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ABSTRACT

For this assignment, it will look at using electronic sensors to detect water leaks in domestic environments. Using a piezoelectric transducer on the main water pipe to measure the flow of water during a water leak. To look into building a sensor that can detect the amount of water that has leaked, and also look into different sensors out there and how they operate. After gathering primary and secondary background research, a prototype will be built using a micro-controller that will control the central heating system for a domestic environment that will;

1. Detect water leaks at plumbed joints & radiator valves
2. Tell user where the leak is
3. Shut off radiator valves to control the leak
4. Shut off main water supply in case of catastrophic failure.
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[bookmark: _Toc480824036]Introduction

This report is going to look at using electronic devices to detect water leaks in a domestic environment. Throughout this report it will discuss and look at the effects of water damage has on households and insurance companies financially. What electronic water detection sensors are available on the current market and how they work, once this has been achieved it will then look at using piezoelectric transducers as a means of detecting water leaks by measuring the flow of water on the main pipe and whether or not this is possible.    
1.1 [bookmark: _Toc480824037]Aim

The aim of this Report will to build a prototype electronic water detection system using a PIC controller that will detect water leaks around a domestic environment, this system will also control the thermostatic radiator valves and the stop cock for the main water supply. The water detection system will include an LCD display to show where in the system the leak has sprung, along with this display it will have a visual and audible warning, the LED visual warning will change colour the longer the alarm is active and the audible warning will get louder the longer the alarm is active.  

Another aim for this report would be to design the sensors to detect water flow using a piezoelectric transducer and a capacitive water detection sensor, these will be designed and tested as part of the background research as a form of primary research.  

1.2 [bookmark: _Toc480824038]Objectives

The main objectives of this report is to see if the piezoelectric transducer is able to detect water flow in the water pipes this will allow for further research into using these devices for use with smart homes systems. 




[bookmark: _Toc480824039]Planning 

This section is going to look at the planning stage of this report over the last two years and will show any changes made that deviated from the original schedule.
For full page views of gnatt charts refer to Apendix 1.

[image: ]
[bookmark: _Toc480815069]Table 1 proposed time line for project deadlines

[image: ]
[bookmark: _Toc480824099]Figure 1 Gantt chart for proposed plan

Due to changes in circumstances the time line given for the project changed considerable due to a change in the whole project, this gave way to major setback as new research had to be done. It can be seen in the date changes in table 2 compared to table 1, these changes are highlighted in the gnatt chart in figure 2 that will show what areas had changed, and these will be highlighted in red.
[image: ]
[bookmark: _Toc480815070]Table 2 Actual time line for project due to unforeseen circumstances
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[bookmark: _Toc480824100]Figure 2 Actual gnatt chart to show changes that happened in the project








[bookmark: _Toc480824040]Literature review

1.3 [bookmark: _Toc480824041]Background research

The destruction of property caused by a water leak can be both devastating and costly, costing insurance companies millions of pounds in claims and damage to priceless and often irreplaceable personal possession of the home owner. In 2011 legal and general insurers reported that ‘Damage from showers and dripping pipes is costing UK homeowners more theft and damage from burglaries’ [1]
It goes on to say ‘The cost of water related damage to the insurance industry was £730million last year.’[1] The most common of these leaks are where pipes are hidden from view such as behind cupboards, under floorboards or buried in walls leak or burst these equate to the majority of claims. Policyexpert.co.uk informs people of ‘Water pipes, which are often hidden from view inside a cupboard or wall, were the top sources of a water damage claim, accounting for 35 per cent of claims made.’[1] For the year 2011 ‘Churchill figures show that for the period 2010/2011 there was an increase of 45 percent in the number of claims for escape of water caused by issues such as burst and frozen pipes.’[2].
The other two highest claims were damage to heating pipes and leaky showers these account for 14% and 10% respectively.

1.4 [bookmark: _Toc480824042]Water leak detection systems

Water leak detection systems have been used in industries for years and now more and more homes are getting these systems installed in order to protect their homes. There are many different styles of systems available on the market, these systems generally have three main detection technologies;
· Active
· Passive
· Underground



[bookmark: _Toc480824043]3.2.1 Active detection systems

Active detection systems will consist of a control panel and alarms which will give an audible warning sound and some systems will give visual alarms as well. As these are active they will have shut off valves in order to preform automated damage control. IRV plumbing states ‘These perform a function that will stop the water flow. These instruments can be designed to turn off the main water supply as the alarm sounds.’[3]
To detect the leaks there will need to be means of determining if a leak is active, this is done by using a moisture sensor in most systems. Other ways to determine if a leak is present is to use a flow meter which other systems utilise.
Active detection can be sub divided into two categories single or whole appliance systems. With a single appliance system the sensor will check for and detect leaks in appliances like washing machines, showers, boilers etc. Whole active systems will be utilised for the entire house.  
[image: ]
[bookmark: _Toc480824101]Figure 3 a typical active water detection system
[image: ]
[bookmark: _Toc480824102]Figure 4 another active system with a shut off valve and water cable



















[bookmark: _Toc480824044]3.2.2 Passive detection systems

Passive systems tend to have an audible and visual warning alarm to alert the user of a leak in the system, these systems unlike the active counterpart do not stop water flow, so if user is away from the house then the water damage will only get worse as they will be required to turn off the water supply themselves.  Naturalhandyman.com states ‘Passive systems only help reduce water damage if someone hears the warning tone and acts to stop the leak. They are especially useful in locations where it is easy for someone to hear the alarm such as near refrigerators, dishwashers, or toilets.’[4]  
These passive systems are battery operated and require to be checked periodically and as seen with smoke detectors they will give an audible warning when the battery gets low.
[image: Passive Water Leak Detection Devices]
[bookmark: _Toc480824103]Figure 5 a typical passive detection sensor











[bookmark: _Toc480824045]3.2.3 Underground detection systems

Underground detection systems utilise using acoustics to detect leaks in buried pipes these systems are rarely used in a domestic environment as the equipment are specialised equipment and require trained professional to use them and analyse the data. The way in which these systems work is using piezoelectric technology to listen to the sound made by the leak. These can come in a range of sounds as described by subsurface leak detection inc.
· ‘ “Hiss” or “Whoosh” from pipe vibration and orifice pressure reduction
· “Splashing” or “Babbling Brook” sounds from water flowing around the pipe
· Rapid “beating/thumping” sounds from water spray striking the wall of the soil cavity
· Small “clinking” sounds of stones and pebbles bouncing off the pipe.’[5]
 This technology detects sound and frequency in order to detect leaks, the “hiss” and “whoosh” sounds are the most prominent sounds which is similar to white noise and normally found in systems which are higher than 30psi. Other sounds may not be able to be detected as they operate at lower decibels. This can be backed up by subsurface leak detection inc. ‘The “Hiss” or “whoosh” sound, which often sounds like a constant static noise, is the only one which is always present for leaks in pipes with 30 psi or higher water pressure. The other sounds may or may not be present, and usually they are not as loud. So, we decide “Is there a leak?” by listening for the “Hiss” or “Whoosh.”’[5]
There will be many factors that affect the sound and frequency of leaks that are transmitted by the pipe to the surface. Some of these factors that contribute to this are listed below;
· Water pressure
· Surface material 
· Material of pipe and diameter
· Depth of pipe from surface
· Type of soil
Even without these factors there can be a direct correlation between the sound intensity and water pressure, it can be seen in figure 6 that as the pressure increases the louder the sound gets up to a limit shown as an exponential growth.
[image: https://www.subsurfaceleak.com/images/htfl_illus1.gif]
[bookmark: _Toc480824104]Figure 6 sound intensity (loudness) x water pressure (PSI) graph to show how loudness and water pressure are directly proportional to each other

















1.5 [bookmark: _Toc480824046]Primary research

The primary research being done for this report is to see if using a piezoelectric transducer to detect water leaks in a domestic environment. A simple condenser microphone circuit as shown in figure 7. This experiment will be tested in a domestic environment in order to get accurate and valid results.  

