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ABSTRACT

Recently, Smartphone processing power shows a remarkable performance on doing
multitask function set by the user. As the manufacturing industry has come to a further
development on data inspection by such sensor for example; Temperature Sensor,
Pressure Sensor, Level Sensor, etc, both task of acquiring and analyzing data will need
to be carried out at different time. By utilizing mobile phone as the main target data
acquisition, data are easily access at the end of the user finger tips. Literature review
comprises all the keywords and terms that we need to know before we can proceed to
the system development. The methodology focus on more on project flow, hardware and
software used such as, Programmable Integrated Circuit (PIC) Microcontroller,
Bluetooth Module, Lithium Polymer Battery, 02 XDA Mobile Phone, vxHpc Software,
Windows Visual Studio 2008, MPLAB 8.10 and etc. As for the result, the external
System already able to communicate and interconnect with mobile phone with the ability
of vxHpc software to act as hyper terminal for mobile phone. The external device are
attached with internal temperature sensor (LM35DZ) and able to be connected with 3
external sensors as the users are able to interrogate the whole system by giving
command and getting specific sensor data from external sensor device. As for
conclusion, the system can be already be used for specific application as the
microcontroller are already comprises eighty percent of its entire program memory

utilization.
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CHAPTER 1
INTRODUCTION

1.1 Background of study

Recently application for mobile phone has been developed to make use of
the mobile phone processing power and its user friendliness [1]. Many applications
have been developed by application developers for example [2]:

e vxHpc Software (Terminal Emulation for Windows Mobile software) [3],

e Global Positioning System - GPS (Program to allocate user location) [4],

e SportyPal (Used to track healthy sport activity carried out by user) [2] , and

e Cell Mapper (program used to map the extent of your network providers)
[2], etc.

Mobile application development is the process by which applications are
developed for hand held devices such as personal digital assistants (PDA),
enterprise digital assistants (EDA) or mobile phones [5]. These applications are
either pre-installed on phones during manufacture, or downloaded by customers

from application stores and other mobile software distribution platforms [6].

Figure 1: Microprocessor and DSP Chip in Mobile Phone [2]



Inside a mobile phone, it has a powerful Microprocessor and Digital Signal
Processing (DSP) chip [7]. The Digital Signal Processing is designed to perform
signal manipulation calculations- at high speed [7]. This DSP is rated up to 40
MIPS (Millions of Instructions per Second) and handles all the signal compression
and decompression [7]. The microprocessor and memory {(RAM and ROM) inside
handle all of the housekeeping chores for the keyboard and display, which deals
with command and control signaling with the base station and also coordinate the

rest of the functions on the board [7].

1.2 Problem Statement

Manufacturing Industrial application ofien needs data to be inspected for example:
e Temperature sensor,
¢ Pressure sensor,
s level sensor,
o Fiber Optic Sensor,
e (Color Sensor,
e Accelerometer, Positioning Sensor

o Gyro Sensor, elc,

All these sensor data need to be logged and later analyzed by the system
inspector [8]. These two processes consume times and need to be performed
separately. With available Smartphone processing power, this entire task is at the
fingertips of the user. Since people are using advances Smartphone nowadays, then
the idea to use it as a device to interact with the device are suitable for data

logging, hence store and analyze all the data receive.

There are many other wireless transmission modules that can be used such
as IR modules, RF modules, and WIFL. Although, not every module is suitable
since the communication range, data transmission speed, price, power

consumption and functionality vary from one to another [9].



1.3 Objective and Scope of Study

The objectives / deliverable of the projects are:
i) Device with micro-controller that is capable of establishing
communication with Smartphone
ii) Application on Smartphone capable of acquiring, processing and

displaying data from the device

The scope of the project includes the development of the mobile phone
application, circuit design, circuit fabrication, data acquisition testing, and sensors

or input testing.

1.4 Relevancy of the Project

This project is relevant to Electrical and Electronic Engineering
academic syllabus of University Technology PETRONAS (UTP). It incorporates
knowledge in Communication System, Micro-Controller, Circuit theory,
Multimedia Network, and Network Analysis. In addition, it also enhances project

management and communication skills.

1.5 Feasibility of the Project within the Scope and Time Frame

For this project, the first semester will cover formulation of methodology
and development of mobile phone application. The second semester will consist of

full detail in circuit design, full integration of phone and external device/controller.



CHAPTER 2
LITERATURE REVIEW

4 | Microcontroller

A microcontroller is a small computer on a single integrated circuit
containing all the microprocessor sub-part such like core, memory, and
programmable input/output peripherals [10]. It is commonly abbreviated to pC, uC
or MCU. The program memory in the form of NOR flash or OTP ROM is also
often included on chip, as well as a typically small amount of RAM [10].
Microcontrollers are designed for embedded applications, in contrast to the

microprocessors used in personal computers or other general purpose applications

[11].

Figure 2: Programmable IC (PIC) Microchip

PICs Microcontroller is a leading microcontroller family from Microchip
[12]. PICs are available in very small packages with only few pins and also as
powerful 32-bit microcontrollers with many peripheral modules, 1/0 pins and offer
UART capabilities to be integrated with Bluetooth modules [13].



2.2  Windows Mobile Development SDKs

Microsoft typically releases Windows Phone Software Development Kits (SDKs)
that work in conjunction with their Visual Studio development environment [14].
These SDKs include emulator images for developers to test and debug their
applications while writing them. Microsoft also distributes Visual Studio 2008 /
2005 Professional Editions, and server / database counterparts to students as

downloads free of charge via its Dream Spark program [15].
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Figure 3: Windows Mobile SDKs Layout Project

These SDKs application development tools will ease new developers since
they do not need to master certain language such as Java. The windows mobile
SDKs provide tool and libraries to start developing windows mobile application
using Visual Studio 2008 [16]. This SDK combine with Visual Studio to create a
powerful mobile device development platform while providing the tools and

features necessary to make developing application simpler .



2.3 Bluetooth

Bluetooth is an open wireless technology standard, used to transfer and
communicate data over short distances. In other words, it is an electronic cable-
replacement. Using a tiny, inexpensive radio chip that produces a short-range, low-
cost radio frequency, Bluetooth eliminates the need for cables running between

computer, printer, and mobile phone [17].

Bluetooth also used for exchanging data over short distances (using short
wavelength radio transmissions) from fixed and mobile devices, creating personal
area networks (PANs) with high levels of security [18]). Created by telecoms
vendor Ericsson in 1994, it was originally conceived as a wireless alternative to
RS-232 data cables. It can connect several devices, overcoming problems of
synchronization. Today Bluetooth is managed by the Bluetooth Special Interest
Group [19].

An interesting aspect of the technology is the instant formation of networks
once the Bluetooth devices come in range of each other. Bluetooth adopts a
flexible multiple piconet structure for communication which consists of two or
more devices that occupy the same physical channel. A piconet is a collection of
devices connected via Bluetooth technology in an ad hoc fashion which consists of
master and up to seven slaves. A master unit, which initiates the communication,
uses point to point or point to multipoint communication to transmit and receive

signals from slave or slaves [19].

Figure 4: Bluetooth Module



The Bluetooth Module is an electronic device which has a feature of
connecting an embedded microcontroller to a PC or mobile phone. This module is
used to convert UART with 115200bps, one start bit, 8 data bits, one stop bit, and
no parity bit format to Bluetooth UART protocol [20]. It cannot talk to a same

device which means it cannot perform any connection between 2 embedded

devices [19].

Paity Stait bit
bit of next

012345678mel

;_lLHH]UJJlI

|
5-8hit \

Start bit
Stan hit

Figure 5: Start, Data, Parity and Stop bit for UART [20]

Bluetooth Module Configuration Block was shown in the Figure below

telling what the main component inside the module is and how it communicates.
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Figure 6: Bluetooth Module Block Diagram [21]



24  Infra-Red Communication
infrared Region of the Electrom agnetic Spectrum

/_

30(;;.: mm

#la'r Mid Near
Figure 7: Infra-Red Region of the EM spectrum [22]

Infra red is an energy radiation which its frequency are below our eyes
sensitivity. IR communication units communicate with its designated appliances
using light waves in the infrared spectrum [22]. The communication layer which is
formed by the emitter, usually emits the signal at a certain frequency, between 30 -
60 kHz, most often at 36 kHz, and the IR receives modules on appliances tunes to
that particular frequency to read input from users. For an instance, infrared is fairly
reliable and does not cost much to build into devices. The only drawback that limit
the implementation of Infra Red are that both transmitter and receiver modules
have to be in line of sight (LOS) and a transmitter cannot send data to multiple

receiver at the same time [22].

