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Abstract: Drip irrigation control systems in fields generally include a large number of sensors and valves;
controlling these devices efficiently can be achieved by using distributed irrigation control (DIC), which has the
advantages of reduced wiring and piping costs and easier installation and maintenance. In this study, a wireless
low power valve controller for drip irrigation control systems was developed and tested. The specific tasks
included the controller design (hardware and software), energy consumption tests, and field tests. The controller
uses the highly integrated JN5139 module, which is based on IEEE802.15.4, for hardware design; low power
consumption sleep algorithms for software design; and two alkaline batteries for supply of power to the valve
controller. Results of laboratory and field tests show continuous working days of the valve controller powered
by two alkaline batteries are at least 3 months under different sleep periods and frequencies of valve control.
The controller described here is characterized as reliable, low cost, easy to install, and having low power
consumption. Copyright © 2014 IFSA Publishing, S. L.
Keywords: Wireless; Valve controller; Low power; Drip irrigation control system.

1. Introduction
The irrigation controller, as an important
component in the irrigation control system, plays a
vital role in the operation of the system. Previous
studies of irrigation controllers are based on a
pre-designed control concept, with no feedback from
the controlled object [1, 2]. In this type of controller
the parameters set by the system operator include
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how often water is applied as well as the volume of
water to be applied. These types of controllers are
low cost; however, they do not respond automatically
to changing conditions in the environment and result
in wastage of quality irrigation water through
leaching and run-off.
With the development of wireless sensor network
technology [3, 4], irrigation controllers are now
based on a combination of pre-designed control
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concepts and feedback from the controlled object
[5, 6]. These types of controllers are embedded with
microprocessors and wireless modules; power is
supplied by solar batteries. Currently, the
microprocessors most widely used are the
ATmega128 microprocessor and MSP430 ultra-low
power consumption series processors; the wireless
module most widely used is the GSM module [7, 8].
Irrigation controllers are connected with sensors and
solenoid valves [9]; soil moisture, pressure,
temperature, and other environmental sensors are
used for feedback control [10-12]. Commands from
the PC control platform or cell phone can be sent to
the controller, and the information sampled by the
controller sensors can also be sent to the PC platform
or cell phone via GSM network and radio
communication [7, 13, 14].
However, sending information via GSM network
usually requires a government license for use of the
radio frequency, and still require extensive cabling if
multiple sensors are used. Radio communication
generally has high-energy requirements, and the
devices require regular maintenance during the
growing season [15]. Furthermore, solar batteries can
provide longer and more stable battery energy
compared to non-solar batteries, but because solar
power also requires solar panels, charging and
discharging circuits, and storage batteries, the cost of
solar batteries is significantly higher than of
traditional batteries. Most commercially available
valve controllers such as soil moisture sensor
controllers and evapotranspiration (ET)-based
irrigation controllers [16-20] assembled for irrigation
system networks are too complex and costly to be
feasible for drip irrigation control systems, which so
far are only for testing and demonstration purposes.
Drip irrigation control systems in the field
generally contain a large number of sensors and
valves. Controlling these devices efficiently can be
achieved by using centralized or distributed irrigation
control. A centralized irrigation control system (CIC)
connects individual sensors and valves to a centrally
located controller by point-to-point communication.
CIC contains a large quantity of cable equipment,
requires the laying of pipelines and transmission
lines, costs a significant amount of money, and
makes use of wireless communication space, which
is already limited. On the other hand, a distributed
irrigation control system (DIC) has controllers which
have some intercommunication in discrete locations
close to valves and sensors covering relatively
homogeneous areas in the field. DIC is advantageous
in that it reduces the cost of wiring and piping and is
easier to install and maintain [21, 22]. However,
since additional controller units are needed for DIC,
the controllers and components (sensors, solenoid
valves, etc.) of this type of system for drip irrigation
control must both be low in cost and require low
power in order for this system to be feasible.
In this paper we describe a wireless low power
valve controller for drip irrigation control systems.
Hardware design of the controller adopts the highly
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integrated JN5139 module, which is based on
IEEE802.15.4, combined with a low power
consumption sleep algorithm for software design and
a valve controller power supply using two alkaline
batteries. The valve controller can precisely and
accurately control the solenoid valve, collect status
information of the solenoid valve, and provide
prompt feedback. Continuous working days of the
valve controller are at least 3 months under different
synchronous sleep periods and frequencies of valve
control; consequently, the valve controller is
characterized as reliable, low cost, easy to install, and
having low power consumption.

