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Abstract

The purpose of this project is to research, design and build an automatic plant watering
system. The concept of the plant watering system is to automatically water the plants when
the moisture content of the soil drops below a certain percentage, alongside this the design
also records data on the temperature, the sunlight and the humidity of the environment in
which the plant is in. The outcome of this data can then be analysed to determine the most
amendable environment for the plant to thrive.

The full content of this report includes:

¢ Research into the market to establish other similar systems related to that of the
proposed idea.

Research into different sensors finding the most appropriate for the application.

A PCB design.

Code written for the microcontroller.

A prototype build and a cost list.

Analysis of data gathered from working module.

Evaluation of the project.

Overall conclusion

Personal Reflection

The different software packages used to design and build the project are as follows:

* Proteus.

e CCS Compiler.

+ Mplab.

+  Microsoft Word.
*  Microsoft Excel.

« |labView.
s Arduino Software.
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Chapter 1 - Introduction
The project that has been proposed is an automatic plant watering system or better known as
an irrigation system. The concept of the project is to design a system which enable a plant/
plants to be watered when their soil moisture content drops below a pre-determined level.
The ultimate aim is to allow the plant to grow with very little human intervention. The system
will be further developed to log data on the following points:

The soil moisture content.

e The ambient temperature.
e The humidity.
e The sunlight brightness.

The logging of the data listed above will facilitate the user to monitor the growth of the plant
in order to determine the perfect positioning for the plant to reach its maximum growth
potential. Below is a diagram of the proposed system:

© " Temp
omputer i Buscket fTank of water

Sunbght

seneor

i

Husmied
Sensar

|

The system will transfer the data straight to the PC. This diagram is currently showing the PC
directly connected to the PCB but the desired final design will transmit the data wirelessly
depending on time. The bucket/tank of water will be used for the prototype design but the
system could also be connected to an outside water tap, depending on the user's
requirements. There are a number of factors that need to be considered and researched for
this project to be successful:

s The flow rate of water.

* The correct sensors required for the project
¢ Datatransmission.

¢ Datalogging.

The above factors will be looked at and achieved through the project research.

[10]
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Chapter 2 - Planning

In order to meet the requirements and produce an accurate report/design then the following
objectives need to be met.

Planning

A plan needs to be constructed in order to meet all project
requirements. The plan needs to include a Gantt chart to give a
rough timescale and a rough guideline in order to meet deadlines; a
specification also needs to be written to clarify the requirements.

Investigation

A research methodology needs to be produced to find the best
method needed to research the required information. Research into
the design then takes place in order to find the right and correct
components to undertake the job that is necessary.

Implementation

Create a design from the research and information gathered that will
meet the requirements. Once design is done on proteus the code
can be written on CCS and a prototype design can be built in order to
test functionality.

Analysis Annalise results from test and make changes if necessary, write
report to explain results and check that the design has met the
requirements.

Evaluation Evaluate project from results of design, discuss further future

developments and what was learnt from project and how to improve
if needed to.

Table 1 - Project Objectives

2.2. Project Milestone Dates
The dates shown in the table below show a rough timescale for the project to be successful. It

gives a guide to help the

Author keep on track with the project and to ensure it stays within

the time constraints, therefore making the project achievable.

Task: Due Date:
Project Start Date: 01-09-2015
Project Plan 28-09-2015
Investigation 04-12-2015
Implementation 21-01-2016
Analysis 21-02-2016
Evaluation 14-03-2016
Viva Part 1 19-11-2015
Viva Part 2 21-01-2016
Final Viva 28-04-2016

Table 2 - Project Milestone Dates

[11)
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Project Plan Tasks

Breakdown of project
plan

Brief description

Start date

Due date

Project proposal

Think of project idea and
create proposal including
reason for project and
research involved in project

01-09-2015

04-09-2015

Produce gantt chart

Produce a timeline for project
with breakdown of what
needs to be done

07-09-2015

14-09-2016

Technical Specification

Create a technical
specification explaining what
the project is with block
diagrams of how design
should look.

15-09-2015

28-09-2015

Table 3 - Plan

Breakdown of
Investigation

Brief description

Start date

Due date

Feasibility Study

Research the market to see if
project is already available.

01-10-2015

07-10-2015

Risk assessment

Produce a risk assessment -
what risks are involved when
building — environmental
factors need to be considered

01-10-2015

07-10-2015

Benefit analysis/Market
research

What benefit will the project
have for the public. What
systems are already available
on the market.

08-10-2015

12-10-2015

Research

Research different sensors to
find which ones would best
suit the project.

12-10-2015

30-11-2015

Cost analysis

Create cost analysis sheet
showing how much the
sensors will cost and how
much the project costs are at.

30-11-2015

04-12-2015

[12)
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Breakdown of Brief description Start date Due date
Implementation

Design Circuit Design a prototype circuit

using simulation software

such as proteus 05-12-2015 14-12-2015
Write firmware for PIC Produce system flow diagram

to explain how the code is

going to work and how it

needs to be set out. 14-12-2015 28-12-2015
Produce PCB layout Build design on bread board

following schematic design

which was created on

proteus. 28-12-2015 07-01-2016
Put firmware on to Put code created, on to
microcontroller microcontroller and place

microcontroller in the circuit. 07-01-2016 14-01-2016
Test Power board and test design. | 14-01-2016 21-01-2016

Table 5 - Implementation
Breakdown of Analysis Brief description Start date Due date

Analyse data Analyse data from

implementation stage 21-01-2016 25-01-2016
Feedback data into Check results are correct and
design design matches specification

and delivers what is required. | 21-01-2016 01-03-2016
Make changes if needed | Are changes needed to be

made if so create new

prototype and re-test. 21-01-2016 01-03-2016
Build completion design | Build final design within

enclosure and produce a PCB

layout on easy PC to get PCB

produced. 01-03-2016 21-03-2016

Table 6 - Analysis

[13]
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Breakdown of Evaluation Brief description Start date Due date
Project conclusion Conclude project —outcome of

project design 21-03-2016 31-03-2016
Review Gantt chart Review gantt chart — was

timescales followed and met

or where they changed often | 01-04-2016 07-04-2016
Skills learnt What was learnt from doing

the project —what new skills

were acquired. 07-04-2016 11-04-2016
Self-evaluation Write a self-evaluation. 11-04-2016 14-04-2016

Tahle 7 - Evaluation

2.4. Gantt Chart

Below shows a print screen of the Gantt chart created on tomsplanner.com.
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2.5. Research Methodology

Research methodology is underpins the research that needs to take place in order to make the
project successful. The methods used to source information help give a clear understanding of
what needs to be achieved and keeps the researcher on the right track. the best way to view
research methodologies is by looking at the research onion as this breaks down the different
methods and shows that if you start on the outside of the onion and begin peeling back each
layer then you will reach the core of the research. The research onion is shown below [1] and
each segment is broken down and detailed further below the research onion:

Expar mant

Survey
Cros
Sccbonal
[
study
Hew ik streseten
Grounded
Theoey
dunal
Tilena
heerizons

Ethrragrapiy

Aetion
ragmarch

Inductive collection
methods

Figure 1 - Research Onion

2.5.1. Research Philosophy

The first layer of the onion is research philosophy. This first layer helps give the researcher an
idea of how they would think about the research that needs to be obtained. Each of the
choices at this level need to be carefully thought about as it will give the project structure,
guidance and possible limitations to following decisions. The layer is comprised of three
different views, positivism, realism and interpretivism.

Positivism research is described as taking the facts and searches for the truth, it believes that
there is an answer to the question that can be justified by scientific experiments and hard
evidence rather than going on hunches or someone’s experience and intuition. Although this
type of research is good people argue that it is heavily influenced by a person’s world-view and
or perception.

Interpretivism is described as the opposite of positivism as it looks more into people’s
experiences and to interpret their subjective understanding of reality. It therefor allows the
author to capture data on expectations and doesn’t really take the scientific approach.

Realism is the mixture of both interpretivism and positivism as it looks at what the actual result
is and then compares it to what it should be, for example a calculation could be made and
mathematically it is correct but when a test is done in the real world due to external factors
things would have changed. The realism takes into account both different types, the real and
the calculated.

[15]
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2.5.2. Research approaches
The second layer of the onion is research approach this section determines how the author will
approach the research and what they plan to achieve from the research which they have

chosen to undertake. This layer contains two different ways to approach the research,
deductive and inductive.

Deductive research is the aim to test theory and links in with positivism, the idea of deductive
is to research and develop a theory/answer to the question and to then prove this theory by
designing a strategy to test the theory, the idea is to then analyse and use these results to
either adjust the theory that was obtained or confirm the theory was correct. This test also
needs to be repeatable so that enough data can be gathered in order to provide evidence and
support the research carried out.

The inductive approach is referred to as working from the bottom up. This approach aims to
build theory by gathering data and then developing theory from the data retrieved. The main
difference between inductive and deductive is that inductive doesn’t set out to achieve an
exact answer and conclusion; instead it gives a broader view of the subject in question and
adds knowledge to that area of work so others can derive from it what they wish.

2.5.3. Research strategies

The third layer in the research onion is research strategies; this section concentrates on how
the data is going to be gathered and how the research objectives will be achieved. There are a
few different research strategies available:

¢ Experiment

s Survey

e Case study

e Grounded theory

¢ Ethnography

s Action research
Experiment: experiments are conducted to examine relationships between two factors. This is
usually achieved by manipulating one factor in order to see the change in the other. It is done
in order to gather data and analyse the results. Experiments generally involve definition of
theoretical hypothesis, allocation of samples, selection of samples and control on variables.

Survey: Surveys are a method of gathering data from questionnaires to get an average opinion
from the public about the research in question.

Case Study: A case study is a process that is carried out over a period of time to look at an area
of development of a person or group. It is a study that requires constant monitoring.

Action Research: This is research that is taken as part of a group or community that solves a
problem in order to improve the way processes are performed and services are delivered.

Grounded Theory: This type of research involves analysing data and observing other research
in order to develop new theories surrounding a question.

Ethnography: This is the study of people or different cultures. The researcher will observe
groups or individuals in order to explore different culture phenomena depending on the
question of study.

[16]
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2.5.4, Time horizons

The forth layer of the onion is time horizons, this is important when planning research as there

are two different types of time horizons, longitudinal and cross-sectional. Depending on the

time aloud for the research depends on which method is used. Cross-sectional is used when

there are time constraints and there is no sufficient time for research, this is usually just a

‘snap shot’ of research. Whereas longitudinal studies is researching the same thing in different

time periods and is extended over a long period.

2.5.5. Data collection methods

The last section and core section of the onion is data collection methods. There are two main
types of data collection, primary data and secondary data. Primary data is data that is collected
by the researcher and evaluated, for example questionnaires, interviews, tests, market
research etc. Secondary data is looking at primary data that has already been collected by a
different source and then used again by the researcher to gain the information they require
from it, using secondary data saves a lot of time as the information is already there but it
cannot always be trusted.

2.5.6. Research Methodology Conclusion
After analysing the different methods available for research it has been decided that the
related methods and the ones chosen for the project are as follows:

s Research Philosophy = Positivism is the best method for the engineering project as it
requires mathematical equations and exact answers.

¢ Research approaches — Deductive is chosen as this project involves some research in
order to design the final prototype which will then be tested to prove that the
research and design stage was successful.

+ Research strategies — The strategies which will be used for the project are experiments
and grounded theory as these relate to the project.

e Time horizons — As this project is over 2 years, the research will be continuous and
therefor a longitudinal approach will be taken.

e Data Collection — The data collection will have a mixture of primary and secondary
research done as theories and methods will be taken from research that has been
previously done and new methods will also be used based on knowledge acquired.

[17)
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ter vestigation - et Researc
Market research needs to be carried out to determine if the project will be marketable and to
identify the nature of the competition. The benefit of market research is to find other ideas
similar to the one that has been proposed and to then either try to modify the proposed
design to make it unique to the market or to make the product cheaper. Further advantages of
the market research is to find the advantages/disadvantages and benefits of the project and if
there is a big demand for an automatic watering system.

When researching on the internet for an automatic watering system the author found the
following similar products:

Indoor _Automatic Dripping Watering
System

The picture of the system on the left is of
an indoor irrigation automatic dripping
watering system; this system was found on
a website called claberinc [2]. This product
can water plants for up to 1 year, it works
on a 9V battery and has a timer that has 4
program settings which are 10, 20, 30 or 40
days and will water up to 20 plants. This
system works on a gravity feed and comes
with a 6.6 gallon polypropylene reservoir,
33 feet of PVC hose, 20 drippers and 20
Figure 2 - ClaberINC 2] spikes. This system is priced at £101.24

This system was found on a website called plants, fruits, herbs or flowers. It is priced
ecrater [3] which supplies home and at £149.62 which is including VAT.
garden products. The name of this product

is a free standing self-watering vertical
hanging garden. It has been designed for
indoor use and grows hydroponic plants
which mean it doesn’t require the plants to
be in soil as it uses a mineral nutrient
solution which is contained within the
water.

