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[bookmark: _Toc513152160]Abstract
This report demonstrates the design of a microcontroller based motion sensor to notify the user of any movement within a given area using PIR and microwave technology. Investigations into security based technologies with justifications behind the decisions made along the way.  
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1. [bookmark: _Toc513152162]Introduction
Everyone values their property, safety and well-being. Security is a massive sector and is taken seriously in all areas ranging from home, commercial and even cyber based applications to protect themselves and their belongings. Surveillance such as CCTV and motion sensors are available on the market, however security comes at a cost when considering CCTV on your own property as it requires large memory storage for a 24 hour recording. Motion sensors however are affordable to all members of the public.
A project proposal is to be made within the degree lines relating to the course we are currently studying. The proposal will consist of background research such as existing products, technology used and features in order to get an understanding how such security devices- functions. An investigation into the area will realistic aims/objectives to be made in hope to implement a home security device.
[bookmark: _Toc513152163]1.1 Purpose
Home security is important to allow the public to feel at ease and secure within their homes. Comparing figures from last year to this year, reported crimes such as burglary and robbery have increased, burglary increased by 9% and robbery increased by 33% [1]. 
Such a device can be mounted in either an outdoor shed, driveway or backyard to inform the residence that an intruder is on the property, this may increase reaction time for residences to phone the police or act accordingly.










[bookmark: _Toc513152164]1.2 Aims and Objectives
The aim of this project is to design and fabricate a home security device/system to reduce the rate of burglaries.
· To be affordable.
· Implementation of dual sensor technology particularly infrared and microwave.
· For outdoor usage.
· To have and out indicating when movement is detected.
· Implement Microprocessor Technology
· Minimal False Alarms
I believe that the aims and objectives mentioned are achievable within my capabilities and satisfy the requirements of a third year project to display development and investigation skills.
1.3 [bookmark: _Toc513152165]Structure
The structure of this report will go as followed:
· Planning
Planning is an important part of the project as there is a deadline which has to be met. Planning allows for an increase in productivity that certain tasks are met within a timescale. This section will include a Gannt chart/timeline, resources to be used and risk that may be involved sabotaging the completion of the project.
· Research
Research is the core foundation of the project, research mythologies will be researched and selected giving thought and reason why such a method has been selected. Further stages of the project cannot be started such as design or development if understanding of the fundamental is not up to par.
· Design
Using research, designing of a such a device will now be possible satisfying specific requirements components need. It will compare ideas and the thought process behind specific chosen design ideas providing pros and cons of each idea.
· Testing & Analysis
Testing allows to meet expectation and specifications that the designer has set for the project. Using research along with testing will give approximate desired outcome. 
· Conclusion
This will cover the project as a whole to what I’ve learned, the overall outcome, further improvements and any areas of interest whilst working on the project.
[bookmark: _Toc513152166]2. Project Planning
[bookmark: _Toc513152167]2. 1 Timeline
A project plan is an overview of where time and resources are assigned to specific tasks and procedures to meet mandatory deadlines in order to complete a project. Project plans such as Gannt charts and program evaluation review techniques.
The project plan chosen was a Gannt chart. Microsoft Excel is being used over other Gannt chart software for its simplicity, software such Microsoft project just has too many intricacies and can be very picky when altering dates ect. Below is my personal project plan:

There are four main tasks research, design, development and testing. Sub tasks are inserted to ensure everything is to be covered and to improve overall productivity.
Tasks highlighted in red are important deadlines. These dates are set in stone and cannot be moved, they are provided to ensure that progress is being made and the final goal is to be achieved whereas other tasks can be moved or changed depending situations that might arise.
Writing highlighted in green shows the holidays that occur throughout the project, this could mean closure of the facility and equipment availability might be affected, this is a potential risk.
Research is important to gather information within the area that you intend to draw your project to. Existing products is the first area to research to see what competition is out on the market, this allows information to be gathered on the functionality/features of such devices and also surfaces new ideas in ways to improve your own product to attract consumers. Further research on the components is vital to this projects success, researching datasheets is at most importance as many components have very specific requirements for them to function when designing the product.
The designing stage of the project, this by far is the biggest part, using research as a foundation, there are many things that potentially may go wrong requiring further research such as learning new compilers or software. Software such as Proteus and CCS are powerful software packages that makes it easier for designers to simulate such products, they provide a vast range of emulated components that can be bought from suppliers. A large portion of designing this product is projected to be spent on the software side of things to ensure that final design performs sufficiently with minimal errors and conforms to the regulations that the BCS/IEEE set.
Creating a physical final product doesn’t require a large portion of resources in terms of time as the university provides a lot of what is required. However transferring a product from simulation to a physical product can be difficult as some real world factors could sabotage the production that simulations cannot comprehend therefore testing is scheduled to be performed to ensure the completion of the final project.

[bookmark: _Toc513152168]2.1.2 Gannt Chart

	Task Name
	Start
	End
	Duration (days)

	Research
	03-Oct
	20-Apr
	200

	Existing Products
	03-Oct
	09-Oct
	7

	Available Technologies
	10-Oct
	16-Oct
	7

	Microwave Technology
	17-Oct
	06-Nov
	21

	PIR Sensors
	07-Nov
	13-Nov
	7

	Microwave Modules
	14-Nov
	21-Nov
	8

	Additional Circuitry
	06-Nov
	19-Nov
	14

	Create Components list and Order
	20-Nov
	26-Nov
	7

	Prototype and Test Methods
	13-Nov
	19-Nov
	7

	Analyse test result
	06-Nov
	19-Nov
	14

	System Design
	20-Nov
	10-Dec
	21

	Write Design Specification
	20-Nov
	29-Nov
	10

	Design Circuitry
	30-Nov
	10-Dec
	11

	Select the pic from Research
	07-Dec
	10-Dec
	4

	Prototyping and Implementation
	11-Dec
	25-Feb
	77

	Build Test Circuitry
	11-Dec
	21-Dec
	11

	Programming 
	08-Jan
	28-Jan
	21

	Build Final Design
	20-Jan
	25-Feb
	37

	Testing and Analysis
	26-Feb
	04-Apr
	38

	Write up Tests
	26-Feb
	01-Mar
	4

	Perform Tests
	01-Mar
	27-Mar
	27

	Analyse Results
	28-Mar
	04-Apr
	8

	Evaluation
	04-Apr
	16-Apr
	13

	Evaluate Design
	04-Apr
	10-Apr
	7

	Perform Overall Project Conclusion
	06-Apr
	16-Apr
	11
















[bookmark: _Toc513152169]2.2 Physical Resources
Physical resources that will be needed are as such:
· Computer Labs – For building and testing.
· Workspace Availability – For general purposes.
· General Electronic testing equipment- Oscilloscope, multi-meters, power supply ect.
· Discrete Components – THC (Through hole components).
· Software – Packages such as Proteus, and c compilers. 
· Access to related project material such as research papers, library books ect.
[bookmark: _Toc513152170]2.3 Risks
Due to the nature of this project, the risks involved are purely time based as there are no real financial costs involved. These risks are as follows:
1) Data loss – Everyone is at risk when it comes to data loss, it is very important to back up all data. Backing up all data amongst multiple devices such as cloud, removable HDD and HDD is necessary to ensure no loss of data.

