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Problem Statement

The loT Implementation for Harsh Temperature Monitoring System is an
innovative system that willallow companies to maintain and improve the
longevity of their operational equipment, such as concrete crushers. Our
product willmonitor and alert onsite personnel if components on
equipment is operating outside of their desired temperature range by
using a temperature sensor to monitor the temperature of the equipment,
send this data back to a server to be analyzed and provide real time
measurements for operators. In addition, our system:

Maintains the longevity of a company’s large operational equipment
by ensuring the equipment is operating at a safe temperature

Sends alerts back to a server if operational temperature fluctuates out
of range

Alerts onsite personnel of unsafe temperature conditions of operating
equipment

Ultimately serves to eliminate a potentially hazardous situation, while
protecting the quality and durability of a company’s equipment



Design Approach

v Inifial configuration of device using Bluetooth from the project
manager’'s phone/laptop.

v Batteries willhave a minimum 6-month lifetime

v The device willbe contained within a durable box to withstand
sustained exterior temperatures of 150F and mechanical shocks of 3g

v A LED willbe placed within the device that willbe visible for on-site
personnel to alert them of dangerous conditions with respect to
temperatures being out of range.

v The temperature sensor willread the infernal tfemperature of the

concrete crusher and relay this data back to the server at a user
defined interval, with a minimum time of at least 30 seconds.

v The device requires to be surface mounted to the surface of interest
and willremain there for the duratfion of the job or at least 6 months. A
low battery alert willbe given via LED.

v The data collected by the device willbe sent to a server to be
analyzed.



Design Approach (continued)

v Pre-configured ranges for acceptable temperatures within the concrete
crusher willbe programmed into the device

- If the temperature fluctuates out of this range, the sensor willsense this
change, relay the data back to the server, and an alert will be sent out.
the accuracy of the measurement would need to be within +/- 2 degrees.

v A text/email alert willbe sent to relevant personnel to notity them of the
condifion.

v An additional LED visual alert on the device will also notify relevant
personnel of the condition, in case of a missed text/email.
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Sequence Diagram
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Block Diagram
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Simulations and Calculations Performed

Component Currrent (A) Voltage (V) Power (W) Size (mm)

1 Standard LEDs - SMD Green Water 0.03 5 0.015 2x%1.25x0.7

2 DHT22 Temperature Sensor 0.021 3 0.1155 15.1%7.7x25.1
Power Converter 150 kHz 3A Step-

3 Down Voltage Regulator 7.5 337.5 10.17x8.69x4.55

4 Low-Dropout Linear Regulator 0.8 16 6.5%3.5
Step-UpSynchronous PFM DC/DC

5 Converter 0.295 A0x40

& SIM7000A Module 0.011 . 24 X 24 X 2.6mm

7 USB Type C 16Pin Connector 3 8.9%6.5x2.56

& ESP32 WROVER Microcontroller 1.1 : 31.4x18x3.3

9 Power Supply 5

10 Charger IC Lithium lonfPolymer 3.1x3x1.3

« Powerwas calculated using data obtained from datasheets of components
« Size and weight was obtained from datasheet




Hardware Development to Date

 Ordered PCB Board on 10/3

« Ordered componentson 10/3

* |n process of prototyping the enclosure for device using CAD (will
e 3D printed)

Once all componentsand PCB board come in, we willbegin developing
the board and attaching components.

The device enclosure will be designed to meet exact measurements of
the board willbe developedto accommodate any special features.



