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Abstract: The benefits of closed-loop irrigation control have been demonstrated in grower trials which show the 
potential for improved crop yields and resource usage. Managing water use by controlling irrigation in response 
to soil moisture changes to meet crop water demands is a popular approach but requires knowledge of closed-
loop control practice. In theory, to obtain precise closed-loop control of a system it is necessary to characterise 
every component in the control loop to derive the appropriate controller parameters, i.e. proportional, integral & 
derivative (PID) parameters in a classic PID controller. In practice this is often difficult to achieve. Empirical 
methods are employed to estimate the PID parameters by observing how the system performs under open-loop 
conditions. In this paper we present a modified PID controller, with a constrained integral function, that delivers 
excellent regulation of soil moisture by supplying the appropriate amount of water to meet the needs of the plant 
during the diurnal cycle. Furthermore, the modified PID controller responds quickly to changes in 
environmental conditions, including rainfall events which can result in: controller windup, under-watering and 
plant stress conditions. The experimental work successfully demonstrates the functionality of a constrained 
integral PID controller that delivers robust and precise irrigation control. Coir substrate strawberry growing trial 
data is also presented illustrating soil moisture control and the ability to match water deliver to solar radiation. 
Copyright © 2015 IFSA Publishing, S. L. 
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1. Introduction 

 

The benefits of closed-loop irrigation control 
have been demonstrated in grower trials which show 
the potential for improved crop yields and resource 
usage. Managing water use by controlling irrigation 
in response to soil moisture changes to meet crop 
water demands is a popular approach but requires 
knowledge of closed-loop control practice. In theory, 
to obtain precise closed-loop control of a system it is 
necessary to characterise every component in the 
control loop to derive the appropriate controller 
parameters, i.e. proportional, integral & derivative 

(PID) parameters in a classic PID controller. In 
practice this is often difficult to achieve. Empirical 
methods are employed to estimate the PID 
parameters by observing how the system performs 
under open-loop conditions. The classic PID 
controller has been applied in many applications and 
is used in commercial controller products where the 
control of a parameter, such as temperature or fluid 
flow, is precisely maintained at a user defined level 
or set-point. The classic PID controller 
(Schwarzenbach and Gill, 1984) consists of a signal 
comparator that compares a measured feedback 
signal to a (user defined) set-point, the difference 
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between these is the Error signal. This Error signal is 
then processed using weighted proportional, integral 
and derivative functions and the output from each 
function is summed to create a control signal that is 
used to drive an actuator. In this work the actuator is 
a water pump or a solenoid valve that is timed to 
operate once every 2 hours. The PID controller is 
used here to estimate the duration the water pump or 
solenoid valve has to be switched-on in order to 
supply sufficient water to the plant to maintain 
constant soil moisture. 

Where the classic PID control system has been 
applied to maintain greenhouse environmental 
conditions, problems have arisen as a result of the 
number of interdependent parameters that need to be 
maintained and controlled at the same time 
(Ferentinos, et al., 2006). As a result the classic PID 
controller is often replaced with more sophisticated 
controllers employing fuzzy logic or model 
predictive control methods which can process 
multiple measurement types. 

One reason for the underperformance of the 
classic PID controller is due to the way certain 
external disturbances are processed, this can affect 
the level of control performance achieved following 
a disturbance. In its simplest form the sensor, classic 
PID controller and actuator feedback loop essentially 
work together to regulate the flow of energy or 
material from a reservoir to a load and it is assumed 
that this is the only significant flow of energy or 
material available to the load. This is often described 
as a first order SISO (Single Input Single Output) 
process controller. In practice this is not always the 
case. For example, in plant irrigation control systems 
a classic PID controller (Fig. 1) can be designed and 
set-up to manage the flow of water to the plant but 
this design will not take account of other significant 
sources of water, such as rainfall which will bypass 
the controller. In the literature it has been shown that 
in the case of a significant rainfall event there is a 
risk the PID controller can go into a windup 
condition (Romero, 2011 and Romero, et al., 2012), 
this may result in a loss of control and a significant 
delay before control is resumed. 

 
 

 
 

Fig. 1. A schematic of the PID controller showing the 
closed-loop irrigation systems consisting of: a User 
Moisture set-point input, Error signal processing, water 
supply actuator valve and soil moisture sensor providing 
the feedback signal. 

