
Swat’s Hot Spots 
 Using Thermal Heat Sensors to Monitor the Use of Spaces at Swarthmore 

 
 
 

Hannah Thompson and Rachel Hilburn 
Advised by Professor Maggie Delano 

Swarthmore College, May 2019 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
There have been many successful installations in the recent past of sensor based projects to 
assess and communicate the availability of different spaces. One example of this is the growing 
use of ultrasonic sensors and LED lights in parking garages to show drivers the availability of 
parking spaces. Other engineers and projects have been using motion sensors, computer vision 
cameras, heat sensors, etc. to communicate information through apps, websites, direct 
notifications, and more. This project uses a heat sensor to detect human presence in a small area 
(Cornell Library booth) and communicate information to a user through a website. Here we show 
that we are able to determine if a room is occupied and relay this information to a website. This 
approach using the Omron D6T Thermal sensor, Arduino Uno board, NodeMCU board, and 
django hosted website shows that these kinds of projects can be completed with inexpensive 
hardware and with an undergraduate level understanding of C++, Python, and networking. This 
project will allow students to have a better idea of available study space and seating and allow 
them to check this without physically being in the space.  
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Introduction  
For many students it can be frustrating to walk through the library while searching for an 
unoccupied place to work. It would be less time-consuming and less frustrating to be able to 
determine ahead of time which spaces were not occupied, and then be able to go to them. This 
project aims to recognize a person within a selected space, specifically using the Omron D6T 
Thermal sensor, and then make this information available on an easily accessible website. We 
have created an implementation plan for this system to be installed in Swarthmore’s Cornell 
library. The system consists of the embedded system itself along with a website that students can 
use to determine if and where there is available seating. This project aims to provide a tool for 
Swarthmore College students and could further be applied to other spaces not only at the college 
but in other high-traffic spaces.  
 
In this report, we will give our methods and outline the materials used in this project, along with 
their costs. We will also review the process for the development and implementation of this 
project and provide a technical discussion of the project. This methodology will give an 
overview of the configuration of the sensors to record data, transmit the data wirelessly, process 
the data into a useable form and finally view the data on a website in a way that is helpful to a 
user. Further, this report will discuss the results and measure the success of the project.  
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Materials 
During this project we created one device, but this could be scaled if more or less are needed for 
implementation in any area. This budget accounts for implementation of “Swat’s Hot Spots” at 
the end of this initial project, presentation, and documentation. 
 

Item Quantity Individual 
Cost 

Total Cost 

NodeMCU device 1 $10.00 $10.00 

Arduino Uno 1 $0 Free, Provided by the Engineering 
Department 

Omron D6T Sensor 1 $34.00 $34.00 

Website Server Host -- $0 Free, development website using 
Django and Swarthmore CS 
Department 

Resistors, wires and 
other small electronic 
components 

-- $0 Free, Provided by the Engineering 
Department 

Total   $44.00 

 
Table 1: Material Costs 
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Methods 
Hardware 
Our final device is made up of an Omron D6T Thermal Heat sensor, a NodeMCU board, and an 
Arduino Uno board. All of these devices are connected on a small breadboard and the NodeMCU 
is connected to power for which it supplies to the additional components. Figure 1 shows a block 
diagram of our final, overall setup. Figure 2 shows the completed hardware setup. 

Figure 1: Overall Setup 
 

Figure 2: Hardware Setup 
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Theory of Operation- Heat Sensor 
The Omron D6T Heat Sensor allows us to detect heat at varying sensitivity levels. It sends 
information through Tx and Rx lines that can be communicated with a microcontroller, in this 
case an Arduino Uno. 
 

The sensor averages the temperature within a certain area (or cell) in the array and returns this 
value, sending it across the Tx/Rx lines as described previously. See Figures 3 and 4 below for 
the 4x4 sensor measurement examples.  

 
Figure 3: Heat sensor sensitivity 
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Figure 4: Heat Sensor measurements and example 

 
Additionally, the heat sensor’s output pins are Serial clock (SCL), Serial data I/O line (SDA), 
positive power supply voltage (VCC) and Ground (GND). These are connected to the analog 
input pins of the Arduino Uno, which will be explained in a later section. Further documentation 
on the Omron D6T sensor can be found here, (Source OMRON). 
 
Theory of Operation- Arduino Uno 
The Arduino Uno is a microcontroller board that has analog and digital pins. For this project, the 
heat sensor gives it’s analog output to Arduino on analog pins 0, 1, 2 and 3. The software 
(discussed later) loaded onto the board determines occupancy based on heat grid. Then, digital 
output pin 7 sends either HIGH or LOW for Occupied or Not Occupied, respectively. The pin 
layout of the arduino board is seen in Figure 5. 
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Figure 5: Arduino pin diagram 

 
Theory of Operation- NodeMCU/ESP8266 
The NodeMCU is a microcontroller board, similar to the better-known Arduino boards. The 
NodeMCU, however, is configured with the ESP8266 WiFi chip. There are several general 
purpose input/output pins as shown in Figure 6, below. In this project, we communicate with a 
already developed website; however, the module also has the capability to host its own server 
and be its own wireless access point. We use this capability to connect to and access point for 
communication with our own server and communicate over this WiFi. 
 
To communicate with the thermal heat sensor, we have the Arduino Uno determine if a space is 
occupied or not occupied. This information sets output digital pin 7 HIGH or LOW on the 
Arduino Uno. Digital input pin 1 on the  NodeMCU reads this pin. Then, we are able to indicate 
if a space is occupied or not occupied and then send this information over WiFi.  

