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ABSTRACT

The aim of this project is to design a wearable mouse, which user can wear by his
hand and perform as a mouse wirelessly. User can move mouse, click, drag, scroll,
and do other operations that can be done by mouse. By using this system user can
perform mouse operations without restricting cables, and without needing a platform

to move mouse on it.

By a wearable glove that user can wear; on which sensors are attached, sensors'
readings are read by a PIC; then transmitted wirelessly using a Bluetooth to the PC.

When data reaches the PC it will be analyzed to control mouse.

The project works successfully; we have built the glove circuit by which one can
control mouse, moving it up, down, left or right, in addition to other operations that

can be done by mouse cursor.
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1.1 General description of the project

The aim of this project is to design a glove that user can wear by his hand and

operates as a mouse. User can move mouse, click, scroll, and drag objects on the

screen.

In this project we'll use a microcontroller that reads the measurements from sensors
fixed on hand and send these data to a transmitter that will transmit it wirelessly to a
receiver which is cabled to computer, computer then reads received data and

interprets it to produce mouse movements.

This project combines many theoretical concepts that will be applied practically such
like: reading from sensors; using Microcontroller, sending data wirelessly, and
interpretation of raw binary data by a PC. Finally, we will use the Bluetooth
technology in wireless transmission which is a new approach in wireless

communication.

This chapter demonstrates a general idea about the project, its objectives, literature
review for related projects, time plan, financial study, describes functional and non-
functional system's and user's requirements and talks about expected risks and how to

manage them.

1\




1.2 Project Objectives \

The main objective of our project is to design a mouse tha\ is controlled wirelessly by

human hand that wears a glove at which electronic parts arg attached.
To achieve this object many sub objectives are to be done:

o Read sensors’ data by PIC microcontroller.
o Apply Bluetooth technology to transfer data wirelessly.

o Build software at the PC side to control the mouse cursor operations.

1.3 Literature Review
N\

N

\
There are several pr {ects and studies related to our p\roj ect:
\ \

1.3.1 Nontraditional é~1\1rs0r Control ?

\

The aim of this project was to design a motion-sensing glove that enables one to
\
control the cursor on computer screen without the use S,f a mouse. It was built around

an ATmega32 microcontroller, the system functions as a two-button mouse with

vertical scrolling.

Regarding to this project we have applied many concepts in using accelerometer to

control mouse, such like how they used accelerometer tilting to move cursor right,

left, up and down.

However, they connected their system to PC serially using Microsoft Serial Protocol,
but in our project we have used Bluetooth to connect the system wirelessly to PC, also
we have used a different accelerometer and using digital outputs instead of analog

ones.

(%)

\f\’




1.3.2 Accelerometer Mouse

This project is an accelerometer based tilt mouse, with two buttons and auto scroll
ability. It consists of four accelerometers: two for position, and two for each of the
buttons. The mouse communicates to a computer via the PS/2 protocol, or an optional
PS/2 to USB converter and the mouse can be connected through a USB port.

Furthermore, this mouse is an OS independent and has been tested for compatibility

on a Macintosh and on an IBM compatible PC.

In this project four accelerometers were used, in our system one was enough, and also
reduce system budget. One was enough to detect x and y tilting. Also they used PS/2

protocol to communicate with PC; in our system we used Bluetooth.




1.4 Time Plan

The following time plan shows the time scheduling in the first semester.

Week

Tasks

10

11

12

13

14

15 | 16

Data gathering

Study Sensors

Study
Bluetooth

Study PIC

Documentation

Figure 1-1: First Semester Time Plan
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The following time plan shows the time scheduling in the second semester.

Week

Tasks

BRI =6 | T (8 19 |10

i

12

L3

14

15

16

PIC testing

Implement

serial
connection
between PIC &
BE

| design & work

Accelerometer

Software
programming

Bluetooth
circuit design

Integrating
System

Testing

Documentation

Figure 1-2: Second Semester Time Plan




1.5 Finance Study

The following table shows the parts needed for the project and their cost.

Component S Price NIS
Number

Microcontroller PIC 18F4550 1 35
Bluetooth module Parani-ESD-200 1 700
Accelerometer ADXTL.202 1 140
Bluetooth adapter 1 45
Regulator LM 317 2 6
Wires and push buttons 30
Resistors and capacitors 20
Total 996 NIS

Table 1-1: Hardware cost

From the previous table, the total price is about 1000 NIS; it seems too much to spend
such cost to control mouse. But as known, the research cost is always too high. When

developing project in industry the real cost will become too much smaller.
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1.6 System Requirements

We have two types of requirements; user requirements and system requirements.

User Requirements
User requirements contain the following:
e Functional Requirements:
- User can wear a glove to control the mouse.
- User can move mouse cursor.
- User can perform left click operation.
- User can perform right click operation.
- User can perform scroll operation.

- User can drag objects on screen.

e Non-Functional Requirements:

Non-Functional Requirements contain the following:
Flexibility
The glove should provide flexible movements for user hand, that isn't

restricted to narrow distance.

Correctness

The transmitter circuit must send the appropriate code that represents the right

code of the action performed. The receiver circuit must receive and send the

code to the computer to take specific action.

Comfort
Glove sensors and circuit should be comfort to user; not heavy, not large and

not annoying.

System Requirements

System requirements contain the following:




Functional Requirements

System needs a wireless transmitter/receiver for data transfer.

System needs to read data from sensors.

System needs to send measurements from sensors to a transmitter module.
System needs a program at the computer to read data from serial port and use

it to control mouse cursor.

Non Functional Requirements

Reliability
The system should be reliable, meaning that it must send the code represent

the action which-generated not other code.

Speed

The system must have a fast response to the user's actions.

Low Power Consumption
Since this system is potable it will operate using a battery, so-in order to make
system work for a reasonable time, it must consume low power, and so we

should reduce the number of components as much as possible.




1.7 Risk Managemenf

There are some possible risks that may occur in our project in both hardware and
software. In this section we will briefly describe those risks and show their

management.

1.7.1 Technology Risks \

Such risks may occur because of the software or hardware used in the system.
Hardware Risks:

The risks that may occur are:

o Device failure: the PIC may crash because of high voltage supply or other

problems.

o The receiver circuit does not respond.

o The needed time for response is so long that makes the user NEFvVous.

Software Risks: ; Yo
\
. 4
e Program of the PIC. \\ \\
S0
e The software on the computer side. B
\\\\\
\
The PIC software has two main tasks: \

1. It listens to the data coming from the sensors and adjusts it in an appropriate

format.

2. It sends data coming from the sensors out to the transmitter through the

USART.

10




The PC software has two main tasks:
1. It listens for incoming data on the USART, analyses them, and determines
the format of data.

2. Uses incoming data to control mouse.

Any error in the above tasks mean that the system will not operate correctly and this

will considered as a risk that must be avoided.

1.7.2 People Risks

The risks that may occur are:

o Illness of one or more of group members.

o Group meeting difficulties

1.7.3 Tools Risks

Lose of any support software or hardware used to develop the system, like

microcontroller programming tools and case tools in-software is considered as a risk.

1.7.4 Requirements Risks

Risks may occur if new changes are required in the system requirements that need

major changes in the system design.

1.7.5 Estimation Risks

Risks may occur from the wrong estimation in the system design,

implementation, resources and management.

There risks such as: read data by PIC from sensors at the inappropriate times will be

generate incorrect code.

11




1.7.6 Risk Avoidance:

The following strategies will be taken to avoid risks mentioned above:

e Taking care when using hardware components and using them according to
their specifications.

o Taking care of the team’s member’s health during the project development.

e Good estimation and usage of the projects budget and resources.

e Good estimation of system requirements.

1.7.7 Risk Management:

Risk management will be as follows:

o Software development environment risks will be handled by the backup of

software.

e Including an extra amount of the hardware components we already have, so

when any problem occurs we can find an alternative one.
e People risks are handled by using work load balancing on students especially

when a member can’t perform some of his tasks.

12




1.8 Report Contents

This documentation is categorized into chapters. Below it’s a brief description

about each one:

o Chapter One: Introduction

This chapter demonstrates a general idea about the project, its importance, literature

review, time plan, finance study, system requirements and risk management.

o Chapter Two: Theoretical Background

This chapter provides a theoretical background about parts and technologies we used

in the project.

o Chapter Three: Project Conceptual Design
This chapter describes the system in its abstract formula. It describes the project
objectives, design options, general block diagram, system modeling and how the
system works.

o Chapter Four: Detailed Technical Project Design

This chapter discusses a detailed description about project phases, subsystem design,

overall system design and user system interface.
o Chapter Five: Software System Design
This chapter handles the software related to our system, depicts flow charts about

system operation and illustrates different algorithms and techniques considered in

writing the system software.

13




o Chapter Six: System Implementation and Testing
This chapter manifests the implementation procedures to be acted so as to integrate
the project. Then, a sequence of procedural testing will be listed. The testing
comprises both software and hardware testing.

o Chapter Seven: Problems, Conclusions and Future work

This chapter lists the problems faced us in accomplishing the system and how they

were solved. Conclusions and future work are also proposed.

14




CHAPTER TWO 2

Theoretical Background

2.1 Overview

2.2 Project Components

2.3 Project Integrity

2.4 Theoretical Background

2.5 Summary

15




2.1 Overview

The aim of this project is to design a glove, that user can wear by his right hand and
operates as a MOUSe; User can move mouse, click, scroll, drag objects on the screens

and other operations.

In this project we'll use a microcontroller that reads the measurements from sensors
fixed on hand fingers and send these data to a transmitter that will transmit it
wirelessly to a receiver which is cabled to computer, computer then reads received

data and interprets it to produce the cursor movements.

This chapter will talk briefly about project's components and provides theoretical
background about technologies that could be used in our project design which
involves:
Wireless communication:

- RF technology.

- Infrared technology.

- Bluetooth technology.

Besides, the chapter provides theoretical background about microcontrollers and

accelerometers.

16




2.2 Project Components

The hardware components used are:

e Microcontroller: PIC microcontroller accepts data through digital inputs

and sends it out on USART link.

e Bluetooth IC: convert USART data from microcontroller to wireless

signal which received at PC side by another Bluetooth IC.

o Accelerometer: sensor that measures the tilt of hand according to static
acceleration which will be converted to displacement that will move the

cursor.

The software components consists two programs: first, a program at PC side that
receives data from serial port, interprets it, and performs the operation associated with

it, second, a program at PIC that reads sensors’ data and send them.

More details about project components are introduced in chapter three.

2.3 Project Integrity

The only ethical issue that we could come up with involving our device is safety.
Because there will be powered electrical components in close proximity with the
body, we want to make sure that the user will not have to worry about issues of heat
dissipation and electrostatic discharge. In our final testing of our device, we will
ensure that the temperature of the device’s surface in contact with skin does not

exceed a temperature that is comfortable to the user.

157




2.4 Theoretical Background

2.4.1 Wireless Communication

Wireless is a term that refers to any type of electrical connection that is achieved
without using hard wired connection. Wireless communication is the transfer of data
or information between electrical or electronic components over a distance without
using electrical wires. Distances can vary from very short distances (few meters like

TV remote control) to very long distances (thousands of kilometers for radio waves).

Wireless communication is considered to be a branch of telecommunications; it is
used in large number of applications including: cellular telephones, networks, satellite
television, GPS units, wireless computer keyboard and mice, and many other

applications.

Wireless communication can take place via many technologies, such like Radio
frequency, infrared, and Bluetooth. However, a brief description about Radio
frequency and infrared technologies will be provided. Then detailed information

about Bluetooth technology will be provided.

2.4.1.2 Radio Frequency Communication

Radio is the transmission of signals, by modulating electromagnetic waves with

~ frequencies below those of visible light. Information is carried by modulating

(changing) of some properties of waves (such as amplitude or frequency). When radio
waves pass an electrical conductor, it produces a current which can be detected and

can be transformed to other signals that carry information.

