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Abstract
The purpose of this project was to develop an automatic
irrigation system for plants. It is beneficial to have plants
indoors. In addition to their air-purifying qualities, they
have been proven to increase the productivity of employees
at workplaces, as well as decrease the amount of sick leave.
Three research question were investigated: how much en-
ergy the system requires and if it is possible to replace the
energy source with an alternative energy source, how well
the system stabilises and how a wireless regulation can be
implemented.

The final design consisted of a mictrocontroller which
controlled the system, a water pump, a moisture level sen-
sor and a plant on which everything was tested. The system
was left during a four week period to see how well it man-
aged. The project resulted in a system that managed to
keep the plant alive. The energy demand of the system
could be covered by solar cells instead of batteries.

Keywords: Arduino, mechatronics, irrigation system,
moisture, plant



Referat
Automatiserat bevattningssytem för plantor

Syftet med detta projekt var att utveckla ett automatiskt
bevattningssystem för växter. Det är fördelaktigt att ha
växter inomhus. Bland annat har det bevisats att växter i
kontorslandskap ökar produktiviteten hos de personer som
arbetar där, samt att antalet uttagna sjukdagar minskar.
Fortsättningsvis var det tre stycken forskningsfr̊agor som
undersöktes, hur mycket energi kräver systemet och är det
möjligt att ersätta energikällan med en alternativ ener-
gikälla, hur väl stabiliserar sig systemet samt hur kan en
tr̊adlös reglering implementeras.

Den slutgiltiga designen bestod av en mikrokontrol-
ler som styrde systemet, en vattenpump, en fuktighetssen-
sor och en planta p̊a vilken testerna utfördes. Systemet
lämnades i fyra veckor för att se hur väl det klarade sin
uppgift. Resultatet blev att växten överlevde vilket innebär
att systemet fungerade. Möjligheten att byta ut batterierna
mot solceller studerades och slutsatsen är att detta byte är
möjligt.

Nyckelord: Arduino, mekatronik, bevattningssystem,
jordfuktighet, växter
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Chapter 1

Introduction

1.1 Background
There is an increasing interest for eating locally produced food and growing your
own herbs. Some people have a hard time keeping plants alive, which might prevent
them from growing their own herbs and having plants in their homes. A system
which could keep plants alive and healthy would enable everyone to grow their own
herbs, all year round. It would provide a way to get fresh vegetables and herbs with
almost no manual input. Growing your own food is good for the environment, as
well as your wallet.

Furthermore, having plants in homes or in offices can increase productivity [1].
There is also a correlation between the number of plants in a near proximity of a
worker and their amount of sick leave [2]. Therefore, companies will benefit from
having plants in their offices. One problem is that someone needs to keep the plants
alive for them to boost the health of the employees, a task which today requires a
person in the company diverting from their original task. A self-watering system
would significantly decrease the amount of time needed to keep plants alive, enabling
companies to have many plants without losing time to care taking.
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CHAPTER 1. INTRODUCTION

1.2 Purpose
The purpose of this project was to develop an irrigation system that could be
controlled by the moisture in the soil of a pot. It is hard for people to take care
of their plants, but with a self-watering system it is possible for everyone to enjoy
plants. Plants are confirmed to improve the indoor climate and they also have a
psychological benefit in workplaces [2]. The research questions of this thesis are the
following:

• How well does the system stabilise within the chosen interval of moisture?

• How much energy would the system require and is it possible to replace the
batteries with an alternative energy source?

• How can a wireless regulation of the system be implemented?

1.3 Scope
The system should be able to measure and control the moisture level of a plant’s
soil. A moisture sensor was used because it has proven to be an effective way of
determining when a plant needs more water. The system was tested for four weeks.
This was enough time for the plant to die if the system did not work. The test was
evaluated by checking the plant’s health and the moisture level in the pot. It would
have been preferable to test multiple plants, but due to time limitations it was not
possible. Moreover, nutrition and salt levels affect the health of plants, but the
chosen soil had the right levels and therefore it was unnecessary to measure these.
The pot which was used had a diameter of 13 cm.

