
QUICK TIPS 
(--THIS SECTION DOES NOT PRINT--) 

 
This PowerPoint template requires basic 
PowerPoint (version 2007 or newer) skills. 
Below is a list of commonly asked questions 
specific to this template.  
If you are using an older version of 
PowerPoint some template features may not 
work properly. 
 

Using the template 
 

Verifying the quality of your graphics 
Go to the VIEW menu and click on ZOOM to 
set your preferred magnification. This 
template is at 100% the size of the final 
poster. All text and graphics will be printed at 
100% their size. To see what your poster will 
look like when printed, set the zoom to 100% 
and evaluate the quality of all your graphics 
before you submit your poster for printing. 
 
Using the placeholders 
To add text to this template click inside a 
placeholder and type in or paste your text. To 
move a placeholder, click on it once (to 
select it), place your cursor on its frame and 
your cursor will change to this symbol:         
Then, click once and drag it to its new 
location where you can resize it as needed. 
Additional placeholders can be found on the 
left side of this template. 
 
Modifying the layout 
This template has four 
different column layouts.  
Right-click your mouse 
on the background and  
click on “Layout” to see  
the layout options. 
The columns in the provided layouts are fixed 
and cannot be moved but advanced users can 
modify any layout by going to VIEW and then 
SLIDE MASTER. 
 
Importing text and graphics from external 
sources 
TEXT: Paste or type your text into a pre-
existing placeholder or drag in a new 
placeholder from the left side of the 
template. Move it anywhere as needed. 
PHOTOS: Drag in a picture placeholder, size it 
first, click in it and insert a photo from the 
menu. 
TABLES: You can copy and paste a table from 
an external document onto this poster 
template. To adjust  the way the text fits 
within the cells of a table that has been 
pasted, right-click on the table, click FORMAT 
SHAPE  then click on TEXT BOX and change 
the INTERNAL MARGIN values to 0.25 
 
Modifying the color scheme 
To change the color scheme of this template 
go to the “Design” menu and click on 
“Colors”. You can choose from the provided 
color combinations or you can create your 
own. Black text on a lighter background is 
key to make a readable poster. 
 
 
 
 

 
 

 

QUICK DESIGN GUIDE 
(--THIS SECTION DOES NOT PRINT--) 

 
This PowerPoint template produces a 36”x48” 
professional  poster. It will save you time 
placing titles, subtitles, text, and graphics 
and help you create a poster that is 
effective.  
 
Use this to create your presentation. Then 
take it to Wildman Library on a thumb drive 
or email it to Barabra Miller 
langlba@earlham.edu before you go to 
Wildman.  
 

Important Guidelines 
TEXT SIZES: Sub-headings: 36pt 
                  Body text: 24pt 
                 Captions: 18pt 
 
COLORS: Use no more than 2-3 colors. Dark 
text on a   
              light background is best for 
readability 
 
PHOTO RESOLUTION: Photos should be a 
minimum of 150 dpi but not more than 300 
dpi 
 
FILE FORMAT: Save photos as .jpg or .png 
before  
                          importing 
                     Save line art (graphs) as .png 
EXAMPLES: see good posters here
h"p://www.ncsu.edu/project/posters/
NewSite/examples/Flounder/	

 
 

Object Placeholders 
 

Use the placeholders provided below to add 
new elements to your poster: Drag a 
placeholder onto the poster area, size it, and 
click it to edit. 
 
Section Header placeholder 
Move this preformatted section header 
placeholder to the poster area to add another 
section header. Use section headers to 
separate topics or concepts within your 
presentation.  
 
 
 
Text placeholder 
Move this preformatted text placeholder to 
the poster to add a new body of text. 
 
 
 
 
Picture placeholder 
Move this graphic placeholder onto your 
poster, size it first, and then click it to add a 
picture to the poster. 
 
 
 

 
 
 
 

 
 

 
 

PRINTING A DRAFT—REQUIRED! 
(--THIS SECTION DOES NOT PRINT--) 

 
To see how your poster looks on paper, you can actually scale it to fit on a standard 8.5x11 inch sheet of paper.  
I recommend that you do this, because ...  
·  it's a good way to print and check your work, without wasting a huge sheet of paper  
·  if you can't read it on the 8.5x11 page, your font is too small  
·  it makes a great handout at your poster presentation 
·  you have to hand in a small version to your instructor for credit 
 

 
 

 

To scale to 8.5x11  
Go to File / Print ...  
Make sure your regular printer is selected  
At the bottom of the dialog box is a checkbox that says Scale to fit paper -- check it and go.  

Non-invasive Appliances are devices, used on machines, that do not require the 
opening of that machine for installation. This project involves the creation of a non-
invasive appliance to be used on washing machines to determine if and when the 
machines are in use.  This appliance and its associated web application will remove 
the problem of students in dorms having to repeatedly carry their dirty clothes to 
various washing machines to see if they are available or not.  Existing solutions 
require expensive pieces of hardware and the applications specific to those hardware 
do not integrate easily with other applications and platforms. Data was collected, an 
algorithm for detecting when the machine is on was implemented, a device based on 
the Arduino platform was utilized to collect and send data to a database through an 
API implemented in this project. Lastly, a web application was designed to display 
information on the monitored washing machines. In this poster, I present an 
algorithm, appliance, and application based on collected data to solve the 
aforementioned problem. 