Some major difference between Bluetooth and Infra-Red Communication

are shown in the table below:

Table 1: Major Differences between Bluetooth and Infra Red Communication[23]

Communication Type IrDA-Data Bluetooth
Physical Media Infrared RF (2.4 GHz)
Communications Up to at least Im 10cm to 100m
Range
Connection Type, Point-to-Point, Narrow Multipoint, Omni-
Direction Angle (30 degrees) directional
Maximum Data Rate | 4Mbps (16Mbps on the 1 Mbps (aggregate)
way)




Security Physical limitations offer | Authentication, encryption,
some built-in protection spread spectrum

25 WiFi

()

Figure 8: Wi-Fi Trademark Logo

A Wi-Fi or Wireless Fidelity enabled device such as a personal computer,
video game console, Smartphone, or digital audio player can connect to the
Internet when within range of a wireless network connected to the Internet. The
coverage of one or more (interconnected) access points called hotspots when
offering public access generally comprises an area the size of a few rooms but may
be expanded to cover many square miles, depending on the number of access
points with overlapping coverage. Wi-Fi allows the deployment of local area
networks (LANs) without wires for client devices, typically reducing the costs of
network deployment and expansion. Spaces where cables cannot be run, such as

outdoor areas and historical buildings, can host wireless LANs [24].

As of 2010 manufacturers are building wireless network adapters into most
laptops. The price of chipsets for Wi-Fi continues to drop, making it an
economical networking option included in even more devices. Wi-Fi has become

widespread in corporate infrastructures [24].

Different competitive brands of access points and client network-interfaces
can inter-operate at a basic level of service. Products designated as "Wi-Fi

Certified" by the Wi-Fi Alliance are backwards compatible. "Wi-Fi" designates a




globally operative set of standards: unlike mobile phones, any standard Wi-Fi

device will work anywhere in the world {24].

Some major differences between Bluetooth and WIFI are shown in the

table below:

Table 2: Major Differences between Bluctooth and Wifi [25]

Specifications Bluetooth SIG IEEE, WECA, WiFi
authority:
Ease of Use: Fairly simple to use. It is more complex and
Can be used to connect | requires configuration of
upto seven devices at a | hardware and software.
time. It is easy to
switch between
devices or find and
connect to any device.
Primary Devices: Mobile phones, mouse, | Notebook computers, desktop
keyboards, office and | computers, servers
industrial automation
devices
Range: 10 meters 100 meters
Security: More secure than WiFi | Less secure. It has all the risks

as it covers shorter
distances and has a 2
level password

associated with any other
network. If someone accesses
one part, the rest can also be

protection accessed
Power Consumption: | Low High
Frequency: 2.4 GHz 2.4 GHz
Bandwidth: Low { 800 Kbps ) High (11 Mbps )
Hardware Bluetooth adaptor on | Wireless adaptors on all the
requirement: all the devices devices of the network, a

connecting with each
other

wireless router and/or wireless
access points

10




2.6  Cytron Bluetooth KC Wirefree

Figure 9: KC Wirefree Bluetooth Module

KC Wirefree Bluetooth OEM Amplified Module is designed for maximum
wireless range and penetration [26]. The powerful onboard amplifier boosts both
the transmission and reception signals which typically exceed Bluetooth minimum
specifications for a class 1 rated device. This module is a surface mount PCB
circuit that provides fully embedded which it is already can be used for Bluetooth
wireless technology. The firmware is easy to customize for external device
interaction, or for optimizations such as minimal power consumption, high speed
response, and other proprietary features. Custom firmware is easily pre-loaded into
these highly tuned and tested modules so that they are ready to install without
additional procedures [26].

Some other features of KC Wirefree Bluetooth Module are [26]:

4 -« Integrated chip antenna

& * 128-bit encryption security

4 + Amplified transmission and reception
4« + Range up to 100m LOS

4+ * SPI interface, up to 24MHz

4 * Multipoint capability

11



2.7  Temperature Sensor (LM35DZ)

Figure 10: Temperature (Centigrade) Sensor [27]

The LM35DZ series are precision integrated temperature sensors which the
output voltage is linearly proportional (centigrade) temperature. This sensor does
not need external calibration or trimming to provide typical accuracies [27]. It also
gives an output impedance, linear output, and precise inherent calibration sensor
making interfacing with microcontroller to readout or control circuitry more easily.

Some other feature of this Temperature sensor [27]:

Calibrated directly in ° Celsius
Linear + 10.0mV/° Celsius scale factor
0.5° Celsius accuracy guarantee able (at +25° Celsius)

Rated from 0 to 150° Celsius for Basic Centigrade and from -55 to 150

& & ¢

° Celsius for full Centigrade Measurement
Suitable for remote applications

Low cost due to wafer level trimming
Operates from 4 to 30 volts

Low self heating, 0.08° Celsius in still air

> e

Low impedance output, 0.1ohm for ImA load

12



2.8 High Performance Serial and Telnet Communications Software for

Windows Mobile — vxHpe

V100 = @au
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Figure 10: vxHpc terminal emulation software [3]

VxHpc is a serial and telnet communication software developed by the
Cambridge Computer Corporation for Windows Mobile operating system
Smartphone [3a]. This software works similar as HyperTerminal software in
Windows XP which cooperates asynchronous connection that eases the

communication between mobile phone and the external sensor device [3].
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Some Features that available in this software are [3]:

e Multiple communications protocol capability.
o Direct connect serial
o Modem async.
o Telnet (TCP/IP)
o Infrared, Bluetooth, Cellular, Wi-Fi
¢ Full color support.
o Assign a color to any visual attribute.
o Supports host generated color attribute commands.
¢ International keyboard capabilities.
o North American, British, Canadian French, Danish, Dutch, Finnish,
French, German, Italian, Portugese, Spanish, Swedish, SWiss
¢ Various font sizes. Supports 5 point to 20 point
e Stylus support
o vxHpc allows copy/paste between host sessions and Windows CE /
Pocket PC documents.
¢ Capture screen and printer text to any selected file.
¢ File transfer.
o Kermit, X modem (checksum and CRC), X modem 1K, X modem
1KG, Y modem, Y modem G, Z modem, Text/ASCII
o Execute a file transfer from a script
» Hot keys for frequently used commands and keyboard remapping.
¢ Data scope capability for monitoring external devices and performing data
logging.
e Trace mode for debugging.
¢ Backup and restore session properties.
¢ Developer user friendly and easily to integrate with external device.
s Operates on all Handheld, Handheld Pro, Palm-size and Pocket PCs
e Windows CE 1.0, 2.0, 2.11, 3.0, 4.0, 4.2, 5.0 and 6 compatible

14



CHAPTER 3
METHODOLOGY

3.1 Methodology Identification

Microcontroller circuit layout with Bluetooth

!

Testing Bluetooth function from Microcontroller to
Computer

!