A further limitation in applying PID control to 
irrigation applications is the possibility of excessive 
dead time resulting from the length of time it takes 
for the applied water to reach the sensor. In this case 
long oscillations in soil moisture level may occur. 
However, the effect of dead times can be addressed 
by applying predictive functions to the PID controller 
(Smith, 1959). This technique has been successfully 
applied in a commercial controller product (Veronesi, 
2003). In this work we will be applying a simpler 
enhancement to the PID controller which aims to 
manage non-SISO conditions i.e. rainfall, as well as 
the reducing dead times due to controller windup that 
are associated with such events. 

A major benefit of the PID controller - resulting 
in its widespread adoption in many industries where 
precision control is required - is the PID controller’s 
ability to respond quickly to changes in user  
set-point and loading demand (Schwarzenbach and 
Gill, 1984). 

This capability makes it an attractive proposition 
for maintaining soil moisture in an environment 
where the water demands are driven by the diurnal 
cycle and water needs of a plant. However, as 
mentioned previously, the classic PID control risks 
going into a windup condition after a rainfall event. 
In a system that is under control, i.e. the parameter 
under control is at the user’s set-point and in steady-
state, one would expect the PID signal processing of 
the error signal to deliver proportional and derivate 
function outputs close to zero. However, the control 
signal that drives the actuator at a certain level to 
maintain steady state control is largely derived from 
the output of the integral function, a level that has 
been determined over an extended period of time. 
External events which cause the proportional and 
derivative functions to provide rapidly changing 
outputs may only result in small changes to the 
output of the integral function. In the case of a 
rainfall event resulting in the soil moisture being 
above a desired set-point over an extended period of 
time, this will initially cause the integral function to 
reduce the steady state control level. If left 
unconstrained the integral function could reach a 
level that is equivalent to negative water application 
volume and will continue to increase, or windup, 
over time. In this situation, once the plant’s water 
demand has increased to a point that the soil moisture 
reaches a level below the desired set-point, the 
integral function is still in a windup condition. This 
could offset the output from the proportional and 
derivative functions, causing under watering events 
until the integral function recovers from the windup 
condition, this assuming the soil moisture level 
remains below the set-point. 

In this work a variation of an anti-windup 
algorithm (Abe and Yamanaka, 2003) has been 
applied which constrains the integral function to 
values equivalent to positive water application 
volumes (within the range of 0 to maximum of half 
the daily water requirement), whilst allowing the 
proportional and derivative functions to operate as 
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they would in a classic PID controller. With this 
approach the integral function performs in the normal 
way (as a SISO process) in response to a varying 
water demand but should a significant rainfall event 
occur the integral function is constrained so that it 
maintains a value that is equivalent to a zero water 
application volume. Furthermore, when the soil 
moisture returns to a level below the set-point the 
integral function starts from a repeatable known level 
rather than from a time and soil moisture point 
dependent on the windup level. In this way a PID 
controller with a constrained integral function can 
more reliably resume control of soil moisture after a 
rainfall event without incurring a significant dead 
time delay. It is the primary aim of this work to 
demonstrate the use of a constrained integral function 
that can enable the benefits of PID control (as 
outlined above) to be applied to precision irrigation 
applications and plant science studies. 

 
 

2. Material and Methods 
 
The experimental method consists of two 

experimental arrangements:  
1) An on-the-bench system to assess the 

functionality of a constrained integral PID irrigation 
controller using a potted Poinsettia plant to provide a 
diurnal water load;  

2) To assess the performance of the constrained 
integral PID irrigation controller for a small scale 
trail consisting of 32 strawberry plants in coir over a 
growing period employing a similar arrangement to 
commercially grown strawberries in the UK. 
 
 

2.1. Method 1 
 

A closed-loop irrigation controller system was 
created for the automatic watering of a potted 
poinsettia plant via drip-irrigation. The control 
system consists of: a GP2 data logger and controller 
(Delta-T Devices Ltd.), a water bottle with an electric 
water pump, 3 SM300 soil moisture probes (Delta-T 
Devices Ltd.) using the generic mineral calibration 
and a millilitre flow meter to measure the delivered 
water. The PID control algorithm was implemented 
in the GP2 using the script editor which also 
managed the frequency and duration of the water 
pump. The soil moisture feedback signal was 
obtained from the average of 3 SM300 soil-moisture 
readings and calculated within the GP2 data logger. 
A Kipp & Zonen SP Lite Pyranometer was also 
connected to the GP2 data logger in order to record 
solar energy. The experimental set-up is shown 
schematically in Fig. 2, including a pot containing 
4.5lts of an in-house mixed John Innes type soil 
where the SM300 soil moisture sensors where 
partially buried measuring the soil moisture at a 
depth of 3 to 8 cm.  

