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“Hack That Flood” Objective

Create and develop a smartphone application integrated with a remote,
sensor platform that measures depth, acceleration, and GPS location.
The smartphone application will determine, and alert if any integrated

areas are subject to flooding.
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Motivation

R.I's flooded streets are una.cceptable

TRICIA K. JEDELE

he other day, it was
raining again in Rhode
Island, and the streets
were flooded again.

I have to admit, ever since the
March 2010 floods, I get anxious
when it rains. A few inches of
rain in an hour can create

work at the end of the day. ] am
deliberate in my efforts to avoid
the low-lying areas and the
spots that I know historically
flood, but there are always un-

Spots. ;
1 didn't anticipate the inter-
section at Park Avenue and Res-
ervoir Avenue to be under water
on Aug. 13, after just a day of
heavy rain. A failure to provide

for drivers and paralyzes traffic,
but it also has to go somewhere
eventually. It channels over the
pavement into our rivers and
ponds and our Bay — carrying
with it all the garbage and fecal
matter and fuel left on the black-
top surfaces we've allowed all
over the state.
Pond, for exam-

Ocean State Job Lot off Reser-
voir Avenue to the south. Itiga
part of the Pawtuxet River Wa-
tershed — the largest watershed

we can't seem to keep beaches
open after a little rain; that our
urban ponds aren't fishable and
swimmable alternatives for
Rhode Islanders who can't get
to the beaches; or that we can't
keep our major, high-traffic in-
tersections from flooding.

are placing on it.

Tricia K. Jedele is a vice president
at the Conservation Law Founda-
tion and the director of CLF's
Rhode Island Advocacy Center.
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Computer Engineering Requirements

Map with flood prediction
Set up server to host the map
Phone application to display the end result
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Electrical Engineering Requirements

Flotation Sensor Platform

Microcontroller Device
o Acceleration

o Depth
o GPS location
GSM Communication
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Arduino Mega 2560

microcontroller board designed for complex projects
allow to power devices, collect outputs
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Sparkfun ADXL345
Accelerometer

X, Y, and Z axis

Roll, Pitch , and Yaw
coordinates

//calculate the Roll&Pitch
wold RP_calculate(){
double x_Buff = float(x);
double y_Buff = float(y);
double z_Buff = float(z);
roll = atanZ(y_Buff , z_Buff) * 57.3;
pitch = atanZ((- x_Buff) , sqrt(y_Buff * y_Buff + z_Buff * z_Buff)) * 57.3;

void loop() {

readFrom(DEVICE, regAddress, TO_READ, buff); //read the acceleration data from the ADXL345
//each axis reading comes in 10 bit resolution, ie Z bytes
//thus we are converting both bytes in to one int

x = ((Cint)bufFL1]) << 8) | buff[e];
y = CCCINtIbUFF[3])<< 8) | buff[2];
z = (CCint)bUFF[5]) << 8) | buff[4];

/e send the x y z values as a string to the serial port44
Serial.print("The acceleration info of x, y, z are:");
sprintf(str, "%d %d %d", x, y, zJ);

serial.print(str);

Serial.writeCl@);

//Roll & Pitch calculate

RP_calculate();

serial.print("Roll:"); Serial.println{ rell J;
Serial.print("Pitch:"); Serial.printlnC pitch J);
Serial.println("");

//1It appears that delay is needed in order not to clog the port
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vold loop() {
delay (20087 ;

Adafruit FONA 808 Cellular + GPS shield

float latitude, longitude, speed_kph, heading, speed_mph, altitude;

A4 if you ask for an altitude reading, getGPS will return false if there isn't a 3D fix
boolean gps_success = fona.getGPS(&latitude, &longitude, &speed_kph, &heading, &altitude);

Quad-band 850/900/1800/1900MHz - connect onto any

if (gps_success) {

gIObaI GSM netWOfk Wlth any ZG SIM, Serial.print("GP5S latitude:");
Se’1aL.p’1ntLU(latitude? 5);," .
Fully-integrated GPS (M T3337 chipset with -165 dBm e nClongitude 6y:
R L. Serial.print("GPS speed KPH:");
tracking sensitivity) that can be controlled and serial.printinCspeed_kph);

Serial.print("GPS speed MPH:");
i speed_mph = speed_kph * ©.621371192;
query over the same serial port; serial.printin(speed mph);
Serial.print{"GPS heading:");
Serial.printlinCheading);

Make and receive voice calls using a headset or an Serial.print("GPs altitude:";

Serial.orintlnCaltitude?:
} else {

Serial.println{"Waiting for FONA GPFS5 3D fix...");
}

£ Check for network, then GPRS
Serial.println{F{"Checking for Cell network..."3J;
if (fona.getNetworkStatus() == 1) {

A5 network & GPRS? Great! Print out the GS5M location to compare
boolean gsmloc_success = fona.getGSMLoc(&latitude, &longitude);

1f (gsmloc_success) {
Serial.print{("G5MLoc lat:");
Serial.printlnlatitude, 6);
Serial.print("G5MLoc long:"J;
Serial.println{longitude, 6);

} else {
Serial.println{"G5M location failed..."J;
Serial.printlnF("Disabling GFR5"));
fona.enableGPRS{false);
Serial.println{F{"Enabling GFR5"J);
if (!fona.enableGPRSCErue)) {

Serial.println{F{"Failed to turn GFRS on"J}J);