Log data transmission from microcontroller

y

Microcontroller Integration with Temperature
Sensor LM35DZ

h 4

Sending Temperature Sensor Data to Computer

h 4

GUI design for mobile phone

Y

Establish communication through mobile phone

l

Data transfer and log from mobile phone to microcontroller

h

Testing whole application and integration

Figure 12: Process flow chat
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3.2 Hardware / Tools and Software

Table 3: List of software needed

Software Function / Use
Visual Studio Web Editing software for SDKs
Windows Mobile | Application Development for windows
SDKs mobile
PSPICE Circuit design and simulations
MATLAB Data calculations
EAGLE Circuit and PCB design
MPLAB 8.1 Programming platform for microcontroller
C compiler Compile ¢ programming to a command that

16f877A microcontroller understand

vxHpe Terminal Emulation for Windows mobile

Table 4: List of hardware needed

Hardware Functions / Use

Battery (Lithium Supply power

Polymer)

Microcontroller 16f877A | Microcontrotler used for external hardware to
sent data

Bluetooth Module Bluetooth module to be connected to PIC
16f877A using UART

PIC Programmer Used to program PIC 16F877A

Hardware

LM35DZ Temperature Temperature Sensor used as the input sensor

Sensor

02 XDA Mobile Phone Smartphone Equipped with windows mobile 5.0

16




CHAPTER 4
RESULT & DISCUSSION

4.1 Microcontroller Circuit Layout with Bluetooth

The flow below shows the inter-relationship between the entire main
components for the system. Microcontroller is connected directly to the
Temperature sensor while phone and microcontroller are connected by Bluetooth
communication. The Bluetooth modules perform its function as the UART
converter to serial communication (asynchronous communication) so the phone
will be able to sent the right command to the external sensor device as well as
receiving any data submitted by the microcontroller device.

Bluetooth

I B

Microcontroller Communication Phone

Sensor
(Temperature)

Iy
A

Bluetooth
module

Temperature
Sensor

02 Windows
Mobile Phone

Figure 13: Integration of Temperature Sensor and Microcontroller to Phone

17



AGND

Figure 14: Circuit Design Layout

The design by using Eagle 5.1 software in Figure 14 shows the prototype
circuit for the external sensor device. It uses 5 digital I/O as the inputs connectors.
As for the Bluetooth Module, it will simply connected to the RX and TX of the

PIC while their supply will be common for all components.
Since the prototype will be using LM35DZ as the analog sensors, it will be

directly connected to one of the analog ports at pot A. This sensor will become an

internal sensor where it will be permanently attached to the circuit as above.

18




42  Log Data Transmission to Computer using Hyper Terminal

The log data between Computer and Microcontroller through Bluetooth is a
testing method for the entire external device to check whether it is ready to send
the real data or not. For this testing, the sensor value has been ignored. Some
configuration need to be provided to enable asynchronous communication between

computers/laptop hyper terminal and the device itself.

As soon as the computer/laptop hyper terminal and the external device
were connected, a test of sending ‘OK’ using that computer/laptop to the device
has been perform as a command submission before the device can send the correct
data that we need. This is some sort of like giving command or interrogation to the
device, so that it would not give endless data. This test was carried out

successfully and after that command submission, the data from the external device

transmission commence as shown below:

i,
Fde Edn

os s om®

TEWPERATURE : 290egree

TEMPERATURE : 27Degree

TEMPERATURE : 27Degree

TEMPERATURE : 29Degree

TEMPERATURE : 27Degree

TEMPERATURE : 29Degree

TEMPERATURE : 27Degree

TENPERATURE : 27Degr ee

TEMPERATURE : 29Degree

TEMPERATURE : 29Degr ee

Figure 15: Data Log of the Bluetooth communication to computer

A full range signal test with respect to the distance between external
devices and computer/laptop Bluetooth ports has been carried out. The result of the

test can be accessed table 3 in appendix F. From the result, the maximum distance

19



range that the Bluetooth can go is up to 33 meters, where signal conditioning
becomes poorer as the distance increased. An example of miscellaneous error is

shown below which data sent to the hyper terminals is not readable.

TEMPERATURE : 27Degree

TEMPERATURE : 29Degree
QIQUIS27Degree

TEMPERATURE : 27Degree
TEMPERATURE : 29Degree

TEMPERATURE : 27Degree

TEMPGRATURE : 27Degree Miscellaneous

Error fi

Connected 3:00.47 AW L15209 5-N-L

Figure 16: Miscellaneous error when the signal conditions worsen

4.3  Microcontroller Integration with Temperature Sensor

To integrate temperature sensor, the value of the voltage output of the
temperature sensor need to be matched with the programming inside the
microcontroller.

The PIC16F877A which used as the microcontroller has an 8 bit analog to
digital (ADC) 0 to 5 volt converter built-in which needs to be programmed.

Hence:

Voltage Level: 0 -5 Volt=  level

=256 levels
=0-255
So every 1 bit change = —— = 0.0196volt

20



In the data sheet of the temperature sensor, every 1 degree increased will
change the output voltage for 0.010volt. Hence, the range of the output
temperature is from 0 volt to 1.500 volt for temperature range from 0 — 150
degrees Celsius. The conversion and temperature calibration into programming of
the PIC was put in table 4 in Appendix G. From the result, we can expect a low
efficiency in PIC memory since it has a 2 degrees Celsius error where it jumps for
every odd numbers. This problem can be tackle by using a higher bit range of PIC

Microcontroller such as 18F where more memories are applied.

44  Sending Temperature Sensor Data to Computer

Since communication testing and temperature sensor data calibration has
been carried out, it is time for real temperature data submission to
computer/laptop. At first a normal room temperature measure and test were carried
out to check the reliability of the temperature data. The data received was around

29 and 31 degrees Celsius.

Next, temperature rise testing will be carried by applying heat to the
temperature sensor. In this test, sudden temperatures changes need to be apply to
the temperature sensor. By using an iron (as shown in figure below), heat is
applied to the temperature sensor, hence producing change on the data from a

normal room temperature to a higher temperature up to 70 degrees Celsius.

21



Figure 17: Heating up the temperature sensor
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TEMPERATURE :

TEMPERATURE :
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Figure 18: Temperature sensor data after heating




4.5 GUI for Mobile Phone

Figure 19: Visual studio Mobile SDK 5.0 emulator shows the start page of the

application

By using Visual Studio, the basic phone application has been prepare,
where it will acquire 5 digital sensor output and it will obtain the data through
Bluetooth. The application for the mobile phone is simple and user friendly where

anyone can use it for any applicable application.

In the first picture (A), this was the starting menu for the application where
in consist of few button such as Button 1, Start Button, and Close Connection
Button. Button 1 is used to start the Bluetooth communication where, if it is
clicked, the status bar will start operating showing the communication progress —
refer second picture (B). Then after the progress show 100% finished, we can start
acquiring data by clicking the Start button, then all the sensor data value will
changed as shown in picture 3(C).
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4.6 Establishment of Communication from Mobile Phone to Sensor Device

As the prototype of the external device was ready to send any data to the
mobile phone a test by using mobile phone must be carried out to ensure the
reliability of the system. By installing vxHpc terminal emulation serial
communication for windows mobile to the O2 Xda Smartphone, the test is ready to
be commission.

At first, software setup need to be reconfigured as follow:
4 Async. Comm tab:
» Select Port — Bluetooth
» Configure Tab :
e Baudrate: 115.2kbps
e DataBit: 8
e Parity: None
e Stop: 1
¢ Flow Control: none
4 Telnet Tab:
» Check Box — Send Nul After CR
» Emulation Tab:
Emulation — VT100
Font Size — 10
Column — 80
Auto Scroll — Vertical

User Feature Checkbox
o Auto Wrap
o Scoll
o CR-> CRLF(in)
o CR-> CRLF(out)
o App. Keypad
o Local echo

o Hot Button
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Figure 20: Phone shows the temperature data sent by the sensor device

After the phone software has been setup, we can start data interrogation by
sending command ‘ts’ which denotes temperature sensor command in order to
acquire temperature data. Then, 10 sets of temperature data sent to the mobile
phone. Right after the last 10" data, it will calculate the average temperature data
to be send to the mobile phone. Similarly with digital sensor, we can use other
command to select only digital sensor which is denotes to ‘ds’ and the device will
send the condition of 3 digital sensors attached to the prototype digital port. As
there are any condition changes on the sensor logic, it will keep updating its

condition.

Figure 21: Phone shows the digital data sent by the sensor device



4.7 Final Prototype and Full Integration

To protect the circuit of the prototype, a circuit box was obtained to store
the microcontroller device inside and all the important parts such as, battery,

Bluetooth module, switch, and general input outputs for the device.