Figure 6: NodeMCU pin diagram 
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Software 
We used the Arduino IDE primarily to load software onto the NodeMCU. Our code had several 
stages. During the initialization stage, we connect to the WiFi and connect with our website. We 
also initialize our input and output pins of both our Arduino Uno and our NodeMCU. We then 
enter a loop that has its own set of stages.The first stage reads the thermal sensor and parse the 
temperature information. Using this data, we determine if a space is occupied. This information 
is sent over WiFi to our website. The source code was programmed in C++, however the website 
and the communication sent between the ESP8266 and our website is in HTML. The full code 
used to implement our project can be found in Appendices B and C. Figure 7 is a block diagram 
of this software.  

 

Figure 7: Software block diagram 

Networking 
For developing our website, we used Django. This is a Python-based, free, and open-source web 
framework. Django uses a model-view-template architecture, that is easy to understand and is 
used to rapidly develop complex websites. We followed the website tutorial and applied it for 
our own purposes. 

To host our website, we made our own local server on the Swarthmore Computer Science’s local 
network. Due to security protections, we were only able to communicate with our server over a 
specific port and machine. This was suitable for our development and testing purposes.  

Website 
The final website had several functionalities and capabilities. The first was displaying all the 
rooms in our database, as well as their occupancy status.  The website also details many of the 
pieces in this report such as an outline of the hardware and software. There is also a privacy 
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statement that explains that users’ personal identification information is not used. This is meant 
as a way to address library patrons’ privacy concerns. A screenshot of the main page is in Figure 
8.  
 

 
Figure 8: Website homepage screenshot 
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The website also has the ability to check the occupancy of a single room. This page is shown 
below in Figure 9.  
 

Figure 9: Website single room screenshot 
 
Django also provides an additional capability of an “admin” portal, where the website database 
can be edited and updated. This would be utilized in the process of extending this project to 
include many more spaces or rooms.  
 
Implementation 
This project was implemented in several phases with each phase completed and tested 
sequentially and individually to ensure it worked as expected before merging with the previous 
phase. Because each phase of this project is so interconnected with the others, completing this 
project modularly limited the sources of error. The phases were ordered as follows: sensor 
configuration, data parsing, wireless transmission, and website development. 
 
Initial Heat Sensor Configuration 
In configuring the thermal heat sensor, we first connected it to an Arduino microcontroller. There 
are several resources found that outline both the hardware and software connection. These 
include a white paper outlining I2C Connection, a full use case of sensor implementation 
example, and a simple test of Arduino implementation. Full documentation is provided for the 
sensor and thus sufficient information is available to implement and configure the sensor. 
Essentially, we connected the 4 output pins of the thermal sensor directly to 4 analog input pins 
on the Arduino. We kept track of which heat sensor output was placed on the Arduino pins and 
in our initialization stage of the software, initialized these pins accordingly.  
 
Parsing Data 
The Heat sensor transmits information over its Tx lines. We were able to develop a script that 
decodes and parses this information. Initially, we tested our work by printing the received data 
over the serial port.  We first tested this in a smaller space, such as a single room or lab area, 
before moving to the target space (Cornell library). We used a script in C++  to determine if a 
space is occupied using a threshold. The code for parsing data can be found in Appendix B. 
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Wireless Transmission 
After the data was parsed, the NodeMCU sends wireless packets in HTML to our website/server. 
This was done using a section of our script that connected the device to the wireless network and 
then communicated with our website. We tested on the ‘robotlab’ network found in Hicks Hall. 
Our final implementation used the ‘SwatDevice’ network. To use this with additional devices, we 
would need to register each device on this network with the help of Swarthmore ITS. The code 
for wireless transmission can be found in Appendix C. 
 
Case 
This case was 3D printed by E14 lab students Hannah Bartoshesky, Skyler Cornell and Zachary 
Weiss. Design specifications were discussed and approved such that the device is contained, and 
there is access for both a power supply and adjustment of the sensor. Figure 10 is a model FIgure 
11 is a photograph of the 3D printed case. There is a sliding shelf (seen on the left) so that the 
Arduino Uno board and the NodeMCU board can both lie flat. There is also a sliding top (seen 
on the right of Figure 10) that acts as a locking mechanism for the hinged door (seen on the 
bottom). There is also a hole on the bottom right for the power supply to be connected through as 
well as a hole in the sliding shelf for the wires between the Arduino Uno and the NodeMCU. For 
more information and diagrams see Appendix A. 
 

 
 

        Figure 10: 3D model of case           Figure 11: Photograph of case 
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Testing Results and Discussion 
The two main parts of our project, determining if the space was occupied and the wireless 
transmission, are components that can be tested. The Wireless transmission of occupancy 
information depends on the reliability of the wireless network the device connects to. In this 
case, this means that the reliability of wireless transmission depends on the reliability of the 
‘SwatDevice’ network. Testing the reliability of the network was outside the scope of this 
project. However, we did test the space occupancy accuracy.  
 
This is a binary decision problem. This means that based on the inputs, we determine either a 
true or false result. In this case, we determine if a space is occupied or not occupied. There are 
two threshold variables that help to determine the result of a scenario. As previously shown, the 
thermal sensor observes an area and divides this area into 16 regions or “cells”. The sensor then 
returns a list of 16 temperatures on each reading, one from each cell. The first threshold is how 
high a temperature reading from a particular cell is to classify it as “hot.” The second threshold is 
how many cells should be classified as hot to determine the area as occupied. 
 
To test for the optimal threshold values for our purposes we wanted to determine the receiver 
operating characteristic (ROC.) The ROC graphs the true positive rate against the false positive 
rate. Here, a true positive would be if the input temperatures were from data where the space was 
occupied, and the thresholds determined that the space was occupied or conversely, that the input 
was from data where the space was not occupied and the threshold determined that the space was 
not occupied. A false positive would be where the input temperatures were from data where the 
space was occupied, and the thresholds determined that the space was not occupied or where the 
input was from data where the space was not occupied and the threshold determined that the 
space was occupied.  
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In calculating the ROC, we took data in several stages. We set up the device in a Cornell Library 
booth. We then labeled each seat as seen in Figure 12. 