}
¥

1
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http://www.mediatek.com/en/products/connectivity/gps/mt3337/

16 x 2 LCD Screen

Display results
Auto Scroll

#include <L1qu1dCrysthl.h>

// initialize the library with the numbers of the interface pins
LiguidCrystal 1cd(12, 11, 5, 4, 3, 2J);

vold setup() {
S/ set up the LCD's number of columns and rows:
lcd.begin(le, 2);
/4 initialize the serial communications:
Serial.begin(260a);

b

void loop() {
£/ when characters arrive over the serial port...
if (Serial.available()) {
/4 wait a bit for the entire message to arrive
delay (100 ;
// clear the screen
lcd.clear();
// read all the available characters
while (Serial.available() > @) {
// display each character to the LCD
led.write(Serial.read());
}
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Results for GPS + Acceleration
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[/ scftware serial #1: B = digital pin 10, TX = digital pin 11
Softwareierial portOne(l0, 11);

CruzPro “Active” Thru-Hull Depth

Transducer
volid setup() |
PY NMEA 0183 pr0t0C0|S S/ Open serial communications and wait for port to open:
Serial.begin(4800)
e Max. depth 450-feet while (iSerial) {
: f/ wait for serial peort to connect. Needed for native USE port only

S/ Start each software serial port
portOne.begin (4800) ¢

void loop() |

S/ By default, the last intialized port is listening.
S/ when you want to listen on a port, explicitly select it:
portOne.listen();
Serial.println{' ")r
SS while there is data coming in, read it
S/ and send to the hardware serial port:
while ({portOme.zvailabkle() > 0) |

char inByte = portOmne.read();

Serial.print{inByte , LEC);

Serial.print{' "):

1
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Results for Depth Transducer

$SDDBT,015.7,f,004.8,M,002.6,F*0D <-- Depth in Feet, Meters and Fathoms

$SDMTW,023.8,C*3D <-- Water temperature in degrees C

$SDDPT,004.8,*75 <-- Depth in Meters

91117 -3512593-99 62 -97 -113 -93 -101 -89 -85 -111 -103 -27 -21 -73 89 119 119 123 87 0 -102 -74 54 54 107 -89 51 -89 62
-97 -113 -93 -101 -89 101 0 -102 -10 118 54 -69 -89 115 -85 -97 -99 -27 -21 0

91117 -35 12593 -99 62 -97 -99 -93 -111 -89 -85 -111 115 -27 -21 -73 89 119 119 123 87 0 -102 -10 86 54 -85 -89 51 -89 62 -
97 -99 -93 -111 -89 101 -128 -102 -10 -10 54 107 -89 115 -85 -97 -115 -27 -21 0



Power Analysis

12-VDC battery s 2000 mAH

Transducer ‘ 35 mA current draw

Accelerometer ‘ 0.04 mA current draw

GPS/GSM Shield ‘ 20 mA current draw

Arduino Mega mm—) | A current draw
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Power Regulation

vold loop()

e Arduino Mega t

Serial.begin(115200);
delay(30*1000); //create a delay of 7 minutes

o Constant Power delay(30%1000) ;

deley (30*1000) ;
H delay (30*1000); //two minute delay for GES
e GPS/GSM Shield
digitalWricte (GP5_GSM, HIGH):; //turn on the power to the GPS/GSM Shield

0 TWO Minute Delay delay(l0*1000); //create & delay of ten seconds

digitalWrite (6P5_G5SM, LOW):; //turn of the power to the accelerometer

e Depth Transducer/Accelerometer et
. ] :1;15;{30*1000:
O Elght Minute Delay delay(30%1000); //two minute delay for GES

digitalWrite (GP5_GSM, HIGH); //turn on the power to the GF5/G5M Shield
delay (10*%1000): //create & delay of ten seconds
digitalWrite (6P5_G5SM, LOW); //turn of the power to the accelerometer

delay (30%1000) 3
delay (30%1000);
delay (30%1000);
delay(30*1000); //two minute delay for GES "
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Schematic Diagram
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Device Housing

152.4 mm
|

\

—  509.6 millimeters

H""-\-\_\_\_\_\_‘_'_,_,_,-'-"'"-F |
159.28 mm

6-inch Diameter PVC Pipe
Top View

B-inch Diameter PVC Pipe
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Device HousIng
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Flow chart Diagram
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Mobile Application
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Maps with ESRI

ESRI: Geographic information system company

Why ESRI ?
)

T

ArcGlIS Online

ArcGis Desktop

Create map
Add layers
Create Geospatial data

Publish map online



Software Architecture

NOAA Weather
Data

RIDOT Data

(Cranston) Map with prediction

of street being
flooded

Sensor Live Data
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Plain Flood Data




Map Layers

FEMA 100 Flood data
USGS Stream Gauges
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Map Layers
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Design Constraints and Solutions

Multiple users one map
o Map Layers preference
o Maps with all combinations of the layers.
o Point to a map matches the desired layers
o One server
o Multiple servers host Map Engine
> load balancer to balance the traffic among servers
o Qut of sync maps
o Equal rate of accessing data file
o Equal Refresh rate among all servers



Demo
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Future Considerations

Qt cross-platform
Ul framework

Code less,

Qt Create more.
W& Deploy everywhere.

Jordan Peralta



Future Considerations

Completed Housing

Contaminant Sensor




ABET Outcome C

Economy

Safety
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Questions?
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