2. Valve Controller Description
The wireless drip irrigation control system
installed in farmland consists of valve controllers,
solenoid valves, sensors, router devices, etc. The
valve controller developed in this study is designed
to work autonomously without hard-wire connections
between individual control units, and to operate on
battery power. The sensors are used to collect soil
parameters (soil moisture, temperature, etc.) and
meteorological
parameters.
After
sensor
measurements and irrigation decisions are made, the
controller processes the control commands received
from the remote control centre, opens or closes the
solenoid valve, and triggers or ends irrigation of the
management unit. Finally, each controller stores the
corresponding valve status feedback information and
transmits the information to the remote control
center.

2.1. Controller Hardware
This work is focused on developing a wireless
low power valve controller. In order to ensure that
the controller has high level of performance with low
power consumption and that it could be adapted to
long-term field work, all components were selected
to meet the two requirements of low power
consumption and use of a battery power supply. A
block diagram of the controller hardware is shown in
Fig. 1. The controller hardware was designed with
modular design. It consists of microcontroller
module, I/O expansion module, memory circuit
module, drive control circuit, external interface
circuit, power supply unit, state feedback circuit, etc.
The microcontroller module (MCU) adopts a JN5139
module and is the master device programmed to
maintain communication and control the valves. The
JN5139 module combines an on-chip 32-bit RISC
core, a high performance 2.4 GHz IEEE802.15.4
transceiver, 192 kB of ROM, 96 kB of RAM, and
integrated power management and sleep oscillator for
low power. Under software control, the processor can
be shut down but will resume functioning to service a
request. Thus the processor provides a versatile low
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cost solution for wireless sensor networking
applications.
The controller uses clearance power supply for
solenoid valves. The valve used in the drip irrigation
control system is a pulse solenoid valve; the main
characteristic of this type of solenoid valve does not
need a continuous power supply. That is, controlling
a pulse solenoid valve only requires a transient pulse
signal. Since pulse solenoid valves need a large
current pulse supplied by a drive control circuit, a
high efficiency DC-DC boost converter LM2731 was
used to supply 9V power. A microcontroller module
is responsible for controlling the operation and
processing state information. The power supply unit
uses batteries and provides the supply voltage for
other circuit modules.

Alkaline batteries outperform zinc-manganese
batteries in that they have a lower internal resistance
and provide a higher current then the typical
manganese battery, and they are suitable for
applications that require both large discharge
capacity and longevity. The signal line interface is
located on the bottom; the device’s working
temperature range is -20 ~ +50 °C.

Fig. 3. Controller installed in cotton field.

2.2. Controller Software

Fig. 1. Block diagram of valve controller.

The valve controller developed in this study was
mainly used in drip irrigation control systems in
cotton fields; thus, temperature resistance and
waterproofing must be considered. A photograph of
the controller is shown in Fig. 2, and a photograph of
the controller installed in cotton field is shown in Fig.
3. The controller uses wireless communication
technology to realize remote irrigation control. To
solve the energy problem of field application, two
alkaline batteries were used to supply power.

Fig. 2. Controller developed in this study for drip irrigation
control systems.