[image: ]
[bookmark: _Toc480824105]Figure 7 circuit diagram for piezoelectric microphone circuit 
Using the design in figure 7 a condenser microphone circuit was built, this circuit is designed to give a gain of 100 by using this equation;   this uses the feedback resistor divided by the input resistor, on the circuit in figure 8 the feedback resistor is an 110kΩ potentiometer. 

[image: ]
[bookmark: _Toc480824106]Figure 8 breadboard design of the piezoelectric microphone circuit












[bookmark: _Toc480824047]3.3.1 Testing

This experiment was conducted in a domestic environment where the condenser microphone was attached to the mains supply of water for the house, this can be seen in figure 9.
[image: ]
[bookmark: _Toc480824107]Figure 9 circuit set up on mains pipe ready for testing

Next the oscilloscope was set up as shown in figure 10 with gain set to 50mV and time/div to 1mS.
[image: ]
[bookmark: _Toc480824108]Figure 10 the setup of the oscilloscope gain set at 50mV and time/div at 1mS
The aim of this experiment is to find out if this technology can detect water leaks in a domestic environment via a series of test carried out. 
Once the system was set up the next step was to find out if the circuit worked to do this the kitchen tap was run at full flow as shown in figure 11.
[image: ]
[bookmark: _Toc480824109]Figure 11 preliminary testing to confirm that the circuit works

It can be seen from figure 11 that the circuit works as an analogue signal is produced. 
Once the circuit has been confirmed working it was time to see if the circuit could pick up small leaks that go unnoticed in homes across the UK. 
To do this a simulation was produced of a small leak by leaving the kitchen tap on so it only produces a drip every 3 seconds. From comparing the readings from figures 12 which show the output with no water flow to figure 13 which shows the output with the simulated leak it can be seen that there is very little change between the two outputs, this suggest that the piezoelectric circuit cannot detect the simulated small leak as it stands. 
 
[image: ]
[bookmark: _Toc480824110]Figure 12 output of circuit with no water running
[image: ]
[bookmark: _Toc480824111]Figure 13 output of circuit with a simulated water leak
Though this experiment has not been successful it does not mean that the circuit will not work. In order to get the circuit to detect this simulated leak there are a few things that can be changed before re-testing. 
· Changing the gain of the circuit
· Testing at different places on the water system


























[bookmark: _Toc480824048]Market research

This section will look at current water detection systems on the market and sensors that are available to detect water. These systems come at various price ranges and offer different levels of protection depending on what kind of system the user requires. The next section of this report will look at water detection systems and will compare these systems, following on from that will look at sensors and components required for the design of the system. 

1.6 [bookmark: _Toc480824049]Active water detection 

This section will look at what active water detection systems are on the market this will include the control panels and also what sensors and accessories that are available for each device. A comparison table will then outline major factors consumers would look at before purchasing a product. 


[bookmark: _Toc480824050]4.1.1 Waterguard home system

Waterguard Home system including 15mm valve assembly this system works by measuring the time the water is flowing through the pipes. The time limits are set for when the house is occupied or vacant when these time limits are exceeded the valve will shut off the water supply. This is stated by Waterguard ‘If the maximum time is exceeded on either guard level, the stop valve is automatically activated to shut off the water supply, protecting your property form the damage caused by burst and leaking pipes’ [6]

[image: ]
[bookmark: _Toc480824112]Figure 14 Waterguard home active detection system, with a latching valve and flow timer
[image: ]
[bookmark: _Toc480824113]Figure 15 Technical information for valve and display controllers
[image: ]
[bookmark: _Toc480824114]Figure 16 technical information for flow sensor
[image: ]
[bookmark: _Toc480824115]Figure 17 technical information for valve






















[bookmark: _Toc480824051]4.1.2 Floodstoppa sensor based leak detection

The Floodstoppa range which is made by Aqualeak detection LTD is a sensor based system as opposed to a flow rate system, this will use sensors in places where leaks can occur, that will then inform the user once detected. This type of system requires the user to buy all the components separately thus increasing the total cost as opposed to the flow rate systems which comes with everything included.  
[image: ]
[bookmark: _Toc480824116]Figure 18 Floodstoppa sensor-based single-zone water leak detector control panel
This system can have a multitude of devices for it, including but not limited to;
· A range of sensors 
· Auto dialler 
· SMS dialler
· Shutoff valves
· Repeater alarms
· Beacon sounder

[bookmark: _Toc480824052]4.1.3 Aquatek 4 multi zone water leak detection

This product is also available from Aqualeak detection LTD, this is the multi zone model that come equipped with four sensor zones that can be monitored and also requires the purchase of extra sensors and shut off valves.
[image: ]
[bookmark: _Toc480824117]Figure 19 AquaTek 4 sensor based multi zone water leak detection alarm







[bookmark: _Toc480824053]4.1.4 Comparison table for active alarm panels

[image: ]
[bookmark: _Toc480815071]Table 3 Comparison table for active water leak detection alarm panels
After comparing this table it can be seen that the Watergurad home system is the more economical choice for most customers due to the fact that it is only £173.70 both valve and sensor are IP 65 rated and this system doesn’t require additional sensors. However there are draw back to this systems design as it uses a flow sensors and detects leaks by measuring how long the flow of water has been present, this could mean people who take long showers or filling swimming pools on a warm summers day could trigger the alarm and shut off the water supply. 

The aqualeak and auqatek systems were sensor based units that required the purchase of an array of sensor and accessories that will be outline in the next section. The difference between the two systems is that the Aqualeak is a single zone system with a hefty price tag of £524 for control unit only with much the same specifications as the Aquatek multi zone detections which comes in at only £377 with a built in audibly alarm. 

With these in mind out of the 3 choices above the Aquatek 4 multi zone water leak detection would be the better choice for a home detection system, as it can detect leaks in 4 zones that will cover the whole house. As its sensor based it can detect leaks that aren’t in the central heating and water system such as air conditioning units, fridges and freezers.      








































[bookmark: _Toc480824054]4.1.5 Sensors and accessories for active systems

For some of these systems that are sensor based they require the addition of sensors in order for the control panel to work, this section will look at these sensors and accessories. 

4.1.5.1 Sensor cables

These cables are used to detect water leaks over the whole length of the cable, available in lengths ranging from 1 – 100 meters. These sensors have two sensing wires (black), a continuity wire (red) and the signal wire (yellow). The sensing cables are electrically kept apart by a fibre material until water comes in contact with it, then the 2 sensing cables will short out causing a signal to pass down the signal wire setting off the alarm. This can be seen in figures 19 & 20.  
[image: ]
[bookmark: _Toc480824118]Figure 20 Sensor cable for active leak detection systems

[image: ]
[bookmark: _Toc480824119]Figure 21 Make-up of a water sensing cable
[image: Figure 6]
[bookmark: _Toc480824120]Figure 22 shows the circuits when a leak is detected and normal state

According to aquiler.co.uk ‘..supplied with an absorptive synthetic fibre braid designed to wick water along the cable even when the water leak is dripping from a single small pin hole or crack. The fibre is selected to be rapid drying so that once the leak is located and repaired, the cable will quickly dry and be ready for re-use.’[7]






























4.1.5.2 Adjustable detection sensors
These sensors come in two different styles the normal style as seen in figure 21 or the protected style as seen in figure 22. These sensors are height adjustable from the floor between 0 – 25 mm, when water come in contact with the two sensing probes it will complete the circuit and send the signal back to the control panel to set off the alarm and shut off the supply (If fitted to system). These probes are normally used when a sensing cable cannot be and where water is expected to be present but the amount need to be monitored , this is backed up by vimpex.co.uk ‘Solid floors cannot have cable on the surface, so probes are often installed next to a risk such as a radiator, pipe work or air conditioning unit. Height adjustable, the probes can be used in areas where some water presence is expected but where an alarm is required should the level become critical.’[8]
[image: ]
[bookmark: _Toc480824121]Figure 23 Adjustable sensor probe for active leak detection
[image: ]
[bookmark: _Toc480824122]Figure 24 protected adjustable sensor probe for active leak detection

4.1.5.3 Minipad water detection sensor

Theses minipad sensors are most commonly used in hard to reach areas these are ideal for being placed underneath drip trays in shower rooms or air conditioning units.  
[image: ]
[bookmark: _Toc480824123]Figure 25 Minipad sensor for use in active leak detection


4.1.5.4 Wall mounted sensor for active detection
[image: ]
[bookmark: _Toc480824124]Figure 26 Wall mounted sensor probe for active leak detection






[bookmark: _Toc480824055]4.2 Passive systems

This next section will cover what passive systems are currently on the market, these systems are cheaper than the active systems and are easy to install most are plug and play devices. After these chosen systems have been selected a comparison table will then compare each product to decide which one is most suitable.  