Software Development o Date

1 #define DHT DEBUG 2 DallasTemperature *probe2; 53 dht = NULL;
#define TEMP_SNSR_BOARD V3 28 byte buffer[8]; 55 elsef
: 2@ bool running = true; 56 ioConfig.GPIO1Config = GPIO CONFIG DHT22;
5  #define WIFIPW “password goes here...” - 57 joConfig.GPIO1Name = "Digital Temperature";
32 void determineSensorConfiguration() L  oConfiz.GPIO1SCal 1:
s 58 ioConfig. caler = 1;
7 #include <TemperatureProbes.h> =3 { . . _ e
8  #include <Arduino.h> 34 dht = new NuvIoT DMT(IO1 PIN, DHT22, 6, &console); > f‘)c“”‘c?g'ﬁpmue"f’ =8
> #include <NuvIoT.h> 35| dht->begin(); loConfig.GPIO1Calibration = 1;
1 36 uint8_t retryCount = 8; L
11 #define _SNSR_SKU "RSB-01" 37 while (retryCount++ < 5 & lhasDHT22) 62 ioConfig.GPI02Config = GPIO CONFIG DHT22 HUMIDITY;
12 ddefine MWARE_VERSION "9.7.3" 18 { 63 ioConfig.GPIO2Name = “"Digital Humidity";
iE #define HARDWARE REVISION “3.8" 39 float temp = dht->readTemperature(true,true); 64 ioConfig.GPI025caler = 1;
14 49 if (!isnan(temp) 65 ioConfig.GPI027ero = 8;
15  #define BATT_SENSE_PIN 27 41 hasDHT22 = true; 66 ioConfig.GPIO2Calibration = 1;
16 #define TEMP_SENSE_PIN 13 42 console.pr-intln("FDund DHT22”:|_'. 67 1
18 #:ei;:ne 101 PIN 25 44 else le.orintln("Attempt " + String(retrvCount) 59 if (dht == NULL){
19 #detine 102 PIN 26 - console.println(“Attempt * + String(retryCount)); ., robel = new DallasTemperature(new OneWire(IO1 PIN)):
delay(1000) P & -
20 46 elay H .
21 bool hasDHT22 = false; 47 - retryCount = @;
bool hasProbel = false: A9 72 while (retryCount++ < 5 &% !hasProbel
23 bool hasProbe2 = false; 49 7
24 5B if ('hasDHT22){ 74 float temp = probel->getTempFByIndex(@);
25 NuvIoT_DHT *dht; 51 console.println("Did Not Find DHT22"); 75 if (!isnman(temp) && temp > -5@.60f)
26  DallasTemperature *probei; 52 delete dht; 76 {

« This code allows temperature sensor to relay data (i.e. temperature and humidity) to
ESP32 microcontroller, which then interprets data and allows userto seer

* |n addition, ESP32 is programmedto connectto WIFlI so that it may be
interface with user app

NN



Software Development (continued)

console.println("actual probe 2 response " + String(temp));
hasProbel = true;

}

if (!hasProbel
probel = HULL;
console.println{“Does not have DS18B Probe 1"};

else
console.println(“Has D518B Probe 1");
ioConfig.GPI01Config = GPIO CONFIG DBS1B;
if (ioConfig.GPIO1Name == "")
ioConfig.GPIO1IName = "Digital Temperature - Port 1";
ioConfig.GPI01Scaler = 1;
ioConfig.GPIO1Zero = 8;

ioConfig.GPI01Calibration = 1;

retryCount = @;
while (retryCount++ < 5 && !hasProbe2

float temp = probe2->getTempFByIndex(@);
if (lisnan(temp) &% temp > -58.68f)

1

This part of code is configuring probes
on temp sensor to display
temperature.

confipureConsole();
writeConfigPins();
determineSensorConfiguration();

console.registerCallback(handleConsoleCommand) ;

welcome(TEMP_SNSR_SKU, FIRMWARE VERSION);
S5tring btName = "NuvIoT - " + (sysConfig.Deviceld == "" ? "Temp Sensor” : sysConfig.Deviceld);
BT.begin(btName.c_str(), TEMP_SNSR_SKU);

sysConfig.WiFiSSID = "Collins";
sysConfig.WiFiPWD = WIFIPW;

wifiMgr.setup();
ledManager.setup(&ioConfig);
ledManager.setOnlineFlashRate(1);

ledManager.setErrFlashRate(8);

probes. configure(&ioConfig);

1

This part of code allows the ESP to conngct to WIFI using
the WIFI ID and password which wil allow for the
interfacing of the microcontroller with user app.