The system has 30, two litre pockets; it
includes a drip basin and a recirculation
pump on a timer so the plants can be kept

well-watered. It can be used to grow a
variety of different plants like vegetable Figure 3 - Ecater [3)

[18]
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Halls Vanlet Automatic Irrigation Unit

BT

Figure 4 - Halls Green house [4]

Claber Hydro Programmable Timer Unit

This is one of the most expensive
automatic plant watering systems available
on the market, but is also more advanced
than the others; it is priced at £175. It is
called claber hydro programmable
irrigation timer unit and is available on
ebay [5]. This
preassembled valve box which has a timer
incorporated within it. It is powered by two
1.5V AAA batteries which provide enough
power to keep the unit going through a
season. The system has on/off control for

unit comes as a

4 underground or drip irrigation lines; it
has an easy programming procedure with
only three buttons and a large visible
display to make it easier for the user. The
watering time can be programmed
between 1 to 60 minutes and 2 programs
can be written for each outlet with up to 4
watering cycles per day. The unit is sealed
and is tested to IP68&. It has the ability to be

[19]

This system is available in a range of
different stores and seems to be the most
popular, it is called halls vanlet automatic
irrigation unit and is used mainly within
green houses. The cheapest one found was
on a site called Halls Greenhouse [4] and
was priced at £84.99. This is a gravity fed
system so the tank needs to be at height in
order for the water to flow, the water and
fertiliser is added and mixed in the tank
and is then distributed to the plants via a
system of Y connectors, hoses and drip
pins. Each drip pin can be adjusted so that
each plant can receive different amounts
of water depending on the plant’s needs.
This system can be adjusted to deliver
between 10 and 150 litres of water over a
24 hour period and the tank can then be
refilled via the automatic fill system. For
£84.99 the gardener will get a vanlet tank,
30 drip pins, 35 Y connectars, 25 metres of
transport hose and a fitting bracket.

Figure 5 - Claber Hydro 5]

connected to a wireless radio frequency
rain sensor, which is sold separately, and
has 4 solenoid valves within the system. Its
watering flow rate is 25l/min at 2.5 bar, the
operating pressure is between 0.2 and 12
bar, and can operate between 3-60
degrees.
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3.1.1 Market Research Conclusion

From the market research done it is clear to see that there are products already available that

can do almost the same as what the proposal is suggesting but there isn't a single device that

can do everything at once. The closest product to that being proposed is the Claber Hydro

Programmable Timer Unit as it can link to sensors via radio control and it uses solenoid valves
allowing the system to work of a mains water supply rather than a gravity fed system.

The system that is proposed is to have an automatic watering system that will water the plants
depending on the soil humidity therefor eliminating much user need. The device will also
monitor the environment in which the plant is growing in so that its growth can be monitored.
The proposed unit will be much more sophisticated than those that are currently available on
the market. However in order for the unit to be marketable it needs to be within the price
range of those that are already available so that it will be more attractive to customers. The
aim will be to produce the system within the same price range as the existing commodities but
with more features than the others. The highest price of an automatic system found was £175
and the lowest was £84.99, to compete within the market it would be ideal if the product
could be retailed at around £150. An estimated build cost will be drawn up later in the project.

[20]
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3.2 Investigation - S R |

The success of the project is dependent on keeping costs low whilst still using effective
equipment. Sensor research is required to enable the researcher to select the correct sensors
to meet the specification and fulfil the requirements of the system. The following is a list of
parameters that need to be measured and or controlled:

+  Water flow

¢  Temperature
e Humidity

*  Soil moisture
& Sunlight

Each bullet point needs to be broken down and researched in order to find suitable sensors.

[21)
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3.2.1. Water Flow
In order for the system to water plants a valve is required to turn the supply on/off. The best
proposed way of doing this is by using a solenoid valve. The valve will be controlled via the
microcontroller and will open and close depending on the moisture level of the soil. It does
this by energising a coil which creates a magnetic field which will then in turn raise or lower
the plunger which sits in the valve housing. The picture below shows the operation of a
solenoid valve.

Power off the Solenoid Valve is closed Power on,the Solenoid Valve is open

(61"

Figure 6 - Solenoid Operation

There are 3 main types of solenoid valves, direct-acting valves, in-direct acting valve s and
forced lift valves. The direct acting valve will only allow flow once the coil is energised; these
valves are very robust and are used in a process line for simple isolation or safety purposes.

The in-direct acting valve requires a differential pressure across the inlet and outlet to allow
them to stay in their rest state; if the valve didn't have the differential pressure then it could
be intermittent and could change state without being energised. These valves are only used if
the pressure levels are within that specified on the data sheet.

The forced lift valves can deal with high pressure, unlike the other two, it can deal with
pressures from 40 bar and above. It has a much bigger and higher powered coil to open/close
the valve and is connected directly to the bottom of the piston/plunger assembly which in turn
disregards the need for a diaphragm.

The direct acting valve would be the most suitable for the project as it will only open if the coil
is energised which is what is required. Most solenoid valves sourced stated that they required
a minimum of 0.2bar of pressure to be able to operate as most contain a gasket and the
pressure is required to open the main manifold. Although this may be fine for the final design
as it could work of a mains water feed which has a pressure usually between 1.5 and 4 bar, it
would be hard to achieve for the prototype.

The prototype design will have water flowing from a bucket. The problem identified through
the research found that the pressure of water flowing from a height of 1 foot above the valve
would be 0.434psi which is equivalent to 0.02bar, this was calculated by using a formula found
on a website called kylesconverter [7]. So in order to get the flow to reach 0.2 bar the tank
would need to be raised 7 feet above the valve, and as a prototype this would not be plausible.
Therefor a solenoid valve needs to be sourced that will work of 0 pressure.

[22)
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Water Flow Conclusion
The picture of the solenoid valve shown below was found on adafruit, it can work between 0
and 10 bar of pressure therefor making it an adequate choice for both the prototype and for
final design. The valve is in a normal closed state and will open when 12V is applied to it, this is

perfect for the design as power consumption is a main factor in the design. The item is priced
at £22 which is rather expensive but as it is ideally suited then it will be used.

[8]

Figure 7 - Solenoid Valve

[23]
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3.2.2. Temperature

In order to measure the temperature of the environment in which the plant is growing then a
temperature sensor needs to be sourced. The idea of monitoring the temperature is to collect

data which can then be recorded to enable the user to determine how the environment affects

the growth of the plant. The user can then experiment and try to find the perfect environment

to get maximum growth potential from the plant. There are a range of different types of

temperature sensors available on the market that will do the job that is required. The three
main types that are going to be research are:

+ Athermocouple

e Athermistor

* Aresistance thermometer
e Thermocouple

Thermocouple

A thermocouple is a durable temperature sensor that is made up of two conductors of
different materials that are joined at one end and open at the other with the open ending
being the output. The output has a voltage generated which is proportional to the heat that is
being measured or monitoring. When the temperature drops a lower voltage is produced and
vice versa if the temperature increases a higher wvoltage is produced. Therefore the
temperature can be calculated by the output voltage that is given off, and a reference point is
used for the calculation to be made. This is known as the ‘see back’ effect, this explains that
the temperature difference between two different dissimilar metals in a circuit converts into
an electrical current [9]. The main advantage of thermocouples, and why they are used guite
regularly, is that the temperature measurement range can be between -270 and +1800
degrees Celsius and they are reliable and accurate.

Thermistor

A thermistor is basically a variable resistor, the resistance will change as the temperature
increases or decreases. All resistors will vary will vary with temperature but the thermistor is
different as it is made up of a semiconductor material that is specifically designed to measure
temperature as it is very sensitive to temperature. There are two types of thermistors, a
positive temperature coefficient (PTC) and a negative temperature coefficient (NTC). The NTC
resistance will decrease as the temperature increases, and the PTC resistance will increase as
the temperature increases. The temperature is calculated using the output voltage, within the
data sheets of thermistors it will give the resistance of the thermistor at a certain temperature,
by using this information and using Steinhart-Hart temperature calculator [10] the
temperature can be determined. The main advantages of the thermistor is that it is cheap and
rugged.

Resistance thermometers

The resistance thermometers, which are also kmown as resistant temperature detectors
(RTD's), are sensors that are used to measure temperature by correlating the resistance of the
RTD element with temperature. The RTD is very similar in operation of the thermistor as it also
requires a small amount of current to be passed through it is order to determine the
resistance. The difference between the two is that the thermistor is made of a different
material and the thermistor has a much higher sensitivity to temperature than the RTD does.
The main advantage of the RTD is that it has a small drift and is good for precision applications.

[24]
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Temperature Sensor Conclusion

From the three different types of temperature sensors researched a table has been created
showing the temperature range of the sensors, the advantages and the disadvantages. From

this it has been determined that a thermistor is going to be used to measure the temperature

as it is accurate and cheap, it also falls within the required temperature that needs to be
measured. The lowest temperature recorded in the UK is -27.2 degrees, according to the met

office which was taken on the 12" January 1982 in East Scotland [11] and the highest
temperature recorded was 38.5 degrees, according to the met office, the reading was taken on

the 10™ August 2003 in Kent [12]. Therefore the thermistor will be sufficient for what is
needed.

Sensor Description Temperature | Advantages Disadvantages
Range
Thermocouple Temperature is | -270to 1800 | -Rugged - Used in ways that
calculated by degrees -Fast in require special
output voltage response to attention due to
change in rugged design.
temperature -Nonlinear devices
Thermistor Temperature -55 to 250 - Cheap to buy -Doesn’t work well at
calculated by degrees -Rugged high temperatures.
change in -Linearity isn’t good.
resistance
Resistance Temperature -200 to 500 - Suitable to -Slow response time.
thermometers calculated by degrees precision - Can be expensive.
change in applications
resistance -Low drift

Table 8 = Temperature Sensor

The thermistor chosen to be used for the application was sourced and found or RS. It can read
temperature between -40 degrees and +250 degrees. This temperature is more than sufficient
for the system being designed. The resistance value of the thermistor at 25 degrees is
100KOhm and is priced at £1. There is no data sheet found on RS for this thermistor so a print
screen of the information supplied is shown below and the website can be found in the
references section [13].

Specifications

BB ot b e ko I, ST S ok et T £tk 18 st Bl

RS 100kQ DO-35 Measurement NTC Thermistor, Ts, 2

Dia. x 4.2mm ] Tempesmhwe Coetickent Type wre
L] ] Therral Ture Constent s
\ﬁ’ ] Feshlsw=@@20°C 180s0
] Tokrce 0%
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el ] Leagn azrm
Dimesons 209 x4 7rm
Macmum Ooeraing Temperars 1500
] Minimusn Operatng Temperstore A
Figure 8- Thermistor [13] R
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3.2.3. Humidity

To measure the humidity in the environment in which the plant is situated, then a humidity
sensor is required. Like the temperature sensor the humidity sensor will be used to inform the
user of the humidity in the air, helping them determine how the humidity effects the plant
growth. There are two different types of humidity sensors:

¢ Capacitive humidity sensor.
e Resistive Humidity sensor.

Capacitive Humidity Sensor

A capacitive humidity sensor is made up of a hydroscopic dielectric material which is deposited
between two electrodes which forms a small capacitor. The dielectric material used for
capacitive sensors is usually a plastic or polymer which has a typical dielectric constant ranging
from 2 to 15. When there is no presence of moisture, the sensor geometry and the dielectric
constant of the hygroscopic dielectric material determines the value of the capacitance. As the
dielectric constant of water vapour is around 80, which is a value much higher than that of the
constant of the sensor dielectric material, then any water vapour that is absorbed by the
sensor will change the sensor capacitance usually increasing it. This therefor will allow the
room humidity to be calculated from the change of capacitance. Below is an image showing
the capacitance sensor.

Humidity sensor Prinaipls

1) Water vapor permeably slecticds
) Humidity sensiiire poliymer
HO ackplate sleciooe
- - - 4 Dasesubstrat
= (6] PN = capaoihe measurement
P — DSBS ISR

«_’.--L:.._-____'-ﬁ%’.’ o [40%

———

” [14]

Figure 9 - Capacitive Humidity Sensor
Resistive Humidity Sensor
The resistive humidity sensors work similar to the capacitive sensors as like the capacitive
sensors it measures a change from its usual state. The capacitive sensor measures humidity by
monitoring the change of capacitance when it is exposed to moisture, whereas the resistive
sensor measures the humidity depending on the change of resistance when it is exposed to
moisture. The construction of the resistive humidity sensor is shown in the diagram below:

Polyrmes humicify-sensing fim
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Figure 10 - Resistive Humidity Sensor

[26]
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As both types are similar in operation and would both suit the application then there is no

need to make a choice on which one is better. Three humidity sensors have been sourced, and
are shown below:

TDK Corporation — Humidity Sensor

The humidity sensor shown to the right

# ' was found on digikey. Its operating volatge
i' I is between 4.75V and 5.25V and it gives an
anaolgue voltage output. At 50%RH the

output voltage is 500mV and it has a 60s

response time with a humidity range

between 5% and 95%. It is a through hole

component and its operating temperature

for best results is between 0 and 50

[36] B :E1 =TI My Seeus: degrees Celcius. This component is priced

at £69.38.
HoneyWell Sensing and Productivity Solutions
This humidity sensor was also found on
Digikey [17]. It has an operating voltage of -
between 4V and 5.8V. Its humidity range is
between 0 and 100% and produces an . :

analogue output voltage, its output voltage
at 75.3% RH is 3.198V. It has a response
time of 50 seconds and is priced at £78.61.