2) Equipment availability – Equipment is shared out to all of the university and its students. Some computer rooms are not available due to lectures being taken or the appropriate staff is not present to oversee particular use of tools such as a technician. This can result in delays, proper research of what labs are available on what days could overcome this.
3) Illness – When illness strikes, not much can be done and therefore delays occur. Work has to be made up in their own time to ensure project is kept on track.

4) Transport delay – This can be unexpected at times due to traffic or a problem with the commute going to university 








[bookmark: _Toc513152171]3. Research Methodology
[bookmark: _Toc513152172]3.1 Philosophy
‘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.’ [2]
Throughout the report a positivism philosophy will be exercised. Data such as component requirements, functionality and existing products will be collected, analysed and implemented. With the use of existing data, this will allow to gain knowledge necessary to create such a device. Quantitative data such as datasheets will have to be collected and interpreted to allow requirements to be satisfied. 
[bookmark: _Toc513152173]3.2 Approach and Strategies

The strategy methods used are going to be:
· Experimental
-Experimenting with a physical prototype allows to discover possible outcomes when testing. Software development only allows simulation of such devices. To set up experiments allows the device to be altered if the outcome does meet desired expectations. Experimental research such as what levels of voltage would be generated when the sensor detects specific levels of infrared/frequency such as comparing humans to minimal heat/movement sources/movements. This type of strategy involves creating a hypothesis based on the research.
· Software Development 
-Software development is key to this project proposal as packages such as Proteus and Multsim are very powerful tools when designing such a device. PIC technology will be used when writing software as it has many features with lots of online sources to assist the design. Programming language ‘C’ is going to be used as the author of this proposal has experience and knowledge of the language and many sources online are available to aid the development of the software side of the project.



· Document Review
-Document review is vital for any project to show the development and legitimacy of your work. It also gives security for future queries and a foundation for any further development.
Deductive research approach explores a known theory or phenomenon and tests if that theory is valid in a given circumstances. It has been noted that “the deductive approach follows the path of logic most closely. The reasoning starts with a theory and leads to a new hypothesis. This hypothesis is put to the test by confronting it with observations that either lead to a confirmation or a rejection of the hypothesis” [3]  [image: ] [2]

Theory:
Quantitative data that contain component datasheets and applications.
Hypothesis:
Hypothesis are created based on the research that has been conducted. Comparing results to the hypotheses can allow the experimenter to identify any anomalies that occur and correct them.
Observation/Test:
After building the application testing methods and equipment are used to confirm or reject the outcome.





[bookmark: _Toc513152174]4. Background Research and Literature Review
[bookmark: _Toc513152175]4.1 Technologies Used in Home Security
So what devices are currently on the market?
· Intrusion Sensors 
· Cameras
· Motion Detectors
· Glass Break Detectors
·  Alarms
These are some devices taken from amazon, some examples of existing products that are currently on the market. These devices implement many different technologies such as:
· Hermitically sealed reed switches
· Passive Infrared Sensors
· Glass Break Detection
· Electromagnet Field
· Microwave Barriers
· Ultrasonic Detectors











[bookmark: _Toc513152176]4.1.1 Passive Infrared
Infrared technology has been around even further back than radar technology, it was discovered in the early 19th century by a man who first discovered Uranus , and his name was Sir William Herschel. He took newton’s discovery where it was possible to refract sunlight into different colours, he further tested the temperature of each colour of the refract light and discovered they are different temperatures, with further experimentation this led Herschel to discover infrared light. [4]
PIR detectors detect infrared energy. Infrared energy has factors such as heat, light, colour and texture. All objects emit infrared energy, some the human eye is unable to see, it’s called infra’red’ as red is the last colour humans can see on the colour spectrum before it becomes invisible. The reason why it’s called a ‘Passive’ infrared detector as it emits no energy of its own, this is an advantage perk as you could use multiple sensors without causing a distortion. [5]
Advantages: 
· [image: ]Low power consumption
· Low cost
· Sensitivity
· Simplicity
4.1.1.1 Principles of Operation
The PIR device consists a pyroelectric sensor which has two materials that is sensitive to IR, they continually compare the levels IR energy within the detecting area. A differential change within the two materials will generate a positive or negative output signal depending on the heat source movement. This change can be used as an input for additional circuitry such as alarm to be sounded or a light-emitted diode to blink. [5] [6]
The Fresnel lens is used to condense light, this increases the range of the PIR sensor. Lenses are cheap and can be designed to change the range, sensing pattern and accuracy at a very low cost, think of it like a projection screen.  They are to be considred the number 1 use of motion technology amonst the motion detectors for its simpicity of operation. [6]




[bookmark: _Toc513152177]4.1.2 Electromagnetic Fields
Reed switches are an example that use electromagnetic fields they consist of two metal terminals and a magnet. The reed switch has two configurations, normally open (NO) and normally closed (NC).

A normally open reed switch initial state is an open circuit that denies current flow. When a magnet is introduced the two terminal attract causing a short circuit and allows current flow.
[image: Animated drawing showing how a normally open reed switch opens and closes when a magnet approaches or moves away.][image: ]
[7]
The normally closed is the inverse of the normally open configuration. Reed switches in home security can be install on doors/windows to allow the user to see if they are open/closed. With additional circuitry such as a buzzer or an alarm this will allow the home user to be notified if a burglar attempts to break into a household. Other applications that use electromagnetic fields are traffic lights (for knowing when the car is at the light, located underground), tank corrosion equipment and magnetic card readers. [8]
This type of technology is very popular, simplistic and cheap, however as the switch is mechanical its durability will suffer overtime and could lead to frequent replacements.
[image: ]Advantages: 
· Low cost
· Easy application
· Availability
· Low power
[9]


[bookmark: _Toc513152178]4.1.3 Radar/Microwave
Radar technology has been round for over 50 years. The first person to create an application using this technology was Samuel Bagno in the mid 1940’s where motion technology excelled as there was a high demand during the Second World War to obtain an advantage when piloting aircrafts. [10]
4.1.3.1. Principe of Operation
Microwave sensors emit waves around the surrounding area at high frequencies, these waves reflect back to the sensor receiver, this is referred to as the Doppler frequency which bats and other animals implement. Radio frequency mixers are used to compare the transmitted signal to the received signal to compare any changes in frequency. Frequency changes occur when movement within the sensing areas has been made, the change in frequency can trigger a connecting alarm. Such technology is used to detect movement, size of the object, speed and direction. The same technology is used in police speed cameras. Microwave signals can penetrate through materials such as wood, plastic and stone but unable to penetrate through metal. These sensors are used in many available home security sensors on the market. [11] [12] [13]
4.2.1.1. Doppler Effect
Radar technology uses the “Doppler Effect” in applications to obtain three of the following tasks:
· Speed Measuring
· MTI – Moving Target Indication
· In air or space based radar systems for precise determination of lateral distances [14]
In the series called the Big Bang Theory Sheldon correctly states “The Doppler effect is the apparent change in the frequency of the wave caused by relative motion between the source of the wave and the observer”.
Three terms were mentioned in that statement, “the source”, “observer” and the “change in frequency”. The best and most common way to explain what the Doppler Effect is to compare it with a siren from a vehicle and what an observer hears when it drives by.



