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ABSTRACT

This report details the designing, building and testing stages of a Radio Tag Tracking System

which was undertaken as a final year project by the author of this report.

The project consisted of the development of the above said system components, namely the
Radio Tag and a Base Station. Each of the components had to be developed according to a
specified criterion involving size, weight, operation and communication methods. The design
and development stages of each of the components have been discussed separately in this

report.

During the project, an active Radio Tag was designed and developed using PIC
Microcontrollers and low cost AM Transmitters. Each of the component circuits were carefully

designed and tested and has been discussed in detail in relevant chapters of this report.
The Base Station was constructed to keep track of the radio tags by detecting RF signals

transmitted by the Radio Tags. All the hardware and software design, development and testing

stages have been discussed in detail in relevant chapters of this report.
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GLOSSARY

AM Amplitude Modulation

1/0 Input/Output

MCU Microcontroller Unit

Ofcom Office of Communication

RF Radio Frequency

RFID Radio Frequency Identification
Rx Receiver

TX Transmitter
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1. INTRODUCTION

This report details the steps taken and the methodologies adopted in order to achieve the
aims and objectives for the project. This document is intended to be read by electronic
engineers or technologists and contains complete details of project research, design and

testing of Radio Tags for Item Tracking.

1.1 Project Description

Radio Frequency Identification (RFID) is no longer an emerging technology in today’s world.
Billions of tags are manufactured and used every year around the world. These tags not only
just provide an alternative to traditional barcodes as form of automatic identification, but they
are also an efficient way to reduce human intervention and space required to identify, track
and trace items. The most common implementation of the technology is by using a RFID Tag
and a RFID reader, the two components interact with each other using Radio Frequency (RF)

in order to store and remotely retrieve data ™.

The key aim of this project was to develop a system to detect when an item is removed from
the area where it should be kept. The system should be suitable for items such as furniture
that need to be moveable within their normal area of use and cannot easily be fitted with a
security cable. It could also be used for computers, whether desktop or portable. Unlike
security tags used in shops this system was not to require a barrier or arch to detect when

tags are moved out of the permitted area ™.

1.2 Project Objectives

In order to progress towards the aims of this project, certain objectives were highlighted and
carefully planned tasks were devised. Further detailed specifications for the tracking system

were then highlighted in the following points ™2:-

e Design and development of a low cost, compact and battery operated Tag

e System should have a base station that can receive signals from up to 256 tags

e The distance should be adjustable in the range 1 — 20 metres.

e The alarm should include a siren and a programmable voice announcement

e There should be two types of tags, a simple transmit only tag and a more advanced
transmit/receive tag.

e There should be a portable receiver that can be used to locate tags that have been
removed from the permitted area by searching for the radio signals from the tag.

e Inthe case of a transmit/receive tag, there should be an option to send a command to

the tag to emit a ‘beeping’ sound.

Ramiz Ahmed / Radio Tag for Iltem Tracking 1
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Figure 1-1 Below lllustrates a conceptual block diagram of the Tracking System that was

envisaged during the feasibility study stage of the project plan. The feasibility study is

discussed in detail in the second chapter of this report

(',_'_'_'_'_';_'_';;;;;;;;;;;;;;;;I‘_;;;;_‘_;;;;;;;;;'_j\
o |LCD D:splay]'—{ PIC Microcontroller eps{ AM Receiver MD"U"-’l ' ; 3
| ' ! [=3
' LED" A it B Communication S
| * ﬁ ! , e
i ! e~ =
| | | 3
______________________ : =

L Base Staton )

Figure 1-1 Conceptual System Block Diagram
1.3 Report Outline

The main focus of this report is to facilitate the reader with all the details of the project

research, design, testing and implementation in the development of the Tag Tracking system.

The different chapters in this report discuss the following project stages:-

Ramiz Ahmed / Radio Tag for Item Tracking

Chapter 2 provides a brief overview of the initial feasibility study on the research
topic, the project stages and project time plan. The initial literature and hardware
research done in accordance with the project time plan is also discussed in the later
sub-sections of this chapter.

Chapter 3 covers a detailed description of the project management aspects of the
Radio Transmitter Tag part of the tracking system. It details the hardware design,
hardware assembly, software design and testing of the Tag.

Chapter 4 details the second part of the tracking system and details hardware and
software design of the Rx (Base Station) part of the Tracking System.

Chapter 5 provides a detailed discussion of the achieved results, modified project
time plan and component costing, as well as recommendations for further work in the

project area.
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2. PROJCECT PLAN AND WORK STAGES

This chapter provides a brief overview of the initial research carried out on the project topic
and discusses the key elements that were essential to achievement of project aims and

objectives.

2.1 Feasibility Study

T he initial stages of the project required a detailed feasibility study of the project objectives,
in order to highlight important aspects in the previous research in the related project field and
challenges that could be anticipated in the initial phases of the project. The feasibility study
also included development of a project time plan, providing an approximate time plan and
work stages within the project. A copy of the final project time plans has been added in

Appendix A.

Since the project was part of the development on a research project started in the previous
year much of the initial research had been done by the previous year student. This included
research on the RF frequency to be used and the choice of the RF components, however,
none of the components, except a development board, used in the previous year were
available, the project report had insufficient detail, misleading circuit schematics and the
software code was insufficient for the operation of the whole tracking system. It was therefore
chosen to start the project from scratch by doing the research on the RF frequency to be used

and evaluation of the components used in the previous year.

2.1.1 RFID Tags

The most common implementation of RFID Technology is in RFID Tags, used for tracking
and/or identifying objects, whether material or human. The Radio Frequency (RF) Tags
usually consist of at least two essential parts, an integrated circuit to store and process
information, RF modulation/demodulation etc. And an antenna for receiving and transmitting
the radio signals. According to the number of components, the Radio Tags could then be

classified as:-

Read Only: The data stored on the tag could only be read, if the tag is within the range of the

reader and cannot be edited in anyway.

Read/Write Tags: The data on these tags can be edited, added to, or completely rewritten

but again only if the tag is within the range of the reader.

Ramiz Ahmed / Radio Tag for Iltem Tracking 3
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The Tags are then further classified in the types depending on the type of power circuitry.
These types include Z:-

e Active Tags: These contain a battery that powers the microchip and allows the tag to
transmit periodic signals to the reader.

e Passive Tags: These kinds rely solely on the power generated by the electromagnetic
waves transmitted by the reader; the waves are absorbed by the antenna within the
tag to generate current for microchip to start transmitting information. This means
these tags have to be within the range of the Reader for detection, which would
generally be a barrier or Arch.

e Semi-Active (or semi-passive) Tags: These contain a battery to run the circuitry of the
chip, but need to draw power from electromagnetic waves in order to communicate
with the reader.

The addition of battery in active tags makes them considerably expensive compared to
passive tags. Their overall life time is also reduced since battery’s have only finite amount of
electricity in them. However, Active Tags have better application potential since they do not
require any barrier or arch to detect them. It was after this initial research, it was decided to
use Active Tag circuit methodology for the Radio Tags in the project. The active tags allow
flexibility in design aesthetics like cost, design, size and weight (as they do not specifically
need to be miniature in size).

2.1.2 Radio Frequency Bandwidth Selection

The allocation of radio spectrum in UK is regulated by the standardization organisation
“Ofcom”. The body defines and monitors the allocation of radio frequency bandwidths and
classifies them in different applications like radio and TV broadcasting, for telecommunication
operators, for defence forces, and for civilian use. Generally in order to use a classified radio
frequency band, a formal permission from the governing bodies is a pre-requisite. The
standardization of telecommunication equipment and network in Europe is controlled by

European Telecommunication Standards Institute (ETSI) .

Office of Communication (Ofcom) mainly controls the standardization of RF spectrum within
UK, it overlooks industries like telecommunications, broadcasting, intelligent transportation,

professional and amateur radio broadcasting and etc.

Ofcom has allocated some frequency bands in the UK RF Spectrum with licence exempt
classification (without licence approval). The band allocations have carefully been allocated
and listen in the official RF Spectrum Allocation Table “l and extract from the Issue 15 of the

allocation table has been added into Appendix C. It was after carefully consulting this

Ramiz Ahmed / Radio Tag for Iltem Tracking 4
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allocation table, the Radio Frequency of 433 MHz was chosen as the suitable frequency for
communication for this project. The frequency band (432 — 438) is licence exempt and the
frequencies in the lower end of the band have maximum radiated power of only 1 mW. The
frequency was deemed suitable for application in this project because of ready availability of
type approved components from manufacturers within the UK and low power radiation meant

less battery usage and limited range communication.

2.2 Hardware Selection

The feasibility study also included the initial costing for the project, detailing the components
that could be required to complete the project and costs for each of the components. A table
detailing costs of the main components used during the project is included later in this

section. A detailed component list has been added in Appendix B.

2.3 Hardware Design and Assembly

The hardware design and assembly was also divided into two stages. The first stage involved
design and assembly of the Radio Tag part and the second stage involved design and
assembly of the Base Station interface of the project. The selection of hardware components
was based on a range factors which were essential to project aims and objectives and time

plan. The selection depended on:-

¢ Radio Frequency Licensing — The RF frequency being used should be license
exempt in UK and/or EU and the components operating at those frequencies should
also be certified (by OFCOM) and have low transmission power.

e Size — Since the tags were to be used on movable items, the size of the tag was to be
kept minimal with as little components as possible

e Power Consumption — The power consumption of the components was to be kept
significantly low in order for tags to be operated using a standard battery over a
longer period of time.

e Cost— The cost was to be a major factor in the design of the tracking system.
Although active tags are expensive than conventional passive tags, the actual cost of
the components was to be kept to be a minimum to relate the project to its potential
market value.

The maximum budget allowed for the project by the School of Electronic, Communication and
Electrical Engineering was £50, while most of the RF components had higher costs and the
development board being used for the receiver side alone was approximately £80. However,
the costing problem was solved by using the EasyPIC4 development board used in the
previous year project. This allowed the budget money to be used to purchase the

RF transmitters and receiver components from specialist manufacturers. The microcontrollers

Ramiz Ahmed / Radio Tag for Iltem Tracking 5
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and other smaller components were sourced from within the university stores which helped in
keeping the prototype development costs to minimum. A concise cost list has already been
listed in section 2.2.

Post hardware design stage, the hardware assembly was carried out whilst adhering to

professional circuit assembly practices and the hardware size and weight criterion.

2.4 Testing

Once the hardware design and assembly phases were successfully complete, the system
was tested to ensure its performance was according to the expected criteria. The testing was
done using different analysis criteria and instruments. The testing was done in conditions
similar to normal operational conditions of the tags with high level of noise and distance
losses.

The results were then analysed to confirm the overall system performance and chalk out any
hardware and software errors.

Ramiz Ahmed / Radio Tag for Item Tracking 6
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3. Radio Tag (RF Transmitter)

The project specifications required the battery operated Tag to be able to transmit an RF
beacon after specific time intervals in order to be tracked by the base station M This provided
certain challenges in the interface design of tag’s hardware and software. Both of the design
aspects, with possible solutions and final design specifications are discussed in the sections

below.

During the feasibility study it was decided that the tag would consist of a microcontroller and
an RF transmitter. The microcontroller would perform all the number crunching regarding tag
number detection and then would transmit the tag number to an RF transmitter which would

transmit the data using amplitude modulation technique.

3.1 Hardware Selection

The hardware selection for the radio tag was an important stage in the whole project time
plan. Much of the research on the hardware components was done during the feasibility study
stage and further literature research was carried out whilst considering different hardware

characteristics and final component selection done.

The microcontroller to be used for the tag number detection was chosen to be a PIC 16F88
microcontroller and Micro Tx Transmitter from Low Power Radio Solutions was chosen as the
RF transmitter. The AM (Amplitude Modulation) transmitter works at 433.92 MHz Frequency
which is low power and licence exempt in UK “!® [Appendix C]. The microcontroller software
code was written using MikroC programming language and it was programmed using an
EasyPIC4 Development Board. All the hardware components are described in detail in the

later sub-sections of this chapter. A block diagram of the Radio Tag has been added below.

i Micro Tx | I |
i E ]
i = ..E )
| gl 18|
i g =

! & 5 !
. a = |
i — E i
| = (4] |
i Battery o O [

Tag

Figure 3-1 Block Diagram of the Radio Tag
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3.1.1 PIC 16F88 Microcontroller

PIC 16F88 is an 18-pin, 16 Bit MCU (Micro-Controller Unit) from the Mid-Range family of the
PICmicro® devices by Microchip [l The microcontroller was chosen as the control logic for
the tag circuit because of its low cost, compact size, free development tools, and serial
programming/re-programming with flash memory capabilities. The microcontroller also has
some special features which were particularly useful considering the scope of the project. A
pin diagram of the PIC 16F88 has been included below (also see Appendix E for relevant

MCU information). The special features included ©":-

e 100,000 erase/write cycles in flash program memory

o EEPROM Data Retention:> 40 years

e In- Circuit Serial Programming™ (ICSP™) via two pins

o Extended Watchdog Timer (WDT)

¢ Wide operating voltage range: (2.0V to 5.5V)

e Low power consumption

e Variety of Oscillator Modes with 8 user selectable frequencies ( 31 KHz — 8 MHz)

e Addressable Universal Synchronous Asynchronous Receiver Transmitter
(AUSART/SCI) with 9-bit address detection.

Table 1 PIC 16F88 Specifications

Parameter Name Value PIN Diagram
Program Memory type Flash
Program Memory(KB) 4 x14
CPU Speed (MIPS) 5 Razan2ieVRer il ol s raans
RAM Bytes 368 x 8 qABIIANB:ng‘cEJFLfl:I =[]z 17[] == RADIAND
Data EEPROM (bytes) 256 x 8 R'M'IAngPSE-lF [z 18[] <— RATIOSC1/CLK!
Timers 2 x 18-bit, 1 x 16-bit — i _
RASMCLR/VPP —= 14 0 15[]—= RABIDSC2ICLKOD
ADC 7 ch, 10-bit w
Ves —=[]5 © 14[]=—Voo
Comparators 2 0 O RETIANGPGD!
- RBOINTICCP1 8 7 13 S
Serial Comms USART =-Oe @ ooy
P - - REEANSIPGC
/0 Ports Ports A, B RE1ISDISDA =07 2= TiosomicKi
Instruction Set 35 Instructions REISDORADT +=[18 111 =+ RESISSTAICK
Resets POR, BOR rezremccPll ==[g 10[] =+ RB4/SCHISCL
Temperature Range (C) -40 to 125

Figure 3-2 PIC 16F88 Pin Diagram "}

Operating Voltage
Range (V)

2t05.5

Pin Count 18

Ramiz Ahmed / Radio Tag for Item Tracking 8
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3.1.2 EasyPIC4 Development Board

The EasyPIC4 development system is a development board for PIC Microcontrollers. It is
designed to allow students and engineers easily explore and test the capabilities of PIC
microcontrollers. The development board can be used to interface PIC microcontrollers with
external circuits and a broad range of peripheral devices, allowing a user to concentrate on

software development 1,

Each of the components on the board is marked on the silk screen on both top and bottom
sides of the board, describing connections to microcontrollers and operational modes. Since
all the relevant information is printed on the board, the board is very easy to use and no
additional schematics are required. Figure 3-3 illustrates the development board with its

important components explained ® °.

The board can easily be connected to the USB port of a computer with an installed version of
MikroC programming language using a USB 2.0 cable. User can insert a PIC microcontroller
into its relevant socket and then program it through the USB connection using the PICFlash2

Programming software supplied with the development board 119,

/ N
f i i RS232 communication USB communication for PC keyboard input. Pins RAO-RAS can be con-
| _TI M:%rgffk&':‘llﬂ(g wih selectable TX and MCU with USB support. > nected © potentiometers
| Sy [t RX. N N\ i PiansP2.
=, \ h g i {

External powsr supply

o P
mlm For micoomnydiers
e in DIP40, DP23
from 810 16 V AC/DC. (2= [25] and DP18 package

3 P

(73] (53] For micoomialers
in DP20, DP14

ad DB package

Seven segment dis-
piays in mutiplex mode
for displaying values.