"Electromagnetic spectrum is a limited natural resource, the use of which is governed
by physical laws as well as national legislation. It has been estimated that as much as
75% of usable radio spectrum is reserved for use by various national governments and
military applications. The amount of bandwidth available for commercial, private and
public use is severely constrained and use of particular frequency bands is limited to

individual countries or groups of countries."["!

18




2.4.1.3 Infrared Teéhnology

Visible light is energy at wavelengths between 380 and 780 nm. Ultraviolet (UV) has
a wavelength shorter than visible light and Infrared (IR) wavelengths are longer than
780 nm. The approximate frequencies for the different forms of light are: (1
e IR-3x10"Hzto4x 10" Hz

e Visible light - 4 x 10'* Hz to 7.5 x 10'* Hz

e UV-75x10“Hzto3x10"" Hz

Infrared technology introduced in many applications such like: target acquisition and
tracking, remote control for radio and television, security systems, short range

wireless communication, and many other applications.

Infrared has many advantages that applications can benefit from; the major
advantages can be listed as follows:
e Low power consumption: so it is good for laptops and telephones.
e Low circuitry costs: low cost for coding and decoding circuitry.
e Security: infrared beam has a straight direction so its not possible for nearby
devices to detected.

o High noise immunity: it’s not likely to interfere with other signals.

Although IR has many advantages, it has problems that prevent many applications to
use this technology such like:

e Line of sight: transmitters and receivers must able to see each other.
o Blocking: it’s blocked by materials; people, walls ...etc.
e Short range: this is not enough for many applications.

o Light and weather sensitivity: rain, fog, pollution can affect transmission.

19




2.4.2 Bluetooth Technology

Bluetooth is a standard for wireless communication between devices with short range
radio frequency (from 10 to 100 m). So any two devices that have this standard can

communicate with each other without the need of making a connection between them.

Bluetooth is considered to be a low cost, low power technology, originally developed
to comnect devices such like laptops and mobile phones without cables. It makes
wireless communication between devices in a small area as easy as possible; devices
can talk together even there is no line of sight between them since Bluetooth is based
on radio link. The link between devices which Bluetooth provides is direct, secure,

and reliable to transmit both data and voice.

The Bluetooth specifications are open; can be downloaded from the internet, and no

license is required to use it.

20




Bluetooth strengths

e Low Cost:

Bluetooth chips are relatively cheap.
e Tiny: it's small.
o Low-power consumption :
= 1 mW for class 3 (Range of 10 meters).
= 10 mW Extended Class 1(Range of 100 meters).
e It works all over the world :
It Operates on ISM (Industrial, Scientific & Medical) radio band. Which is an:
- Unlicensed band.
- Globally available (2.4 GHz).
e Supports point-to-point &Point-to-Multi point communication.

o High Security: It allows authentication & encryption.

o Protection against interference:

It uses frequency-hopping spread spectrum Technology at 1600 hop/s.

e Support of Time critical Connections:

By also supporting a Synchronous link (in addition to The Asynchronous link)




How Bluetooth Operates

Bluetooth networking transmits data via low-power radio waves. It communicates on
a frequency of 2.45 gigahertz (actually between 2.402 GHz and 2.480 GHz, to be
exact). This frequency band has been set aside by international agreement for the use

of industrial, scientific and medical devices (ISM).

International Radio Freguency Allocation
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Figure 2-1: International Radio Frequency Allocation

Bluetooth can connect many devices simultaneously, with all devices in the same
range (around 10 m). It uses the SSFH (Spread Spectrum Frequency Hopping)
technique to avoid interference between connections. In this technique each Bluetooth
transmitter changes its frequency within the range (2.402 GHz and 2.480 GHz) 1600
times per second automatically [ and so no two transmitters will have the same
frequency at the same time. Even if it is happened that two transmitters have the same

frequency at the same time it likely that this interference will last only a tiny fraction

of a second.




2.4.2 Microcontrollers

Microcontroller is a highly integrated single-chip microcomputer. Microcontrollers
include a CPU to process information, program memory to store instructions, data
memory to store information, system timing, and input/output sections to

communicate with the outdoor world.

A microcontroller can do the work of many different types of logic circuits. Discrete
logic circuits are permanently wired to perform the function they were designed to do.
If the design requirements are changed slightly, an entire printed circuit board or
many boards may have to be redesigned to accommodate the change. With a
microcontroller performing the logic functions, most changes can be made simply by
reprogramming the microcontroller. That is, the software (program) is changed rather
than the hardware (logic circuits). This makes the microcontroller a very attractive
building block in any digital system. With a microcontroller-based design, the
designer can simply add a feature set to the product with minimal software/hardware
changes. Microcontrollers can also be used to replace analog circuitry. Special
interface circuits can be used to enable a microcontroller to input and output analog

signals.

Microcontroller Architecture

Figure 2-2 shows the general block diagram of a microcontroller.

MEMORY CFU PERIPHERALS
Peripherals
Program ADC/DAC :
& Timers /-"5..,.../.-.,.. .<_j.?‘» ‘>
Data SPI R —
Memory PWM
eic.

Execution Control Interrupt System Ml s
Unit N —

Figure 2-2: Microcontroller General Block Diagram
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In general any microcontroller architecture cantinas the following main components:

Central Processing Unit CPU

Central Processing Unit (CPU) is the heart of a microcontroller where all of the
arithmetic and logical operations are performed. This is the calculator part of the

microcontroller. The CPU gets program instructions from the program memory.

Program and Data Memory

Program Memory contains a set of CPU instructions organized into a particular
sequence to do a particular task. Program Memory is referred to as Read Only
Memory (ROM) or OTP/EPROM. OTP or “One-Time Programmable” can be
programmed only once and the program is stored permanently, even when the

microcontroller power is turned off.

Program memory enables the microcontroller to immediately begin running its

program as soon as it is turned on.

Data Memory can be both read and written and is required for the program stack, data
storage, and program variables. This type of memory is commonly referred to as
Random Access Memory (RAM). Each memory location has a unique address which
the CPU uses to find the information it needs. A typical microcontroller contains both
ROM and RAM type memory. For the storage of data one microcontroller may use

different types of memory:

=  On-chip and/or external RAM (volatile and/or non-volatile)
=  On-chip and/or external FLASH
= EEPROM.




Inputs/Outputs and Peripherals

Microcontrollers require interface sections to communicate ‘with external circuitry.
Input ports allow data and status conditions to be read into the microcontroller while
the output ports allow the microcontroller to affect external logic systems. The
interfaces between the microcontroller and the outdoor world vary with the
application, and may include display units, keypads, switches, sensors, relays, motors,
and so on. Peripherals are used for the input output operations with external sensors

and actuators and for the communication with external networks over standard buses.

Analog to Digital and Digital to Analog Converters

An analog-to-digital converter (abbreviated ADC, A/D or A to D) is an electronic
circuit that converts continuous signals to discrete digital numbers. The reverse

operation is performed by a digital to analog converter (DAC).

The resolution of the converter indicates the number of discrete values it can produce

over the range of voltage values. It is usually expressed in bits.

Some types of microcontrollers may contain ADC input ports to interface with
devices that outputs analog voltages. These ports eliminate the need of an external

ADC chip.
Universal Asynchronous Receiver/T ransmitter (UART)

A universal asynchronous receiver/transmitter is a type of "asynchronous
receiver/transmitter”, a computer hardware that translates data between parallel and
serial forms. UARTSs are commonly used in conjunction with other communication

standards such as EIA RS-232.

A UART is usually an individual (or part of an) integrated circuit used for serial
communications over a computer or peripheral device serial port. UARTSs are now
commonly included in microcontrollers. A dual UART or DUART combines two
UARTS into a single chip. Many modern ICs now come with a UART that can also

communicate synchronously; these devices are called USARTSs.
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Microcontroller Applications

Microcontroller’s applications are more or less limited only by the user imagination.
Microcontrollers now reside in our televisions, keyboards, modems, printers,
telephones, cars, household appliances, and every other part of home and work life.
The market for microcontrollers continues to expand rapidly, encompassing a wide
range of consumer, industrial, automotive, and telecommunication applications. The
emergence of new low cost microcontrollers offers a wealth of benefits for today’s
consumer applications and represents an entirely new profit source for manufacturers.
In the past, the high cost of electronics limited the use of microcontrollers to "high
tech" applications such as video recorders, stereo systems, and high-end durable
goods such as washing machines. Today, the application base has broadened to
include systems such as coffee machines, irons, shavers, and cleaners, where the
introduction of electronics helps to provide product differentiation and allows the

inclusion safety features.

PIC Microcontroller

PIC is a family of RISC microcontrollers made by Microchip Technology , regarded
that PIC stands for Peripheral Interface Controller, the 8-bit PIC was developed in
1975 to improve performance of the overall system by offloading I/O tasks from the
CPU. The PIC used simple microcode stored in ROM to perform its tasks.

PICs use a RISC instruction set, which varies in length from about 35 instructions for
the low-end PICs to about 70 instructions for the high-end PICs. The instruction set
includes instructions to perform a variety of operations on the accumulator and a
constant or the accumulator and a memory location, as well as for conditionally
executing code and jumping/calling other parts of the program and returning from
them, and specific hardware features like interrupts and one low-power mode called
sleep. Microchip provides a freeware IDE package called MPLAB that also includes a

software simulator as well as an assembler.




2.4.3 Accelerometers

What is an accelerometer?

An accelerometer is an electromechanical device that measures acceleration forces.
These forces may be static; like the constant force of gravity, or dynamic; which

caused by moving or vibrating the accelerometer.

What are accelerometers useful for?

When you measure the amount of static acceleration due to gravity, you can find out
the angle the device is tilted with respect to the earth. By sensing the amount of

dynamic acceleration, you can analyze the way the device is moving.

An accelerometer can help to understand its surrounding better. Using acceleration
measurements provided by an accelerometer, a good programmer can write codes that
are useful in many applications; such like analyze problems in a car engine using

vibration testing.

In the computing world, accelerometers are used in laptops to protect hard drives from
damage. If you accidentally drop the laptop, the accelerometer detects the sudden
freefall, and switches the hard drive off so the heads don't crash on the platters. In a
similar fashion, accelerometers are the industry standard way of detecting car crashes

and deploying airbags at just the right time.

How do accelerometers work?

There are many different ways to make an accelerometer! Some accelerometers use
the piezoelectric effect - they contain microscopic crystal structures that get stressed
by accelerative forces, which cause a voltage to be generated. Another way to do it is
by sensing changes in capacitance. If you have two microstructures next to each other,
they have a certain capacitance between them. If an accelerative force moves one of

the structures, then the capacitance will change. Add some circuitry to convert from
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capacitance to voltage, and you will get an accelerometer. There are even more

methods, including use of the piezoresistive effect, hot air bubbles, and light. 2

Issues related to accelerometers

Analog vs. digital

The output of the accelerometer can be analog or digital output. Analog style
accelerometers output a continuous voltage that is proportional to acceleration. For
example: 2.5V for 0g, 2.6V for 0.5g, 2.7V for 1g. Digital accelerometers usually use
pulse width modulation (PWM) for their output. This means there will be a square
wave of a certain frequency, and the amount of time the voltage is high will be

proportional to the amount of acceleration.

Analog outputs can be connected to A/D converters (may be embedded in
microcontrollers) and achieve the value of acceleration in a few microseconds. Digital
outputs can be connected with purely digital inputs of microcontroller and measuring

acceleration using timing resources.

Number of axis
For most projects, two is enough. However, if you want to attempt 3d positioning, you

will need a 3 axis accelerometer, or two 2 axis ones mounted at right angles.

Sensitivity
Generally speaking, the more sensitivity the better. This means that for a given
change in acceleration, there will be a larger change in signal. Since larger signal

changes are easier to measure, you will get more accurate readings.

Bandwidth

This means the amount of times per second you can take a reliable acceleration
reading. For slow moving tilt sensing applications, a bandwidth of 50Hz will probably
suffice. If you intend to do vibration measurement, or control a fast moving machine,

you will want a bandwidth of several hundred Hz.