[17] Figure 12 - DigiKey Humidity Sensor

HONEYWELL S&C HIH-4000-002

This sensor was found on Farnell [18], it is
priced a lot cheaper at £14.58. It has an
operating voltage of between 4V and 5.8V
and has a typical current draw of 200uA, It
has on board signal conditioning; it is
accurate to +-3.5%RH with a response time
of 15s. It can operate in temperatures
between -40 degrees and 85 degrees. Its
(18] humidity range is between 0% and 100%.
Figure 13 - Honeywell Humidity Sensor
Humidity Sensor Conclusion

The sensor that best suits the application is the Honeywell HIH-4000-002 as it is the cheapest
and will suit the needs of the project. As the system could be used outside in a green house
where the temperature can range from -15 to +28 degrees then this sensor will be able to
comfortably work in these temperatures. It has a good humidity range of between 0% and a
100% and the accuracy will be sufficient enough as it is only being used as a reference.

[27)
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3.2.4. Soil Moisture
Soil moisture is important in the growth of plants as to little water means the plant doesn’t
have enough to survive and will begin to get stressed and will eventually wilt and die. If the soil
is water logged then there is no air or oxygen in the pore spaces for the roots to extract and

use and so the roots will begin to die. Therefor the soil moisture has to be kept to the
requirements of the plant in order to increase its life and get its full growth capacity.

Soil moisture is measured as a percentage between 0% to 100%. In order to measure the soil
moisture a soil moisture sensor is required. The sensor works by calculating the resistance
between two prongs, if the soil is wet the resistance is low and therefor it will output a high
level and when the soil is dry the resistance is high and so it will output a low level. The sensor
is used so that when the soil moisture levels drops below a certain level it will activate the
solenoid valve so that water will be released into the soil and once the moisture has increased
the valve will shut off, stopping the flow of water. The limits for the activation will be
changeable so that the system can work with a variety of different plants depending on what
the user is growing, as all plants will require different moisture content.

Three different soil maisture sensors have been sourced and are shown below:

Octopus Soil Moisture Sensor Brick

This seil moisture sensor was found on a
2 ' website called robot shop [19]. It is ideal
2 o for monitoring an urban garden; it requires
a supply between 3.3V and 5V. The output
signal is between OV and 4.2V and has a

current consumption of 35mA. This sensor
is priced at £3.76 which is inclusive of VAT.

[19]
Figure 14 - Octopus Soil Moisture Sensor

Soil Hygrometer Detection Module + Soil

Moisture Sensor

This sensor was discovered on a website ‘,..——\\\

called light in the box [20]. This soil ;;/
moisture sensor comes with a hygrometer ’
detection module, The module is used to

control the output of the sensor, it has a

potentiometer which can be adjusted so

that the device will only output when it

gets to the adjusted level. It gives a high |

digital output if the soil is to dry and a low

output when the soil is moist. This sensor is

priced at £2.09 and has an operating

Figure 15 — Hygrometer Soil Moisture
voltage between 3.3V and 5V.

Sensor [20]

[28]
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Soil Moisture Sensor Ground Humidity Sensor Module

This soil moisture sensor was also found on
light in the box [21]. This sensor is similar
the first one sourced but it is priced at only
0.69p. It requires a power supply of
between 3.3V and 5V, it has a working
current of less than 20mA and has an
analogue output voltage between 0V and
2.3V (2.3V when sensor is completely
soaked in water). The surfaces of the
sensor have gone through a plating process
in order to enhance the electrical
conductivity and the corrosion resistance.
The approximate service life of this sensor
is 1 year depending on the conditions it is
used in.

[21] Figure 16 - Soil Moisture Sensor - Light
in the box

Soil Moisture Conclusion

From the sensors sourced it is clear to see that all work in a similar way and have the same
construction to them. The soil hygrometer detection module is slightly different to the other
two as it comes with a control module although this is not required for the project as the
microcontroller will be providing the output depending on the information received from the
sensor as it will be written into the code. This will be more accurate than using the
potentiometer as the exact percentage of moisture can be set instead of using the
potentiometer to estimate what is required.

The sensor chosen is the soil moisture sensor found on light in the box for 0.69p as it is almost
identical to the one found on robot shop but is a lot cheaper making it more appealing. The
photo and specification of the chosen sensor is shown below:

¢ Material: RF4.

*  Power Supply: 3.3V =5V.

e  Working Current: less than 20maA.
e QOutput Voltage: OV-2.3V.

* Sensor type: Analogue output.

s Service life: 1 Year approximately.
e Weight: 7.0g.

s  Packaging dimensions: 120x70x10.
e Colour: Red and Silver.

[29]
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3.2.5. Sunlight Sensor
A sunlight sensor will measure the intensity of the sunlight. Sunlight is measured in lux so the
voltage output of the sensor will need to be converted to lux. According to a table found on
Wikipedia, the brightest sunlight would be 120,000 lux and the extreme darkness like storm
clouds or sunset/sunrise on a cloudy day would be less than 1 lux. The table is shown below

[22]:

llluminance Example
120,000 lux Brightest sunlight
110,000 lux Bright sunlight
20,000 lux Shade illuminated by entire clear blue sky, midday
1,000 - 2,000 Jux | Typical overcast day, midday
<200 lux Extreme of darkest storm clouds, midday
400 lux Sunrise or sunset on a clear day (ambient illumination).
40 lux Fully overcast, sunset/sunrise
<1 lux Extreme of darkest storm clouds, sunset/rise

Table 9 - Sunlight Intensity

This table helps give a rough indication of what will be expected at different times of the day
and can show the user what the data they are receiving equates to. Three sensors have been
sourced that would be sufficient for the project:

Phidgets light sensor

The light sensor shown was sourced and
found on a website called robotshop [23].
The sensor can measure between 3 and
70,000 lux and can measure incandescent
and fluorescent light. It has a response
time of 0.5ms with a maximum current
consumption of 500uA. The supply voltage
needed for correct operation is between 4
to 5.5 VDC and can operate within the

temperature of -40 to 85 degrees Celsius.

Figure 17 - Phidgets Light Sensor This sensor is priced at £5.46.
TSL2591 High Dynamic Range Digital Light Sensor

The TSL2591 luminosity sensor is a digital sensing and SuA when in power down
advanced light sensor.it can measure exact mode, The TSL2591 is priced at £4.93

lux calculations and can be configured for
different gain/timing ranges to allow it to
detect light between 188 lux and up to
88000 lux. The sensor allows the ability to
measure infrared, full spectrum or human
visible light separately. This sensor can

operate within -30 and + 80 degrees
Celsius and requires a voltage of between
3.3V and 5V in order to operate. It has a Figure 18 - Dynamic Light Sensor
low current draw of 0.4mA when actively

[24)
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GA1A125202 Log-scale Analog Light Sensor

The GA1A125202 light sensor was also
discovered on adafruit and has a different
operation to the TLS2591. This sensor has a
large dynamic range of between 3 and
55000lux and can be used both indoors
and outdoors without the need to re
calibrate the sensor. It provides an
analogue output which increases as the
light intensity increase, the analogue
output ranges between 0 and 3V. The
operating wvoltage of this sensor is
anywhere between 2.3V and 6V. The
GA1A125202 is priced at £2.80.

Sunlight Sensor Conclusion

" ¥ Drindod Dewi Sant
UNIWVERSITY OF WALES
ﬁ Trinity Saint David

SWANSER « ABERTAWE

[25] Figure 19 - GA1AZ5202 Light Sensor

The chosen sensor for the application is the GA1A125202. This sensor has been chosen
because it is the cheapest and matches the requirements of the project. The sensor can detect
sunlight between 3 and 55000 lux which is a lot lower than the other sensors sourced but from
the table found on Wikipedia it shows that anything over 20000 lux is classed as bright
sunlight. For the intended application the sensor will only need to determine when the plant is
in direct sunlight, cloudy sunlight or darkness. Below shows the specifications of the chosen

sensor:

Power with 2.3-6V

Lux range 3 Ix — 55KIx
0.2 grams

0.1" (2.5mm) mounting hole
£2.80

Onboard 68K load resistor for max 3V analog output

0.4" x 0.5" x 0.06" (10mm x 13mm x 1.5mm)

[31)




3.2.6. Sensor Research Conclusion
To conclude the sensors chosen for the project and their parameters are shown below:

PRIFYIGOL CYMRL

5 g Y Drindod Dewi Sant

UNIWVERSITY OF WALES
Trinity Saint David

SWANER « ABLRTAWE

Sensor Chosen Supplier | Cost Operating | Analogue Output
Required Sensor Voltage or Digital voltage
output range

Water valve | Solenoid Adafruit | £22 12v Digital Pin -

Valve required
Temperature | Thermistor RS £1 3.3V Analogue 0-3.3V
Humidity HIH-4000- RS £14.58 4V - 5.8V Analogue 0.84V -

002 3.4V
Sunlight GA1A125202 | Adafruit | £2.80 2.3V -6V Analogue 0-3V
Soil Ground Lightin | 0.69p 3.3V -5V Analogue 0-2.3V
Moisture humidity the box

sensor

Table 10 - Sensor Research Conclusion

132)




prrer—
Y Drindod Dewi Sant
UNIWVERSITY OF WaLES

Trinity Saint David

SWANER « ABLRTAWE

The automatic plant watering system will be powered by a 12V battery. Powering the system
from a mains supply was considered but as it may be used in a green house, or a garage or
somewhere it may be difficult to find a mains supply, it was found that a battery would better
suit the application. The table below shows the current consumption of the sensors, this will
help determine the size of the battery:

Sensor Current Consumption over 1 hour
Soil Moisture Sensor 20mA

Humidity Sensor 200uA typical supply current
Thermistor 2.4mA

Sunlight Sensor 70uA typical supply current
Solenoid 1.5A — When opened

Total current consumed when valve open 1.70267A

Total current consumed when valve closed 0.02267A

Table 11 - Battery Specification

The total current consumed when the solenoid valve is open is 1.704, this will only happen two
maybe three times a day depending on how quickly the soil will dry up. The main operating
current that will be constant when the system is on is 22.67mA. The battery selected needs to
be small in size so that it can fit into small enclosure and also be rechargeable so that the user
never needs to remove the battery from the enclosure. The battery selected is shown below:

[26]

- Input; DC 12.6V

- Output: DC 12V 4500mAh

- Fit for Security CCTV Camera, cellphone,
digital camera, outdoor use etc.

- Comes with 110~240V power adapter (2-
flat-pin plug)

- Dimensions: 3.46 in x 2.01 in x 0.75 in
(B8cmx5.1cmx1.9cm)
Weight: 8.45 oz (268

Figure 20- 12V Battery
This battery was found on deal extreme, it is priced at £17.31. The battery is small in size and is

rechargeable. It can deliver power up to 4.5Ah, if the solenoid isn’t active the battery can run
for up to 198.5 hours which is around 8 days, as the solenoid won't be active for very long the
predicted life of the battery is 6 - 7 days. This battery will be sufficient for the application.
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3.4 Investigation - Enclosure

The enclosure will need to be used to house the battery, the PCB and the sensors apart from

the soil moisture sensor which will be outside the enclosure. The main specifications for

selection are:

¢ Needs to be waterproof/splash proof.

o Needs to be small and easily transportable.
¢ Needs to have a transparent lid for the sunlight sensor to detect light.

* Needs to be able to house the battery and PCB and sensors.

* Needs to be robust and durable — Can’t be metal as it may rust.

Based on the specifications the most suitable enclosure found is the peli case. This enclosure is

designed to be waterproof and robust. An image of the selected peli case is show below. It has

a transparent lid to allow for the sunlight sensor to operate and it is small and easy to

transport. The case is fully waterproof put holes will need to be made to allow for connections

to the solenoid and the soil moisture sensor. The enclosure will therefore still be splash roof
and will still protect the PCB and battery.

[27]
Figure 21 - Enclosure
Internal Dimensions (mm) External Dimensions (mm)
A B C D E A B C
Length | width | Depth |Lid Depth DB:pth Length | width | Depth
209 108 55 18 37 238 141 67

The dimensions above show that the battery and the PCB will fit comfortably within the

enclosure. The Peli case is priced at £22.39, as this seems expensive it is felt that it is worth the

money as it matches the criteria and Peli is well known for making hard wearing durable
enclosures and offer a life time guarantee.

[34]
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3,51 tigati - Mi troller Selecti
In order for the project to be successful an appropriate microcontroller selection needs to be
done. The microcontroller needs to measure 4 analogue input signals (Sunlight, temperature,
humidity and soil humidity) it also needs to control the opening and closing of a valve. In order
to make a suitable microcontroller selection, the following need to be considered:

* How many pins are required

* How many digital and analogue pins are needed
¢ How much RAM is needed

¢ Does it need to have UART, SPl or 12C

+ How is the data going to be stored

* The cost of the microcontroller

The points set above give an approximate indication thought needs to take place before a
selection can be made. Each sensor selected has been broken down and detailed further
below:

Temperature sensor

From the data sheet of the thermistor it shows that the temperature can be detected between
-40 and 250 degrees, this give the range of 0 to 290. In order to get an accurate reading the
minimum step should be 0.5 degrees, therefor giving 380 steps, which means a minimum
resolution requirement of 9 bit. As temperature rises quite slowly the data will only be taken
and displayed every 5 minutes. This sensor will need require 1 analogue pin.

Soil Moisture sensor

The humidity of the seil is measured as a percentage and so is measured between 0 and 100%.
In order to get an accurate reading it has been decided to go up in steps of 0.1%, therefor
between 0 — 100 there will be 1000 steps, this will require a minimum resolution of 10 bit. As
the soil moisture is the most critical within the project it is going to be measured and stored
every 1 minute but will be displayed as a live feed. The soil moisture sensor will need 1
analogue pin.