[bookmark: _Toc480824056]4.2.1 Tech affect water leak alarm

This tech affect water leak alarm consists of an alarm panel and sensor that is placed where there is a high chance of water leaks. A resistive sensor will be in an open circuit until contact with water this will then sound the 130db alarm.   
[image: ]
[bookmark: _Toc480824125]Figure 27 Tech affect passive water leak alarm

[image: ]
[bookmark: _Toc480824126]Figure 28 description of unit


























[bookmark: _Toc480824057]4.2.2 Faithful water leak alarm

The faithful water leak alarm is a stand-alone unit that had no cables as the sensor is built in to the module, these units are best placed at high risk areas around the home. Once the unit is triggered an 80db alarm will sound to warm the user of a leak.
[image: ]
[bookmark: _Toc480824127]Figure 29 Faithful water leak alarm
[image: ]
[bookmark: _Toc480824128]Figure 30 Technical information of faithful alarm

[bookmark: _Toc480824058]4.2.3 Ultra Secure stand-alone alarm

This Ultra secure stand-alone alarm comes with a 1.5 meter cable so the sensor can be placed in hard to reach areas, it is both shock and splash resistance. The unit can be mounted on walls with minimal fuss as it comes with a suction cup or double sided tape.
[image: ]
[bookmark: _Toc480824129]Figure 31 Ultra-secure stand-alone alarm

[image: ]
[bookmark: _Toc480824130]Figure 32 shows technical information of the ultra-secure stand-alone alarm
[bookmark: _Toc480824059]4.2.4 Comparison table of passive alarms 

[image: ]
[bookmark: _Toc480815072]Table 4 Comparison table of passive alarms systems on the market
After comparing all 3 devices the one that stands out above the rest is the Ultra secure stand-alone alarm, the reasons behind this is that this unit is shock and splash resistance. The other two units there is either no data to show that they have this feature. Also this unit has a low battery alarm that will sound when the batteries get low, this is a good feature to have. 
The other two units are very reasonably priced at half the price of the ultra-secure. 










[bookmark: _Toc480824060]4.3 Underground water detection

In this section it’s going to look at what types of underground leak detectors there are available to buy, a comparison table will then be drawn up and discussed what the best option available to customers is. 

[bookmark: _Toc480824061]4.3.1 Amprobe ULD-300 Ultrasonic Leak Detector

Some leaks operate at frequencies that the human ear cannot digest, this has led to ultrasonic being used for leak detection. The Amprobe ULD-300 uses ultrasonic technology to detect leaks in sub surface pipes or systems including gases and steam.  UE systerms state ‘During a leak, a fluid (liquid or gas) moves from a high pressure to a low pressure. As it passes through the leak site, a turbulent flow is generated. This turbulence has strong ultrasonic components which are heard through headphones and seen as intensity increments or decibels on the instrument’s display panel. It can be generally noted that the larger the leak, the greater the ultrasound level.’[9]

[image: ]
[bookmark: _Toc480824131]Figure 33 Amprobe ULD-300 ultrasonic leak detector
[image: ]
[bookmark: _Toc480824132]Figure 34 Description of amprobe leak detector


[bookmark: _Toc480824062]4.3.2 Sewerin aqua test 10

The Sewerin aqua tester uses piezoelectric technology to detect subsurface leaks, this kit comes with extension poles in order to lower down to underground pipes. 

[image: ]
[bookmark: _Toc480824133]Figure 35 Sewerin aqua test 10 underground leak detection








[bookmark: _Toc480824063]4.3.3 Metrotech HL 5000 professional water leak locator 

The Metrotech HL 5000 uses piezoelectric microphone combined with digital signalling processing technology to pin point the sound of the leak even in noisy environments. It has a large display to make results easier to read and comes with noise cancelling aviation headphones.  


[image: ]
[bookmark: _Toc480824134]Figure 36 metrotech HL 5000 professional water leak locator













[bookmark: _Toc480824064]4.3.4 Comparison table for underground water leak detection

[image: ]
[bookmark: _Toc480815073]Table 5 Comparison table for underground water leak detection systems
After comparing the leak detectors in table 5 the three devices all have long battery life which makes them ideal for working professionals, with the Sewerin being equipped with rechargeable batteries this will save on battery cost at a later date.

The Amprobe ULD-300 has the widest frequency range with a spectrum range of 35Khz – 45Khz. This is way outside the human spectrum range, with the Metrotech HL 5000 having a range of 0 – 4Khz. The Metrotech HL 5000 has a frequency range that a human ear can hear but because of the depth and surface construction above the buried pipe this will make it difficult to hear without these kits. 
Simon heather of the science of hearing states that ‘The human hearing range is between 20 to 20,000 Hz. There is considerable variation in the hearing range between individuals. Most young people can hear up to 18,000 Hz. Our ability to hear high frequencies declines with age. By the age of 55 some men can't hear above 5,000 Hz and some women can’t hear above 12,000 Hz. Women tend to have better hearing than men at high frequencies.’[10]
The Sewerin and the Metrotech both have LCD displays that show battery life and also the results that are found from the detection. The Amprobe only has a low battery indicator. The price will be a big decider for these units, if this were a purchase for a company that deals with leak detection then the Sewerin would seem a reasonable choice with the rechargeable battery and around £900 cheaper that the Metrotech. 

























[bookmark: _Toc480824065]Research methodology

In order to enable free flowing research a strategy was devise by Mark N K Saunders this was known as the research onion shown in figure 37
[image: ]
[bookmark: _Toc480824135]Figure 37 Research onion diagram
It can be seen in figure 37 that there are many layers to the onion as there is in researching for projects and reports, this means there is a need for methodical process in order to give the users a more economical process. Saunders and Tosey say ‘unlike outer layers of an onion, which are simply discarded as unnecessary, explicit consideration of these elements is crucial to the development of an appropriate and coherent research design which can be both justified and explained.’[11]    
Each layer of the onion has a name which are outlined below;
· Research philosophy (outer layer)
· Research approaches (1st layer)
· Research strategies (2nd layer)
· Time horizons (3rd layer)
· Data collection methods (Core)
All these headings have two or more different sections dependant on the layer. This section is going to look at each layer and which route was taken to get the research needed for this report. 





























1.7 [bookmark: _Toc480824066]Research philosophy

This is the outer layer of the onion and the starting point of the research strategy this has at least 3 different styles of philosophy as shown in figure 37 these philosophies can be utilised to suite different people doing different reports. 

[bookmark: _Toc480824067]5.1.1 Positivism

This style of research likes to uses factual knowledge gathered through observation of data collection. Dudovskiy report states that ‘As a philosophy, positivism adheres to the view that only “factual” knowledge gained through observation (the senses), including measurement, is trustworthy. In positivism studies the role of the researcher is limited to data collection and interpretation through objective approach and the research findings are usually observable and quantifiable.’[12] 
Positivism is a useful tool for scientific research as the researcher should be independent from the topic he or she is researching this is what’s known as the “scientific method”. There are a few shortcomings with positivism research philosophy, this type of research relies on the experience of the researcher as a source of knowledge. This means that if the user doesn’t understand and know about the topic then they are at a heavy disadvantage. 