Impedance/buffering

This is by far the single most common source of problems in projects involving
analog accelerometers; for A-D conversion to work properly, the connected device
must have output impedance under 10kQ. Unfortunately, Analog Devices' analog
accelerometers have an output impedance of 32kQ. The solution to this is to use a low

input offset rail to rail op amp as a buffer to lower the output impedance.

2.5 Summary

In this chapter we have talked about theoretical information about technologies and
components related to our project. We talked about wireless communication
technologies such as: Radio frequency, Infra red, and Bluetooth. Also we have talked
about microcontrollers' architecture. Finally we have talked about accelerometer

Sensors.
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73 1-Overview

In this chapter we are going to provide a detailed description for system objectives,
system components, list of design options along with their strengths and weakness,
graphical explanations such like: general block diagrams and system modeling

diagrams, and finally a description of how the system works.

3.2 Detailed Project Objectives

The main objective of our project is to design a mouse that is controlled wirelessly by

human hand that wears a glove at which electronic parts are attached.

" The following objectives are also to be achieved:

e Read sensors’ data by PIC microcontroller, interpret these measurements and

transfer it to Bluetooth module.

e Apply Bluetooth technology to transfer data wirelessly from user hand to
computer (PC).

o Build software at the PC side which accepts data from serial port and perform

required action (click, drag...)




3.3 Design Options

In this system there are many design options, below are these options:

3.3.1 Processor Options

Option 1: Using a microprocessor such 8085, 8086, etc, with needed components

such memory, A/D converters, etc.

This option have the advantage of using only what is required of components but

increase the complexity of connecting components and cause a larger size.

Option 2: Using a microcontroller that contain all needed components; memory, A/D

converters, etc.

This option seems more appropriate, because:
e Using CMOS (Complementary Metal Oxide Semiconductor) fabrication
technique which requires much less power than older fabrication techniques,

which permits battery operation.

e Using advanced memory options such as EEPROM (Electrically Erasable
Programmable ROM) which is economic option in case of holding small
amount of parameters that need to be changed over time (slow option), Flash
when a requirement for large amounts of non-volatile program memory (faster
than EEPROM), and Battery backed-up static RAM which is useful when a
large non-volatile program and DATA space is required and it is much faster

than other types of non-volatile memory so it is well suited for high

performance application.

e Power management and low voltage: microcontroller contains low voltage
parts that require at most 5V to operate and that microcontroller's clock can be

slowed up or even stop putting the microcontroller in sleep mode which mean

low power consumption.




e Having many components in a single chip (computer on a single chip) reduce
the need for external components which mean lower cost components and less

size. components such as CPU core, memory, 1/0, UART, USART, ADC,
Watchdog Timer, ...

3.3.2 Wireless technology options

There are many options of wireless technologies that we can use such:

Option 1: RF technology

RF technology is useful for many reasons such as communication between two
parties, it does not require a line of sight, not blocked by common materials; it can
penetrate most solids and pass through walls, cover larger range than Bluetooth and

IR, and not sensitive to weather/environmental conditions.

In the other hand it has some drawbacks where it has higher cost than infrared,
operates at lower speed since its data rate transmission is lower than wired and
infrared transmission, and required Federal Communications Commission (FCC)

licenses for some products.
Option 2: Infrared technology

Infrared technology has many advantages that make it suitable in many applications
since it need low power requirements, simple circuitry which enables it to be
incorporated into integrated circuit of a product, improve security because
directionality of the beam helps ensure that data isn't leaked or spilled to nearby

devices, noise immunity not to have interference from signals of other devices,

portable and low cost.

Infrared is not suitable for our project since it considered to be line of sight which

mean that it will decrease the flexibility of the user and can be blocked by common

materials which make it less reliable.




Option 3: Bluetooth: we will use this technology.

Bluetooth improves Low-power consumption; it requires ImW to 10mW in order to
operate, small which allow using it in many applications without the restriction of the
size, operates in ISM radio band which is globally available. The important points in
Bluetooth which make us choose it are that Bluetooth chips are small and don't
require line of sight which increase flexibility. On the other hand, Bluetooth ensures
reliability since no interference will occur to the signals being transferred by using
frequency-hopping spread spectrum technology at 1600 hop/s. Finally Bluetooth is a

new technology that wasn't used before in our university projects.

3.3.3 Bluetooth options

Option 1: Using a PIC that includes internally a Bluetooth unit, so no need to add an
externally Bluetooth chip, using this option has the advantages of less size chip and
reducing the complexity of connecting external Bluetooth chip, an example of such
chips is the ToothPIC which combines a PIC18LF6720 microcontroller and a
BlueMatik Bluetooth radio.

Option 2: Using a separate Bluetooth chip; which we must connect to a PIC; using
this option has the advantage of choosing an appropriate chip without restrictions of
what is available of Bluetooth modules in option 1, there are many commercial

Bluetooth IC’s; e.g. Blue-KC21 and Parani-ESD200. (We will use a separate
Bluetooth chip)
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3.3.4 Motion detection options

In order to detect hand motion to control cursor many options are to be considered:
Option 1: Track position using accelerometer

An accelerometer can be used to track hand position in air, by taking the output of the
accelerometer which represent the acceleration according to force applied on it, and

then using mathematical equations by which position can be determined.

But according to our literature review the accelerometer had to be held exactly

perpendicular to earth surfaced, that is it’s not flexible, and error will be large.
Option 2: Tilting measurement

In this option titling of accelerometer is measured, we will use this option, it is easier

to implement and it is more reliable.




-

3.4 Detailed Project Components

3.4.1 PIC 18F4550

Microcontroller is needed in order to receive signals from sensors, and then send them

out to Bluetooth module (via USART) which transmits signals wirelessly to the

computer.

The microcontroller we used is PIC 18F4550 which has the following features:

e High-Performance RISC CPU
- Only 75 single word instructions to learn.
- All instructions are single cycle (1us) except for program branches.
- Operating speed: DC - 20MHz clock input.
- 8 k Bytes Flash Program Memory.
- 368 Byte RAM Data Memory.
- 256 Byte EEPROM Data Memory.

- In-circuit serial programming.

e Peripheral Features
- High current sink/source 25 mA/25 mA
- Three external interrupt
- Enhanced Capture/ Compare/ PWM (ECCP) module
- Compatible 10-bit, up to 13-channels Analog-to-Digital Converter module
(A/D)

- Dual analog comparators

e Special Microcontroller Features.

- C compiler optimized architecture with optional extended instruction set
- 100,000 erase/write cycle Enhanced Flash program memory typical

- 1,000,000 erase/write cycle Data EEPROM memory typical

- Flash/Data EEPROM Retention: > 40 years

- Self-programmable under software control

- Priority levels for interrupts
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x 8 Single-Cycle Hardware Multiplier

- Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s

- Programmable Code Protection

- Single-Supply 5V In-Circuit Serial

- Programming™ (ICSP™) via two pins

- In-Circuit Debug (ICD) via two pins

- Optional dedicated ICD/ICSP port (44-pin devices only)

- Wide operating voltage range (2.0V to 5.5V)

e Oscillators

- Four Crystal modes

- Two external Clock modes, up to 48 MHz

- 8 user-selectable frequencies

- Secondary oscillator using Timerl @ 32 kHz
- Fail-Safe Clock Monitor

e I/O and Packages
- 34 1/O pins with individual direction control.

- 40-pin DIP.

Figure 3-1: PIC18F4550

3.4.2 Bluetooth module: Parani-ESD 200

Parani

_ESD is a module device for wireless serial communication using Bluetooth

technology that is international a standard for short range wireless communications.
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Parani-ESD can communicate with other Bluetooth devices that support the Serial
Port Profile.

Parani-ESD lineup has several models with different communication ranges from 30m
(Parani- ESD200/210) up to 100m (Parani-ESD100/110) for use with various

applications. The Parani-ESD delivers better quality of communication than a
standard RS232 cables.

Parani-ESD has a compact design and can be placed conveniently into devices or

equipment. Its detachable antenna optimizes the quality and distance for wireless

communications.

Parani-ESD supports FHSS (Frequency Hopping Spread Spectrum), which is a
technique, native to Bluetooth that allows the Parani-ESD minimize radio interference
while decreasing the likelihood of over-air hijacking. Parani-ESD also supports

authentication and Bluetooth data encryption.

Parani-ESD can be configured and controlled by typical AT commands. Users can
easily configure Parani-ESD by using a terminal program such as HyperTerminal and
can use Bluetooth wireless communication without modifying user’s existing serial
communication program. In addition to the basic AT commands, Parani-ESD
provides some expanded AT commands for various functions. User friendly
ParaniWizard and ParaniWIN are also provided for easy setup on Microsoft

Windows.

Operation Modes

A Bluetooth device can play a role as a master or slave. Master tries to connect itself
to other Bluetooth devices, and slave is waiting to be connected from other Bluetooth
devices. A Bluetooth connection is always made by a pair of master and slave
devices. A slave can be in two modes, Inquiry Scan or Page Scan mode. Inquiry Scan
mode is waiting for a packet of inquiry from other Bluetooth device and Page Scan

mode is waiting for a packet of connection from other Bluetooth device. Every
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Bluetooth device has its unique address, called BD (Bluetooth Device) address, which
is composed of 12 hexa-decimal numbers.

Parani-ESD has 4 operation modes as follows:

Mode0

In this mode, there is no response when power on or software reset, and Parani-ESD
is just waiting for AT command input. Neither master nor slave is assigned to Parani-
ESD in mode0. User can change the configuration parameters of Parani-ESD in this
mode. Parani -ESD must be in Mode0, when it is directly controlled by AT

commands. The factory default is set to ModeO.

Model

Parani -ESD tries to connect the last connected Bluetooth device. Parani -ESD in
Model is to be a master and tries to connect the last connected Bluetooth device.
Parani-ESD always stores the BD address of the Bluetooth device to which Parani-
ESD has connected last. When Parani-ESD is initially used or after hardware reset,
there is no BD address stored in Parani-ESD. In this case, Model will not be able to
work properly. The mode change to Model can be made after Parani-ESD succeeds to
connect to one other Bluetooth device. Once changed to Model, Parani-ESD will try
to connect automatically the last connected Bluetooth device whenever the unit is
powered on or software reset. Parani -ESD in Model cannot be discovered or

connected by other Bluetooth devices.

Mode2

Parani -ESD is waits for a connection from the last connected Bluetooth device.
Parani -ESD in Mode2 is to be a slave and waiting for the connection only from the
last connected Bluetooth device. Just like Model, if there is no BD address stored in
Parani-ESD, the mode change from other operation modes to Mode2 is not work
properly. Once changed to Mode2, Parani-ESD will wait for the connection from the
last connected Bluetooth device whenever the unit is powered on or software reset.

Parani -ESD in Mode2 cannot be discovered or connected to Bluetooth devices other

than the last connected device.
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Mode3

Parani -ESD is waiting for the connection from any other Bluetooth devices. In Mode

3 the Parani -ESD is discoverable and can be connected to by other Bluetooth devices.

Bluetooth Interface:
Parani-ESD 200 :
e Bluetooth v1.2
e C(lass2
e Level-4dBm
e Protocols - RFCOMM, L2CAP, SDP
e Profiles - General Access Profile, Serial Port Profile
e Working distance

Default Antenna - Default Antenna 30 meters

Physical properties:
Parani-ESD200 : 18 x 20 x 11.7(mm)
Power: 3V~3.3V, ESD 200: minimum 300mA

Figure 3-2: Parani-ESD 200
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3.4.3 Accelerometer: ADXI.202

The ADXL202 are high precision, low power, complete 2-axis accelerometers with

signal conditioned voltage outputs, all on a single, monolithic IC.

The ADXL202 is complete dual axis acceleration measurerhent systems on a single
monolithic IC. They contain a polysilicon surface-micromachined sensor and signal
conditioning circuitry to implement open loop acceleration measurement architecture.
For each axis, an output circuit converts the analog signal to a duty cycle modulated

(DCM) digital signal that can be decoded with a counter/timer port on a

Mmicroprocessor.