Choose betveen

external or USB power .~
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Figure 3-3 Diagram for EasyPIC4 Development Board explaining key components 18]
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The EasyPIC4 development board features a number of peripheral devices and therefore in
order to enable these devices before programming any PIC microcontroller, it is important to
check if appropriate jumpers or switches have been properly set '°. Although the board has
numerous components and peripheral devices, components relative to this project have only
been explained in Appendix F. For further information about board operation, the user manual

for EasyPIC4 development board should be consulted (81,

3.1.3 Micro TX Transmitter Module

Micro TX is a low cost, type approved, RF transmitter which works at UHF (Ultra High
Frequency), manufactured by Low Power Radio Solutions. The module is compatible with low
cost super-regenerative and AM superhet receivers. The datasheet for the module was
consulted before purchasing the module to ensure it’s electrical and hardware specifications

were in accordance with the project aims.

The module has a sub-miniature two-pin package which makes it very useful to be applied in
circuits where space is limited and the overall circuit design is compact Bl Since one of the
aims of the projects was to create a radio tag which is compact in size, the Micro TX module

passed the selection criteria.

The unique design of the module allows it to be operated on any supply voltage between 2.5
and 13V, simply by changing one external resistor and it is compatible with most encoding
ICs operating from 3V to 12V Bl The transmit pin on PIC 16F88 microcontroller works at 5V
DC which ensured the electrical specifications of the module were compatible with the

microcontroller.

The module works at 433.845 MHz frequency and can achieve up to -6 dBm radiated power
with a 90mm whip antenna, however, its best operational performance could be achieved by
using a standard % wave whip antenna. The antenna used with the module was therefore

chosen as a ¥ wave whip antenna *® to allow for best operational performance.
The datasheet for the module also stated that it has an operational range of up to 100

metres °.. That ticked another of the selection criteria of tag range to be from 1 — 20 metres.

Table 2 details the detailed technical specifications of the module.
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Table 2 Micro Tx 433 Transmitter Absolute Maximum Ratings 5

Parameter Typical Units
Frequency (UK) 433.92 MHz
Module Voltage 22-3.0 Volts
Supply voltage (RD = 680 Ohms)

Input Current (mark) 3.0-46 mA
Input Current (space) 0 mA
Effective Radiated Power (ERP) -6 dBm
Maximum Baud rate 1200 bps
Range (with suitable receiver) 100 Metres
Dimensions 8.5x7.0x4.2 +/- 10% mm
Pin Pitch 5.08 mm
Operating Temperature -10 - +40 deg. C
Storage Temperature -40 - +85 deg. C
Matching Receiver AM2000 Receiver N/A

Relevant pages from the module’s datasheet have been added into Appendix G. During
circuit design, multiple changes were applied to the application circuits recommended in the

datasheet. The changes have been discussed in later sub-sections of this chapter.

3.2 Circuit Design and Assembly

The circuit design stage for the Radio Tag was completed after detailed project research and
by consulting the data sheets for the PIC microcontroller and the Micro Tx module. A number
of reference books and internet sources were consulted to identify the right components for
the microcontroller circuit and follow the manufacturer’s guidelines. The hardware design and
assembly was done to the best possible professional approach and all special care was taken

to reduce costs and create an efficient hardware prototype.

Figure 3.4 below shows the final hardware circuit, the main schematic for the Radio Tag
hardware is also given in Appendix H. The important components in the hardware have been

labelled in the diagram below.

" 21
Figure 3-4 Complete Radio Tag Hardware
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In order to avoid mistakes in final circuit and allow for modular testing, the circuit assembly

was divided into two stages.

e Microcontroller (MCU) circuit assembly

e Micro Tx circuit assembly

Detalls of the circuit assembly stages have been discussed in the later sub-sections of this

chapter.

3.2.1 MCU circuit Design and Assembly

The first step in power management of the circuit was to check the voltage and current usage
of all the components in the circuit. The table below details the power budget for the Radio

Tag circuit.

The microcontroller voltage and current consumption values were obtained from the relevant
datasheets given in Appendix E. The microcontroller works with 5V DC supply and any of its
input/output (1/0) ports can source or sink up to 25mA current. Therefore pin 14 (Vpp) pin of
the microcontroller was connected to the 5V DC power supply rail. As all the electronic
devices need a ground connection to work, pin 5 (Vss) of the microcontroller was connected
to ground (OV) rail. The ground rail was made a common ground between all the components

on the circuit board.

The microcontroller has a MCLR pin (pin 4, RA5/MCLR/Vpp), which could be used to RESET
the microcontroller so that it should start executing its program code from the beginning.
Since, the project aims and objectives did not require the Tag to be reset at any time in
operation; no Reset button was added to the tag circuit. However, the MCLR pin needs to be
pulled up to the Vpp (5V) in order to allow the microcontroller to start working. But voltage
spikes at the MCLR pin can cause the processor to latch-up, so rather than tying the pin
directly to VDD, a series resistor of value 10 kilo-ohm was used to pull MCLR to VDD e,
One important step during the power supply management of the circuit was to ensure
decoupling of the power supply rails. Most power supplies, sometimes supply an AC signal
superimposed on the DC power line, such noise signals are mostly undesirable in powered

circuits 14

and in RF systems, these noise signals can easily result in unwanted
oscillations. A common RF decoupling technique is to feed the DC supply to each stage
through a path that has high impedance at signal frequencies but low impedance at DC 2,
During transition of the circuits from one state to another (and from low current requirements
to high), the internal (and external) current draws inside the chip change, which produce

fluctuations in the internal voltage levels of the microcontroller chip, causing it to lock up, reset
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or behave unpredictably in other ways. The decoupling capacitor filters the power fluctuations
and provides a stable power supply for the chip 4 Therefore, a 100uF electrolytic capacitor

was connected between the all the Vpp pins and wired to ground, as shown in Fig 3-5 below.

FIC 16F58 MicroController

4
T

F Vss Vdd

Figure 3-5 Decoupling a PIC 16F88 MCU

The circuit design involved connecting an 8 pin DIP switch (see figure 3-6 below) to the
microcontroller. As described in Section 2.1 the DIP switch is used to input the Tag serial

number into the microcontroller.

i Micro Tx = i

i E i

i = i

: = 2

i = L 2 i

i 0 - i
o = .

i O L

i Battery o O

Figure 3-6 Radio Tag Block Diagram
Since the microcontroller would read the DIP switches as individual binary numbers, the 8
Switches could provide us with a possible 2° — 1 = 255 different tag numbers. A pin map of
the DIP switch with the microcontroller ports and their equivalent decimal value is given in

figure 3-7 below.

[gS ]
-

N |8 7 1 6 5 | 4 3 |
MSE ; ; ! ; i

LB

Meu PN [ 9 g | 7 | 6 18 i 17 |

wmcura o [ RE3 f RB2 | RET | RBO | RA3 | RA2 | RAT | RAO ]

]
—_

r)

2 42 20

i
i

Decimal Value II 2/ 28 Ii 2‘: I 2-’-
i
i
i
i

i
Figure 3-7 Pin Map for the Tag No using 8 Pin DIP Switch

The DIP switch is connected to RAOQ, RA1, RA2, RA3 and RBO, RB1, RB2, RB3 pins of the
microcontroller. The input of the DIP switch is connected in parallel to the 5V Power Supply to

the microcontroller, providing 5V to each of the switches. If any of the 8 switches is turned to
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ON position then the 5V volts are applied to the corresponding pin of the microcontroller. The
above stated pins on the microcontroller were declared as inputs in the microcontroller's
program code, which allowed the tag serial number to be read in to the program (see section
3.5.1 for examples of Tag serial numbers). If any of the switches were turned off in any
particular tag serial number, the MCU pins connected to these switches would be left floating.
This has an undesirable effect of stray micro-volts being fed into the MCU pins and a wrong
resultant tag number being read into the MCU. In order to eliminate this effect a 4.7 kilo-ohm
pull-down resistor was connected to each of the microcontroller pins and ground (0V).
Connection of the resistor with MCU means if any of the DIP switches are off then the

corresponding MCU pin is pulled down to ground and a constant OV is read at that pin.

Adding individual resistors to the pins meant extra wiring connections from the microcontroller

to the ground. To avoid cluttering the circuit board with multiple resistors, an 8 pin 4K7

Figure 3-8 A Typical SIL Network Resistor

network resistor ™ was used.

[15]

The network resistor assists in reducing the number of components and soldering pins in the
circuit. The 8 pins were therefore connected in parallel with MCU’s Pins and the common pin
was connected to the ground (0V) connection.

All microcontrollers need a clock signal to work with. The PIC 16F88 microcontroller has
internal oscillator but for better performance an external oscillator could be used with the
microcontroller. To achieve better and accurate performance, an external 8 MHz crystal
oscillator was connected to the RA7/OSC1 and RA6/OSC2 pins of the microcontroller. As
stated in the product datasheet, two 22 pF capacitors were connected between the oscillator
pins (one each on each pin of the oscillator) and the Ground (0V) to allow for a basic start-up

time and stable oscillator operation .

The MCU circuit was first assembled on a prototyping breadboard. The prototype was then
used to test the overall operation and stability of circuit design including the DIP switch and

the oscillator operation. A picture of the prototype MCU circuit is added below in Figure 3-9.

Figure 3-9 Prototype MCU circuit with DIP switch and PIC 16F88
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Once satisfied, the microcontroller circuit was then transferred over to a Vero board
(Appendix L). All of the circuit components were through-hole components and therefore no
problem was encountered in placing any of the components on to the board. An 18 pin DIP
socket was soldered in place of the microcontroller, and the microcontroller was then placed
in the socket. This was done to assist in the programming phase of the project, where
microcontroller could easily be taken out of its socket and re-programmed with a new version
of program/software code. The components were carefully placed on to the board and their
connection tracks were checked before soldering all of the components to the Vero board. All
the tracks between the adjacent DIP switch pins and DIP socket pins were carefully cut using
a track cutter. This was done to avoid any short circuit between the sensitive components

especially the microcontroller and the oscillator.

After the soldering stage, all the connections were checked under a 7x microscope to check
for any dry joints or bridged connections. A multi meter was then used to check for any short
circuits. Any resulting errors were corrected and soldering was completed and given a

thorough check again before powering up the MCU circuit for the first time.

Since the circuit was built to work as a prototype, standard 5V power supplies in the labs were
used to power up the circuit, this avoided adding extra battery component costs to the overall
project budget. Two wires (red for +5V and black for OV GND) were soldered onto the power
supply rails on the Vero Board which were then connected to the laboratory power supply to

power up the circuit.

During the hardware testing stages, an LED was connected in series with the data output pin
(RB5, pin 11) of the microcontroller. Since the I/O ports of the MCU can only source up to

25 mA current and the Micro Tx transmitter module draws 4mA current, a 330 ohm resistor
was also added in series between the LED and the MCU pin to limit the current being drawn
by the LED. The LED was added to indicate if the MCU is powered up and is transmitting any

data to the RF transmitter. The final MCU hardware circuit is shown in Figure 3-10 below.

Figure 3-10 Final PIC MCU Circuit on Vero Board
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3.2.2 Micro Tx Transmitter circuit Design and Assembly

The main task in designing the Micro Tx transmitter circuit was identifying the right application
circuit in its datasheet (Appendix G) and then identifying the right components according to
the MCU circuit specifications. The right application circuit diagram from the relevant data
sheet Plis given in the Figure 3.11 below.

Short Whp Antenna
e Short Whip
Antenna
Ra RF Croke
Y.{j_/
15
wE | ~YY L SoH
Enc VE
Crcuit
- VE  ——
—x
A~
220p RF Greund 2-50F

Figure 3-11 Application circuit diagram for Micro Tx Module 3]

As explained earlier in section 3.1.3, the Tx pin (RB5) of the PIC 16F88 MCU provides a 5V
supply voltage when its transmitting data and the Micro TX module could work on any voltage
between 2.5 V and 13V. The resistor value table provided in the datasheet was used to
identify the value of the series Rd shown in the circuit diagram above. The voltage range was
chosen as 4.2V to 6.1V and hence the Rd value is 680 ohm. The recommended value of RF
choke in the data sheet is 100 uH. The complete schematic of the Radio Tag including the

Micro TX transmitter circuit has been added in Appendix H.

Table 3 Bill of Materials for Micro Tx Transmitter Circuit

Item # | Description Quantity

1 Resistor, 680 Ohm

RF Choke, 100 uH

Inductor, 15 nH

Variable Capacitor, 2 — 5 pF

1
1
Capacitor 220 pF 1
1
1
1

o g hl W N

% Wave Whip Antenna

An important aspect to note is identifying the polarity of the transmitter module. The package
dimension diagram in the datasheet shows that there is a small hole or circle on the +ve pin.
In actual, although there is a small circle visible just above one of the pins of the module, the

actual +ve pin is marked with a red line on that side of the module.
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The antenna used with the module is a ¥ wave whip antenna which was recommended in the
product datasheet for best performance. The whip antenna is a monopole antenna, with a
single driven element and a ground plane. The antenna is stiff but flexible wire mounted, and
their length determines their wavelength, although it could be shortened with a loading coil
anywhere along the antenna. Whips are generally a fraction of their actual operating
wavelength, with half-wave and quarter wave whips being more common (e, They are
particularly useful in situations where flexibility is an important issue and the antenna
shouldn’t break when struck. The characteristics of antenna were also feasible for the

application criteria of the radio tags.

In order to achieve low impedance return path for power and signals at all frequencies in RF
system, an effective ground plane is always required. In ideal RF systems, all pointes
connected to the ground must be at the same potential, but in active RF systems, it is not
deemed an easy task due to presence of high frequencies. Common PCB’s have effective
inductance at their ground tracks. To overcome the effects of inductance problem, a

continuous conductive “ground plane” board can be used.

In a ground plane prototype board, one side is dedicated to running all of the necessary
interconnections between components. The other side is a continuous copper layer and all
ground connections are made to the ground plane. In the case of through-hole mounted
components, a plated-through hole is normally provided whereas for surface-mounted
components or prototype construction, components can be soldered directly to the ground
plane @3 To achieve the best possible performance and reliability in RF system, the
transmitter circuit was assembled on a Colander Vero board. The Vero board is made of
epoxy glass with a colander ground plane for maximum screening (see Appendix L). Since
the circuit is an Ultra High Frequency (UHF) RF system, all the components were soldered as
close to each other as possible to avoid unwanted oscillations and impedance from the circuit

board.

A SMA connector was mounted on top of the circuit board to fix the antenna vertically down
and the connection between the antenna and the inductor (in series with the module) was
established by soldering the connector pin onto the circuit board. The SMA connector legs
were too big in diameter for the through holes on the board, so the holes were enlarged by
drilling through them. The connector legs were then soldered onto the ground plane to ensure
good grounding. A picture of the completed circuit for the Micro TX Transmitter module is

given in the figure below.
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Figure 3-12 Complete Circuit for the Micro TX Transmitter Module

3.2.3 Complete Tag Assembly

The task of complete tag assembly was completed by connecting the two circuit boards (MCU
circuit board and Micro TX circuit board) together by using electrical wires. One wire was
connected between the Tx pin (RB5) of the microcontroller and the resistor Rd on the module
circuit board. The other wire was used to connect the ground plane on the transmitter circuit

board to the common ground on the MCU circuit board.

A picture of the final Tag Hardware has already been added in Figure 3-4.

3.3 Microcontroller Software Code

The software program for the PIC 16F88 used in Radio Tag was written using mikroC
programming software which is a well known software development tool for PIC
microcontrollers. The compiler has been designed to facilitate users with easiest solutions to

develop embedded applications without compromising performance or control &9,

Different versions of software code were created to ensure effective usage of the speed and
memory space of the microcontroller. The two most noteworthy versions of the software code

including the final version have been discussed in the following subsections.