 
Figure 12: Device environment setup with labeled seats 

 
We then took temperature readings of different configurations of 1, 2 or 3 people sitting in 
several, typical configurations. Specific configurations and other collected data can be found in 
Appendix D. We also took temperature readings of the not occupied booth. In total we had 42 
readings of an occupied booth and 40 readings of a not occupied booth.  
 
For developing the ROC curve, we ran these temperature readings as input and varied the two 
threshold values across their specified ranges. We then compared the classification the code 
determined with the given threshold values with the true occupancy. If the code classification 
was occupied and the true occupancy was occupied, this was a true positive. If the code 
classified the temperature data as occupied but truly it was not, this was a false positive. Over 
many data points, we were able to determine a true positive rate (TPR) and false positive rate 
(FPR). After many iterations of this across varying thresholds we plotted the TPR vs. FPR points 
to give us the ROC curve.  
 
We were looking for thresholds that gave us a low FPR but a high TPR. we were actually able to 
get 13 different sets of (FPR, TPR) pairs that gave us a 0 FPR and a 1 TPR (the best possible 
outcome). We ultimately decided on the temperature threshold for a “hot” cell was 76.73℉ and 
that the threshold for the number of “hot” cells to indicate a person was present was 4. These 
values seemed reasonable based on the experiments and general intuition. We felt that these 
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values would work well on other days, times, and general conditions with variability. Details and 
the full Matlab code can be found in Appendix E. Our final ROC curve can be found in Figure 
13. 

 
Figure 13: ROC curve 

 
We also looked at the temperature values of recorded data as a function of distance from a 
person. To measure this, we took temperature sensor readings from a person at varying distances. 
We then plotted the highest and lowest temperature against the distance from which it was 
measured. This can be seen in Figure 14. 
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Figure 14: Temperature vs distance graph 

 
This confirmed our intuition in that the lowest temperature remained constant due to the empty 
space in the area, but the highest temperature varied based on how close a person was standing to 
the sensor. This can be attributed to the fact that the hottest point of the body could be out of the 
frame of the sensor from farther away or that heat dissipated from the person is less intense to the 
sensor at a greater distance. 
 
Project Privacy Constraints and Concerns 
A concern of monitoring humans as an infringement on personal information, or collection of 
individuals’ private location data. However, there will be no mapping of data to specific 
individuals and analysis of specific individuals will be impossible. There could also be a concern 
for the presentation of this information on the internet and making this location data not private. 
Still, as previously explained, this data will not be linked to specific individuals.  
Nevertheless, after consulting with the Institutional Review Board, a recommended solution to 
these concerns would be to have a sign indicating heat monitoring and data transmission being 
conducted in any space that the sensor is in use. This disclaimer information is also available on 
the website.  
 
Future Work 
The first future work would be to permanently install the device in the case at many locations in 
the library. We have set up our project to eventually use multiple sensors to adequately represent 
the many study areas within the library. Thus, this makes the data aggregating and processing 
stage a key next step of this project. To do this, we will use a predefined floor plan of the Cornell 
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library, that includes tables, seating, and other furniture. The code will map sensor location and 
views to these areas and similarly denote an area as available to unavailable. In the future, we 
hope that this mapping will be dynamic in order to accommodate changes in furniture 
arrangement.  
 
We would also be interested in doing a battery life analysis of our device and possibly 
optimizing the microcontrollers to give the device a better battery life. We think this is an 
important aspect of testing for the extension of this project because the aim would be not to run 
wires up to the device every time a new one is installed as this could be complicated and also 
affect the space’s ease of use. 
 
A further extension would be setting up and hosting a server on the “swarthmore.edu ” domain 
to implement this project more permanently in the future. We spoke with Andrew Ruether from 
Swarthmore’s Information Technology Services (ITS) about this possibility. 
 
We also would like to have this site linked on The Dash , Swarthmore College’s student 
homepage, for which we could coordinate with ITS.  
 
An even further extension would be to use our device in spaces outside the Cornell library. This 
would entail having and hosting an additional website, as well as creating more devices. This 
could be done easily using the methodology we have detailed in this report.  
 
Lessons Learned 
Wireless Transmission 
To transmit the data wirelessly, we initially had our Arduino UNO configured with the ESP8266 
WiFi module as a wireless network chip. We initially chose this module as it was believed to be 
a user-friendly and adaptable part that is compatible with the Arduino UNO. After many weeks 
of work and having insufficient reliability we began to look for other options.  
 
We discovered that the NodeMCU is an Arduino-like board with a built-in ESP8266. We chose 
this module as our preferred setup. We selected this implementation as we found more thorough 
and verified open-source instructional guides on how to best configure and use this component to 
transmit data to a website.  
 
Measure the Future 
At the beginning of this project, we aimed to implement a Computer Vision approach to 
detecting space occupancy using an open source system called Measure the Future. The 
Computer Vision “Beta” sensor is configured using a “Google-Analytics-style dashboard” and 
uses open-hardware based sensors that can collect data about space usage. The tutorials, 
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hardware, and software is all open source and can be found here. We aimed to configure this 
“Beta” sensor in order to compare it to our heat sensors.  
 
We began to configure this Beta sensor using a Raspberry Pi microcontroller. There is excellent 
documentation and instructions for this found on the Measure the Future webpage. The Measure 
the Future project seemed to be a “plug and play” set up where once the software and camera are 
installed, the user can access a local webpage and look at the space-usage analytics. However, 
we ran into many issues downloading the software. After several weeks of working with 
professors and looking at Measure the Future help forums, we eventually contacted the 
maintainer about our problems. The maintainer explained that after an update to the RaspberryPi 
operating system, Measure the Future had many package dependency issues. Additionally, as 
Measure the Future is an unfunded and open-source project, the maintainer could not give us a 
solid time-table as to when these issues would be addressed.  
 