Room/outside Humidity sensor

The room/foutside humidity is measured in the same way as the soil humidity and will
therefore also require a minimum resolution of 10 bits. Humidity is generally linked to
temperature, so if the temperature changes the humidity will change, therefore the humidity
will be recorded and stored once every 5 minutes to link in with temperature. One analogue
pin is needed.

Sunlight/light sensor

The sunlight sensor will detect sunlight between 0 and 55000 lux. Anything close to 100 lux
would be considered an accurate reading when measuring the suns intensity, therefore going
in 100 lux steps would require a 10 bit resolution as there would be a total of 550 steps. The
brightness can change fairly quickly, if used outside then a cloud could pass over, if used inside
the lights could be switched of. Therefore a reading is going to be taken and stored every 2
minutes. One analogue pin will also be needed for the light sensor.

[35]
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The overall sensor requirements for the microcontroller are shown in the table below:

Input/ Supply | Output Range Steps Bit How often Analogu
Outputs | Voltag | voltage requir | readings are e/Digital
e emen | taken Pin
t
Light 23V- | Ov-3V 0- 550 Taken in 10 Every 2 minutes | 1
sensor 1Y 55000lux | 100lux steps bits Analogu
e pin

Temp 5V oV -5V -40 580 steps 9 bits | Every 4 minutes | 1
sensor degrees takenin 0.5 Analogu

to 250 degree steps e pin

degrees
Soil 3.3v=- | 0-2.3v 0 -100% 1000 taken in 10 Every 1 minute i
Moistur | 5V 0.1% steps bits Analogu
e sensor e pin
Humidit | 4V - oV to 0-100% | 1000 takenin 10 Every 4 minutes | 1
y 5.8V 3.2v 0.1% steps bits Analogu
Sensor e
Solenoi | 12V 1 Digital
d Valve output

pin

LCD 5V 7pins

Table 12 - Sensor Specifications

The data is going to be displayed on a program called Tera term, putty or possibly on LabVIEW
and the data saved into an excel spreadsheet. In order for this to be possible the data will need
to be sent through the RS232, this means the microcontroller will need an additional 2 pins in
order to transfer the data. As the microcontroller will also require power this will mean
another 2 pins are needed. The program memory size and RAM needed is based on an
estimate, this estimate has been made based on the knowledge acquired from other subjects
studied. The minimum memory required is 16Kb and the minimum RAM required is 64 bytes.

The clock speed has been calculated based on how often the readings of the sensors are taken,
as the longest time waited for a reading is 4 minutes then the total readings taken every 5
minutes needs to be calculated:

e  Temperature = once every 4 minutes

*  Spil Humidity — 4 times every 4 minutes
*  Room Humidity — once every 4 minutes
e Light sensor — 2 times every 4 minutes

Therefore the total readings taken every 4 minutes is 8, so the total readings taken every 1
second is (8/4)/60=0.033. If on average it takes 30 instructions on order to take one reading
then 0.033x30 = 1. The clock needs to pulse 4 times for each instruction, so the total clock
speed would be 4Hz. As this calculation is a very rough guide it is best to choose a
microcontroller with an internal clock much higher than that calculated, also there is
information that has not been included in the calculation, therefore the microcontroller needs
at least a minimum speed of 1Mhz. by choosing a clock speed much higher than required will
also prolong the life of the microcontroller will be prolonged as it will not over exert itself.

[36]
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From the calculations made the minimum specifications required for selection are:
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Minimum Specification Requirements

Analogue pins >4
Digital pins >1

RAM >64bytes
Programming memory >16Kb
Clock speed >1Mhz
Additional Pins >11

A/D resolution >10 bit

Table 13 - Minimum Microcontroller Specifications

A search was done on microchip.com [28] to find a suitable microcontroller to suit the
requirements. The microcontroller selected is the PIC18F24)50, it was selected as it exceeds all

the requirements which will allow for any future developments ar any missed calculations, the

specifications for the PIC18F24150 are shown below:

PIC18F24)50 Specifications

Price

Memory Size 16Kb

RAM 3800 bytes
Pin count 28

Internal oscillator 8Mhz

A/D Channels 10

A/D resolution 10 bit
Operating voltage 2V - 3.6V

Table 14 - Chosen Microcontroller
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‘An electrical filter is a circuit that can be designed to modify, reshape or reject all unwanted
frequencies of an electrical signal and accept or pass only those signals wanted by the circuits

designer. In other words they “filter-out” unwanted signals and an ideal filter will separate and pass
sinusoidal input signals based upon their frequency.” [29]

As described in the quote above an RC circuit can be used to eliminate any unwanted noise. There
are three different types of filter circuits, low pass filter, high pass filter and band pass filter. A low
pass filter will allow any frequency below a certain threshold to pass and anything above the
threshold it attenuates the signal. A high pass filter works the opposite to the low pass and allows
any frequency above the threshold to pass and attenuates any frequency below the threshold. The
band pass filter is a combination of both high pass and low pass filters, it allows a frequency within
a certain range to pass and any frequency above or below that range is attenuated. A diagram of

the different types of RC networks is shown below:

High Pams Filier Stage Low Pans File Stage

©f = 160F R2 = 10K | |
A =W\ _|_ 1l %

|1 A AN
o U 11 L AYAY, © + R ; +
-~ Vin C R Vout
Ri=1n > c2=so0f Vi o
ﬁ’ o 0
& T . Band Pass Filter

131]

Figure 22 - RC Network Examples

All the sensors used will require an RC filter network in order to eliminate any possible AC
noise that may be picked up from in the circuit or from any noisy devices that may be
surrounding the circuit. All the sensors data sheets state that they have an analogue output
but the frequency of the output is so slow that it could be suggested that they have digital
outputs. The frequency of the sensors at an estimated would all be well below 1Hz. Therefore
the best choice of RC circuit would be a low pass filter circuit, it would block out any unwanted
noise that is above a certain threshold. As mains frequency is 50Hz then the filter circuit would
need to ensure it blocks out any frequencies at least above 40Hz. the resistor value chosen is
1kOhm and the capacitance value is 10uf. These values have been chosen as they were used in
a previous design and were satisfactory. The formula used to calculate the frequency cut-off
threshold is:

Fc = 1/ (2xpixRxC)
Fc = 1/ (2xpix1000x.000010)
Fc=15.92 Hz 2.d.p

The cut off frequency calculated is roughly 16Hz which would be sufficient for the application,
it would eliminate any possible mains noise and would limit any potential noise that may be
surrounding the circuit. This RC circuit will be implemented into the final design and will be on
the output of all the sensors being used.

[38]
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Chapter 4 Implementation - Sensor Testing

In order to ensure the sensors are operating correctly, they will be tested using an Arduino
board and a program called LabVIEW. ‘LabVIEW is a highly productive development
environment for creating custom applications that interact with real-world data or signals in
fields such as science and engineering’ [32]. The LabVIEW program will allow the data being
sent from the sensors to be display in a graph in real time and will save the data into an excel
spreadsheet with a time stamp against each reading. A print screen of the program written in
LabVIEW is shown below:

[ Chlsers\Andy\Disktogitest 2, csv |—L

Get DeteTime In Seconds

._ ' _'ﬂ'a'\.'rh:)rm Chart
T (e

before substring

[;P":j

after substring

B

TOM: |

stog

10w

Figure 23 - LabVIEW Software Design Print Screen
The data is being seen coming through COM port 3 and the baud rate is set to 115200 as that

is the baud rate that the Arduino board is set to. The VISA then reads the number of bytes
being sent from the Arduino and returns the data in read buffer, the data is then timestamped
according to the time and date that is set on the computer and then displayed into a waveform
chart and also printed into an excel spread sheet where the data is then stored.

A simple Pseudo code is written for the Arduino board, in order for the Arduino board to
communicate with the sensor and send the data to the PC. This is shown below:

void setup() {
Serial.begin(115200);
pinMode(AD,INPUT);

}

void loop() {

float variable=analogRead(AQ);
Serial.print{variable);

H

The ‘void setup’ sets the baud rate and sets pin AQ as an analogue input, the data is then read
and printed to the serial port. This code will be sufficient for gathering sensor data.

139]
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4.1 Soil Moist S Test
The soil moisture sensor was connected to the Arduino board as shown in the picture below.
The data sheet of the soil sensor specifies that it requires a 5V supply voltage in order for it to
work effectively. This sensor is being powered from the Arduino board as it provides a 5V
output from the USB.

Figure 24 - Print Screen - Soil Moisture Sensor Test
The data sheet of the sensor also specifies that the output voltage is between 0 and 2.3V (2.3V

when the sensor is fully submerged in water). The Arduino analogue inputs are 10 bit which is

the same as the microcontroller that has been chosen but the voltage of the input works
between 0 and 5V whereas the microcontroller will work between 0 and 3.3V. Therefore the
expected values that should be displayed from the sensor through the Arduino board will be
between 0 and 470.58 bits. The calculation for this is shown below:

1023 bits /5= 204.6
204.6x 2.3 =470.58

The print screen of the graph below shows the output of the sensor when it is powered and
not submerged in water:

Before substring
0O, 000, 000,000,
after substring

Wavefarm Chart LETN B
G

stop

Figure 25 - Print Screen - Soil Moisture Sensor Results 1
As expected there are 0 bits being received as the sensor has no contact to any moisture.

[40]
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The graph below shows the output of the sensor when it is fully submerged in water:

before substring
D0473.00473.004
after substring

Waveform Chart

stop
STOP

Figure 26 - Print Screen - Soil Moisture Sensor Results 2
As can be seen from the graph the sensor works correctly and as predicted the maximum bits

being received when the sensor is fully submerged is between 470 and 480 bits, this means
that the output voltage of the sensor is between 2.3V and 2.4V. A snapshot of the data stored
in excel has been shown below:

& 8 c (=}
] 15,/04/2016 11:59 1.00480.003E0.004 79,
15,/04/2016 11:59 00480.00450.00480.00
15/04/2016 11:59 480.00480,00430, 0045
15,/04/2016 11:59 0.00450.00480.00430.
15/04/2016 11:55 00480.00450.00450.00
15/04/2016 11:59 481.00480,00420.0048
15,/04/2016 11:59 0.00479_00480.00450.
8 15/04/2016 11:59 00480.00479.00480.00
9 15/04/2016 11:59 480,00480,00477,0048
10 15,/04/2016 11:59 0.00480.00479.00480.
11 15/04/2016 11:59 00479.00450.00480.00
12 15/04/2016 11:59 480.00480,00430, 0045
13 15/04/2016 11:59 0.00450_00480.00430.
14 15/04/2016 11:55 00481.00451. 00450.00
15 15/04/2016 11:59 480.00479,00450,0048

R Y

S-S

Figure 27 - Print Screen - Soil Moisture Sensor Results 3
As the sensor is slowly removed from the water it can be seen in a print screen of the data

below that the values start to descend, showing that the sensor can determine between high
volumes of moisture and low volumes:

A B C 1027 15/04/ 2016 11:59 5.00235.00233.00232.
1002 1%/04/2016 11:59 221.00280.00279.0022 nzs 15/04/2016 11:59 00231.00230.00228.00
1009 15/04/2016 11:535 0.00280 00282 00280, aze 15/04/2016 11:59 226.00224.00222.0022
1010 15/04/2016 11:59 00281.00280.00279.00 = r -
i 15/04/2016 11:59 277.00274.00ZTZ.0027 030 15/04/2016 11:59 5.00220.00217.00214.
1012 15/04/2016 11:59 1.00269.00268.00267. 1031 15/04/2016 11:59 00212.00210.00209.00
1012 15,/04/2016 11:59 0026600265, 00264.00 1032 15/04/2016 11:59 205%.00209.00207.0020
1014 15/04/2016 11:59 263_00260.00257.0025 15/04/2016 11:59 3.00198.00192.00187.
1015 15/04/2016 11:59 5.00252.00249.00247, :
1016 15/04/2016 11:55 00245.00245.00247.00 15/04/2016 11:52 00163.00177.00176.00
1017 15/04/2016 11:59 248.00249.00250.0024 15/04/2016 11:59 171.00168.00162.0015
1018 15/04/2016 11:59 9. 0024800245 00243 15/04/2016 11:59 4.00151.001458.001435.
1019 15/04/2016 11:59 00241.00237.00242.00 37 15/04/2016 11:59 00140.00140.00136.00
1020 15/04/2016 11:59 242.00244.00245.0024 = x
1021 15/04/2016 11:59 6.00247.00247.00247, 8 15/04/2016 11:59 132.00125.00125.0012

1022

15/04/2016 11:59

00245.00245.00245.00

15/04/2016 11:59 4.00123.00121.00121.

1023 15/04/2016 11:59 245 0024600243 0024 1040 15/04/2016 11:59 00116.00107.0094.008
1024 15/04/2016 11:59 4.00243.00241.00238. 041 15/04/2016 11:59 1.0068,0055,0036.000
1025 15/04,/2016 11:55 00257.002356.00255.00 [41] 1042 15/04/2016 11:59 .000.000.000.000.000

1026

15/04/2016 11:59

235.00234,00235.0023

EFEY
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Soil Moisture Test Conclusion

The soil moisture sensor works as per data sheet and is clear to see from the results that the
output voltage does work within 0 — 2.3V. This therefore means that because the
microcontroller analogue input is between 0 — 3.3V the output of the sensor will need to be
amplified in order to get the full range of bits available and to make the programming easier.

