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Abstract  As respond to demand on reducing water for 

agricultural sector as the water usage competition is 

increasing between various sectors, water efficient 

irrigation techniques were offer in order to keep the 

water status at the desirable level at a production land, 

while avoiding loss of water and within a certain amount 

of water available. Automation system was applied to 

micro irrigation system following wireless control 

network concept for multiple outdoor plots with 

different types of irrigation system. Control system is 

applied for tickle, sprinkle, pitcher and disk irrigation. 

The automated irrigation system is proven to work and 

keep water status accordingly to the desired condition 

which is field capacity, between pF 2.54 and 4.2. As the 

soil moisture was kept within the range percolation can 

be suppressed to its minimum or even halt. The system 

can be improved and used for various conditions of 

production lands and irrigation infrastructure. 
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Introduction 

At present, there is a demand for the agricultural 

sector can reduce water usage as the competition is 

increasing in water use in various sectors like power 

generation, domestic and industrial sectors. As respond 

to this situation, there are many water efficient irrigation 

or cultivation techniques that had been offered. The task 

is to keep the water status at the desirable level at a 

production land, while avoiding loss of water and within 

a certain amount of water available.  

Uncertainties about the impacts of climate to water 

availability have also been a challenge to agriculture 

water management. One effort to adapt to this situation 

is by increasing water use efficiency, or further the 

water productivity. 

Nowadays, digital electronic and information 

technology had been accepted widely in most aspect of 

living. The term e-mail or even e-government had been 

used to represent mail exchange and governance that 

extensively use, if not totally, electronic and information 

technology. Similarly, water management can also use 

the term e-water management or e-water resources 

management to emphasize the use of the modern 

technology. This includes the use of electronic sensors 

and devices that integrated into a system so that 

acquired information can be seamlessly directed to 

whom it may concerns. 

Automated irrigation system is one of the 

technologies that can be used to increase the efficiency 

of water utilization by preserving exact water status to 

the field as desired. This is hopefully can contribute to 

improve performance of irrigation water management. 

Automatic system commonly works depending on 

sensing and control mechanism, which can vary from 

simple mechanics to very sophisticated sensors and 

digital controller.  

The problems that usually rise with automatic 

system are that they could be sophisticated and complex 

system that required a specialist or expert to handle the 

system directly. Sophisticated technology can be very 

expensive and not efficient to common irrigated 

agricultural land. The distance between locations at the 

field that is usually considerable and the dependence on 

electricity should be taken into consideration when 

developing automatic system Therefore an applicable 

concept of controller system that can overcome all of the 

problems has to be developed.  
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This paper aims to present the development of 

automated irrigation system following wireless control 

network concept for multiple outdoor plots with 

different types of irrigation system to increase water use 

efficiency.  

Automated Irrigation System Development  

Control System 

Process control is the automatic control of an output 

variable by sensing the amplitude of the output 

parameter from the process and comparing it to the 

desired level and feeding an error signal back to control 

an input variable. Changes in parameter during a process 

will be converted to an electrical signal, amplified, and 

sent to a controller that evaluates the signal and sends a 

correction signal to an actuator. The actuator adjusts the 

parameter at its predetermined values. 

 

 
Fig 1 Close Loop Control System (after Dunn, 2005) 

 

Control system can be applied for surface irrigation, 

drip or sprinkle irrigation. It also can be applied for 

pitcher irrigation and irrigation with porous disk-shaped 

emitter. Depends on the needs of the water status to be 

controlled, typical sensors that are used are: water level 

sensors (hydrostatic pressure type and resistive tape type 

of sensors), soil moisture sensors or simple magnetic 

float switches for discrete position indicators. 

Variations of actuators that are commonly 

implemented for the automated system are solenoid 

valves, electric pumps or motorized valves. If the 

irrigation system already has enough pressure head for 

gravitational flow   to irrigate the land, valves are 

preferable due to less power consumption, especially 

motorized/actuated valves. Electric pumps can be used 

as actuator to flow water if the hydraulic head is not 

sufficient. Also it can be used for groundwater 

irrigation. The term electric here can also has meaning 

of electrically actuated device such as pumps with 

electric engine starter. 

Actuators are actuated by controllers with control 

signal. The control signal is generated by the controllers 

based on inputs from sensors, processed by controller, 

following the control algorithm. Control  algorithm can 

be a very simple on and off technique (two position) 

with one setpoint, ranged setpoints (on –off with upper 

and lower setpoint), using advanced algorithm like 

Proportional, Integral and Derivative (PID), Fuzzy 

Logic or Artificial Neural Network (ANN). 

In this study, the automated irrigation was 

developed in order to increase portability and reduce 

cost. There are two main part of the system which are 

Field Controller which is the sensing and controlling 

module at the field and Main Controller which is 

computer or device that functions as User Interface to 

change setting, monitor and store the data. Field 

controllers are powered with solar electricity system, so 

it can be set up at separated or even remote location and 

being monitored remotely by main controller.  

