	



[bookmark: _Toc415090112]Abstract 
Laundry Now is a system that is intended to make the process of doing laundry more efficient.  It is designed to be used in apartment complexes or dorm housing laundry rooms and it will allow residents to easily check if washers or dryers are available or in use. This system will also report the number of cycles each machine has completed, allowing property management to see which machines are being used and how much. By keeping track of the number of cycles a machine has been used, it can help facility management determine when repairs or maintenance may be needed. 
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[bookmark: _Toc415090115]Introduction 
	The purpose of Laundry Now is to create a system that helps the user to efficiently use their time when doing their laundry.  This system will allow users to predetermine if there are washing machines and dryers that are available for use before having to leave their home.  This is to help users determine the best time to do their laundry. 
[bookmark: _Toc415090116]Body
[bookmark: _Toc415090117]Problem Statement 
In many laundry rooms in college dorms and apartment complexes, the only way to tell if a washer or dryer is in use is by going to the laundry room and physically checking if a there is a machine available. It can be frustrating and time consuming having to constantly check the laundry room when waiting for a machine to become available. 
[bookmark: _Toc415090118]Problem Solution
Laundry Now will allow users to check whether there is a washer or dryer open before leaving their home. The system will monitor accelerometers that will be attached to the washers and dryers, and when motion is detected the system will update itself to show that the machine is in use. When a user checks the website from their computer or smartphone, they will see the most recently updated statuses of the machines in the laundry room. Laundry Now will be non-invasive and simple to install because it only requires a single sensor node to be attached to each unit. Due to the non-invasive design, Laundry Now will be inexpensive to purchase and implement, and can be used with both newer and older washers and dryers.
[bookmark: _Toc415090119]Literature Review/ Existing Patents
	Currently on the market there are two different products that are similar to Laundry Now.  The first is LaundryView, created by Mac Gray, and the second is Remote Laundry Monitoring System, created by LG.  Both of these systems are similar to the product that we are designing, but they each have significant limitations for our targeted market. (1,3) 
	LaundryView is a system that was developed by Mac Gray as another option that works with the washer and dryers that they supply to colleges and apartment complexes.  LaundryView allows users to predetermine if there are any washers or dryers that are available for use.  They can do this by checking LaundryView’s website that is continuously updated.  This system also allows users to set a notification system that will send a message when the machine has finished the wash cycle or is about to finish the wash cycle.  The major limitation of this system is that it requires the washers or dryers that Mac Gray supplies, creating the need to purchase entirely new machines in order to use the system. This significantly increases the financial burden of implementing this system. (1,2) .
	The other system that is similar to Laundry Now is LG’s Remote Laundry Monitoring Service, which is a device that allows homeowners to view the amount of time left on the current wash cycle.  This device requires the installation of modem into a washer and dryer which will connect with the timer, and then will relay the information over the household power lines to the receiver which needs to be plugged into the wall.  This system works well for a single household, but it is not scalable for use in a facility with many machines.  (3)
Similar Product Comparisons 
	Device 
	Need extra Equipment 
	Scalable 
	Internet Capable 
	Estimated Cost

	LaundryView
	Mac Gray supplied machines
	Yes
	Yes
	Depends on the number of machines needed

	LG’s Monitoring System 
	No
	No
	No
	$90.00

	Laundry Now 
	No
	Yes
	Yes
	$525 (Full System Parts); $160 (Demo Unit Parts)


 (1,2,3,4)
[bookmark: _Toc415090120]Marketing Requirements       
	Function 
	Allows users to predetermine if there are any washers/dryers that are available for use, by checking the website.

	Number of Machines
	8 sensors per controller, 4 controllers per server, up to 32 different machines

	Wi-Fi Connection
	WPS connection

	Powered
	wall socket

	Consumer Cost
	$525 (Full System Parts); $160 (Demo Unit Parts)

	Size
	Server 4” by 4”, controller 4”  by 4”, sensor 2” by 2”

	Package
	Plastic shells 

	PC and Cell Phone capable 
	Any device that is internet enabled

	Sensor connection 
	Non-invasive, attached with double stick tape users might be reluctant as this will damage the finish on the machine if left for a long time. Would suction work?

	Update Time
	The webpage will be updated every 5 minutes to reflect the latest washer/dryer status.


[bookmark: _Toc415090121]Product Abilities
· Keeps track of the number of machine cycles for days, weeks, and months.
· It will be able to tell if the machine is in operation or is not in operation.
· The website will be able to display the time remaining on every machine.
· Onsite internet connection.
· Website updates every 5 minutes.
· Non-invasive and simple to install.
[bookmark: _Toc415090122]Design Approach
[bookmark: _Toc415090123]Project Overview 
This product will allow users to see the number of washers and dryers that are in use or available at their laundry facility without having to leave their home.  It will do so through sensor nodes that are placed on every washer and dryer and are connected to the SPI interface of the controller node microcontroller.  The microcontroller will keep track of which machines are in use, and monitor for vibrations from the door opening and closing to determine when the previous user removes their clothing, leaving the machine available for use. The status of the machines will be stored on the individual controller nodes and the sensors will be checked every 2 minutes. The server will request the latest machine status and update the website every 5 minutes.  When a request is received from a user over Wi-Fi, the server will return the HTML website that displays the latest machine status. See Diagram 1 for the basic system design.
[image: F:\proposal_diagrams\full_system_wLAN.jpg]
Diagram 1: System Block Diagram 

[bookmark: _Toc415090124]Sensor Nodes
In order for Laundry Now to detect if a machine is running or has stopped and the door opening and closing, it will utilize accelerometers that will be placed directly on the machines.  This will also for the system to be non-invasive, inexpensive, and simple to install, but will still allow it to collect enough necessary information. The sensors will be 3-axis MEMS digital accelerometers with built-in SPI interfaces. These sensors are simple, easy to communicate with, and will allow the system to record enough movement data to track the status of the machine it is monitoring. (6,7)
The Clock, MOSI (Master Out, Slave In) and MISO (Master In, Slave Out) lines of the SPI interface will be connected to the sensors in a standard way, however the CS (Chip Select) line will be controlled through a set of multiplexed sensor select control lines to reduce the number of wires being used. There will be 3 control lines total on each controller, allowing up to 8 sensor nodes to be connected. Diagram 3 shows the pin setup from the controller to the sensors. Diagram 2 shows the high level connection between the sensor node and the controller node.
[image: C:\Users\Daniel Monforte\Downloads\unshaded_sensor_controller_highlighted.jpg]
Diagram 2: Controller Node to Sensor Node Connection

[image: C:\Users\Daniel Monforte\Downloads\SENSOR_PINOUT_SIDE_WIRES(1).jpg]
Diagram 3: Pin out from Controller Node to Sensors Node