1.4 Method
To be able to answer the questions stated in section 1.2, a research phase was
initiated. Before building the construction the program for the Arduino was written
and tested. The Arduino was connected to a water pump which transported the
water through tubes from the water reservoir to the plant. The system was evaluated
by how well the moisture level of the soil was kept stable and if it managed to keep
the plant healthy.

Initial testing of the system was done on soil in pots without any plants in them.
The system was exposed to disturbances, such as adding a lot of water and starting
the test with dry soil. The Arduino aimed to maintain the level of moisture which
was desired. When the test showed that the soil stayed within the allowed interval
the next test was started.

2



1.4. METHOD

A long-term experiment was conducted to check if the system worked for a
longer period of time. The plant was placed in a room with adequate sunlight
for four weeks. Thereafter, the health of the plant was examined. The test was
conducted on the plant Adiantum because it would show signs of distress within
two weeks. To be able to draw a conclusion, this was a required property since the
system only was tested for four weeks.
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Chapter 2

Theory

On a larger scale, having an automatic irrigation system can decrease the amount of
water usage by 73% compared to using standard watering [3]. Furthermore, there
are related health benefits to having plants indoors.

2.1 Plants

Plants are living organisms which make their own energy by using photosynthesis.
The substance chlorophyll makes them green and enables them to absorb energy
from the sun. To thrive, plants require water and sun in combinations with the right
pH-level, surrounding temperature and nutrition. They need to be placed where
these requirements are met. Plants have rigid cell walls which makes them stable
[4].

The plant that was used in this project was an Adiantum, shown in Figure 2.1.
It is a plant with small green leaves on stems which belongs to the fern genus.
The Adiantum is normally found in sub-tropical areas and can reach heights of
approximately 25 cm. It has thin leaves causing it to be sensitive to dryness,
making it a good test subject for the automated irrigation system. The soil should
not dry out between irrigations, it should be kept moderately moist [5].

2.1.1 Soil

Soil consists of the elements sand, silt and clay. The clay particles are the smallest
and the sand particles are the largest [6]. The ratio of the three components affects
the properties of the soil. By changing the ratio, different properties can be achieved.
Depending on the type of plant you have, the soil needs to be adjusted accordingly.

There are pores between the soil particles, when these pores are completely
filled with water the soil is saturated. Volumetric water content, VWC, is used as
a measurement for soil moisture level. It is calculated as the volume of water to
volume of soil percentage ratio. Field capacity is the amount of water the soil can
hold, the level of moisture after excess water has drained away. At field capacity
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CHAPTER 2. THEORY

Figure 2.1. Adiantum, the type of plant that was used during testing [5]

the plant growth is optimal, this is typically between VWC 20% for sandy soils
and VWC 40% for clay soils [7]. Sandy soils are fast-draining, resulting in dry soil.
Since the Adiantum is to be kept in moist soil, clay soil was used. Clay soils have
a higher water-holding capacity and their ability to transport water from deeper
layers through capillary action is good [8].

2.1.2 Benefits of having plants indoors

Companies without plants in their offices are expected to have a higher rate of
health and discomfort problems among their employees, compared to companies
who keep a lot of plants in their buildings. Having plants at offices has proven to
both increase the air quality and the health of the employees. Studies measuring 12
symptoms on staff members such as headaches, cough, dry throat, dizziness, flushed
facile skin among other things showed a decrease by 21% when introducing plants
to their work environment [9].

Moreover, a study conducted by Washington State University shows a correla-
tion between blood pressure level and being surrounded by plants. Blood pressure
can be used as an indication of stress level. As shown in Figure 2.2 below, both
the spike in blood pressure when working on a task and the blood pressure after
finishing is lowered when having plants in your surroundings [10].