Figure 23: Integration with Digital Sensor — Limit switches and Fiber Optic

Amplifier Sensor

The integration with available digital sensor was performed by attaching
fiber optic amplifier sensor to the prototype digital port. By giving command for
digital mode, the prototype will change its digital condition when the fiber optic
sensor detects object within its detection range. One example of using this
application (fiber optic sensor) is calculating quantity of rejected products in

manufacturing plant for quality monitoring system.
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4.7.1 PIC Memory Utilisation

As the prototype are been able to do multiple task on gathering, analyzing,
and sending the sensor data to the mobile phone, the PIC Microcontroller program
memory has already reached to about eighty percent of its entire program storage.

In this case, adding more sensor or function of the device itself is not possible.

Checksum: Bxcidb

6521

Program Memory
Total: 8192

PICREFETTA we zdecc

Figure 24: Program Memory of PIC 16F877A

Hence, the solution to solve the problems of the memory problem, the PIC
Microcontroller that need to be used will need to be revised as more internal
memory of the PIC is needed for the program memory and ADC data bit
conversion as mention. Another method on solving the problem is by attaching
more PIC to perform several tasks that divided by its own group for example:

e Digital Sensor Port Tasking

e Analog Sensor Port Tasking

e RX/TX Data utilization Tasking
e Data Analyze Tasking, and

e General Input / Output Tasking
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CHAPTER 5
CONCLUSION

5.1 Conclusion

As a conclusion, this project has been progressed to a level where it can
already be used for specific applications. Although program memory of the PIC
16F877A Microcontroller has reached eighty percent of its memory, it served its
purpose to gather, analyze and send the data to the mobile phone. The digital port
and analog port also now can be easily plug and play to the device since a simple
connectors used to ease operation. The software developed for the application still
need to be revised for further development since it still cannot be fully integrated
with the mobile phone. With the help of vxHpc software by Cambridge Computer
Corporation, it can establish communication between phone and the external

device.

52 Recommendation

Future development of the application will need another revision to
enhance the user interface (UI). More application sensors will need to be
considered so that this project will be more valuable and attractive to potential
user. It is recommended that advance phone such as IPhone or Android based
system to be used for future work because it has powerful processing power hence
faster in processing data, better user interface, big resolution, and accepted by
many people for a good operating system based Smartphone. Last but not least, the
power consideration for the prototype should be analyze critically so that the user
will be able to know what type of supply should be used other than a rechargeable
lithium polymer battery.
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APPENDIX C
SOURCE CODE OF VISUAL STUDIO 2008
MICROSOFT MOBILE SDK’s

Public Class Form1

Private Sub Start_Click(By Val sender As System.Object, ByVale As

System.EventArgs) Handles Start.Click

Labell.Text = "Start Data" //abel for text
Labei13.Text = "No Connection”

Label3.Text = "0"

Label5.Text = "("

Label7. Text ="0"

Label9.Text ="0"

Labell 1. Text = "0"

ProgressBarl.Value =0

Fori=0 To 200 // progress bar simulate
ProgressBarl.Value =i * 0.5
i=i+1

Next i

End Sub

Private Sub Menultem2_Click(ByVal sender As System.Object, ByVal e As

System.EventArgs) Handles Menultem2.Click

Labell3.Text = "Connected" // message text changed
Label3.Text="1"
Label5.Text = "0"
Label7.Text ="0"
Label9.Text ="1"

Label1].Text = "0"

End Sub

Private Sub Menultem1_Click(ByVal sender As System.Object, ByVal e As

System.EventArgs) Handles Menultem}.Click

Label13.Text = "No Connection”

Label3.Text ="0"
Label5.Text ="0"
Label7.Text ="0"
Label9.Fext = "0"

Labell].Text = "0"

End Sub

Private Sub Formt_KeyDown(ByVal sender As System.Object, ByVal e As

System. Windows.Forms.KeyEventArgs) Handles MyBase. KeyDown

If (e.KeyCode = System. Windows.Forms Keys.Up) Then
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Up

End If

If (e KeyCode = System. Windows.Forms.Keys.Down) Then
Down

End If

If (e. KeyCode = System. Windows.Forms.Keys.Left) Then
Left

End If

If (e.KeyCode = System.Windows.Forms.Keys.Right) Then
Right

End [f

If (e.KeyCode = System. Windows.Forms.Keys.Enter) Then
‘Enter

End If

End Sub
End Class
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APPENDIX D
SOURCE CODE FOR PIC16F877A

//Author; Ag Shahrin Afwan B Ag Tahir

/{Project: Mobile Phone Application Development for Interrogating Sensors Final Year Project 2010-2011
//Project description:Developing software and hardware for mobile data transmission

/f Date 2010 - 2011

i

i

/ Include file
1

#include <pic.h>

"f'

/{ Configuration

7

__CONFIG(0x3F32);

i

/Define

P
#define ADC_DATA ADRESH fdefine ade port
#define LED] RB5
#define LED2 RB6
#define LED3 RB7
#define seni RB4
#define sen2 RB1
#define sen3 RBO

i

// Function Prototype
{f User can write all the necessary function here
p

unsigned char a,
int 51,52.53;

void temp_disp(int analog),
void digital_disp();
void delay(unsigned long data)
{
{/ this is a delay function for user to use when the program need a delay
/ this function can be call by type : delay(ooo),
{/ user can replace the oot with a value to determine how long the program
/! should delay for, the bigger the value, the longer the time of the delay
for{ ;data>0;data-=1),
}

void init(void) {{ subroutine to initialize
{
TRISA=0bI1111111;
TRISB =0b0G011111;
SPBRG=0x0A; /f set baud rate as 115200 band
BRGH=1,
TXEN=1;
CREN=1,
SPEN=1;
}

void display(unsigned char ¢) / subrountine to display the text on the screen

while (TXIF ==0),
TXREG =¢,
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void display2(unsigned int z) /! subrountine to display the text on the screen

while (TXIF =0),
TXREG=1z,
)

unsigned char receive(void) // subrountine to receive text from PC
{ .
while (RCIF = 0);
a=RCREG;

return a;

H

void setup_adc ( void )

ADCON( = 0b10000000; /Left justified, RACD, RAI and RA3 as ADC iput
ADCON1 =0b01000100; /{Fosc/32, channel 0, ADC not active, ADC off

H

unsigned char read adc ( unsigned char channei }

{
switch {channel)

case 1:

ADCON0 = 0b10060001;
break;

case 2:

ADCONO0 = 0b10001001;
break;

case 3

ADCON( =0b10011001;
break;

default:

ADCON{( = (5100006000

}

delay(5), / delay for a while
ADGO=1; {/ start coniversion
while (ADGO) continue;

ADON=0; /f Off ADC module
return ADRESH; /f return ADC result

i Main Function
I This is the mam function where program start to execute

void main{void)

int znalogs,
init(),

int sel_sensor;
int iter;

int avrg;

ier={);
avrg=0);
sel_sensor=0;
LEDI=1;
LED2=(};
LED3=1;

while(1} /f Wait for 'ok’ to be entered by user

a=receive(),
iffa="t}
{

a = receive(),
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if(@a="s)

sel_sensor=1;
break;
}

else iffa="d")
{
a=receive(),
if (a=—"s")

sel sensor=2;
break;
}

display(Ox0a);
display(0x0d};

if{sef_sensor==1)

{
while(iter<19)

analogs = read_ade(1);
avrg = avigranalogs;

display('T"),
display('E";
display('M";
display("P");
display('E');
display('R");
display({'A');
display{'T");
display("U'");
display({'R");
display('E');
display("');

temp_disp(analogs);
display('D"y,
display('e');
display('g’);
display(r');
display('e”);
display('e™,

display(Ox0a);
display(Ox0d),

LEDI1=!LED1;
LED2=ILED2,;
LED3=LED3;
delay(180000);
iter++;

display('A');
display("V'");
display('E’);
display('R");
display({'A'");

{1Go to new line

// Text will display on Hyperterminal after ‘ts’ is entered

Hcall function display data temperature

//Go to new line
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display('G");