Microcontrollers
Laundry Now will utilize two types of microcontroller units.  The main microcontroller will act as the server, and will store the latest machine status as well as handle data requests from users through a Wi-Fi controller. This microcontroller will be a ChipKIT WF32 produced by Digilent. It features a Microchip PIC32MX69F512L MCU and a Microchip MRF24WG0MA Wi-Fi Controller built on the same chip. It will be programmed with Microchip MPLABX software. Separate microcontrollers will act as control units and will directly interface with the sensor nodes. These will be PIC18F45K20 microcontrollers and will also be programmed using Microchip MPLABX software.  The server will be able to handle up to 4 controller nodes at one time, and each controller node will be able to communicate with up to 8 sensor nodes. The high level diagram containing the microcontrollers is shown in Diagram 4 and the pin setup is shown in Diagram 5 and Diagram 6. Diagram 7 shows the practical system application. (8,9,10,11)
[image: C:\Users\Daniel Monforte\Downloads\unshaded_controller_server_highlighted.jpg]
Diagram 4: Microcontroller Diagram
[image: C:\Users\Daniel Monforte\Downloads\CONTROLLER_PINOUT.jpg]
Diagram 5: Pin Setup Server to Controller Node
[image: C:\Users\Daniel Monforte\Downloads\SERVER_PINOUT_WIRE.jpg]
Diagram 6: Server Wiring Layout
[image: C:\Users\DANIEL~1\AppData\Local\Temp\System Diagram pictures.jpg]
Diagram 7: Practical System Map

[bookmark: _Toc415090125]Hardware Communication 
The microcontroller that interfaces with the sensor nodes directly will do so using the SPI communication interface available on the PIC18F45K20 and the sensor breakout boards. The microcontroller will cycle through each accelerometer on the SPI bus using three multiplexed control lines over the SPI interface. Each cycle of data will be collected, and then stored on the controller node. The machines will be continuously monitored for changes in motion to determine if a machine is in use. It will check for a spike in movement after a wash or dry cycle is completed to determine if the door has been opened and the machine is available. The machine status is retrieved by the server over a serial UART interface and the website stored on the server is updated accordingly. (8,9)
[bookmark: _Toc415090126]Wi-Fi Communication
The Wi-Fi communication will be handled entirely by the main server microcontroller. When a user attempts to access the site from their computer or smartphone, the data stored on the server microcontroller will be sent to the Wi-Fi controller over the SPI communication interface. This is transfer is handled within the Digilent WF32 board. Laundry Now will support push button WPS (Wi-Fi Protected Setup) connections, allowing the user to press the WPS button on the server and the WPS button on the router to setup the Wi-Fi connection for simple network setup. (10)
[bookmark: _Toc415090127]User Interface
Users will be able to access the information generated by Laundry Now through a website that is accessible from either a computer, tablet, or smartphone.  The website will show which washers and dryers are currently in use. When the user enters the IP of the server microcontroller, the microcontroller will return an HTML webpage that displays the machine status. 
[bookmark: _Toc415090128]Power
	Laundry Now will be powered by a wall outlet.  This will allow the system to continuously run without the need to change a battery.  The main power source will be connected to the server unit which will then provide power the controller nodes along with the sensor nodes.  The server node, controller node and the server all require 3.3 volts which allows for the ease of data communication between the components.    
[bookmark: _Toc415090129]Demonstration Unit
As proof of concept, we will be building a demonstration unit that utilizes the different parts of this design. The demonstration unit will have one server microcontroller controlling the system. There will be two control nodes (the system will be capable of a maximum of four controller units) with two sensor nodes connected to each controller node unit (capable of a maximum of eight sensors per controller). The demo unit will require a single available wall outlet power source to power the server and connected components. There will also need to be an available Wi-Fi network provided by a router that is push button WPS capable. A video will be created showing the demonstration unit being used.
Laundry Now will be able to detect if the washer or dryer is in operation or is off and will be able to detect the door opening and closing. It will not be able to directly detect if the load has actually been removed from the machine. By analyzing the movement data it will make the best determination of whether the machine is in use, has completed a cycle, or is empty. This information will then be sent to the server which will post if the machine is in use or waiting to be empty (before the door is opened and closed) or currently available (after the door has been opened and closed). 


[bookmark: _Toc415090130]Engineering Requirements 
	Controller Node to Sensor Node communication
	Data flow is through SPI, Sensor node selection is through a demultiplexer 

	Controller to Server communication
	USART 

	Wi-Fi requirements
	Needs WPS based router

	HTML Page 
	Stored and updated on server

	Sensor Node dies
	If the sensor node does not respond then then the website will be updated to show an error that sensor could not be updated.

	Storage capability 
	Onboard 

	Out of service indication
	If a controller node does not communicate with the server then the website will be updated to show an error that a controller node could not be updated.

	Update Time
	The server will update the HTML file every 5 minutes.
The controller nodes will check the sensor nodes every 2 minutes.





[bookmark: _Toc415090131]Economic Analysis
This product is designed to compete with LaundryView, which is a similar product.  LaundryView is a system that was create by Mac Gray to work with the washers and dryers that they supply.  Mac Gray is a laundry facility service provider which works with some schools and apartment complexes to maintain their laundry faculties.  They provide the machines and maintenance on the machines.  Their LaundryView system is only designed to work with the machines that they install.  They currently do not quote a price on the cost per machine and the price of the LaundryView system, but the machines they install are either Maytag or Speed Queen washers and dryers.  The average price of a new Maytag or Speed Queen washer is about $1500.00 per unit, and the average for a Maytag or Speed Queen dryer is about $1500.00 per unit.  We wanted Laundry Now to be less expensive than LaundryView. Because of this, our product is designed to work with preexisting washers and dryers in a laundry facility so there is no need to purchase new washers and dryers.  The parts cost for a fully expanded Laundry Now system is about $525 at the current parts cost. Using the chips directly (not on breakout boards) would make the cost of Laundry Now be lower. (1,2,4) 
[bookmark: _Toc415090132]Social and Environmental Impact
Laundry Now is designed to compete with LaundryView, which is a system that have already been installed and is used on college campuses and apartment complexes.  Because of this it will have a similar social and environmental impact to LaundryView which has been greatly successful at reducing the time required by users to do their laundry, and increasing the efficiency of the laundry facilities. (2)    


[bookmark: _Toc415090133]Timeline and Gantt chart
[image: F:\timeline_b.PNG]
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[bookmark: _Toc415090134]Summary
Laundry Now will allow users to predetermine if there are washers or dryers that are not in use, or to determine that all of these machines are being used.  This product is designed to be placed on any washer and dryer units, including older washers and dryers that are not Wi-Fi enabled.  There will be an accelerometer that will be placed on every machine that will then allow the controller node monitor the washer/dryer movement.  The controller node will collect this movement data from the sensor every 2 minutes. It will analyze the data and update the status of the washer/dryer to one of three states: In Use, Cycle Completed, or Available. It will store this information until the server requests it. Every 5 minutes the server will request the latest machine status from the controller nodes and update the HTML webpage file. When a person checks the website the server will send the latest HTML file showing the status of the machines. It is important to note that the system will not be able to directly tell if a machine has been emptied. It will monitor the movement of the washer or dryer and make a best determination if it is running, has completed a cycle, or is empty. An example of the webpage is below.
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[bookmark: _Toc415090138]Detailed Budget