[bookmark: _Toc480824068]5.1.2 Realism

Realism research can come under two distinctive subcategories these are what’s known as ‘direct’ and ‘critical’. Realism research is again another form of scientific research, this can be backed up by Saunders ‘Realism is another epistemological position which relates to scientific enquiry. The essence of realism is that what the senses show us as reality is the truth: that objects have an existence independent of the human mind.’[13p.6] He also goes on to state ‘The theory of realism is that there is a reality quite independent of the mind. In this sense, realism is opposed to idealism, the theory that only the mind and its contents exist.’[13p.6]

5.1.2.1 Direct realism
Direct realism is the first form of the realism philosophy ideology this form is based on the ‘What you see is what you get’ meaning it relies on the human senses to portray the world properly. This still has its draw backs as human senses can be manipulated for example the use of optical illusions don’t portray certain things properly.
[image: Realism Research Philosophy]
[bookmark: _Toc480824136]Figure 38 an optical illusion photo credited to Edward H. Adelson (1995)
 It can been seen from figure 38 that square A & B seem to be different colours this is what the direct realism tells people by using their sense. Actually this is an optical illusion and that both A & B are the same colour. This is where critical realism comes in. 
5.1.2.2 Critical realism

This is the other form of realism research and this ideology states that what a human perceives as fact of the world is actually just a sensation brought on by human senses. Novikov states that ‘According to critical realism, sensations and images of the real world can be deceptive and they usually do not portray the real world’ [14]. 
Critical realism is a more multi-layered approach to research so the first stage would be what the human senses pick up and what is perceived straight away. The second stage will be to take a step back and make sure that what has happened is fully evaluated and that the person haven’t been deceived by their senses.   

[bookmark: _Toc480824069]5.1.3 Interpretivism

The ideology behind Interpretivism is to study the difference in roles of people rather than objects as Saunders states ‘Interpretivism is an epistemology that advocates that it is necessary for the researcher to understand differences between humans in our role as social actors. This emphasises the difference between conducting research among people rather than objects such as trucks and computers’ [13 p.8]
























1.8 [bookmark: _Toc480824070]Research Approaches

This is the 1st layer of the research onion. There are two way in which a researcher can approach the way they would carry out their research these are inductive and deductive.

[bookmark: _Toc480824071]5.2.1 Inductive research approach

An inductive approach to research is where a hypothesis is not produced beforehand, the hypothesis is only formulated once certain steps and criteria have been met. The way in which and inductive approach has been carried out can be seen in figure 39. This type of approach starts with specific topic and then ends up looking at the broader subject. Trochim states that ‘In inductive reasoning, we begin with specific observations and measures, begin to detect patterns and regularities, formulate some tentative hypotheses that we can explore, and finally end up developing some general conclusions or theories. [15]
[image: Research approach]
[bookmark: _Toc480824137]Figure 39 inductive approach route

[bookmark: _Toc480824072]5.2.2 Deductive research approach

This type of approach works in the similar way to inductive approach. This approach works from having a broad subject then narrowing it down to a specific hypotheses, it can be seen from figure 40 as to how this works in the reveres of inductive research.
This starts off with a theory for example ‘The use of electronic sensors to detect water leak in a domestic environment’ then testing and observation get carried out until it’s able to confirm or reject the idea. Trochim also states ‘We might begin with thinking up a theory about our topic of interest. We then narrow that down into more specific hypotheses that we can test. We narrow down even further when we collect observations to address the hypotheses.’[15] 
[image: Research approach]
[bookmark: _Toc480824138]Figure 40 Deductive approach route


















1.9 [bookmark: _Toc480824073]Research strategies

This is the 2nd layer of the onion and also the part with the most sub sections this section is the part where data is collected by various means, when we researching most people will normally apply more than one of these methods.

[bookmark: _Toc480824074]5.3.1 Experiment 

This strategic method is a scientific strategy that will use certain experiments in order to get data on a specific topic. Experimental strategy goal is to establish a link between two variables, they require carefully controlled environment to be conducted in as certain variables will need to be changed.

[bookmark: _Toc480824075]5.3.2 Survey 

As this name suggest it correlates data gathered by companies or individuals for a vast range of studies, a population census is one kind of survey where by the government or local councils find out the true population of a city or country. A survey will ask consumers direct questions relating to a specific topic, these are normally carried out by companies when they are looking at releasing new products in order to see if they will sell and what a certain audience are looking for. 

[bookmark: _Toc480824076]5.3.3 Case study 

Case studies are a good research document this is because they are real life situations that has happened in the past, examples of this would be a lawyer taking on a certain case, can look through case files of what has happened in the past by doing this the lawyer can help win their case. From an engineering point of view, case files could be found on the topic of this project, maybe not the exact topic but there are documentation and studies out there relating to using electronic sensors for water leaks. 


[bookmark: _Toc480824077]5.3.4 Grounded theory 

Ground theory is an inductive methodology, it has a systematic approach to research and follows set of rigours procedures in a sequential order. The 5 stages are as followed.
· Preparation
· Data collection
· Analysis
· Memoing
· Sorting & theoretical outlines
 
[bookmark: _Toc480824078]5.3.5 Ethnography

Ethnography is a similar strategy to surveys but this type of strategy will require the researcher to visit people at their homes or work and by doing this they can gain a better insight to people’s needs than by using a questioner. 

[bookmark: _Toc480824079]5.3.6 Action research 

This strategy is research that is initiated to problem solving either an intermediate problem or it is a reflective process of problem solving. This requires the researcher will systematically studies the problem and then make informed considerations of the problem. A study by O’brien states “Several attributes separate action research from other types of research.  Primary is its focus on turning the people involved into researchers, too - people learn best, and more willingly apply what they have learned, when they do it themselves.  It also has a social dimension - the research takes place in real-world situations, and aims to solve real problems.”[16] He also goes on to say “Finally, the initiating researcher, unlike in other disciplines, makes no attempt to remain objective, but openly acknowledges their bias to the other participants.”[16] 
[image: https://upload.wikimedia.org/wikipedia/commons/9/97/SystemsModelofActionResearchProcess.png]
[bookmark: _Toc480824139]Figure 41 shows the principals of action research
   




















1.10 Time horizon
This part of the onion is independent from the rest of the methodology that will be used. There are two type of time horizons that are used, these will be discussed in this section.

1.10.1 Cross-sectional
When this type of time horizon is selected then it allows the researcher to gather data in a short period of time in order to analyse and interpreted the data, this is because the researcher has a limited time frame. 

1.10.2 Longitudinal
This style is where the researcher will study the subject over a longer period of time and take observations over this time frame. This kind of study would be suited to conservationist where they will study animals or plant life over a period of time. 

This report has followed the research onion when carrying out the background research the parts of the onion this report has followed will be outlined below, this report will use more than one of the same layer of the onion;
· Outer layer – Positivism and realism (critical more than direct)
· 1st Layer – Deductive research approach as this report has a theory and will find out if it will work or not
· 2nd Layer – Experiments & grounded theory. This report had experiment to carry out as part of the research, and also had a solid structure to follow.
· 3rd layer – Cross-sectional this was used as there is a time frame with this report to get a prototype to be built and running.

   






[bookmark: _Toc480824080]Design and Implementation

This section of the report will look at all the design of the system and the implementation of the design, so throughout this section it will detail;
· Sensors that will be used
· How the microcontroller will be selected
· The design of the circuit using computer programs
· All the coding that was written for the microcontroller 
· The housing the system will be in


1.11 [bookmark: _Toc480824081]Sensors

For this design there will be 5 sensors that will be in use at the same time, these sensors will represent different zones of a domestic environment. 
For example;
· Zone 1 = shower tray
· Zone 2 = Boiler 
· Zone 3 = Living room radiator
· Zone 4 = Refrigerator
· Zone 5 = Under water pipe in the floor boards
These could be used elsewhere in the home but have been chosen as they are either the areas where most leaks occur or they are hard to reach areas. 
The sensors that are to be used for this prototype will have to be cost effective and portable. 