The controller program flow is shown in Fig. 4.
The program adopts an event-driven mechanism,
which includes a microcontroller in low power sleep
mode under the condition of no external event
trigger. After the valve controller powers on, the
microcontroller completes hardware initialization,
including port initialization, variable initialization,
setting of equipment and network parameters, etc.
The microcontroller then scans channels and begins
carrying out communications tasks. After
successfully entering the network, it requests the
father node information; if there is a task of valve
control, it will perform the task; if there are no tasks
of valve control, it will perform other tasks. After a
30-second delay following the completion of a task
of valve control, the device performs the task of state
collection and sends state information to the father
node after this task is completed. The device then
requests tasks again; if the cache is empty or has not
received controlling signals, no task is indicated to
the wireless valve controller, and the wireless valve
controller will return to low power sleep mode.
The sleep mode design of the valve controller is
the key to realizing low power consumption; the
sleep program flow is shown in Fig. 5. The wireless
network drip irrigation control system in this study
used tree topology structure, including coordinator
(CD), router device (RD), and end device (ED). The
valve controller is always changing between work
mode and sleep mode; when sleep mode ends, the
valve controller begins synchronizing local
parameters and information in order to enter work
mode.
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The router device and end device must cooperate
for exchanging information, and the router device
and end device both have sleep mode; consequently,
it is necessary to synchronize the information of
these devices. Synchronous information includes the
sleep cycle for the whole network, the state of each
device, and the counter value of the current stage. If
the communication between each device is normal,
then parameters are synchronized and the devices
send information to receive synchronous results.

After a successful synchronization, each device
updates its state and enters the waiting state of work
mode; after the work task is completed, the device
enters sleep mode. If, in contrast, the communication
between each device is abnormal, each device enters
the asynchronous dormant stage, during which
further attempts at synchronization are made at
5-second intervals. Once synchronized, the devices
enter work mode.

Fig. 4. Flow diagram of controller program.
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Fig. 5. Flow diagram of sleep program.

3. Valve Controller Testing
The controller performance was evaluated both in
the laboratory and in cotton fields. The low power
consumption performance of the controller was
tested and analyzed under laboratory conditions and
in the cotton field environment.

3.1. Laboratory Testing

for the battery capacity test. Voltage of the load
impedance was recorded by a data collector
developed in our laboratory. Two alkaline batteries
were used to supply service voltage of 3.0～3.2 V for
the controller. Since the service voltage was beyond
the maximum voltage that the collector could
withstand, two same resistances were used to
compose the voltage divider circuit and replace the
load impedance. The data collector recorded the
voltage of one of two identical resistances. The
discharge circuit is shown schematically in Fig. 6.

3.1.1. Battery Capacity Test
The controller has two status modes: work and
sleep. Work mode consists of communication and
controlling the valve. In the battery capacity test, the
controller was set to communication/sleep mode. In
order to easily calculate the quantity of electricity of
the battery, a resistance was selected as equivalent
impedance to replace the controller and as load
impedance to construct the discharge circuit of the
two alkaline batteries. A Riemann sum with 1-minute
intervals was used to calculate the quantity of
electricity in the batteries. The quantity of electricity
in the batteries can be calculated using the following
equation:

Q

1000  V
60 R

(1)

where Q is the quantity of electricity of the batteries
in mAh, V is the function of battery voltage changing
with time in V, and R is the resistance in Ω.
Energizer and NanFu batteries, both easily
obtainable and popular in the market, were selected

R
2
R
2

Fig. 6. Discharge circuit of the batteries.

Six Energizer batteries and six NanFu batteries
were divided into three groups each to construct the
discharge circuit for the battery capacity test at room
temperature; a temperature sensor was used to
simultaneously
measure
room
temperature.
Additionally, four Energizer batteries and four
NanFu batteries were divided into two groups each
to construct the discharge circuit for the battery
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capacity test at high temperature. These four groups
of batteries were placed in a high-temperature cabinet
adjusted to 40 °C. The discharge circuit is shown in
the laboratory in Fig. 7.

Pwa  I av  24 ,

(6)

where Pwa is the daily consumption of electricity in
mAh.
The number of continuous working days of the
controller is given by the following equation:

D

Fig. 7. Discharge circuit in laboratory: (a) test at room
temperature; (b) test at high temperature.