To increase the output voltage a non-inverting operational amplifier is used. The calculation
needed to get the correct gain is:

Vout = Vin x (1+R2/R1)

As Vout needs to equal 3.3V, to calculate the resistor values needed the equation is re-
arranged:

(Vout/Vin)-1 = R2/R1

(3.3/2.3)-1=0.43

Therefore the resistor values chosen are:

R2 = 2200hm and R1 = 5000hm as 220/500 = 0.44

The circuit was designed and tested on Proteus and is shown below, this circuit will be
integrating into the final design and the output of the op amp will be connected to the
analogue input of the microcontroller.

12V

R1
220R

+EIW

U2

4%
1
]

741

Figure 28 - Print Screen - Soil Moisture Circuit Design
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4.2. Sunlight Sensor Test
The sunlight sensor was connected to the Arduino board in the same way as the soil
moistureas it also requires a 5V supply. A picture of the connection is shown below.

L

Figure 29 - Photo of Sunlight Sensor - Arduino

The data sheet states that the output voltage of the sensor ranges between 0 and 3V (3V being
bright sunlight). Therefore the maximum bits which will be received through the Arduino
board will be 613 bits. The sensor was covered by a box to simulate complete darkness and the
results are shown below:

befare substing

b S

CHUEEHEAGT

Plot 0 -.

stop

Figure 30 - Print Screen - Sunlight Sensor Results 1
As expected 0 bits of data are being received, proving that the sensor is in complete darkness

and will not output any voltage.

[43]
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The graph shown below is data being received from the sensor when there is bright sunlight,
this | simulated by placing a bright light above the sensor:

before substning
19.00618.00615.0

after substring

Waveform Chart Piot 0 ER¥Y I

I

stop

Figure 31 - Print Screen - Sunlight Sensor Results 2
The maximum bits being receive is between 610 and 620, showing that there is approximately

55000 lux of light being detected. The data which was stored in the excel spread sheet is
shown below. The maximum sunlight being detected on the day of testing was 426 bits which
equates to around 37,390 lux.

15/04/2016 13:34 ,00619.00612.00613.0
15/04/2016 13:34 0620.00621.00623.006
15/04/2016 13:34 21.00615.00623.00620
15/04/2016 13:34 .00621.00615.00622.0
15/04/2016 13:34 0620.00620.00621.005
15/04/2016 13:34 20.00620.00620.00622
15/104/2016 13:34 .00622.00619.00618.0
15/04/2016 13:34 0519.00621.00620.005
15/04/2016 13:34 21.00621.00618.00620
15/04/2016 13:34 .00622.00614.00617.0
15/04/2016 13:34 0621.00620.00620.006
15/04/2016 13:34 21.00623.00620.00613
15/04/2016 13:34 .00620.00620.00618.0
15/04/2016 13:34 0520.00520.00519.005
15/04,/2016 13:34 20.00620.00619.00622
15/04/2016 13:34 .00619.00620.00614.0
15/04/2016 13:34 0619.00619.00518.006
15/04/2016 13:34 18.00621.00620.00619
15/04/2016 13:34 .00620.00620.00622.0
15/04/2016 13:34 0621.00620.00621.006
15/104/2016 13:34 20.00619.00620.00620
15/04/2016 13:34 .00620.00619.00615.0
15/104/2016 13:34 0620.00622.006520.005
15/04/2016 13:34 21.00622.00618.00620
15/04/2016 13:34 .00620.00617.006159.0
15/04/2016 13:34 0519.00621.00621.005
15/04/2016 13:34 19,00615,00613,00622
15/04/2016 13:34 .00621.00621.00620.0
15/04/2016 13:34 0620.00619.00620.006

Figure 32 - Print Screen - Sunlight Sensor Results 3
[44]
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Sunlight Sensor Test Conclusion

The sunlight sensor test was successful in proving that the sensor worked and the data sheet
was correct. To step the voltage output from the sensor up to get the full sampling bit range,
an operational amplifier will be used. The same formula and method used for calculating the
output of the soil sensor will be used again:

Vout = Vin x {1+ R2/R1)
(Vout/Vin)=1 = R2/R1
(3.3/3)-1=0.1

Therefore from this calculation the resistor values chosen are, R2=100 Ohm and R1=1K Ohm.
The circuit was designed and proven on Proteus and is shown below:

+12%

+3IW

Figure 33 - Print Screen - Sunlight Sensor Circuit Design

This circuit is going to be implemented into the main design as per the soil moisture circuit.
This will now give the full range output of between 0 and 3.3V making the results more
accurate and giving a bigger sampling range.

[45]
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4. 3. Humidity Sensor Test
The humidity sensor was connected to the Arduino board as seen in the photo below. The data
sheet of the sensor specifies that its operating voltage is 5V and the output voltage is between

0 and 3.4V. Therefore with the Arduino board the maximum humidity shown in bits would be
695.64.

Figure 34 - Photo of Humidity Sensor - Arduino
When testing the sensors it was realised that it is not possible to get the maximum or

minimum output from the sensor without the use of a humidity chamber. Therefore the test
can only display what the possible humidity is at the time of the test. The results are shown

15/04/2016 15:04529.000.00527.00529.
15/04/2016 16:04 00528.00528.00531.00

before subsning 15/04/2016 16:04 530.00529.00529.0052
b S 15/04/2016 16:04 8.00529.00529.00530.
after substring

15/04/2016 16:04 00528.00530.00528.00
15/04/2016 16:04 528.00530.00528.0052
15/04/2016 16:04 7.00529.00527.00528,
15/04/2016 16:04 00520.00531.00579.00

Wavefarm Chart

.

15/04/2016 16:04 528.00527.00530.0052
|" " [ ”H |||” ||" " | 15/04/2016 16:04 8.00530.00528.00528.
I 15/04/2016 16:04 00528.00527.00525.00
| 15/04/2016 16:04 527.00523.00527.0052
' 15/04/2016 16:04 9.00529.00528.00513,
‘H { “ 15/04/2016 16:04 00527.00528.00528.00
H |H ey 15/04/2016 16:04 530.00528.00529.0052
16:12:24.38 B 15/04/2016 16:04 8.00527.00530.00528.
1%@;

Figure 35 - Print Screen - Humidity Sensor Results 1

The graph shows that the sensor is operating and does give out an output voltage. It gives a
constant stream of data of between 520 and 530 bits, which calculates to be around 75%
humidity.

[46]
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Humidity Sensor Test Conclusion
The results of the humidity sensor test determined that the sensor does operate but due to
lack of correct testing equipment precision testing cannot be performed and the minimum and
maximum data cannot be acquired.

As the test cannot be accurate, then it has to be assumed that the data sheet is correct and
that the voltage output does range between 0 and 3.4V.Based on this information there is no
need to amplify or reduce the output voltage as the microcontroller analogue input ranges
between 0 and 3.3V. If the humidity sensor was to reach its maximum output then it would
chop the signal loosing 0.1V which is 30.09 bits of data which equates to around 3%, therefore
making the sensor only accurate up to 97% which would be more than suitable for the purpose
of its application.

To conclude the only additional circuitry required on the output of the humidity sensor will be
an RC network to eliminate any possible AC noise.

[47)
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4.4. Temperature Sensor Test

The thermistor temperature test is difficult to do using the Arduino board as it needs a 3.3V
supply and the board cannot supply this, so the test is going to be simulated on Proteus to
prove the calculations are correct.

For the thermistor to act correctly in needs to be placed in series with a fixed resistor therefore
creating a voltage divider circuit. This will allow the woltage to change as the thermistor
resistance increases or decreases depending on the temperature. By calculating the
thermistors resistance at 0 degrees and placing a fixed value resistor in series the output
voltage can be determined. The temperature can then be calculated using the change in
voltage. The following formula will determine the thermistors resistance at 0 degrees and
calculate the output voltage:

Rnew=R0*exp-B*({1/273+Tref)-(1/273+Tnew))

The beta value for the thermistor was found on the data sheet. By inputting the relevant
information into an online calculator (shown below) which was found on the internet [32]. The
resistance value of the thermistor at 0 degrees is 368639 Ohms. A 32Kohm Resistor was used
as a reference point by also putting this into the calculator it gives out an expected output
voltage of 0.26V:

Thermistor Bata Value: (4250
Resistance at Ref Temperature, Ohms: 100000
Reference Temperature, Cdegq: |25

Target Temperature, Cdeg: |0

Thermistor Resistance Value at Target Temperature

Resistance Value at 0 Cdeg is: 368639 Ohms.

|Click to Calculate Themistor Resistance|

Supply voltage: 3.3

R1. Series Load Resistor, Ohms: [32000

NTC with no selfheating
A
[_ m Rz
§ R NTC_B
. | vsupply
—N fout out2
=3
mA R10
NTC B % R1
ry
Fig #1

Thermistor/Resistance Junction Veltage Values for Fig 21

Woutl:= 3.04V.... Vout2:= 0.26V. NTC current:=0.01mA

Click to Caleulate the Junction Voulputs

Figure 36 - Print Screen - Thermistor Calculator

[48]
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Temperature Sensor Conclusion

The theory shown on the previous page was used to draw a circuit in Proteus to test and prove
that the output voltage is the same as what was calculated. This is shown in the print screen
below:

+3.3

R

I

Figure 37 - Print Screen - Thermistor Circuit Design

R1 is the resistance of the thermistor at 0 degrees and R2 is the fixed resistor. As can be seen
from the print screen the output voltage is the same as what was calculated thus proving the
equation was correct. This circuit will be used in the main design and will be tested in the
prototype build.

[49]
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Chapter 5 - Design — PCB Structure Diagram

Using the results obtained from the sensor test a structure diagram of the circuit design was
established, this is shown below:

33V Reguialor € 12V Ballery I
f’ { I
II
‘I Y
[ Themistar Sail Moksture Sensor
|

5V Reguiator Sunlight Sensar

¥ Y
\l. Signal Conditioning ‘ Signal Conditioning Humidity Sensor Signal Cenditioning
\
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5.5.1 PCB Schematic Design
The below image is a print screen of the design done on Proteus, the original file can be found
in the appendix:

g1
i

=

L]
1100

WEY pi. mewnamRn

L

f
e

Figure 38 - Main Circuit Design

As you can see the design follows the flow chart. The 12V supplied by the battery is plugged
onto J1 header, the 12V then goes through an on/off switch which is connected to J3. The 12V
is then stepped down using a 5V regulator, the regulator not only steps the voltage down to 5V
but also maintains a constant 5V, this is used to power the sensors and the LCD screen. A 12V
supply is also connected to a 3.3V regulator in order to step the voltage down to 3.3V to power
the microcontroller and put voltage across the thermistor. The final 12V line is used to power
the solenoid, which will be connected to J2.

From the results of testing the sensors it was clear that the sunlight sensor and soil moisture
sensors signals needed to be amplified. This has been done by using an op amp, please refer
back to soil moisture and sunlight sensor testing for explanation on the amplification circuit.

The 1kOhm resistor and 10uF capacitor, as explained previously, is used to filter any unwanted
frequency. It has a cut off threshold of 16Hz.

Each sensor output also has a 3.3V Zener diode between the output and ground, this is there
to protect the microcontroller from any voltage spikes, and the Zener diode will eliminate any
voltages seen above 3.3V. There is also a Zener diode placed across the positive and negative
terminal of the solenoid valve, it is usually known as a fly back diode, it allows the electro-
magnetic field in the coil to safely dissipate, preventing any possible back emf.

The Mosfet is used to switch the solenoid valve on when Pin B7 goes high.

The power and ground pins are hidden on the schematic but there will be a capacitor between
the power and ground pins as specified in the PIC18F24)50 data sheet.

[51)
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5.5.2 PCB Design on Easy PC

Once the schematic design was done on Proteus, it was then re-done on easy PC. Easy PC is
software that allows a user to design a schematic with ease and design a PCB layout. The
advantage with Easy PC is that it allows you to see the final design in a 3D image. A user's
guide to Easy PC can be found in the appendix. Below are print screens of the final layout
design, the design can also be found in the appendix labelled ‘Easy PC Design’.

fess ] ™

Irrigation System PCB
Andrew Stanford
Beng(Hons) Project

gure 39 - Easy PC Schematic

Boun| v
Ayadng W21 1ng

Fyopiump U8 Lang

@
a5
=i
'

PRI e LR
PRI

Irrigation System PCB
Andrew Stanford
Beng(Hons) Project

Figure 40 - Easy PC Board Layout
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5.5.3 Parts List

The parts required, supplier information and cost are shown below:

Part Quantity Supplier Supplier PN Price for 1 Total Price

Solenoid Valve |1 Adafruit - £22.00 £22.00

Soil Moisture 1 MinilnTheBox - £2.09 £2.09

Sensor

Humidity 1 Farnell 1187548 £17.50 £17.50

Sensor

Thermistor 1 RS 198-961 £1.00 £1.00

Sunlight Sensor | 1 Adafruit 1384 £2.80 £2.80

10uf Capacitor | 4 RS 224-4325 £0.22 £0.88

0.1uf Capacitor | 2 RS 721-5256 £0.08 £0.16

0.33uf 2 RS 721-5274 £0.38 £0.76

Capacitor

1Kohm 5 RS 214-1131 £0.17 £0.85

Resistor

1000hm 1 RS 148-269 £0.02 £0.02

Resistor

2200hm 1 RS 148-348 £0.02 £0.02

Resistor

500chm 1 RS 849-8997 £0.88 £0.88

Resistor

32Kohm 1 RS 701-7875 £0.45 £0.45

Resistor

3.3V Zener 4 RS 544-3531 £0.07 £0.28

diode

Protection 1

Diode

5V Regulator 1 RS 2843-1566 £0.41 £0.41

3.3V Regulator | 1

Op Amp 1 RS 759-9392 £0.21 £0.21

Mosfet 1

LCD Screen 1 Rapid Online 57-2226 £5.54 £5.54

PIC18F24150 1 RS 666-9920 £2.19 £2.19

12V Battery 1 DX 80405 £17.31 £17.31
Total £75.35
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The following flow charts give a breakdown of the microcontroller program. The structure
diagram helps show what the program needs to achieve and will be useful when writing the

program:
5.6.1 Main Program
Start
Y
» Test Flag 1

Has flag been sel?