Figure 2.2. Systolic blood pressure [mm Hg] before, during and after a productivity
test [10]
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2.2. ALTERNATIVE ENERGY SOURCE

2.2 Alternative energy source

The world today is mostly supplied with energy from fossil fuel, which in the long-
term is bad for the environment. Scientists are working hard to come up with new
alternative sources of energy to supply the world’s need. The energy production
contributes to global warming, air pollution, ozone depletion and more. Today,
there are numerous alternative energy sources which are renewable. These energy
sources have a low impact on the environment, a low carbon footprint and they
come from a renewable source, meaning that the source is constantly restored and
will not run out. Hydropower, wind power, solar energy and bio energy are different
types of renewable energy sources [11].

People today are asking for more alternative energy sources and in Sweden 54%
of the energy is renewable energy [12]. A transition from the traditional fossil fuel
energy to renewable energy is currently taking place. Looking at the European
Union’s climate goals, everything is moving in that direction. By the year 2020,
20% of the produced energy must be from renewable energy sources [13].

2.2.1 Solar energy

Solar panels absorb sunlight and turns it in to electric energy by using the photo-
voltaic effect, the conversion of light into electricity, and semiconductor materials
[14]. The process only works when there is light on the solar panels. By using
batteries, the energy can be stored and used when needed. The market’s best solar
cells can instantaneously generate up to 150 W per square meter, although it de-
pends on the system [15]. Solar panels require little maintenance since the effect is
not affected by dirt. In 2016, the total installed capacity of solar panels in Sweden
was 205.5 MW [16]. On average, one square meter of solar panels can produce 59.5
kWh in one year [17].

2.3 Moisture sensor

Sensors are used in various mechanisms today. There are many different types of
sensors that for example measure humidity, temperature or acceleration. In this
project, the soil moisture level sensor shown in Figure 2.3 was used. The sensor has
two probes which are placed in the soil and it measures the resistance between them.
If the soil is dry, the resistance is high but as the water content of the soil increases,
the resistance decreases. The resistance is transformed into a voltage; thus, allowing
it to work with a microcontroller. A threshold value can be set manually, when the
sensor detects a moisture level below the threshold value the irrigation sequence
should be initiated [18].
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CHAPTER 2. THEORY

Figure 2.3. Soil moisture sensor [18]

2.4 Liquid pump
A liquid pump with silicone tubes was used to transport the water from the reservoir
to the plant. More specifically, a peristaltic pump like the one shown in Figure 2.4
was used. It transports the fluid by pushing on the outside of the tubes, it works
in the same way as the intestines does. It is a displacement pump which is never in
contact with the fluid. Normally, peristaltic pumps are used when the amount of
liquid needs to be controllable [19]. One of the silicon tubes is placed in the water
reservoir and the other is placed on top of the soil. The peristaltic pump consists
of a downshifted DC-motor which gives it a high torque.

Figure 2.4. How the water is moved forward by a peristaltic pump [20]

2.5 Bluetooth module
For wireless implementation and controlling of the system a Bluetooth module can
be used. Connecting one to an Arduino is a common way of enabling your Android
smart-phone to control the device. There are many different small modules which
can be used for this purpose, they are cheap and small as a coin. The HC-05 and
HC-06 modules, presented in Figure 2.5, are commonly used by non-professionals.
They look similar but they differ in their outputs and inputs. They can be connected
to an Arduino at the 3.3 V port and they have a range of 10 m. There is one big
difference between them. The HC-05 can be used both as a slave and a master,
meaning that it can both receive and transmit data, whereas the HC-06 can only be
used as slave, which means it can only receive data and it cannot initiate connection
on its own [21]. After connecting the module to the Arduino, it can be started and

8



2.5. BLUETOOTH MODULE

the smart-phone can be connected. To be able to control the Arduino from the
smart-phone an application needs to be installed. It is recommended to use the
online MIT App Inventor to create the app. The Arduino code must be written
correctly to ensure communication between the different parts [22].