The GP2 data logger was programmed with a PID 
controller employing the constrained integral 

function and with a water pump control function that 
delivered an irrigation event every 2 hours. Sensor 
data was collected every 5 minutes. The irrigation 
duration (in seconds to the nearest second) was made 
proportional to the sum of the PID functions and was 
limited to a maximum time (equivalent to delivering 
approximately half the daily water requirement). The 
water pump delivery rate was measured at 12 ml/s 
and therefore with the PID range of 0 to 20 the 
irrigation water volume delivered would be between 
0 and 240 mL at every irrigation event. In order to 
review the performance of the PID controller the PID 
functions were also displayed graphically, together 
with the soil moisture, solar energy, air temperature 
and flow meter data. Other data that was calculated 
and logged for display within the GP2 included the 
daily totals for irrigation water delivered and the 
daily solar energy integral, thereby allowing the 
potential for the relationship between solar radiation 
and water use to be investigated. 

 
 

 
 

Fig. 2. Equipment set-up with data logging  
and irrigation control. 

 
 

Before the GP2 based PID controller was used to 
control the irrigation of a potted poinsettia plant the 
programming and control functions were evaluated 
using the GP2’s DeltaLINK simulator, where the PID 
weighting parameters (kp, ki, & kd) could be tested 
and selected for stable operation whilst responding to 
diurnal and rainfall events. 

A soil moisture set-point of 31 % was used for 
the PID irrigation control of the poinsettia plant. This 
was determined from a previous irrigation controller 
arrangement employing a low-volume high-
frequency (LVHF) algorithm using a soil moisture 
sensor similar to that described by R. Muñoz-
Carpena, et al., 2006. Using the LVHF algorithm the 
soil moisture level was adjusted so that irrigation 
events did not result in water draining from the 
bottom of the plant pot, the aim being to avoid 
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significant plant stress whilst delivering sufficient 
water for the plant’s photosynthetic needs and 
allowing for soil surface evaporation. The data 
collected from the flow meter and pyranometer was 
used to observe the relationship between total daily 
water delivery and daily solar radiation. 

The water balance (at 31 % soil moisture) was 
maintained by the PID controller to deliver sufficient 
water for crop evapotranspiration and soil surface 
evaporation only, as there was no drainage water loss 
from the plant pot. 

 
 

2.2. Method 2 
 

It is recognized that Method 1 tests the 
functionality of the PID algorithm under 
environmental conditions that are not representative 
of many situations. To address this we tested the 
functionality of the constrained integral PID control 
algorithm in a second scenario controlling the 
irrigation of strawberries plants grown in a coir 
substrate under a polytunnel over a 7 week growing 
period from planting to harvest and for a further 46 
day period post-harvest. A detailed analysis of the 
growth cycle for the strawberries is beyond the scope 
of this work but for reference: planting took place at 
the beginning of March and the harvest period was 
from 29th May to 14th June. The experimental 
arrangement consisted of drip irrigation of 4 coir 
bags (Botanicoir) with 8 plants and 4 drippers per 
bag. The soil moisture was measured in each bag 
using an SM300 soil moisture sensor (Delta-T 
Devices Ltd.), using the generic Organic calibration, 
the average soil moisture was used for the PID 
controller. Solar radiation data was recorded with a 
BF5 (Delta-T Devices Ltd.) along with irrigation 
water volume (in litres) with a flow meter. The 
irrigation period remained at 2 hours whilst the soil 
moisture and solar radiation measurements sensor 
were taken at 10 minute intervals. Although the 
constrained integral functionality remained the same 
the output from the sum of the PID functions was 
processed with a scaling factor, kv, in order to 
estimate the amount of water to be delivered at each 
irrigation event. The GP2-based irrigation process 
consisted of an irrigation event ever 2 hours where 
the PID controller estimated the amount of water to 
be delivered and the irrigation continued until the 
flow meter had returned (litre) pulses to match the 
required delivery volume. A soil moisture set-point 
of 55 % was applied for the duration of the substrate 
trial to provide a well-watered environment (Else 
2013). The scaling factor, kv, was determined in the 
following way: 

 
kv = (Max. Daily Water Requirement) / ((Number of 
Irrigations per Day) x (PID value) 
 
where: 

Max. Daily Water Requirement: is the maximum 
water for the life cycle of the plant. 