[image: ]
This budget reflects the cost of parts using breakout boards and pre-assembled parts to make the demo unit (1 server, 2 controller nodes, 4 sensor nodes). If Laundry Now was to be implemented in a full scale commercial product breakout boards and pre-assembled boards would not be needed and the cost for the chips would drop, allowing the overall cost for the system to be cheaper. The budget below shows the cost using current parts (breakout boards/pre-assembled boards) for a fully expanded system (1 server, 4 controller nodes, 32 sensor nodes).
[image: ]
[image: C:\Users\Daniel Monforte\Downloads\device_links.PNG]

[bookmark: _Toc415090139]Test and Measurements 
[bookmark: _Toc415090140]Initial Proof of Concept 
In order to be sure the microcontrollers could properly collect valid movement data from the machines we tested a similar accelerometer. We used an Arduino Uno microcontroller with a simple script to monitor the machine, collect the data, and transmit it back to a laptop where the data points could be analyzed. Using MATLAB, we plotted the data points across the clock cycles to see if the vibrations created by the machine could be easily analyzed. We found that we could easily see the movement of the machine when it was running and the quick spikes in movement when the door was opened and closed. This data will allow us to do some simple processing on the controller node MCU to determine if a machine is in use or available. The sensor that was used was a Parallax 2-axis MEMS digital accelerometer that provided an output similar to what the Analog Devices 3-axis MEMS accelerometer will output. Diagram 8 is a screenshot take during the data collection process and Diagram 9 is the graph representation of the collected data. 
[image: C:\Users\DANIEL~1\AppData\Local\Temp\data_capturing.png]
Diagram 8: Generating of Test Information 
[image: C:\Users\DANIEL~1\AppData\Local\Temp\compare_graph_dryer_loaded.jpg]
Diagram 9: Testing Graphed
The first two graphs are the raw data output of the X and Y axis of the accelerometer. The third graph is one method of analysis to emphasize the spikes by summing the axes. We found that while this helped amplify certain parts of the data, it cancelled out in other cases. In order to get around this, we added the absolute value of the two axes. This produces a much better output that can easily be analyzed by the controller node.
[bookmark: _Toc415090141]SPI Communication Test (Controller Node/ Sensor Node)
	How to send and receive communication between controller node and the sensor node via SPI. First I will test this by sending a device ID request and the response should be 0xE5.  The second test will request the Status register which will indicate if there is any movement detected on the sensor.  If there is it will send an indicating flag.
[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_013.png]
Diagram 10: Device ID Request and Transmit
This shows communication back and forth with the sensor and with the controller.  D0 shows the SPI clock that is sent by the controller to the sensor, D1 shows the controller output and the sensor input, D2 shows the sensor output and the controller input.  D1 shows the request register to the sensor for register 0x00 with the most significant bit indicating it is a read request.  Then on D2 shows the sensor response the first series of information is not read by the controller but the second set of information is the response to the request which is 0xE5 or 11100101. 
[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_01.png]
Diagram 11: Status Register Request
This scope image shows the request code being sent to the sensor asking for the information stored in the status register.  D0 and 1 show the SPI clock, D1 and 2 show the output request from the controller and input of the sensor, D3 and 3 show the output from the sensor and the input of the controller.  The first spike on the sensor output is the data ready response and the last two spikes are set when the data ready bit is set.  

[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_00.png]
Diagram 12: Status Register Transmission
This shows the response sent from the sensor to the controller. D0 and 1 show the SPI clock, D1 and 2 show the output request from the controller and input of the sensor, D3 and 3 show the output from the sensor and the input of the controller.  The spike shows that the activity flag has been set. 
[bookmark: _Toc415090142]Sensor Setup Code (Controller Node / Sensor Node)
For the sensors to work they first have to be set up in order to do this several different register have to be set up.  The registers that need to be set up is the thresh tap, duration, latency, window, thresh act, fifo control, power control, act inact, tap axes, data format, interrupt map registers.  
[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_02.png]
Diagram 13: Overview Setup Communication
The image above shows all of the initialization of the sensors being sent from the controller.  D0 and 1 show the SPI clock, D1 and 2 show the output request from the controller and input of the sensor, D3 and 3 show the output from the sensor and the input of the controller. On D0 and 1 shows the SPI clock being sent from the controller each spike is a total of 8 bits being sent. 

[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_03.png]
Diagram 14: Initial Register Location in Setup
This shows the register location on the senor (01101110), the most significant bit is for multiple enters being entered, the send most significant bit is indicating a write request, then the rest of the bits is the register location for int_enabled register. D0 and 1 show the SPI clock, D1 and 2 show the output request from the controller and input of the sensor, D3 and 3 show the output from the sensor and the input of the controller.  

[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_04.png]
Diagram 15: Data being placed in Initial Register 
This shows the information being loaded into the int_enabled register or lack of information being loaded (00000000) so that in the initialization process interrupts cannot be triggered.   D0 and 1 show the SPI clock, D1 and 2 show the output request from the controller and input of the sensor, D3 and 3 show the output from the sensor and the input of the controller.
[bookmark: _Toc415090143]Serial Communication over Distant (Controller Node/ Sensors Node)
	In order for our product to have serial communication form the controller node to the sensor node we will need to determine if there is any data loss cause by both distant and by the load generated by the sensor node.  In order to do this we ill test communication with the addition of 10 feet of wire between the controller node and the sensor node and then in between every sensor node.  
[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_06.png]
Diagram 16: Benchmark,  One Sensor, 0 ft Distance
This is a view of the SPI communication without 10 feet of wires and no buffering of the signal. The signal on 1 is the SPI clock that is sent from the controller to the sensor for communication, 2 is the signal sent from the controller to the sensor to request the information stored in the Int_enabled register, 3 is the signal sent from the sensor to the controller with the values stored in the int_enabled register, and 4 is the control line that is pulled down on the sensor to indicate with sensor is in communication with the controller. 
[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_08.png]
Diagram 17: Test, 1 Sensor, 10 ft Distance 
This is with 10 feet of wires and with a buffer added.  On signal 3 there is some peaks that are shone but the controller is still able to read the correct value.  The signal on 1 is the SPI clock that is sent from the controller to the sensor for communication, 2 is the signal sent from the controller to the sensor to request the information stored in the Int_enabled register, 3 is the signal sent from the sensor to the controller with the values stored in the int_enabled register, and 4 is the control line that is pulled down on the sensor to indicate with sensor is in communication with the controller.
[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_09.png]
Diagram 18: Test, One Sensor, 10 ft Distance, Error Occurring   
This is showing the error that occurs on the 10 feet of line without a buffer.  The problem that occurs with communicating over distance with no buffer is that the control line will turn off and one randomly which will cause the sensor to not fully receive the information and will not sent the correct information.  The signal on 1 is the SPI clock that is sent from the controller to the sensor for communication, 2 is the signal sent from the controller to the sensor to request the information stored in the Int_enabled register, 3 is the signal sent from the sensor to the controller with the values stored in the int_enabled register, and 4 is the control line that is pulled down on the sensor to indicate with sensor is in communication with the controller.
[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_010.png]
Diagram 19: Test, One Sensor, 10 ft Distantce,  Error Effect on Communication   
This is a more zoomed in look at the same error that is occurring in the image above but this is showing on line 4 the error that occurs.  When the control line switches to high it cause an error to occur in the rest of the information and the rest of the communication wires will then sink to the control line error.  The signal on 1 is the SPI clock that is sent from the controller to the sensor for communication, 2 is the signal sent from the controller to the sensor to request the information stored in the Int_enabled register, 3 is the signal sent from the sensor to the controller with the values stored in the int_enabled register, and 4 is the control line that is pulled down on the sensor to indicate with sensor is in communication with the controller.  
This problem was fixed by adding a non-inverting smit trigger to all of the data communication lines.  These allows for the signal to be cleaner when entering the controller node and the sensor node without these buffers communication would not be possible over distant. 
[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_014.png]
Diagram 20: Test, Eight Sensor, Buffers, 0 ft Distance    
This shows the SPI clock being transmitted over the buffers without extra wire added.  The bottom signal is the signal is the SPI clock being sent from the controller node.  And the top signal is the signal after it has passed through 8 buffers.