3.3.1 MikroC Compiler & Software

mikroC has a variety of options that allows its users to quickly create and test complex

applications. The important features include ™®

e Write C code using highly advanced Code Editor

e Use the included MikroC libraries to speed up the development, data acquisition,

conversions, displays communications etc.
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e Monitor the program structure, variables, and functions in the Code Explorer.
Generate commented, human-readable assembly, and standard HEX files compatible
with all programmers.

¢ Inspect program flow and debug executable logic with integrated Debugger. Get
detailed reports and graphs on code statistics, assembly listing, and calling tree.

e Availability of plenty of examples to expand, develop and use as building bricks in

projects.

One of the other features of the MikroC is its integrated tools. One tool of special interest in
relation to this project is the USART Terminal, the USART (Universal Synchronous
Asynchronous Receiver Transmitter) communication terminal for RS232 communication [18],
The tool was used during the testing stages of the project to verify the output of the
microcontroller used in the Radio Tag. Further information about the MikroC compiler and

development tool could be obtained by referring to its user manual and documentation &1,

Although the University had a full licence of the MikroC software, much of the software code
was developed using the demo version of the software. The demo version has almost all the
operational features of the full version, except the usage of some specialist libraries and the
code length is limited to 1000 lines. The limited usage of libraries resulted in some problems
during the software development which is explained in the later subsections, however, the
code length of 1000 lines was never an issue for this project as much of the code was only

100 or less lines long.

The first step towards writing the software code for the PIC 16F88 microcontroller for radio tag
was to create a basic data flow chart. The aim for developing the flow chart was to show the
flow of information within the micro-controller, modularize the code and makes the code
understandable. The Basic data flow diagram for the Radio Tag part of the system has been

added into Appendix G.

3.3.2 Initial Software Code

The PIC microcontroller provides the feature of reading individual port pins in the software
code (instead of reading the whole 8 pins of the port). Since the 8 pins of the DIP switch were
connected to individual microcontroller pins, the binary values of those pins were read into a
variable array. The main aim in software development was to read in that binary number
correctly into the microcontroller and then transmitted periodically on the USART port (RB5/Tx
Pin). The USART port however transmits data using hexadecimal values. If the array holding

the tag number was to be transmitted using USART the individual elements would have been
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considered individual numbers and thus a wrong set of values would’ve been transmitted
through the USART.

One of the possible approaches towards transmitting the tag number correctly was to convert
the individual binary bits in the array to a decimal number and then sending that decimal
number (or its hex value) through USART. But the limitations in the demo version of the
MikroC software didn’t allow the user of the power() function B8t convert individual binary
numbers to their corresponding decimal number. As a solution to the demo version
limitations, a binary to decimal conversion function along with a binary power converter
function were written within the software code. This slightly increased the memory usage and
function call number in the overall program, but since the overall program execution was very
efficient, addition of these extra functions did not have any noticeable effect on operation of
the microcontroller. The initial software code has been added in the figures below. The code
is distributed into three figures to assist in explanation of the functionality of the code. The

complete software code has been added into Appendix K.

C:\Users\RizMeistro\Tag Tx\Tag_Tx.c 14/04/2009 02:39:25

B e
2:

3:

4:

S:

6:

7: : Version 2

= R R e e e
9:

10: float dt;

11: float t;

12: unsigned short TagNo([8]; // 8-Bit Long Array, storeS Tag No read from DIP Switch
13: int i:

14: int 3j; // Integer i to be used in for loop

15: int templ;
16: int temp2;
17: int dec_TagNo; // Decimal Value of Tag No on DIP Swvitch

20: int b2dec(): /
21: int Power (int i) [/

Figure 3-13 Initial Radio Tag Software Code Version 2 (1 of 3)
Figure 3-13above shows the first few lines of the version 2 of the initial software code. Much
of the code is self-explanatory and detailed comments have been used to identify the
functions of each command line. Lines 1-6 are commented lines providing details about the
code file, including the project title, code type, programmers name and version of the software

code.

Lines 10 - 17 declare different global variables being used in the program. The code line:-

unsigned short TagNo [8];
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is the declaration of the array TagNo with length of 8 to store the 8 binary numbers being read
into the code. Since the values being read are only binary (either 1 or 0) the data type of the

variable is declared as unsigned short variable array.

Lines 20 and 21 declare the two functions created later in the software to do the binary to

decimal conversion mentioned in the beginning of this section.

23: Fatatatatatatatatatatatatatatatatatatatatata ot atatatatatatatatat etttk )
24: Jratatatatatatatatatatattatatat Dower FUNCEION*~*~tamtatmtatntatbntntndbatatmns
25: fratatatatatatautatantatatatatatntatatatatatatatatatatatat bbbttt bttt/
26: int Power (int temp2)

27: {

28: int Result = 1;

29: if (temp2 == 0) {return 1;}

30: else

31: £

32: for (i=1l;i<=temp2;i++)

33% £

34: Result = Result * 2;

as5: }

36: return Result;

42: int b2dec() {
43: int decimal = 0;
44: for(templ=0;templ<8;templ++)

45: |

46: if (TagNo[templ] ==1)

47: {decimal = decimal + Power (templ); }

48: 3

49: return decimal;

50: }

B51: /#atatatatatatatatatatatantatatatatatatatatatatatatatatatatantatatatatatatatatat/
52: void main() {

53: dec_TagNo =0; // Initialize Tag No as Zero

54

55: ANSEL = 0x00;
56: INTICON = 0x00;
57: PORTZ=0x00;
58: PORTEB=0x00:;
59: TRISA = 0O
60: TRISB = 0

Figure 3-14 Initial Radio Tag Software Code Version 2 (2 of 3)

Figure 3.14 above shows the part of the software code where the power and conversion

functions are defined.

Lines 24 to 38 (see figure) form the function where the power function is defined. The function
takes one integer input variable and returns an integer output. The main operation of the
function is to convert the binary number in to its corresponding value. The bits in any binary
number ascend in the order of the power of binary numbers e.g. 2°, 2, 22, 2%etc. in order to
convert a binary number to decimal number it is important to convert the binary number at
that bit correctly to its decimal value (value of 2 raised to its power, the power is the position
of the bit in the whole binary number).

The first part of the function is a conditional ‘if statement which checks whether the input
given to it is zero or not. If it is zero (i.e. 2°) then the function returns the value of 1 to its

calling function by default.
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if (femp2 ==0) {refurn 1;}

However, if the input value is not integer ‘0’ then the ‘if’ statement is false and the program
goes to the ‘else’ part of the conditional statement. The else part contains a FOR loop which

starts from 1 and terminates at the value input to the function “temp2”.

for (i=1;i<=temp2;i++)

{

Result = Result * 2;

}

return Resulf;

The loop iterates the code in which it multiplies the value stored in the ‘Result’ variable by 2
and then stores the resultant value back to ‘Result’ variable. The value is then used in the
next iteration and so on until the loop terminates. After the first iteration, the ‘Result’ variable
has value of ‘2’ in it. As shown in example below, in the successive iterations this has an

effect of raising the number 2 to its power (the number of iteration in the loop).

Loop 1: Result = Result * 2 = 1¥2 =2 2°
Loop 2: Result = Result * 2 = 2%2 = 2!
Loop 3: Result = Result * 2 = 4*2 = 2?
Loop 4: Result = Result * 2 = 8*2 =16 2°
Loop 5: Result =Result *2= 16*2 =32 2*

After the loop terminates, the value stored in the Result variable is then returned to calling

function.

Lines 42 till 50 form part of the Binary to Decimal conversion b2dec() function. This function

does not take any inputs but returns an integer value stored in its ‘decimal’ variable.

for(temp1=0;temp1<8;temp1++)

{
if (TagNo[temp1] ==1)
{decimal = decimal + Power(templ); }

The main part of this function is a FOR loop. The FOR loop starts at zero and terminates at
the value of 7. The reason for the 8 loops is the fact that there are 8 switches connected to
the microcontroller and the array storing the values of those pins is 8 values long. The code in
the loop picks a value from the ‘TagNo []’ array (the value corresponds to the loop iteration),
and does a conditional check on the value. If the value in the array is equal to zero (switch at
that pin is OFF i.e. logical zero input), the code skips the rest of the code and goes to the next
loop. However, if the value is 1 (switch at the pin is ON i.e. logical 1 input), then the next line

in the code calls the power() function, the input to the function is the iteration number in the
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FOR loop. The returned value from the power() function is added to the current value of the
‘decimal’ variable and the resultant value is stored back to the ‘decimal’ variable. All of these

operations are done in one code line i.e.

decimal = decimal + Power(temp1);

After termination of the FOR loop, the final value in the ‘decimal’ is returned to the calling

function.

The main body of the program starts at line 52. Lines 53 — 60 contain the code which

configures the registers, ports and interrupts in the PIC microcontroller. The following lines

ANSEL = 0x00;
INTCON = 0x00;

Disable the analogue-to-digital converter and interrupts within the PIC MCU as they are not
necessary in the operation of MCU in this particular application. The next lines configure the

pins in PORTA and PORTB as inputs/outputs individually and initialize them at logical value

zero.
PORTA=0x00; // Initialize Port A at Zero Logic Value
PORTB=0x00; // Initialize Port B at Zero Logic Value
TRISA=0b11111111; // Declare Port A as Input

TRISB =0b11011111; // Declare Port B as Input Except RB5 (output)

All the pins in Port A are declared as inputs and all the pins in Port B except port RB5 are
declared as input as well. RB5 in Port B is declared as output since this is the RB5/Tx pin of
the MCU.

Following the port declaration is a FOR loop at lines 63 — 66 (see figure below). The FOR
loop starts at zero and terminates at value 7. The purpose of the FOR loop is to initialize all
the values in the TagNo[] array to zero. This is necessary because otherwise the compiler
would store random values in the array and this could result in unexpected code behaviour or
wrong Tag serial number during program execution. During each iteration, the following line

stores zero at that corresponding value of the array:-

TagNo[j]=0; // Assign 0 Value in all values of TagNo Array

Figure 3-15 below illustrates the last part of the version 2 of the initial software code.
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: TagNo[0]=
: TagNo[1l]=
: TagNo[2]=
: TagNo[3]=
: TagNo[4]=
: TagNo[5]=
: TagNo[6]=
: TagNo[7]=

¢ USART_init (1200):; // Initialize USART@baud rate of Micro Tx (1
s dec =

: t =dt/2 + (rand()$100);
: dec_TagNo = b2dec():

: for(3=0:3<=7;3++)
H {

: TagNo[j]=0; // Assign 0 Value in all
}

o
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: while(1)
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: USART Write (dec TagNo):;
: vdelay ms(t):;
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Figure 3-15 Initial Radio Tag Software Code Version 2 (3 of 3)

The next part of the code (lines 68 — 75) maps the individual pins of Port A and port B to their
corresponding values of TagNo array, and the values are read into the array. A pin map is
already given in Figure 3-7 (Section 3.2.1).

An important aspect in using USART data transmission is to initialize the USART port in the
beginning of the main program body. The USART is initialized at 1200 baud rate, no parity bit,
no stop bits by writing the following command at line 77. The baud rate of 1200 bps is used to
match the data rate with the transmission data rate of the Micro TX Transmitter module (see
section 3.1.3).
USART_init(1200); // Initialize USART@baud rate of Micro Tx (1200 bps)

Code line 80 is used to store variable delay value in variable ‘t’. The variable delay value is
created by adding a modulus “%” of a pseudo random number generated by a library function
“rand()” in the software to the predefined time value which in this case is ‘dt/2 = 250ms’. The
rand() function generates a returns a pseudo-random number between 0 — 32767. However,

by taking a modulus of the random by “dt = 500”, the value of the random number is limited to

0 — 500 and therefore the final random time delay is always in between 250ms — 750ms.

Line 81 stores the decimal value of the tag serial number by calling the b2dec() function. The
next line in the code does a conditional check on the decimal value of Tag No. Although in
practical cases there will not be a radio tag with serial number ‘0’, this conditional check was
added for exceptional cases and for software testing purposes. If the Tag number is zero the
program goes back into a loop. However if the tag number is greater than zero then the tag

number is transmitter through the USART port using USART_write() command. Following the
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write command, there is a variable delay in milliseconds before the program goes into another
loop. The variable delay is used as an anti-collision technique to avoid signal collisions when
multiple tags are transmitting to the same base station simultaneously. Much of the anti-

collision technique is discussed in the ‘Testing’ part of this chapter.

The EasyPIC4 board mentioned in 3.1.2 has on-board PICFlash2 Programming software
which was used to program the PIC microcontroller. The microcontroller was placed into its
appropriate 18 way DIP socket and then the board was connected to the computer using a
USB 2.0 cable (provided with the board) and the Build + Program option in the mikroC
software environment was used to generate a HEX file and program the MCU. The memory

usage statistics for the microcontroller are shown in the figure below:-

2D Messages | J2 Find I GConvextorE

Line/Column Message No. Message Test Unit

0:0 100 Success [Release Build)

0:0 101 Used ROM: 1268 (30%) Used RaM: 60 (16%)
0.0 102 Free ROM: 2827 (70%) Free RaM: 308 (84%)
< m »

Figure 3-16 Memory Usage Statistics for Initial Software Code Version 2

Since the all microcontrollers and electronic boards are sensitive to static charge, the board
was placed on an anti-static mat and anti-static bands were used while inserting/removing the
MCU from the board. After programming, the MCU was placed into its circuit socket and the

operation of the code was tested which is explained in ‘Testing’ part of this chapter.

3.3.3 Final Software Code

After conducting further research in possible approaches to reading the tag number from DIP
switch the final code version was created. Instead of using an array to read in the tag number
and then converting the binary value to decimal values a simple Bit Masking approach was
applied in the code. This reduced the code length from 92 lines to just 35 lines. The new code
does not require any binary to decimal conversion and there are no function declarations. The
complete source code has been added into Appendix K. The final code has no difference in
the microcontroller configuration and the variable delay. The only difference is the way tag
serial number is read into the system. The command used to read the serial number into the

program memory is

TagNo = (PORTB << 4) | (PORTA & Ox0f);

The variable used to store the tag humber is declared as a character data type. In the code

line above the data read in three stages. In the first stage the data read from Port B is
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arithmetically shifted 4 places to the left. In the second part the data read from Port A is used
to do a logical and with OxOF (binary 00001111). Then in the last part the result from first
stage is used to do a logical OR with the result from the second stage. The table below gives

a few examples to further highlight the bit masking methodology used.

Actual Tag ) ) (Port B <<4) OR | Tag No
Port B input Port B << 4 Port A input Port A & OxOF
Number (Port A & 0xO0F) In Hex
2 0000 0000 0000 0000 0000 0010 0000 0010 0000 0010 0x02
15 0000 0000 0000 0000 0000 1111 0000 1111 0000 1111 OxOF
63 0000 0011 0011 0000 0000 1111 0000 1111 0011 1111 0x3F
210 0000 1101 1101 0000 0000 0010 0000 0010 1101 0010 0xD2

In order to avoid the possibility of collision between transmissions of short bursts of data
being transmitted by different tags, the software code was modified to change the random
time delay between 250ms to 750ms. The rand() function has been explained in detail in

section 3.3.2.

As detailed in section 3.5.1, the software was tested for its accuracy using multiple testing

techniques and then the microcontroller was programmed with the final software code.

3.4 Testing

Much of the initial Tag hardware testing was done during the circuit assembly phase of the
project. The same was applied to the software code development phase but some amount of
time in the project time plan was also dedicated to the final testing of combined Radio Tag
hardware and software. The major testing phase of the Radio Tag was therefore divided into

two phases which are described in the following sub-sections.

3.5.1 Software Testing

The software testing was performed by using the RS232 Communication Port on the
EasyPIC4 Development Board. The development board also has push button switches for
each of the pins on the board which could be used to apply 5v DC to any of the port pins =)
(also see Appendix F). The MCU was placed in the 18 way socket on the board and the
RS232 port on the board was connected to the serial port on the PC using a standard serial
cable. The USART Terminal tool in the MikroC programming software was used to test

different outputs of the software.
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After connecting the serial cable to the PC and setting up the USART terminal tool at the
correct baud rate and COM port, the Development board was powered up and then the push
button switches were used to test pre calculated tag numbers. Different combinations of push
buttons were pressed to check for expected Tag Number. The process was repeated for
multiple tag numbers until the results were deemed satisfactory. The table below shows
different switch combinations and expected Tag numbers in decimal and hexadecimal.
Figure 3-17 shows a screenshot of the USART Terminal window when different button

combinations were pressed.