As mentioned above, the controller has two status
modes: work and sleep. Work mode consists of
communication and controlling the valve, which are
the two main power consumption processes of the
controller. Working power consumption of the
controller is given by the following equation:

Pw  I w  Tw ,

(2)

where Pw is the working consumption, I w is the
working current, Tw is the working hours.
Average working current of the controller is
given by the following equation:

I wa 

I
 (T

w

 Tw

w

 Ts )

(7)

where D is the number of continuous working
days, E is the available battery power.
The number of continuous working months of the
controller is given by the following equation:

M 

3.1.2. Energy Consumption Test

E
Pwa ,

D
30 ,

(8)

where M is the number of continuous working
months.
The working consumption of the controller was
unable to be measured directly, so a 1 ohm resistor
was connected with the controller in series; the
energy consumption of the resistor equivalent to the
wire could be neglected, and the voltage of the
resistor was measured by an oscilloscope. The series
circuit is shown schematically in Fig. 8. A
photograph of the energy consumption test of
communication and sleep modes is shown in Fig. 9
(a). A photograph of the energy consumption test for
opening and closing the valve is shown in Fig. 9 (b).
A solenoid valve was added to the valve controller to
verify whether the controller could control the valve
normally.

(3)

,

where I wa is the average working current, Ts is the
sleeping hours.
Average sleeping current of the controller is
given by the following equation:

I sa 

I s  Ts
 (Tw  Ts )

(4)

,

where I s is the sleeping current, I sa is the average
sleeping current.
Average current of the controller is given by the
following equation:

I av  I wa  I sa ,

Fig. 8. Series circuit of energy consumption test.

(5)

where I av is the average current in mA.
Daily consumption of electricity of the controller
is given by the following equation:
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Fig. 9. Energy consumption test of the valve controller.
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was recorded by oscilloscope three times each; the
time of communication and sleep recorded by the
oscilloscope was 230 ms, and the value of the current
was calculated using Ohm’s law. Table 1 shows the
resulting current values during communication and
sleep. The current value during communication was
about 50 mA; the current value during sleep mode
was 0.05 mA.
The same three valve controllers were selected to
perform tests of energy consumption during the
opening and closing of valves. The voltage of the
three controllers was recorded by oscilloscope three
times each; each process lasted about 4 seconds, and
the value of the current was calculated using Ohm’s
law. Table 2 shows the resulting current values
during the opening and closing of valves. As the
figure shows, the average current value during the
opening of the valve was approximately 170 mA,
while the average current value during the closing of
the valve was approximately 190 mA.

3.2. Field Test
The valve controller developed in this study was
applied in a drip irrigation control system in a cotton
field located in Xinjiang, China. A photograph of the
field application of the valve controller is shown in
Fig. 3. The area of the cotton field was about
127 hectares, and the installed drip irrigation control
system included 8 field workstations, 70 valve
controllers, 140 solenoid valves, and 140 sensors.
Each valve controller was designed to control two
solenoid valves.

4. Results and Discussion
4.1. Working Current
Three valve controllers were selected to perform
tests of energy consumption during communication
and sleep mode. The voltage of the three controllers

Table 1. Current value during communication and sleep.
Valve
controller
I
II
III

Communication current
(mA)
1
2
3
50.01
49.63
49.85
49.79
49.80
49.74
50.92
50.68
50.14

Average communication
current (mA)
49.83
49.78
50.58

Sleeping current
(mA)
1
2
3
0.05 0.05 0.05
0.05 0.05 0.05
0.05 0.05 0.05

Table 2. Current value during opening and closing of valve.

I
II
III

Current value of
opening valve (mA)
1
2
3
156.58 155.98 157.83
166.91 167.99 168.90
160.43 168.66 168.53

Average current value
of opening valve (mA)
156.80
167.93
165.87

4.2. Battery Capacity
With the working voltage of the valve controller
at least 2.4 V, the cut-off voltage of the discharge
circuit was set at 2.5 V to ensure normal functioning
of the valve controller. Average room temperature of
the battery capacity test was 22.8 ºC. Fig. 10 shows
the results of the battery capacity tests of 10 groups
of batteries. The discharge curves of Energizer
batteries at room temperature are given as J-1, J-2,
and J-3; discharge curves of NanFu batteries at room
temperature are given as N-1, N-2, and N-3.
Discharge curves of Energizer batteries at 40 ºC are
given as J-4 and J-5; discharge curves of Nan Fu
batteries at 40 ºC are given as N-4 and N-5. As the
figure shows, the hours of continuous discharge of
the two kinds of battery at room temperature were
both about 33 when the battery voltage was
decreased to 2.5 V. The hours of continuous
discharge of the two kinds of battery at 40 ºC were