Figure 2.5. Showing the two Bluetooth modules HC-06 (left) and HC-05 (right)
[23]
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Chapter 3

Demonstrator

The construction of the automatic irrigation system was built and tested. The
different parts were connected and tested together. The settings for the sensor and
the water pump are explained in section 3.2.

3.1 Electronics
Different electronic components were used to build the automatic irrigation system,
they will be presented in this section. Their function in the circuit will be explained.

3.1.1 Microcontroller

This project used an Arduino UNO, which is board based on the ATmega328P.
The microcontroller was used to regulate the moisture sensor, decide if irrigation
was needed and control the water pump. In the early phases of the project it was
powered by a computer and then by eight 1.5 V AA-batteries connected in series.
However, in the final design the Arduino was powered by an adapter connected to
a power outlet.

3.1.2 Moisture sensor

A soil moisture sensor was used to measure the moisture level in the soil. The
Arduino compared the input value from the sensor to a set value to decide if the
water pump should be turned on. The sensor was placed close to the stem of the
plant and near the centre of the pot.

3.1.3 Water pump

The pump used was a peristaltic 12 V DC pump. It requires a current of 200-300
mA and creates a maximum flow of approximately 100 ml/min. Since the speed of
the water did not need to change, the pump only needed to be turned on and off,
a High-side power switch was used. The pump was set to run for a certain amount
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CHAPTER 3. DEMONSTRATOR

of time, controlled from the Arduino. The pump was powered by eight 1.5 V AA-
batteries connected in series, resulting in a total voltage of 12 V and a capacity of
3 Ah.

3.1.4 High-side power switch

A High-side power switch, of type BTS412B, was included in the final circuit. It
was used to allow the full power of the batteries to flow to the pump. The voltage
out from the Arduino is not enough to power the water pump, but this switch allows
the Arduino to close a circuit where the batteries resulting in 12 V were directly
connected to the water pump. Schematics for the switch can be found in Appendix
A.

3.2 Setup
All components were tested, calibrated and soldered together. Circuit diagrams and
the Arduino code will be presented in the following section.

3.2.1 Sensor setup

A mapping was required to be able to use the moisture sensor as a water percentage
measuring instrument. The sensor and a light-emitting diode, LED, were connected
to the Arduino. The LED was used, instead of the pump, as a visual indication of
when the pump would be turned on. When the sensor was placed in saturated wet
soil it gave the value 105. After that, the sensor was held in the air and read 135.
These are the two values the mapping was made for. The value 135 was set to 0%
while the value 105 was set to 100% moisture.

3.2.2 Pump setup

Testing of the pump was conducted to decide how long it should be powered during
an irrigation sequence. When the moisture sensor indicated that the soil was at
30% moisture, which is when irrigation should be initiated, the pump was turned
on for one minute. Thereafter, it was turned off and when the water had spread
throughout the soil, the moisture level was remeasured. It had not increased enough
so the pump was turned on again for 10 seconds and when the water had spread, the
moisture level was measured once again. This was repeated until desired maximum
moisture level, 45%, was reached. The test concluded that optimal increase in soil
moisture was obtained when the pump runs for 90 seconds.

3.2.3 Final circuit

When the mapping was complete the LED was replaced with the water pump. Since
the pump required a separate power supply the circuit had to be changed. Eight 1.5

12



3.2. SETUP

V AA-batteries were connected in series to power both the pump and the Arduino.
The new, altered, circuit is shown in Figure 3.1, it contained a High-side power
switch (BTS412B) which turned the pump on when the Arduino sent a high-signal
to it. The pump was tested by alternating having the sensor in water and in air.

Figure 3.1. Circuit diagram of the irrigation system, drawn in Adobe Illustrator
CC2018

3.2.4 Final design
An overview of the system is shown in the simplified sketch in Figure 3.2. The
different parts that were used are shown as boxes with different colours.