[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_015.png]
Diagram 21: Test, Eight Sensor, 0 ft Distance, Delay Added Initial Reading    

[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_016.png]
Diagram 22: Test, Eight Sensor, 0 ft Distance, Delay Added Second Reading    
This is showing that there is a delay caused by the eight buffers but it is only .14us which is not enough of a delay to cause issues with communication to the sensor nodes.  Also when all of the signals required are sent through the buffer they will have the same delay also negating any problem caused by a delay introduced by the buffers. The bottom signal is the signal is the SPI clock being sent from the controller node.  And the top signal is the signal after it has passed through 8 buffers.

[image: C:\Users\Daniel Monforte\Senior Design Project\screen captures\print_018.png]
Diagram 23: Test, Eight Sensor, 10 ft in Between Each Node Total 80 ft Distance     
This is showing the effect on the signal after the signal has passed through 8 buffers and also through 80 feet of wire.  There is no loss of signal with the added wire and the buffers.  With the wires added it adds a delay of only 0.05us to the 0.14us of delay that was added with the buffers.  The bottom signal is the signal is the SPI clock being sent from the controller node.  And the top signal is the signal after it has passed through 8 buffers.
[bookmark: _Toc415090144] Parallel Communication over Distant (Sever / Controller Node) 
Since all four controllers share the same TX/RX UART lines from the server, testing needed to be done to ensure the load of all four controllers being connected would not interfere with the communication even though only one would be transmitting at a time. 
We also determined the longest distance our wires may be could be ten feet. We needed to be sure that with all controllers at a max distance combined with the load of all the controllers connected that the signal would not be lost.
Our test consisted of connecting 4 controllers to the TX/RX UART wires at a length of ten feet each. 
We found that the system still worked with the distance and load attached. We connected several points to the scope to see how the signal was affected from the added load and distances. There was a noticeable difference, however the signal was still clear and acceptable to not need added buffers to improve it. 
[image: ] 
Diagram 24: Benchmark, Four Controllers, 0 ft Distant     
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Diagram 25: Benchmark, Four Controllers, 0 ft Distant, Overlapped      
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Diagram 26: Test 1, Four Controllers, 10 ft Distant      
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Diagram 27: Test 1, Four Controllers, 10 ft Distant, Overlapped  
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Diagram 28: Test 2, Four Controllers, 10 ft Distant    
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Diagram 29: Test 2, Four Controllers, 10 ft Distant, Overlapped 










[image: ]
Diagram 30: Test 3, Four Controllers, 10 ft Distant   

  
[bookmark: _Toc415090145]Best Mounting Location 
We tested three different locations of the sensor on the dryer. Ideally, the best location would have a large range of values in order to best determine the status of the machine. The first location was on the back of the dryer (side that faces the wall), along the top center. This location provided the best movement data with the highest overall average of values. This location was also the least susceptible to outside interference such as the sensor being bumped.

The second location we tested was the side of the machine, in the center. This location provided the smallest range of values. The panel along the sides acted as a buffer from the internal movement. This may have been intentional from the manufacturer to reduce vibrations and noise resulting from the movement within the machine. This location also could possibly interfere with machines on either side.

The third location tested was the top of the machine in the center. The range of values in this location was better than the side, but not as high as the movement range on the back of the machine. This location was also the least practical, and most susceptible to outside interference. 
[image: C:\Users\Daniel Monforte\Senior Design Project\relevent documents\comparison.jpg]
Diagram 31: Sensor Mounting Locations 
	In the Process of determining the best mounting location for the sensor we also found that the best measurements that could be achieved was with the sensor attached to the machine and not on a breadboard.  In order for our system to work properly and reliably we will have to mount the sensor directly to the machine.  In order to do this the best means that we found was by attaching a magnet to the sensor and then having the magnet be the connection form the machine to the sensor. 
	It was also determined in this process that our system will need two separted system state detection programs. One that can be used for driers and one that can be used by washers.  With the current system state detection our product will detect the correct operating state of the system for driers but has problems with washing machines.  This problem is cause by the wash cycle which has larger portions of the run time with the machine not moving.  
[image: C:\Users\Daniel Monforte\Senior Design Project\relevent documents\washer_full_cycle.jpg]
Diagram 32: Full Wash Cycle 
[image: C:\Users\Daniel Monforte\Senior Design Project\relevent documents\wash_zoomed.jpg]
Diagram 33: Zoomed in Look at the Wash Cycle
[bookmark: _Toc415090146]WI-FI Distant 
We tested the distance the WF32 could be from the router in two different scenarios. The first test was indoors and the approximate distance that was achieved was 50ft. This test was through an interior wall and one floor below the router. The second test that we conducted was outside with no obstructions. The router was placed just inside a window, and the WF32 was able to be approximately 180 feet away. 
[bookmark: _Toc415090147]Machine Configuration 
What machine configurations are necessary for Laundry Now to properly work, there are several different configurations that might be set up in different laundry rooms.  From machines standing alone, machines touching each-other, machine connected to each-other (stacked, side by side), and finally stacked and side by side.
[bookmark: _Toc415090148]Power Usage
What is the power usage of the system based on the number of controller nodes, number of sensors and total distance of the wire connecting all of the different nodes to the sever.
[bookmark: _Toc415090149]False Triggers
Is it possible for a machine to be placed into cycling mode without the machine running.  Some false triggers that might cause this to occur is if another machine is running right next to the machine in question, earthquakes, a kick, the process of loading the machine or un loading the machine, someone sitting on the machine.
[bookmark: _Toc415090150]Long Term Usage
Determination of potential system problems that might occur with the system running long term.  Possibilities are sensor node malfunctioning, loss of connect due to the machine movement, slaughter breaks cause by movement, potential calendar problems with storing the number of cycles per machine.  The best means to test this problem is by placing the system in a laundry room and checking the connections daily or weekly to see if errors are occurring.    