Conclusions 
Overall, our project met our goals and expectations for a successful and completed project. We 
were able to detect human presence in a small area accurately, transmit this information over the 
WiFi, and make the occupancy information available on a website for a user.  
 
We determined acceptable threshold values for determining occupancy and confirmed that this 
accurately relays the availability of seating. We were able to test our device with a range of 
people occupying the space. We also were able to connect to a strong WiFi network and use this 
to ensure a strong and reliable network connection.  
 
During this project we learned about embedded systems, computer vision, networking and 
general usage of open source projects. Utilizing the Omcron D6T heat sensor and the ESP8266 
WiFi chip provided us the opportunity to implement with both the NodeMCU and Arduino Uno 
microcontroller boards. Our attempt to utilize the Measure the Future project was an exploration 
into computer vision, allowing us to learn about computer vision approaches to this problem and 
general computer vision methods. Measure the Future, along with all the other documentation 
and using the other sensors and devices gave us excellent background and experience in utilizing 
open source hardware and software as well as exploring and using (sometimes incomplete) 
documentation. We also learned a great deal about networking, wireless communication, and 
web development during this project. We were able to use some basic understanding to expand 
our knowledge so that we could communicate between our boards and our website.  
 
In conclusion, we find that this device is a feasible implementation and could be used to aid 
students in finding spaces that are not occupied for their own use.  
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Appendices 
 
Appendix A: Additional Images of Case 
Open box: door down, “shelves” removed 

             

Hinged door: pivots 90 degrees for full access. Closes flush with exterior, locks in closed 
position when top shelf is slid into place.  

 

Lower shelf: slides into place. Intended to compartmentalize box and keep messy wiring separate 
from the parts of the heat sensor that will be accessed more frequently.  

  

Upper shelf: slides into place. Slight lip on left side locks door in place.  
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Closed box: top and bottom ¾ views 
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Appendix B: Arduino Uno Board Code
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// D6T_test_Arduino.ino 

// 2013/03/27 http://www.switch-science.com 

#include <Wire.h> 

#include <WireExt .h> 

#include <Arduino .h> 

//#include <ESP8266WiFi.h> 

//#include <ESP8266WiFiMulti .h> 

II 

//#include <ESP8266HTTPClie nt.h> 

//#include <WiFiClientSecureBearSSL.h> 

#define D6T addr 0x0A 

#define D6T cmd 0x4C 

int rbuf[35]; 

float tdata[16]; 

float t_PTAT; 

float averageTemp ; 

int occThreshold ; 

void setup() 

{ 

Wire .begin(); 

Serial.begin(9600); 

Serial .printl n( "start"); 

Serial.flush(); 
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} 

pinMode(13, OUTPUT); //LED 

pinMode(l 7, OUTPUT); // Power supply (VCC) setting D17 (A3) pin 

digitalWrite(l 7, HIGH); 

pinMode(16 , OUTPUT); // Power supply (GND) setting D16 (A2) pin 

digita1Write(16, LOW); 

pinMode(18 , INPUT);// SDA on pin A4 

pinMode(19, INPUT);// SCL on pin AS 

pinMode(7 , OUTPUT);// output pin to nodeMC U 

averageTemp = 78 ; //TODO make this adjustable outside? 

occThreshold = 2; //TODO make this adjustable outside? 

void loop() 

{ 

inti ; 

// int val = digita1Read(18); 

// Serial.print(val); 

//if (Serial.available() > 0) { // If the received data exists 

//int inByte = Serial.read() ; // Read received data 

delay(S00) ; 

int inByte = digita1Read(18); // Read received data 

//Serial. println(inByte); 

Serial.flush(); 

if (in Byte == 0x000l) { // If the sent data is 0x0 l 

Wire .begin(); //4 ,5? 
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Wire . beg inTransmission( D6T _ addr); 

int numBytesWritten = Wire.write(D6T_cmd) ; 

//Serial. pri ntln(numBytesWritten); 

Wire.endTransmission() ; 

Serial.flush(); 

if (WireExt.beginReception(D6T_addr) >= 0) { 

i = 0; 

} 

for (i = 0; i < 35; i++) { 

rbuf[i] = WireExt.get_byte(); 

} 

WireExt.endRecept ion(); 

t_PTAT = (rbuf[0] + (rbuf[l] << 8)) * 0.1; 

for(i = 0; i < 16; i++) { 

tdata[i] = (rbuf[(i * 2 + 2)] + (rbuf[(i * 2 + 3)] << 8)) * 0.1; 

} 

//outputjson(); // Output with JSON 

output _csv() ; // Output with CSV 

if(detectHuman()) { 

Serial.println("Send this info !" ); 

digitaIWrite(13, HIGH); 

digitaIWrite(7, HIGH); 

} 

else{ 

digitaIWrite(13, LOW); 

digitaIWrite(7, LOW); 

} 
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} 

Serial.println(); 

Serial.println(); 

Serial.flush(); 

//} 

} 

// Output temperature with CSV (without PTAT) 

void output_csv() { 

} 

for (inti= 0; i < 16; i++) { 

} 

Se ria I. pri nt(td ata [ i )*( 9. 0/5 . 0) + 32); 

if(i == 3 11 i == 7 11 i == 11){ 

Serial.println(); 

} 

else if (i < 15) { 

Serial.print(", ") ; 

} 

else { 

Serial.println(); 

Serial.println() ; 

} 

bool detectHuman() { 

//TODO: make this adjustable from outside app? 

int numOccupied = 0; 

for (inti = O; i < 16; i++) { 
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} 

} 

float cellTemp = tdata[i] * (9 .0/5.0) + 32; 

if (cellTemp > av erageTemp){ 

Serial.println("Hot in cell:"+ String(i)); 