[image: Image result for doppler effect]
[15]
When a vehicle drives towards the observer the siren has a high frequency/pitch as the sound waves are closer together and an inverse output for when the vehicle is moving away from the observer.
But what if the source is stationary?
Devices that use the principle of Doppler frequency include a transmitter (Tx) and a receiver (Rx). The waves are emitted at a frequency using an oscillator, these radio frequency waves reflect off nearby objects and is sent back to the receiver. The transmitted waves and the received waves are compared using a mixer to determine any differences. If the received wave has a lower frequency than the original transmitted wave the same principles apply in that the observer (nearby objects) has moved away from the source. The outcome is inversely correct for an observer moving towards the source. [16] [17] [18]
[image: ] [19]
4.1.3.4 Interference Factors
Branded radio frequencies are within 1-40 Ghz , interference that use these frequencies can cause interference when both devices are in proximity. For example a microwave oven emits frequencies that range between 2-3 Ghz, within this frequency band Wi-Fi is also operating. There have been some cases in which people wi-fi connectivity drops when the microwave is cooking some food. This occurs because some radio frequencies have no licensing therefore anyone is free to use them. [20] [21]
As interference is a nuisance across all devices, strict regulations have been made in order to minimize interference. The government have divided these frequencies into “bands” and given licences to companies that provide commercial services such as a car radio. Some frequencies are used by military services and if a device is also running at the same frequencies, a fine or prison sentence may be issued. [22]


Advantages:
· Can be used in harsh temperature environments such as hot and cold conditions.
· They can penetrate through most materials.
· High frequency range
· Can detect movement up to 20m
· 100,000 hours lifespan
Disadvantages:
· Require continuous power therefor frequent replacement in batteries may occur and could potentially be expensive.
· Subtle movements caused by wind such as trees moving and other outside objects can trigger a false alarm. [11] [12] [13]






[bookmark: _Toc513152179]4.1.4 Glass Break Detection
Glass break detection devices usually implements two types of sensors:
· Shock Sensors
Shock sensor are fitted to windows/doors that monitor the vibrations within the window. With thresholds put into place the shock sensor will trigger informing the user that the window has endured a certain amount of shock into potentially causing a shatter. Potentially is used as these type of sensors can trigger false alarms as it only measures vibrations, they can be triggered by sound or from someone shutting a nearby door. As they are sensitive to vibration this can also inform the user of an attempted break in when fitted to a door/window such as removing a panel or tampering with a lock. [23]
· Acoustic Sensors
Acoustic sensors tend to be more reliable than a shock sensor as they involve a microphone that listens for specific frequencies such as glass shattering/breaking. Even with the acoustic sensors/microphone this type of sensor is prone to false alarms depending on where they are fitted, for example; if the sensor is installed within a kitchen and a plate/glass is dropped it will trigger the false alarm. [24]
Advantages:
· Allows user to know when a door/window
 is being tampered with.
· Thresholds can be adjusted depending on material/thickness of door/window.
· Can cover a large portion of a window pane (6 square meters).
Disadvantages:
· [image: ]Can be easily triggered from external frequencies/vibrations/noise.
· Built in amplifier is exposed to same test environment as the element of the sensor. [25]



[bookmark: _Toc513152180]4.1.5 PIC Microcontroller
With the use of PIC technology such a device can be designed. 
‘A peripheral interface controller (PIC) is a type of microcontroller component that is used in the development of electronics, computers, robotics and similar devices. The PIC was produced by Microchip Technology and is based on Harvard Computing architecture, where code and data are placed in separate registers to increase input/output (I/O) throughout.’ [26]
A microcontroller (MCU) is a small computer on a single integrated circuit. It consists of a processor core, ROM/RAM memory, and programmable input/output terminals. Microcontrollers are designed for embedded applications. Microcontrollers are used in automatically controlled products and devices, such as production assembly lines, medical devices, mobile phones, commercial toys and many day to day devices. Microcontrollers allow analogue and digital input signals. They operate at clock rate frequencies as low as 4 kHz, for low power consumption. They will generally have the ability to retain functionality while waiting for an event such as a button press or other interrupt such as change in movement or a variance of a heat signature. Microcontrollers use very little power and usually run of 5v power sources. [27] [28]
The reason why this technology has been chosen is that many lecturers within the university have vast knowledge in this area and are valuable source of information.

[bookmark: _Toc513152181]4.1.6 Summary & Review
As background literature sources contain information from companies trying to sell their own brand of product, this can cause biased reviews and information. Many sources have been used in attempt to overcome such biasing. 








[bookmark: _Toc513152182]4.3Existing Products
[bookmark: _Toc513152183]4.3.1 Yale Smart Living Easy Fit PIR
The Yale smart living easy fit is at the lower range of the spectrum when it comes to motion security alarm sensors. It only implements PIR technology with a simple LED that flashes when it senses movement. It does however have a test feature that allows the user to test if it’s working or not by holding down a push button for a duration of time. It is part of a collection that can be wirelessly connected to a hub to alert the user of detection. It sells on the market for £22.30. [29]
[image: ]







Features:
· [image: ]Learn/Test Button
· LED indicator
· Knockouts for Wall/ Corner Mounting (Easy installation)
· Variable sensitivity
· 3*1.5 AAA Alkaline Battery
· Standby Mode
· Indoor use only [30]



[bookmark: _Toc513152184]4.3.2 Sunlit tech OTD-40T
The sunlit tech OTD-40T is at the low-mid range of the spectrum when it comes to motion sensors. It implements two PIR sensor with an additional microwave sensor using an ASIC microprocessor to keep a more accurate and comprehensive detection on intrusions. Using ASIC microprocessor it has the ability to use “AND” and “OR” function which allow the user to change the sensitivity of the device. This device can be used outdoors/indoors as its casing is waterproof and well encased. This product is on the market for £26.37. [31]
[image: ]
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[32]
[bookmark: _Toc513152185]4.3.3 GDJ140 Pearl Triple Tech Curtain Beam Detector
[image: ]“Outdoor triple technology anti-masking motion detector that uses PIR and microwave sensors for triple protection and a useful aid to protect your properties.  The detector may be positioned to look across doors, windows or the length or the house/property wall etc, equipped with anti-masking circuitry and separate output contacts.  Supplied with a T bracket for narrow beam applications.” This product is on the market for £53.58 [33]
[image: ]
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[33]

[bookmark: _Toc513152186]4.3.4 MultiSensor 6
The mutlisensor 6 has the basic features of security but has progressed further into the commercial industry specifying towards smart homes. It has motion, temperature, light, vibration and UV sensors. All these sensors are wirelessly connected to applications throughout the home to control conditions within the room of the multisensor, an example is drawing the curtains if the UV levels are too high or controlling the thermostat if the room temperature is too low/high. Out of all the sensors this products provides, the area of interest is the vibration sensor and motion sensor. The motion sensor is used for detecting intruders whilst the vibration sensor notifies the user of any tampering issues. Even though this product is more specified to smart home it has some interesting features that may be considered when looking at improvements or further investigation of the subject area. [34]
[image: ]
	Power Supply
	USB DC 5V/ Battery Power ( 2*CR123A batteries, 3V, 1500mAh

	Size (mm)
	46*46*61.5

	Weight
	 

	Operating Temperature (Deg)
	0 to 40

	Measured Temperature Range (Deg)
	 -10 to 50

	Measured Humidity Range
	20%RH to 80%RH

	Lighting (Lux)
	0 to 30000 

	Motion Sensor Range (Meters)
	5

	Water Proofing 
	IP20



[bookmark: _Toc513152187]4.3.5 TEXECOM PREMIER ELITE DT - DUAL TECH PIR
The texamon premier elite DT implements dual technology, it consists of an X band microwave sensor and a PIR sensor. It implements microprocessor technology and has an output of an LED to inform the user of movement. The detection range of the product is 15m. It includes features such as ant-masking, digital temperature compensation and pet immunity. [35]
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[bookmark: _Toc513152188]4.3.6 Existing Products Comparison
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[bookmark: _Toc513152189]4.3.6 Existing Products Discussion
Looking at the comparison table the products have been divided into four categories:
· Specification
The specifications for the products overall found to be vague, the two products sunlit tech and texecam premier elite DT provided the most information regarding specs. The specifications that have been a highlighted are power supply, detection range and power consumption. The power supply ranges from 5v USB, battery powered and mains, detection ranges from 5 – 15m with the indoor range being far shorter as expected and power consumption ranging from 50 – 100ma. These are points of interest as they are key areas of which the device will function.