[bookmark: _Toc415090151]Flow Charts
[image: C:\Users\DANIEL~1\AppData\Local\Temp\Server_Flow_Chart.jpg]
Flow Chart 1: Initial Server
[image: C:\Users\DANIEL~1\AppData\Local\Temp\ControllerNode_Flow_Chart.jpg]
Flow Chart 2: Initial Controller Node to Sensor Node
[image: C:\Users\Daniel Monforte\Senior Design Project\relevent documents\Server_highlevel.jpg]
Flow Chart 3: Higher Level Sever System Block Diagram
[image: C:\Users\Daniel Monforte\Senior Design Project\relevent documents\UART_Setup(1).jpg]
Flow Chart 4: UART Initial Request
[image: C:\Users\Daniel Monforte\Senior Design Project\relevent documents\updateData_UART(2).jpg] 
Flow Chart 5: UART Data Request 


Flow Chart 6: Higher Level Controller Node Block Diagram 



Flow Chart 7: Three State Diagram 


Flow Chart 8: Three State System State Determination 



Flow Chart 9: Four State Diagram 


[bookmark: _Toc415090152]Circuit Diagrams 
[image: C:\Users\Daniel Monforte\Senior Design Project\relevent documents\server_sch.JPG]
Diagram 34: Sever Schematic 
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Diagram 35: Controller Node Schematic 
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Diagram 34: Sensor Node Schematic 


User Interface 

[image: C:\Users\Daniel Monforte\Senior Design Project\relevent documents\update_webpage_wdata.JPG]
Diagram 37: Webpage Layout
[image: F:\qrcode.28541553.png]
[bookmark: _GoBack]Diagram 38: QR Code



67

image2.jpeg
Additional
Controller

Nodes

P
Sensor
Node
Controller »

Node Additional
Sensor
Nodes

>

Additional
Sensor
Controller Nodes

Nodes l l »

p \
Sensor Sensor
Nodes Nodes

i




image3.jpeg
(NI) 10193uU0) 3 pON Josuas

?QOOOOOO

Sensor Node

Sensor
SparkFun Breakout Board
ADXL345 Accelerometer

SPlinterface
CS_CLK MISOMOSI

MUX 8-Pos.

DIPRotary

74LV138N Switch

Qa o

¥330S07OHYLAD

C

Sensor Node Connector (OUT)





image4.jpeg
Additional
Controller
Nodes

( Sensor Sensor
Node Node

Controller »

Node Additional
Sensor
Nodes

Additional
Sensor
Nodes

T

Controller
Nodes





image5.jpeg
Controller Node

e

Controller
PIC18F45K20

USART Interface SPlInterface Chip Select Lines
(Server) (sensor Nodes)  (Sensor Nodes)

TX_ RX Control MOSIMISOCIK @ C1 @

Buffer
CD74HC4050EE4

Server Connector
A

Sensor Node Connector





image6.jpeg
10193UU0) 19MOd

33v 4

s

Regulator -

,

+

RX TX Control
A (A A

Server

Server
Digilent ChipKIT WF32
PIC32MX69F512L
MRF24WGOMA

USART Interface Controller Node
RC X Select Lines

+

|

' Buffer
CD74HC4050EE

Buffer

qjonuod,

CD74HCA4050EE4
T

T
b

=
T

RX TX Control RX  TX Control RX TX Control

(8) (8)

B © @ ¢ (® (O D

0obdd  bbhdd  ddddd  dbbdd

Controller Node 1
Connector

Controller Node 2 Controller Node 3 Controller Node 4

Connector

Connector Connector





image7.jpeg
sl

selig

(i

auiyen
‘ Suiysep

|

auiypep
Suiysepy





image8.png
f14  Nov2s, 14

Dec21,'14 Jan18,°15 ' Feb15°15 Mar15,'15 |Apri2°15 | May 10,15

Task Name < Durtion + Start - Finish ~ ResourceNames - | F T s W s T M F T s W S T M F T S W
Rough Drafts Due Wed 11/19/14 [[erm
Testing Accelerometer on Machine 5days  Mon11/24/14 Frill/28/14 Ryan m
Proposal Review Fri12/5/14 25
Order parts Fri 12/5/14 Frank &Ryan 25
Communication Between Sensors & ControllerNode  22days  Mon12/22/14 Tue1/20/15  Frank e Frank
Communication Between Server & WiFi/LAN 22days  Mon12/22/14 Tue1/20/15 Ryan e Ryan
Connection Between Controller Node & Server 1ldays Tue1/20/15 Tue2/3/15  Ryan o Ryan
Testing Sensors At Distance lldays Tue1/20/15 Tue2/3/15  Frank e Frank
Sensor Data Analysis on Controller Node 27days  Tue2/3/15 Wed 3/11/15 Ryan & Frank . Ryan & Frank
Midterm Review Tue 3/10/15 *3/10
System Testing/Debugging 10days Mon3/9/15  Fri3/20/15  Frank &Ryan i Frank & Ryan
System Install/Live Test 6days  Mon3/23/15 Mon3/30/15 Frank &Ryan el Frank & Ryan
Final Documentation 17days  Thua/2/15 Fria/24/15  Frank e Frank
Final Presentation 17days  Thua/2/15  Fria/2a/15  Ryan e Ryan
Project Completion Fris/1/15 51





image9.png
Project Milestones

Task Person in Charge _|Date of Completion

Sensor & Machine Testing Ryan 12/1/2014
Proposal Review 12/5/2014
Ordering Parts Frank & Ryan 12/5/2015
Communication between Sensor & MCU (LabView) Frank 1/20/2015
Server and WiFi Communication (User Interface) Ryan 1/20/2015
Connect Node and Server (Data Packets Sent (UART) Ryan 2/3/2015

Sensor Data Analysis on Controller Node Ryan & Frank 3/11/2015
Midterm Review 3/10/2015
System Testing/Debugging Frank & Ryan 3/20/2015
System Install/Live Test Frank & Ryan 3/30/2015
Documentation 4/24/2014
Project Completion 5/1/2015





image10.jpeg
Machine Number
Washer 41
Washer 12
Washer 43
Washer #a
Washer b5
Washer #6
Washer #7

Washer 45

Row #1
Attty
Inuse
Cyele Completed
Avalble
Acalble
Intse
Cycle Completed
inuse

Inuse

Laundry Now

Laundry Room Monitoring System

Room 1
Rown2
Cyelesum Machine Number  Availbity
2 B oven Avilable
s O owes Cyele Completed
19 [T InUse
o B oyens Availble
2! B oyerss inUse
1 B oyews intse
4 O oyersr Cycle Completed
16 B onens inuse

Cydes Run
19
4
1
s
20

u
s

2




image11.png
A ]
3 [Mouser  Analog Devices
4 Mouser  Analog Devices
5
6 Mouser  Analog Devices
7 Mouser  Analog Devices
& Mouser  STMicroelectronics
9 |Mouser STMicroelectronics
10 Mouser  STMicroelectronics
11 Mouser |STMicroelectronics
12|Mouser  Parallaz
13
Supplier  Manufacturer
1
|5 |Wii Modules
16 Microchip | Microchip.
7
18 |Microchip  Microchip
19 |Microchip  Microchip
20 Microchip  Microchip
21 |Microchip  Microchip
22 |Microchip  Microchip