//Go to new line

s1=senl ;s2=5en2;s3=sen3;

/f Text will display on Hyperterminal afier 'ds' is entered

if{1((sen1=s 1 }&&{sen2==s2)&&(sen3==s3)))

s1=senl;s2=sen2;s3=sen3;

display('E");
display(* ),
display('T");
display('E');
display('M");
display('P";
display('E'y,
display('R’);
display('A");
display("T");
display("U");
display('R");
display('E");
display('");
display(0x0a);
Hdisplay(Gx0d);
avrg=avrg/10,
temp_disp(avrg);
display('D");
display('e');
display('g));
display{'r’);
display('e'};
display('e'y,
sel_sensor=0;
}
ifisel sensor==2)
{
display('D');
display('l');
display('G");
display('T");
display(’'A'");
display('L");
display("');
display{Ox0a);
delay(80000);,
digital_disp();
while(1)
{
{
digital_disp();
3
delay(200000);
}
}
!
void digital _disp()
{
if{sen] &&sen2&&sen3)
{
display("'8");
display('E");
display('N'");
display(*1);
display("');
display('0");
display(0x0a);
display(0x0d),

/Go to new line
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display('S"y;

display('E"),

display('N");

display(2');

display(™");

display('0");
display(Ox0a),
display(0x0d);

display('S");

display('E"),

display("N');

display{'3");

display("');

display('0');
display(0x0a);
display(0x0d);
display(0x0a),
display(0x0d);

1

clse if(senl &&sen2&&tsen3)

{

display('S"y;

display('E");

display{'N");

display('1);

display(''y;

display('0');
display(0x0a);
display(0x0d);

display('S"};

display('E";

display('N");

display('2'),

display(":";

display('0");
display(0Ox0a);
display(0x0d),

display('S");

display('E"),

display('N";

display("3");

display(":");

display("1"};
display(0x0a);
display(0x0d);

!

else if{senl &&!sen2&&sen3)

{

display('S");

display('E");

display('N';

display(‘'1");

display(":");

display(0');
display(0x0a);
display(0x0d);

display('S');

display('E";

display('N");

display(2');

display("");

display('1");
display{0x0z);
display(0x0d);

display('S";

display('E"),

display('N'";

display(3');

display(":");

display('0'y;

#/Go to new line

/1Go to new line

{/Go to new line

/{Go to new line

//Go to new line

//Go to new line

//Go to new line

}Go (o new line
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display(0x0a);

display(0xGd);

display{0x0a),

display(0x0d);
'

else if{sent &&'sen2&&!send)

{

display('S");

display{'E");

display('N"),

display("1");

display("");

display('0');
display(0x0a);
display(0x0d);

display('S");

display('E");

display('N");

display('2'),

display(":");

display('1");
display{0x0a);
display(0x0d);

display("'S");

display({'E');

display({'N"};

display('3"y;

display(":");

display('1");
display{0x0a);
display(0x0d);
display(Ox0a);
display(0x0d);

}

else if{Isenl &&sen2 &&sen3)

{

display(’S');

display('E",

display('N");

display('l");

display('"};

display('1';
display({0x0a);
display{0x0d);

display('S");

display('E');

display('N");

display(2");

display(*:");

display{'0");
display(Ox0a);
display(0x0d);

display('5");

display('E");

display('N"),

display('3');

display("");

display('0");
display(0x0a),
display(0x0d);
display(0x0a);
display(Ox0d);

}

else ifllsenl &&sen2&&!sen3)

{

display('S");
display('E");
display(N');
display('1";

//Go to new kine

//Go to new line

//Go to new line

HGo to new line

#Go to new line

#/Go to new line

/fGo to new line

/Go to new line

#1Go to new line

//Go to new line
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display("");

display('1"y;
display(Ox0a},
display(0x0d);

display('S";

display('E');

display('N");

disptay('2');

display(*);

display('0');
display(Ox0Oa),
display(0x0d);

display('S");

display('E");

display('N'";

display('3");

display("'");

display('1"y;
display(0x0a),
display(0x0d};
display{0x0a),
display(0x0d);

}

else iff Isen] &:& lsen2&.&sen3)

{

display('S');

display('E);

display('N"),

display('1");

display(":');

display('0");
display(0x0a),
display(0x0d);

display('S");

display('E'),

display('N');

display{2');

display("');

display('1");
display(0x0a),
display(0x0d});

display('S™;

display('E";

display("N");

display("3');

display(*:');

display('0");
display((x0a),
display(0x0d);
display({x0a),
display(0x0d);

H

else if{!senl &&Isen2&&sen3)

{

display('S");

display('E'),

display('N');

display('1";

display("");

display('1"),
display({OxDa);
display(0x0d),

display('S");

display('E');

display('N");

display('2");

display("";

display('1;
display(0x0a);
display(Ox0d),

/fGo to new line

HGo to new line

/1Go to new line

{/Go to new line

/fGo to new line

/Go to new line

{//Go to new line

#/Go to new line

//Go to ngw line

/Go to new line
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display('S');

display('E");
display('N');
display('3"),
display("');
display{'1");
display(0x0a);
display(0x0d);
display(0x0a);
display(0x0d);
}
LEDI=ILED1;
LED2=ILEDZ,
LED3=ILED3;
H
void temp_disp(int analog)
{
if{analog—0)
{
display(‘'0"),
}
else if{lanalog=1)
{
display('1');
}
else iflanalog=—2)
{
display('3");
}
else iffanalog—3)
display('5');
}
else if{analog=—4}
{
display('7");
3
else iflanalog==5)
{
display('9"y;
H
else i analog=6)
{
display('1");
display('l');,
}
else if{analog==7)
{
display('1");
display('39;
H
else iflanalog=g8)
display{'1");
display{'5");
!
eise iffanalog=9)
display('1");
display("7");
}

//Go to new line

H#Go to new lineg
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else if{analog=—10)
{

1

else iffanalog=—11)

{

)

else iflanalog==12)
{

}

else if{analog=13)
{

1

¢lse if(analog==14)
{

}

clse iflanalog=135)

H

¢lse if{analog—16)

}

else if{analog==17)
i

1

else if{analog==18)
{

H

else if{analog=—19)

!

else if{analog==20)
{

}

else if{analog=21)}
{

display(’1y,
display('9");

display('2");
display('1");

display("2'y,
display(’3');

display('2');
display('5",

display(2');
display(‘7");

display("2");
display('9");

display('3";
display('1");

display('3"7;
display('3');

display('3";
display('5",

display('3",
display('7");

display('3");
display('?");

display(*4");
display('1%;
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else iflanalog—==22)
{

h

else if{analog=—23)
{

}

else if{analog==24)
{

}

¢lse if{analog=—25)

{

}

else if{analog—26)
{

}
else ifanalog=27)

)
else if{analog==28)

1
else if{analog==29)

H
else if{analog==30)
{

}

else ifanalog==31}
{

}

else if(analog=—32)

1

¢lse if{analog==33)

display('4);
display('3");

display('4');
display("s");

display('4");
display('7T");

display('4");
display("9");

display(’5");
display('l"y;

display('s");
display('3";

display(5");
display(’5");

display('5";
display('7");

display('5');
display('9');

display('6");
display('1");

display('6");
display('3"),

display('6),
display('s");
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else iffanalog=—34)
{

}

clse if{analog==35)
{

}
else if{analog==36)
{

else if{analog=—=37)
{

H

else if{analog=—=38)
{

i
else t{analog—39)
{
}
else ifanalog==40)
{
!

else if{fanalog==41)
{

H
else if(analog=—42)
{

1
else if{analog=—43)
{

}

else if{analog=—44)
{

}

else if(analog=—43)
{

display('6");
display('7");

display('6";
display(*9"y;

display('7");
display('1:;

display('7");
display('3");

display('T");
display('5");

display("7"y,
display("7");

display('7";
display('?"),

display('8");
display('1");

display('8");
display('3'),

display('8";
display('s";

display('8');
display("7');

display('8");
display('9");
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}

else if{lanalog=—46)
{

else i analog=—47T)
{

}

else if(analog=—48)
£

}

else if{analog==4%)
{

H

else if{analog==50)