· Features
Each alarm has their own specific features, however features such as easy install, variable sensitivity, long battery, indoor/outdoor use and tamper protection are common amongst the range of products. The product features of most interest is again the sunlit tech and texecam premier elite DT provide pet immunity, AND/OR function, waterproof (outdoors) and adjustable microwave range. These are features that I intend to implement in the final design.

· Technology 
As the chosen technology is PIR & microwave the products chosen include these two technologies hence why they’ve been chosen. The multisensor 6 however has additional technologies that has a relation with smart home applications, this product research is also helpful as it could help with improvements or for additional research/development for the project.

· Price
As one of the project specifications is to be affordable for the public it’s interesting to see how price fluctuates depending on the device features/specs. The multisensor 6 is the most expensive due to its smart home features and capabilities whilst the texacome is the cheapest even though it has very similar features to three of the products researched.

[bookmark: _Toc513152190]4.3.7 Evaluation
After discussing the products, the features that are of interest are:
· Long battery life
· AND/OR function (Microcontroller)
· Pet immunity
Research on existing sensors is necessary in order to implement the features of interest. The AND/OR function (microcontroller) is an exceptional idea as it could improve long battery life whilst giving the user flexibility on how sensitive the product operates. Companies also strive to reduce the number of false alarms, implementation of a microcontroller has potential to make it to the final design as pet immunity can be achieved with a window comparator or a simple “IF” statement using code. The idea using a window comparator to achieve pet immunity differs as existing products on the market modify their PIR lenses so that is ignores areas where pets are most commonly seen (nearer to the floor) , the problem with this is that is requires a specific mounting position in order to not sense pets.  [36]


[bookmark: _Toc513152191]5. Development Methodology
[image: ]
[bookmark: _Toc512421066]Figure 4
The spiral development methodology shown in figure 4 has four stages:
· Determine objectives, alternatives, constraints
· Evaluate alternatives, identify, resolves risks
· Develop, verify next level product
· Plan next phase [37]

It’s called a spiral methodology because of the continuous spiral repeating the same four stages until the project is finished. The reason behind choosing this method as it focuses on minimizing risks. As time is a valuable resource, minimizing risks is essential as there is no leeway when the final year project date has been set. This is done by breaking the project into smaller steps (spiral cycle) providing more ease of change during the development process.  Another reason on choosing this methodology is its flexibility allowing other development methods to be implemented which is desirable as implementing the “Prototype” development method for specific areas of the project.
[image: ]
The loop that consists of requirements definition, system design and coding/testing would be an advantageous process for the software side of things. The reason why I didn’t fully commit to the prototype methodology is that it complements projects that have a long development cycle, suitable for larger projects with more manpower. Another strength for implementing the prototype strategy is that it provides quick implementation of an incomplete but functional application, to fabricate the device I have chosen will present a lot of unknowns such as technology I’m not experienced with, however if the end result is functional and meets my aim and objectives the overall project will be a success. [37]
What could go wrong?
· There are no form of deadlines. 
To avoid this weakness a gannt chart is to be produced managing time, tasks and resources to ensure that stages of the development don’t overrun.
· Difficulty determining composition of development method for each spiral.
Prototyping has already been selected and discussed, but as this type of methodology is flexible there is room to alter and change methodologies if necessary.
·  There are no established controls for moving from one cycle to another cycle. Without controls, each cycle may generate more work for the next cycle.
This is true, when developing a product problems can occur effecting the critical path of the gannt chart and making more questions than answers. Overcoming this will require the correct amount of research and preparation for each cycle of the project. [37]














[bookmark: _Toc513152192]6. Sensor Investigation
This section will research the existing products currently on the market that are within the commercial/security sector. Using this data a comparison will be made across all products comparing parameters such as cost, technology used and their given features. This comparison will allow a foundation to be made into designing my own motion security sensor. 
[bookmark: _Toc513152193]6.1 Microwave Module Research
As one of the specifications that has been derived from the existing products research, microwave technology has been selected in order to build the home security device. In this section a total of four microwave sensors will be compared listing their parameters and any additional features they process. After researching these four devices a comparison table will be formed giving thoughts on each module. 














[bookmark: _Toc513152194]6.1.1 RCWL-0516 MICROWAVE RADAR MOTION DETECTOR
“This module has been designed as an alternative to the PIR motion detectors commonly used in burglar alarms. Instead of sensing changes in infrared radio emitted by a moving person this sensor uses a microwave Doppler radar to detect moving objects. It has a sensitivity range of ~7 meters. When triggered its trigger output pin will switch from (LOW) 0V to high (3.3V) for ~ 2 to 3 seconds before returning to its idle LOW state.” This device is on the market for £1.60
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[bookmark: _Toc513152195]6.1.2 WB3-12
“It uses Doppler radar technology, with auto-sensing capabilities to control other product, high sensitivity, sensor distance, reliability, wide angle sensor, wide supply voltage range and other characteristics. Widely used in lighting situations, anti-theft alarm situations.”
This module is used for applications such as security, intelligent lighting, body sensor toys, industrial automation and battery powered automatic control. This device is on the market for £1.10 [38]
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[bookmark: _Toc513152196]6.1.3 HFS-DC06
The frequency which this module oscillates is in the ISM band at 5.8 GHz. It operates at 5 volts dc with and operating current >30ma and is quite compact for its size only being 39*22*11mm. It has a digital output being high when movement is sensed. [39]
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[bookmark: _Toc513152197]6.1.4 HB100
[image: ]“This HB100 Miniature Microwave Motion Sensor is a X-Band Bi-Static Doppler transceiver module. Its built-in Dielectric Resonator Oscillator (DRO) and a pair of Microstrip patch antenna array, make it ideal for OEM usage in motion detection equipment. This module is ideally suitable for false alarms reduction in intruder detectors when work together with Passive Infrared (PIR) sensor. It can also be used for auto-door opening and vehicle speed measurement.” This is on the market for £3.13 [40]
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[41]


[bookmark: _Toc513152198]6.1.5 Comparison 
	Product Name
	[image: ]RCWL-0516

	[image: ]WB3-12

	[image: ]HFS-DC06
	[image: ]HB100

	Operating Voltage (V)
	 +4 to +28
	 +3.3 to +28
	5
	5

	Field of Veiw (FOV)
	360
	360
	360
	360

	Distance (Meters)
	 4-10
	 6-9
	 2-6
	 5-10

	Current Consumption (mA)
	80
	N/A
	30
	30

	Frequency (Ghz)
	3.2
	5.8
	5.8
	10.5

	Output Type
	Digital
	Digital
	Digital
	Analogue



The microwave module to be selected is the HB100, it has a nice operating voltage and large sensor distance. Its operating frequency is in the X band frequency range therefore not many other commercial devices will interfere. The main parameter of interest is the current consumption and output type, the current is the lowest which conforms to the aims/objectives and it has an analogue output. The analogue output is desired as its flexible, if throughout the development a digital output is the microcontroller can use a ADC and with simple coding can output an digital signal.