 

 
Fig. 2 Field controller schematics 

Transmission System 

Field and Main Controller are connected through 

wireless connection. There are number of wireless 

communication types, which standards comparison 

tabulated in Table 1. Comparing the advantages of each  

wireless standard, ZigBee and GSM/GPRS based 

wireless system are promising if we aims for low cost 

and low power system or extremely distant reach 

without losing quality of control and monitoring 

information.  

 

Table 1  Wireless standard comparison (from Safaric 

& Malaric 2006). 

Standard ZigBee 

802.15.4 

Bluetoot

h 
802.15.1

.4 

Wi-Fi 

802.11b 

GSM/ 

GPRS 

Application Control and 

monitoring 

Wire 

replacem
ent 

web, 

video, e-
mail 

WAN, 

voice/da
ta 

Resource 4kb-32kb 250kb+ 1Mb+ 16Mb+ 

Battery 

lifetime 

(days) 

100-1000+ 1-7 0,1-5 1-7 

Node per 

network 

256/65 k+ 7 30 1000 

Bandwidth 
(kbps) 

20-250 720 11000+ 64-128 

Distance 

(m) 

1-75+ 1-10+ 1-100 1000+ 

Advantanges reliable, low 

power 

consumption, 

low cost 

Low cost Flexibility

, speed 

Reach, 

quality 
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Irrigation System 

According to Hansen, et al (1979), there are 4 

different methods of irrigation, which are: surface, sub-

surface, sprinkle and tickle irrigation. curah, dan irigasi 

tetes. Surface irrigation is the most commonly known 

irrigation methods. The other sprinkle, tickle and sub-

surface irrigation are used limitedly. Beside of the 

widely applied methods of irrigation above, other 

method was also developed. Pitcher irrigation 

(Setiawan, 2000)  is one of the innovation for irrigation, 

especially for arid land. Pitcher irrigation exploits the 

property of porous medium to control water flow from 

inside depends of the moisture different between porous 

wall of the pitcher and the soil. Similar principle can be 

applied to different shape of emitters like porous disk. 

Automatic irrigation is part of water management 

system that includes irrigation and drainage. An 

example of this technology was developed in the 

research for the development of controlled drainage for 

wetland  (Setiawan, et. al. 2002) that used automatically 

regulated pumps to move the water from or to the 

agricultural land.  

Water balance analysis should be done in to 

quantify each water balance components. Equation 1 

can be used to evaluate flooding irrigation and dry land 

irrigation can be evaluated using Eq. 2 (van Lier et al, 

1999). Since the irrigation is regulated automatically 

based on water status of the soil, Run-Off can be 

neglected.   

 

iiiiniri1ii DP(ETc))(I](Q[Ph  h   )  (1) 

 

ir

iiiiniri
1ii

)1000(Z

GWDP(ETc))(I](Q[P
θ  θ


 

)  (2) 

 

where : 

  = volumetric water content (m
3
/m

3
) 

h = water table/level (mm) 

P  = precipitaton (mm) 

Qr  = Run-off (mm) 

Etc  = Evapotranspiration (mm) 

DP  = Deep Percolation (mm) 

Zr  = rooting depth 

I  = Irrigation (mm) 

Methodology of Experiments  

Soil Properties 

Setpoint can be decided if the soil property of 

retention/soil potential can be defined. This needs soil 

sample analysis for each location, especially the 

property that determines soil moisture retention, 

porosity and hydraulic conductivity. Soil retention curve 

can be drawn after a model for retention for the soil is 

adjusted. One famous model for soil retention or soil 

potential proposed by van Genuchten (1980) and 

modified by Setiawan (1990) : 

 

        
     

    
 

 
 
 
 
        (3) 

where : 

θ(h) : volumetric water content  (cm
3
/cm

3
) 

θr  : residual volumetric water content  (cm
3
/cm

3
) 

θs : saturated volumetric water content  (cm
3
/cm

3
) 

h    : soil potential (cm) 

α    : air entry potential (cm) 

n, m : constant 

The parameters for equation (3) can be adjusted using 

Solver facility in the worksheet software, after which the 

formula can be used to estimate the soil moisture or soil 

potential of the respective land. 
As the water retention model is governed with 

adjusted parameter, setpoints can be chosen based on 

soil potential (pF) value as the value defines clearly how 

tight moisture is being retented  in the soil, regardless of 

the soil physical properties. Soil moisture in the other 

hand describes the amount of water within a volume or 

mass of soil, but does not actually describe its 

availability for root uptake. Different texture of soil can 

have the same amount of water in it but at different pF. 

Hardware Preparation 

Four types of micro irrigation systems for dry land 

were prepared for experiments. They are sprinkle, tickle, 

pitcher and disk.  