'
else if{analog—==51)
{

}

else if{analop==52}
{

}

else if{analog=—53)
{

ki

else if{analog==54)
{

}

else iflanalog==55)
{

H

else if{analog==56)
{

display('9);
display('1");

display("");
display('3"};

display("9"),
display('5");

display('9");
display('7');

display('9");
display(*9');

display('1";
display('0");
display('1";

display('1");
display('0");
display("3");

display('1");
display('0');
display('5"),

display('1");
display('0"™;
display('7");

display(‘1");
display('0");
display("9");

display('l"y;
display('t");
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!

else if{analog==37}
{

}

else iflanalog=—58)
{

}

else i{analog—359)
{

else if{analog=—60)
f

!

else if{analog=—561)
{

}

else if{analog==562)
{

}
else ifanatog—=63)
{

}

else iffanalog=—64)
{

¥
else if{analog—=635)
{

}

else if{analog==66)
{

display('1";

display("'1');
display("1";
display('3';

display('1");
display('1";
display('5");

display(‘1");
display(’1'");
display('7"y;

display('1');
display('1"),
display('?),

display('1'y,
display('2');
display("1');

display('l");
display('2");
display('3"),

display(‘1"),
display('2'),
display('5);

display('1");
display(2");
display('7");

display('1');
display(2');
display("9");

display('1");
display('3");
display('1"),
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}

else if{analog=—==67)
{

i

else if{analog=—068)
{

}

else iflanalog==69)
{

}
else if{analog==70)
{

}

else if{lanalog=—=71)
{

}

else iflanalog—=72)
{

H

else if{analog=—73)
i

}

else if{analog==74)
{

}

else if{analog=75)
{

else

display('1"y;
display('3");
display('3";

display('1");
display('3");
display('5'),

display('1");
display('3");
display("7");
display('D"y;
display('e");
display('g);
display(7'),
display(e");
display('e'),

display('1;
display('3",
display('?"),

display('l");
display('4");
display('17;

display('l");
display('4");
display('3");

display('1");
display(‘4");
display('5"),

display("1");
display('4');
display('7");

display('1");
display('s";
display(*0";
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display("O’);
display(’u'),
display('t'),
display(' ");
display('o');
display('f");
display(’ ),
display('t);
display('a'};
display{'n’);
display('g’);
display('e');
display(" '),
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APPENDIX E
LM35 TEMPERATURE SENSOR DATASHEET

yNational Semiconductor

LM35

November 2000

Precision Centigrade Temperature Sensors

General Description

Tha LM35 series are precision integrated-ciroutt temperature
sensors. whose output voitage is imearty proportional (o the
Celsius (Centigrade) temperature. The LMS35 thus has an
advantage over linear temperature sensors calibrated in
® Kelin, as the user is not required o subtract a farge
constant voitage from its euiput to cbtain converient Centi-
grade scaling. The LM35 does not require any exemnal
calibraton or trinming to provide typical accurades of 216°C
at room temperature and 36°C over & full 55 to +150°C
temperature range. Low cost is assured by fRmyming and
calibration at the weafer lavel. The EM35's low output imped-
ance, Inear cutput, and precise inherent calibration make
interfacing to readowt or control arcuitry especially easy. it
can be usad with single power suppiies, or with plus and
minus supplies. As it draws only 80 pA from s supply. it has
very low self-heating, fess than 0.1°C in siill air. The M35 is
rated to operate over 3 —55° to +150°C temperature range,
while the LM35C is rated for a ~40° to +110°C range (-10°
with improved accuracy). The LM35 series is svailable pack-

aged in hemnetic TO-46 transistor packages. while the
LASZEC, LMBECA, and EM3ED are also avaflable in the
plastic TO-62 trarsistor package. The LM3ED is also avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

u Calibrated direcy in * Celsius (Centigrade)
m Linear + 0.0 mVFC scale factor

n 3.5°C accuracy guaranteeable (at +25°C)
& Rated for full ~55° to +150°C range

= Suitable for remote applications

» Low cost due to wafer-level imming

= Cperates from 4 w 30 volts

B Less than §0 pA cumrent drain

% Low self-heatng, 0.08°C in st air

m Nonlinearity orly £34°C typical

m Low impedance output. 0.7 £ for 1 mAload

Typical Applications

+%
1AV TO 204}

GUTRIT

I aad TP

4

TOmE ey

FIGURE 1. Basic Centigrade Temperature Sensor
{32'C to +150'C})

i a1

—
[P vhe
Choose Ry = ~Vy50 pA
Vour=+3,500 mv & +150°C
= 4250 v & +25'C
= —E57 iy at -850

FIGURE 2. Full-Range Centigrade Temperature Sensor
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Connection Diagrams

TO 4€
Metal Can Pachage*

EITIH Vi
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a8 15 SETEGEID eguye Pt IGRD,
Orcler Narnbar! MASH | IRAH, | MISCH TMASCAH or
| 350H

S0 NS Package Number HOZH

TO:82
Plactin Paskaps

<% Vg DI

FITIN EX
[ 33 500
Order Numnber LWSCT,
:M3SCAZ or [N35DZ
See NS Paclage Number Z03A
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Ip=NL

NI, = N Conraatinn

A

Trps arw

Crder Sumber LM3SON
Soo NS Fackiage Number MO3A
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[
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Absolute Maximum Ratings wce i) T0-62 an¢ TO:22L Package, i

i Miktarv/Aerospace specified devices ate fequired, ,Soljenng' g ) *5C

pleasa cantact the National Semizonduc:or Yates Uice! $0 Peckage (Note 10)

Distribustere frr availhilfy anr cpesifications ‘ﬁp;;:z:;e {60 n?oncsts ggg

. . N ELH P SeCconas)

Sisppiy Vritag= é.’{ﬁ'u'fn =01 E5D Suscestibiy (Note 14) ey

Output Vektage HVto -1 Spesificd Operating Temperature Fange: Trgs 10 7 aax

QOutpat Currert 0 ma (Noe 2)

Sieage Tertip, LA35, LM3SA —55C 10 +150FC
TOLR Parkage. —ROC m + IR LNISC, LIAISCA H0°Cte 1GFC
TO-82 Package. -60°C 1o +150°C 1N3ED §°C 1o +10FC
508 Package, -£8°C b +150°C
TO220 Pavhasye, —0E°C 1 +150°C

§ o Tormp -

TO-E Package,
{Soldering, 16 scoonds) 00C
Electrical Characteristics
{Nates 1, €}
LIV3DA LMISCA
Psrameter Conditions Tezted | Design Tested | Design | Units
Typical Lienit Limit | Typical Limit Limit (Max }
{Nole 4) | {Nde 5 (Nl dj | (Nete &
Accuraty T =435°C 02 05 £].2 5 "
Not 7) T 0C 0.3 0.3 0 3¢
T i~Tusx 03 L0 104 10 ¢
T =Trai P4 +.p +9.4 +18 W
Noedinearity T e et war 18 .35 15 3 ‘C
{Not 8)
Sensor 3air T TS +00 | 98, +18.0 #3, | mvC
{Average Shpe) +1 +10.1
Load Regalaticn T =125C 04 .0 3.4 &8 r\imA
(Neta B DEt A T ansSTas e HE +10 5 420 | wuma
Line Regulaion T =+35C .0t *0.05 +0D1 005 myufy/
{Note 3] Ay 23V .02 14 #002 +04 N
Quiescent Current V=V, 25C ) &7 ) &7 i
(Now 9) R g 95 131 £ 114 uA
‘ V= 20V, 125°C 56.2 a0 502 = ph
| v =eanv A5 14 g18 14 [h
Change of Ays 30V, 425°C g2 14 0z 10 A
Quiescent Current AV (<30 05 0 05 0 WA
(Nose 3)
Temperaiur +039 Y +0.39 5 | uAC
Cofficisnt <f
Cuiescent Current
Minmun Terperakie | in circult of +5 20 +5 +2.0 ’z
for Rated Accuraty Figure 1,1,=0
Long Temn Stakility T )= a5 .08 Hio8 ‘C
1000 thans
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Eleetrical Characteristics