Serial.flush(); 

numOccupied++; 

} 

if(numOccupied > occThreshold){ //TODO: Play with this threshold 

Serial.println("Very Occupied"); 

return true; 

} 

return false; 

// Outpu t temperature with JSON (with PTAT) 

void outputjson() { 

} 

Serial.println(" {" ); 

Serial.print("\"P TAT\":"); 

Serial .print(tdata[ O]); 

Serial.println( ","); 

Serial .print( "\"TEMP\":["); 

for (inti = l ; i < 15; i++) { 

} 

Serial. print(tdata[i]); 

Serial.print( " ,"); 

Serial .print(tdata[lS]) ; 

Serial.println( "l} ") ; 
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/** 

BasicHTTPClient.ino 

Created on: 24 .05 .2015 

*/ 

#include <Arduino .h> 

#include <ESP8266WiFi.h> 

#include <ESP8266WiFiMu lti.h> 

#include <ESP8266HTTPClient.h> 

#include <WiFiClient.h> 

#include <SPl.h> 

ESP8266WiFiMulti WiFiMulti ; 

IPAddress server(B0 ,58,68, 151) ; //tamarind .cs.swarthmore .edu 

WiFiClient myclient ; 

int room = 1; //global variable to denote what room/booth this device is for 

vo id setup() { 

Serial.begin(l15200) ; 

// Serial.setDebugOutput(true) ; 

Serial.println() ; 

Serial.println() ; 



28 

} 

Serial.println(); 

pinMode(S,INPUT);//heat sensor input 

for (uint8_t t = 4; t > 0; t--) { 

Serial.printf("[SETUP] WAIT %d ... \n ", t); 

Serial.flush(); 

delay(lO00); 

} 

WiFi.mode(WIFI _STA); 

WiFiMulti.addAP("SwatDevice", "DeviceSecure"); 

void loop() { 

// wait for WiFi connection 

int occ = occupancy(); 

if ((WiFiMulti.run() == WL_CONNECTED)) { 

int cnt = myclient.connect(server , 5450); //port 5450 open on firewall 

if(cnt){ 

// Serial.println("connected to server"); 

if(occ){ 

String req = "GET /shs/" + String(room) + "/makeoccupied HTTP/1.0"; 

myclient. println(req) ; 

myclient.println(); //close connection 

Serial .pr intln("Occupied") ; 

} 

else{ 

String req = "GET /shs/" + String(room) + "/makenotoccupied HTTP/1.0"; 
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} 

} 

myclient. println(req) ; 

myclient. println(); //c lose connection 

Serial.pr intln("Not Occupied"); 

} 

else{ 

Serial.println( "not connected to server " ); 

} 

else{ 

Serial.println("Not connected to WiFi yet"); 

} 

delay(lO000); //de lay 10 seconds 

} 

int occupancy() { 

int readthenum = digita1Read(5); 

// Serial.println(readthenum); 

return readthenum; 

} 
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NumberofPeople Locations Tria ls Cell1 Cell2 Cell 3 Cell 4 Cell5 Cell6 Cell ? Cell8 Cell9 Cell10 Ce ll 11 Cell12 Cell 13 Ce ll14 Ce ll 15 Cell 16 
0 1 75.2 76.64 77 74 .66 75 .38 73 .76 73 .76 73 .94 75 .92 75.02 74 .84 75 .2 77 76.82 76 .28 76.82 

2 1 and 6 

2 and 5 

3 a nd 4 

1 and 4 

3 and 6 

2 75.02 76.46 77 74.48 75.2 73.58 73.76 73 76 75 74 74.84 74.84 74.84 76 82 76.64 76.1 76.64 
3 75 .02 76.46 76.82 74.48 75 .2 73 .76 73 .58 73.76 75 .74 74.84 74 .84 75.02 76 .82 76.64 76 .28 76.64 
4 75.2 76.46 
5 75.02 76.46 
6 75 .02 76.64 
7 74 .84 76.46 

77 74.66 75.38 73. 76 73.76 73.76 75 .74 75.02 74.84 75.02 77 76.82 76.46 76.64 
77 74.48 75 .02 73 .58 73 .76 73 ,76 75 ,74 74.84 74.66 75.02 76 .64 76.64 76.1 76.64 
77 74.66 75.2 73 76 73 .76 73 .76 75.74 74.84 74.84 75.2 76 82 76.82 76.28 76.82 
77 74.66 75 .2 73 ,76 73 ,76 73,76 75 .56 74.84 74.66 75.02 76 .82 76.64 76 .28 76.64 

8 75.2 76.64 77 74.66 75 .38 73.76 73 76 73.94 75.74 75.02 74.84 75.02 76 82 76.82 76.28 76.64 
9 75.2 76.46 77 74 .66 75 .2 73 .76 73 .76 73 .94 75 .74 74.84 74 .84 75.02 76 .82 76.82 76.46 76.64 

10 74.84 76.46 76.82 74 .66 75.2 73 .76 73 .58 73.76 75.56 74 .84 74.66 75.02 76.64 76.64 76 .1 76.64 
1 75.02 77 77.18 75 .2 75 .38 74 .12 73 .94 78 .62 75 .74 75.02 76.46 81.68 76 .64 77 78 .62 81 .5 
2 74.84 76.82 77 75 .02 75 .2 73 94 73 .94 78.8 75.74 74.84 76.46 81 .5 76 46 76.82 78 .62 81.32 
3 74.84 76.82 77 75.02 75.2 73.76 73.76 78.98 75 .56 74.84 76.28 81.5 76.46 76.82 78.44 81.32 

2 1 75.02 77 77.18 74 .66 75 .38 73.94 73.94 78 .62 75.74 74.84 76 .28 79.88 76.64 77 77.9 78.26 