13



CHAPTER 3. DEMONSTRATOR

Figure 3.2. Overview of the system, drawn in Adobe Illustrator CC2018

The final setup before the four week long test is shown in Figure 3.3. The plant
was placed in a quite bright spot and the pump had a water supply of one litre. The
water level was checked once a day to make sure it was never emptied. Moreover,
the light on the Arduino was checked to make sure that the batteries were not
drained.

Figure 3.3. Final system setup before the four week long test

14



3.3. SOFTWARE

3.3 Software
The system needed time to stabilise after starting up and for the water to spread
evenly after irrigation. Therefore, the Arduino was programmed to check the mois-
ture level once every hour. Moisture measurements were carried out five times in
a row and the mean value was calculated to get a more accurate value. The soil
moisture sensor was powered up right before measurements were taken and then
instantly shut off, this was to prevent the surface layer of the sensor from getting
damaged over time. When the moisture level was below 30% the water pump was
turned on and it ran for 90 seconds. Thus, providing the plant with 85 ml of water
each time it was turned on and increasing the moisture level from 30% to 43%. The
full Arduino code can be found in Appendix B.

15





Chapter 4

Results

4.1 Four-week test
The four-week test was started, the plant and the system were left alone for four
weeks. This was done to see if the system could function properly.

4.1.1 Energy Consumption
The batteries were drained five days after the test was started. The AA-batteries
have a capacity of 3 Ah, which was initially thought to be enough. If the batteries
had not run out of power, the system would have watered the plant once during
those five days. After the system died, the calculations shown in the following
section were made to check if the system died because the batteries ran out or
because of something else. Since the capacity of the batteries were 3 Ah, equation
(4.1) proved that it was reasonable that the batteries died. To keep the test going,
the batteries were changed and the Arduino was powered by an adapter connected
to a power outlet.

4.1.2 Plant health
A picture of the plant before the test was started is shown on the left-hand side
of Figure 4.1. The right-hand side shows the plant after the four-week test. The
leaves had the same colour and texture after the test. Also, there were new leaves
and buds growing in the pot.

17



CHAPTER 4. RESULTS

Figure 4.1. The plant, Adiantum, before the four-week test (left) and after (right)

4.2 Calculations

To understand why the system failed after five days, the following calculations were
made. They were also used to determine possible alternative energy sources.

To understand if the batteries had enough energy, the system’s required energy
was decided by calculating how many ampere hours were needed to run the system
for one week if the system performed two watering-sequences. Equation (4.1) shows
the result, Ahp is the amount of ampere hours for the pump and AhA for the
Arduino running for one week.

AhP + AhA = 2 · 0.300 · 90
3600 + 0.025 · 24 · 7 = 4.215Ah (4.1)

To be able to compare the required energy with different solar panels the en-
ergy used, in watt hours, when running the system for one year was calculated in
accordance with equation (4.2), where Ahtotal is the total amount of ampere hours.

Ahtotal · U = 4.215 · 12 = 50.58Wh (4.2)

When the pump is turned on, the system requires its maximum power. The
needed power is obtained by equation (4.3). Where U is the voltage and I is the
ampere for the pump and the Arduino. The pump needs a current of 0.300 A and
the Arduino needs 0.025 A.

Pm = U · (IP + IA) = 12 · (0.300 + 0.025) = 3.9W (4.3)

18



4.3. MOISTURE LEVEL RESULTS

4.3 Moisture level results
After the setup was finished all of the values from the sensor were documented.
Therefore, it was possible to see how the moisture level changed over time. The
moisture level was checked once every hour for a complete cycle, from one irrigation
to the following one. The result is presented in the graph below, Figure 4.2, where
the blue line represents the moisture level and the green line marks the threshold
value where watering was started.

Figure 4.2. Graph showing a complete moisture level cycle, created in Excel 2016

4.4 Alternative energy source
In Section 2.2, the specifications and advantages of using renewable energy sources
were explained. The system requires 12 V and a maximum power of 3.9 W, see
equation (4.3). The solar cell SOL10P from Kjell & Company meets these require-
ments. When connected to a solar cell regulator this solar cell can be used for
maintenance charging of a 12 V battery.

