 
threshold value, the micro controller activates the re-
lay which turns ON the pump for irrigation activities. 
On the other hand, if the measured value exceeds or 

equal to the threshold, it implies there is no need for 
irrigation hence system remains in the idle state with 
the LED indicating “OFF”.

2.3.	 Power Provisioning
For a continuous and reliable operation of this 

system, an independent power supply is essential. 
As such, a PV module, which was scaled relative to 
the power requirement of the DC operated irrigation 
pump, was deployed. The control unit is equipped 
with a 10,500 mAH lithium ion battery backup to 
keep the system active at night. The power supply 
unit of the system is designed to take power also from 
the PV installation and provision power according to 
power requirement of the control sub – systems as 
shown in Figure 4.

Fig. 4. Proteus design model of the automated 
irrigation system

2.4	 Packaging and Product Outlook
The product outlook was first designed in the 

Computer Aided Design (CAD) environment (Fig-
ure 5) and produced with the aid of additive manufac-
turing technique (Figure 6).

Fig. 5. CAD of the system

For simplified installation or ease of decommis-
sioning, interfaces were created at the side of the sys-
tem unit where the PV module, the DC water pump 
and the soil moisture feedback sensor were wired 
onto the system.Fig. 3. The soil moisture sensor
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Fig. 6. The automated irrigation system

2.5.	 Design Calculations
The volume of water pumped was 750 L/hr 

which is adequate for the small experimental farm, 
hence the volumetric flow rate is calculated as 

4 32.08 10 m /sec.−×  For a pumping operation expect-
ed to last for 1 hour (3600 secs), the total volume of 
water pumped is calculated from Equation 1.

	
VQ
t

=
	

(1)

	
51.94 10

3600
V−× =

	

	 ( )30.750 m 750 LV = 	
Using a 25 mm (0.025 m) diameter pipe to convey 

the water, the area of the pipe is calculated from Equa-
tion 2.

	

2

4
dA π

=
	

(2)

The area of the pipe from Equation 2 is calculated 
as 4 24.90 10 .m−×

Since the volumetric flow rate is a function of the 
velocity and cross sectional area, Equation 3 holds thus,

	 Q vA= 	 (3)
Where; Q is the volumetric flow rate calculated as 

750 L/hr, (2.08 × 10–4 m3/sec) and v is fluid velocity 
(m/s). Hence, the fluid velocity from Equation 3, is 
calculated thus,

	
4 42.08 10 4.90 10v− −× = × × 	

	 0.424 /v m s= 	
The Reynold’s number, which determines the na-

ture of flow, is expressed as Equation 4.

	

vdRe ρ
µ

=
	

(4)

v is the fluid velocity (0.424 m/s); ρ is the water den-
sity (1000 kg/m3), d is the pipe diameter (0,025 m) 
and m is the coefficient of dynamic viscosity for water 
at temperature of 25°C (8.9 × 10–4 Ns/m2)

	
4

1000 0.424 0.025
8.9 10

Re −

× ×
=

× 	

	 11910.11Re = 	
Since Re > 4000, the flow of water for the irriga-

tion purpose is turbulent. The advantage of turbulent 
water flow for irrigation is that water is dispatched 
quickly through the conveying pipe at high velocities 
and flow rates thereby driving the irrigation process 
to quick completion.

Neglecting the minor losses due to pipe orienta-
tion, the frictional factor for losses in a flexible rub-
ber pipe with smooth bore is expressed by Equation 5 
[35].
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	 0.0075f = 	
The major head loss H due to this frictional effect 

is expressed by Equation 6 [36].

	

24
.2
flvH

D g
=

	
(6)

Where; f is the frictional factor (0.825), v is the 
length of the pipe (1000 m); v is the fluid veloci-
ty (0.424 m/s); g is the acceleration due to gravi-
ty9.81 m/s2), d is the pipe diameter (0.025 m)

	

24 0.0075 1000 0.424
0.025 2 9.81

H × × ×
=

× × 	
	 10.99 m of waterH = 	
Equation 7 expresses the density of a fluid.

	
( ) massdensity

volume
ρ =

	
(7)

Water density (r) is 1000 kg/m3 and volume V is 
0.750 m3, hence, from Equation 7, the mass of fluid is 
calculated as 570 kg.

According to Rajput (2008), the power required to 
pump fluid is given by Equation 8.