ABSTRACT	

INTRODUCTION	

Before work was started on the device, an understanding of washing machines needed to 
be gained. Namely, what changes during a cycle and by how much. To determine what 
current ranges indicate a washing machine in use, an experiment was set up watching the 
current flow over time on various washing machines with various cycle types. To measure 
the current being drawn by a machine, a Watts Up Pro meter was used. Once plugged in, 
the Watts Up displays instantaneous current being drawn by the machine that is plugged 
into the Watts Up. Figure 1 displays a graph of current usage over time of a single cycle.  

EXPERIMENT	

Ohm’s laws, V=IR, was used to calculate the internal resistance of the washing machines, 
knowing V stayed constant at 121 V through the entire cycle, shown in figure 2. Using 
each critical points associated resistance, the relative voltage drop across possible resistor 
values was calculated using the following equation, Vx = (Rx ∗ Vs)/(Rt) displayed in figure 
3. Power dissipation of the same possible resistor values at each critical point was 
calculated with the following equation , P = V2/R, displayed in figure 4. 

DESIGN	

CONCLUSION	AND	FUTURE	WORK	
An experiment was completed and data analyzed to provide insight into the inner 
workings of washing machines. In addition, a non-invasive appliance is combined with 
an API and a web application, designed based on the information collected from the 
experiment, to solve a problem many college students face on a weekly basis. Not 
knowing when a washing machine is available is a wasting and this machine will solve 
that problem. 
I plan to continue to scale this system by producing additional appliances to attach to 
more washing machines. I plan to add additional features and functionality to the web 
application, including email and text message alerts, upon request, when a machine is 
done with a cycle, and communication between devices to limit the number of API 
access calls [4]. I plan to redesign the front end interface of the web application to make 
it more user-friendly. 
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Energy Monitoring systems are vital technologies in all fields. The ability to know the 
efficiency and power usage of machines in this day and age is highly sought after and 
essential.  As energy prices increase and shortages affect more of the world, being the 
appliance or the system with the lowest power usage will become the goal for all [2].  To 
determine this energy usage, extensive energy monitoring systems are being developed 
and used in all industries [3].  
The motivation behind this project stems from a problem I've noticed while living in 
residence halls.  With washing machines on only the basement floor, one would have to 
walk down many flights of stairs with their laundry to the machines only to discover all 
the machines are taken. This process would be repeated multiple times until an open 
machine appeared. For myself and other busy students, this problem is both an 
aggravation and huge waste of time. To solve this problem, data was collected and 
analyzed to influence the design of a universal non-invasive appliance [1] using an 
Arduino microcontroller to monitor current being drawn by a specific washing machine. 
The appliance constantly takes measurements and sends that data to a database via an API 
[5], implemented in this project for receiving information.  Lastly, a web application that 
displays the status of the washing machines being monitored was created.   
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A	Non-invasive	Appliance	and	ApplicaGon	for	Remote	
Washing	Machine	Monitoring		

Figure 1. Time vs. Log(Current) of  single cycle 

From the data shown in Figure 1, three critical points were determined.  First, the current 
that indicates a machine is on, indicated by the first and last data points in Figure 1, 0.16 
amps. Second, the smallest current that occurs during a cycle, 0.19 amps. Lastly, the 
largest current that occurs during a cycle, 14.8 amps. To design a circuit that can handle 
this high of current as well as distinguish between the critical values, knowing the 
Arduino’s sensitivity to be 0.0048V, the data was analyzed to determine the following: 
v Internal resistance of the washing at each critical value 
v Possible different resistor values to be used in the added component and their 

associated voltage drop and power dissipation at each critical values 

Figure 2. Resistance in the Washing Machine at the critical points 

Figure 3. Voltage across the possible resistances at critical points 

Figure 4. Power dissipation across the possible resistances at critical points 

Influence by the results of the experiment, the ideal resistance of 0.25 ohms was 
determined. By placing four 1-ohm resistors in parallel, the ideal resistance was achieved 
to give the voltage drop needed to distinguish between the critical values. As well, with 
four resistors the power dissipation of each of them is low enough not to cause damage to 
the resistors at the highest critical value.  Thus the circuit displayed in figure 5 was 
designed to meet those specifications.  

Figure 5. Circuit design of Appliance 
To achieve the non-invasive nature of the 
project, an extension cord was used as the 
base of the appliance. The use of an 
extension cord allowed for the wires to be 
opened on the extension cord rather than 
having to cut the wires of the specific 
washing machine to redirect the flow of 
current through the designed circuit. Thus, 
my device is inserted into the system by 
cutting the wire of the extension cord and 
soldering one end of the wire to one end of 
the circuit and the other end of the wire to the 
other end of the circuit . Figure 6 
demonstrates the described design of the 
appliance.  

Figure 6. Circuit and Arduino connected to 
extension cord 

A cutoff voltage of 0.20 amps averaged 
over a 15 second period of time was 
determined to be the cutoff for 
determining if a washing machine is on 
or off.  This value allows enough space 
to ensure that all machines and all 
cycles that were analyzed can be 
determined to be on or off.  In addition, 
taking an average of the readings 
ensures that random spikes do not 
cause errors in the reading, as well as 
limits the number of times the Arduino 
has to access the API through its 
internet connection.  Figure 8 displays 
the algorithm being used in the 
Arduino, programmed in C, over the 
Arduino IDE, to take readings and 
send them to the API.  

Figure 7. Algorithm running on the Arduino 

Lastly, An API (Application Program Interface) was developed as a mediator between the 
database, that stores the state of the washing machines, and the Arduino. The API was 
developed using the PHP programming language to interact with a PostgreSQL database.  
In addition, a web application was developed to display the state information of the 
machines being monitored with the non-invasive appliance described in this project. The 
web application, written in the PHP programming language and in the same manner as the 
API, connects to the PostgreSQL database 