3 

2 75.02 77 77 .18 74 .84 75 .38 73 .94 74 .12 78.8 75 .74 75.02 76.46 79.88 76 .64 77 77 .9 78.44 
3 75.02 77 77.18 74.84 75 .38 73.94 74 .12 78 .98 75.74 75.02 76.46 80.06 76.82 77 77.72 78.26 
1 74.84 77 77.18 74.66 75 .38 73 .94 74 .84 76.1 75.74 75.02 76.28 77.18 76 ,64 
2 74.84 76.82 77 74.48 75 .2 73 .94 74 .84 75 .92 75 .56 74.84 76 .1 77 76.46 

77 77 77 .18 
77 76 .82 77 

3 74.84 77 77.18 74.66 75.38 73.76 74.66 75 .74 75.56 74.84 76.1 77 76.64 77 76.82 77 
4 1 75.02 77. 18 77.18 74.66 76.46 75 .92 73 .94 74,3 77 77.54 75.02 75.38 76.82 77.72 76 .64 76.82 

2 75.02 77.18 77.18 74.66 76 .46 75.92 73 .94 74.3 77 77.54 74.84 75.38 77 77.72 76.64 77 
3 75.2 77.18 77.36 74 .66 76 .64 76 .1 73 .94 74.48 77. 18 77.72 75 .02 75.38 76.82 77.72 76 .64 77 

5 1 75.2 77.18 77.18 74.84 78 .62 74 .84 73.94 74.48 80 ,78 77.36 75.02 75.38 78 ,62 78.44 76 .64 77 
2 75.2 77.18 77.18 74.66 79 .34 74 .84 73 .76 74.48 80.06 76.46 74 .84 75.38 78.44 78.26 76 .64 76.82 

6 

3 75.02 
75.74 

77 77 74.48 79 .52 74 .84 73 .76 74.3 80.06 76.46 74.84 75 .2 78.44 78.26 76 .46 76.82 
77 77.18 74.48 80 .24 74 .12 73 .76 74.3 80.96 75.38 74 .84 75.38 82.4 77.54 76.46 76.64 

2 75.56 77 77 74.48 78.98 73 .94 73 .76 74.3 80.78 75.38 74.84 75.2 82 .4 77.54 76.46 76.64 
3 75.2 76.82 76.82 74.48 76 .82 73 .94 73 .58 74 ,3 82.04 76.1 74.66 75 .2 82.58 77.54 76.46 76.46 
1 75.56 77.36 77 74 .84 77.18 74 .3 74 .12 77 .18 80.96 75.02 77.72 81.14 82.76 77.72 77 84.02 
2 75.56 77.36 77 74.66 77 .18 74.3 74. 12 77. 18 80.96 75.2 77.54 80.96 82.76 77.72 77 83 .84 
3 75.56 77.36 77 74.84 77 .18 74.3 74. 12 77 .18 80.96 75.2 77.54 80.96 82.94 77.72 77.18 84 .02 

74.84 77.36 76.82 74 .66 78.44 74 .66 74 .12 78 .44 79 .88 76.46 77 .54 80.78 78 .26 77.9 78 .08 79 .7 
2 75.2 77.72 77.18 74 .84 78.8 74.84 74 .3 78.62 80.06 76.64 77.72 80.96 78,44 78.08 78 .26 80 .06 
3 75.02 77.54 77.18 74.84 78 .8 74 .84 74 .3 78.62 80.06 76.64 77.72 80.96 78.44 78.08 78 .26 80 .06 
1 75.02 77.54 77.18 74.66 76 .46 76 .1 74 .66 76 28 77.36 77 77 .9 79.88 77.36 77.9 78 .44 78.98 
2 75.02 77.54 77.18 74.66 76 .28 76 .1 74 .66 76.28 77.54 76 .82 77 .9 79 .7 77.36 77.72 78 .26 78.98 
3 74.84 77.54 77.18 74.66 76 .28 76 .1 74 .66 76.28 77.36 76.82 77 .9 79.88 77.18 77.9 78 .44 78.98 
1 74.84 77.54 
2 74.84 77.54 

77 74 .84 75 .92 76.28 74 .12 78.44 77. 18 77.36 77 .9 81 .32 
77 74 .84 75 .74 76 .28 74 .12 78.44 77 77.54 77 .9 81.32 

77 77.72 77 .54 84 .38 
77 77. 72 77.54 84 .56 

3 74.84 77.54 77 74.66 75 .92 76 .28 74 .12 78.44 77.18 77.36 77.9 81.32 77 77.72 77 .54 84 .38 
1 76.28 77.54 77.18 74.84 76 .82 74.48 74 .12 77 81 .32 75.38 75.92 79.52 82.94 77.72 77.9 79 .7 
2 76.28 77.54 77.18 74.66 76 .82 74.48 74 .12 77 81.32 75.38 75.92 79.52 82 .94 77.72 77 .9 79 .7 
3 76.28 77.36 77.18 74.66 76 .82 74.48 74 .12 77 81.14 75.38 76 .1 79.34 82.94 77.72 77 .9 79 .7 

2 1, 3 and 5 1 75.02 77.18 77.18 74.84 77 .72 74 .84 74 .84 
2 75.2 77.36 77.36 74 .84 77 .72 74 .66 74 .84 

77 78.98 76.64 76.46 80.06 77.72 78.26 
77 78 .98 76.46 76.46 80.06 77. 72 78.26 

77 83 .84 
77 83 .84 

2, 4 and 6 

2, 3 a nd 4 

3 75.02 77.36 77.18 74.84 77 .72 74 .66 74.84 77 78.98 76.28 76.46 79.88 77.72 78.26 77 83.84 
1 76.1 77.36 77.18 74.84 78 .62 75 .38 74 .3 76.28 82.04 76.82 76.28 79.52 83.12 78.8 77.36 80.42 
2 76.28 77.36 77.18 74.84 78 .62 75 .56 74 .12 76 .28 81 .86 
3 76.28 77.36 77.18 74 .66 78.44 75 .56 74 .3 76 .28 81 .86 