Table 4 Examples of Tag Numbers according to DIP Switch Orientation

DIP Switch Orientation
Decimal Tag # Hexadecimal Tag #
8|7/6|5|4|3|2]|1
o|ojofjo0ojo|O0|1]|O0 2 0X02
o|ojofl1|0|0|0|O 16 0x10
1/0|0j2j1]j0|1|0 154 Ox9A
o|ojof1|1|0|0|O 24 0X18

C1 = N 4
== Communication Terminal

Settings Commumnication
Com Part; | || Send || SendFile
Baud: sppend: [] CR [] 5end as typing Stark Logging
Stap Bits: [TLF [1 5end as number
Parity: Farmat
O I asc (O HEX () DEC

Diata hits: Connected to COM1 A
i Received: 2 F
Commands Received: 2

RTS OTR Received: 2

. — Received: 2
® o ® oif Feceived: 16
) 0n ) 0n Received: 154

Received: 154
. Received: 154
Received: 154

Received: 154

Slislss Received: 154
Send Receive CTS DSR Received: 154
) < ) F) Received: 154

Received: 154 0
) Received: 154
Log Files Received: 154

Bead from: Received: 154
] Received: 154
Wwhite to: | | Received: 154
Received: 24 v

LCloze

Figure 3-17 USART Terminal Window with Tag Serial# Being Transmitted

During the testing it was observed that in initial software code the DIP switches had to be put
in right positions for expected serial number before powering up the circuit. If the tag serial

number was to be changed, the MCU had to be reset. The final software code was
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restructured to eliminate this effect and the command lines reading the tag serial number
were put inside the While(1) loop. This allowed the tag number to be changed without

resetting the MCU circuit.

One of the features in the software was that the MCU would stop transmitting if all the
switches are off or the tag serial number is zero (‘0’). The test confirmed that MCU did not
transmit any serial number when the Tag number was zero. The figure also confirms that the
software was working as expected. A separate screenshot of another test session has also

been added into Appendix J.

3.5.2 Hardware Testing

The hardware testing for the radio tag was performed after completing the software testing
phase of the project. The MCU hardware was tested using a digital multi-meter and an
oscilloscope connected to a computer to capture screenshots of the waveform outputs on the

oscilloscope screen.

During circuit assembly all the component connections were thoroughly checked and any
short-circuits due to poor soldering and Vero board tracks were removed before powering up
the circuit for the first time. Once powered up the voltage level at all the inputs to the MCU

and DIP switches were checked using the voltmeter.

The first step in MCU hardware testing was to verify the stable operation of the external
oscillator. The circuit was powered up and a 1x probe as used to connect the RA7/OSCL1 pin
of the MCU to the oscillator. The oscilloscope settings were adjusted to display the right
sinusoidal waveform and then measurements were taken to ensure the clock is operating at
the right frequency of 8 MHz and its operation is stable. Figure 3-18 below shows the clock
signal observed at the oscilloscope and the measurement of the clock frequency.

Tek S B Aute b Pos: 200,05 CH1
+
Coupling

B Lirnit

AVAVAVAVAN o

1 Time Period

Yoltage

Irrvert
CH1 200 M 1006 CH1 7 =248
20-har-03 12:35 <10Hz

TDS 10028 - 12:29:12  20/03/2009

Figure 3-18 Oscillator Output Waveform @ 8 MHz
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The time division settings were set to 100ns per square box. So each measurement unit in
the box is 20ns. As it can be seen from the figure, one time period takes 6.5 measurement
units. Theoretically, a Time Period ‘T’ of the 8 MHz Clock should be:

1/F=1/(8x10% =125ns
If we consider the readings from the oscilloscope in the figure above

20ns x 6.5 =125ns
Which confirms the oscillator is operating at correct clock speed. The smooth waveform also

suggests that oscilloscope operation is also stable.

The next step was to monitor the output from the Tx (RB5) pin on the MCU. Again the
oscilloscope was used to observe the binary output signal from the MCU. The figure below

shows the output waveform when the tag serial number was set to # 15.

Tek T F Auto i Pos: 200.0 us CH1
%

Coupling
s
B Lirmit
i
BOkHz

I_I Yiolts/Div
1+ T

Yoltage

Ivert
CH1 5.00% M 2.50ms CH1 =248V
20-Mar-03 12:44 <10Hz

TDS 10028 - 12:37:31 2000372009

Figure 3-19 MCU Tx Pin Output Waveform @ Serial # 15

Further Tests results for the output waveform at the Tx Pin of the MCU with different serial

numbers have been added into Appendix J.

The circuit for the Micro Tx transmitter was tested separately before connecting it with the
MCU circuit. The transmitter was given a plain 2.5 Volts DC supply using a standard power
supply. During initial testing it was observed that the behaviour of the 100 uH RF choke
recommended in the product data sheet 5 was capacitive rather than being resistive. It was
then decided to reduce the size of the RF choke and a 1 uH RF choke was used instead. The
Rhodes and Schwartz Network Analyzer was used to verify that the frequency output of the
Micro Tx transmitter is at 433.92 MHz Figure 3-20 below shows the screenshot of the
waveform at the network analyzer. The oscilloscope marker in the figure is set at 433 MHz

waveform spike.
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Figure 3-20 Frequency Spectrum for Micro Tx Transmitter @ 433 MHz

After confirming that the transmitter circuit and its output is satisfactory, the Transmitter circuit

was then connected to the MCU circuit and the complete tag was tested.

3.5.3 Complete Tag Testing

The complete tag was tested using two different techniques. Initially the complete tag was
powered up and the Tektronix Network Analyzer was used to observe the frequency spectrum
output at different tag serial numbers. Figure 3-21 below shows a screenshot of the output

waveform observed at the network analyzer when the tag serial number was set to # 63.
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Figure 3-21 Frequency Spectrum for Complete Tag with serial # 63
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The spike shown in the figure above is at 433 MHz confirming that the tag was operating at

the right frequency. In order to check whether the output from the tag was correct, the “ICOM
Radio Software” was used to detect the output from the tag. The radio software also provides
the sound output of the received signal and its software interface provides related information
about the received signal. Figure 3-22shows a screenshot of the radio software when the tag

was transmitting at tag serial # 63.

= IC-PCR1000
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Figure 3-22 Output of the Radio Software @ Tag Serial # 63

As it is clear from the figure, the received signal was at AM frequency of 433.928 MHz. The
software also generated a sound signal which could be listened to using the speakers, the
pitch of the sound increased as the tag number was increased to a higher decimal number

indicating that more number of data bits were being transmitted.
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3.5 Summary

At the end of the Radio Tag development phase an Active Radio Tag was successfully
designed, assembled and tested using a PIC 16F88 microcontroller and a Micro Tx
Transmitter Module. The tag operates at an Amplitude Modulation (AM) frequency of
433 MHz, the radio circuit was first assembled and tested on a prototype breadboard and

later on the design was transferred over to a Vero board.

Different software versions were designed and tested during the software development phase
and at the end of the testing stage a smaller, more efficient tag code was chosen as the final

code for the tag microcontroller.

Below are the changes that were made to the Radio Tag hardware and software during the

testing stage:-

e A 100 uF capacitor was added to the Vpp pin of the microcontroller to stabilise the
power supply.

e The 100 uH RF choke used in the Micro Tx application circuit was changed to a 1 uH
RF choke to make its use resistive rather than capacitive.

e The tag serial number reading technique was changed to bit manipulation to reduce
code size and increase efficiency.

The following are the additions made to the Radio Tag hardware during the testing stage:-

e A Green LED was connected to the Tx (RB5) pin of the MCU to indicate the data
transmission.
e A wire was soldered close to the Tx (RB5) pin on the Vero board, to be used as test

point while testing the output of MCU and for testing using serial data link.
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4. Base Station (RF Receiver/Reader)

The Radio Tag Tracking System required a Base Station, which according to project aims,
was expected to keep track of the Radio Tags associated to it. The base station (or receiver)
was supposed to raise an alarm if any of the radio tags was missing. The following sections in

this chapter detail the steps taken in design, assembly and testing of the Base Station.

4.1 Hardware Selection

Just like the Radio Tag, the hardware selection for the Base Station had an important role in
this phase of the project. According to conceptual system block diagram (Figure 4-1) a base
station was expected to have a microcontroller, LCD Screen, an RF Receiver, Antenna and

an alarm system.

LCD Display 1 FIC Microcontraller pe

LED's Alarm

Easy PIC4 Development Kit

Figure 4-1 Conceptual Block Diagram of Base Station (Reader)

The EasyPIC4 development board used during Radio Tag development was chosen as the
ideal hardware solution to incorporate all these components in one prototype. The
development board comes with a PIC 16F877A microprocessor and a 16 x 2 LCD. The PIC
MCU was therefore chosen as the MCU for base station and LCD was used to display data.
The development board also has 36 LED’s (see Appendix G) which could be used to indicate
any circuit operation. The development board has separate 10 pin port access pins which

could be used to connect the RF Receiver and alarm system to the microcontroller.

After hardware research and consultation with experts, the AM2000 RX433 receiver was
chosen as the suitable RF receiver to interpret the signals from radio tags. The AM2000
receiver works at the UK Licence exempt frequency of 433 MHz and uses Amplitude
Modulation Technique to interpret the radio signals. The Receiver is manufactured and
recommended by the manufacturers of the Micro Tx Transmitter Module used in the Radio
Tag. The following sub-sections further detail the features of the components used in the

Base Station.
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4.1.1 PIC 16F877A

The PIC 16F877A microcontroller is a FLASH-based 8-bit microcontroller manufactured by

Microchip. The MCU used in the base station comes in a 40 pin package and has a string of

features that make it ideal to be used in the Base Station The MCU also supports USART

communication making it useful for communication between radio receivers ?%. The table

below highlights the most important features of the MCU relative to the project. For detailed

information about the MCU architecture its datasheet ? should be referred.

Table 5 PIC 16F877A Specifications

Parameter Name Value PIN Diagram
Program Memory type Flash
Program Memory(KB) 14 40-Pin PDIP 7
MCLRNVep —=[] 1 40 [T =— RB7/PGD
CPU Speed (MIPS) 5 RAD/AND =[] 2 39 [] «——= RBGIPGC
RAM Bytes 368 RAT/ANT =—=[] 3 38 [J=-— RBS
RA2/AN2/VREF/CVREF == [ 4 37 [T+ RB4
Data EEPROM (bytes) 256 RA3/AN3/VREF+ =—=[] 5 36 [J=—= RB3/PGM
- RA4TOCKICIOUT =—=[]6 35 [J+—» RB2
Timers 2 x 18-bit, 1 x 16- RASIAN4/SSIC20UT =07 & 34T RBI
bit REO/RD/IANS =[] 8 5 33[J<—= RBOINT
i RE1WR/ANG =—=[] 9 < 20—V
ADC 8 ch, 10-bit RE2ICS/IANT =[] 10 N 31 [] =— Vss
VoD — [ 11 e« 30 [J=— RDT/PSPT
Comparators 2 Vss_ . []12 & 29[« RDEPSPE
- OSCU/CLKI —=[]13 = 28 []=—= RDS/PSPS
Serial Comms MSSP, USART 0SC2ICLKO O 14 g 27 [ «—» RD4/PSP4
1/0 Ports Ports A, B, C, D, E RCO/T10SO/TI1CKl =[] 15 26 [T =—= RCT/RX/DT
i i RC1/T10SIICCP2 =[] 16 25 [T +—»= RCBITX/ICK
Instruction Set 35 Instructions RC2/CCP1 =[] 17 24 [] =—= RC5/SDO
RC3/SCK/SCL =~—»[] 18 23 [T =—» RC4/SDISDA
Resets POR, BOR RDO/PSPD «—= ] 19 22 F <= RD3/PSP3
Temperature Range (C) -40 to 125 RD1/PSP1 =[] 20 21 [] =+—= RD2/PSP2
Operating Voltage . R
perating Voltag 21055 Figure 4-2 PIC 16F877A Pin Diagram!*%
Range (V)
Pin Count 40

Due to the fact that the MCU was supplied with the development board the sourcing cost for

the MCU could be considered negligible. Details of Electrical Characteristics of the

microcontroller have been added in Appendix M along with datasheet pages related to the

project.
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4.1.2 AM2000 RX 433 Receiver

The AM2000 RX 433 Receiver is a simply to apply, AM receiver for operation at frequencies
of 418MHz, 433MHz and 868MHz. The low radiated emissions from the receiver ensure
compliance with EMC requirements. The module requires only a clean DC supply of 5volts,

an antenna and a suitable device for decoding the incoming digital data 2.

All transmitters and receivers require antennas in order to work efficiently; the AM2000
receiver also requires a ¥ wave whip antenna (approximately 16cm) for best performance.
The antenna, however, should be mounted in “free space” and well away from any conductive
objects or surfaces 22 Table 4-2 details the absolute maximum ratings and performance

specifications of the AM2000 Receiver .

Table 6 Absolute Maximum Ratings of the AM2000 Receiver 2

Parameter Name Value Units
Supply Voltage 0.3to +5.25 Volts
Receive Frequency 433.92 MHz
Sensitive for 6dB S/N -103 dBm
Supply Current 8 mA
Shutdown Current 25 UuA

Data Output (logic 0) 0-0.5(50k Load) | Volts

Data Output (logic 1) Min 4.5 (50k Load) | Volts

Size 40 x 15.4 Mm
Operating Temperature Oto +70 C

Figure 4.3 illustrates a picture of the AM2000 receiver, datasheet pages relative to the project

have been added in Appendix N.

Figure 4-3 Picture of an AM2000 RX 433 Receiver %2

4.1.3 EasyPIC4 Development Board

The Information about EasyPIC4 development board has already been provided in section
3.1.2 and detailed information is added to Appendix F. The development board was used to
integrate the Base Station components together in one place. The PIC 16F877A MCU was
placed in the DIP40 socket of the board to be programmed and when the Base station was in
operation. The LCD used with the board was a 4-Bit 16 x 2 LCD which could display two rows

of up to 16 characters each row.
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The Direct Port Access Pins (Appendix F) on the board were used to connect the AM2000
receiver to the Microcontroller. Further details about the base station design are given in the
next section of this chapter.

4.2 Circuit Design and Assembly

The circuit design phase for the Base Station did not provide much technical challenge as all
the components could easily be fixed onto the development board and no separate circuit
diagrams were required in the MCU circuit part of the base station. However, an important
part of the Base Station hardware design was the integration of the RF Receiver and the
MCU. The AM2000 receiver required separate circuit design to ensure accurate operation.

The product datasheet 2%

was consulted to identify the right pin connections and instructions
to enable the receiver. The detailed information about the circuit design and assembly of the

receiver is given in section 4.2.2.

4.2.1 Power Management

During stand-alone operation the EasyPIC4 development board could either be powered up
by an external power supply (between 8V -16V) or by a USB connection to the computer (5V).
The power supply to the MCU was therefore provided through the development board.

The AM2000 Receiver requires clean 5V DC supply and draws 8mA current during normal

operation.

The development board has 10 Direct Port Access Pins that can be used to access the
individual pins on the MCU. The 10 pins also include the Vcc (5V) and Ground (0V) pins and
since the individual MCU I/O pins can source up to 25mA of current, the AM2000 receiver
was powered up through those pins. The whole Base Station hardware was therefore
powered up through the development board. The development board in turn, was powered up

through a USB connection to the computer.