[bookmark: _Toc513152199]6.2 PIR Component Research
[bookmark: _Toc513152200]6.2.1 IRA-E710ST0
This sensor is a 3 pin through-hole IR phototransistor which output is digital. It requires 2-15V to operate. Its sensing distance is 12 meters with a viewing angle of 45°. These type of sensors are pretty small being 4.7mm * 9.2mm. Without a Fresnel lens the sensing angle is narrow therefore this sensor will have specific installation setup depending on its application. This sensor goes for approximately £2.00.
[image: ]
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	IRA - E710STO

	Operating Voltage (V)
	 +2 to +15

	FOV (Horizontally)
	45°

	FOV (Vertically)
	45°

	Detection Range (Meters)
	12

	Lens Included
	N

	Wavelength Detection(uM)
	 4.5 - 12



[42]

Features:
· High sensitivity and excellent S/N ratio
· High stability to temperature changes
· Slight movement can be detected
· High immunity to external noise (Vibration)

Applications:
· Security
· Light Appliances
· Household or other appliances [43]

[bookmark: _Toc513152201]6.2.2 IRA – S210St01
Also a through hole 3 pin PIR sensor with a 2-15 operating voltage. It has a sensing range of 5m with a horizontal detection range of 70° and a vertical detection range of 84° this package is provided with a Fresnel lens therefor having a wide detection angle. The output is voltage but doesn’t specify what values however looking at the datasheets it could range in the mV or uV as the test circuit uses a two stage amplifier for signal conditioning. This sensor is also small with the dimension being 19mm * 9.2mm. The sensors is on the market for £2.20.

[image: ]
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	IRA - S210ST01

	 Operating Voltage (V)
	 +2 to +15

	FOV (Horizontally)
	70°

	FOV (Vertically)
	84°

	Detection Range (Meters)
	5

	Lens Included
	Y

	Wavelength Detection (uM)
	 2.5 - 20


[44]
Features:
· Excellent S/N
· Low operation voltage

Applications
· Intrusion detectors
· Lighting applications [45]
[bookmark: _Toc513152202]6.2.3 AMN14111
The AMN24111 has an operating voltage that ranges between 3 – 6V. The sensors output can be configured to either an analogue or digital output. The digital output is 0 – VDD a current consumption 100uA and a current of 170uA when sensing an object. Its stability time is typically 7 seconds. It uses a quad element to detect even the smallest of movements of heat signatures. With a 10 meter range covering angles of 118 vertical and 93 horizontally. It is included with a lens and is on the market for £12.50. [46]
[image: ][image: ]

	AMN24111

	Operating Voltage (V)
	 3-6

	FOV (Horizontally)
	93°

	FOV (Vertically)
	118°

	Detection Range (Meters)
	10

	Lens Included
	Y

	Wavelength Detection (uM)
	N/A

	Current Consumption (uA)
	170


Features:
· Excellent noise resistance
· Accurate testing in low/ high temperatures
· Built in amplifier + comparator
· Flexibility in analogue or digital output 


Applications:
· Air conditioner/purifier/fan heater
· Lighting/Automatic switches
· Vending machines/facilities for smoking areas [47]



[bookmark: _Toc513152203]6.2.4 RE200B
[image: ]The RE200B operates within the voltages of 3-10V. It has a sensing range of 6 meters with a 110° horizontal, 70° vertical spread. This particular transistor is highly used in cheap PIR modules you see on the market. The output is 20mv p-p containing two pyroelectric elements with a spectral response of 5 – 14 uM. This sensor is on the market for £<1. [48]
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	RE200B

	Operating Voltage (V)
	 +3 to +10

	FOV (Horizontally)
	138°

	FOV (Vertically)
	125°

	Detection Range (Meters)
	10

	Lens Included
	Y

	Wavelength Detection (uM)
	 7 - 14

	Current Consumption (uA)
	170






Features:
· High sensitivity
· High compensation for surroundings
· JFET source follower impedance      converter
Applications:
· Alarm systems
· Consumer products
· Human body detections
· Automatic switches [49]
[bookmark: _Toc513152204]6.2.5 Comparison

	Product
	[image: ]REB200b

	[image: ]AMN14111

	[image: ]IRA - S210ST01

	[image: ]IRA - E710STO


	Operating Voltage (V)
	 +3 to +10
	 +3 to +7
	 +2 to +15
	 +2 to +15

	FOV (Horizontally)
	138°
	93°
	70°
	45°

	FOV (Vertically)
	125°
	118°
	84°
	45°

	Detection Range (Meters)
	10
	10
	5
	12

	Lens Included
	n
	Y
	Y
	N

	Wavelength Detection (uM)
	n/a
	n/a
	 2.5 - 20
	 4.5 - 12

	Current Consumption (uA)
	170
	170
	n/a
	n/a

	Price (£)
	<1
	12.50
	2.20
	2.00



The PIR sensor to be selected is the amn14111. It has excellent features such as a built in amplifier, comparator, lens and compensates for change in outside temperature there minimizing false alarms. As it’s all built in no additional circuitry is required therefore saving time. The datasheets are very informative compared to the others, with the selection of the amn14111 will save time with minimal testing. The only downfall for this particular device is its price, however I believe that it may be worth it as there is a strict deadline.





[bookmark: _Toc513152205]7. Design & Implementation
This section will demonstrate the development/design stages of the product and show the progressions of the motion sensor given thought and reasoning into why some choices were made. 
As explained in the methodology the use of the spiral technique was used. The spiral methodology begins with an initial investigation and is compared to expectations that the designer has set, if the expectations are not satisfied an evaluation is to be made drawing a plan for the next stage of development providing potential risks that could go wrong.
Starting the initial investigation each sensor will be tested separately to ensure the expectations are met.
















[bookmark: _Toc513152206]7.2 Circuit/Feature Analysis
[bookmark: _Toc513152207]7.2.1 HB100
Looking at the datasheet for this particular module it provides a test circuit. The test circuit is to be analysed to ensure a full understanding of the signal conditioning circuit because if any unexpected errors occur the initial testing will be smoother. 
[image: ]
[19]
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[bookmark: _Toc513152208]7.2.2 AMN14111
Looking at the PIR datasheet it provides how the sensor operates and a test circuit allowing to output a digital response.
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[47]
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The timing chart is a helpful reference that allows a comparison when testing the circuit on breadboard. 
[bookmark: _Toc513152209]7.3 Spiral 1 – Initial Testing
Spiral 1 will provide expected results of each sensor and compare them with the actuals results after the initial testing has been completed.
7.3.1 HB100[image: ][image: ]

The oscilloscope has been connected to the output of the HB100 (yellow trace) and also the output of the signal conditioning circuit (blue trace). The output of the HB100 is approximately 10mv p-p; this is different from the expected outcome of the sensor.  The blue trace has a reference voltage of 2.5 but did not give the expected output of 0-5 volts, it is actually 0-3.5 volts.
[image: E:\DissDesigns\Hb100circuit.PNG]
Simulating the circuit using Proteus a comparison can be made to ensure there are no errors within the built circuit. The microwave sensor is simulated by injecting a 10mv p-p waveform into the two stage amplifier.
[image: ]The results for the simulation show the same outcome, a reference voltage of 2.5 but an output voltage of 4 volts.