[bookmark: _Toc480824082]6.1.1 Rain Sensor Rainwater Module Rain Detection Module 3.3V-5V

This is a resistive sensor which will detect the presence of water when it shorts out the printed leads. Its resistive range is 100kΩ when there is water present and 2MΩ when it is dry. 
Pins:
A0.......... Analog output
D0......... Digital output
GND..... Ground
VCC...... Positive voltage (input: 5v for analogue 3.3v for Digital.)
Voltage: 
Operating voltage; Analogue 5v
                               Digital 3.3v
Output voltage; Analogue 0v – 5v
                          Digital 3.3v
Loop Pins:
+ .......... Sensor board hook up A
- .......... Sensor board hook-up B
Dimensions:
5.5 cm x 4.0 cm x 0.8 cm
Weight:
8 g
Price: 
£3.54
[image: ]
[bookmark: _Toc480824140]Figure 42 Rain sensor module

[image: ]
[bookmark: _Toc480824141]Figure 43 credited to Reichenstein7 from instructables. This figure shows both the rain sensor and the controller for it. The pot is there to adjust the sensitivity of the sensor depending on how sensitive a sensor is required.
[bookmark: _Toc480824083]6.1.2 Capacitive Analogue Soil Moisture Sensor

As this name states this is a capacitive sensor that only has an analogue output. 
[image: ]
[bookmark: _Toc480824142]Figure 44 Capacitive moisture sensor
Pins:
A0.......... Analog output
GND..... Ground
VCC...... Positive voltage 
Voltage:
Operating voltage; 3.3 – 5.5vdc
Output voltage; 0 – 3.3vdc
Interface; PH2.0-3P
Dimensions:
12 cm x 8 cm x 0.2 cm
Weight:
9 g
Price: 
£16.87
[bookmark: _Toc480824084]6.1.3 XCSOURCE 5pcs Soil Moisture Sensor

This sensor is a moisture sensor similar to the capacitive one previous, but this senor is resistive. It has both analogue and digital output. This product comes as a pack of 5. 
Pins:
A0.......... Analog output
D0......... Digital output
GND..... Ground
VCC...... Positive voltage 
Voltage:
Operating voltage; 5Vdv
Output voltage; Analogue 0v – 5vdc
                          Digital 5Vdc
Loop Pins:
+ .......... Sensor board hook up A
- .......... Sensor board hook-up B
Dimensions:
12 cm x 5 cm x 0.4 cm
Weight:
8 g
Price: 
£4.99 for pack of 5

[image: ]
[bookmark: _Toc480824143]Figure 45 the XCsource soil moisture sensor















[bookmark: _Toc480824085]6.1.4 APC UPS Leak Rope Sensor

This is a resistive sensor that can detect leaks over the whole length on the cable. It has two wires that are separated by a water sensitive material. When it comes into contact with water it crates the circuit needed to make the circuit. 
[image: ]
[bookmark: _Toc480824144]Figure 46 APC UPS leak rope sensor













[bookmark: _Toc480824086]6.1.5 Selecting the sensors

[image: ]
[bookmark: _Toc480815074]Table 6 Sensors comparison table
It can be seen from table 6 that the best sensors to be used for this prototype will be the sensors in column 2 and 4 the reason for this selection is that they both have analogue and digital outputs which makes them versatile when selecting a microcontroller. The sensor in column 4 is not feasible to be used for this type of project as it requires a specific module in order for it to work, also it is very expensive at £224.71.

Another reasoning behind the section for the sensors is the price at a total of £8.53 there will be 6 sensors available this means that there will be spares just in case any sensor should get damaged during testing.









1.12 [bookmark: _Toc480824087]Other components

There are other non-general components that will need to be considered before a microcontroller can be selected. The panel will need a LCD display in order for the user to find out what zone the leak has been detected. As the display will only need to display ‘System active’ or ‘zone # fault’ a 16 x 2 screen will be sufficient. 

An audible warning will be needed to alert the user of an alarm for this a 5v buzzer will be required, the final component that will be needed is a magnetically latching valve this will work via a 5v supply with a mosfet transistor in the circuit this is to stop the current that will be drawn blowing the microcontroller.  

[bookmark: _Toc480824088]6.3 Selecting the microcontroller

This section is going to look at the selection of microcontrollers that will be suitable for this prototype. In order to select an appropriate controller, the designer must look at certain parameters to make an informed decision. 
Firstly the designer will look at what inputs and outputs are required this will the help decide how many pins the microcontroller will require and also how many of these, if any need to be analogue. 

Inputs:
5x Water sensors (using digital inputs) = 5 pins

Outputs:
Power on LED = 1 pin
LCD display = 7 pins
Buzzer = 1 pin
5x Warning LED = 5pins
Shut off valve = 1pin

RS232:
Transmitter = 1pin
Receiver = 1pin 

Total = 22pins.

Other factors to look at when selecting a microcontroller are;
· RAM
· Internal oscillator speed
· Memory size
· Operating voltage
· Special facilities (USB, SPI, I2C or UART)

As this design will be without the piezoelectric microphone until further investigation is carried out this will require just digital inputs, but if in the future it is up and running the pic selection will accommodate for this. 
 The RAM needed will be 128 bytes as this will be sufficient enough to get an accurate sample from the piezoelectric microphone. There is no need for USB, SPI or I2C so will not need to find a chip with these capabilities.

The microcontroller would need to operate at 5v as this will only require a 5v regulator to supply power to the chip.

[image: ]
[bookmark: _Toc480815075]Table 7 Show possible microcontroller selection
In table 7 it shows the 3 possible microcontrollers that are suitable for this design. A full sized table can be found in appendix 2. The selection for this design was as follows:
· Pins = 28
· RAM = 128 bytes
· Internal oscillator = 16Mhz, 8Mhz & 32Khz
· Memory size = 3.5 Kbytes
· Operating voltage = 5.5v

After comparing the microcontrollers in table 7 the one that will be selected will be the PIC16F882, as the majority parameters are the same for all 3 chips. This one was selected as it has a higher A/D sample rate of 10 bits.
Another factor is that the design doesn’t require more than 8Mhz internal oscillator. 








1. [bookmark: _Toc480824089]Costing

[image: ]
[bookmark: _Toc480815076]Table 8 costing table for parts bought for this prototype, some items had to be bulk bought thus increasing the cost



[bookmark: _Toc480824090]6.5 Design stage

This section of the report will look at how the prototype was designed. This will cover all drawings related to the design such as flow charts and block diagrams that can be seen in figures 46 & 47 respectively. It will also cover the computer based design that was created using proteus software. 

[bookmark: _Toc480824145]Figure 47 flow chart to show what the prototype will do
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[bookmark: _Toc480824146]Figure 48 Block diagram of project















[bookmark: _Toc480824091]6.4.1 Proteus software design

In this section the circuit design that were produced by using the proteus software. Figure 49 shows the completed circuit design, each sensor is symbolised by a switch.
[image: D:\major project\final design.png]
[bookmark: _Toc480824147]Figure 49 Final circuit design shows all sensors and where each input/output will be connected on the microcontroller
In figure 50 this is a close up of the sensor circuit, these have a clamping circuit on them to fix the DC voltage levels this will protect the microcontroller from voltage spikes. These circuits then were replicated 5 times for each sensor that is in use.
[image: D:\major project\sensors.JPG]
[bookmark: _Toc480824148]Figure 50 show the circuit diagram for the sensors