{Notes 1. €}
LM35 LMI5C. LMISD
Parameter Concitions Tosted | Dosign Tosted | Design | Units
Typical Limit Lt Typical Limit Limit {Max)
(Nota 4} | (Mota By iNow 4} | {tete B}
Accuracy, T o=+28°C 0.4 18 604 1.5 ko
LM36, LM3EC T =10 $08 40 +15 T
Mot 7} T a=Tasax g 5 0y 1.5 T
T a=Tas 0.0 15 00 20 R
Agcuracy, LYIED T a=125°C =08 +45 s
Mo 7) Ta=Tagax 09 220 t
To=Tum ing 320 c
Miriiteanizy T TazTaex 05 205 02 3.5 C
joE B)
Senscr Gair T Tas Ty +10.0 +3.8, +10.0 38, mrc
1AVENSgE SKPE) 102 *l0.2
Loag Regulation =i T4 A H it = mwmA
INOE B} LY MA ¥y 1 Dt 103 111} s my | muma
Line Regutaion T =+25°C 0.0 me ot A miin/
Note 3} AN NS o.m 02 2002 2 myiY
(Quiesoers Carrent Y =8 $3EC £8 a0 58 82 A
ot 8} Yo=iby 105 153 8l 138 LA
V=430, +25°C 6.2 az 56.2 82 A
V=430V 1065 16t a5 L3 1A
Chage of V23V, -25C 9.2 20 02 2 BA
Quiescent Current 4Vl (23T 0.5 34 05 0 KA
iNoe 3}
Temperature 0.3% 7 +0.39 a7 WA C
Coeficient ¢f
Quiegcent Qumrent
Minimirm Temperature | In cicuit of #E 20 +HE +24 T
for Rated Ascuracy | Figure 1L h=C
Long Tem Stahilzy T Fluay o 30.03 pat]r:d T
100G heurs

Nidn 1 [bress ohendss nofad IR AERRNSRinns. Ay -REACCT e 1500 fir 00 | MGG A £ LASA: ~AFT s 10 B FADEC Al LATIRTA; I
[T ##ADTPE e e INGED. VomsSU00 3 | 050 4R, 112 geculto! Foure 2 These sOECICAHING 350 2P T0M £X'C10 sy It G of-Figure 1.
Spealivaiony ks bl Suty o i M el lnpmidne iage. :

Mot B Thernal eichnos of e TE 36 package & SOFCHY, Junstion 1 INbCTt, ang S4CAN jundion 1 e Tyl revictoroe of the TO22 podioge I
15OV uton o avdlerd. Themalesdance of he nal odiine incisd 15 200 Rinclon o abient, Thema: eslsiance of ihe TO220 Jadkige
i AR junctior 1 avhient. Fur 306400 thama resldance infomalon see lahe e AppIITOS seEon,

MUl 3, Moystedion s TREE] of Wik jurliun g, ualiy gube iate Wi B Qe o e Lol g L ety SRl Taii b
comgrted by ruipiying e inend gssipdion 1y TE TEMA EEEEE, k

Nole 4; Testzd LiTl5 ¥ quamrntead and 1005 iesied In (ROGICZGR.

Kol §; Dasgn Limits are qarateer e not 1007 orofictn Sdted) over T olnaed terpaature ang sqpiy Viag rges. Thes Imis A notused 0
wbadair cudging Yudily feveis, i

Polp £: Spesfiozions I Bekifnee Jpoy ovar e fil rRnd fomportrs gt

Mot 7 ACTHacy s a0 25 T enTr Devaed the outplst virtage and 10mW'C 1Testhe deibe's caek tampeatiae. ot wecled onatons of vola0e. SUMHE.
FNE BTperRATT IEseN N L

Hets 8; Noninzadly 's defited 3 Tedeviation of %8 oupU-oiE-vanus Bmpeaius erre o e egt-t SUEICR Hre, ONGM the 02008's [3iEd 1EmDare
range.

Note 5; Cutestert cumert s defned it the gt of Foue 1.

Nole 16X ADSCARE Mapimum Ratngs Tscaa imils D3yond Wikch damags 10 e Biioe iy oo, DC FHAS SRCTCH SpEciNioZ0N50 A Xly wen (pang
2 %8 DEYSRC 'S TR0 0perattig conmions D¢ 1.

NO@ 1, FLITAR 300y TOCK, 141 P OBMAGET IDUGRA 1.4 Ril TBEIEE. ‘

Moio 12 See A4S “SUra0e Mourtng Melhods and Thoir EMeat on Profust RekbiTy or hic selfo ed “Rufae Mot found in 2 ouTer hatimal
Samiconiieir Lired DE3 300 fof Cher MET0S 6 SHEND] SUTACe MOUTT SEU0eE.
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Typical Performance Characteristics
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Typical Performance Characteristics coninu:a

Noise Vo'tage
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o e
Applications

The EAf35 can be applied easily in the same way 35 other
integrated cirouit termperature scnzors, 1 oan te gued or
cemented to a suface and its temperature wil be within
about 0.04°C of the surface fmperaure.

This presumes that the ankient af temperature is simostthe
sameas he suface emperayre i the artemperature were
much higher or iower than the surface temperalire, the
artinal tanpacatins of the | M3A die wolt be at an inferme
diate empersture between the surface temperatire and the
alr emperatre. This 1S expetatiy e for e TO-HE plastic
package. where e copper leads are the pincipai themal
peth t cary hea: into the deviee, so its terperature might
be olaser o the ar temperature than te the zudface tempera
ture.

To minirize this preblem, be sure tha: the wiing to the
LMI5 asit leaves the device, isheld at the same t=mpera-
fue & the surface of interest. The easiest way ‘o do this is
fo cover up thess wires wity a bezd of epoxy which will
insiire that the leads andwires am al at the ame tempera-
hee 35 the suface, and that the EM35 die's mperaure will
noe be affacted by the aif tempersiure.

Start-Up Response

3

k)
[V

FUN (NN VI | I 1

Tiwl i mﬂ:vﬂ:::ams-:a

The TO46 metal pachage 2an also be soiderad w0 3 metal
surfzce or ppe without damage. Of course, in thateass the
‘- wmyinal of the drauit will be grounded o that metd.
Altematiely, the LM3D can be mounted inside a ssaled-erd
meta tbe, and car: then ba disped in'c a bath or screwed
toa threaded rolein a tark. As wih any IC, the LM35 ard
SRRV 3 WitiTag oo U GEuuils reast bee ke s st anad
dry, to avoidieskage ard corrosion This is especially bug
the circtit may operate at cold temperatures where conden-
sation can oxeur, Printed.cirouit coalings and vamishes such
35 Hurriseal and epoyy paints or dips are often used o
nsue that IMoisture cannet corode the EVBS or S connes-
fions.

These devees ae sometiees sodered 16 a3 small
lght-weght hed tin, to decrease the therrsal tme constant
and speed up “he respanse in slowly-moving air. On the
other hand, a smal thermal mass may be zdded to the
seeinn, R give Hie sioaufest iealing denpite sinsll deviclionn
it the air temperature,

Temperature Rise of LM35 Due To Seif-heating {Thermal Resistance,,,)

088, TO48, 1082, O3, o8 108+ 10226
ts tant et he st Fin a0 haak creal twat fin na heat cmall hast fin no heat
cik wnk ok ek
St o Eie il oW PO 43 22w hixiey ] geny
Hovra ar 43SAY Eloel ) SFohY TC:OW GG WO 284NV
fid SDFEAV Pl SHCAY oW
ftree SR oo 430Ny 00w
IR B
Letnie hest sint) DR {EECANE

WAt tipe 201, 4r 17 disc of 0.020" shaei brass, sotemd ipzase, o dmily,
Y7022 2nd D08 paekages guad nd s rokdaed b 17 iqUase of 118 prted civust Hoans win 2 @ 8 or giir,
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Typical Applications
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FIGURE 3. LM3£ with Deccupling from Capacitive Load
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FIGURE 4. LM35 with R-C Damper

CAPACITIVE LOADS

Like most micropower drcuits, the LM35 has a limited abilty
© drive heavy eapacitive foads. The LM35 by itself is ableto
drive 50 pf without spesial precauions. § header lexds s
anficipated, it is easy o isalste or decouple the foad with a
cesistor; see Fagure 2 Dr you canimpreve the lolerance of
capagtance with a series R-C danpee from oulpat to
ground: s22 Fgire 4.