[image: https://scontent-lht6-1.xx.fbcdn.net/v/t34.18173-12/28117446_967466830074735_1583914033_n.jpg?_nc_cat=0&oh=f495c869707a144751d8bcc2046a9df2&oe=5AE166BC][image: https://scontent-lht6-1.xx.fbcdn.net/v/t34.18173-12/28308737_967466566741428_2007158834_n.jpg?_nc_cat=0&oh=0593b37f54ed408f8622d30af9d9ab37&oe=5AE24181]7.3.2 AMN14111

Testing the AMN14111 has given the expected output digital response that is 0 – 5 volts. Using an LED allows indication that the output is either high or low. The output is very sensitive and only remains high for a small amount of time, a delay or timer may be necessary to allow the output to remain high for a longer period of time.
[image: E:\Proteus Screenshots\PIRModule.PNG]Proteus does not offer a PIR module within its library. However looking online in the Proteus community a library was available to download simulating the functionality of the PIR sensor similar to the one that was built, it gives a 0-5 output with a testing pin allowing the user to set it HIGH/LOW.





7.3.3 Evaluation
Evaluating the both sensor the PIR sensor meets the expectations in terms of functionality are as expected apart from remaining high for a brief amount of time. The microwave sensor however is not outputting 0-5v, the expected problem lies within the amplifiers as the results from the simulation and the breadboard are the same. Looking at the HB100 datasheet its operating voltage is 5v with a +/- 0.25 tolerance, this module is sensitive to voltage and may need a voltage regulator to ensure it doesn’t exceed the operating voltage threshold for functionality and protection.
Actions to be made:
· Create 5 volt regulator to supply HB100
· Look at lm324 datasheet
















[bookmark: _Toc513152210]7.4 Spiral 2 – Circuit Adjustments
[bookmark: _Toc513152211]7.4.1 Hb100
Looking through the lm324 datasheets it had provided a solution to the unexpected result.
· “Large output voltage swing 0 V to V+ -1.5” [50]
From the initial tests, it was found that the output of the signal conditioning circuit was  V+ - 1V/1.5.
Actions to take:
· Make a 6v regulator
· Make a 5v regulator
The risks involved making this regulator is that it only provides 6 volts that will supply the amplifier, if the datasheet is correct with this specific problem a diode will be connected from the ground terminal (2) of the regulator to ground in order to give that extra 0.5 volts.
[image: ]
[image: E:\Proteus Screenshots\5v regulator.PNG]

[image: ]
Supplying 6 volts to the amplifier from a regulator has fixed the problem, the oscilloscope is showing a 0-5v output that is desired. A 5 volt regulator has also been built supplying the microwave module in order to protect the device as its operating voltage is -/+ 0.25 of 5 volts.
No further initial testing is needed as expectations have been met therefore implementation of the desired features is now to be theorised and produced.










[bookmark: _Toc513152212]7.5 Spiral 3 – Implementation of Features
Spiral 3 will investigate the implementation on how to incorporate the desired features into the design.
The features that are desired to be implemented as such:
· Low power consumption
The PIR sensor already has a very low consumption current (170uA) however the microwave sensor has a current consumption of 35mA, this is very high in comparison. One method in improving overall power consumption is for the microwave sensor to be automatically switched on only when a moving heat signature is present. One of the applications for the AMN14111 is automatic switching; this sensor can be used to switch on the microwave sensor by using software within a microcontroller providing power to a specific pin when the PIR is set to HIGH. 
A problem that may occur is that the output pin will not provide enough current limiting the microwave sensor functionality. A MOSFET is great for increasing current to a circuit with a low current input at its “gate”, with the is mind a use of a MOSFET can be implemented into the design.

· AND/OR Functions
When comparing PIR technology to Microwave technology their advantages/disadvantages are inversely related hence why PIR implemented with Microwave is vastly popular within motion detectors. Using an AND function allows these technologies to co-exist to make an overall a more reliable detector.

· Pet Immunity
The voltage output from the microwave sensor is analogue 0-5 volts, a use of an ADC within a microcontroller will allow to create a window comparator within the software. Using a comparator will eliminate one of the disadvantages that Microwave technology has which was listed as; “Subtle movements caused by wind such as trees moving and other outside objects can trigger a false alarm.”
With these features implemented it actually overcomes the many disadvantages both technologies have and also gives the user more flexibility. All these features can be accomplished by implementing a microcontroller.


[bookmark: _Toc513152213]7.5.2 Low Power Consumption
As explained in the previous section a switching circuit will be created using a MOSFET. The HB100 required over 35mA to function. The switching circuit is required as PIC microcontrollers typically outputs 25ma to its pins.
[image: ]
	Label
	Explanation

	MCU OUT 5
	This label is simulating the 5 volt output coming from the microcontroller.

	
	

	SW1
	The switch is used to simulate out HIGH/LOW voltage coming from the MCU. Switch being on means high, switch off means low.

	
	

	R1
	R1 is a current limiting resistor limiting the current supplied to the transistor at 40ma. This value was picked as the HB100 operating current is >35mA

	
	

	R2
	Resistor R2 is used as a pull-down resistor to help pull the TTL output voltage down to 0V when the MOSFET is switched “OFF”.

	
	

	Q1
	A MOSFET transistor is used as a switch as its voltage dependant, when the gate of the FET is high (VGS+VE) the FET allows current flow through the device.

	
	



Where the ammeter is currently placed is where the HB100 sensor will be connected. This sensor will be active when MCU OUT 5 is high.
[bookmark: _Toc513152214]7.5.3 Pet Immunity
Using a microcontroller we can use an ADC to change the analogue signal from the microwave sensor. Using Proteus and CCS C compile it is possible to simulate a working ADC. As a microcontroller has not yet been selected the use of a PIC16F887 will be used as it has many i/o including a 10bit ADC along with a LCD display to illustrate what ADC reading Is obtained and a potentiometer to select a voltage. 
To calculate the ADC value the following equation is to be used:
[image: ]
As mentioned the resolution of the ADC is 10 bit and for this example the system voltage will equal 5v. 
Example:

X=430 [51]
Using the circuit below we can find “x” using the circuit/software shown below:
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Testing this program only 8% of the ram and rom were used providing a guideline for how much program memory is required when selecting a suitable PIC.