In figure 51 shows the LCD display connections to the microcontroller, the pin in D4 – D7 of the LCD display are for the data, pin E is the enable pin it tells the LCD when data is ready for reading. The RS pin allows the PIC to tell the LCD weather to display the data. So this pin can distinguish between the command or character display. Pin RW is if the microcontroller will write to the LCD or read from it. 
The other pins that need to be connected is for the power and contrast, VSS and VDD are for ground and supply. VEE will be connected to a 10KΩ potentiometer this is to enable to adjust the contrast of the display.
[image: D:\major project\lcd.JPG]
[bookmark: _Toc480824149]Figure 51 shows the connections for the LCD display and the power and contrast connections
Figure 52 shows the circuits for the LED alarm warnings this is a simple circuit that requires the resistors to limit the current to the LED. 
In figure 53 this shows the 5 volt regulator this is needed to limit the 9v supply to a 5v supply as the sensors, buzzer, PIC and valve require a 5 volt supply. It has a switch before the regulator to turn it on and off, the two capacitors are used to reduce the noise of the circuit.  
[image: D:\major project\alarms.JPG]
[bookmark: _Toc480824150]Figure 52 shows the alarm LED and the buzzer circuits
[image: D:\major project\v reg.JPG]
[bookmark: _Toc480824151]Figure 53 Voltage regulator circuit




[bookmark: _Toc480824092]6.4.2 CCS coding for microchip

In this section it’s going to look at the C coding for the microcontroller. In figure 54 this shows the coding for the initializing of the flag commands and LCD display. A flag command is used to make sure that there is something at that location. 
As it can be seen the ‘printf’ command will allow for messages to be displayed on the LCD display or to the virtual terminal. 
The main coding command is the ‘while (true)’ this command and the bracket that comes after it is the main program loop. 
[image: D:\major project\start.JPG]
[bookmark: _Toc480824152]Figure 54 the initial commands to set up the LCD selecting which pins on the PIC control the display. This also has the main command and loop which is the while (true)
As this prototype has five sensor, only coding for 1 has been included this is due to the fact that it will repeat itself. Figure 55 is a screenshot of the coding needed to program the sensors. The ‘bit_set’ command will set the bit this will then allow for the LCD to display the command it’s been given and allow the LED to come on to show that an alarm has been triggered. 
The ‘bit_clear’ command this will the reset the bit to show that the system is all clear.
[image: D:\major project\coding zones.JPG]
[bookmark: _Toc480824153]Figure 55 this is the coding for the sensors
The final section of coding is to allow the buzzer to sound when an alarm is active, it also shuts off the valve and will clear the display. The ‘gotoxy’ command will clear the display and tells where to start the printing so ‘lcd_gotoxy(1,1) this will print at top left corner of the screen.
[image: D:\major project\buzzer and valve.JPG]
[bookmark: _Toc480824154]Figure 56 shows the coding for the buzzer and stop valve



1. [bookmark: _Toc480824093]Testing

Once the coding has been completed initial testing can be carried out in order to see if the coding works, before putting the coding on to the microchip for real time testing. Figure 57 show the circuit running, with the power on LED light up and ‘All clear’ this will show that the coding for this section is working as expected.
[image: D:\major project\shows all clear.JPG]
[bookmark: _Toc480824155]Figure 57 shows the real time running of the coding on the proteus software, with the system all clear
In figure 58 once the switch that represents the water sensor is activated, then it can be seen that the red LED for zone one is light up to say that there is a leak in that zone. Another thing that can be seen is that the blue LED that is representing the shut off valve. 
The buzzer can be seen that there is an output on the pin this makes an audible warning. Zone 1 alarm will then be displayed on the screen. 
Figures 59 and 60 are showing that the coding works for the system, for two of the other sensors.
[image: D:\major project\shows that it works sensor 1.JPG]
[bookmark: _Toc480824156]Figure 58 shows the real time running of the coding in the proteus software with zone 1 active
[image: D:\major project\shows sensor 2 works.JPG]
[bookmark: _Toc480824157]Figure 59 shows the real time running of the coding in the proteus software with zone 2 active
[image: D:\major project\shows sensor 4 works.JPG]
[bookmark: _Toc480824158]Figure 60 shows the real time running of the coding in the proteus software with zone 4 active
After this testing had been carried out, the program was put on to the microcontroller. 
During real time testing the prototype encountered a few problems, firstly after the power was given to the prototype it can be seen from figure 61 that all but one fault LED are active when sensors are not wet. Once the sensors were wet indicating a leak the LED would deactivate.
During this part of the testing as well it was noticed that the buzzer would not sound, this could have been down to a faulty buzzer but upon testing the buzzer to the supply it would sound, this indicates that the buzzer is working fine, also if the LED 5 and LED 4 pins from the microcontroller is swapped around then the fault is moved along the line, this is true for all the warning LED’s. 

This is looking like there might be a fault with the microcontroller itself or there is a wiring fault somewhere in the circuit. This means that at the time of writing the prototype is not fully functional and further fault finding is required in order to rectify this fault. 
[image: C:\Users\ian\Documents\New folder (2)\Degree\Major p\unnamed.jpg]
[bookmark: _Toc480824159]Figure 61 shows the prototype straight after power is supplied to it.


[bookmark: _Toc480824094]Conclusion 

This section will look at how this report has fared overall, each section will be looked at and scrutinised. The planning stage of this project didn’t go too well and because of this it had knock on affect with the rest of this project, obviously this has meant that the time frame that was given even the adjusted one was missed. This means more conscious effort will have to be put in to keeping the time frame in check.

The next stage of this report is the market research section this section went well, it looked at all types of water leak detection systems, what kind of sensors were on the market. This allowed the researcher to learn how these system works and gain a better insight to these systems. Also during this section it was where the researcher could put the researching skills that are mentioned in section 5 of the assignment, this was a great way to learn about these methods which will help in future works.

Also in this section was where some primary research was carried out, this was looking at if using a piezoelectric transducer can be used to detect water leaks in a domestic environment. Even though it was found to work in some respects it couldn’t detect small leaks from the testing point that had been selected. This mean that the testing was inconclusive, this means that further research and design can be carried out in order to make the technology work.

The design and implementation stage of this assignment has proved the system works in theory with the Proteus and coding working on the computer this was a great boost, the downside to this section is that putting the design in to real life prototype and testing proved that there is something wrong with the circuit and will need to be rectified later on. 

Overall this project has been successful for the fact that it’s proved that electronic devices can detect water leaks in a system it just depends how much of a leak is present. This is what was originally set out to find.

  
[bookmark: _Toc480824095]Future works

In order to improve on this design at a later date it is possible to look into other electronic devices to detect water leaks, such as using a halls effect sensor to detect leaks. Also designing both a capacitive and resistive sensors that not only detect leaks but how much of a leak is present, this will mean that any new technology found could be patented and then able to produce a product for the target audience, this will require greater research into the technology that is already out there and also to how these sensor will react with the different types of water that is in the United Kingdom.
While there is an obvious fault with the system at the time of writing this is going to be kept working on until this fault has been rectified, another thing that will need working on for this prototype would be to design a protection circuit for the system this is there to protect the components. 
Housing of the PCB this will need to be looked at if this were to go into mass production and will need to be robust enough to withstand the domestic life with children and animals present, be sleek and stylish enough for modern day homes and be able to have an IP 67 rating.
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Sensors


Input in to PIC


Microcontroller 


Processes input data


Output dependant of input values


This will either light and LED, sound a buzzer, operate a valve. or nothing
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Technical Information

Home Valve Controller
Size 85 x 85 x 42mm
Power 12VDC
Back-up Battery Yes
Alarm Output 3 Amp
Home Remote Display Controller
Size 85 x 85 x 31mm
d Power 1.5Volt Alkaline (2 x AAA)
P Expected Battery life 10 years
Alarm Output N/A
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Flow Sensor - Technical Information

MATERIAL MECHANICAL SPECIFICATIONS

Housing Material Noryl Shock 50g for 11mS duration
Shuttle Material Noryl Vibration 35g up to 500Hz
Contact Material Ruthenium Maximum Pressure 10 bar @ 20
Operating Temperature -30 to 85 degrees C P P65

Medium Water Horizontal flow rate /min 224

Housing Colour 22mm Blue Vertical (flow up) flow rate l/min 2.50

Housing Colour 35mm Black Vertical (flow down) flow rate Umin  1.79

SWITCHING CABLE AND MOUNTING

Switch Action (Reed Switch) SPST Cable Length 1 x 1.0M double insulated
Max Switch Voltage VDC 200 Connection Type Stripped cables