The ADXIL202 are capable of measuring both positive and negative accelerations to a
maximum level of £2 g or £10 g. The accelerometer measures static acceleration

forces such as gravity, allowing it to be used as a tilt sensor.

" The ADXL202 are available in 5 mm x 5 mm x 2 mm, 8-pad hermetic LCC
packages.

Features
e 2-Axis Acceleration Sensor on a Single IC Chip

e Measures Static Acceleration as Well as Dynamic Acceleration
o Duty Cycle Output with User Adjustable Period

e Low Power <0.6 mA

e Tilt Sensors

e Bandwidth Adjustment with a Single Capacitor Per Axis

e mg Resolution at 60 Hz Bandwidth

e +3V to+5.25 V Single Supply Operation

e 1000 g Shock Survival

More details and figures about the above previous component and chips are in the

appendix of project.
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3.5 Project Design Block Diagram

The following figure (Figure 3-3) shows the general block diagram of the system in

which we can see that sensors readings are transmitted by a Bluetooth transmitter to a

receiver that sends these readings to PC through a PIC.

Bluetooth > Bluetooth

PIC
Sensors PC

Figure 3-3: general block diagram

Sensors are connected to PIC, the following figure shows how they are connected.

Accelerometer Port inputs

PIC

Push buttons

V.V V ¥

Figure 3-4: Sensors connected to PIC
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Figure 3-5: Sensors and circuit on hand




3.6 System Modeling

3.6.1 Data Flow Model

The figure below shows the system data flow model in which we can see how data is

transferred through system components starts from reading inputs from sensors until

data reaches the PC to control mouse.

Sensors Input

l

| Input. Sensors’ Bluetoch
' Processing ) Readings 'k Transmitter

; Sensors’
/ Readings

PC \‘ Sensors’
Software Readings

Bluetooth
Receiver

Figure 3-6: System data flow model
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3.6.2 Sequence Diagram

()]
)
w uuuuuuuuuuuuuuuuuuuuuuuuuu - - -
= 5
g
[0 (o)
& e
m .................... -~~~
o]
O © =
o o S
©
i ko)
.n \ / .a
o o
a. 2y
s O [ . R e SR T T S
= i
e —~ \IU }
w» Sl O
o @ 1
Sa|ite
w o |
e - @© |
) =38
2 =
w ..... 4 gl --------—---—--—----=-------=--=
g <
8
©
o
B =
b= 3
m e P
R =
b ro
Ee)
3
1=
o =
O |-y A ==
O| ¢
©
=
o
©

Figure 3-7: System Sequence Diagram
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3.6.2 Sequence Diagram

Mouse

Serial Port | | PC software

Receiver

Transmitter

Glove

| Write data

,,,,,

<
D
(o
=}
=
fus
3
=

(LE send data () [

get data ()
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| readdata() | [©

8

Figure 3-7: System Sequence Diagram

45




3.7 How System Works

The maln. objective of our project is to design a system that controls mouse operations

wirelessly by human hand that wears a glove at which electronic parts are attached.

At the beginning, user will install software that will interface the system with PC, run
it then wear the glove which will sense hand tilting using accelerometer to move

mouse cursor and can use push buttons to perform left and right click

User can perform left click operation by using a push button, double click by clicking
twice the left click push button, right click by another push button and drag by
pressing the push button of the left click and moving hand, then releasing the push
button. Another push button is for scrolling.

3.8 Summary

At the end of this chapter we have provided a detailed description for system
objectives, system components, list of design options along with their strengths and
weakness, graphical explanations such like: general block diagrams and system

modeling diagrams, and finally a description of how the system works.
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4.1 Overview

In this cflapter we will provide a detailed description about project phases, subsystems
schematics and design, and schematic for overall system design. Then we will talk

about User-System Interface that is how the user can interact with the project

4.2 Detailed Description of the Project Phases
Phase 1: Microcontroller (PIC18F4550) Studying

First of all we have studied how to program and use the microcontroller, so we wrote
a simple C program that takes a reading from a switch and light a LED according to it.
The Aim of this phase was to practice on using MPLAP program that used to
assemble the C code to Hexadecimal code and then using the Superpro program to

write .hex code into microcontroller memory.

Phase 2: Accelerometer Design and Testing

In this phase we have studied how to implement the accelerometer circuit and what
additional parts needed to be connected to the accelerometer in order to work properly
(the circuit of the accelerometer and additional parts are to be discussed in the
following section), and after implementing the circuit we started testing operation in
which each of the accelerometer outputs (Xout & Yout) were connected to one of the

oscilloscope channels and the result was a square wave (0V-low, 5V-high) for both

Xout and Yout; that represents the digital output.

Phase 3: Implementing Serial Connection between Microcontroller and PC

ce System (HIS) with the computer we need to

Since our project is Human Interfa

make connection between project circuit and PC which we assumed it to be wirelessly :

using Bluetooth module, but unfortunately this module wasn't available at early stages

of our work, so we tried an alternative solution which is implementing this connection

serially.
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Serial connection includes using an IC called MAX232 which is needed to make
voltal.ge levels (fonversmn from TTL in PIC to RS-232 in PC serial port and vice versa.
In this connection PIC used USART pins for transmitting and receiving, and software

was built at the computer side which requires to accept data from serial port and show
them in an order to test our work.

Phase 4: Acquiring Accelerometer Readings and Understand How to Deal With
it

After the previous phase we start to determine how we could make use of the
accelerometer readings which are (as mentioned before) square waves in which the

1 : :
duty cycle ") for each axis determines the amount acceleration in that axis.

A program was needed in both microcontroller and PC; in microcontroller to detect
this duty cycle and in PC to show the results. In case of microcontroller the program
was implemented to set the timer to be 0 at the rising edge of the square wave (the ON
part of the cycle) and take the value of the timer at the end of ON, then send this value
through USART serially to PC which in turn shows this result through the

implemented program and repeats for all cycles.

After analyzing the results we were able to understand how the readings are changed

by tilting the accelerometer in all directions — more details about these readings will

be presented in chapter 6.

Phase 5: Calibration of the Accelerometer

By the previous results we recognized that a calibration procedure is required in

which two offset values are determined each for one axis then any value that is larger

d as increasing in the direction (to the RIGHT in

than that offset value is considere

case of x-axis. and DOWN in case of y-axis) and any value less than that offset is ;

considered as decreasing in the direction (to the LEFT in case of x-axis, and UP in

case of y-axis). - =
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Phase 6: Implementing Programs at Microcontroller and PC that Accepts

Accelerometer Readings and Control Mouse Operations

After we understood the operation of the accelerometer and how to consider its

reading in controlling mouse cursor, it’s the time to implement all that to control

mouse cursor, so we adjust the microcontroller program so that the readings from
accelerometer are used to build what we called packets which are sent to the
computer. These packets contains information required to determine what operation to
take — as a brief description of these packets, each operation that mouse may take is
represented by a bit (e.g. Left Click: pressed if the bit is 1 and released if the bit is 0).

The whole explanation of the packet format will be in the following chapter.

The same is done at PC side where the software also is adjusted so that it accepts each
packet from the microcontroller and analyzes it then performs the desired operation,

and implements the interface that will be used by the user.

Phase 7: Integrate Bluetooth Module and Bluetooth USB Adapter into the

Project

At this phase we replaced serial connection by wireless connection using Bluetooth
technology in which Bluetooth Module chip is connected to the microcontroller
through USART pins instead of MAX232 and Bluetooth USB adapter at PC side and

make the communication between microcontroller and PC by transmitting data

wirelessly between these Bluetooth devices.

Phase 8: Integrate Project Components at the Glove

As a final step all components which are Microcontroller, Accelerometer, Bluetooth

module and Push Buttons with their additional parts are integrated at one board by
ed power supply (DC Battery), then

wire wrapping them along with the requir

integrating this board to a glove that user can wear.
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4.3 Subsystem Detailed Design

4.3.1 Microcontroller Circuit

Microcontroller is needed to receive signals from sensors (Accelerometer & Push
Buttons), and then interprets these signals using software that resides in its memory in

order to formulate packets which are sent out serially to the Bluetooth module.
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9 REQ 32 9 =
+5 = 10 RE1 VDD 31 =0
T o RE2 VSS
| ]; VDD RD7 fg >
=0 VSS RD6 [5g
13 RDS 57 | Right Click
_L——TIOSCﬂCLKI RD4
AMH b OSC2/CLKO/RAB
15 26 FEron Bluetooth (TDX)
D—5| RCO  RC7/RXDT/SDO 75575 Biuetooth (RDX)
8—71 RC1 RC6/TXNCK |5z
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‘—‘.-'0
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Figure 4-1: Microcontroller Circuit

Here the microcontroller is connected with both accelerometer outputs by two pins

from port D (RDO & RD1) in order to detect their signals. And since we need to

transmit data to the Bluetooth module which is done through USART output (Tx)

which is connected to Bluetooth input RDX. Also to detect signals from other three

51

4_____-—



Left Cli : .
seni;)lrs t(hr e C.hck, Right Click and Scroll) we simply connected Push Buttons to
& erF, :j A ﬁ?m port D (RD3 for Left Click, RD4 for Right Click and RD7 for
Drag). Finally there is an Enable which is required to be pressed to when the user start

th
to movc.a ¢ cursor and released when to stop the cursor or perform another action like
Left Click, Right Click or Scroll.

4.3.2 Accelerometer Circuit

Accelerometer is required to detect hand tilting in both x-axis and y-axis.

+5

% 100

X—{Nc DD 2
125k X4 ST XFILT 11
5 COM  YFILT g To RDO
v (5 ouT 9 To Microcontroller
S NC YOUT g To RD1L
COM NC 2
I 0.01uF] 0.01¢F _ 0.1uF
— ADXL202
0

Figure 4-2: Accelerometer Circuit

In this design the accelerometer shares the same power supply with the
microcontroller, digital noise on the supply may cause interference on the

accelerometer output. Additional decoupling is needed, so a 100 Ohm resistor inserted

in the accelerometer’s supply line.

In designing the accelerometer with digital output we need to select a duty cycle

period and filter capacitors. Duty cycle period is determined by the value of the
stor value (125k Ohm)

resistor connected to the T2 pin (pin 5); here we chose the resi

to obtain the minimum duty cycle period available (1ms) which
e speed is one of the functional requirements, and choose filter

provided the highest

frequency; sinc
capacitors (0.01uF) so that the accelerometer is sampled at 500Hz.
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4.3.3 The Serial port to the PIC Interface Circuit

Thl.ZICIr-cmt was designed to make serial communication with the PC serially through
serial port to perform all needed communications with the PC since Bluetooth module

! ‘l v -
T;vasnt available .early. Bluetooth is to be implemented as final step in the project
instead of the serial port to the PIC Interface Circuit

From PIC(TX)
£ | 13 12 To PIC(RX
FIN3 RIN  RIOUT 2 )
\ D_e RIN  R20UT F2—0
+
0 —i| TN TIOuT o
0 = T2AN T20UT[—20O -
= 8
3 2 _l" I o1
N Q Ct 15
4 GND ——‘l
<llo Q|| 1u 5 ggj =
5’ 0 51V vee (8
110 PINS V-
//o Dl WARE32
PN2 T
=3 v T
=0 (5
4-

Figure 4-3: The Serial port to the PIC Interface Circuit

Since serial port at the PC works at RS-232 signal voltage levels and that PIC
microcontroller works at TTL levels, we need MAX232 to adapt the RS-232 signal
voltage levels to TTL logic. And it just needs one voltage (+5V) and generates the
necessary RS-232 voltage levels (-10V and +10V) internally. It requires only 5

capacitors as shown in the semantic above.

4.3.4 Bluetooth Module Circuit
Bluetooth module uses the Bluetooth wireless connection to communicate with the

Bluctooth USB Adapter at the
Receiver/Transmitter (UART) to communicate with the host microcontroller.