Test Flag 4

Print to RS232 and reset flag

Print to RS232 and reset Mag

Print io RS2 32 and reset lag

Print lo RS232 and reset lNag }7

[54]
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5.7 Design - Program

The following program was written on CCS and then tested on Proteus.

unaigned long int ede_valus[s
int shannel=0,Slag-l:
#INT_RTCC

d  RICC isx(woid)

adc_valus[channel] = read_adc (ADC_START_AMD READ): // read the adc for channel
channel+t:

if (channel>3) {channel=D;rlag=l:}
ser_ads channel (channel) ; //sas £o

naxt ckannal

weid main()

1
inclé mde walued,ads waluel,mde value?, ade valued;
float ScilMoiscureld, SeilMoiscurel, Sunlighrcl, HumidityZ?, Temperacure3;
int i,sec=ai ), saccampel, sachumided, seclighel;
sscup adc _ports (sAiN3|aAN2 | 2AN1 | aRND) ¢
setup_ade (ADC_CLOCH_INTERNAL |ADC_TAD MUL 0) :
setup_timer 0(RTCC_INTERNAL|RTCC_DIV_16): i
sec_ade_channel(D): / to read Xk
delay us(30);
enable interrupts (INT_RICC):
enable interrupts (GLOBAL):
led imit{);
while (TRUE)
1 1
if{flag)
1 |
flag=0:
ascaoili+: //incremant the seconds coun
meclight+=:
_sechunmides;
if (aeSAcll==5) LB
i
secasil=0;
Foilloistured = (float) ({(ads_wvalus[0])*5)/1023.0})*20;
printf (locd_putc, i Yy SoilMoiscured) 5
prinef ("inir Soil: .27, 5041Mod stured) ;
1
if (seclight==z0) s 20
1
seclight=0:
Sunlightl = (fleat) [ade_wvalue
BEanti( d : Z2L", Sunlightl) :
if (aechumid o) oy
i
secnumy a-
Humidiey2 = (float)} ((({ade_wvalue[2])}=5)/1023.0)=20);
printf (° i * s HumidicyZ) ;7
3
if({sectemp==20}) £
1
Ssanemp™
Temperature3 = (float) (ade_value[3]/3.53) -40:
princt( , Temperature3) ;
i
¥
FLLILESELLE LTSS TLL ST LSS ESE T TS LIS IS LSS SIS IL IS AL TSI

if (ade wvalue[0]<€512)
suTpuT_Righ (PIN_B7) ;
else
cutput_low (PIN_B7) ;

Figure 41 - Print Screen - First Program
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The program written on the previuos page, is a test program and the data is therefore being
printed every few seconds instead of in minutes. The program was tested using Proteus, and
the results are shown below. The first print screen shows the program operating with the data
being printed onto a virtual terminal, the soil moisture content is above 50% and so the
solenoid valve is in the closed position, this is simulated using an LED. The second print screen
shows the soil moisture below 50% and so the solenoid is in the open position, as can be seen
the LED is illuminated:

| sowesTuRe

LZn

A BanaRCi
5] mad i Coma

£2] scmcecr

of FOIL MOISTURE

(1]

AP ERATURE

Figure 43 - Print Screen - Circuit Design for Testing Program 1
[57]
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5.7.1 Explanation/Conclusion of First Design

The program that was written follows the flow chart. The first initial part of the code sets up
the ADC channels to start and read them. The timer is also set at this stage. When secsoil
reaches 5 seconds the data is printed to the R5232 and then the flag is reset to 0 and the count
begins again. This happens for all the sensors at different times depending on what is set. This
will continue to loop until the system is turned off. The secsoil data is also sent to the LCD
screen and is refreshed every 5 seconds. The mathematical equations put in place are there to
change the input bit data into a more readable value so the user understands what he/fshe is
seeing. The equations are different for each sensor as the soil moisture needs to read between
0 — 100%, the sunlight sensor needs to read between — 55000 lux, the temperature needs to
read between -40 and 250 degrees and the humidity sensor, like the soil moisture, also needs
to read between 0 — 100%.

The IF statement towards the bottom of the program is there to turn the solenoid off and on.
If the soil moisture value being read into analogue pin 1 reads less than 512 bits, or 50%, then
output high to pin B7, if the Pin reads greater than 512 bits then it outputs low to pin B7.

This program worked successfully as it was designed to but after seeing the program and
testing it, it was realised by the Author that it could be improved. The LCD screen printed the
data every 5 seconds, which was fine for the test program but when the data is printed every 1
minute there would be a 1 minute delay on the LCD, whereas it would be better to show a live
feed. Also when the data is printed there is no indication to show that the solenoid valve is on
or off without assuming that it did activate when the soil moisture was below 50%. From a
user’s point of view he/she may want to monitor how often the plant is watered and for how
long the solenoid valve was open for, therefore changes needed to be made to the program to
implement these new findings. The IF statement needs to be changed to match the new
structure diagram shown below:

:‘P{ Chack analogue pin 1 (Sod Senser) }

s volus 512 byles? Print "Vaive Open' to LCD and RS232
, 62 !
Priat "Valve Closad 1o LCD and RS232 Outpuit High o digital pin (Solnaid) [————

| Guipu low to igtal pin {Solenckd)
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5.7.2 Program 2
The following program is the new program showing the changes that have been made best on
the previous analysis:

void RTSE_iscivoid)
| SEY

£
ES

3 unmigned leng walua[d];
4 int channel=

5

6 WINT_RTICC

L =

-

o

ado_walue [channel] = read_sdc (ADS_START_AND_READ) 1~
L PR
channels

(channel=

flag=
set_ado_channel (channel) s //set to read channel next chanoel

inti6 ade_valuel.ado_valuel,ado_valueZ, ado_valued:
flear SoilMoistuzeo, Senlightl, Humidity?, Tespezat:
int i, secsolil=0, sectemp=0, sechumid=0, seolight=01
ahere ime high flage=l:

setup_adec_ports (sANS | sRHE | sANL | sAHO) @
setup_adc (ADC_SLOCK INTERMAL |ADC_TAD_MUL_0):
setup_timer_0 (RTCC_INTERMAL | RTCC_DIV_16)
set_ado_channel {0} 1

Amlay_wm (3002

enable_interrupcs (INT_RTGCS) 1
enable_interrupts (GLOBAL) 2

led_inie ()
Unsigned ANt COUNTI!

overciow
read channsl af nestT

while (TRUE)
«

Afdflag)
1

ssconds cour

maciightes:
sechamides |
FecmEges;

SoziHciaturel = (Eioath ilieds
Led_gotomy | J

L]

=od AU .U} 2 S

BrinCE (lod_puta, .367, S021Mol mrured) § ca £s ICD sowm
1L (SeCBOLL==3} ¢ print to mRidad every o seconas
]
ammmn - £F mmmn Flag
PrAnT | + HOLANOLSTRTEY) I Fe wE To s

AL (BElight==20} to REZID
]
seelighe=0r Flag
Aumligeet = (FEaamy (AAR_walue] -nm Pay Aarns Ranwsan A - EEABA
EEARTE( &

=, Sunlightl

@
AT e
Humidity@ = (Zdoath ({{{ads_valum(3)1*5) /L02F. 03 = date betvesn O - 1008
orAnGE (* 1 «Humiditva) 1 J

i3 every 30 e

Aif (seccemp==23)
]

a=sk i
Tampararurel = (ficac) {(ede_walus(3] 3. 83) - ~d0 and IFO degwess
Trimeei- 1 . Tempezaturedh;
3
AE fado walue(0]<B12) # £10 byess (EOW)

4% (nigh_flag==3)
«

nigh_riag=ir

PTrmE e Le_pmte, - P
)

sles

«
LF (high_flage=i}

DELATE (100_puto. e

Figure 44 - Print Screen - Second Program
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The Proteus print screens shown below, show the program operational with the new changes
made. The first print screen shows the valve closed and the second print screen shows the
valve open.

Figure 46 - Circuit Design for Testing Program 2

5.7.3 Explanation /Conclusion Design 2

The program was changed to match the findings from program 1. The new code has a few new
additional lines. The LCD now shows a live feed off the soil moisture content, so when the
moisture content changes the LCD value will change almost instantaneously. The LCD now also
displays the state of the solenoid valve whether it is open or closed. The state of the valve is
also now printed to virtual terminal so that a log of the information can be kept allowing users
to see how often the plant has been watered through the day and shows that the IF statement
is working correctly.
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5.8 Design - Protot Build
After simulating the program on Proteus, it was decided that the program written met the
specification and the needs of the project. The program was then released in a .hex file and
put onto the microcontroller using MpLab and the PICKIT3. Print screens of this evidence are
shown in the appendix.

The circuit was then built on bread board, photos are shown below following the schematic
design done on Proteus:

Figure 48 - Photo - Prototype Build
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Chapter 6 - Analysis
6.1 Program 1 Test

There were two programs written. The first program was written to display the data in
seconds, the soil moisture was printed every 5 seconds, sunlight was printed every 20 seconds
and the temperature and room humidity also every 20 seconds. This was done to make sure
the system was communicating properly and efficiently. The second program was written to
display the data in minutes as per specification.

The prototype build was first tested using the first program. This was done to see the data
being sent through quicker. Photos of the system operating are shown below:

Figure 49 — Photo — Valve open Test 1
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The data was first initially seen using teraterm as seen below in the print screen. This proves
the data is being sent through the R5232. It can be seen that the soil moisture data is being

printed 4 times more than the others, showing that it is being displayed every 5 seconds. It
also shows the sclenoid valve coming on and going off:

Y COM4 - Tera Term VT — a x

File Edit Setup Control Window Help

Figure 50 - Print Screen - Tera Term Results 1
In order to get the data to save in an excel spreadsheet and have a timestamp alongside each

bit of data the Author used LabView. The Author changed the program slightly so that the data
would be printed better visually for the user, a print screen of the program block diagram done
in labView is shown below:

A dera S D iatmn stk ] B e

Figure 51 - Print Screen — LabView Program
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Figure 52 - Print Screen - LabView Display

The system was run and viewed in labview, a print screen of what was seen is shown below, as
can be seen the time stamp proves that the data was coming through when expected, the soil

every 5 seconds and the sunlight, humidity and temperature every 20 seconds:

Figure 53 - Print Screen - LabView Display
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The excel spreadsheet can be seen in full in the appendix, a print screen of it is shown below:

A, =
17/04/2016 11:49
17/04a/2016 11:49 | soil: 98.24

17/049/2016 11:492 soil: 28.14

17/04/2016 11:499 soil: 98.249

LI I (LT B T (VR

17/04/2016 11:499 sunlight: 32739.849

- A

17/04/2016 11:42 humidity: 53.23

17/04/2016 11:99 temMparature: 11.27

-
Wwh -0

17/04/2016 11:499 soil: 98.249

SR [ g
W s

17/04/2016 11:49 soil: 98.24

-
“ 0

18 17/0a/2016 11:49 soil: 98.33
19
20 17042016 1149 =il 08_2a

Figure 54 - Print Screen - Results in Excel

Conclusion Program 1 Test

To conclude, the testing of program 1 was deemed successful. No errors were seen during the
test and data was sent correctly to the excel spreadsheet using the LabView program. The
solenoid valve opened when simulation of the soil being dry was performed and the valve
closed when the moisture content went above 50%. The next stage of testing is to run the
system for a 24 hour period.

[65]




PIICeL CYMR
¥ Drindod Dewi Sant
UNIVERSITY OF WALES

Trinity Saint David

SWANSEA - AR ETAWE

6.2 Program 2 Test

As program 1 testing was deemed successful, the next stage of testing is to run the system for
24 hours using the second program. The only changes made between program 1 and program
2 is that the data is sent and logged in minutes rather than in seconds. Program 2 is the main
program that meets the requirements set.

The test was done indoors as the systermn has not yet been put inte an enclosure and if it rained
the electronics would be damaged. Two 6V Duracell batteries were hooked up in series to give
a 12V supply to the system, these batteries were used because the chosen battery from the
research wouldn't arrive in time and these were easily bought off the shelf.