AN



Software

Please Login

SAMSUNG SGH_|337 BEMG I O — 0O X

async (email: string, password: string) == {
uest = {
rantType: 'password’,
AppInstanceld: 'ABC123',

Deviceld: B
ClientType: 'm leapp',
Email: email,

Password: password,
UserName: email

Email Address:

enter email

Password: setIsBusy(true);

enter pwd

'|IIIIIIIIIIIIIII%!HHHHI!IIIIIIIIIIIIIII'

fetch('https://api.nuviot.com/api/vl/auth’,
{
method: 'POST',
headers: {
Accept: 'application/json',
'Content-Type': 'application/json’

+
body: JSON.st (request)

Development (android app)

The react-native code as well as the ¢
code/frmware was developed by the company
we are working with. our involvementis to make it
work with our design and adjust/add as
needed. we are currently testing against a test
setup that we have using an esp32 microcontroller
and temperature sensor.

"N

App on your android and eventuadlly ios device
Inifial configuration of device
Developedin react-native




Testing Plan

« Battery Charging Requirements:
« After a complete charge cycle, perform 3 type of discharges to gauge battery life:
* Constant use/Constant upload = 1 upload / second
» Readlistic Upload rate of 1 upload / 10 mins
« Idle

« Time to failure wil be measured by the time from initiation of test until failure to broadcast
data or ESP32 shutdown.

 Temperature Test:

* Device wil be placed into a conftrolled temperature environment for 30 minutes and
afterward tested to ensure integrity. A pass is defined as retaining complete capability with
no material deformation.

» 100F, 150F, 200F, 250F
« 50F, 20F, OF, -10F if possible
* Harsh environment /
« Test device with regards to abrasion, impact resistance, vibrations, and dust.




Work Division

Roles

Responsible Individual

TASK DESCRIPTION - Design| TASK DESCRIPTION - Design Il

MANAGEMENT

Technical Leader

Team Coordination Leader

Cost & Schedule leader

SYSTEM ENGINEERING

53T ENGIMEERING

53T ENGIMEERING

53T ENGIMEERING

53T ENGIMEERING

Callins

Palgar

Parter

Palgar

Brandon

Steue

Parter

Understands the interconnections of
the systems and waorks ta enzure that
each subsystem iz compatible and
fulfills abjectives.

Ersures utlization of all team members,
and aids in coordination between
design aspects.

Fespansible for coordinating between
design aspects to ensure averall project
remainz in budget. Sets expected due
dates for abjectives based on class
requirements,

PCE design expert. 'Will work tarezearch
PCE design and aszemble all ibraries to
create a final PCE design.

Coding and firmw are system expert,
Warks to code the device from sensarta
the communizations madule,
Commurnications expert, warks to
establish communications from the

system ta destination,
Sensar and Power expert. Wilwarkta

provide pawer for each subsystem and
research and order an appropiate
sensor for the design,

Funz analutics on final design,
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TEST ENGINEERING Stewve comparing final parameters ko
intentended.
Expert on final aszembly and creating
PROD ENGIMEERING Erandon mounts far modules to PCE. PCE t-:n.
enclosure, and enclosure to mounting
location,
waorks to analvze design lavout ta
COMFIG MGMT Brandon minimize space requirements to
minimize overall enclosure size.
Enzures that all chozen components
RELIAEILIT Stewe meet requirements far required product
lifetime.
QUALITY Porter 'I.-.l'n:nrlrt5 to ensure components meet all
required standards.
Enzures that parts are selected and
PARTS MANAGEMENT Porter arderedin pre-par:aticun far final -
aszembly. Maintains documentation of
all ordered parts.
Analyzes the design and suggests
EMIEMC Palgar improvements to minimize the effects of
EMI.
SEFETY Falgar Enzures that during azsembily all
Hardwars
ELELT DESERY
DESIGN Brandon
MECH DESIGN
FSNA DESIGN Steve
ST RE
Sw DEVELOPM Brandon
TEST Fnginecring
Test Stewe
FTEST SFTaRE
DESIGN Stewe