Max Switch Voltage VAC 250 Cable Type 0.5MM2 BS6500 PVC

Max Switching Current Amps 1 Cable Colour Grey outer blue/brown inner
Max Switching Load Watt 40 Fitting %" or 1 %" BSP thread
Operate Mode N/O, close with flow Fitment In line

Contact Form A Mounting Vertical, flow downwards





image20.PNG
Folyamiae vaive — | echnnical information

Classification Hydraulic Connections

Type Single Inlet BSP Female Thread
Geometry 180 C Outlet BSP Female Thread
‘Working Specifications Physical Specifications

‘Working Pressure 0.5/ 10 bar Valve Body Polyamide 30% fibre glass
Room Temperature 0/60C Diaphragm and Gaskets NBR (buna)

Fluid Temperature 60C Core Stainless Steel

Duty Cycle ED 100% Spring Stainless Steel

Flow Direction Unidirectional Assembly With screws for inspection
Nominal Diameter DN 15mm Coil Watertight — C.E.I IP 55
Control NC, NO, Latching

Installation

In all positions, manual override by solenoid coils rotation

Electrical Connections

Electric Connect 1

Male Faston 6.3 x 0.8 mm — IP X0

Electric Connect 2

Unipolar Cables max 300 mm — IP 55

Electric Connect 3

Bipolar Cables max 5000 mm — IP 55
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FloodStoppa Sensor-based Single-zone Water Leak Detector

Water Lesk Detaction &
Vatve Sautet System

Automatic Leak Detection and Water Shut-off

The FloodStoppa system combines intuitive sensing techniques with
onward alarm outputs. On detecting the presence of water the
FloodStoppa will immediately switch off the source via a solenoid
valve. In doing so, this greatly mitigates the expense of damage
caused by flooding.

@ Immediate reaction to the presence of water

® Can be connected to sensor cables, probes or pads

® Capable of fitting to pipework between ” and 1%” diameter

This self-contained leak detection system is ideal for areas where the risk
of a water leak will have large consequences. For example, in a
commercial environment where a tea point is situated above a server
foom or in a domestic property, where a water heater might be situated
above a living room. Either individual areas can be monitored using
sensors or sensor-pads or lengths of pipework can be monitored using
sensor cable.

® Typical applications include air-conditioning units, dishwashers,
washing machines, bathrooms, water tanks in attics and basements.

When the FloodStoppa detects the presence of water it will go into alarm
and a warning LED illuminates. Simultaneously the valve (if fitted) will
close and the water supply stopped. Following investigation and repair of
the water leak, the system is simply restored by pressing a reset button

Distance:

Dimensions: 127x75x45mm
Power Supply: 240VAC
Power Usage: 50mA
Maximum Sensing Jom

Valve Range:

Y&"and 1%
diameter

Valve Supply

240VAC
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AquaTek 4 Sensor-based Multi-zone Water Leak Detection Alarm

Entry level multi-zone leak detection alarm.

The Aquateka is an entry level water leak detection system offering
four separate detection zones. Typically designed for domestic or
smaller commercial applications, it offers an audio alarm as well as
individual LED indicators to show which zone is in alarm.

® Compact 4 zone water leak detection system
® Can be connected to sensor cables, probes and pads

® Avolt free relay output allows onward connection to other
systems such as a BMS

On detecting the presence of water the Aquatek4 will go into an alarm —
cificati
status. A sounder will alert and the LED for which zone is activated will

illuminate. The sounder can be muted and the individual zone Dimensions 120x122x60 mm
investigated. Optional individual zone relays are available, that when P—— P~
combined with Aqualeaks solenoid valves can shut the water supply off ower Supply
automatically. Distances of up to 30 metres from the panel can be Power Usage: 50mA
monitored Audibility: 85db at 10cm
Typical applications include multiple tea points, small and medium sized IP Rating: 65
server rooms and/or combined UPS storage areas, hidden pipework and Relay Rating 230VAC 8 amp
water storage tanks.

Max Sensing Distance: | 30m
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Active system | \yaterguard home Aqualeak detection Aquatek 4 multi
system LTD Floodstoppa zone water leak
sensor based water detection
leak detection
Power 12V 240V 230V
Audibility N/A Dependant on beacon 85bd at 10cm
used
IP rating P65 — Flow sensor IP 65 P65
IP55 — polyamide valve
Controllers — N/A
Sensing N/A 30m 30m
distance
Power usage | N/A 50mA 50mA
Power N/A 123mA 123mA
consumption
Price £173.70 £524 £377
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Sensor Cable (SC)

Sensor cable is used where it would be an advantage to monitor for water
leaks over an area or under a run of pipes. Sensor cables monitor for
water along their full length and can be run in lengths between 1 and 100
metres. The cable is constructed from a twisted insulated cable that acts
as a carrier for a pair of single strand marine grand stainless steel
conductors, connectors are DIN type locking. When water bridges across
the conductors this will trigger the alarm.

Sensor cable can also be supplied in a braided variant of the
standard product; ideal for environments that require the sensor
cable to be installed against a metallic surface.
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Adjustable Sensor Probe (FS4/S)

The adjustable sensor probe is used where the water from a leak may be
present only in a certain area, such as in drip trays, bunds, drains, and
gutters. The height of the sensor from the floor is fully adjustable between
0:and 25mm and can be floor or wall mounted. It is possible to connect
several sensors in parallel to offer multiple point leak detection on a single
zone alarm panel or multiple sensors connected individually to a multizone
system. The sensors are connected using a leader cable.
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Protected Adjustable Sensor Probe (FS4/SB)

The protected adjustable sensor probe has a robust protective housing
where the position of the sensor would make it vulnerable to damage.
Available as a floor or wall mount, the protective housing is also the
junction box in which the connection cables are terminated. The height of
the sensor from the floor is fully adjustable between 0 and 25mm and it is
possible to connect more than one sensor together in parallel to monitor a
number of different location.
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Minipad Sensor (MPP)

The minipad sensor uses a small printed conductor area to detect the
presence of water. These sensors are ideal for small air-conditioning units,
air conditioning drip trays, ceiling voids and areas with restricted access.
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Wall Mounted Sensor Probe (VRM)

The wall mounted sensor probe can be used in areas where it would be
difficult to fit anything to the floor. They can be daisy-chained together to
offer protection around the periphery of a room, when there is a risk of
damage to sensor tape or floor mounted probes from human traffic or
equipment. This low profile sensor is ideal for environments where the
sensors need to blend in with the surroundings. They can be fixed to the
skirting and painted the same colour.
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« SALE NOW ON WHILE STOCKS LAST

= By TechAffect - If presence of water is detected, 130 decibel alarm sounds - can be heard up to 100 meters away

= Easy to use and very small. Locate on wall or other suitable place - screws, suction cup and adhesive pad all
included

= Supplied with 0.6 meters long sensor probe for deep water detecting

= Requires 1 x 9v battery (not supplied)
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Faithfull Portable Water Leak Alarm 80db
Water leaks can cause serious damage to your home and belongings, proving expensive and time consuming to replace or repair.

This Faithfull portable alarm can be used to protect your house and can be placed anywhere in the home where a water leak
presents a potential risk; near to sinks, baths, toilets, washing machines, dishwashers, water heaters, refrigerators, aquariums,
tanks, sump pumps and in garages and basements or low areas were water may gather with the potential of causing damage.

A loud 80 decibel alarm will sound when this unit is in contact with water, providing an audible warning that a leak has begun
and alerting the homeowner, so that preventative measures can be taken to protect their home and belongings.

Features:

- Portable and easy to set up and use.

- Loud 80 decibel alarm.

- No wiring required.

-1 x 12V 23A alkaline battery included.

Placement:
Place the unit in a desired position with its buzzer hole facing upwards, otherwise water may enter into the unit. When a water
leak is detected by the sensor, the unit's alarm will sound.