PC, and the Universal Asynchronous
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The RXD and TXD pins of the module are connected directly to TX and RX pins of
the microcontroller respectively. The Status pin goes low when the Bluetooth
connection exists with the Bluetooth USB Adapter at the PC; a LED is used to tell the

user about the status of the connection. A 3.3 voltage regulation circuit is required to
power the Bluetooth module.
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+5 LM317 2 CNDISRXD
Q2 3
= ° T
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‘ '—N_LITM Status RTS :—___I
4 ArsT c1s PR

|

220
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Figure 4-4: Bluetooth Circuit




4.4 Overall System Design

The complete schematic for the project is shown in e
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Figure 4-5: Overall System Schematic
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The previous figure s
P ' g hows the overall System schematic, this circuit will be put on
hand by which user can control mouse cursor

If you look at the bottom right of figure you can see the push buttons by which cursor

actions are controlled. The push button labeled with “X-Y En” is for movin g enable,

is, if user
that is, wants to move cursor he should press on this button and still pressing
while he wants to move cursor, this is important when user want to move his hand
without moving mouse cursor. So to move cursor, one should press on “X-Y En”

button and tilt his hand right, left, up or down in order to move mouse cursor.

The “RB” push button is used to do right click operation. So if user wants to do a

right click he can click on this button.

The “LB” push button is used to do left click operation. So if user wants to do a left
click he can click on this button, he can also perform double click operation by

clicking twice on this button.

To drag an object on screen, user should press on the “LB” and still pressing then tilt
hand to the directions he wants, when finish dragging he can release the “LB” button.

Note that in drag operation one shouldn’t press on “X-Y En” button.

The last push button is the “Scroll” push button. If user wants to scroll a page he
should press on this button and still pressing and tilt his hand to desired direction,

when he fmishés he can release this button. Note here also that one shouldn’t press on

“X-Y En” button.




4.5 User-System Interface
4.5.1 Hardware Interface

PIC 18F4550

Regulators

Capacitors

L_fi(__l;;)j

Parani-ESD200

Figure 4-6: Hardware interface part 1 |




Scroll Button

Mouse Move | Right Button | Left Button
Enable : ’

I

Figure 4-7: Hardware interface part 2
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4.5.2 Software Interface

‘ i onnect s [aet

Acceleration

1 Acceleration Configurations
Mouse A
A

o > Ac : N STl AR TSN | - RN S TAE RSN :
ceeleration | serean LW : i : Ao
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Mouse >
Speed

Apply ! ‘ Start

A A

( Apply settingj ( Start workj

Figure 4-8: Software interface
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4.6 Summary

This chapter has provided a description about project phases which can be
summarized by understanding the way microcontroller and accelerometer works,
implementing the connection between the microcontroller and PC first serially then
wirelessly, and finalizing the project in case of both hardware and software
components then provide information about hardware system design confirmed with

schematics. Finally we talked about User-System Interface that is, how the user can

interact with the project.
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/ the C code for a specific PIC, then afte

5.1 Overview

n this chapter i i g
I pter we will provide a description about our system software requirement

specifications including a detailed description for the PIC program and PC program.

Also we will present many algorithms and flowcharts that describe our system.

5.2 Software Requirement Specifications

Since our project interacts to PC to control cursor operations, it’s needed to have two

programs one resides in PIC and the other in PC. In this Section we will provide the

software requirements needed to program PIC and PC.

5.2.1 Microcontroller software

For the microcontroller software, there are needs; the following paragraphs describe

them.

o Win 95/98/ME/NT/2000/XP

The PIC microcontroller needs to work on one of these Windows versions in order to
write the code in a text editor also used an appropriate program to transfer the code to

microcontroller.
o Assembler or C Compiler

The PIC microcontroller programming deals with hexadecimal code, so there is a

need for a C compiler or an assembler to convert the code from language code to

machine code “hexadecimal’.
The PIC code was written in C pro

_ specifications which can be found

gramming language according to PIC programming
in MPLAB C18 C Compiler Libraries provided by

MicrocHIP.

The compiler we used is the MPLAB 7:13 version C compiler in which one can write

r compiling a hex code file will be generated.
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o SuperPro program

SuperPro 1 2 program used to load hex files from PC to a PIC specified by user; it

requires its specific programmer which is connected to PC through USB. When user

put PIC in the programmer he can load the hex file to the SuperPro program then he

can program PIC, after programming, the hex code will be loaded completely to PIC.

\
5.2.1 PC software

_ In the PC side we need a program that receives packets from glove, analyzes it, and

controls cursor according to these packets. The PC program was written in VB.NET

programming language.

We need also a program that deals with Bluetooth dongle that is connected to PC

which receives packets from the Parani Bluetooth. This program is BlueSoleil.

BlueSoleil is a Windows 2000/XP/Windows Vista Bluetooth stack that allows
communication with Bluetooth enabled devices. It is often bundled with Bluetooth

dongles.

The program is also available as a standalone purchase from the vendor's website.
Regardless of whether the bundled or the standalone version is purchased, the

software enforces licensing restrictions which tie it to the address of a specific

Bluetooth dongle.

mm.nn’eeomm. y

Fig 5.1: BlueSoleil program
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5.3 Software Implementation

Recall that our project i i
project 1s to control mouse Using an electronic glove on which sensors

are attached. To achieve that, two programs should be s

one in the PIC and the

other in PC on which cursor will be controlled

The program that resides in the microcontroller (PIC) will accept accelerometer and

push buttons readings and then form packets that will be sent to PC through the

Bluetooth module. These packets describe the sensors’ status, and according to those
packets cursor will be controlled.

The system works as the following:

- If user want to move cursor then he should push on “Movement Push Button”

and tilt his hand according to the following conditions:

(©)

(0]

(©)

(0]

If user wants to move cursor right then he should tilt his hand right.
If user wants to move cursor left then he should tilt his hand left.
If user wants to move cursor up then he should tilt his hand up.

If user wants to move cursor left then he should tilt his hand left.

- If user wants to click mouse left he should click on “Left Click Push Button”

- If user wants to click mouse right he should click on “Right Click Push

Button”

- If user wants to scroll mouse he should click on “Scroll Push Button” and tilt

his hand according to above description.

- If user wants to drag an object he should press on “Left Click Push Button”

and still press for a short period, then tilt his hand according to above moving

conditions, then release the push button.

For simplicity and speed each packet the PIC sends to PC contains one byte of a
d in this

specified format. All needed information for PC program are to be place

packet.




Scroll

Y Enable

X

0/1

0/1

X Enable 0P/  Right/  Right  Left
Down Left Click Click
071 0/1 0/1 /1 0/l

X: don’t care

Figure 5-2: PIC Packet Format

Figure 5-2 shows the format for each packet which PIC sends. The byte packet is

initially zeros “00000000° (it is initialized after each sending). After each checking

operation PIC performs for movement, left, right, and scroll buttons packet is

modified according to each checking by doing an ORing operation between specific

binary value with packet. The following table shows the binary values specified by

each case.
Modifying Packet

776]5]4[3[2[1]0 v
o[1/0[0]{0|0|0]|0 | Scroll push button pressed
0/0[1]/0[1|0][0]|O0|MovingUp
o/lo[1{0]0|0]|0]|O0|Moving down
ololol1]o|1]0|0|Moving right
ololol1]0|0]|0]0|Moving left
0lololo|o[0]1]0|Rightpushbutton pressed
0lolol0|0]|0]0]1|Leftpushbutton pressed

Table 5-1: Modification packets

The PIC program acts as the following:

Step 0: Initialize Bluetooth connection

Step 1: Initialize send packet

Step 2: Calculate DutX and DutyY

Step 3: Check for hand t

ilting (for mouse movement)

Step 4: Check for left, right and scroll

Step 5: Go to step 1
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On the other hand
. the PC program acts according to the following algorithm:

Step 1: Listen to serial port

Step 2: Receive packet and convert it to array of bits
Step 3: Check for cursor movement

Step 4: Check for cursor buttons’ actions

Step 5: Go to step 1
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5.4 Flowcharts

In this section we wi :

N a’ s il provide flowchart schematics that describe the system
0 ; a gene .

B general tlow chart that describes the overall system will be provided, then

iled flow charts that describe ba
detailed flow charts that describe both programs in PIC and PC will be also presented.

The following flowchart describes the overall system work

Initializing Bluetooth Connection
between system and PC

P

A 4

PIC send a packet

A

PC receive packet

v

PC analyze packet and
control cursor

Figure 5-3: General System Flowchart
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Y
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¥
Sample Push buttons
and modify Packet
é
Send Packet to PC

Figure 5-4: PIC general flowchart
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s
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¥
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Figure 5-6: Calculating DutyX flowchart
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Figure 5-7: Buttons sampling flowchart

sampled with PIC program.

The above flow chart shows how push buttons data are
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End

Figure 5-8: General flow chart for PC program
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Figure 5-9: Checking mouse movement flowchart




; The following flow chart shows how PC program checks for push buttons’

Left button
Pressed ?

--Yes
\i

actions.

Press cursor Left button
(if it isn’t pressed before)

Ngo

'

Release cursor Left button
(if it's pressed before)

e L R

Right button
Pressed ? Yes !
| Press cursor Right button
No (if it isn’t pressed before)
Release cursor Right button
(if it’s pressed before)
Y
Scrollbutton™ oo
Pressed ? v

Press Scroll button
’ (if it isn’t pressed before)

Release cursor Scroll button
(if it’s pressed before)

-

1
i

Figure 5-10: Checking mouse buttons flowchart
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5.5 Summary

By the end of this ch
apter wi ;
requirement specifications i ] hav-e provided a description about
including a detailed description fi L
n for the PIC pro
gram and

PC program. Also wi
. ¢ have
system. presented algorithms and flowcharts that d
at describe our
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CHAPTER SIX 6

System Implementation and

Testing

6.1 Overview

6.2 Unit Testing

6.3 Integrated Testing
6.4 Summary
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6.1 Overview

This chapter demonstrates the methods and procedures used to test and examine the
operati :
system operation and behavior. System testing is an important and critical step in

implementing a
mp . .8 System. It senses the effectiveness of that system just before
introducing it to its users.

This system has more than one issue to be tested. Some testing parts reflect a

software, or hardware case. Also, testing procedures concentrate on a single device
independent from the overall system.

After finishing the design of the system and drawing the system schematic, the next

step was to test each part individually, and then implement the system using the wire

wrapping.

6.2 Unit Testing

At this stage each unit was tested independently to ensure that the component realizes

its specified function. This way of testing simplifies trouble shooting detection.

6.2.1 Testing the Accelerometer

Testing the accelerometer involves connecting its circuit; which includes a resistor
and two capacitors and then taking the output from Xout and Yout from the

accelerometer to the oscilloscope which shows us the output at the form of duty
cycles.
The following figure shows the outputs of accelerometer on the oscilloscope. The

upper output is for Xout and the lower is for Yout.
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Figure 6-1: Accelerometer output testing

6.2.2 Testing the Bluetooth module

The Bluetooth module that we used is the Parani-ESD200. The factory default mode
of module is mode 0 (more information about other modes in the appendix). In this
: by mode there is no response when power on or software reset, and Parani-ESD is just
waiting for AT command input. Neither master nor slave is assigned to Parani-ESD in

mode0. User can change the configuration parameters of Parani-ESD in this mode.

E The factory default serial port configuration of this device is presented in the
E: following table. In our system we used the default settings of Bluetooth.
3
',' Serial Port Setting Values
P Baud Rate 9600 bits/second
E Data Bits 8
| Parity No parity
Stop Bit 1
| Hardware Flow Control Use
i-ESD default serial port configurations

E: Table 6-1: Paran
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this Blue .
FOI: e tooth when resets it sends “QK» message in the form of six characters
Wthh 1S ‘\r\nok\r\n” Where W\ i

. Is Carriage return and “\n” is Line feed and this
message must be received by system (PIC)

stablish i
To e a connection, an AT command must be sent to Bluetooth which is

“AT+BTSCAN\”, after this command, Bluetooth responds with the “OK” message;

however, Bluetooth may responds with “ERROR” message, at this moment the

“AT+BTSCAN\” command must be resent to Bluetooth until it responds with “OK”.