‘Nhen the LM35 is applied with 3 2000 lazd resistor 3s
showm in Figure £, Figere So- Figure 8it's relaively mmune
0 witing capacitance bacause the capasitance forms a ky-
2355 ‘rom ground o irput, oot on the culput. However, s
with zny lirear crowt conmested & wires in 2 hestle ena-
rontent, its perfornance can be affecled adrersely by in-
ense elechomagnetic soumces such as relays, radio frars-
mitters, maiors with ardng bushes, SCA transdents ate, ag
18 wiling can adt 3t 3 recsiving anterna and its internal
snetions &3n 20t 33 rectifiers. For bast results n such cases,
a bypass eapaciior from VY, 1o gound and a seres RC
darepar such a8 750 inseries with0.2 or 1 yF from cutputic
ground are ofter useful. These e chowm in Fiure 13,
Figure 14, ard Figure 16.

Yeyr 10 0 °E | Tanpewt 41020
PR +2°CT0 +41°%

st 7 o
o g ws
7 200 TWISTEN PR
- iy
= bileritll o]
FIGURE 5. Two-Wire Remote Temperature Seasor
{Graunded Sensor}
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FIGURE §. Fwo-Wire Remote Temperature Sensor
(Cuiput Referred fo Ground)
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FIGURE 7. Temperature Sensor, Single Supaly, —55' to
+150°C
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FIGURE 3, Two-Wire Remote Temperature Sensor
{Quiput Referred to Ground}
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FIGURE 9. $-To-20 mA Current Source (0°C to +100°C)
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Typical Applications contnue)
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FIGURE 10. Fahrenheit Thermometer

s
]
LWas
o
wm?;m
FIGURE 11. Cenfigrade Thermometer (Analog Meter)
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FIGURE 12. Fahrenheit ThermometerExpanded Scale

Thermomeler

{50° to 80° Fahrenheit, for Example Shown)
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FIGURE 13. Temperature To Digital Converter {Serial Output) (H126°C Fult Scale}
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FIGURE 14. Temperature To Digital Converter (Paraliel TRISTATE™ Outputs for
$tandard Data Bus to pP Interface) {(126°C Full Scale)
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Typical Applications :Contived)
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FISURE 13. Bar-Graph Temperaiure Display {Doi Mode)
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FIGURE 16. LM35 With Vottage-To-Frequency Converier And kolated Duiput
{ZC 1o +130°C; 20 Hz to 1500 Hz)
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Block Diagram
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Physical Dimensions inches imilimeters) uniess cthenvise noted
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Physical Dimensions inches (mifmsters) uniess otherwise noted (Continued)
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Physical Dimensions inches imifimsters) uniess ctherwise nowed {Continued)
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APPENDIX F
SIGNAL CONDITION TEST WITH RESPECT TO DISTANCE BETWEEN
EXTERNAL DEVICES AND COMPUTER/LAPTOP BLUETOOTH

Table 5: Signal condition and effect to the data receives

No | Meter (for every 3 Signal Strength | Data Condition
feet count)

1 1.0 Excelent - Signal receive without any
error or delay

2 120 Excelent - Signal receive without any
error or delay

3 (30 Excelent - Signal receive without any
error or delay

4 140 Excelent -~ Signal receive without any
error or delay

5 156 Excelent - Signal receive without any
error or delay

6 |60 Excelent - Signal receive without any
error but sometimes have
a transmission delay 0.5 to
1.0 second

7 170 Excelent - Signal receive without any
error but sometimes have
a transmission delay 0.5 to
1.0 second

8 8.0 Excelent - Signal receive without any
error but sometimes have
a transmission detay 0.5 to
1.0 second

9 1990 Excelent - Signal receive without any
error but sometimes have
a transmission delay 0.5 to
1.0 second

10 }10.0 Good - Signal receive sometimes
with noise and have a
transmission delay 0.5 to
1.0 second

11 ]11.0 Good - Signal receive sometimes
with noise and have a
transmission delay 0.5 to
1.0 second

12 | 12.0 Good - Signal receive sometimes
with noise and have a
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transmission delay 0.5 to
1.0 second

13

13.0

Good

Signal receive sometimes
with noise and have a
transmission delay 0.5 to
1.0 second

14

14.0

Good

Signal receive sometimes
with noise and have a
transmission delay 0.5 to
1.0 second

15

15.0

Good

Signal receive sometimes
with noise and have a
transmission delay 0.5 to
1.0 second

16

16.0

Good

Signal receive sometimes
with noise and have a
transmission delay 1.5 to
2.0 second

17

17.0

Good

Signal receive sometimes
with noise and have a
transmission delay 1.5 to
2.0 second

18

18.0

Good

Signal receive sometimes
with noise and have a
transmission delay 1.5 to
2.0 second

19

19.0

Good

Signal receive sometimes
with noise and have a
transmission delay 1.5 to
2.0 second

20

20.0

Good

Signal receive sometimes
with noise and have a
transmission delay 1.5 to
2.0 second

21

21.0

Poor

Signal receive with noise
and have a transmission
delay 1.5 to 2.0 second

22

22.0

Poor

Signal receive with noise
and have a transmission
delay 1.5 to 2.0 second

23

23.0

Poor

Signal receive with noise
and have a transmission
delay 1.5 to 2.0 second

24

24.0

Poor

Signal receive with noise
and have a transmission
delay 1.5 to 2.0 second

25

25.0

Poor
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and have a transmission
delay 1.5 t0 2.0 second

26

26.0

Poor

Signal receive with noise
and have a transmission
delay 1.5 to 2.0 second

27

27.0

Poor

Signal receive with noise
and have a transmission
delay 1.5 to 2.0 second

28

28.0

Poor

Signal receive with noise
and have a transmission
delay 1.5 10 2.0 second

29

29.0

Bad

Signal receive with many
error and have a
transmission delay 3.5 to
5.0 second

30

30.0

Bad

Signal receive with many
error and have a
transmission delay 3.5 to
5.0 second

31

31.0

Bad

Signal receive with many
error and have a
transmission delay 3.5 to
5.0 second

32

32.0

Bad

Signal receive with many
error and have a
transmission delay 3.5 to
5.0 second

33

33.0

Bad

Signal receive with many
error and have a
transmission delay 3.5 to
5.0 second

34

134.0

No signal

No more data receive:

Need to reset connection
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APPENDIX G
TEMPERATURE SENSOR ANALOG TO DIGITAL CONVERSION

CALLIBRATION
Table 6: Sensor and PIC Calibration: 138 75
39 77

PIC ADC Value | Temperature 1 40 79

(degree) 41 81
0 0 4?2 83
1 1 43 85
2 3 44 87
3 5 45 89
4 7 46 91
5 9 47 93
6 11 48 95
7 13 49 97
8 15 50 99
9 17 51 101
10 19 ' 52 103
11 21 53 105
12 23 54 107
13 25 55 109
14 27 56 111
15 29 57 113
16 31 58 115
17 33 59 117
18 35 60 119
19 137 61 121
20 39 62 123
21 41 63 125
22 143 64 127
23 143 65 129
24 47 66 131
25 49 . 67 133
26 51 : 68 135
27 53 69 137
28 55 70 139
29 57 71 141
30 39 72 143
31 61 73 145
32 63 74 147
33 65 75 149
34 67
35 69 ' PIC ADC resolution bits = 8bits
36 71 since 28 = 256. The values can
37 73 represent the ranges from 0 to
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