	 P gQHρ= 	 (8)
where: r is the water density (1000 kg/m3), g is the 
acceleration due to gravity (9.81 m/s2), Q volumetric 
flow rate (2.08 × 10–4 m3/sec) and H is the pumping 
head, (12.09 m):
	 P = 1000 × 9.81 × 2.08 × 10–4 × 10.99	
	 P = 22.5 W	

The power required to pump the fluid is calculat-
ed from Equation 8 as 22.5 W and a 50 W (0.067 hp) 
pump is selected using a safety factor of 2.2 The sys-
tem is energy efficient in that it needs only 50 W of 
power to pump fluid. The pump will increase the tem-
perature of the fluid stream as given in Equations 9 
and 10.
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	 pq mc T= ∆ 	 (9) 

	 p pPt mc T= ∆ 	 (10)  

where: q is the heat input (kJ), P is the required power 
of the pump (kW), tp is the time required to run pump, 
(sec), m is the mass of water, (kg), Cp is the specific 
heat capacity, (kJ/kgK), and ΔT is the change in tem-
perature, (Kelvin).

For a pump whose required power is 25 W, run-
ning for 3600 sec and the mass of water is 750 kg 
with specific heat capacity of 4200 J/kgK, the change 
in temperature is obtained using Equation 9.

	 25 3600 750 4200 T× = × ×∆ 	

	 0.0287 CT∆ = ° 	
At equilibrium, the temperature of water equals 

the room temperature 25°C. From Equation 10, the 
pump will increase the temperature by 0.0287°C, 
hence the final temperature of water for irrigation is 
25.0287°C. This falls within the safe limit of the water 
temperature for irrigation.

The current demand of the pump is expressed by 
Equation 10.
	 P = IV	 (10)
Where P is the power required by the pump (50 W); 
I is the current required (A) and V is the applied volt-
age 24 V
	 50 = I × 24	
	 I = 2.083 A	

2.6	 Performance Evaluation of the Developed 
Automated Irrigation System

For large farms, pump sizing can be easily done 
by estimating the water volume requirements of the 
farm. This would also entail appropriate sizing of 
the solar power system to deliver required power to 
the irrigation pump. Also, the ampere rating of the 
switching relay in the control system will be matched 
adequately with the current demand of the pump. 
The operational indices show that it takes the system 
about 25 secs to boot up when powered ON and about 
5 secs to receive a message instruction for pump acti-
vation. The solar power system delivers about 300 W, 
with the feedback response time from the soil mois-
ture sensor about 0.5 secs and the volume of water 
pumped approximately 750 L/hr which is adequate 
for small experimental farm. The smart irrigation 
monitoring is embedded with soil moisture sensor to 
sense and obtain the values of moisture for any loca-
tion to be irrigated. This is a critical factor which pro-
vides information about the condition of the soil to 
be irrigated so as to determine the need for irrigation 
or otherwise as well the quantity of water needed for 
irrigation. The system also provides irrigation data 
in terms of the volume of water used for irrigation, 
period of irrigation as well as the total time spent on 
irrigation, hence the development of the smart irriga-
tion system provides design data for prediction and 
forecasting as well secondary data scaling its devel-
opment or subsequent redesign.

2.7	 Numerical Experiment
In order to develop a predictive model for the de-

termination of volume of required for irrigation and 
study the effect of three critical factors that influences 
the water requirement of the soil namely; soil mois-
ture, ambient air temperature and humidity, the dy-
namic modelling and simulation was carried out using 
the Response Surface Methodology (RSM). While the 
ambient air temperature accounts for the overall tem-
perature of the outdoor air where the irrigation activity 
is to be performed, humidity represents the amount of 
water vapour present in the air. A multifunctional tem-
perature and humidity measurement device (PCE-THA 
10-ICA) whose temperature measurement ranges from 
–15 to 50° and humidity measurement ranges between 
5–95% was employed for measuring both the temper-
ature and the humidity of the environment where irri-
gation activity is to be performed. The range of values 
of three critical parameters namely; moisture content 
(20–40%), ambient temperature (15–35°C) and hu-
midity (10–30%) were used as input parameters into 
the Central Compose Design (CCD) and Response Sur-
face Methodology (RSM) to develop a predictive model 
that correlates the volume of water required for irriga-
tion purpose as a function of the three critical param-
eters. The essence of optimization is to provide an op-
timum solution for irrigation purpose. The optimum 
solution include the determination of the need for irri-
gation and the right volume of water required. This will 
save water, time and cost thereby promoting effective 
irrigation process. 

3.	 Results and Discussion
The irrigation of small farm land of cross section 

100 m × 100 m was carried for three different soil 
samples namely; sandy, loamy and clay soil at five 
different locations between 8:00–8:59 am. The data 
collected from the soil moisture sensor, the multifunc-
tional temperature and humidity measurement de-
vice and the micro controller are presented in Table 1.

Figure 7 is a plot of volume of water used and the 
time spent for the irrigation for the three soil samples. 
Three critical factors namely; soil moisture, ambient 
temperature and humidity determined the volume of 
water required for irrigation. The water requirement 
was highest in sandy soil and least in clay soil. This 
is due to the fact that the moisture content is highest 
in clay and least in sandy soil. The clay soil has high 
water retention ability due to its structure hence the 
reason for the high value of its moisture content, fol-
lowed by loamy soil and then sandy soil. The require-
ment of water by the soil was observed to increase as 
the value of soil moisture decreases. 