After it accepts the “AT+BTSCAN\r” command it waits for a connection, once the
connection is established it sends a message of 24 characters that contains CONNECT
and the address of connected device of 12 characters, this message will be in the form
“\nCONNECT 112233445566\r\n”. After that we can deal with Bluetooth as a serial

1 port; write to it characters or received characters from it.

In order to test Bluetooth it was connected to the serial port (COM1) of PC according

to the following circuit.
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To test Bluetooth we used the HyperTerminal program in order to verify its operation.

Figure 6-2: Bluetooth testing circuit

The following steps demonstrate how Bluetooth was tested.

1. Establish a hyper terminal connection with coMmi

In this step a hyper terminal connectio ;
default serial port configurations of Bluetooth summarized in Table 6-1.

same

However, we ignored the use of flow control.

enter the name of connection.

80

n with COM1 should be established, with the

First, start the hyper terminal and make a new connection as shown in figure 6-3 and
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v Gannectio
Flz Edit View cCall

D & 2 =D

Enter a name and choose anicon for the connection:
Name:

Bluetooth Connectiorf

I N e 1Y : 3l

NE .o R
Dicoonected | Mtodetect | Auodetect | SCROL | CAPs | | Captore | Prneecs

Figure 6-3: Hyper terminal new connection

Then choose the connected port by selecting the COM1 for connection.

% Bluetooth Connection

Emdetaﬂsforlhephonemnbermatywwmtodiat

Area code: [z:ﬂg?.? }

ok J[ Cencel | ?7;

=5 TSCROLL | CAPS | NuM | Cepture | Printechq

Actodetect Auto-detect ES
al connection Port Selection

Figure 6-4: Hyper termin
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Edit the COMI1 properties by choosing the Baud rate 9600 bit per second and flow
control none as shown in figure 6-5

B 5]

| Port Settings |

A
Bi‘s pe‘ d: ES—O..O. e ,......~_..~_;__‘ o
Data bits: {Em e A \7]

Stop bits: |1 v

Flow corvct. [T ] ?

| Restore Defaults l zi}"}fm

CAPS | NUM | Capture iP}int echq

Lok J[ concel J[ apoy |

Figure 6-5: Hyper terminal COM properties
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Edit the ASCII properties to show characters as normal text
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| [ Send fine ends wih ne feeds ;
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3 Play sound when connecting of disconnecting

ASCI Setup..

cond ok ) [ Cencel ]

Figure 6-6: Hyper terminal ASCII Setup
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2. Power on the Bluetooth

When Parani Bluetooth is powered on, it sends the “OK”

. message which can be seen
in the hyper terminal connection.

‘¢ Bluetocth Cannection - HyparTorminat
rie TR Vew Gl T b

D g :‘- JS‘ m.a—-e ) S o e e L U —— . - , ; ‘ e - S R =R

0K

|
i
',:.
: s S,

bt a—————— e e A At it
Joommctodaiy_ isadodotot (WOOWRY | SO GOS [gamy [Cotre [eleds |

Figuré 6-7: OK message from Parani-ESD 200 to hyper terminal
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3. Run BlueSoleil program to connect with Bluetooth

At this step use the BlueSoleil program to search for Bluetooth device.

$ VT Corporation BlueSoleil - Mainrwuindow
File View MyBluetoo& My Services Tools Help

~
~

@%Wﬁ%%%&u%@’@@@a

Figure 6-8: BlueSoleil program testing

To establish a connection, an AT command must be sent to Bluetooth which is

“AT+BTSCAN\”, after this command Bluetooth responds with the “OK” message.

e LR N

o= 58 8

Ll ALl

TIROAL | QAPS ap (i Cemue T eto

ooth response to “AT+BTSCAN\”

¢: §00:01133 | Setodotect | WD 0L

Figure 6-9: Bluet:
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After it accepts the « »
AT+BTSCAN Command it waits for a connection, once the

connection i ; :
. Is established it sends a message of 24 characters that contains CONNECT

d the addr :
and the address of connected device of 12 characters, this message will be in the form

\r\n CONNECT 112233445566\1‘\[}” As shown in ﬁgure 6-10 after that we can deal

ith Blu : gt :
with Bluetooth as a serial port; write to it characters or received characters from it.

oK
AT-BISCAN
oK
CONNECT 111111111111 | D RBRE S oS R
4 i | Blzntonth Sesdol Por Swwicn
i Cornetted. | PR IP 19216050

Figure 6-10: Bluetooth is connected to BlueSoleil

85




——

f°r cau change the port for receiving by choosing tool in BlueSoleil program menu

and select Configuration -> Quick connect ang assign the port name for Bluetooth

device as shown in figure 6-11.

Asrign temate davioes lor d2om¥ic conoactions whaey ey
AACHRE coen the peate dhen\Windows

for Device Hare L. Dencerddeary | Astn ]

COMIMCR?) coice 4900
CaMS 1358}
0145 [5PF) S ESD 2000 0 007 (D75 0O OIS 2 10 017
Q0NB 1577

COH3 ($62) ok
COMRILUNY IR A

COHIB I Cariat '

(Connected, . PRADP 300163501 2

Figure 6-11: Port change in BlueSoleil program
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4. Send characters to an existing program

d i i
We used a Visual Basic .NET program; the user sends hello massage by hyper

terminal jco Bluetooth device, the Bluetooth device sends this massage serially. The
massage 1s shown in a VB.net form.

‘¢ Blustooth Conmecibon - HyperTemminal R T T e
Fle TR Ven C3} Diosfer (4D e A
0 =38 DE & L -

0K
AT+BTSCAK
OK

COMNECT 113111111111

0K
{RT-BTSCAN
{AT«BTSCRH
0K

lcomuecT 113111118111
Ihello

T o

[Commardoicr [ agodiet  iOGIH 15T o

Figure 6-12: Sending through Bluetooth
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6.3 Integrated testing

In this section we will test the overall system including circuit on hand and the
software implemented in PC and PIC.

6.3.1 Connection Testing

The first step to operate system is to establish a connection between system Bluetooth

and the Bluetooth adapter connected to PC.

First, user should set the power on for the system. Then he should run the BlueSoleil

program and click on the orange circle in order to search for Bluetooth devices.

After finding Bluetooth user should click on the found device and then click on serial

connection option as shown in figure 6-13.

3 16T Corporation BlueSolelt - Msin Windaw E{@_)
fho vew Pybloools tySovies Tl He

O = - v - oy v, & a
S SBREBOPREN

Blustooth Serial Pod Spivien

PINPUIRMERL 4

Figure 6-13: Bluetooth is connected

After establishing the connection which takes a few seconds the Green LED

associated with Bluetooth will turn on. This indicates that the Bluetooth is connected;

if it is not then Bluetooth is not connected.
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To test the ou
A thq:uth()f PIC program and the operation of PC program a small function
was added tha :
shows the received byte packets, and also shows the operation of

cursor by writing it -
N Ing 1t on a text box. The actions of mouse cursor also show the output of
PC program.

6.3.2 Mouse cursor testing

In order to move mouse cursor the “Movement Enable push button” must be pressed.

This was done in order that user when he wants; he can move his hand without

moving mouse Cursor.

To move mouse cursor right one should tilt his hand right. The output can be shown

in figure 6-14; we can see that the byte was sent is “40” which is equal to
“00101000.

[ Right not - Left ot - Scroll not - right - ]

4040404040404040404040404040404040404040404040

Clear Text

Figure 6-14: Mouse cursor moving right testing

89




S

To move mouse cursor left, one should tilt his hand left

[Righ k- Left nt - vl ot - 5

32 2 32 32 32 32 32 32 32 32 32 32 32 32 2

Clear Text

Figure 6-15: Mouse cursor moving left testing

To move mouse cursor up, one should tilt his hand up.

Clear Text

Figure 6-16: Mouse cursor moving up testing

90




e

To move mouse cursor down, one should tilt his hand down

(Rt -t o S o

16 16 16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16 16 16 Ié6 lés lée e G SR Y

Clear Text

Figure 6-17: Mouse cursor moving down testing

By combining x with y movement one can move mouse cursor diagonal; right up,

right down, left up, and left down.

fRightnot-Leftnot-Scrollnot-Up-rm- J

06060606060606060604060606060406060

2}
Sa

Clear Text

r

Figure 6-18: Mouse cursor moving up — right testing
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To perform right click operation, user should click on “Rj ght push button”.

L e e ]

B e e R R R R R
PR ks R R )
v v v v
e e R R R )

B R R ]

| R, T
w g
i
|
]
{
i
e
|
i

R R R R R R R ]
e bbb aitadbadhal

1

B R R R R ]

— et e v v vt vt v O

R R R R R R R R ]

B e ke R R R R ]

Leftnot - Scrollnot -

vt et et et v vt vt vt

B B R R I e e B B B

B e e e e e e ]

Y vt vt vt vt e v v v v

R R R R I

vt vt vt v vt vl vt vt

e e B R R

e R

I
(R
1

Ight not -

v v e vt vt et v v v v v

B e I I I

ot vt v v vt vt vt vty

et vt v vt v vt vt vt ot

R R R R e R R R R R ]
R e e R I I R R R

R R R R R R R o

Alt+F4

B I B I R R R ]

e R R e R e R R R ]

AR R R R R R

ot vt vd v v vt vl vt vt vt et

Clear Text

i
!
.
o
I n w
_m R e e e e R R )
H
{
0! X

-19: Mouse right click testing

Figure 6

To perform left click operation, user should click on “Left push button”. This can be

demonstrated by the following two figures (press and release).

[ Right not - Left Click - Scroll not -

SECRoESMoNO o oR 2 202 2 2 2 2

AATE AN A A AiAr A

NNNN
NNNN
NNNN
NNNN
NNNN
NNNN
NNNN
NN N
NNNN
NN NN
NNNN
NNNN
N NN N
NNNN
NNNN
NNANN
NNNN

NNNN

N NN N
NN NN
NNNN
NNNN
NNNN
NNNNS
NNNNN
NNNNN
NNNNN
NNNNN
NANNNN
NNNNN

NN NN

Clear Text

-20: Mouse left pressed testing

igure 6

F
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Clear Text

Figure 6-21: Mouse left released testing

To drag an object user should press on left push button and still for a short period then

move object by tilting his hand. When finishing he can release left push button.

PIC18F4550.., SUPERPRO New Folder (2)
USB series
5 .-j ‘i‘—“:/ ’f, s
procuremnet The Java S > |
plan for g... Communicati... N
; \3) '3}: i

Wl i
=] A

procuremnet ua7z4icn
plan for g...

Figure 6-22: Mouse drag testing
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6.4 Summary

At the end of thi
is chapter, we have talked about system implementation and testing

methods we i .
used to verify system operation, supplying it with demonstrating figures
and tables.
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CHAPTER SEVEN

7

Problems, Conclusions, and

7.1 Overview

7.2 Conclusions
7.3 Problems

7.4 Future Work

Future Work
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7.1 Overview

B e :
B coapter will address the learning outcomes of this project. It will also list the

problems faced us in accomplishing the system, in addition, future work will be
proposed.

7.2 Conclusions

In this project we have learned different approaches and experiences in developing

projects and in the way of thinking to solve problems. Many conclusions and

outcomes can be stated here, the most important ones are described:

o By the end of this project, we have finished designing and implementing an

electronic glove that can be used to control mouse cursor.

o We learned how to apply theoretical information on practical applications that

human can use.

o We learned how to use and how to program PIC, which is very useful in many

applications.

o We used a new technology —Bluetooth technology, and it was a good chance

for us to learn this new technology and apply it in our project.

o Team working is very useful; working is balanced on team members and so

time and efforts will be saved.