19





Chapter 5

Discussion and conclusion

5.1 Energy
The system requires 12 V to function properly. It was found that the current
consumption for the whole system was 4.2 Ah per week. The AA-batteries were
not enough to supply the system with enough power for the four-week test, one
solution is to use a parallel battery configuration. However, this would not be
cost efficient nor environmentally friendly, especially when running the system full
time for months. To continue the testing without making too many changes it was
decided to power the Arduino and sensor with a USB-cable connected to a power
outlet via an adapter. This solution allows the system to run for much longer since
the batteries are only used to power the pump, which is only used a few times
per week. This setup could be used for the final product, but we also looked at
alternative energy sources.

Powering the system with solar cells and a rechargeable battery would enable
the system to run for years, without being connected to a power outlet. The system
would be self-supporting, no other power supply would be needed, and all that
would have to be done is to top up the water reservoir when necessary. The system
uses 50.6 Wh a year, see equation (4.2), while one square meter of solar panels
located in Denmark would give 59.5 kWh in one year. This means that one square
meter of solar panels could power more than 1000 irrigation systems at once. For
our product it is relevant to look at a small, simple solar cell. A solar cell that could
be used to power the system was found at the store Kjell & Company. It can give
10 W and up to 0.58 A which is enough for our system. It is normally used to help
maintain the charge of a 12 V battery; the system requires 12 V so this combination
would work good in this case. The solar cell is 356x253x30 mm which makes it easy
to move around.
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5.2 System evaluation
When studying the before and after picture of the plant, it was concluded that the
system was able to keep the plant alive and healthy. The leaves had not changed
colour nor withered as shown in Figure 4.1. Therefore, it is concluded that the
system is successful at its given task. To decide how well the system managed to
stabilise the soil’s moisture level, the graph in Figure 4.2 was analysed.

Figure 4.2 shows how well the system stabilises within the chosen interval of 30%-
45% after watering of the plant. As predicted it takes a few hours to stabilise, which
was explained in the theory. When the moisture level measured by the sensor was
30%, the pump was started and a water sequence was initiated. The moisture level
quickly ascended to 43%, which was within the desired interval. It then stabilised
around 43%. The moisture level slowly decreased until the next irrigation. However,
the moisture level increased from 33% to 36% two times. An explanation could be
that the moisture level in the room might had changed, or system malfunction. In
addition, 3% sounds much but due to the mapping, a change of one step on the
sensor represents 3% . Since it stayed within the chosen interval the system was
approved, but a different mapping is recommended.

5.3 Wireless regulation
Adding a Bluetooth module to the construction enables wireless regulation of the
system. The HC-05 module works well with an Arduino, it would be attached
as explained in section 2.5 and controlled by a smart-phone app. Connecting the
system to an app would be beneficial in different ways. Most importantly, the
threshold value for ”too dry soil” could be changed without computer assistance.
Different plants thrive at different moisture; therefore, their threshold value differs.
If the accepted moisture level can be changed via an app, it is easier to use the
system for different type of plants. This would increase the usability and value of
the product. Moreover, the current moisture level could be checked by using the
app and the water pump could be turned on manually from the app. These could
be fun features to play around with, increasing the desirability of the product. It
would provide a sense of communication with the plants. Similar features could be
implemented by using a WiFi module.
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Chapter 6

Recommendations and future work

6.1 Recommendations

We would strongly recommend checking how much energy your system uses before
choosing power supply. We do not recommend using AA-batteries to power both
the Arduino and the water pump. In this project, the choice of moisture sensor was
based on what had worked for other people. A wider study and testing of different
moisture sensors might improve the accuracy of the measurements. When doing
our mapping for the moisture sensor we got varying results. The mapping we chose
ended up working well, on the other hand the interval was very small, only 30 steps,
which greatly reduced the accuracy of the measurements. We would recommend
ordering two different sensors and compare their results.