Pitcher irrigation was prepared using a special 

pitcher that made from special mix of materials: clay, 

sand and sawdust, to match the soil properties especially 

in its permeability. For this type, soil moisture sensing 

was not done as feedback. Since the nature of irrigation 

pitcher is to control the flow of water to the soil, the 

control system detect the water level change in the 

pitcher and  keep water available inside the pitcher 

instead. 

Disk irrigation is similar to tickle irrigation in the 

way of supplying water directly on the soil in the 

vicinity of the plant. Different to tickle irrigation, in disk 

irrigation, disk-shaped porous textile was used where 

plant was planted at the center of its void. The water is 

then flowed to the upper side of the disk which has a 

water container, and water will seep by gravitation 

through the pore of the disk. 

Microcontroller based Field Controllers (FC) were 

used to control each irrigation system, while a computer 

was used as Main Controller (MC) to acquire data and 

change settings of the Field Controller. Figure 3 

depicted the FC-MC developed for food production land 

automation system. 
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Fig.3. Automated Irrigation System for Food 

Production Land (Saptomo et. al. 2012) 

Results and Discussions 

Water retention curve was obtained for the 

experimental field based on van Genuchten model. The 

parameters were adjusted by using pF and soil moisture 

contents data resulted from soil physical propery 

analysis. Figure 4 shows the retention curve of the soil, 

where setpoints can be selected based on pF value. 

 

 
Fig.4. Soil retention curve 

 

As soil moisture sensors are used for this 

experiment, we must input the soil moisture value to the 

Field Controller, that can be obtained by using the 

above retention curve. Here  lower and higher setpoint 

were chosen at  0.287 (pF 4.2) and  0.385 (pF2.54). 

Irrigation will start if soil moisture is lower that 0.287 

and   stop as soil moisture reach 0.385. This way soil pF 

can be kept between 4.2 and 2.54, or no wilting or losses 

through vertical gravitational flow, which means 

increasing the water efficiency. 

Soil Moisture and Controller Performance 

Sprinkle irrigation (Fig. 5) shows good performance 

in the experiment. With 0.4 kg/cm
2
 head, irrigation 

water was poured to the field as the soil moisture is at or 

below the lower setpoint and increased the soil. When it 

reached the upper setpoint, the irrigation was stopped. In 

some short ocassion, soil moisture over reached the 

upper setpoint thus potentially caused a small amount of 

percolation. 

Tickle irrigation (Fig. 6) however, often over 

reached the upper setpoint and thus potentially resulted 

in more percolation than sprinkle. This can be caused by 

small outlet at the end of tickle emitter. Since the 

controlled valve was installed before the manifold of 

pipeline network, presumably considerable amount of 

pressurized water still contained in the pipes and emitted 

continuously even after the valve was closed, until the 

pressure decreased to atmospheric. 

 

 
 

Fig. 5. Experiment result of automatic sprinkle 

irrigation 

 

 
Fig.6. Experiment result of automatic tickle 

irrigation 

 

Figure 7 shows a different chart of irrigation 

performance. Upper chart shows the water level inside 

the pitcher. Similar to tickle irrigation emitter, the water 

from reservoir was transmitted to the pitcher through 

manifold and laterals, with small flexi-tubes outlet that 

flowed into the pitcher. Water with pressure higher than 

atmosphere contained in the network will continue to 

flow until pressure drop. The lower chart depicted soil 

moisture depicted by the sensor. Here, pitcher irrigation 

performance is demonstrated to keep the soil moisture 

even in a more narrow range than setpoints range of the 

other irrigation. The control system ensured the pitchers 

were always filled with water. 
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Disk irrigation also demonstrated good performance 

in controlling the soil moisture within the setpoints 

range (Fig. 8). Comparing to the other types of 

irrigation, the disk irrigation performance is close to 

sprinkle. This might be due to their similarity in the 

shape of soil wetting, which is circular, although disk 

irrigation wetting is for individual plant. Nevertheless, 

all automated irrigation types can safe water by keeping 

the soil moisture around field capacity and suppress 

percolation. 

 

 
Fig.7. Experiment result of automatic pitcher 

irrigation 

 

 
Fig.8. Experiment result of automatic disk  irrigation 

Conclusions 

The automated irrigation system is proven to work 

and keep water status accordingly to the desired 

condition. The concept is still need to be improved and 

modified for various conditions of production lands and 

irrigation infrastructure. 

The experimental results had demonstrated the 

ability of automatic irrigation system to control supply 

of water in accordance with the desired soil moisture 

which is within the limits specified setpoints. Since the 

limit setpoints were determined at range where soil 

moisture is adequate for the crop, irrigation system will 

be able to provide conditions of sufficient water for 

plants. 

Automatic irrigation systems can also minimize 

water loss due to percolation that can be suppressed as 

the soil moisture was maintained at conditions between 

pF 2.54 and pF 4.2. Thus it can be concluded that the 

application of automated systems for irrigation can be 

used to improve the efficiency of irrigation for food 

production land. 
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