The equation of the predictive model is expressed 
by Equation 11:

	
2 2 2

759.43 284.97 7.69
0.88 31.25 21.25

83.44 3.18 4.78

Volume A B
C A B A C

A B C

= + − − −
+ × + ×

+ − + 	(11)

where; A is the percent soil moisture, B is the ambient 
temperature (°C) and C is the percent humidity.
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Tab. 1. Results obtained for five different locations

S/N Soil type
Soil 

sample
Initial moisture 

content (%)
Ambient 

Temperature (°C)
Humidity

(%)
Volume of water used 

for irrigation (L)
Total time spent 

for Irrigation (sec)

1. Clay A 22 24.5 17.2 230 690

2. Clay B 21 24.9 16.5 200 720

3. Clay C 23 22 18 155 640

4. Clay D 24 21.7 19.5 140 610

5. Clay E 21 24.2 17.5 151 600

6. Loamy A 19 25 16 245 980

7. Loamy B 20 24.5 17.2 220 930

8. Loamy C 20 23.8 18 205 895

9. Loamy D 18 24 16 169 876

10. Loamy E 19 23 16.2 150 800

11. Sandy A 17 23.5 16 260 985

12. Sandy B 16 24 15.6 250 960

13. Sandy C 18 22 16.8 230 920

14. Sandy D 17 23 16.3 265 1400

15. Sandy E 18 21.5 19 275 1200

Fig. 7. Volume of water required and time for irrigation

The developed model was validated using the 
Analysis of Variance (ANOVA). It was found to be high-
ly adequate for the prediction of the volume of water 
needed for irrigation as the regression model was 
found to be highly significant at 95% confidence lev-
el. The correlation coefficients namely; the R-squared 
(0.9695), adjusted R-squared (0.9533) and predicted 
R-squared (0.9785) were within the same range and 
very close to 1 for input parameters. The closer the 
correlation coefficients to 1, the more efficient and re-
liable the predictive ability of developed model.

Figure 8 is a 3 D plot that studies the effect of the 
interaction of humidity and temperature on the need 
for irrigation as well as the volume of water required. 
Humidity is the amount of water vapour present in 
the air. It is high when the amount of water vapour in 
the air is high while the ambient temperature is the 
degree of hotness or coldness of the air in the envi-
ronment.

Humidity increases as the amount of water vapour 
in the air is increases. From Figure 8, the relationship 
between the humidity and temperature is inversely 
proportional. Keeping the percent moisture content 

constant at 23.02%, the percent humidity increas-
es as ambient temperature decreases. This is due to 
the fact that air tend to hold more water molecules as 
ambient temperature increases hence the relative hu-
midity decreases. The optimum volume of the water 
required for irrigation is 1025 litres.

Figure 9 is a 3 D plot that studies the effect of the 
interaction of soil humidity and temperature on the 
need for irrigation as well as the volume of water re-
quired. As temperature increases, percent moisture 
content decreases. This is due to the fact that the rate 
of evaporation increases with increase in tempera-
ture with attendant decrease in the moisture content. 
The optimum value of the volume required for irriga-
tion is 1060.9 litres.

Fig. 8. Cross effect of humidity and temperature
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Fig. 9. Cross effect of temperature and moisture 
content

4.	 Conclusion
The development of the automated irrigated was 

successful carried out in a CAD environment and 
produced with the aid of additive manufacturing 
technique. It offers the benefits of improved farming 
practices via automation which enhances agricultural 
productivity and encourages round – the – year farm-
ing, efficient water distribution and management, 
while reducing the drudgery of manual labour, real 
time monitoring and control as well as proper sched-
uling of irrigation activities and enhances multiple 
mode of operation with query and feedback mecha-
nism. The work is an improvement over existing work 
in that the ease of operation comes with its multiple 
modes of operation which affords user convenient 
choices of operation. Also, a predictive model that 
correlates the volume of required as a function of 
the soil moisture, air temperature and humidity was 
developed. This will assist in predicting the time nec-
essary for irrigation as well as the volume of water 
required for the irrigation process. 
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This work is in line with the quest to improve 

food security via the deployment of appropriate tech-
nology for farm irrigation in order to improve crop 
yields and ease human drudgery. With the increasing 
awareness and advocacy for round-the-year farming, 
and the need to meet up with the global challenge of 
food demand, deploying appropriate technologies to 
increase productivity and to reduce the burden often 
associated with farm practices has become inevitable 
hence this work provides a standalone automated ir-
rigation system which features good automation and 
control achieved using an array of electronic timing 
system, soil feedback sensor and wireless communi-
cation system.
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