PID value: is the average daily output of the sum 
of the PID functions that will deliver the Max. Daily 
Water Requirement.  
 
For this coir substrate growing trial we used: 

Max. Daily Water Requirement = 50 litres 
PID value = -10 
Number of Irrigations per Day = 12 
Kv = -0.4 litres. 

 
 
3. Results 
 
3.1. Method 1 
 

Fig. 3 shows the behaviour outputs from the PID 
functions over 3 days of irrigating the poinsettia plant 
where the constrained integral has been employed. 
The effects of irrigation events can be seen most 
clearly on the outputs from the proportional and 
derivative functions, whilst responding to the diurnal 
cycle is most clearly seen on the output from the 
constrained integral function (red broken line). A 
calculated line has been included in Fig. 3 that 
indicates how the integral function would have 
performed without the constraint (red dash-dot line), 
as in a classic PID controller.  

 
 

 
 

Fig. 3. Showing the behaviour outputs from the PID 
functions over 3 days of irrigation of the poinsettia plant 
where the constrained integral has been employed and how 
the integral function would have performed without the 
constraint, demonstrating a windup event. 

 
 

By inspection of the two integral responses it can 
be estimated that it would take nearly 4 hours for the 
integral function to return to 0 and so it is possible 
that at least one of the first two irrigation  
events would have been missed without constraining 
the integral. 

In Fig. 4 soil moisture data is shown with solar 
radiation data (from the SP Lite) clearly indicating 
the diurnal cycle (for the same period as that in 
Fig. 3). The location of the poinsettia is such that 
there is only a relatively short period when the plant 
was in direct sunlight, as shown by the peaks in the 
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solar radiation responses. It can also be seen that the 
PID controller managed to maintain the soil moisture 
at 31 % to within ±2.5 % in response to the diurnal 
cycle and variations in peak solar radiation levels 
where: kp = 1, ki = 0.05 and kd = 0. 
 
 

 
 

Fig. 4. Showing soil moisture data with solar radiation data 
where: kp = 1, ki = 0.05 and kd = 0. 

 
 

The irrigation events and water volumes 
delivered are shown in Fig. 5 and indicate that the 
irrigation events are well aligned with solar radiation 
measurements and the diurnal cycle. Furthermore, 
the daily total amount of water delivered also appears 
to follow the level of solar radiation. 

 
 

 
 

Fig. 5. Showing irrigation water volume data on a 2 hour 
period and solar radiation. 

 
 

In Fig. 6 soil moisture data is shown with solar 
radiation data for a second period where: kp = 2.0,  
ki = 0.05 and kd = 0. In this case the PID controller 
manages to maintain the soil moisture at 31 % 
<±1.5 %. Whilst the PID weighting parameters could 
have been further adjusted, the level of soil moisture 
regulation was considered sufficient to assess the 
PID controller’s response to significant external 
disturbances of a rainfall event and a disruption in 
the water supply. 

 
 

Fig. 6. Showing soil moisture data with solar radiation data 
where: kp = 2.0, ki = 0.05 and kd = 0. 

 
 

The ‘rainfall event’ was achieved by manually 
adding approximately half the daily water 
requirement in one application, whilst the water 
supply disruption was achieved by removing the 
water supply for 3 days and logging how the 
controller responded once the water supply was re-
connected. The disruption in water supply can also 
be considered as a control engineer’s step-change test 
that is often employed to test the response and 
stability of closed-loop control systems. 

In Fig. 7 and Fig. 8 we show the PID controller’s 
performance in response to a ‘rainfall event’ where 
200 ml of water was added manually at 9 am on 25th 
September. This resulted in the soil moisture rising to 
nearly 38 %. This data shows that following the 
‘rainfall event’ the PID controller does not deliver 
any further irrigations for the rest of the day and soil 
moisture regulation recovers without undershoot, 
there are no signs of controller windup (Romero 
2011 and Romero, et al., 2012), and the PID 
controller returns to maintaining the soil moisture  
at 31 % <±1.5 %. 

 
 

 
 

Fig. 7. Showing soil moisture data with a ‘rainfall event’ 
with solar radiation data. 