Current value of
closing valve (mA)
1
2
3
197.84 198.18 197.94
178.51 179.72 178.21
187.97 188.65 189.28

Average current
value of closing
valve (mA)
197.99
178.82
188.63

both about 39 when the battery voltage was
decreased to 2.5 V.
3.40

Battery voltage/V

Valve
controller

J-1

J-2

J-3

J-4

J-5

N-1

N-2

N-3

N-4

N-5

3.10
40℃
2.80

2.50
Room temperature

2.20
0

11

22

33

44

Discharge time/h

Fig. 10. Discharge curves of batteries.
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Two alkaline batteries were used to supply a
service voltage of 3.0～3.2 V to the controller; the
current value obtained during communication and
sleep status in the energy consumption test was about
50 mA. Consequently, the resistance R in equation
(1) can be a value of 60 ohm. According to equation
(1), the quantity of electricity of the batteries can be
calculated when the cut-off voltage of the discharge
circuit was set at 2.4 V, 2.5 V, and 2.6 V
respectively. Table 3 shows the results of calculating
the available quantity of electricity of the 10 groups
of batteries.

The conclusion that temperature will affect
battery performance can be shown from the data
available in Fig. 10 and Table 3; the discharge
capacity was strengthened under high temperature. A
high temperature environment can improve battery
performance
by
accelerating
the
internal
electrochemical reactions so that the battery energy
releases more fully and the battery can be used for a
longer period time. Therefore, battery lifetime will be
longer due to the high temperature and dry climate of
farmland, the presumed environmental conditions of
the device.

Table 3. The available quantity of electricity of batteries.
Cut-off
voltage
(V)
2.4
2.5
2.6

J-1
1756
1470
959

J-2
1752
1467
957

J-3
1758
1471
959

Quantity of electricity
(mAh)
J-4
J-5
N-1
N-2
1974 1974 1761 1759
1770 1770 1475 1474
1430 1430 964
964

4.3. Energy Consumption Test
The test of energy consumption during the
opening and closing of the valve was taken at room
temperature, so the available power of the battery can
be taken from Table 3 as 1470 mAh. Synchronous
sleep periods T of the valve controller, which affect
average energy consumption, can be preset. Table 4
shows the energy consumption of communication
and sleep mode when the synchronous sleep period
T was set at 1 minute, 2 minutes, 3 minutes,
5 minutes, and 10 minutes, respectively; n is the
number of working times in a period, I wc is the
current value during communication status
(approximately 50mA), and Twc is the working hours
of communication status (assumed to be 250 ms
considering the complex field environment).
The average current of the controlling valve
I ac was assumed to be 200 mA considering the
complex energy consumption in the field. The
duration of each was 4000 ms. Field irrigation
requires rotation irrigation based on crop growth,
with irrigation frequency no more than four times per
week. Each valve controller is able to control five

N-3
1758
1472
963

N-4
1978
1773
1434

N-5
1978
1774
1434

valves at most, but only two valves were controlled
in the cotton field; the other signal line interface was
as stores, and the two valves were assumed to be
controlled at the same time for each instance of valve
control. Fig. 11 shows the continuous working
months of the valve controller when synchronous
sleep period T was set as 1 minute, 2 minutes,
3 minutes, 5 minutes, and 10 minutes, respectively.
The average current of the controlling valve
I ac was assumed to be 200 mA considering the
complex energy consumption in the field. The
duration of each was 4000 ms. Field irrigation
requires rotation irrigation based on crop growth,
with irrigation frequency no more than four times per
week. Each valve controller is able to control five
valves at most, but only two valves were controlled
in the cotton field; the other signal line interface was
as stores, and the two valves were assumed to be
controlled at the same time for each instance of valve
control. Fig. 11 shows the continuous working
months of the valve controller when synchronous
sleep period T was set as 1 minute, 2 minutes,
3 minutes, 5 minutes, and 10 minutes, respectively.

Table 4. Energy consumption of communication and sleep mode.