[bookmark: _Toc513152215]7.6 Final Design
[image: E:\Code\finaldesign1.JPG]









[bookmark: _Toc513152216]7.7 Block Diagram Overview
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[bookmark: _Toc513152217]7.8 Software Flowchart
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[bookmark: _Toc513152218]7.10 Software
[image: E:\Code\body1.JPG]




















[bookmark: _Toc513152219]7.9 Microcontroller Selection
Upon research and investigation of the sensors, below is a table of the parameters that are required when considering a MCU:
	Sensor
	Product
	Required Pins
	Output
	Measurement

	Microwave
	HB100
	2
	Analogue
	 PIR = 1 (High)

	PIR
	AMN14111
	1
	Digital
	Power Switch is on



Other Requirements:
	
	Minimum Requirements

	Programme Memory
	4k

	Clock Speed
	8mHZ

	LED/Buzzer outputs
	1/2

	MCU Pins
	8

	Input Pins
	3

	ADC Bits
	8

	Timers
	1



To meet these requirements microchip provides a great parameter selection tool in order to satisfy the MCU required parameters.
[image: ][image: ][image: ][image: ] 
Program memory was selected at a minimum of 4KB, using the 16f887 as a reference the testing program used 10% of the 14KB that it provides. 4KB is more than double 10% of 14KB therefore it is a suitable value when selecting program memory.
[bookmark: _Toc513152220]8. Testing
This section will include an experiment to be conducted on the output of the HB100. As one of the features of the device to be implemented is pet immunity, tests must be ran to understand what out voltages may occur when detecting different sized objects from varying distances. The current output of the HB100 is very sensitive give a high voltage output regardless of the size of the object. Changing the sensitivity (by decreasing R7) the gain of the amplifying circuit will decrease, doing this may allow to identify objects in terms of their size.
[bookmark: _Toc513152221]8.1 Method
Using a 1m rule stick different distances can be measured from the sensor.
[image: ]

Experiment parameters are of such:
· The test will involve 4 distances 1, 3, 5 and 7 meters.
· The resistance will be lowered from 1M ohm to 800k, 600k and 400k.
· Three objects with a size variance will past the sensor.
· The speed of which the object passes the sensor will attempt to remain as a constant.
Each object will be tested at each distance and each sensitivity recording the max voltage output of each test.
[bookmark: _Toc513152222]8.1.1 Apparatus
· Oscilloscope	-	Recording Results.
· Power Supply	-	Supplying power to the board.
· Multi-meter	-	Measure the resistance of R7.
· Bin		-	Small sized object.
· Chair		-	Medium sized object.
· Human Candidate	Large sized object.
· 1m Ruler Stick	-	Setup distances.
[bookmark: _Toc513152223]8.2 Hypothesis 
The voltage output is proportional to the amount of RF signal reflected, from this statement a hypothesis can be made:-
· Larger the object passing the motion sensor, the higher the voltage output.
· Further away the object is from the sensor the lower voltage output.
· With a decrease in gain the lower the output voltage.









[bookmark: _Toc513152224]8.3 Results
All screenshots of the results are in the appendix.
Below is a screenshot of one of the results. Annotation is added to allow the reader to understand what information will be recorded:
[image: ]
[bookmark: _Toc513152225]8.3.1 Bin


Looking at the results for the bin we can say:
· 1M ohm sensitivity proved to be far too sensitive giving a -/+ 2.5 volts regardless of distance.
· 800k is still very sensitive however results show that the voltage did drop with an increase in distance.
· 600k once again still very sensitive however shows a voltage drop with increased in distance and shows a lower voltage at 5m but an increased voltage at 7m compared to the 800k.
· 400k at one meter showed a different result to all other sensitivities reducing in range with increase in distance.
· 
[bookmark: _Toc513152226]8.3.2 Chair


Looking at the results for the chair we can say:
· 1M ohm sensitivity proved to be far too sensitive giving a -/+ 2.5 volts regardless of distance.
· 800k once again still very sensitive however shows a voltage drop at the 5m range but an increase in voltage at the 7m range.
· 600k shows a decrease in voltage after 3 meters but the voltage is larger at 3m and 5m when comparting it to the 800k.
· 400k shows most promise as it decrease in voltage output with an increase in distance.
[bookmark: _Toc513152227]8.3.3 Human

· 1M ohm sensitivity proved to be far too sensitive giving a -/+ 2.5 volts regardless of distance.
· 800k shows a decrease in voltage with an increase in distance after 3m.
· 600k followed same suit giving a voltage drop after 3m but in comparison to the 800k it has decreased in voltage.
· 400k at 1m has showed different results compared to the other objects giving a 2.5 volt output. As the distance increases the voltage decreases.
[bookmark: _Toc513152228]8.3.4 Tables

	Bin
	Pot Resistance

	Distance (Meters)
	1M
	800k
	600k
	400k

	1m
	2.5
	2.5
	2.5
	0.84

	3m
	2.5
	2.5
	2.5
	0.52

	5m
	2.5
	1.8
	1.56
	0.44

	7m
	2.5
	1.16
	1.28
	0.2

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Chair
	Pot Resistance

	Distance (Meters)
	1M
	800k
	600k
	400k

	1m
	2.5
	2.5
	2.5
	1.6

	3m
	2.5
	1.64
	2.5
	0.88

	5m
	2.5
	1.12
	1.63
	0.6

	7m
	2.5
	1.56
	1.49
	0.4

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Human
	Pot Resistance

	Distance (Meters)
	1M
	800k
	600k
	400k

	1m
	2.5
	2.5
	2.5
	2.5

	3m
	2.5
	2.5
	2.5
	1.84

	5m
	2.5
	1.98
	1.88
	0.76

	7m
	2.5
	1.63
	1.55
	0.6






[bookmark: _Toc513152229]8.3.5 Discussion
The experiment held was a successful experiment allowing to extract important data. The importance of this data is that it allows us to programme the parameters of the window comparator within the PIC software, the bin represented a small animal (cat e.g) , chair (dog) and human, being a potential intruder.
Looking at the data there is a clear difference across all three objects following the trend of “Larger the object passing the motion sensor, the higher the voltage output” as more RF is being reflected and received. How
Discrepancies within the data are highlighted, these values did not follow trend in relation to the hypothesis set. The reason behind these discrepancies is that the speed of the object passing the sensor did not remain at a constant as the force applied to them were performed by a human therefore errors may have occurred. The data showing the human results however had no discrepancies as the movement across the sensor was simply walking speed which people are accustomed to in their everyday lives therefore being more consistent in terms of speed.













[bookmark: _Toc513152230]9. Conclusion & Recommendations
Evaluating the project as a whole the specification was not met. Each specification will be listed explaining the difficulties that occurred in an attempt to meet the aims.
· To be affordable.
A bill of materials has not been made so therefore approximations will be made as time is limited. The amn14111 and the HB100 was approximately £18. Considering additional circuitry was used, casing, battery and PCB would approximate to around £22. The final overall cost is approximate £40, even though affordable the desirable overall cost of the product range between £20-30. The AMN14111 even though a really good overall sensor was too cost effective where as another sensor such as the I RA - S210ST01 would have sufficed and met this specification.

· Implementation of dual sensor technology particularly infrared and microwave.
Infrared and microwave technology were implemented within the product, however simulating such technologies proved to be difficult therefor using passive components to imitate their behaviour. Too much time was dedicated towards the features of the design that the final design was not produced as a physical product.
· For outdoor usage.
The selection of the sensors were suitable for harsh outdoor conditions there for reducing false alarms as the performance of the sensors compensated for the weaknesses in technology. However the actual final product was not finish or a case selected. A selection of a case with a waterproof rating would have sufficed to meet this specification.
· To have and out indicating when movement is detected.
This specification was met but only with simulations.
· Implement Microprocessor Technology
Microprocessor technology was implemented using features such as an ADC and taking full advantage of a PIC and its use of features.
· Minimal False Alarms
Looking at the advantages/disadvantages of each technology selection of sensors and the use of an ADC overall minimized the potential of false alarms.
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Disadvantages:

* Weather conditions may cause false alarms.
20,000 hour life span.