77 76.28 79.52 83.12 78.8 77 .36 80 .42 
77 76 .28 79 .7 83.12 78.8 77 .36 80 .78 

1 75.2 77.18 77.54 74.84 76.46 76 .1 75 .2 78 .98 77.36 77.54 77.72 81.68 78.08 77.72 77 .54 80 .24 
2 75.2 77.36 77.36 74.84 76 .64 76 .1 75.2 78.8 77.36 77.54 77.72 81.68 77.9 77.72 77 .54 80 .24 
3 75.2 77.36 77.36 74.84 76 .64 76 .1 75 .2 78.8 77.36 77.54 77.72 81.68 77.9 77.72 77.54 80.24 
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E90 ROC 
Author: Hannah Thompson and Rache l Hilburn May 2, 20 19 Developing an ROC curve for our tempa-
ture -to-occ upancy data Testing hreshold for detem,inin g "hot ce ll" and threshold for numb er of "hot ce lls" 

clear all 
clear plot 
data= load( ' data . mat ' ); 
data= data . data ; 
tempThresh = 80 ; %temperature threshold , determine a " hot cell " 
occThresh = 4 ; %number of "hot cells " threshold 
P 42 ; %number of "positive " /occupied data points 
N = 40 ; %number of " negative " /not occupied data points 

startTemp = round(min (min(data)) ) - 2 ; 
endTemp round(max (max (data ))) + 2 ; 

TP = 0 ; 
FP = O; 
bestTPR = -1 ; 
bestFPR = 100 ; 
TPR linspace (1 , (endTemp-start Te mp) *100 , (endTemp-startTemp ) *100) ; 
FPR = linspace (l , (endTemp-startTemp)*l00 , (endTemp-startTemp ) *l00 ) ; 

count = 1 ; 
for tempThresh 

TP = O; 
FP = 0 ; 

startTemp : 0 . 01 : endTemp 

for i = 1 : le ngth(data) %for each row in data 
currRow = data (i , :); 
numOccupied = 0 ; 
for j = 1 : 1 : 16 %16 cells 

currTemp = currRow ( j ); 
if currTemp > tempThresh 

numOccupied = numOccupied + l ; 
end 

end 
if numOccupied > 

%mark ing as 
if i > N %if 

TP TP 
else 

FP FP 
end 

end 
end 

currTPR TP/P ; 
currFPR FP/N ; 

occThresh 
occupied 

it was in 
+ l ; 

+ 1. 
' 

%greatest TPR with lowest FPR 

the occupied data 
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end 

if currTPR >= bestTPR 

end 

if currFPR <= bestFPR 

end 

bestFPR = currFPR ; 
bestTPR = currTPR ; 
bestTempThresh = tempThresh ; 

TPR (count ) 
FPR (count ) 

currTPR ; 
currFPR ; 

count= count+l ; 

figure(l ) 
scatter ( FPR , TPR , ' * 1 ) 

hold on 
p l ot (FPR , TPR ) 
title ( ' ROC for changing temperature Threshold ' ) 
xlabel ( ' FPR ' ) 
ylabel ( ' TPR ' ) 
xlim ( ( 0 1]) 
ylim ( [0 1]) 

disp ( [ ' The best Tempature with Occupancy Threshold= 3 is ' , 
num2str(bestTempThresh) , ' with a TPR of ' , num2str(bestTPR ) , ' and a 
FPR of ' num2str(bestFPR)]) 

The best Tempature with Occupancy Threshold 
1 and a FPR of 0 

2 

3 is 76 . 81 with a TPR of 



33 

ROC for changing temperature Threshold 
1 ""'' -------- - ------------------ -

0:: 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

o _ __ ,__ _ ___,_ __ _,_ __ _,__ __ _._ __ .,_ __ ,__ _ ___,_ __ _,_ __ _, 
0 

clear all 
c l ear plot 

0.1 0.2 

data= load ( ' data . mat ' ) ; 
data= data . data ; 

0.3 0.4 0.5 0.6 0.7 0.8 0.9 
FPR 

tempThresh = 80 ; %temperature threshold , determine a " hot cell " 
occThresh = 3 ; %number of " hot cells " threshold 
P 42 ; %number of "positive " /occupied data points 
N = 40 ; %number of " negative " /not occupied data points 

startOcc = l ; 
endOcc = 16 ; 
bestOccThresh l ; 

TP = 0 ; 
FP = O; 
bestTPR = -1 ; 
bestFPR = 100 ; 
TPR linspace ( 1 , (endOcc-startOcc ) *100 , (endOcc-startOcc) *100 ) ; 
FPR = linspace ( 1 , (endOcc - startOcc ) *100 , (endOcc - startOcc ) *100 ) ; 

count = l ; 
for occThresh 

TP = 0 ; 
FP = 0 ; 

startOcc : 0 . 01 : endOcc 

for i = l : length (da t a) %for each row in data 

3 
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currRow = data ( i , : J ; 
numOccupied = 0 ; 
for j = 1 : 1 : 16 %16 cells 

currTemp = currRow(j ) ; 
if currTemp > tempThresh 

numOccupied = numOccupied + 1 ; 
end 

end 
if numOccupied > occThresh 

%marking as occupied 
if i > N %if it was in the occupied data 

TP TP + 1 ; 
else 

FP FP + 1 ; 
end 

end 
end 

currTPR TP/P ; 
currFPR FP/N ; 