We have concluded that group thinking is the best way in solving problems

that faces projects, in which many points of views can be considered.
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7.3 Problems

bl : :
oS are natural things, especially when one develops his first project, but

solving those problems is a success. Here are the most important problems that we
faced during system development.

o Project components weren’t available at the start of semester, so we had to

wait until they were available so some time was wasted.

o Damaging in some devices because of wrong connections, our PIC and

accelerometer were damaged so we were forced to get new ones.

o We faced a problem in dealing with the accelerometer outputs; firstly, we
decided to use the analog outputs, but when connecting to PIC the signal
drops, we spent many days to solve this problem but unfortunately we didn’t
succeed. After many days of searching we decided to take digital outputs
instead of analog. We found that this method is easier and consumes no
additional components, which is important because circuit will be placed on

hand and it must be small.

o When testing system at the first time, data was sent at a very high rate, this
caused the response of PC to be late; we solved this by adding a delay before

sending each packet. It succeeded and the PC program worked well.
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7.4 Future Work

Many ideas and applications can be developed upon our project. Here are some
suggested ideas:

o Using the electronic glove to control a specific machine, by which user can

control his machine using his hand and fingers movements.

o Design a glove that can be using for graphics simulations; such like animation.

o Integrate system to an electronic game.

o Upgrade system to use it in virtual reality applications.
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MICROCHIP PIC18F2455/2550/4455/4550

28/40/44-Pin High-Performance, Enhanced Flash USB
Microcontrollers with nanoWatt Technology

Universal Serial Bus Features:

USB V2.0 Compliant
Low Speed (1.5 Mb/s) and Full Speed (12 Mb/s)
Supports Control, Interrupt, Isochronous and Bulk

Transfers

Supports up to 32 endpoints (16 bidirectional)
1-Kbyte dual access RAM for USB
On-chip USB transceiver with on-chip voltage

- regulator

Interface for off-chip USB transceiver
Streaming Parallel Port (SPP) for USB streaming
transfers (40/44-pin devices only)

Power-Managed Modes:

Run: CPU on, peripherals on
|dle: CPU off, peripherals on

Sleep: CPU off, peripherals off

|dle mode currents down to 5.8 pA typical
Sleep mode currents down to 0.1 pA typical
Timer1 oscillator: 1.1 pA typical, 32 kHz, 2V

Watchdog Timer: 2.1 pA typical

Two-Speed Oscillator Start-up

Flexible Oscillator Structure:
Four Crystal modes including High Precision PLL

.

for USB

Two External Clock modes, up to 48 MHz
Intemal oscillator block:
- 8 user-selectable frequencies, from
31 kHz to 8 MHz
- User-tunable to compensate for frequency drift
Secondary oscillator using Timer1 @ 32 kHz
Dual oscillator options allow microcontroller and
USB module to run at different clock speeds
Fail-Safe Clock Monitor
- Allows for safe shutdown if any clock stops

Peripheral Highlights:

» High-current sink/source 25 mA/25 mA

= Three external interrupts

« Four Timer modules (Timer0 to Timer3)

* Up to 2 Capture/Compare/PWM (CCP) modules:
- Capture is 16-bit, max. resolution 6.25 ns (TCY/16)
- Compare is 16-bit, max. resolution 100 ns (TcY)
- PWM output: PWM resolution is 1 to 10-bit

» Enhanced Capture/Compare/PWM (ECCP) module:
- Multiple output modes
- Selectable polarity
- Programmable dead time
- Auto-Shutdown and Auto-Restart

» Enhanced USART module:
- LIN bus support

« Master Synchronous Serial Port (MSSP) module
supporting 3-wire SPI™ (all 4 modes) and [2c™
Master and Slave modes

« 10-bit, up to 13-channels Analog-to-Digital Converter
module (A/D) with programmable acquisition time

« Dual analog comparators with input multiplexing

Special Microcontroller Features:

- C compiler optimized architecture with optional
extended instruction set

« 100,000 erase/write cycle Enhanced Flash
program memory typical

- 1,000,000 erase/write cycle Data- EEPROM
memory typical

- Flash/Data EEPROM Retention: > 40 years

- Self-programmable under software control

- Priority levels for interrupts

- 8 x 8 Single-Cycle Hardware Multiplier

« Extended Watchdog Timer (WDT):
- Programmable period from 41 ms to 131s

« Programmable Code Protection

« Single-Supply 5V In-Circuit Serial
Programming™ (ICSP™) via two pins

- In-Circuit Debug (ICD) via two pins

- Optional dedicated ICD/ICSP port (44-pin devices only)

. Wide operating voltage range (2.0V to 5.5V)

© 2004 Microchip Technology Inc.
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Program Memory Data Memory MSSP . g
4 o | 10-bit [CCPIECCP| opp " < | B | Timers
Device | Flash [# Single-Word| SRAM |EEPROM 0 |ap (ch)| (PWM) Spi™ .z“éiﬁ' 2 ég BIehn
(bytes)| Instructions (bytes) (bytes) 3|5
PIC18F2455| 24K 12288 2048 256 24 10 Zg :2 i z 1 2 12
PIC18F2550| 32K 16384 2048 256 24 0
256 35 13 11 Yes ¥ N 1 ]2 13
PIC18F4455| 24K 12288 2048
256 35 13 1 Yes Y Y 1 2 1/3
PIC18F4550| 32K 16384 2048
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MICROCHIP PIC18F2455/2550/4455/4550

28/40/44-Pin High-Performance, Enhanced Flash USB
Microcontrollers with nanoWatt Technology

e

S —

Universal Serial Bus Features:

» USB V2.0 Compliant
» Low Speed (1.5 Mb/s) and Full Speed (12 Mb/s)

« Supports Control, Interrupt, Isochronous and Bulk

Transfers

 Supports up to 32 endpoints (16 bidirectional)
« 1-Kbyte dual access RAM for USB
« On-chip USB transceiver with on-chip voltage

: regulator

« Interface for off-chip USB transceiver

«» Streaming Parallel Port (SPP) for USB streaming

transfers (40/44-pin devices only)

Power-Managed Modes:

« Run: CPU on, peripherals on
« |dle: CPU off, peripherals on

« Sleep: CPU off, peripherals off

« |dle mode currents down to 5.8 pA typical

Flexible Oscillator Structure:

» Four Crystal modes including High Precision PLL

for USB

Sleep mode currents down to 0.1 pA typical
Timer1 oscillator: 1.1 pA typical, 32 kHz, 2V
Watchdog Timer: 2.1 pA typical
Two-Speed Oscillator Start-up

« Two External Clock modes, up to 48 MHz
« Intemal oscillator block:
- 8 user-selectable frequencies, from
31 kHz to 8 MHz
- User-tunable to compensate for frequency drift
+ Secondary oscillator using Timer! @ 32 kHz
« Dual oscillator options allow microcontroller and
USB module to run at different clock speeds

Fail-Safe Clock Monitor

- Allows for safe shutdown if any clock stops

Peripheral Highlights:

 High-current sink/source 25 mA/25 mA

= Three external interrupts

* Four Timer modules (Timer0 to Timer3)

= Up to 2 Capture/Compare/PWM (CCP) modules:
- Capture is 16-bit, max. resolution 6.25 ns (TcY/16)
- Compare is 16-bit, max. resolution 100 ns (TcY)
- PWM output: PWM resolution is 1 to 10-bit

 Enhanced Capture/Compare/PWM (ECCP) module:
- Multiple output modes
- Selectable polarity
- Programmable dead time
- Auto-Shutdown and Auto-Restart

» Enhanced USART module:
- LIN bus support

« Master Synchronous Serial Port (MSSP) module
supporting 3-wire SPI™ (all 4 modes) and [2c™
Master and Slave modes

« 10-bit, up to 13-channels Analog-to-Digital Converter
module (A/D) with programmable acquisition time

« Dual analog comparators with input multiplexing

Special Microcontroller Features:

- C compiler optimized architecture with optional
extended instruction set

« 100,000 erase/write cycle Enhanced Flash
program memory typical

« 1,000,000 erase/write cycle Data. EEPROM
memory typical

« Flash/Data EEPROM Retention: > 40 years

« Self-programmable under software control

« Priority levels for interrupts

- 8 x 8 Single-Cycle Hardware Multiplier

« Extended Watchdog Timer (WDT):
- Programmable period from 41 ms to 131s

- Programmable Code Protection

- Single-Supply 5V In-Circuit Serial
Programming™ (ICSP™) via two pins

« In-Circuit Debug (ICD) via two pins

- Optional dedicated ICD/ICSP port (44-pin devices only)

- Wide operating voltage range (2.0V to 5.5V)

Program Memory Data Memory MSSP E g

- e 10-bit [CCP/ECCP| pp S = % Timers

Device | Flash [# Single-Word| SRAM EEPROM AD (ch)| (PWM) spim M ;g ter 2| bt

(bytes)| Instructions (bytes) (bytes) |5

PIC18F2455| 24K 12288 2048 256 24 10 2/0 No Y. Y T 12 73
PIC18F2550| 32K 16384 2048 | 256 | 24| 10 2/0 No Y Y T 121 13
PIC18F4455| 24K 12288 2048 256 | 35| 13 11 Yes z z 1 2 1 ;3
PIC18F4550| 32K 16384 2048 256 35 13 1 Yes 2 3
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PIC18F2455/2550/4455/4550

A

Pin Diagrams

28-Pin PDIP, SOIC

MCLRgZZﬁng——E” = 28[J=— RB7/KBI3/PGD
T 2 27 = RB6/KBI2/PGC
2 3 26| 1=—> RBS5/KBI1/PGM
Ril;//r;e;é/cvREF«—E 4 25[J=—= RB4/AN11/KBIO
e Vrer+=—>L] 5 §u°, 24 1= RB3/ANg/CCP2(/VPO
ToCKI/C1oUT/RCV=—=L] & e 23[ 1= RB2/ANSII
RAS/AN4/SS/HLVDIN/C20UT=—[] i HOINTIISCH
C\\/UT 5 7 L i 22[ === RB1/AN10/INT1/SCK/SCL
ss—=[] 8 55 21[1*—= RBO/AN12/INTO/FLTO/SDI/SDA
osci/cLki—=[] 9 0O 20[J=— Voo
0SC2/CLKORA6~—L]10 o 19 J=— Vss
RCO/T10SO/T13CKI~—=[]11 18| J=—> RC7/RX/DT/SDO
RC1/T108l/CCP2)UOE~—[]12 17[*> RC6/TX/CK
. Rc2/ccP1<—[]13 16[J=—= RC5/D+IVP
Vuss=—[]14 15[ < RC4/D-NM

40-Pin PDIP
MCLR/\VPP/RE3 — [] 1 &/ 40 1 =— RB7/KBI3/PGD
RAO/ANO <—[] 2 39 [] =——= RB6/KBI2/PGC
RA1/AN1 =——[]3 38 [1 ~—= RB5/KBI1/PGM
RA2/AN2/VREF-ICVREF ~—s[] 4 37 [] =— RB4/AN11/KBIO/CSSPP
RA3/AN3/VREF+ <—=[] 5 36 [ <— RB3/AN9/CCP2()VPO
RA4/TOCKI/C1OUT/RCV <~—=[] 6 35 [] ~—e RB2/ANS/INT2/VMO
RAS5/AN4/SS/HLVDIN/C20UT =—=[] 7 34 [] =— RB1/AN10/INT1/SCK/SCL
REO/AN5/CK1SPP =—[] 8 e 33 [1 =——= RBO/AN12/INTO/FLTO/SDI/SDA
RE1/AN6/CK2SPP <—[] 9 o 32 [ ~— VoD
RE2/AN7/OESPP <—=[] 10 EE 31 [] =———Vss
Vob — [] 11 o O 30 [] =— RD7/SPP7/P1D
Vas MRSl 1ot ST 20iie—=ROG/SPPERIC
0SC1/CLKI ——=[] 13 o 28 [] <~—= RD5/SPP5/P1B
OSC2/CLKO/RA6 «———T[ 14 27 [1 «— RD4/SPP4
RCO/T10SO/M13CKI =—=[] 15 26 [] ~—= RC7/RX/DT/SDO
RCAT108I/CCP2(WUOE -—[] 16 25 [] ~— RCB/TX/CK
RC2/CCP1/P1A —[] 17 24 [] =—— RC5/D+NVP
Vuss -—[]18 23-{] =— RCA/D-NVM
RDO/SPP0 ~—[1] 19 22 [] =<— RD3/SPP3
RD1/SPP1 =—[] 20 21 [ =—— RD2/SPP2

Note 1: RB3 is the altemate pin for CCP2 multiplexing.