4.2.2 AM2000 Receiver Circuit Design and Assembly

The AM200 receiver circuit was assembled on a Colander Vero Board (see Appendix L) to
ensure good ground plane was provided to the receiver for RF frequency operation. The

%, wave antenna used with the Receiver was identical to the antenna used with the Micro Tx
module. The antenna was mounted on the top side of the Vero Board on the ground plane
using a SMA connector. The connector legs were again bigger in the diameter than the
through holes and therefore the holes on the board were enlarged by drilling through them.

Figure 4.4 below shows the pin diagram for a
In order to enable the receiver module following steps were taken in the circuit assembly
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e The GND (Pin 10) and RF GND (Pin 1) pins of the module were connected to the OV
earth plane on the board.

e The Shutdown pin (Pin 12) was also pulled down to enable the module

e The bandwidth selector jumpers (SEL 1 and SEL 0) were already set to logic low (0)
to enable the bandwidth selection of 1.25 KHz (to match 1200bps data rate of the
Tag).

| IF Amp

n
(]
-
L

Figure 4-4 AM2000 RX433 Receiver Pin Diagram %2

In order to eliminate any unwanted oscillations in the circuitry on the Vero Board, the receiver
and the antenna were placed as close to each other as possible. A 10 Pin socket was
soldered into the Vero Board to hold the AM Receiver. This was done to avoid soldering the
sensitive pins of the Receiver on the board and potentially damaging the circuitry due to
excessive heat during soldering. This also provided modularity in the circuit as the receiver

module could easily be taken off from the circuit board (if required).

4.2.3 Complete Base Station Assembly

The complete Base Station was assembled by connecting the AM2000 RX module with the
EasyPIC4 development board by using a 3-wire cable. The cable was made by soldering
three colour coded wires to a 10 pin connector. The two wires (Red and Black) were used for
the power supply (5V and 0V respectively) to the receiver circuit. The third wire (purple) was

used to transmit data signals between the receiver and the microcontroller.

One end of the end of the 3-wire cable was connected to the direct port access pins for
PORT C. The RC7 Pin of the MCU (see figure 4-2) is the RX Pin, which is used to receive the
USART data. The data cable used in the interconnection was therefore connected between
the RC7 pin and the DATA pin on the AM2000 RX module. The figure illustrates the complete

Base Station hardware, with important components indicated using pointers.
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Figure 4-5 Complete Base Station

4.3 Microcontroller Software Code

The program code for the PIC 16F877A was also written using the MikroC programming
software. Details about the programming software could be acquired from its user manual 18],
The program code was initially written to display the data received during wired
communication between the Radio Tag and the Base Station. The software code explained
below is capable of receiving data either wirelessly or through wired connection but after the
testing stages, as explained in section 4.4, the software code was not expanded to include

algorithms for tracking more than one radio tag.

Just like the Radio Tag software code, the first step towards developing the software code
from the base station was to identify the software requirements and produce a basic data flow
diagram for the system. The data flow diagram for the software code has been added into

Appendix I. The main objectives identified for the software code included:-

Display Text Messages including information about active tags, missing tags

e Activate an alarm if any of there are no Active Tags or if a Tag is Missing

e Store and Process data received through USART

e Time the two consecutive signals from a tag and if time difference is more than a pre-
defined time limit, activate the alarm.

Code feasible for data received through wireless and/or wireless communication
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During code development, the modular approach was again adopted and the code was
divided into smaller functions and any repetitive tasks were distributed in loops. Figure 4-6
below illustrates the initial part of the software code. Different versions of the code were
developed and tested before a working code was selected. The code discussed in this report
is the third version of the code. As part of the normal code writing practice, all of the important
commands and functions were thoroughly commented to highlight function of each command
line. The initial lines in the code file were dedicated to list details about the file name, name of
the project, function of the project, programmer’s name, and code version. The information

has been enclosed by the standard C language comment operators “/*” and “*/”.

The next line code defines a constant which is the length of the buffer being used in the code
to store the data received through USART. Lines 19 — 26 define the different global variables
being used within the program, the variables include a look-up array, the indexes for different

loops, a char variable, and an array with different tag numbers already defined in it.

Figure 4-6 below illustrates the initial section of the software code that has been explained
above.
The part of the code between lines 29 and 27 contains the function prototypes for all the

functions that are used in the code.

1: f*************A—A.-*****A.-A.-*****A.-A—A.-A—************************************************
2: * Radioc Tag For Item Tracking *
3: * (Base Station Code) =
4: LR R E R E X R R R R R E R R R R R E S R E R R E R RS R R R R R R R R R R R R R R R R R R R E R R E R R E R E R EEEREE E -E R E-R-E R -E 5 E X 2]
5: * Filename: Tag Rx.c *
6: * Date: 0£4/03/08 =
T: * File Version: 3.0 *
8: * Compiler: MikroC Compiler *
9: +* Programmer: Ramiz AHmed *
10: * Course: (BEng) Digital Svstems & Computer Enginesring *
11l: #ssddddtsidddriddddddtbbdddtdt Parighleg trdtttsdddtbtddbddhdbddddthtbtdtbbbtdhbbsn,
12: //char *text0d = "Tag ":
13: //char *textl = "Trackesr'":
14: //char *text? = "Active";
15: //char *textd = "Tag":
lé: //char *textd = "Missing":
17: gdefine buffer length 35
18: -
19: int rx buffer[buffer length]:
20: int tag lookup[3]1[2]:
21: int column = 0;
22: int row = 0;
23: char tag_temp[4]:;
24: int g:
25 int 1i;
26: int 3j;
27:
28: int tag array [3)[2] ={{1,0}, 42,0}, {3,0}}:
29: fﬂ.—*******************A—****** FLRI’.S':iDI’.S ****A.-*A—****A.-A.-A—**************************}
30: woid pic setup(): /4 Initislise Port & USART Vslues for PIC
31: wvoid welcome msg(): S/ Displavs & Welcoms Message on Fower Up

32: woid scan msg(); /4 Displays Msssage Before Scanning for Tags

33: void no tag(); // Displays Message 1f Neo Active Tags

34: woid clear buffer(): /4 Clear the Receive Buffsr

35: woid =ser rx(void): S/ Receive the Dastas from the Recsive Port

36: wvoid disp tag active (int number): // Display What Tags ars active

37: wvoid disp tag missing() ; F/ Display 1f a Tag Goes Missing

8- LRk Rk R R R R R R ]

&

j************************************************* LR

Figure 4-6 Base Station Software Code Section 1
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Table 7 below lists all the functions defined in the software code with the description of the

functionality of each of the functions.

Table 7 Function Names and their operation

Function Name Description

bic_setup() .RfJ-ns.Ap.propriate commands to configure interrupts, ports , and USART
initialization

welcome_msg() Displays a welcome msg “Univ of Herts” and then “ Tag Tracker”

scan_msg() Displays a message “ Scanning For Tags”

no_tag() Displays a message at start-up “ No Active Tags”

clear_buffer() Clears the Receive Buffer Array

ser_rx() Receives the Data Through USART and stores it in rx_buffer

disp_tag_active() Displays message “ Tag “ Tag# “Active” — Tag# is the tag number in buffer

disp_tag_missing() Displays message “ Tag “ Tag# “Missing” — Tag# is the number of tag

The important aspect of the text messages being displayed in different functions was the
placing of the text on the LCD Screen. Since the LCD being used to display messages was
only a 2 rows by 16 columns, the number of possible character to be displayed in each line
was 16. Therefore, special care needed to be taken to display the information so that none of
the characters are overlapped and incorrect text being displayed on screen. The problem was
resolved by carefully choosing the text to be displayed. A LCD Map was created and numbers
of characters in each of the messages being displayed were counted and then their position
was calculated. Below is the list of the text messages that are displayed in the software and

the number of characters and spaces in each message.

Table 8 Number of Characters & Rows Required in Each Text Message

Message No of Characters + Spaces Total Characters Rows Required
Univ of Herts 4+1+2+5 12 1
Tag Tracker 3+1+7 11 1
Scanning ForTags [ 8+1+3+1+4 17 2
No Active Tags 2+1+6+1+4 14 1
Tag XXX Active 3+1+3+1+6 14 1
Tag XXX Missing 3+1+3+1+7 15 1

The calculations above show that most of the message could easily be displayed on one row
of the LCD and the second row could be used to display different information. Since the
“Scanning For Tags” message was just an informative message therefore it was divided onto

two rows.

The real complication was in displaying the Tag XXX Active/Missing messages. Since the

maximum number of possible tags to be tracked by the Base Station is 256 it was assumed
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the number cannot be more than 3 digits long. However, the data being received through the
USART was of integer data type and the LCD display library in MikroC can only display
characters. Therefore the tag serial number data needed to be converted to a character string

before it was passed to the LCD display library.

In each of the display messages listed in Table 5 above, the LCD cursor was turned off and

screen was cleared using the following commands

Lcd_Cmd(Lcd_CLEAR);
Lcd_Cmd(Lcd_CURSOR_OFF);

The text was then passed to the library function by using the LCD_out command as shown in

the examples below

Lcd_out(1,1,"Univ of Herts");
Lcd_out(2,1,"Tag Tracker"); //2x 16 LCD

In case of the Tag Active/Missing messages, rather than displaying the words on the current
cursor position, the position of each of the words was specified. The position for the converted

tag number was also specified as shown in the example below:-

Lcd_out(1,1,"Tag");
Lcd_out(1.4,tag_temp);
Lcd_out(1,9,"Active");

The number 1 in the message above specifies the row and the numbers 1, 4, 9 in each of the
messages specify the exact column where the word should start. Each of the messages were
displayed for a specific period of time using a delay function shown below, after the delay the

handle of the processor is returned to the main program.

delay_ms(100);

Figure 4-7 below shows the section of the code where the text display messages are defined.
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63: Led out(2,1,"Tag Tracker™); S/ 2 x 16 LED
64: //Lecd out(l,1,"Tag Trac"): A5 1 x 16 LCD
65: //Led out(Z2,1,"ker"); JS 1 x 16 LCD
€6: delay ms(1000);
67 }
BB: Jrddtisddditiddidadddiitiddst Tag Scan Message *##+##tiiddsdsddddtdrdbtitdtdtdss,

69: wvold scan msg()

T0: {

71: Led Cmd (Led CLEAR) -

T72: Led out (1,1, "Scanning For Tag"):
73: delay ms(500);

T4: }

T5: /**************************** NG TE; AWE'SSEQ'E' **********************************f
76: woid no_tag()

T77: {

T78: Lcd Cmd (Led CLEAR)

79: Led out(l,1,"No Actiwve Tags"™):

80: delay ms(500);

81: 1}

B2: Jrtisisdddididdibidtdtisidiit Tag Active Message ##ssstddsdddddbtdiddtitdddisss/
83: wold disp tag_active (int number)

84: {

85: Lcd Cmd (Led CLEAR) ;2

Led Cmd (Led CURSCR CFF)

: byteToStr (number, tag_temp) ;
/4 First Tag Line

Led out (1,1, "Tag™) ;

Led out (1,4, tag temp)

91: Led out (1,3, "Rotive™)

92: delay ms (100);

893: // Second Tag Line

94: }

95: )f***A—A—********************** 'I‘—;r .ﬂﬁ'issif.—.; .M'E'SS&;E **A—A—A—****A—****A—A—*************/
96: wold disp tag missing ()

97: {

98: Lcd Cmd (Led CLEAR) ;2

99: Leod Cmd (Led CURSCR OFF) ;

[Yelue R we e i o ]
==Y« I e R A

101: Led out (1,1, "Tag"):

102: Led out(l,5,tag temp) s

103: Led out{l,9,"Active™);

104: // Second Tag Line

105: }

106 /******************************************************************************f
Figure 4-7 Base Station Software Code Function Definition Section

Lines 109 -136 contain the main() function which forms the body of the whole tracking

software. At line 112, the pic_setup() function is called, which is used to configure the ports

and USART in the microcontroller. Within the function, Port RB7 is declared (to be used to

activate the alarm) as an output and initialized at logic zero (0). The USART is initialized at

1200 baud rate to match the data rate of the Radio Tags. The LCD is initialized at port Port D

of the microcontroller.

Usart_init(1200); //Initialise Usart @ 1200 Baudrate, 8 Bit, No Parity Bit
TRISB.F7 = 0;

Portb.F7 = 0;

TRISD = 0x00;

Lcd_init(&PortD);

clear_buffer();

At line 113 and 114 the welcome_msg() and scanning_msg() functions are called which
display the appropriate messages on the LCD respectively. Lines 116 — 135 contain the
do...while loop which performs the tag tracking function. At the beginning of the loop is a

conditional IF statement that checks if there is any data ready to be read from the USART
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port, if the data is available the statement is false and the program skips the commands within
the conditional statement and executes to the next conditional statement. However if there is
no data on the USART to be read, the statement is true and the program executes the

following commands:

no_tag();

portb.f7 =1;
lcd_cmd(lcd_clear);
clear_buffer();

In these commands, a message “No Active Tags” is displayed on LCD, the receive buffer is

cleared and the Alarm Output Pin is Asserted.

After skipping the first conditional statement, the program then comes to the second
conditional statement at line 125. This line again checks whether data is available on
USART. If data is available the code within the statements is executed, otherwise the
program skips the command lines and goes through the loop section again. Within the

conditional statement commands (listed below), the program goes into another FOR loop.

Portb.F7 = 0;
for(i=0;i<1;i++)

rx_buffer[i] = USART_Read(); // put charin element & then increment index
disp_tag_active(rx_buffer[i]);
}

Within the FOR loop, the data available on the USART is read in to the rx_buffer[] array and
at the same time the same data element from the rx_buffer is passed on to the
disp_tag_active() function which in turn converts the received integer data to characters and
displays the active tag message on the LCD. After completing the FOR loop, the program
escapes the second conditional statement goes through the do...while loop again.

The program was carefully debugged and after successful compilation the code was
downloaded on to the PIC 16F877A microcontroller. The program was tested in the testing

stage detailed in the next section of this chapter.

4.4 Testing

The testing phase of the Base Station was conducted in two stages. In the first stage, A radio
tag was connected to the Base station using a wired communication link. However in the
second stage, the wireless communication through RF Frequency was attempted. The details

of both test stages are given below.
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4.4.1 Wired (Serial) Communication Testing

During this stage, the radio tag prototype was connected to the Base Station using a serial
wire connection. As shown in figure 4-8 below, the Tx Pin of the MCU in the Radio Tag was

connected to the RC7 pin in the direct port access pins on the Development board.

naiang

Figure 4-8 Wired Communication Testing Setup with Radio Tag & Base Station

The Radio Tag was powered up by a standard laboratory 5V power supply, whereas the 5V
power supply to the development board was provided by using the USB2.0 cable. After
Powering up both the circuits, the DIP switches on the Radio Tag were altered to specify a
tag serial number and the expected output on the Base Station LCD was observed. Different
combinations of the tag serial numbers were used to ensure correct operation of the software
code. Figure 4-9 below shows the result observed on the LCD screen when the tag number

on the Radio Tag was set to 83.

4

Figure 4-9 Complete Base Station
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4.4.2 Wireless (RF) Communication Testing

After successful completion of wired testing phase, the wireless, RF communication link was
tested. The wireless communication link was attempted by connecting the AM2000 RX
receiver to the EasyPIC4 development board. The complete radio tag (MCU + TX) was
powered up using a standard 5V laboratory power supply. Both the circuits were powered up
and the LCD screen was observed for any signal reception. Figure 4-10shows the setup for
the RF Communication Link Testing.

Figure 4-10 Wireless Comm. testing setup with Tag & Base Station Separate

After multiple testing sessions, RF communication link between the two system components
could not be established. The Radio Tag had already been tested and its correct operation
was already confirmed therefore the Base station circuit was checked for any abnormalities
and wrong connections. The module datasheet was again consulted but no fault could be
identified. The communication link was attempted again and voltage levels on each of the
pins on the AM2000 RX Module were monitored and the waveforms were observed on the
oscilloscope but no significant activity could be identified.