 Can only detect heat signatures up to 6 meters.
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Disadvantages:

« Durability
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« Installation height:1.5m- 2.4m
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« Anti-white light: >1000Lux
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- Petimmunity:<25KG
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« Dimensions (H*W*D):160mm x 65mm x 50.5mm
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POWER INPUT
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Product Specification Features Technology Price (£)
3 Power Supply: 3*AAA Batteries Track movements and get instant alerts PIR (motion) 23
) Detection Range: N/A Infrared sensor

Power Consumption: N/A Battery operated
Indoor Use only
Easy Installation

Sunlit tech OTD-40T Power Supply: 9 — 16V DC DRO micro radar+2 independent dual PIR detection  PIR + Microwave  26.37
Detection Range: 12m technology.
Power Consumption: 100mA _ Professional grade IP-65 water-proof design
Digital analysis pet-immunity technology.
Unique anti-masking and trouble output.
AND/OR modes for option
MW range adjustable.
With high/low sensitivty selection.

GDJ140 Pearl Triple Tech Curtain  Power Supply: 12V +/- 3V PIR+Microwave  53.8
8eam Detector Detection Range: 12m
Power Consumption: 50mA

MultiSensor 6 Power Supply: USB DC 5V/ Motion, Temperature, Humidity, Light, UV and Motion, 59|
Battery Power (2*CR123A  Vibration Sensors Temperature,
batteries, 3V, 1500mAh Longer Battery Life (USB/Battery Powered) Humidity, Light, UV
Detection Range: 5m Tamper Protection and Vibration
Power Consumption: N/A Easy Installation Sensors
TEXECOM PREMIER ELITE DT - DUAL Power Supply: N/A X-band doppler PIR+Microwave  17.5
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Features:

Product code: HCSENS0040

Supply Voltage: 5V dc

Supply Current: >3mA (2.8mA typical)
Operating frequency: ~3.2GHz

Transmit power: 20mW (typical) / 30mW (max)
Size: 36mmx 17mm
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power supply voltage: 3.3-20VDC;
the quiescent current: 4MA;

module size: 23*33MM

the transmission power: < 2mW;

the output signal: TTL (3V/5V), repeat triggering
sensing distance: 4-8 meters;

detection angle: 180 degrees;

he default setting 205/30S (adjustable).

the time dela
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Model:HFS-DC06
Frequency:5.8GHz
Waveband:ISM band
Size:39%22*11mm

Input Voltage:DC 5V
Minimum Input Current:30mA
.Output Type:High level signal
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Model Number: Radar Sensor
is_customized: Yes

Output: Digital Sensor
Theory: Radar Sensor
Frequency: 5.8GHz
Waveband: ISM band




image30.png




image31.png
Parameter lotes [ Min Typ. [ Max [ Units
Frequency Seffing 1 10520 | 10525 | 10530 | Ghz
Radiated Power (EIRP) 1 12 15 20 dBm
Spurious Emission 1 7.3 dBm
Settiing Time 3 6 uSec
Received Signal Strength 2 200 Wp-p
Noise 3 5 Vs
Antenna Beam-width (3 dB) - Azimuth 80 0
Antenna Beam-width (3 dB) - Elevation 40 D
Supply Voltage 475 500 525 VDC
Current Consumption 30 40 mA
Pulse Repefition Frequency 23 2 Kz
Pulse Width 4 10 uSec
Operating Temperature EH 55 °C
Weight B gm
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Explanation

Components | Application Calcuiation
Vout-{R1/(RI=R21)"Vin | This feeds into U2 & U3 which offsets the
25~{100K/200K)°5 input voltage of the amplifers at 2.5
which allows a 2.5 volt swing either side as
RLR2,C2 Porental Divider the supply voltage i 5. C2is 3 decoupling
capacitor removing noise from the voltage
Source and to minimize fluctuations.
1/25RC
(27 330k4.70F)
01Hz
Using a hgh pass fifer allows frequencies
above 0.1z allowing al frequencies from
B33 High Pass Filter the supply to pass through to the dircuit
e
/(21047033962
farma2nd) <7234K2
Non - Inverting.
©4,C7,R8,86 | Band Pass Fifer
The cut off frequencies have speciicaly
been chosen as doppler requency fora
1y2mac human walking is between 0-100hz. Any
InvertingBand | 1/l2n 82k 741342 | frequencies betvieen 13- 72,34 will be
€5,C6,R5,C6 | PassFiter s/lanama2n] amplifed.
Bypass capacitoris used to protect the
motion sensor from the transient
a Bypass Capacitor | /A transition,
=2V Cos
Where:
Fd = Doppler frequency
V= Velocity of the target
ransmit frequency | Motion sensor with a Sv voltage supply
C=Specd of light output between 20-40 LV's (According to
©=Angle betweenthe | datasheet). It implements the Doppler
target moving direction | effect where its output i dependent on
uL Wotion Sensor | and the axis of the module | the parameters shown in the equation.
“These are quad amplifiers, however one.
ampliferfrom each chip s only used. The
(R6/R8) = 100 reson for these quad amps i that they
have 2 high common mod rejection ratio
(CMIRR]. The input signal from the HB100
w2,u3 LM324 Op-Amp is amplified by 12100,
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#define LCD_RS_PIN PIN_D@
#define LCO_RW_PIN PIN D1
#define LCD_ENABLE_PIN PIN_D2
#define LCD_DATA4 PIN_D3
#define LCD_DATAS PIN_D4
#define LCD_DATA6 PIN_DS
#define LCD_DATA7 PIN_D6
//End LCD module connections

#include <lcd.c>

unsigned int16 i;
void main(){
lcd_init();
setup_adc (ADC_CLOCK_DIV_32);
setup_adc_ports(sAN®) ;
set_adc_channel(0);
delay_ms(100);
led_gotoxy(3, 1);
1cd_putc("ADC readiny
while(TRUE){

i = read_adc();
led_gotoxy(7, 2);

printf(led_putc,"¥4Lu”,1);
delay_ms(10); // Wait loms

n

// Initialize LCD module

/1 Set ADC conversion time to 32Tosc

// Configure ANG as analog
7/ select channel @ input
// Wait 1@ems

// Go to column 3 row 1

/1 Go to column 7 row 2
// virite i with 4 numbers max
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unsigned int16 i;
void main(){
led_init();
setup_adc (ADC_CLOCK DIV_32);
setup_adc_ports(sAN0) ;
set_adc_channel(0);
delay_ms (100);
led_gotoxy(3, 1);
Led_putc("ADC reading:”’
while(TRUE){
i (PINAL
{
output_high(PIN_E0);
delay_ns (8000) ;
i = read_ade();
led_gotoxy(7, 2);
printf(led_putc, "¥4Lu",1);
delay_ms(16); // Wait 1ons
i (i>838 || i<182)
{
output_high(PIN_£1);
delay_ms (8000) ;
output_low(PIN_E1);

¥

)

// Tnitialize LCD module
/7 set ADC conversion time to 32Tosc
// Configure AN® as analog

/7 select channel @ input

/7 vait 16ems

17 6o to column 3 row 1

J/TF state is only true when PIR detects movement

/7 when PIR is HIGH it turns on microwave sensor
//Microwave input pin is high for & seconds

7/ Stores mirowave output as a int

7/ LD for testing purposes

Vi

/7 Bit values 838 & 182 = 1.6 -/+ Vref (2.5)

77 TF voltage ouput is above 4.1 or beelow .9 set pin EL high
/7 Pin €1 is the output (LED)

/1 Output stays on for 8 seconds
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