The expected outcome of the test is to see soil moisture being logged every 1 minute, sunlight
data every 2 minutes and the temperature and humidity logged every 4 minutes. The solenoid
may or may not be activated during test depending if the moisture content of the soil drops.
The test setup is the same as program 1 test except this setup includes an ammeter to
measure the current being drawn while the system is operating. Photos of the setup can be
found in the appendix.

A print screen of the raw data captured from the test is shown below, full document of
captured data can be found in an excel spreadsheet within the appendix:

Date Time -T|Data
18/04/2016 05:59:38 Soil: 98.33
18/04/2016 06:00:41 Soil: 98.33
18/04/2016 06:00:41 sunlight: 433.54
18/04/2016 06:00:41 Humidity: 59.13
18/04/2016 06:00:41 Temperature: 9.29
18/04/2016 06:01:44 Soil: 98.33
18/04/2016 06:02:47 Soil: 98.43
18/04/2016 06:02:47 Sunlight: 4354,56
18/04/2016 06:03:50 Soil: 98.23
18/04/2016 06:04:52 Soil: 98.33
18/04/2016 06:04:53 Sunlight: 5537.28
18/04/2016 06:04:53 Humidity: 59.23
18/04/2016 06:04:53 Temperature: 9
18/04/2016 06:05:55 Soil: 98.33
18/04/2016 06:06:58 Soil: 98.33
18/04/2016 06:06:58 Sunlight: 6773.76

Figure 55 - Print Screen - Test 2 Resulls in Excel
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6.2.1 Plotted Results

The results from each sensor have been plotted into graphs to see how they responded over a
24 hour period and if there were any random anomalies, this was done on excel by using the
filter function to view only the data needed for each sensor. The graphs are shown below:

Soil Moisture

Soil Moisture Results

1 0
il

8 +
18/03/3016 00000  18/04/201604:48 18/0&4/201600:36 18/08/2016 1424 18/04/20161%:12 19/04/20160000 19/03/3016 0448

Figure 56 - Print Screen - Soil Moisture Graph
The moisture of the soil did not drop below 98% over the 24 hour period. The results

fluctuated between 98 and 98.8%. This was expected as the soil was indoors and wasn’t in
direct view of the sunlight. This also shows that if the system was used for indoor plants the
solenoid valve would not activate very often meaning that the battery life would last longer
than expected.

Sunlight

Sunlight Intensity Results

s "‘W"MM“"MN
20000 - L
.,

e |6 \
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1B/09/2016 0448 18/04/2016 0936 18/D4/2016 14:24 18/04/201619:12 15/04/2016 00000 19/04/2016 09:48
-S000

Figure 57 - Print Screen - Sunlight Intensity Graph
As can be seen from the graph, the test started at 6 o clock in the morning of the 18/04/16 and
ended at 6 o clock in the morning on the 19/04/16. The curve on the graphs shows the sunlight
becoming more intense as it rises and hits its peak at around 12 o clock mid-day. As the sun
begins to set the light intensity begins to fall and stays around 0 lux showing that it is night
time. The sensor results have proven that the sensor works efficiently and it has given a really
good indication to show when it is night time and when it is day time. If the Author had more
time it would have been interesting to see the lux intensity the sensor picked up if it was out
doors.
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Humidity
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Figure 58 - Print Screen - Humidity Graph
There were no random anomalies found in the data given from the humidity sensor as it
stayed fairly constant throughout the 24 hour period. Compared to the temperature graph
shown below it can be seen that the humidity begins to drop as the temperature in the room
increases. This shows that the sensor is working, as it is known that there is less moisture in
the air when it is warmer. If the system was in a greenhouse it would be interesting to see how
the humidity in the air and the soil moisture content changed and how they would interlink.

Temperature
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Figure 59 - Print Screen - Temperature Graph
The results from the thermistor have showed the temperature of the room between 9 and 18

degrees. The temperature began to rise at around 16:00 hours, this is because the heating was
put on and was set at 19 degrees, the thermistor results were fairly accurate to that showing
on the thermostat, there is no evidence to prove this but the results do show the increase of
temperature. Therefore the thermistor has a tolerance of around +-1 degree.
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Figure 60 - Photo - Current Drawn
He two pictures shown above were taken to show the current being drawn when the systerm is

operating. The photo on the left shows the current drawn when the solenocid is open, as can be
seen it draws 1.12A. The photo on the right shows the current drawn when this system is
operating with the valve closed, which is 107mA. The operating current for the system with the
valve closed was calculated to be 22.67mA. This estimate was a bit out from the actual value
and suggest that there are factors that haven’t been taken into consideration, for example the
LCD screen.

6.2.2 Program 2 Results Conclusion

The data gathered over a 24 hour period showed that soil moisture doesn’t fluctuate as often
as expected and maintains a fairly constant level. This data has been helpful as it shows that
the solenoid won't be activate as often as predicted. However the current being drawn from
the system operating is much higher than calculated and would therefore mean the battery
would only last for around 48 hours which would deem this not suitable for the final design.
The battery selection is classed as a minor issue as it just means a different choice would need
to be made. The main test was to check the operation of the sensors and it has shown that all
sensors operate within the desired expectation. It was good to see that the temperature and
humidity data corresponded with one another, showing that both sensors can notice a slight
difference in the environment, which is what is needed for the end user to decide on the best
suitable environment for their plant/crop. The sunlight sensor also gave good feedback as it
was able to measure the light intensity as it gradually changed throughout the day giving a nice
smooth line graph with no random data. Overall the test was deemed a successful as it
provided useful information and proved that the design is fit for functionality.
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6.2.3 Wireless Communication

The project design does meet the specification but it was suggested in the plan that if there
was enough time then wireless communication would be considered. The system currently
transmits data through a USB to TTL lead, as so it always needs to be connected to a PC in
order to record the data. This is would only really be plausible if the system is used in doors
but if it was to be used outdoors or within a greenhouse this would prove to be difficult.
Therefore it was decided to research to find a simple wireless data transmission module that
could easily be incorporated into the design.

After searching the internet the Author came across a wireless USB to TTL module, it is called
APC220 radio data module. It was available on a few websites but was found cheapest on a
website called deal extreme and was priced at £19.94 [34]. The module is designed for easy
setup for data transmission for UART to TTL. The price include 2 wireless RF module, 2
antennas, and 1 USB converter madule. A picture of the package is shown below:

-ll l
i a2

Figure 61 - Print Screen - Wireless modules

The modules have a working voltage of between 3.3V and 5V. a working frequency between
418 — 455Mhz and a transmission distance of up to 1000m, the full data sheet can be found in
the appendix. This module sourced is perfect for the design, the transmission distance is more
than sufficient for that needed and can simply be added on to the original design as it has the
same operating voltage as the sensors. A photo is shown below of it connected to the bread
board:

Figure 62 - Photo- Wireless Module implemented into Design
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Wireless Communication Test

A quick test was done to check the full operation of the system and to see if the data
transmitted successfully. In order to set the parameters up on the RF boards a software called
truly magic was used, a print screen is shown below. The software was self-explanatory and
needed little guidance as the default settings were accurate to what was needed.

RF-Trutyhagical o 4

- Terminal Display Format
‘Aramebers

RF Freguency | 43% MH?
REAXTX Rate 3600 -
RF Power 5 =

et Farameters
METID | 12345
NODE ID | 20015538341285

Senias Paramaters

Series Rate 600 -
Sasias Parity M Pty -
Rend Wirite
#C Serles COM5 T Input Format
Connect Disconnect

Connected on: COM3 | Read Successfu

Figure 63 - Print Screen - Software used to Configure Wireless Modules
The print screen shown below shows the data being transmitted by the wireless RF module. A

short video can be found in the appendix proving the system fully working to that specified.

2. COM3 - Tera Term VT = O >
E File Edit Setup Control Window Help

Figure 64 - Print Screen - Data Transmitted via Wireless Modules
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Chapter 7 - Evaluation

The conclusion drawn from the analysis is that the system works to the specifications set
within the planning stage of the project. The specifications set was to design an automatic
plant watering system that would:

e Activate a solenoid valve when soil moisture dropped below a certain level.

e Record data on the temperature, Humidity, Soil moisture and sunlight intensity.
*  Wirelessly transmit data to a PC.

+ Display soil moisture content on an LCD.

All objectives set were met and accomplished. Although the final build for sale was not
complete. The PCB was not made and the system was not built into a water tight enclosure.

The main research done was into the type of sensors required for the design. The sensors
researched and chosen worked to the requirements set. The tests performed on the sensors
gave an idea of what circuitry was required in order for them to operate effectively. The tests
backed that of the data sheets and the only adjustments needed was to amplify the signals in
order to get better results.

The main aim of the project was to design and develop a working automatic plant watering
system. This goal was achieved. The biggest downfall of the project is that it wasn’t built into
the chosen enclosure and tested outdoors for a long period of time. Although it has been
proven that the solenoid valve will operate by simulating the moisture level dropping, it would
have been more satisfying to of run a test for a long period of time to see how often the
solenoid valve would operate and if it managed to keep a plant alive.

Most of the results from the 24 hour test were as expected. The biggest surprise was seeing
that the soil moisture level didn't drop and was assumed that soil dried out guicker than it
actually does. There was not much research done in the project around how long it would take
for soil to dry out and from the results it is felt that more research into this could have been
done.

If the project was to be done again then a different approach would be used. It is felt that the
design, build and test was left too late and therefore a bit rushed. More time needed to be set
aside for designing the PCB and writing the program for the microcontroller. It was difficult to
learn how to program in such a short period of time and for any future projects more time will
be set aside for learning as this was never taken into consideration. Apart from poor time
management and underestimating the difficulty of the project the Author feels that the overall
outcome was successful and is very proud of what was achieved.
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Chapter 8 - Conclusion
To summaries everything done in the project each chapter has been explained and concluded
below its relevant heading:

Chapter 1 Introduction

The introduction chapter includes information on the proposed project and gives a good
outline to the reader of what the project is hoping to achieve. It provides a list of research
objectives along with a diagram showing how the system will operate to give a visual
understanding to the reader of the final outcome. This introduction is brief and could have
been expanded further but it is felt that it provide enough information to grasp the reader's
attention.

Chapter 2 — Planning

This section provided a plan for the project, breaking down each chapter objectives and setting
a timescale in order to give the author an idea of what needed to be achieved. A Gantt chart
was also produced to show the time line. The project plan was similar to the one used within
the project proposal although the project idea changed the plan was still almost the same
except for the need for different dates. Parts of the plan were not achieved and it is because
the project took a different scope and the need for such things like a risk assessment were not
really required or necessary. The dates set for the plan were also out as a lot of the project was
left to the last minute due to family and work commitments. Also some aspects of the project
needed more time than predicted such as writing firmware and testing/analysing data.

Chapter 3 = Investigation

The investigation chapter includes information on similar products already available on the
market, showing a comparison between each one and the difference between them and the
proposed product. The investigation chapter also contains research into the sensors required
and the different types of sensors available that could achieve the end goal. A description of
each sensor was provided along with a reason of why a particular sensor was chosen for the
job and the advantages and disadvantages over the other sensors researched.

The research then continues onto the requirements and selection of a battery, an enclosure
and a microcontroller. Once the research was done on the sensors and one was selected for
each job, the information then helped with selection of a battery as it was then known what
power would be needed to operate the circuit. The enclosure could also then be specified
along with the best suited microcontroller.

The overall investigation stage helped provided the ground work for the design of the project.
Moare research could have been done into soil moisture and the moisture level different types
of plants would require in order to grow to their full potential. It was felt however that the
research done to provide enough information to make the project successful.
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Chapter 4 — Implementation

The implementation stage was used to test the sensors capabilities and prove that the data
sheets were correct. The outcome of the tests provided enough evidence to show that the
data sheets were correct. This information was then used to provide a circuit diagram. Based
on the results it was shown that some of the sensors output signals needed amplification in
order to get the full use input voltage of the microcontroller which was 0-3.3V.

The implementation stage was useful and was reguired for the overall PCB design as it
provided information that wasn’t confirmed. The information was displayed on the data sheets
but this is not always correct.

Chapter 5 — Design

Chapter 5 includes the full system design. The flow charts for the PCB design and program are
included in this chapter. The flow charts helped provide a clear idea of what was needed from
the PCB and program and provided a good stepping stone for the design stage.

Using the research, testing and flow charts done a PCB schematic was designed on Proteus and
also a PCB layout was designed on Easy PC. A parts list for the prototype design was provided
along with the cost of the build.

A program was then written in C and tested on Proteus using a test schematic with variable
resistors used to simulate the sensors outputs. Once test was confirmed to be successful the
program was then downloaded onto the microcontroller and placed onto the prototype PCB
which was built up on bread board.

Chapter 6 — Analysis

Chapter 6 includes the full test of the system and final conclusion of the project outcome. The
systemn was fully tested as a whole using both program 1 and program 2. Program 2 was run
for a 24 hour period and the results were plotted into graphs. The data was then analysed and
it was confirmed that everything worked to most of the specification. One part the
specification was to get the system to transmit data wirelessly to a PC so that data could be
logged without the need for a computer being directly present. As there was enough time left,
this objective was then met by purchasing wireless modules. The system was then yet again
tested to prove the operation of the wireless modules.