 
 

The disruption in water supply event is shown in 
Fig. 9 and Fig. 10 where the soil moisture dropped to 
17.3 % after 3 days without water. 
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Fig. 8. Showing irrigation water volume data with a 
‘rainfall event’ with solar radiation data. 

 
 

 
 

Fig. 9. Showing soil moisture and solar radiation data with 
a water supply disruption event. 

 
 

 
 

Fig. 10. Showing irrigation water volume data with a water 
supply disruption event. 

 
 

The diurnal cycle can also been seen in the soil 
moisture response during this un-irrigated period. 
When the water supply was re-connected it can be 
seen that the resulting irrigations caused the soil 
moisture to reach 36.5 %. The first 3 of these 
irrigations were at the maximum water volume 
permitted by the constrained integral function. 
Following these irrigations the PID controller 
returned to maintaining the soil moisture at  

31 % ±1.5 %. From a control engineering perspective 
this test was similar to a step-change test which is 
often employed to assess damping characteristics, 
essentially aiming to assess the PID parameters that 
maximize the speed of response and minimize the 
overshoot level. Inspection of the data shown in 
Fig. 9 indicates some overshoot in the response 
where the PID parameters used are delivering a 
slightly under-damped response, requiring further 
adjustment to achieve the ideal critically-damped 
scenario. However, it should also be noted that, 
whilst the PID control is responding to the step-
change, the water demand of the poinsettia is also 
reducing due to falling solar radiation, which may 
also contribute to the level of overshoot observed. On 
balance, the PID controller delivered an acceptable 
level of operation following a major interruption in 
water supply. 

During the period that the PID controller 
managed the irrigation of the poinsettia plant 
(including the ‘rainfall’ and water supply disruption 
events) the daily total water delivery and daily solar 
radiation (with a 5 minute measurement interval) 
were calculated and recorded using the GP2 data 
logger. The photosynthetic action of the poinsettia 
can be seen in Fig. 11 where the relationship between 
the total daily water delivered and daily solar 
radiation is shown for a 15 day period of regulated 
soil moisture, maintained at 31 % by the PID 
controller. The linear regression shown in Fig. 11 is 
for the data up to the water supply disruption event 
(as plant stress may have resulted) and shows an 
intercept value of 236.6 ml at Rs=0. In order to 
maintain water balance this offset suggests there 
could be significant amount of water loss as a result 
of soil surface evaporation. For the 230 mm diameter 
pot the daily surface evaporation is equivalent to 
approximately 5.7 mm.d-1. 

 
 

 
 

Fig. 11. Showing the relationship between total daily water 
delivery and daily solar integral. 

 
 

3.2. Method 2 
 

The performance of the PID controller used to 
regulate soil moisture in the coir substrate is shown 
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in Fig. 12 over 94 days where the kp values of 1 & 2 
have been tested. As with the previous poinsettia 
data, setting ks = 2 provides improved performance, 
achieving soil moisture control of 55 % ±4 %.  

 
 

 
 

Fig. 12. Showing the performance of the PID controller to 
regulate soil moisture in the coir substrate growing trial. 

 
 

The integral weighting was reduced in order to 
look for signs of offset error, this effect is not 
apparent for the data shown in Fig. 12 as the range of 
soil moistures readings appear well centred on our 
set-point of 55 %. Total daily water delivery and 
daily solar radiation over the period are shown in 
Fig. 13 where it can be seen that the controller is 
maintaining soil moisture control over a wide range 
of solar radiation levels. In Fig. 13 it can be seen that 
whilst the daily irrigation volume is increasing over 
the growing period of the strawberries the peaks and 
troughs in water use are very well aligned with the 
peaks and troughs in solar radiation, irrespective of 
the growth stage of the strawberries. 

 
 

 
 

Fig. 13. Total daily water delivery and daily solar radiation 
over the period shown in Fig. 12. 

 
 

4. Discussion 
 
Whilst the data and results presented for a single 

plant in a pot where the water balance conditions 
have been arranged to avoid drainage illustrated the 
robustness of a constrained integral PID controller, 

the use of a precision controller to maintain  
soil moisture conditions has enabled water  
use under relatively low-photosynthetic conditions to 
be presented.  

Data collected over a 94 day period from 
strawberries grown in coir under a polytunnel 
illustrates the ability of a constrained integral PID 
irrigation controller to maintain soil moisture over a 
growing period and under varying solar radiation 
levels. The level of soil moisture regulation (±4 %) 
falls short of the ±1.5 % achieved whilst irrigating 
the potted poinsettia plant is considered to be mostly 
due to the 1 litre resolution of the flow meter used in 
the evaluation that determines the resolution of 
irrigation water delivery. 