%greatest TPR with lowest FPR 
if currTPR >= bestTPR 

if currFPR <= bestFPR 
bestFPR = currFPR ; 
bestTPR = currTPR ; 
bestOccThresh = occThresh ; 

end 
end 

TPR (count ) 
FPR(count ) 

currTPR ; 
currFPR ; 

count= count+l ; 
end 

figure(2 ) 
scatter (FPR , TPR , ' * ' ) 
hold on 
plot(FPR , TPR ) 
title ( ' ROC for changing Occupancy Threshold ' ) 
xlabel ( ' FPR ' ) 
ylabel ( ' TPR ' ) 
xlim ( [0 1]) 
ylim([0 l] ) 

disp([ ' The best Occupancy with Temperature Threshold= 80 is ' , 
num2str (bestOccThresh ) , ' with a TPR of ' , num2str (bestTPR ) , ' and a 
FPR of ' num2str(bestFPR)]) 

The best Occupancy with Temperature Threshold 
of 0.59524 and a FPR of 0 

4 

80 is 1 . 99 with a TPR 
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0:: 

0 .9 

0.8 

0 .7 

06 ·. 

0 .5 

0.4 

0.3 

0.2 . 

0.1 

ROC for ,changing Occupancy Threshold 

0 -"---~--~-~--~--~-~--~--~-~--~ 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 .9 1 
FPR 

Optimize both Occupancy and Temperature 
clear all 
clear plot 
data load( ' data . mat ' ); 
data= data .d ata ; 

P 42 ; %number of "positive " /occupied data points 
N 40 ; %number of " negative " /not occupied data poi nts 

startOcc = 1 ; 
endOcc = 16 ; 
startTernp = round(min(min(data ))) - 2 ; 
endTemp = round(max (max (data)) ) + 2 ; 

bestOccThresh = 0; 
bestTempThresh = 0 ; 
allBestOcc = [ I ; 
allBestTernp = [] ; 

TP = 0 ; 
FP = 0 ; 
bestTPR -1 ; 
bestFPR 100 ; 

5 
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size = ( (endTemp-startOcc)*l00)*16 ; %16 different occupancies , for 
many different temperatures 

TPR linspace(l , size , size ) ; 
FPR = linspace(l , size , size ); 

count = 1 ; 
for occThresh = startOcc : 1 : endOcc %number of "hot cells " threshold 

f o r tempThresh = startTemp : 0 . 01 : endTemp %temperature threshold , 
determine a "hot cell " 

TP = O; 

end 

FP = O; 
for i = l : length(data) %for each row in data 

currRow = data(i , : ) ; 

end 

numOccupied = 0 ; 
for j = 1:1:16 %16 cells 

currTemp = currRow(j) ; 
i f currTemp > tempThresh 

numOccupied = numOccupied + 1 ; 
end 

end 
if numOccupied > occThresh %number of " hot cells " 

%marking as occupied-- positive 

end 

if i > N %if it was in the occupied data 
TP = TP + l ; 

else %if was in not-occupied data 
FP = FP + 1 ; 

end 

currTPR 
currFPR 

TP/P ; 
FP/N ; 

%greatest TPR with lowest FPR 
if currTPR >= bestTPR 

if currFPR <= bestFPR 

end 
end 

bestFPR = currFPR ; 
bestTPR = currTPR ; 
bestOccThresh = occThresh ; 
bestTempThresh = tempThresh ; 
i f (currFPR == bestFPR ) && (currTPR == bestTPR) 

al l BestOcc = [allBestOcc bestOccThresh); 
allBestTemp= [allBestTemp bestTemp Thresh) ; 

end 

TPR(count) 
FPR(count ) 

currTPR ; 
currFPR ; 

count = count+l ; 

6 
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end 

figure (3) 
scatter (FPR , TPR , ' * ') 
hold on 
% plot (FPR , TPR ) 
title ( ' ROC for Optimizing Occupancy and Temperature Thresholds ') 
xlabel ( ' FPR ') 
ylabel ( ' TPR ') 
xlim( (0 l] ) 
ylim ( (0 l] ) 

prevOcc = l ; 
highestTemp = O; 
lowestTemp = 100 ; 
occHighTemps = [] ; 
occLowTemps = [] ; 
for j = unique (allBestOcc) 

for i = l : length(allBestOcc) 
if allBestOcc(i ) == j 

if allBestTemp(i ) < lowestTemp 
lowestTemp = allBestTemp ( i) ; 

end 
if allBestTemp(i) > highestTemp 

highestTemp = allBestTemp(i) ; 
end 

end 
end 
occHighTemps = [occH ighTem ps highestTemp] ; 
occLowTemps = [occ LowTemps lo westTemp ] ; 
highestTemp = O; 
lowestTemp = 100 ; 

end 

C = l ; 

for i = unique(allBestOcc) 
x = [ ' With an Occupancy of ' num2str(i) , ' a good range of 

temperature thresholds is ' , 
num2str(occHighTemps(c)) ] ; 

disp(x) 
C = C + l ; 

end 

num2str(occLowTemps(c) ) , ' to ' 

disp ( [ ' These all of a TPR of ' nurn2str (bestTPR) , ' and an FPR of ' 
num2str(bestFPR)]) 

With an Occupancy of 1 a good range of temperature thresholds i s 72 to 
76 . 99 

With an Occupancy of 2 a good range of temperature thresholds is 76 . 82 
to 76 . 99 
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With an Occupancy of 4 a good range of temperature thresholds is 76 . 64 
to 76 . 81 

With an Occupancy of 5 a good range of temperature thresholds is 76 . 46 
to 76 . 81 

With an Occupancy of 6 a good range of temperature thresholds is 75 . 92 
to 76 . 45 

With an Occupancy of 7 a good range of temperature thresholds is 75 . 38 
to 76 . 09 

With an Occupancy of 8 a good range of temperature thresholds is 75 . 2 
to 75 . 55 

With an Occupancy of 13 a good range of temperature thresholds is 
73 . 94 to 74 . 29 

These all of a TPR of 1 and an FPR of 0 
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