ADXL348BCCZRLT

ADXL348BCCZRL
ADXL378BCCZ
LIS2DHTR
LIS2DMTR
LIS302DLTR
LIS35DE

28526

Model Number

RN171

RN171XV.
RN131

MRF24WBOMA
MRF24WBOMB
MRF24WGOMB

o
3.02
693

693
1123
1.89
198
333
538
3042

Price

E
LGA-14
LGA-14

LGA-14
LGA-14
LGA-14
LGA-14
LGA-14
LGA-14
DIP-8.

wes.

z

<zzzz

<< <|<|< << <<‘-«

<< << <<=

USART

zzz<<

sPl

<<<=<z

236
236

236
236
17136
17136
21636
21626
2555

12¢

z

zzzzz

20A

Antenna

zz<<z

Power

120ma

130/185
210

240

16
16

Power RX

38ma

LR

Power
Output

12dBm

0/12
18
10
10
18

™M N

http://www.mouser.c http://www.mouser.com|
http://www.mouser.c http://www.mouser.com,

http://www.mouser. ttp://www.mouser.com,
http://wwiw.mouser. ttp://www.mouser.com,
http://wwiw.mouser. ttp://www.st.com/web/
http://www.mouser. ttp://www.mouser.com,
http://wwiw.mouser. ittp://www.st.com/web/
http://www.mouser.com/ProductDetail/STMicri
http://www.mouser.c ttp://www.mouser.com,

Product

Datasheet Link

http://www.microchip.com/downloads/en/Dev

http://www.microchip.com/downloads/en/Dev
http://www.microchijom/downloads/en/Device
http://www.microchiyip.com/downloads/en/De
.com/downloads/en/De
.com/downloads/en/De





image12.png
Device Overview

Device Purpose Server Controller Node Sensor
[Manufacturer Digilent/Microchip Microchip "ADXI345
[supplier Digilent Digikey SparkFun
Microchip PIC32MX69F512L MCU
ADXL345 0n SparkFun Breakout
INotes MRF24WGOMA WiFi on Digilent [ PIC18F45K20 MCU 40-pin Throughole o
Breakout Board
Requirement Requirement Requirement
price B B
\/oports s 5 4
[wiri Y Y N/A N/A
[wes Y Y N/A N/A
[Data Memory - EEPROM 125K B N/A
[Program Memory 512KB B N/A
[sPrinterfaces Y N Y Y Y Y
i2C interfaces Y N Y N N N
[UART nterfaces Y Y Y Y N N
[Voltage 33 33 33 33 33 33
[Power pins 2 2 2 2 2 2
[Total Pins In B 1 B 3 3 3
[Total Pins out B 4 B s 3 1
[Total Pins 1 7 36 10 5 5





image13.png
Laundry Now Budget

item Part No. Purpose Manufacturer supplier | Price | Quantity |Ext. Price
Accelerometer [DxL325 [sensor Package (sP1) |Analog Devices [sparkFun 7.95) 4 ag
Microcontroller PiC18Fask20 _|controller Microchip Digikey 2.89) 3| 867
Microcontroller/WiFi Module|[410-273p-KIT__|server Microchip/Digilent | Digilent 69.99) 1| 69.99)
Demultiplexer [7aLvizen [chip select INXP Semiconductors |Mouser 153 4 e1)
Wire [T1200-30ND__|wire, 8 twisted pair [Tensility Mouser 40| 1] 40|





image14.png
Lazy Laundry Budget

Item

Part No.

Purpose Manufacturer supplier | Price | Quantity |Ext. Price
Accelerometer [DxL325 [sensor Package (sP1) |Analog Devices paemeo 7.95) 32| 2544
Microcontroller PiC18Fask20 _|controller Microchip Digikey 2.89) 4| 1156
Microcontroller/Wifi Module [410-273p-KIT__|server Microchip/Digilent 69.99) 1| 69.99)
Wire |8 strand |Connector wire Digikey Digikey 40.00) 2| 20|
Demultiplexer [7aLvizen [chip select INXP Semiconductors |Mouser 153 32| 43.9]
Various Parts [various Resistors, Connectors, etc. |Various [various 30.00] 2| 60|

524.91]





image15.png
Laundry Now Device Suppliers
item PartNo. Purpose Manufacturer supplier k

Accelerometer [ADXC345 [sensor Package (sPI) [Analog Devices [sparkFun__|https://www.sparkfun.com/products/9836
Ihttp://www.digikey.com/product-detail/en/PICIEF45K20-

Microcontroller Picigrask20 _|controller microchip Digikey _|1%2FP/PIC18FASK20-1%2FP-ND/1228477
Ihttp://www.digilentinc.com/Products/Detail.cim?NavPath=2,892,119

Microcontroller/WiFi Module |410-273p-KIT__|server Microchip/Digilent__|pigilent __|3&Prod=CHIPKIT-WF32
http://www.mouser.com/ProductDetail /NXP-

7aLv1zan |semiconductors/74LV138N112/2qs=sGAEPIMZZMIXONTBFICRfsgCRIBS|

Demultiplexer |chip select NXP semiconductors |Mouser __|2i%2fBpNky02p2jo%3d
http://www.digikey.com/product-detail/en/30-00392/T1290-30-

Wire IT120030ND  |wire ITensity Mouser  |ND/5023179





image16.png
com3 - = MATLAB R2013a - =

e [_m AT TE=T0) Cn

e
v (2082) =
x(2003)
R e T R e
x(2004) MR ReN
v(2884) ]
x(2005) ER——. s » Ryan » MyDocuments » MATLAB -lp
bl Serial.prine (" ("5 bmmand Window ® | Workspace ®
ol Serial.print (clock) Warning: Negative data igmozed A [\ - e
x(2007) Serial.print(”) = "); 7> semilogx (b,x) b <1x2099 doy
v(2087) Serial.print (accelerationX) ; >> plot (b,x) ; M pioseodie
= (2088) Serial.print(":"); >> b = 1:1:20247 B

y <1x2099 doy
v (2088) Serial.printin(); >> sensor_cap_accel
x(2089) Error: File: sensor cap accel.m
¥(2089) Serial.print("y("): Line: 1 Column: 1
= (2000) Serial.print(clock) The input character is mot valid
|v(2090) Serial.print{") = ") in MATLAB statements or
x(2001) Serial.print(sccelerationt) ; expressions.
v (2001) Serial.print(":");
ri2052) Serial.printin{): »> sensor_cap_accel
v(2092) Erzor: File: sensor cap accel.m
%(2093) clock+l; Line: 1 Column: 1 < >
v(2093) 21001¢ The input character is not valid | | Command History ®
x:;g:; in MATLAB statements or sensor_cap_accel A
v expressions ot (B3 7
o ® . plot (b, %) ;
yizose) >> sensor_cap_accel semitom: (b,
x(2096) 7 e semilogy (b, %)
y(2096) >> :=n:or’ cap_accel semilog (b,x)
x(200m >> :=n:oricapiaccel ot (o,x) ;