After all unsuccessful attempts, the manufacturers for RX module were contacted to confirm
any known issues with the module. It was then, the manufacturers responded with the fact
that the AM2000 Rx Module does not support USART, the receiver module did not have any
radio software as well and therefore the data received on the module was nothing more than
RF noise and the microcontroller could not detect it. The module is a recommended receiver
for the Micro TX transmitter and the product datasheet Bl does not mention anywhere whether
or not the module supports USART transmission. Therefore, the manufacturer’s word had to
be believed to justify the incompatibility of the Receiver Module.

Due to lack of time, sourcing of a new correct receiver module was not pursued. Although a

new correct receiver module was recommended by the manufacturers, which is discussed in
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the Conclusion chapter of this report. A copy of the email communication between the author
of this report and the module manufacturers has been added in Appendix O for evidence and
reference to the recommended Radio Receiver.

4.5 Summary

During the Base Station development stage of the project plan, a Radio Tag tracking base
station was developed. The Base Station was based on the components installed on the Easy
PIC4 development board, the microcontroller used in the system was a PIC 16F877A
microcontroller. For Receiving RF signals, the AM2000 RX433 Receiver Module

221 \vas used.

manufactured by Low Power Radio Solutions
The circuit was assembled using professional circuit assembly practices, the code for the
microcontroller was also developed using best possible approach towards problem solving.
The Base station was testing in two stages; the wired communication testing stage was
successfully completed, however, the RF communication testing stage could not be
completed due to an absence of USART port in the Receiver Module. Further details about

recommendation on the new receiver module are discussed in the next chapter of this report.
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5. Conclusion

This chapter provides a brief summary on the work carried out during the project, and
discusses the overall outcome of the project. The successful achievement of project
objectives and tasks set at the beginning of the project is also discussed.

This chapter also comments on the efficiency of the overall project management, provides

overview of the final costs of the project according to market point of view.

The last section of this chapter discusses the recommendations on the supplementary work
related to the overall Radio Tag Tracking System and also highlights precautions regarding

certain components and overall project progress.

5.1 Project Outline and Achievements

The main aim of this project was to develop a system which could track the radio tags
associated with the system. The main part of the project was the development of a suitable
radio tag and consequently a base station which could keep track of the base system. As
explained in chapter 1 certain operational criterion was set for both the radio tag and the
tracking system. The criterion for the radio tag included the compact size, battery operation
and RF frequency operation. The criterion for the Base Station required a display, an alarm
system and a suitable RF signal receiver.

The selection of suitable RF Frequency to work on required a careful research, to identify a
low power, licence exempt frequency. The 433 MHz operating frequency was chosen after
consulting the documentation on communication regulation imposed by the local regulation
authority OFCOM.

5.1.1 System Hardware Design and Assembly

The Radio Tag hardware was selected after considering all the operational requirements. A
PIC16F88 microcontroller was used to read in the tag serial number selected using 8 DIP
switches, the miniature Micro Tx transmitter working at AM 433 MHz frequency manufactured
by Low Power Radio Solutions was selected as a suitable RF transmitter. A ¥4 wave antenna
was used for transmitting radio signals from the transmitter. The prototype radio tag was built
in two stages, the MCU circuit was assembled onto a prototyping Vero board and the
Transmitter circuit was developed on a Colander Vero Board which had sufficient ground

plane. The two circuits were then combined using wires. The complete Radio Tag hardware
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and software were tested using different instruments and techniques and a successful radio

transmission was achieved.

The Base Station hardware selection did not require extensive research as most of the
components were already available. The EasyPIC4 development board was used as the base
station backbone, a PIC 16F877A microcontroller was used as the control logic
microcontroller and it was plugged into the board along with the LCD screen. The AM2000
RX433 Receiver module manufactured by Low Power Radio Solutions was selected as a

suitable RF signal receiver.

The hardware assembly for the base station as most of the components were simply plugged
into their sockets on the development board. The AM2000 receiver was mounted into a
socket soldered onto a colander Vero Board. The circuit board also had a suitable ¥ wave

antenna mounted on it for reception of the radio signals.

The hardware and software testing phase of the project was divided into two phases, the
initial base station performance was tested by creating a wired communication link between
the Radio Tag and the Base Station. The Direct Port Access pins on the Development board
were used to connect the Transmit pins of the radio tag to the base station microcontroller.
Successful wired communication link was created after conducting multiple tests at different

times using variable radio tag serial numbers.

During the second testing stage, the wireless RF communication link between the Radio Tag
and the Base Station was attempted. The testing stage was unsuccessful as a Radio
transmission could not be achieved. This was due to the reason that the AM2000 Receiver
did not have any radio software and did not support USART communication and therefore

valid data could not be transferred between the receiver and the microcontroller.

The recommended receiver module was carefully analysed and is discussed in the
recommendations section. Due to lack of time in the project, a replacement receiver was not

purchased and therefore the RF Communication stage of the project is still incomplete.

5.2 Project Time Plan and Costing

The project was managed according to the tasks outlined in the initial time plan created at the
commencement of the project. Throughout the duration of the project, the task deadlines were
adhered to and project tasks were updated upon completion. Some of the tasks suffered
minor delays due to certain academic commitments but overall project progress was

satisfactory.
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The Project Time plan given in Appendix A shows some of the tasks are still in progress. This
is because of the fact that, due to lack of time the Base Station hardware testing phase stage

could not be completed.

Since the radio tag project has certain industrial application potential, the component
expenditure was carefully monitored and all necessary care was taken to reduce the overall
component costs. The School of Electronic, Communication and Electrical Engineering has a
maximum budget allowance of £50. While, the overall component costs were a lot higher from
the allowed budget, the costs were reduced by sourcing the costly EasyPIC4 Development
Board from within the School. This allowed the £50 budget to be spent on purchase of Micro
Tx transmitters and AM2000 Receiver. Some of the spare money after the major component
purchase was used to purchase the antennas and other small but important components. The
table in Appendix B lists the costing and quantities of all the hardware components used
within the project. The table could also be used to rearrange or reduce hardware components

and improve costing in future project work.

5.3 Recommendations for Further Work

Since the entire project objectives were not achieved at the end of the project duration. There
is still a lot of room for further work in the project. A major part of the Radio Tag and base
station development work was completed during the project. Further work could be done in
improving the overall performance of the system hardware and achieve Radio communication

as explained in the following sub-sections.

One recommendation on the further work is to divide the complete project in two sub projects.
The Transmit only Radio Tag and Base Station development part should be allocated as one
sub-project and the Transmit/Receive Tag and Portable Tag Tracker development part should

be allocated as a different sub-project.

5.3.1 Radio Tag

The software code for the Radio Tag is complete and very efficient. The software could be
improved to introduce data encryption to enhance the security aspect of the Radio Tags.
Special attention should be given to improvement of the Tag circuit. The best thing to reduce
the circuit size would be to transfer the complete tag circuit onto a Printed Circuit Board
(PCB). The prototype only works on power supply from standard lab power supply therefore a
battery power supply feature could also be added to the tag prototype. Spare components
(PIC16F88 MCU and 2 x Micro Tx Transmitters) from the current project could be used to

reduce component costs. Tag Circuit on PCB would mean the PCB loop antenna could be
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used for RF transmission, this could further reduce extra costs incurred in external antennas

and would significantly reduce the overall Tag size.

Microchip, the manufacturers of PIC 16F88 microcontroller also manufacture MCU’s with
Built-in RF Transmitters. One such low cost RF microcontroller is XXX, which operates at the
licence exempt frequency of 433MHz. Further research into the operation of this
microcontroller is recommended prior to development of a PCB for the Radio Tag. If the
above said MCU is found feasible for the project application, this could not only reduce the
project costs and size, it could improve the potential for industrial application of this research

project.

To summarize, transfer of Tag circuit to a PCB is strongly recommended, however this should
only be done after exploring the possibility of low cost RF microcontrollers during the

feasibility study stage in the future project.

5.3.2 Base Station

The current Base Station circuit is currently assembled onto an EasyPIC4 Development
Board, which requires that it should always be connected either to a mains power supply or a
computer for operation. Due to selection of a wrong type of receiver module, the RF
communication could not be achieved between the radio tag and the base station. However,

module manufacturer was contacted and a suitable receiver module was identified.

In order to complete the Base Station circuit and the tracking system, the first step should be
to transfer the MCU, LCD and Receiver onto a smaller circuit board, ideally a PCB. The
stand-alone base station could then be powered up using a battery. Extra components
including the alarm siren could be added onto the circuit board. Instead of using a Receiver, a
Transceiver (Transmitter-Receiver), at little added cost, could be attached to the Base Station
which could assist in later stages of the project when handheld tracking station would be

developed.

The recommended receiver is an “EASY-RADIO 433-4MHz Receiver” # (see Appendix O)
manufactured by Low Power Radio Solutions (LPRS). LPRS also manufacture a number of
transceivers which could be used in both the tags and base station. Further research in these
transceivers is recommended for development in the project. The module has only slight cost
difference from the original module and it has features like built-in radio software as well as
USART support.
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APPENDIX B Final Component List

Name Man. Code Distributor Stock Unit Price | Quantity Total
Code Price
EasyPIC4 Development Board microE N/A 1 N/A
Micro Tx LQ-TX433 LPRS 7.22 3 21.66
PIC 16F877A microE N/A 1 N/A
PIC 16F88 Stores N/A 4 0
DIL Switch Rapid 80-0312 0.51 3 2.04
8.0 MHz Crystal Oscillator Rapid 90-0180 0.38 4 1.52
Ya Wave Whip Antenna ANT-433MR | RS 532-4424 6.42 2 12.84
Antenna Connectors RS 616-3422 1.26 3 3.78
Network Resistor Stores N/A 2 N/A
Breadboard Stores N/A 3 N/A
Vero Board Stores N/A 1 N/A
Total 56.30
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APPENDIX C Relevant Part of UK Frequency

Allocation Table for Frequency Use

Frequency Allocation Band with 433 MHz frequency allocation shown.

Region 1 Region 2 Region 3
420 — 430MHz.
FIXED
MOBILE gxce pt asronautical mobils
Radiolocation
5280 5270 52T
430 - 432MHz. 430 - 432MHz
AMATEUR RADIOLOCATION
RADIOLOGATION Amateur
5271 5272 5271 5EZ76 5277 5278 5278
5273 5274 5275
5276
432 — 43BMHz 432 — 43BMHz
AMATEUR RADIOLOCATION
RADIOLOCATION Amataur
Earth exploration-satellite Earth exploration-satgllite (active) 52704
(aciiva) 5.279A 5271 5276 5217 /5278 5270 5281 5282
5138 5271 5272
5276 5277 5280
) 5.282
438 — 440MHz 438 — 440MHz
AMATEUR RADIOLOCATION
RADIOLOCATION Amateur
5271 5273 5274 5275 5271 5276 5.277 5278 5270
5276 5277 5283
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APPENDIX D Relevant Part of UK Frequency

Allocation Table for Radiated Power

Radiated Power Allowed in 433MHz Band

Code Frequencies or Frequency Band Radiated level
1. Non-specific SRDs including Telemetry and Telecommand
1a BT65-6T95 kHe 42 dByA/m @10 m
1B 13553-13567 kHz 42 dByA/m @10 m
1e 26-067-27-283 MHz 42 dByA/m @10 m
1d 40-66-40-7T MH=z 10 mivy
1f AAFTE43470 MR~ WM~
1f1 ( 433054379 MHz ) 1mW
112 435
1a BE3-B70 MHz 25 mW
1g1 B58-B68-6 MHz 25 mwW
102 BEET-BE9-2 MHz 25 mW
193 250-4-869-65 MHz 500 miwW
104 BES-T-B70-0 MHz 5mW
1h 2400-0-2483-5 MHz 10 mvw
i 57255875 MHz 25 mW sirp
1j 24-00-24-25 GHz 100 mW.
Devices oparating in 24-05-
24-15 GHz must employ a
2 MHz/mS minimum swaep rate
1k B1-61.5GHz 100 mw
2. Tracking, Tracing and Data Acquisition.
2a 457 kHz 7 dBuA/m i@ 10 m
2b 169-400-160-475 MHz 500 miwW
2c 169-400-160-475 MHz 500 mW
Mota: 2b for Mater Reading, 2c for Assat Tracking and tracing.
3. Wideband Data Transmigsion Systems
3a 2400-0-2483-5 MHz 100 W girp
3b 5150-5250 MHz 200 mW airp
3c 5250-5350 MHz 200 miW girp
ad 5470-5725 MHz W aip
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Datasheet

PIC16F87/88

MICROCHIP

15/20/258-Pin Enhanced Flash MCTUs with nanoWatt Technology

Low-Power Features:
= PowerManaged modes:
- Prmary Run: RC osdliatorn, 75 pA, 1 Mz, 2V
- RC_RUM: 7 A, 31.25 kHZ, 2V
- SEC_RUM: 9 p&, 32 kbHz, 2V
- Sheep 0.1 pA, 2V
» Timari oecllaor 1.9 pa, 32 kHz, 2V
= Watchdog Timer: 2.2 p&, 2V

ARG Ps — [ 4 g 8 [T —= RARCSCatLSS
. Two-Sresd —
Twa-Spesd Ceclalor Start-up S I.;‘-E B
i 3 y .
Oscillators: FRMNTOEI an (6 g 13T - FEUANETGL

+ Three Crystal modes
- LR XT, H5: up to 20 MHz
= Two Extzmal RC mo=des
= {ne Ewlernal Clock mada:
- [ECHD: up to 20 MHz
= |nbamal osciiEtor biock
- & user sslaciable fraquencles: 31 kHz,
125 kHz, 250 kHz, 500 kHZ 1 MEZ, 2 MEz,
£ Mz, 3 MHz

Peripheral Features:

= Capture, Compare, WK (CCR) module:

- Capture Is 16-bit, max. resolution s 12.5ns

- Compare ks 16-bit, max resakution ks 200 N6

- FV s resciubion 1s 10-bit

10-bit, 7-charnel Analog-to-Dighial Convertar

= Synchronous Serial Port (53F) wkh 321™

[Master'Siave) and 20 [ Slave)

Andressable Universal Synchranous

AByNCchronous Receher Transmitter

[ALSARTIZC) win S-bil address detecian:

- RS-J32 operation using imtemal ascllator
«ra external crystal required)

Cual Aralag Comparator module

- Pragrammakie on-chip voiiage reference

- Programmabie input multiplexing fom device
niputs and internal vokage reference

- Comparaior oulputs are extemally accessiole

Pin Diagram

1&-Pin PDIP, 504C

RABEMNTER ]
WEEE

HAMAN 3V EFai .
cicur 02

AEUSIVENS e ]

AEFSLGRLTT ==&

Eaemuec ™ Mo

VT[] = HALAND

B[] =— R s L

9 SRS
T e Gt 1K

1T = FEAEETREK

10T = FEASCRETL

= B[] - A

Kazlw 1 Tha CCM pi=s B dalieised by 15e CCPHX EL S
Comguieen veord 1 et

Special Micrecontroller Features:

= 100,000 erasamyrile cydes Enhanced Flash
program memary typical

1.000.000 typlcal essafartie cycles EEPROM
data memary typlcal

EERROM Dala Retention: = 40 years
Ir-Chrcult Serial Programming™ (ICSF™)

via two ping

Processor readiwrite access to program memiany
Low-Woltage Programming

Ir-Circult Debugging via tao pins

Extended Watzhaog Timar (WOT):

- Programmable perod from 1 me to 2635
Wiloe operating wollage range: 2.0V to 5.5V

Frogram Kemany Data Mamory
we | 1ot | oo N Timears
Devioe | pacn | singieword | 2Ram [E=FROM| ping | aim jom | iry [2UBART| Comparators | B3P |y
ibytas) | Imeinschione | (owiesd | (Dyiss)
FICiEFET | T1EB a03E B == 1w | e 1 ¥ E ¥ T
FIC1EFES | 7188 4038 £ e (B 1 1 ¥ E ¥ 3

& 2005 Microchlp Technology Inc.
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PIC16F87/88

1.0 DEVICE OVERVIEW

This document contsing device Epeciic Informiatian for
the operation of te PICTEFET/SE devices. AddRonal
Informasion may be found i the “FICmicrs® Mid-Fangs
MCU Famiy Referance ManuaP [DE33023) which may
be downloaded from the Microchip web ke This
Refzrance Wanual should be consklersd 3 I.'F:ll'l'plE
mentary cocument bo this data shest and ks nighly
recommeanded rea-:lr'gﬂ:r @ betler LI'ﬂErE'.EI'I[’Hg al the
gevice archiiecturs and operafon of the perphersl
midulzE.