About Faithfull:

Faithfull Tools are made to tradesmens' standards by craftsmen who meet the demanding Faithfull criteria for the design and
quality of each individual item. All Faithfull non-electrical tools are guaranteed for a period of FIVE years against faulty
materials or workmanship, and any tradesman or regular DIY tool user can be confident that the care and quality control behind
every Faithfull product is designed to ensure a long and dependable service. Faithfull tools are ideal for the discerning tool
buyer who prefers lower prices than those associated with some well known brands, but who is not prepared to compromise too
much, if at all, on product quality and reliability.
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Dimensions: 100 (L) x 60 (W) x 35 (D) mm

Power Supply: 9v PP3 Battery (supplied).

Water Detector Mount 25 x 15 mm.

Distance Between Probes: 8mm Apart.

Probe Mounting Method: Double Sided Tape (supplied) or suction Pad (supplied).
Cable Length to Detector x 1.5metre.

Output Relay: Yes (N/O).

Battery Life: Approx 1 - 2 years (dependant upon use).

Low Battery Warning: Yes (audible beep every 30 seconds).
Weight: 12 g with battery.

Operating Temperature : 0 C to 50 C

Humidity : 80% RH (non-condensing).

Shock Resistance : Shock resistant from 1.8m drop onto concrete.
Water Resistance : Splash and water resistant, but not waterproof.
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Passive alarm

Tech affect water

Ultra-secure

Faithful water leak

leak alarm stand-alone alarm_| alarm
Power supply 1x Ov battery (not | 9v PP3 battery x 12v 23A
supplied) (supplied) alkaline battery
(supplied)
Decibel level 130db 85db 80db
Low battery alarm | no Yes NA
Battery life Dependant on use | 1-2 year aprox | NIA
Cable length 0.6m 15m Sensor builtin to

unit

Shock resistance | N/A Shock proof from | N/A
8m

Water resistance | N/A Splash proof No

Operating NA 0c - 50c NA

temperature

Distance between | 4mm 8mm apart NA

probs

Price £9.05 £19.99 £8.68
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Amprobe ULD-300 Ultrasonic Leak Detector Details

The Amprobe ULD-300 Ultrasonic Leak Detector has the ability to detect leaks that are beyond the range of the human ear by detecting
the ultrasonic frequency they generate. This unit converts these sounds into an audible range so they can be easily detected. This unit
can be used on pressurized air lines, refrigeration systems, and steam lines to detect any leaks.

This leak detector can help to quickly and easily locate leaks where gasses are not sufficiently pressurized. Use it for door or trunk seals,
and windshields.
Amprobe ULD-300 Ultrasonic Leak Detector Key Features

Can be used for locating arcing in electrical systems

Useful for finding the ends of buried PVC pipes

>
>
> Can detect any pressurized gas leak regardless of the type
> Tests the air tightness of tanks, ovens, and refrigerators

>

Can be used to locate leaks in duct work

Full List of Products Included

> Amprobe ULD-300 Ultrasonic Leak Detector
> Headphones

> Parabola

>

Extension tube
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Underground Amprobe ULD-300 | Sewerin aqua test HL
systems Ultrasonic leak 10 5000 professional
detector water leak locator
Power supply 9v alkaline battery | Rechargeable 8xAA
batteries

Frequency 35Khz to 45 Khz + | 8 frequency 0 4000Hz
response 6db channels
Power 22mA NA NA
consumption
Battery life 33 hours 16 hours 35 hours
Low battery © Yes LCD display LCD display
indicator « Green LED

for good

battery

o RedLED

for bad
Headset Yes Yes Aviation
Price £252 £1750 plus vat £2,637
1P rating P65 P67
Method of Ultrasonic Microphone Piezoelectric wind
detection protected

microphone
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Sensor Rain Sensor’ Capacitive | XCSOURCE [ APC UPS Leak
Rainwater Analogue Soil | 5pcs Soil | Rope Sensor
Module Rain Moisture Moisture
Detection Sensor Sensor
Module
Pins 4 3 1 Sensor cable
adaptor and cat
5 cable
Outputtype | Analogue or Analogue | Analogue or | Digital
digital digital
Operating 33vdc-5vdc | 3.vdc - svdc | svdc N/A
voltage
Output voltage | Analogue Ov -5v | Ovdc — 3.3vdc | Analogue | NIA
Digital 3.3vdc ovdc — 5vdc
Digital 5vdc
Price £354 £16.67 £4.99 £22471





image54.png
To SORT o column clic the column header. Use CTRL key to select multiple volues.

N
Program  program Max L Ve Power wWaten
Memory Memory  Bootload RAM EEPROM  1/0 Pin cpu . for Brown-OutReset  Low Voltage on Internal Hardware  Dog.
Product By statws Documents  skpricing  CPU Architecture  Family/Core Pin setect
sze  sie Gopable (byies)  /HEE s count  Speed o0 attery  (BOR) Detection Reset  Oscilator RICC Timers
(Kbytes)  (kWords) Mz backup (Por) wor)
@aciemaza (81 inproducton L] o7 soiPcMcy & Vi Range 6.5t 3s 2 No 2 omE 3 w2 N Mo BOR Nore Ve teu No o
I Prosucton
encierz (8] L] s09s soiPcMcy & Vi Range 6.5t 3s 2 No 2 omE 3 w2 N Mo BOR Nore Ve teu No o

Consider: PIC16F7224

peisrssz (8] inproducton L] s soiPcMcy & Vi Range 6.5t 3s 2 Vs 2 e s m ow N Mo BOR Nore Ve swemazk Mo e 2




image55.png
Part Quantity Individual price_| Total price | Store

PIC16F882 |1 £168 £168 RS online

51vzener |5 £017 2074 RS online

diode

16x2 LCD 1 £345 £345 Ebay.

displa)

Buzzer 1 124 124 RS online

Red LED 5 £018 £072 RS online

GreenLED |2 £018 £072 RS online

100KQ POt |1 2056 2058 Rapid
electronics

5V 1 £1285 £1285 Joyfay com

Magnetically

Iatching valve

Molsture 5 £499 £499 Amazon

sensors

Rain pad 1 7492 7492 Amazon

sensor

Piezoelectric | 1 2072 2072 Famell

transducer

7805 voltage | 1 7032 7032 cPC

reguiator

100nF 5 7053 £268 Famell

capacitors

10kQ resistor_| 5 £052 £260 Farnell

22221 2 £0.24 £615 RS online

transistor

Switch 1 £3.92 £3.92 RS online

270Q resistor |7 £027 £1.69 RS online

9V battery 1 99 99 Tesco
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#include <lcd.c>

void main()
3¢ unsigned int clear=o:
| gmepimeeflagmo:  /fAmizalising the flags|
int pinb0flag=0:
int pinblflag=o:
int pinb2flag=o;
int pinbafiag=o;
setup_adc_ports (sAN0) ;
setup_adc (ADC_CLOCK_INTERNAL) ;

led init(): //This inizalise the LCD
print (lod_pute, "\fA11
printe(
clear=0;
output_low (PIN_A1); // svitch on the pover led

while (TRUE) //This is the main command for the loop
i
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1f (input (PIN_50)) // zone 2

else

i

output_low (PIN_B6) ;

4£(pinbotlag) Prinef (led pute, "
printe(" ) 3

pinboflag=l;

bit_set(clear,1);

output_high (PIN_B6) ;
1if (pinbOflag) bit_clear(clear,l):;
pinboflag=0;

//This
//Tnis

//Tnis

//This

command will print to the LCD whatever is in the commas
command will print to the virtual terminal or laptop

command will set the bit to allov LED and LCD to display the commands

is the comman to clear the bit in order to reset the system
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1ﬂ-clim // clear and buzzer and stop valve(motor)
1lca_gotoxy(1,1); //tells vhere to start t
¥ s vhere to start to print on displa
prints (lod_putc, " " o
// clear puzzer
output_hign (PIN A3) ;
output_low (PIN_A7) ;

else

// set puzzer
output_low (PIN_A3) ;
output_high (PIN A7) ;
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