(20: F_cap_ P .
s i S > - 2z
v(2008) >> dryer_unloaded test2 sensor_cap_accel
x(2099) >> dryer_unloaded test2 plot(b,x)

v(2099) dryer_unloaded test2 sensor_cap_accel
dryes_unloaded test2 dryes_unloaded terv
vl< >

Noineendng | [s600baud .

e o e ) covtong-paine




image17.jpeg
XAXS

200

-200
0
200
0
2 | | i i i
0 500 1000 1500 2000 2500 3000
XY COMBINED
200 T T T T
0 %WWWWWWWMW-W
2m | | i i i
0 500 1000 1500 2000 2500 3000
XY ABS COMBINED
200 T

200
(]

500

1000

1500

2000 2500

3000




image18.png
| 94768 20005/ Stop £ @@ 213V

|
NI A AR

Digital Channel Menu Dy
~ T Tl &> D10 Turn on Turn on Thresholds

v D15 - D8 D7 - DO ~




image19.png
2.00v/ 2.00v/ 200v/ @ 10762 | 50005/ Stop £ @@ 162V

Delay = 107.587800000ms

Dﬂ
Channel 4 Menu

~ Coupling - Imped BW Limit Vernier Invert Probe
DC 1M Ohm ] =] = ~




image20.png
2.00v/ 2.00v/ 200v/ @ 10752 50005/ Stop £ @@ 162V

1 i [—

0
Channel 4 Menu

~ Coupling - Imped
DC 1M Ohm





image21.png
2.00v/ 2.00v/ 200v/ @ 10762 10005/ Stop £ @@ 162V

Dﬂ
Channel 4 Menu

~ Coupling Vernier Invert Probe
DC ~ o _I ~





image22.png
2.00v/ 200/ @ 103.82 10.008/ Stop £ [ 162V
[wbiminsn pusn
R A om0 BTl T
:mwmwmmwmwwmwm P T e a et aa R R PR R PR
i |t ! [
DZ
I:]|
D, _77_7_7 7_7_

0
Channel 4 Menu
~ Coupling

DC





image23.png
200v/ @ 200v/ @

10008/ Stop £ @ 162V

Delay = 103.993200000ms

R e e e L

b st gibuaspcinie g CA e L e
AT T e L T S L R
i b gl
D,
D,
D, _7 _7_

0
Channel 4 Menu
~ Coupling

DC





image24.png
! ! ! ! -187.2¢ .00, top !
lj 5.00v/ @ 500vV/ § 5.00V/ 5.00v/ 187.28 20.008/ S ES 1.62V

Channel 4 Menu

~ Coupling - Imped BW Limit Vernier Invert Probe
DC 1M Ohm ] =] = ~





image25.png
5.00v/ 5.00v/ @ 5.00v/ 21408 20005/ Stop £ @@ 162V

|

Digital Channel Menu D, D,

15
~ I Il <> DO Turn on Turn on Thresholds
v s D15 - D8 D7 - DO ~





image26.png
5.00v/ 500/ @ 500V/ o 00s 50005/ Stop £ [ 162V

Digital Channel Menu D, D,

15
~ I Il <> DO Turn on Turn on Thresholds
v s D15 - D8 D7 - DO ~





image27.png
5.00v/ 500/ @ 500V/ o 00s 10008/ Stop £ Q@ 162V

Digital Channel Menu D, D,

15
~ I Il <> DO Turn on Turn on Thresholds
v s D15 - D8 D7 - DO ~





image28.png
d d 308 5.000¢, uto d
il 200v/ @ 200v/ § 11305 5.0005/ Al £ @ 161V

Channel 2 Menu

~ Coupling - Vernier
DC





image29.png
2.00v/ 10605 500.0s/ Auto £

|
AX = 3.110000us 1/AX = 321.54kHz AY(1) = 0.0V
~  Mode - X Y O Xl X2

Normal v 9.99000us 13.1000us




image30.png
2.00v/ 10605 500.0s/ Auto £

AX = 2.970000us 1/AX = 336.70kHz AY(1) = 0.0V

-~ Mode B X Y O Xi X2
Normal v 10.1300us 13.1000us





image31.png
2.00v/ 12005 5.0005/ Auto £

Measurement Menu

<+ Source Select: Measure Thresholds
1 Freq Freq ~





image32.jpg
2.00v/ B 200v/ § & 00s

Test Case: 4 Controllers,
Oft Distance

3.3v

Controller T,

- 3.3v

Server RX ov

AutoSave trace and setup to file: gf i le_01

+DPress to go Press to Save Default Formats
=/dri AutoSave ~ Setup ~





image33.jpg
i

200v/ @ 2.00v/ §

4] -

0.0s

50.00

Stop £

1.25V

[Chi2) = 4300V

Test Case:

4 Controllers,
Oft Distance

signals Ove

ayed

3.3v

Blue: Serv
Pink: Conty

g

r RX.
oller TX

AutoSave trace and setup to file: gf i le_01

+DPress t

0 Press to

Save

Default

Formats

=/dri

AutoSave

~

Setup

~3




image34.jpg
200v/ @ 2.00v/ § & 96.002  200.0:

Test Case: 4 Controllers;
10ft Distance

WAM-..._ e

Controller TX

29| 3.3v

T server Rx

AutoSave trace and setup to file: gf i le_01

+DPress to go Press to Save Default Formats
=/dri AutoSave ~ Setup ~





image35.jpg
200v/ @ 2.00v/ § & 96.002  200.0:

Test Case: 4 Controller:
10ft Distanc

Signals Overlayed

3.3v

Blue: Server RX
Pink: Contre

AutoSave trace and setup to file: gf i le_01

+DPress to go Press to Save Default Formats
=/dri AutoSave ~ Setup ~





image36.jpg
2.00v/

A 200v/ @

- 96.002

200.0

[Che =00V

Test Case:

4 Controller:
10ft Distancy

3.3v

Controller [

=
]

3.3v

7| Server RX

ov

AutoSave trace and setup to file: gf i le_01

+DPress t

0 Press to

Save

Default Formats

=/dri

AutoSave

~

Setup ~




image37.jpg
200v/ @ 2.00v/ §

Test Case: 4 Controller:
10ft Distanc

Signals Overlayed

3.3v

Blue: Server RX
T Pink: Controller TX v

P SV YV S
i

AutoSave trace and setup to file: gf i le_01

+DPress to go Press to Save Formats
=/dri AutoSave ~ ~





image38.jpg
200v/ @ 2.00v/ § & 56.002  100.0
USB device installed as "/drive0".
Test Case: | 4 Controller:
10ft Distance
3.3v
AR bt
Controller RX Y