The PIC16FE7/38 belongs 1o the Mid-Range family of
the FICmicro™ dewices. Block diagrams of the devices
are shoam I Figurs 1-1 and Figure 1-2. These devicss
canialn features that are new to the PIC16 product line:

» Low-power modes: RC_RUN aliows e cane and
peripherals i be clocked fram fhe INTRC., whle
SEC_RUM alows the core and peripherals fo be
clocked from the low-power Timeri. Refer o
Section 4.7 “Power-Managed Modes™ for
Turther detals.

Intzmal RC oscllator with eight s2leclabie
Treguencles, Induding 31.25 KHz, 125 kHz,

250 kHz, 500 kHz, 1 MHzZ, 2 MHZ, 4 MHz and

8 MHEzZ. The INTRC can be configured 36 3
primary or secondary clock sounce. Refler io
Section 4.5 “Intarnal Cecillator Block™ Tor
further detals.

The Timer] module curent corsumplian has
besn greally reduced from 20 phA (previous PIC1E
dewices) 1o 1.8 wA typical (32 KHz 3t 2V, which |s
Keal for real-iime clock applicalions. Referto
Section 7.0 “Timar1 Module™ far furiner delalls.
Extended \Walchdog Timer (WOT) thal can have a
programmiable period from 1 me bo 2635, The
WOT has Its oan 16-bit pregcaler. Refer to
section 15.12 “Watchdog Timer (WOT)" for
further detals.

Two-Spesd Sart-up: When the cecliator s
condgured for LR, XT or HS Oscllator mode, this
Teature wil clock the device from the INTRC while
thie asciiator ks warming up. This, in tum, will
enable aimost iImmediate coge execution. Refer
o Section 15123 “Two-Spaed Clock Start-up
Muods*™ fior furiher detalls.

Fal-Safe Chock Monitar: This feature will alkow the
desice i continue oparation I the primary or
52COndary clack source falis by Ewiching over o
the INTR.C.

The AD module has & new register far PIC1E
desices namead ANSEL. This register aliows
easler comfiguralon of anaiog ar dightal 11D pins.

Ramiz Ahmed / Radio Tag for Item Tracking

TABLE1-1:  AVAILABLE MEMORY IN
PIC16F87/88 DEVICES

Program Data Data

Davice Flash | Mamory | EEPROM

PICIEFETES| dWxid 3BIx3 255 % E

Thiere are 16 11D pins that are vser configurable on 3
pir-ta-pin bagks. Some pirs ar2 muitpieses with ainer
device funclions. These funclions Inchuge:

Extermal Intarmupt

Change an PORTE Imemupt

Timem Chock Input

Low-Power Timer! ClockiCsclliator

+ Captura/ComparsiPWK

10-bit, 7-channel A'D Converter (PICT1EFES only)
SPI™IFC™

» Two Analog Comparators

* AUSART

+ WICLR (RAS) can be configured 2 an Input

Table 1-2 deldls the pinout of the devices wEn
desiptions and detalls Tor each pin.
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PIC16F87/88

18.0 ELECTRICAL CHARACTERISTICS

Abscolute Maximum Ratings §

BT h e il = = | L P L P e (= L ol o
Slorage temparature oo 65" C 0 +150°C
woltage on amy pin witn respact to Vs (exsspt Voo and CLR) .. 0.3 10 (VDo + 0.2Y)
WioHEgE 0N VDD W PEEPRCE I WES e e 0.3 1o 2759
vioitage on TACTE wiin respact to Ves (Mote 2) . 0.3 10 +14V
Total power dlssipation (Note 1)
Kaximurn cument out of Vas |:‘|l‘
aximum cumant inte Voo pin

Input ciamp cument, i (¥ = 0 or W = Vo) =20 mA
Cutput clamp current, low (o < 0 of Wo = Voo) =20 mA
RAZXITILM CUEEUE SUPTENE SLIK B A B0 I oo ereeeereeene s 25 TR

haximum output curment sourced by any 10 pin -
haximum curment sunk by PORTA...
Kaximum cument sourced by PORTA_
Faximum cumant sunk by PORTE...
hasimumm cument sourced by PORTS .

Mofe 1: Power dissipation |6 calculated as follows: Pdis = Voo & {lob— £ los + E {{VDD — Vo) ¥ kos} + S{VoL X loL)

2 oRage splkes & the WOLR pin may cause lalh-up. & series reslslor of greater thar 1 K should be used
12 pull WZLR o Ve, ratner than tying the pin direcily 2 Voo,

+ NOTICE: Siresses above iose [Eked under “AbGolUlE Mammum Ralngs’ may cause permanant damage o me
device. This |5 3 sirees rating only and functional oparation of ihe device at those or any ofner conditions above tose
indicated In the operation IS3ngs of this sp2ciication |5 Nat Impled. EXposUre to maximum ratng condkians for
axtended periods may aflect device rellabily

& 2005 Micrachls Tachnology Inc DS3METCpage 163
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APPENDIX F Relevant Information from EasyPIC4

Development Board User Manual

MCU Sockets

The development board has DIP40, DIP28, DIP20, DIP18, DIP14 and DIP8 sockets.

PIC 16F88 used in this project has an 18 Pin packaging body, therefore it was placed into the
DIP18 MCU Socket prior to being programmed. All the peripheral devices have parallel
connections to the MCU Sockets therefore only one microcontroller was connected to the

board at any time .

Power Supply

The EasyPIC4 development board has multiple power supply options. It could either be
powered up using an external AC or DC voltage supply between 8V and 16V, or it could be
powered up using the USB cable connected to a USB port of a computer. The external AC or
DC power supply is regulated to a +5V DC supply using an LM7805 voltage regulator
installed on the development board. The power supply type is selectable using a jumper JP1.
Since the development board had to be connected to a computer for the Microcontrollers to
be programmed, the USB was selected as the primary power source and the jumper JP1 was

set into its appropriate position.

On-Board USB 2.0 Programmer

The EasyPIC4 development board has a very fast on-board USB2.0 programmer which
eliminated the use of specialist programming hardware to be used for programming PIC
Microcontrollers. The on-board programmer also resets the MCU after programming it which
proved useful during the project as there was no need to reset the MCU. The on-board
programmer also proved very useful during the software development and testing phase of
the project as microcontrollers could be programmed and tested with newer versions of
software code very easily and efficiently whilst plugged into the development board.

Oscillators

The development board has two different oscillators to work with the large number of MCU
sockets on the board. Each oscillator was connected to a separate range of MCU sockets.
The DIP18 socket has a connection with OSC1 which is an 8 MHz crystal oscillator (supplied
with the development board). The oscillator provides the clock signal to the microprocessor

while it is plugged in the development board for programming or normal operation.
Push Button Switches & LED’s

The EasyPIC4 development board has 36 push buttons, which can be used to change states

of digital inputs to the microcontroller’s ports. The board also has 36 Light Emitting Diodes
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(LED’s) which serve the purpose of displaying the pin’s digital state. The switches and LED’s
are connected to the microcontroller's PORTA, PORTB, PORTC, PORTD and PORTE. The
groups of LED’s for the ports could be enabled/disabled using the DIP switch SW2. The
switches could be setup to provide either a 5V or GND (logical 1 or logical O respectively)
supply to the microcontroller’s ports by setting the jumper JP17 to its right position. There is
also a RESET push button switch next to JP17 that can be used to RESET the
microcontroller. The Push Button Switches and LED’s proved very useful during the software
testing phase of the project as it was very easy to check or change the state of the

microcontroller pins by just checking the LED’s and Switches respectively.

LCD 2 x 16 in 4-bit Mode

A 2 x16 LCD could be attached to the EasyPIC4 development board on the LCD pins in the
left hand side of the board. The LCD could display two lines of 16 alphanumeric characters,
each made up of 5x8 pixels. The LCD was used as data visualization component when the
development board was being used as part of the Base Station phase of the project. The

Base Station is explained in the later chapters of this report.

RS-232 Communication

RS 232 communication is generally used in point to point data transfer. The EasyPIC4
development board has a RS-232 communication port and a MAX232 voltage converted built
into it for voltage conversion. The RS232 port can be used to enable serial data
communication microcontroller and a PC. In order to enable RS232 communication a jumper
was placed at RC7 for RX line in Jumper Group 7 and a jumper was placed at RB5 for TX in
Jumper Group 8. The RS232 communication was very useful during the software testing
phase of the project as the board was connected to a PC and the output from the
microcontroller was observed at the computer using the hyper terminal window in MikroC

programming software.

Direct Port Access

All microcontrollers’ input/output pins can be accessed via 10 pin connectors on the right
hand side of the EasyPIC4 development board. There are 5 different 10 pin connectors for
each of the PORTSA - E of PIC microcontrollers. Each of the 10 pin connectors have two pins
for VCC and GND respectively which could be used to power up peripherals connected to the
microcontroller. The direct port access option was used during the base station development
phase of the project as the RF receiver module was connected to the microcontroller using
the PORTC 10-pin set. Further details of the base station are available in the relevant
chapters in this report.

All of the information about the different components of the EasyPIC4 development board has
been extracted after referring to its user manual B which could be consulted for further

information.
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APPENDIX G Relevant Pages from Micro Tx

Transmitter Module Datasheet

LPRS Data Sheet Micro Tx Transmitter Module

The Micro TX is a Type Approved AM radio transmitter module operating at UHF freguencies. It is compatible
with both low cost super-regenerative and AM superhet receivers. By providing excellent RF performance in a
Type Approved module, the Micro TX minimises design costs and delays. The sub-miniature two-pin package
ensures that the module can be fitted into any convenient space on the users board. This makes it ideally
suited to keyfob designs, where space is often limited due fo the demand for ever more compact designs.

The unigue design (FPatent Pending) of this module allows operation on any supply voltage between 2.5 and
13V, simply by changing one external resistor. Users reguiring high performance from a compact fransmitter
will appraciate the efficient operation of the module when dving a tuned loop or short whip antenna. Up to 6
dBm radiated powsr can be achieved with a 30 mm whip, just over half the length of the usual 1/4 wave
antenna. It is compatible with most encoding ICs operating from 3V to 12V,

Features Applications

Type Approved to MPT 1340 Low cost key-fob designs
Ultra-compact two pin package Car alarm “blippers”
Wide supply voltage 251013 W Garage door openers

Lighting controls

Package Dimensions

. . =\e
7.0mm .
e

E.5mm

Technical Specification

Ambient Temperature 20°C
Parameter Min Typical Max Units
Frequency {(UK) 417925 415.000 418.075 MHz
Frequency [Europe) 433845 433520 433.995 MHz
Modulz voltage 22 30 Volts
Supply voltage (RD = 100 chms ) 25 EX:] Yolts
Supply voltage (RD = 2200 chms) EE] 131 Volts
Input currant {mark ) 30 46 maA
Input current (space ) 0mA
Effective Radiated Power (ERP) -5dBm
Maximum baud rate 1200 bps
Range (with suitable receiver ) 100 Meires
Dimensions BExTOx42 =/-10% mm
Pin Pitch 5.08 mm
Operating temperature -10 +40 deg. C
Storage Temperature -40 +35 deg. C
Patent Pending

MicroTx.doc Issue 1.5 Sep-88 PN oo © The Quantsiec Group Page 1of 1
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LPRS Data Sheet Micro Tx Transmitter Module

Fig.1 Application Circuits
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Fig.2 Typical Tuned Loop Transmitter PCB Layout

Tuning Capacitor

Ground Plans

Encoding Circuits

Notes

The Transmitter module should ideally he placed over the ground plane as shown. The loop aerial should be
completely clear of the ground plane and all other components. Do not place other components within the
loop area.

For operation at low voltages (=3V) a2 100uH RF choke should be placed in series with Rd. This minimises RF
energy being absorbed by low impedance drive circuitry.

A wvariable tuning capacitor is preferable to one, or two fixed capacitors in series, if maximum ouiput power is
required for all production transmitiers. This allows for varous tolerances in the device.

MicroTa.doc lssue 1.5 Sep-98 PN mooc @ The Quantzec Group Page 3of 2
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APPENDIX H Radio Tag Circuit Schematic
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APPENDIX | Radio Tag Software Code & Data Flow

Diagram

/*******************************************************************************
Radio Tag For Item Tracking

Transmitter Side Code V2

Name: Ramiz Ahmed (DSCE 4)

Supervisor: Mohammed Jamro

BEng Digital Systems & Computer Engineering
*******************************************************************************/
float dt;

float t;

unsigned char TagNo = O;

/*N*N*N*N*N*N*N*N*N*N*NN*N*N*N*N*N Main Program *N*N*N*N*N*N*NN*N*N*N*N*N*N*N*/

void main () {

ANSEL = 0x00;
INTCON = 0x00;

PORTA=0x00; // Initialize Port A at Logical Zero

PORTB=0x00; // Initialize Port B at Logical Zero

TRISA = 0b00001111; // Initialize Port AO-A3 as Inputs/A4-A7 as Ouputs
TRISB = 0b00001111; // Initialize Port BO-B3 as Inputs/B4-B7 as Ouputs
USART init (1200); // USART intiliazed @ Baud Rate of MicroTx (1200 bps)
dt = 500;

t = dt/2 + (rand()%100);// Mod of a Random Number to Create a Variable Delay
//delay ms (1000) ;

while (1)

{

TagNo = (PORTB << 4) | (PORTA & 0x0f); // BitMasking PortA & B Store in TAgNO
if (TagNo > 0) // Condition - TagNo=0 Not Transmitted

{

USART Write (TagNo) ; // Put TagNo on RB5 (Tx) Pin through USART

vdelay ms(t); // USe the variable delay as delay in transmission

}
}
}

Data Flow Diagram

Power On

Initialise Ports

l

Initialise USART

Read DIP
Switches
for Tag No.

Convert Tag No
from Binary to o
Decimal

4‘%&!”»