14

T (ms)

n

60000
120000
180000
300000
600000

3
3
3
3
3

I wc (mA) Twc (ms)
50
50
50
50
50

250
250
250
250
250

I wa (mA)
0.6250
0.3125
0.2083
0.1250
0.0625

I s (mA) Ts (ms)
0.05
0.05
0.05
0.05
0.05

59250
119250
179250
299250
599250

I sa (mA)

I av (mA)

0.0494
0.0497
0.0498
0.0499
0.0499

0.6744
0.3622
0.2581
0.1749
0.1124
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T=1 minute
T=3 minutes
T=10 minutes

Continuous working months

18
15

T=2 minutes
T=5 minutes

12
9
6
3
0
1

2

3

4

5

6

7

8

9

10

controller numbers of the five valve controllers are
201, 202, 203, 204, and 205. The voltage data was
recorded continuously for 30 days. Table 5 shows the
average energy consumption and continuous working
days of the five valve controllers. The voltage curves
were assumed to be linear to obtain the maximum
continuous working days. As the figure shows,
continuous working days of the five controllers
ranged from 77 to 119. Each controller could work at
least 3 months in theory, although these calculated
values were not strictly met.

Frequency of controlling valves per week

Fig. 11. Continuous working months
of the valve controller.

201
202
203
204
205

3.25

As can be seen, two alkaline batteries were able
to supply power for 3 months when synchronous
sleep period T was set as 1 minute; 5 to 6 months
when synchronous sleep period T was set as 2
minutes; 6 to 8 when synchronous sleep period T
was set as 3 minutes; 9 to 11 months when
synchronous sleep period T was set as 5 minutes; and
more than one year when synchronous sleep period
T was set as 10 minutes. Changes to the frequency
of valve control accounted for the range in working
months for each synchronous sleep period T .

4.4. Field Test
Five valve controllers of the drip irrigation
control system in cotton fields were selected
discretionarily to analyze energy consumption.
Considering the temperature variation of cotton fields
and the characteristics of the batteries, battery
capacity in theory cannot be used to calculate
continuous working days directly. Consequently, the
voltage value of the controller was adopted to
calculate continuous working days. Voltage curves of
the five valve controllers are shown in Fig. 12. The

Voltage /V

3.18
3.11
3.04
2.97
2.9
6-16

6-21

6-26

7-1
Calendar day

7-6

7-11

7-16

Fig. 12. Voltage curves of the five valve controllers.

In the cotton field, soil characteristics and crop
water requirements are different between each
irrigation management unit, while temperature
variations in cotton fields and characteristics of the
battery will affect the battery capacity. Synchronous
sleep period T cannot be a constant but must
change according to actual irrigation requirements.
One possible reason for the cotton field test results
may be the higher frequency of switching from sleep
mode to work mode in order to control valves and
collect data. Hours in sleep mode decreased as
working hours increased; as power consumption
increased, continuous working days decreased.

Table 5. Average energy consumption and continuous working days.
Controller
number

Initial
voltage
(V)

Record
voltage
(V)

201
202
203
204
205

3.22
3.21
3.25
3.19
3.23

3.00
3.03
3.00
2.92
3.04

Daily
voltage
drop
(V)
0.0074
0.0059
0.0084
0.0090
0.0063

5. Conclusion
In this paper, a wireless low power valve
controller for drip irrigation control systems was
developed and tested. The controller proved to be
reliable, low-cost, easy to install, and flexible in

Cut-off
voltage
(V)

Continuous
working days

Continuous
working
months

2.5
2.5
2.5
2.5
2.5

98
119
89
77
116

3.26
3.96
2.96
2.56
3.87

controlling valves. The design of the valve controller
realized the function of controlling solenoid valves
and collecting status information from solenoid
valves; the field test showed that the controller
powered by two alkaline batteries could work
continuously at least 3 months, thus realizing the
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objective of low power design. Continuing
developments will include integrating the function of
environmental information collection with the valve
controller, reducing the number of collecting nodes
in the wireless drip irrigation control system, and
forming a complete set of integrated wireless low
power valve controllers. These are possible directions
for future research.
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