Chapter 7 — Evaluation

The evaluation sums up the results gathered during the test stage and concludes on the
analysis. The evaluation points out the objectives and specifications set were met and that as a
whole the project was successful.
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Final Conclusion/Recommendations

To conclude it is felt that as a whole the project was a great achievement. The project has been
left with avenues for further progression. More research and analysis can be done into
automatic watering systems and plant growth. The system could be run for a longer period of
time to gather more information en how the humidity of soil is influenced by the environment.
It could also then be modified to suit any plant so that it is watered to the plant’'s needs, for
example cactuses would need a lot less water compared to that of a rose bush.

Further development could be done to get the system to log and store data on an SD card
rather than streaming it to a PC, this would therefore do away with wireless connectivity and
the system would not need to really on a PC being within a 1000metres of its placement.

The system could also have the option to be powered by the mains to eliminate the possibility
of the battery dying before the user is able to change it.

The suggestions above for further work/changes were unable to be implemented into the
project due to lack of time. They were not considered until later on in the project and if the
Author had more time they would implement these changes and research further into plant
growth.
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Chapter 9 - Reflection
| feel this has been a good and interesting project to work on. The knowledge and
understanding that has been acquired throughout the project has been rewarding and
satisfying. When the project first started it was hard to see the end, and | felt that | would
never achieve the end goal as | didn't have the knowledge to be able to design and develop a
working product. | have learnt to use a lot of different software packages to enable me to
successfully complete the design, the software packages that | used are:

e Proteus

e EasyPC

e LabView

e CCS Compiler
*  Mplab

| had very little/ no experience on these software packages but now feel that | have a much
greater understanding of them and feel like the knowledge | have obtained can now be
implemented and used in the future.

The one major point | have learnt when doing the project is time efficiency, | feel | under
estimated how long the project would take to complete and left to much of it to the last
minute. | changed the project | was originally doing in October when | was told that the project
proposed didn’t meet the criteria. | then didn’t begin the new project till January and felt there
was enough time to achieve what | needed to but underestimated the time it would take to
learn the software packages and learn how to program.

Overall | feel like the project was a success | would of liked to of been able to build the final
design within the enclosure and have the PCB made, so that | could of seen the final product
but as the prototype worked as planned | am happy with what | managed to achieve in such a
small space of time.

[76]




S NY ¥ Drindod Dewi Sant

$ UNIVERSITY GF WALES
&)’/ Trinity Saint David

SWANSEA - AR ETAWE

References

e —

M —

wo—

“Uk Essays,” [Online]. Available:
http://www.ukessays.com/images/essays/the_research_onion.jpg. [Accessed 02 01 2016].

“Claberinc,” [Online]. Available:
http://www.claberinc.com/products/irrigation.asp?sz=34&fm=66. [Accessed 04 01 2016).

“Ecrater,” [Online]. Available: http://www.ecrater.co.uk/p/15941875/5x6-free-standing-self-
watering. [Accessed 04 01 2016].

“Halls Green House,” [Online]. Available:

4 http://www.hallsgreenhouses.co.uk/Eden_Halls_Vanlet_Automatic_Irrigation_Unit_for_Gre

enhouses.htm. [Accessed 04 01 2016].

“Ebay,” [Online]. Available:
http://www.ebay.co.uk/itm/like/351603053427?limghlpsr=true&hlpv=2&ops=true&viphx=1
&hlpht=true&lpid=1228&chn=ps&googleloc=9045396 & poi=&campaignid=2208817868& device
=c&adgroupid=13936810266&rlsatarget=aud-105106656546%3Apla-
156018239826&adtype=pla&crdt=08&ff3=1. [Accessed 04 01 2016].

“AliExpress,” [Online]. Available:

6 https://www.google.co.uk/url?sa=i&rct=j&q=R&esrc=s&source=images&cd=&cad=rja&uact=

B88ved=&url=http%3A%2F%2Fwww.aliexpress.com%2Fitem%2F2W250-25-Brass-DC24V-
DC12V-AC110V-AC220V-Brass-Solenoid-Valve-Water-Air-Fuels-Gas-Normal-
Closed%2F32296330074.html&psig=AF. [Accessed 10 03 2016].

“Covert feet of water to pounds per square inch,” 10 03 2016. [Online]. Available:
http://www.kylesconverter.com/pressure/feet-of-water-to-pounds-per-square-inch.

“adafruit,” [Online]. Available: https://makersify.com/products/adafruit-brass-liquid-
solenoid-valve-12v-1-2-
nps?utm_medium=cpc&utm_source=googlepla&variant=74872847378&gclid=COL74sqttssCF
UyeGwodmbwl0Q. [Accessed 10 03 2016).

“What is a thermocouple,” [Online]. Available:

9 http://www.brighthubengineering.com/manufacturing-technology/53682-what-is-a-

[
1

0

thermocouple-how-thermocouple-works/. [Accessed 10 03 2016].

“Steinhart-hart thermistor calculator,” [Online]. Available:
http://www.daycounter.com/Calculators/Steinhart-Hart-Thermistor-Calculator.phtml.
[Accessed 10 03 2016].

[77)




—_— e — —_— s — T e —_— A s — _— —_— ) e — — g e — e

_—p s —

S NY ¥ Drindod Dewi Sant

$ UNIVERSITY OF WALES
ﬁ Trinity Saint David

SWANSEA - AR ETAWE

“Met office news blog,” 2012 October 16. [Online]. Available:
http://blog.metoffice.gov.uk/2012/10/16/top-ten-coldest-recorded-temperatures-in-the-
uk/. [Accessed 9 December 2015].

“UK climate Extremes,” [Online]. Available:
http://www.metoffice.gov.uk/public/weather/climate-extremes/#?tab=climateExtremes.
[Accessed 9 December 2015].

“RS,” [Online]. Available: http://uk.rs-online.com/web/p/thermistors/0198961/. [Accessed
10 01 2016].

“Humidity saturation limits,” [Online]. Available:
http://www.machinerylubrication.com/Read/28697 /humidity-saturation-limits. [Accessed
10 03 2016).

“Humidity sensor,” [Online]. Available: http://www.engineersgarage.com/articles/humidity-
sensor. [Accessed 12 03 2016].

“Digi-Key,” [Online]. Available:
http://media.digikey.com/photos/TDK%20Photos/TDK%20CORPORATION-%20CHS-
UPS_CHS-UGS.jpg. [Accessed 12 03 2016].

“Digikey,” [Online]. Available: http://www.digikey.com/product-detail /en/honeywell-
sensing-and-productivity-selutions/HIH-4602-A/480-4963-ND/2832080. [Accessed 15 03
2016).

“Farnell,” [Online]. Available: http://uk.farnell.com/honeywell-s-c/hih-4000-002/sensor-
humidity-1-27mm-sip/dp/1187548. [Accessed 15 03 2016].

“Octopus s0il moisture sensor brick,” [Online]. Available:
http://www.robotshop.com/uk/octopus-soil-moisture-sensor-brick.html. [Accessed 16 03
2016).

[78]




—_— T RS _— L R el N e —_— ) R —_—pd P — s pg —_— s

_— ] g —

[
2

8
]

¥ Drindod Dewi Sant
UNIVERSITY GF WALES
&)’/ Trinity Saint David

“Soil Hygrometer Detection Module + Soil Moisture Sensor,” [Online]. Available:
http://www.lightinthebox.com/fc-28-d-soil-hygrometer-detection-module-soil-moisture-
sensor-blue_p685424.html?currency=USD&litb_from=paid_adwords_shopping. [Accessed
16 03 2016).

“Soil Moisture sensar,” [Online]. Available: http://www.miniinthebox.com/sail-moisture-
sensor-ground-humidity-sensor-
module_p903362.html?currency=GBP&Iitb_from=paid_adwords_shopping&utm_source=go
ogle_shopping&utm_medium=cpc&adword_mt=&adword_ct=86620010124&adword_kw=
&adword_pos=1o5&adword_pl=&adword. [Accessed 15 03 2016].

“Daylight,” [Online]. Available: https://en.wikipedia.org/wiki/Daylight. [Accessed 17 03
2016].

“Infared and light sensors,” [Online]. Available: http://www.robotshop.com/uk/phidgets-
light-sensor-70000-lux.html?gclid=CleB3YyjucoCFc8aGwodbKMBow. [Accessed 15 03 2016).

“Adafruit TSL2591 High Dynamic Range Digital Light Sensor,” [Online]. Available:
https://www.adafruit.com/products/1980. [Accessed 16 03 2016].

“Adafruit GALA125202 Log-scale Analog Light Sensor,” [Online]. Available:
https://learn.adafruit.com/adafruit-galal2s202-log-scale-analog-light-sensor/overview.
[Accessed 16 03 2016].

“Deal extreme,” [Online]. Available: http://www.dx.com/p/ysd-12450-12v-4500ma-
rechargeable-lithium-battery-

80405 ?tc=GBP&gclid=CPDb8b3djcwCFQFkhgodRsUEKQ#.VxIRh4-cGzl. [Accessed 03 04
2016].

“Pelican case,” Jit Pak, [Online]. Available: http://www.jitpak.com/pelican-cases-
micro/pelican-1060-case-2040-inc-free-delivery. html?gclid=COCZ2ig_ajcwCFc9ahgodWcBLfg.
[Accessed 06 04 2016].

“Parameters search,” [Online]. Available:
http://www.microchip.com/ParamChartSearch/chart.aspx?branchlD=1005#. [Accessed 20
03 2016].

[79]




el S —_— e —_— o — —_— i p

_— )

e T

3 * ¥ Drindod Dewi Sant

$ UNIVERSITY OF WALES
ﬁ Trinity Saint David

SWANSEA - AR ETAWE

“Low pass filters,” 16 04 2016. [Online]. Available: http://www.electronics-
tutorials.ws/filter/filter_2.html.

“Passive filters,” 16 04 2016. [Online]. Available: http://www.electronics-
tutorials.ws/filter/filter_4.html.

“Dr Steineckers tech site,” [Online]. Available: https://drstienecker.com/tech-261-
material/16-resistorinductorcapacitor-circuits-chapter-16/. [Accessed 16 04 2016].

“National Intruments,” [Online]. Available: http://www.ni.com/newsletter/51141/en/.
[Accessed 02 03 2016].

“Forum,” 16 04 2016. [Online]. Available: http://www.electro-tech-
online.com/tools/thermistor-resistance-calculator.php.

“Deal Extreme,” [Online]. Available: http://www.dx.com/p/arduino-apc220-wireless-rf-
modules-w-antennas-usbh-converter-143011# VxabgTArKUk. [Accessed 01 04 2016]).

[80]




S NY ¥ Drindod Dewi Sant

$ UNIVERSITY GF WALES
&)’/ Trinity Saint David

SWANSEA - AR ETAWE

Bibliography

http://www.daycounter.com/Calculators/Steinhart-Hart-Thermistor-Calculator.phtml
file:///E:/swansea%20university/electronic%20system%20design/data%20sheets/ther
mistor%20link.html
https://www.google.co.uk/#q=data+sheet+for+R5+100k%CE%A9+DO-
35+Measurement+NTC+Thermistor%2C+7s%2C+2+Dia.+x+4.2mm

https://www .google.co.uk/#g=beta+value+for+RS+100k%CE%A9+DO-
35+Measurement+NTC+Thermistor%2C+7s%2C+2+Dia.+x+4.2mm
http://www.electro-tech-online.com/tools/
http://www.electro-tech-online.com/tools/thermistor-resistance-calculator.php
https://www .arduino.cc/en/Reference/Map
http://www.electronics-tutorials.ws/filter ffilter_4.html
https://drstienecker.com/tech-261-material/16-resistorinductorcapacitor-circuits-
chapter-16/

http://www.ecrater.co.uk/p/15941875/5x6-free-standing-self-watering
http://www.hallsgreenhouses.co.uk/Eden_Halls_Vanlet_Automatic_lrrigation_Unit_fo
r_Greenhouses.htm

http://www.easywatering.co.uk/acatalog/Claber_Timers.html
http://www.easygardenirrigation.co.uk/blogs/news/17730320-claber-hydro-4-system-
hands-on-with-clabers-latest-innovation
https://makersify.com/products/adafruit-brass-liquid-solenoid-valve-12v-1-2-
nps?utm_medium=cpc&utm_source=googlepla&variant=74872847378&gclid=COL74sqt
tssCFUyeGwodmbwI0Q

http://uk.farnell.com/?CMP=KNC-GUK-PFB-

exact&mckv=sPLr5Mbg3_dc|pcrid | 101049150789 | kword | farnell | match | e | plid | &gcli
d=CMKOjSyLIMwCFfUVOwodyUBCIA
http://uk.farnell.com/honeywell/hih-4000-002/sensor-humidity-1-2 7mm-
sip/dp/1187548?0st=HIH-4000-
002&selectedCategoryld=&categoryNameResp=All%2BCategories
http://www.robotshop.com/uk/octopus-soil-moisture-sensor-
brick.htm|#Specifications
http://www.jitpak.com/pelican-cases-micro/pelican-1060-case-2040-inc-free-
delivery.html?gclid=COC2iq_ajcwCFc9ahgodWc8Lfg
http://www.electronics-tutorials.ws/opamp/opamp_1.html
http://yed-graph-editor.software.informer.com/download/
http://www.microchip.com/forums/m402607.aspx
https://decibel.ni.com/content/docs/DOC-4831
http://www.ni.com/getting-started/labview-basics/shift-registers
http://www.telegraph.co.uk/finance/property/advice/9614700/What-is-the-
recommended-humidity-for-a-home.html

[81)




	Automatic Plant Water System - Project
	by Andrew Stanford