Yes

Write Tag No on
USART (TX) Port

l

Variable Delay
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APPENDIX J Radio Tag Testing Results
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APPENDIX K Base Station Software Code and Data
Flow Chart

/*******************************************************************************

* Radio Tag For Item Tracking *
* (Base Station Code) *
ER R R R R I R S b I b I I R I b R I b b E b I R E I h I h E b b b E b b b E I I I E E b b b b b b b b b b b b
* Filename: Tag Rx.c *
* Date: 04/03/09

* File Version: 3.0

* Compiler: MikroC Compiler

*

* Course: (BEng) Digital Systems & Computer Engineering

*
*
*
Programmer: Ramiz AHmed *
*
R R R R R I I I I I I b I h b b b b E I b bk Variables ****************************************/

//char *text0 = "Tag ";
//char *textl = "Tracker";
//char *text2 = "Active";
//char *text3 = "Tag";
//char *textd4 = "Missing";

#define buffer length 35

int rx buffer[buffer length];
int tag lookup([3][2];

int column = 0;
int row = 0;
char tag temp[4];
int g;

int i;

int j;

int tag array [3][2] ={{1,0}, {2,0}, {3,0}};

/*************************** Functions ****************************************/

void pic_setup(); // Initialise Port & USART Values for PIC
void welcome msg(); // Displays a Welcome Message on Power Up
void scan msg(); // Displays Message Before Scanning for Tags
void no_tag(); // Displays Message if No Active Tags

void clear buffer(); // Clear the Receive Buffer

void ser rx(void); // Receive the Data from the Receive Port
void disp tag_active(int number); // Display What Tags are active
void disp tag missing() ; // Display if a Tag Goes Missing

/*******************************************************************************

Define Functions
*******************************************************************************/
void pic_setup ()

{
Usart_init(1200); //Initialise Usart @ 1200 Baudrate, 8 Bit, No Parity Bit
TRISB.F7 = 0;
Portb.F7 = 0;
TRISD = 0x00;
Lced_init (&PortD);
clear buffer();
}
/*************************** Clear Buffer **********************************/
void clear buffer()
{
for (g=0;g<= buffer length; g++)
{ rx buffer[g] = 0; }
}

/*************************** Welcome Message **********************************/
void welcome msg ()

{

Lcd Cmd (Led CLEAR) ;

Lcd Cmd (Led CURSOR OFF) ;

Lcd out(l,1,"Univ of Herts");

Led out(2,1,"Tag Tracker"); // 2 x 16 LCD
//Led_out (1l,1,"Tag Trac"); // 1 x 16 LCD
//Lced_out (2,1, "ker"); // 1 x 16 LCD
delay ms(1000) ;

}

/**************************** Tag Scan Message ********************************/
void scan msg()

{
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Lcd Cmd (Led CLEAR) ;

Led out(1l,1,"Scanning For Tag");
delay ms (500);

}

/**************************** NO Tag Message **********************************/
void no_tag()

{

Lcd Cmd (Led CLEAR) ;

Led out(1l,1,"No Active Tags");
delay ms(500);

}

/**************************** Tag Active Message ******************************/
void disp tag_active(int number)
{

Lcd Cmd (Led CLEAR) ;

Lcd Cmd (Led CURSOR OFF) ;
byteToStr (number, tag temp) ;

// First Tag Line

Lcd out (1,1, "Tag");
Lcd_out (1,4, tag_temp);

Led out (1,9, "Active");
delay ms (100);

// Second Tag Line

}

/*************************** Tag MiSSing MeSSage *****************************/
void disp tag missing()

{

Lcd_Cmd (Led CLEAR) ;

Lcd_Cmd (Led CURSOR_OFF) ;

Lcd out (1,1, "Tag");
Lcd_out (1,5, tag_temp) ;
Lced_out (1,9, "Active");
// Second Tag Line

}

/******************************************************************************/

void main () {
//ANSEL = 0x00;

pic_setup();
welcome msg();
scan_msg () ;

do{

while (!Usart data ready()) // If no Data on USART - Display No Tags & Sound Alarm
{

no_tag();

portb.f7 = 1;

lcd cmd(lcd clear);

clear buffer();

}

if (USART Data Ready()) // Keep looping until no more chars
{

Portb.F7 = 0;

for (i=0;1i<1;i++)

{

rx buffer[i] = USART Read(); // put char in element & then increment index
disp_tag_active(rx buffer[i]);

}
}

twhile (1) ;
}
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Receiver Basic Data Flow Chart
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APPENDIX L Colander Vero Board
Prototyping boards
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APPENDIX M Relevant Pages from PIC 16F877A

Datasheet

MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

+ PIC1BFET3A
» PIC1BFET4A

« PIC1GFETOA
~ PIC1BFBTTA

High-Performance RISC CPU:

= Oy 35 single-word instructions to leam

= All single-zycle instructions except for program
oranches, which are two-cycle

= Operating speed: DC — 20 MHz clock input

OC — 200 ns instruction cycle

» Upto 8K x 14 words of Flash Program Memory,
Up to 388 = & bytes of Data Memaory (RAM),
Up to 258 x 8 bytes of EEPROM Data Memory

= Pinout compatible te other 28-pin or 40/44pin
PIC18CKXX and FIC18FX XX micrecontrollers

Peripheral Features:

= TimerDd: 8-bit timericounter with 8-bit prescaler

= Timeri: 18-bit imer/counter with prescaler,
can be incrementad during Sleep via external
crystaliclock

= Timer2: 8-bit imericounter with 8-bit pericd
register, prescaler and postscaler

= Two Capiure, Compare, PWM modules
- Capture is 15-bit, max. resclution is 12.5 ns
- Compare is 18-bit, max. resolution is 200 n=
- PWM max. resolution is 10-bit

» Synchronous Seral Port (S5P) with SFI™
{Maszter mode) and |2 {MasterSlave)

= Universal Synchronous Asynchronous Receiver
Transmitter (USART/SC) with 8-bit address
detection

» Parallel Slave Port (P5FP) — & bits wide with
external RD, WR and C5 controls {40/44-pin anly)

» Brown-out detection circuitry for
Brown-out Reset (BOR)

Analog Features:
= 10-bit. up o S-channel Anzlog-to-Digita
Converter (AD)
= Brown-ocut Resst (BOR)
» Analog Comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference
[WREF) module
- Programmable input multiplexing from device
inputs and internal voltage reference
- Comparator outputs are extemally accessible

Special Microcontroller Features:

= 100,000 srasefwrite cycle Enhanced Flash
program memaory typica

1.000.000 erasefwrite cycle Data EEFROM
memory typical

Dats EEPROM Retenticn = 40 years
Selfreprogrammable under software control

In-Circuit Serial Programming™ (ICSP™)

wia two pins

= Single-supply 5V In-Circuit Serial Programming

= Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable cperation

= Programmable cods protection

= Power saving Sleep mode

Selectablz oscillater options
= In-Circuit Debug (ICD) via two pins

CMOS Technology:

= Low-power, high-speed Flash/EEPROM
technology

= Fully static design

= Wide operating voltage range (2.0V to 5.5V

= Commerzial and Industrial temperature ranges

» Low-power consumpiion

Program Memaory Data EEPROM it | cop MS55F -
. -0 Imers
Devies | ptes # Single Worg Byteny| (Eytes) | 1O |AD teni| iewh | g Master USART | gy1g.pit | ComPparators
FICTGFETaA] T2k | 4008 T | 128 |22 5 | 2 [Ves] ves | Ves [ 2 3
PICIGFET4A| 72K | 4008 182 | 128 [32| 8 | 2 |[Ves| Yes | ves | 2 2
FICIGFETAA| 143K 8102 | 228 | 2m8 |22 | & | 2 |ves| Yes | Yes | 2 2
FICIGFETTA| 14.3K| 8102 | 328 | 288 | 33| & | 2 |Ves| Yes | ves | 21 2

@ 2003 Microchip Technology Inc.

Ramiz Ahmed / Radio Tag for Iltem Tracking

05355328 -page 1

72



School of Electronic, Communication and Electrical Engineering BEng Final Year Project Report

PIC16F87XA

17.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings {

Ambient temperature Uder Dias . . e e n e -85 fo +125°C
B Tt T T = = ] = OSSO RS -35°C to +150°C
Voltage on any pin with respect fo V55 (except VOO, MELR. and RAS) e -0.3V to (VDD + 0.3V)
Woltage on VoD with respect 10 VS e e -0.3 fo +7.5%
Voltage on MCLR with respect 10 WSS (NOER 2) oo Oto+14v
Woltage on RAS with respect to Vas 0 to +8.5W

Total power dissipation (Mote 1)

Maximum current out of WSS pin

Maximum current into VDD pin .

Input clamp current, 1K (W1 <0 ar W= VDD i s s s s s e £ S0 A
Qutput clamp current, 10K (W2 < 0 0r W0 2 WDD) i s s s s s ssssss s s s £ 20 A
Maximum ocutput curment SRk By @y 0 Bim e e 25 ma
Maximum cutput current sourced By @ny D B e e 25 ma
Maximum current sunk by PORTA, PORTE and PORTE {combined) (Mote 3) e 200 ma
Maximum current sourced by PORTA, PORTE and PORTE (combined) (Note 3).. e 200 ma
Maximum current sunk by PORTC and PORTD {combined) (Note 3) e 200 ma
Maximum current sourced by PORTC and PORTD {combined) (Mote 3) e 200 ma

Maote 1: Power dissipation is calculated as follows: Pdis = Voo » {loD - Z lod} + T {{(VDD - WVoH) 2 1oH} + Z0Vol = lol)

2: Voliage spikes below V52 at the MCLR pin, induging currents greater than 280 ma&, may cause latch-up.
Thus, a series resistor of 50-1004 should be used when applying a “low” level to the MCLR pin rather than
pulling this pin dirgetly to Was.

3: PORTD and PORTE are not implemented on PIC18F873AMATEA devices.

T MOTICE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and funciional operation of the device at those or any other conditions above those
indicated in the cperation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

@ 2003 Microchip Technaology Inc. D5385328-page 172
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APPENDIX N Relevant Pages from AM2000 RX 433

Receiver Module

LPRS Data Sheet AM2000 Series Receiver Module

Thizs AM superhet receiver provides greafly improved sensitivity and
rejection of out of band signals over super regenerative receivers. It is
ideal for upgrading car alarm, domestic alarm or other low cost
applications that reguire improved range and more congistent operation.
Low radiated emissions ensure compliance with EMC requirements. The
receiver operates from a single 5V supply and is pin compatible with
many industry standard devices. It iz available for operation on £18MHz,
433MHz and B65MHz.

Features Applications

SAW based Front End Filter for selectivity Car alarm receivers
Crystal controlled synthesiser Domestic alarm receivers
Shutdown Input and wakeup oufput zarage door openers
Duty eycle power saving possible Pager receivers

Small size PCB Mounting, Single-in-Line (SIL) style

| Adimm |

RF Amp SAW Filer Dsta Slicer ik a W %

Mis Weo  Data
Gnd Shutdown NC

Block Diagram Mechanical Detail
Notes |_Pin__ Function |
= Gnd and RF Gnd must be connected to 0V earth plane on the mother 1 RF Gnd
board. 2 RF In
+ NC Pins are Mo elecirical Connection 9 A
«  The shutdown pin must be pulled down to Gnd o enable the module. i Gnd
11 Vo
12 Shutdown
13 Data Out
Application 14 NC

The AMZ000 series receiver is simple to apply, reguiring only a “clean” DC supply of 5 Volts, an antenna and
a suitable device for decoding the incoming digital data. The ground pins should be connected to a
substantial copper area that will act as a “ground plane”. The receiver and its antenna must be kept well away
from any circuitry that may generate harmeonice that could extend into the UHF region. Even a simple crystal
oscillator on a microprocessor clock can do this 1| Particularly troublesome  are externally bussed
microprocessors and switched mode power supplies that can radiate significant energy into the ether. Good
EMC practice (and testing) will reduce thiz likelihood which will generally manifest itzelf as reduced rangs or
lack of zenszitivity.

Antenna

All transmitters and receivers reguire antennas in order to work efficiently, the AMZ000 recewver iz no
excepfion to this law of physics | & % wave whip antenna (approximately 16cm) will provide the best
performance. It should be mounted in “free space” and well away from any conductive objects or surfaces.

AM2000 Issue 1.3 Dec-03 FPage 1 af4
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LPRS Data Sheet AM2000 Series Receiver Module
A lute Maxi Rati
Supply Voltage Ve, Pin 11 0.3 to +5.25 Volts
Operating Temperature 0° C to +70° C (Commercial)
Storage temperature -10° C to +85° C

Performance Data Supply +5.0 Valt = 5%, Temperature 207 C

Parameter Min Typical Max Units Notes
Supply Voltage 475 5.0 525 Volts
Receive frequency (fo) 418.00 MHz UK only
Receive frequency (fo) 43392 MHz UK & Eurcpe
Receive frequency (fo) 868.250 MHz UK & Eurcpe
Sensitivity for 6dB SN -103 dBm 4180433 MHz Mersion
Sensitivity for 6dB S/N 40 dBEm 865 MHz version
RF Pass Band TEA kHz Mote 1
LF Pass Band 50 Hz 1.25 25 kHz Mate 2
Supply Current 5} ma Mote 3
Shutdown Current 25 ud To'be characterised
Data output {logic 0) 0 0.5 Volts 50k load

{logic 1) 45 Volts 50k load
Size 40 % 15.4 mm

Notes

1. Alow noise amplifier (LNA) and SAW filter provide addiional RE selectivity.
2. The bandwidth selectors are by default gst to SELD low and SELT Low.
3. The shutdown pin must be pulled down fo Gnd to enable the module.

MB: The module is fitted with an internal 10K pull down resistor to ensure that if the Shutdown
pin is left ‘floating' the module will be enabled. This has the undesirable effect of increasing
the shutdown current by 500uf when it iz pulled up to the positive supply ! This resistor
should therefore be removed from the board if the shutdown facility is being utilised. Modules
can be supplied without this resistor fitted by special request.

E. idth Selscti

The bandwidth of the demodulator can be configured by ‘solder blob® PCE pads on the track side of the PCB.
(See Mechanical drawing for location) .During manufacture these jumpers are set to SELD Low (0) and SEL1
Low (0).

SELD SEL1 Bandwidth kHz
0 0 1.25
1 0 2.5
0 1 5
1 1 10

Users should configure theze jumpers to reflect the data rate being used for enceding/decoding.

Shutdown Input

The “shutdown’ input can be uszed to reduce system power consumption by ‘duty cycling' the receiver for
cower critical applications such as battery powered pager receivers.. An internal pull-up resistor is provided on
the module and this pin should normally be pulled down to ground to enable the module.
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APPENDIX O Email Correspondence with LPRS about
AM2000 Receiver Module

P+] Google Mail - re: Contact.. %/ [%] Google Mail - re: Contact... °

C | N | hitp/

mail.google.com/mail/h/qf2nmzeh8sl/7v=pt&th=1205d3 » O~ &~

re: Contact from Low Power Radio Solutions:

3 messages

m

Richard Hathaway <richard.hathaway@lprs.co.uk= Wed, Mar 25, 2009 at 12:32 PM —
To: Ramiz Ahmed <ramiz.ahmed@gmail com:

Dear Ramiz

| have attached several data sheets on evaluation kits will will help you with circuits etc. Please let me know
how you get on.

Best regards

Richard Hathaway
Product Manager

= Hello,

i recently bought your Low cost AM MicroTx and AM2000 433 Rx. | have had a look at the data sheets and
figured out a way to fix the transmitter into my RF circuits.

i have been trying to get the receiver to work with a PIC 16F88 MCU but it doesnt seem to be receiving anything.
Could you please forward me any detailed information on typical application circuits for the AM2000 RX, or do
you have any known issues with the Receivers comptability with PIC MCLU's. (i have followed the installation
instructions in the data sheet but that doesnt seem to help alot. there are discrepancies in the actual circuit and
the mecahnical drawing in the datasheet as well.

waiting anxiously for your reply
Ramiz Ahmed -

[+] Google Mail - re: Contact.. */ [%] Google Mail - re: Contact..,
C ||| 7% hit

Richard Hathaway <richard.hathaway@Iprs.co.uk> Tue, Mar 31, 2009 at 4:48 PM
To: Ramiz Ahmed <ramiz.ahmed@gmail_.com=

‘mail.google.com/mail/h/qf2nrxzeh8sl/7v=pt&th=1205d3 » [~ &~

-~

Dear Ramiz

Thank you for your email. The AM2000 does not have a UART and therefore cannot be connected to your
USART PIC. All that comes out of the receiver is RF noise as it is a raw data module. Mo packeting has been
done for the data. If you need a module that does have a UART feature then our Easy-Radio ER400TS and RS
modules would be ideal.

Please look at our website at:-

Best regards

Richard

m

> =div=Hello Richard, </div=

<div> </div= &
=div=Thankyou very much for your kind reply and the datasheets. i have had a look at them and compared the

circuit diagrams with mine. the connections between the AM2000 Rx and my PIC Microcontroller are absolutely
correct. i have used circuit board with ample ground plane to ensure its properly grounded but the module isnt

working properly. | am trying to recieve data through USART port on my PIC MCU. i checked the voltages at the

pins on the RF module and the Data Out pin only had 2 volts on it. is this the voltage that pin operates on?

because the data sheet doesnt say anything about the votages at pins. the PIC MCU works on 4-5 volts (takes

it as valid logical input). Do you think this could be one of the reasons i1 am not receiving anything at the MCU?

could you please check if you have any information about this issue about this MCU_</div=

<div> </div=
<div=could you also please confirm if the AM2000 Rx module is DC coupled?</div=
<dive </div= i

Ramiz Ahmed / Radio Tag for Item Tracking 76