The coir substrate trail has demonstrated the 
potential of the constrained integral PID controller to 
regulate soil moisture and match water deliver to 
solar radiation in a growing environment and under a 
much wider range of solar radiation levels. An 
outline of how to implement a constrained integral 
PID controller is also presented. Following on from 
the closed-loop control evaluations presented in this 
paper it should be possible to apply this method in 
larger scale irrigation control experiments. The PI 
controller employed in this work could be further 
enhanced to include the use of the Smith Predictor 
algorithm where there is a possibility of a significant 
time delay, due to the time taken for water-flow (in 
soil) to reach the soil moisture sensor providing the 
feedback signal. However, in situations where the 
water demand is significantly higher than 
experienced in this work, it may be advantageous to 
re-instate the derivative function in order to allow the 
controller to remain stable whilst responding to more 
rapid falls in soil moisture. 

In order to set up a PID based controller in larger 
scale irrigation systems than described above, the 
integral constraint can be defined as having:  

i) Minimum value of 0;  
ii) A maximum value that is derived from the 

time taken to deliver half the daily water 
requirement.  

A simple method of calculating a scaling factor 
has been proposed that enables the PID controller to 
estimate the appropriate amount of water to be 
delivered at each irrigation event. The weighting 
coefficients used in the coir substrate growing trial 
of: kp = 2.0, ki = 0.025 and kd = 0 (with a 2 hour 
irrigation period and 10 minute soil moisture 
measurement period) would make a useful starting 
point, further optimisation may be required 
depending on the environment and the type  
of substrate.  

In this work we have successfully demonstrated a 
PID irrigation controller that overcomes the primary 
difficulty with the classic PID controller of wind-up 
conditions by constraining the integral function. PID 
weighting coefficients were used that delivered good 
regulation of soil moisture. However, we did not 
determine the optimum weighting coefficients for 
each method presented. To achieve this there are 
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essentially two methods that allow control engineers 
to optimise the PID weighting coefficients. Firstly, 
the theoretical approach where each component in 
the closed-loop is represented mathematically as a 
transfer function, usually in Laplace format, in order 
to assess the loop’s response and stability 
performance (Schwarzenbach and Gill, 1984). 
However, obtaining the Laplace transfer functions 
for soil and plants is likely to be a non-trivial 
activity. Secondly, empirical methods such as 
Zielger-Nichols, 1942, can be employed where 
weighting coefficients are adjusted and judgements 
are made from observing the resulting closed-loop 
control response, this is an iterative process which 
we also adopted in this work. Whilst this approach 
may also be considered challenging in an irrigation 
application it has been overcome in other control 
applications. For example, in precision temperature 
control where commercial products are available that 
includes auto tuning capabilities (OMEGA 
Engineering, INC., www.omega.com). By 
overcoming the potential for wind-up conditions in 
the classic PID controller it should now be possible 
to further evaluate the benefits PID control may offer 
to applications requiring precision irrigation. 

 
 

5. Conclusions 
 

In this paper we present the successful 
implementation of a PID (PI) controller using a 
simple modification to the integral function to 
control soil moisture of a potted poinsettia plant and 
for 32 strawberry plants grown in coir over a 94 day 
period. In the potted poinsettia plant the constrained 
integral PI controller has been shown to respond to 
the diurnal cycle whilst maintaining soil moisture to 
better than ±1.5 % with a 2 hour irrigation period. 
The integral function is constrained to only output 
values equivalent to positive water delivery volumes 
and is limited to a maximum of half the daily water 
requirement, irrespective of the input error. With 
these constraints in place the PI controller 
successfully recovered irrigation control following 
‘rainfall’ and water supply disruption events. 
Furthermore, these events did not provoke any signs 
of controller windup as presented in the literature. 

The modified PID controller presented here has been 
shown to respond quickly to changes in 
environmental conditions and the diurnal cycle whilst 
delivering robust and precise irrigation control over a 
wide range of solar radiation levels. The coir 
substrate strawberry growing trial illustrates that the 
constrained integral PID controller has the ability to 
match water deliver to the needs of the plant from 
planting to harvest whilst responding to varying solar 
radiation levels. 
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