QWWWWWWWWMV

Server TX

AutoSave trace and setup to file: gf i le_01

+DPress t

0 Press to

Save

Default

Formats

=/dri

AutoSave

~

Setup

~3





image39.jpeg
Diyer Back Top Center

20
o | Average intensity:73 5947
2 100
5 10 180 20 260 a0 0 400 450
Number of Samples
Dryer: Side Center
0
o | Average intensity:18.2716
£ 1m0 i
3 =0 a0 40

Intensity

m 20
Nurnber of Samples
Dryer. Top Center

150

200
Average Intensity:50. 6054
100 B
a , . , . , , .
(i 50 100 180 200 280 300 380 40D

Nurnber of Samples




image40.jpeg
120

100

0

60

0

pil





image41.jpeg
100

il

il

70

60

50

0

0

Eil

10

102

1.08

114

12
x 10




image42.jpeg
Infalzation of
Mirocortrol
Fi Mo

3 Attempts Made to
Download Data, Eror Shown
on Website if Download is
Unsucoessful

—No Request—|





image43.jpeg
ks

Determine f
Running Stopped,
or e

Mectine

Ststis

mechin





image44.jpeg
New Data is Gathered
From The Controllers
Every s Minutes

RTC Alarm at midnight to
shift data by 1 day and
save to SD card. Day/

Week/Month Data |

Calculations Also Updated

( Pover Up/Reset )

v

Sep UART/Consollrs

1

Gt Current Dayfrom KTC

Import Network Setings

1

Configre HITP Samer

1

Reset F1C Alrm

Shifsaed Data

|

Build Webpage &Send To Clere

No

‘Gather Updatad Data From Corrolers

No

RCalsm
Triggered?

Seve DataTosD

v

No

Reset FTC Alrm

Serversetup
Function

Main Server
ProcessLoop




image45.jpeg
On Povier UpReset

Datay 15ecend

1

Allcorerol lnssset o HGH

!

Next Contraler |l

Contrl ns set 0 LOW

Delay To Allow
 Controller To Startup.

K2

Server transmicscheck signal over UART

et

!

Conoler Respendswith OK sgnal

o Response

(ooo1113)

Timsou A 3 Seconce)

!

16No Response,Sensor Coure.
For Speciied Coreroller
DefaursTo0.

Servr sendsrequest o cortrolerfor
number o sensos (11100000)

!

NoResponse

Convroler responds it rumberof

Sensorsconnectss

UART Setup
 Communication

v

ConrolLine st to HGH

Hore
Conrollers?

Setp Program Complered

{ Upto Controllers




image46.jpeg
updataData Caled from main oop

I ComtralierizActive

Nextsensor

(Daamines From setug]

1

ControlLine i st t0 LOW.

v

Server requess fir dataset rom
controlkr (10000003)

!

NoResponse
(Timeous Afcer 3 Seconds)

1o Resparse, Sensor Data
DefauksToErar

NoResponse

Conrollerresponds with frs:dataset

T S

Server requess second dat s from
conallr (10000011)

I

NoResponse

Conrollrrasponds ith second data set

‘Server requess sacond dat se from
contolier (10000111

I

Controllerrasponds with third daa set-

£2

Contrl ine set o HGH

bore
Conrollers?

UART Communication




image47.emf
Start

Initialize PIC

Initialize SPI 

communication/ 

UART 

communication  

Initialize Sensors 

Collect Data 

(Sensor ID/ Status 

Register/ FIFO 

Register)

Return to Sensors 

to Measurement 

mode

Status Detection  

Gather Number of 

sensors connected 

to the controller 

node

Check for UART 

Interrupt  

Received 

(11110000)

Received 

(10000001)

Initial 

Communication 

Communicate 

CON1, CON2, 

CON3

Return 

Yes

Yes

No No


oleObject1.bin
Start


Initialize PIC


Initialize SPI communication/ UART communication  


Initialize Sensors 


Gather Number of sensors connected to the controller node


Collect Data (Sensor ID/ Status Register/ FIFO Register)


Return to Sensors to Measurement mode


Status Detection  


Check for UART Interrupt  


Received (11110000)


Received (10000001)


Initial Communication 


Communicate CON1, CON2, CON3


Return 


Yes


Yes


No


No



image48.emf
Available 

Error Cycling 


oleObject2.bin
Available 


Error


Cycling 



image49.emf
Start Status 

Detection

Request Sensor ID

Device ID = 

0xE5

Request Sensor 

Data (Status 

Register)

Is Active Flag 

set

Was Active 

Flag previously 

set

Sensor is in 

Cycling mode

Sensor is in error 

mode

Sensor is in 

Available mode

Delay for 1 minute

No

Yes

No

No

Yes Yes

Save System 

State 


oleObject3.bin
Start Status Detection


Request Sensor ID


Device ID = 0xE5


Request Sensor Data (Status Register)


Is Active Flag set


Was Active Flag previously set


Sensor is in Cycling mode


Sensor is in error mode


Sensor is in Available mode


Delay for 1 minute


Save System State 


No


Yes


No


No


Yes


Yes



image50.emf
Cycling  Occupied 

Available

Error


oleObject4.bin
�

Available


Cycling 


Occupied 


Error



image51.jpeg
TS
s e
a8 it g g S
o o
m I {1 {1
g
o = —
ENEEs
MBS ] [ e
e sz
s
. it parm
7 —] s =





image52.png
View Tools Library Options Window Help
-l HE QARQAQ w03

- B -

&+ MEMOI. m e
IgMD) = ¢ N

=]
L l=]

x|[0.10chGo0) [ ]

st
T =
s [
vRERCVRERANZRA [ A
[
TocuiciouTRA [
_ssmuvonczoutmnanss [
oscztikome [0
oscutLaRe [
wrorLTozme0 |2
b f oo rianioRe [
2] e WTzivems [ 22
cerzianames [ 22
P
wanonimes [ 22
wapotmes [
warpoomer [
TiosoTsckimee (19 =)
wosicerzinet [ 12 £
cerupiamcz {7 £
scistunts |22
SousoaRc [ 22 E
sooimes [ 22 o
acimte [22 A
RabTREr (22 o
oLcs
psromo0 |12 T
perimo1 [ 20
. pepzmoz [21
1] s pepamns [ 2
g
Picipsraimos |22
PibipsrriRDy [0
oo |2
ey
“esmrmee [
_wiLaveeimes [





image53.png
View Toob Lbry  Options Window Help
)il BE QQAAQAA -~ (O 3| 0 w, - BLE -

o.1inch 262 [ || v

¢ N

74HC541N

WS+ MEMOIL m RS
POIEMD)

74LS138N





image54.jpeg
Laundry Now

Room Monitoring System

Row A Machine Number
- Machine #1 Finished
Row B Machine Number Availability
- Machine #1 Just Finished
Machine Usage Data
Number of Cyeles
Machine Within Last 24 Hours Within Last Week Within Last Month
Row A - Machine #1 1 12 30
Row B - Machine #2 1 19 26





image55.png




image1.jpeg
4 Additional
Controller
Nodes
p I

Sensor Sensor
Node Node

Additional
Sensor
Nodes

Y Additional
[ Sensor

P

Controller Nodes
Node l l »
I \ I
Sensor Sensor
Node Node

>