Another recommendation is to test multiple plants of the same sort. The plants
may differ in quality and might have been exposed to for example cold weather,
which affects their health. Therefore, multiple plants should be tested to get a
reliable result. It is also a good idea to test the system on different types of plants
to see that it works for more than one type.

6.2 Future work

A simple improvement would be to install a display showing the current moisture
level. It would make the product more interesting to some and you could follow
what is happening. On the other hand, this feature would not be attractive to all
users.

Installing a Bluetooth module would enhance the system by making it easier to
control, see section 5.3 for more information. Another improvement would be to put
all electronics and the water reservoir inside a pot. One design suggestion is shown
in Figure 6.1, the blue represents water inside the water reservoir and the space
underneath is where the electronic components would be kept. This would make
the product more compact and less vulnerable. If the water reservoir is inserted in
the pot, installing a water level sensor would be preferable. The water level sensor
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could warn the user when the water supply is running low. If a Bluetooth device
and an app is used, being able to check the water level could be one feature. This
might come in handy when you are away on vacation.

Figure 6.1. Design suggestion for final product, created in Solid Edge ST10
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APPENDIX B. ARDUINO CODE

// Bachelor’s thesis in mechatronics at KTH, MF133X, 
2019 
//This code will check the moisture level in the soil 
of a plant and evaluate if the plant needs water or 
not. If it needs water, it will start a pump and run 
it for 90 seconds before it is turned on. The moisture 
level is checked every hour.  
// Code written by Louise Lundblad and Hanna 
Hermansson (Group 41) 
 
 
// Initiate input and output pins 
int sensor_pin = A0; //select input pin for sensor 
(A0) 
int moisture ; 
int moisture1 ; 
int led_pin =13; //the led is connected to pin 13 
int Water_Pump = A4; 
int sensorpower =12; 
int i; 
 
 
void setup() { 
  // Setup code: 
  pinMode(led_pin, OUTPUT); //declare the ledPin as an 
output 
  Serial.begin(9600); //Initiate Serial communication 
} 
void loop() { 
  // Main code: 
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//wait an hour before starting loop, at startup and 
after irrigation. Resets counter and moisture level 
before measurement 
   delay(3600000);  
   i=0;  
   moisture=0;  
 
 
// Measure five times and calculates the mean value 
   while (i < 5) { 
    digitalWrite(sensorpower, HIGH); // power the 
sensor 
    delay(100);          // wait for sensor to start 
up 
    moisture += analogRead(sensor_pin); //add measured 
value to variable moisture 
 
    digitalWrite(sensorpower, LOW); //depowers the 
sensor 
    i+=1; //increases counter with 1 each loop 
   } 
   moisture=moisture/5; // calculate mean of 5 
measurements 
 
 
// Prints the moisture value to the monitor 
   Serial.print(moisture); // prints sensorvalue to 
monitor (when connected to computer) 
   moisture1 = map(moisture,135,105,0,100); //maps 
sensorvalue to moisture level (in %). 
   Serial.print("moisture : "); // prints moisture 
level when connected to computer 
   Serial.print(moisture1); 
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   Serial.println("%"); 
 
 
// Initiate watering if the moisture level is below 
30%  
   if (moisture1 <= 30){      // if moisture below 30% 
(want to keep between 30-55%) 
    digitalWrite(led_pin, HIGH);    //LED indicating 
when pump is on 
    digitalWrite(Water_Pump, HIGH);     //turn on pump 
    delay(90000);  //water for 90 seconds 
    digitalWrite(led_pin, LOW);  // turn off LED 
    digitalWrite(Water_Pump, LOW);     //turn off pump 
  }  
  else { 
    digitalWrite(led_pin, LOW); // LED is off 
    digitalWrite(Water_Pump, LOW);     //pump is off 
} 
} 
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