I8
pre“minary © 2004 Microchip Technology Inc.
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PIC18F2455/2550/4455/4550

1.0 DEVICE OVERVIEW

This document contains device specific infol i
i ; rm
the following devices: ation for

+ PIC18F2455 * PIC18LF2455
» PIC18F2550 * PIC18LF2550
» PIC18F4455 * PIC18LF4455
» PIC18F4550 * PIC18LF4550

This family of devices offers the advantages of all
PIC18 microcontrollers — namely, high computational
performance at an economical price — with the addition
of high endurance, Enhanced Flash program memory.
In addition to these features, the
PIC18F2455/2550/4455/4550 family introduces design
enhancements that make these microcontrollers a log-
ical choice for many high-performance, power sensitive
applications.

1.1 New Core Features

111 nanoWatt TECHNOLOGY

All of the devices in the PIC18F2455/2550/4455/4550
family incorporate a range of features that can signifi-
cantly reduce power consumption during operation.
Key items include:

« Alternate Run Modes: By clocking the controller
from the Timer1 source or the internal oscillator
block, power consumption during code execution
can be reduced by as much as 90%.

Multiple Idle Modes: The controller can also run

with its CPU core disabled but the peripherals still

active. In these states, power consumption can be
reduced even further, to as little as 4% of normal
operation requirements.

« On-the-fly Mode Switching: The
power-managed modes are invoked by user code
during operation, allowing the user to incorporate
power-saving ideas into their application’s
software design.

« Low Consumption in Key Modules: The
power requirements for both Timer1 and the
Watchdog Timer are minimized. See
Section 28.0 “Electrical Characteristics” for
values.

141}:22 UNIVERSAL SERIAL BUS (USB)

Devices in the PIC18F2455/2550/4455/455Q family
incorporate a fully featured Universal Serial Bus
communications module that is compliant with the USB
Specification Revision 2.0. The module supports both
low-speed and full speed communication for qll sup-
ported data transfer types. It also incorporates its own
on-chip transceiver and 3.3V regulator and supports
the use of external transceivers and voltage regulators.

1.1.3 MULTIPLE OSCILLATOR OPTIONS
AND FEATURES

All of the devices in the PIC18F2455/2550/4455/4550
family offer twelve different oscillator options, allowing
users a wide range of choices in developing application
hardware. These include:

* Four Crystal modes using crystals or ceramic
resonators.

* Four External Clock modes, offering the option of
using two pins (oscillator input and a divide-by-4
clock output) or one pin (oscillator input, with the
second pin reassigned as general 1/O).

* An internal oscillator block which provides an
8 MHz clock (+2% accuracy) and an INTRC
source (approximately 31 kHz, stable over
temperature and VDD), as well as a range of
6 user selectable clock frequencies, between
125 kHz to 4 MHz, for a total of 8 clock
frequencies. This option frees an oscillator pin for
use as an additional general purpose I/O.

+ A Phase Lock Loop (PLL) frequency multiplier,
available to both the high-speed crystal and
external oscillator modes, which allows a wide
range of clock speeds from 4 MHz to 48 MHz.

» Asynchronous dual clock operation, allowing the
USB module to run from a high-frequency
oscillator while the rest of the microcontroller is
clocked from an internal low-power oscillator.

Besides its availability as a clock source, the internal
oscillator block provides a stable reference source that
gives the family additional features for robust
operation:
- Fail-Safe Clock Monitor: This option constantly
monitors the main clock source against a
reference signal provided by the internal
oscillator. If a clock failure occurs, the controller is
switched to the internal oscillator block, allowing
for continued low-speed operation or a safe
application shutdown.
- Two-Speed Start-up: This option allows the
internal oscillator to serve as the clock source
from Power-on Reset, or wake-up from Sleep
mode, until the primary clock source is available.

Preliminary DS39632B-page 7
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1.2  Other Special Features

Memory Endurance: The Enhanced Flash cells
for both program memory and data EEPROM are
rated to last for many thousands of erase/write
cycles — up to 100,000 for program memory and
1,000,000 for EEPROM. Data retention without
refresh is conservatively estimated to be greater
than 40 years.

Self-Programmability: These devices can write
to their own program memory spaces under
intemnal software control. By using a bootloader
routine, located in the protected Boot Block at the
top of program memory, it becomes possible to
create an application that can update itself in the
field.

Extended Instruction Set: The
PIC18F2455/2550/4455/4550 family introduces
an optional extension to the PIC18 instruction set,
which adds 8 new instructions and an Indexed
Literal Offset Addressing mode. This extension,
enabled as a device configuration option, has
been specifically designed to optimize re-entrant
application code originally developed in high-level
languages such as C.

Enhanced CCP Module: In PWM mode, this
module provides 1, 2 or 4 modulated outputs for
controlling half-bridge and full-bridge drivers.
Other features include auto-shutdown for
disabling PWM outputs on interrupt or other select
conditions and auto-restart to reactivate outputs
once the condition has cleared.

Enhanced Addressable USART: This serial
communication module is capable of standard
RS-232 operation and provides support for the LIN
bus protbcol. Other enhancements include
Automatic Baud Rate Detection and a 16-bit Baud
Rate Generator for improved resolution. When the
microcontroller is using the internal oscillator
block, the EUSART provides stable operation for
applications that talk to the outside world without
using an external crystal (orits accompanying
power requirement).

10-bit A/D Converter: This module incorporates
programmable acquisition time, allowing for a
channel to be selected and a conversion to be
initiated, without waiting for a sampling period and
thus, reducing code overhead.

Dedicated ICD/ICSP Port: These devices
introduce the use of debugger and progra_mmlng
pins that are not multiplexed with other micro-
controller features. Offered as an option in select
packages, this feature allows users to develop I/O
intensive applications while retaining the ability to
program and debug in the circuit.

— r———

——

1.3 Details on Individual Family
Members

Devices in the PIC18F2455/2550/4455/4550 family are
ayailable in 28-pin and 40/44-pin packages. Block
diagrams for the two groups are shown in Figure 1-1
and Figure 1-2.

The devices are differentiated from each other in six
ways:

1. Flash program memory (24 Kbytes for
PIC18FX455  devices, 32 Kbytes  for
PIC18FX550).

2. AD channels (10 for 28-pin devices, 13 for
40/44-pin devices).

3. 1/O ports (3 bidirectional ports and 1 input only
port on 28-pin devices, 5 bidirectional ports on
40/44-pin devices).

4. CCP and Enhanced CCP implementation
(28-pin devices have 2 standard CCP modules,
40/44-pin devices have one standard CCP
module and one ECCP module).

5. Streaming Parallel Port (present only on
40/44-pin devices).

All other features for devices in this family are identical.
These are summarized in Table 1-1.

The pinouts for all devices are listed in Table 1-2 and
Table 1-3.

Like all Microchip PIC18 devices, members of the
PIC18F2455/2550/4455/4550 family are available as
both standard and low-voltage devices. Standard
devices with Enhanced Flash memory, designated with
an “F" in the part number (such as PIC18F2550),
accommodate an operating VDD range of 4.2V to 5.5V.
Low-voltage parts, designated by “LF” (such as
PIC18LF2550), function over an extended VDD range
of 2.0V to 5.5V.

Preliminary © 2004 Microchip Technology Inc.
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TABLE 1-1: DEVICE FEATURES
Features
—— PIC18F2455 PIC18F2550 PIC18F4455 PIC18F4550
pe ency =
= DC - 48 MHz DC - 48 MHz DC - 48 MHz DC —48 MHz
rogram Memory (Bytes) 24576
3 32768 24576 32768
Program Memory (Instructions) 12288
16384 12288 16384
Data Memory (Bytes) 2048 2048
Data EEPROM Memory (Bytes) 2 e
256 256 256 256
Interrupt Sources 19 19 20 20
HOFaris Ports A, B, C, (E) | Ports A, B, C, (E) | Ports A, B, C, D, E | Ports A, B, C, D, E
Timers 4 2 2 2
Capture/Compare/PWM Modules 2 2 1 1
Enhanced Capture/ 0 0 1 1
Compare/PWM Modules
Serial Communications MSSP, MSSP, MSSP, MSSP
Enhanced USART | Enhanced USART | Enhanced USART | Enhanced USART
Universal Serial Bus (USB) 1 1 1 1
Module
Streaming Parallel Port (SPP) No No Yes Yes
10-bit Analog-to-Digital Module | 10 Input Channels | 10 Input Channels | 13 Input Channels | 13 Input Channels
Comparators 2 2 2 2
Resets (and Delays) POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow Stack Underflow Stack Underflow Stack Underflow
(PWRT, OST), (PWRT, OST), (PWRT, OST), (PWRT, OST),
MCLR (optional), | MCLR (optional), MCLR (optional), | MCLR (optional),
WDT WDT WDT WDT
Programmable Low-Voltage Yes Yes Yes Yes
Detect
Programmable Brown-out Reset Yes Yes Yes Yes
Instruction Set 75 Instructions; 75 Instructions; 75 Instructions; 75 Instructions;
83 with Extended | 83 with Extended | 83 with Extended | 83 with Extended
Instruction Set Instruction Set Instruction Set Instruction Set
enabled . enabled enabled enabled
Packages 28-pin PDIP 28-pin PDIP 40-pin PDIP 40-pin PDIP
' 28-pin SOIC 28-pin SOIC 44-pin QFN 44-pin QFN
44-pin TQFP 44-pin TQFP

’

J
© 2004 Microchip Technology Inc.
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GURE 1-1: PIC18F2
L 455/2550 (28-PIN) BLOCK DIAGRAM
able Pointer<21>] = Data Bussé>
3 A v PORTA
[ incldeclogic | Data Latch i RAO/ANO
‘ : RA1/AN1
Data Memory ' RA2/AN2/VREF-/CVREF
(2 Kbytes) F} H RA3/AN3/VREF+
. RA4/TOCKI/C1OUT/RCV
Address Latch : RAS/AN4/SS/HLVDIN/C20UT
Program Counter 112 : 0SC2/CLKO/RAB
Data Address<12>
31 Level Stack |
Address Latch L
Program Memory STKPTR
e PTR |
Data Latch PORTE
L[] RBO/AN12/INTO/FLTO/SDI/SDA
< RB1/AN10/INT1/SCK/SCL
: RB2/ANB/INT2VMO
- RB3/AN9/CCP2G)VPO
- RB4/AN11/KBIO
ROM Latch - RB5/KBI1/PGM
Instruction Bus <16> - RB6/KBI2/PGC
3 RB7/KBI3/PGD
Instruction State Machine
Decode & l’ .
Control Control Signals
PORTC
RCO/T10SO/T13CKI
: RC1/T10S1/CCP2B)UOE
osc1® IZ}—) Internal Power-up - RC2/CCP1
O%cl'"a‘ior Timer g RC4/D-VM
OC|
osc21? X Oscillator b—[X| RC5/D+NVP
INTRC |~ |tortup Thmer Tk RermcoTisno
Oscillator Power-on
1108l X — e
i Watchdog
T10s0 Xl Oscillator onchil
MaR® DX}-»| |Single-Supply ' B'g"é”s‘;"t
Programmin: -
Tn-Circuit Fail-Safe
Vob, Vss E—b Debugger Clock Monitor| o
USB Voltage Band Gap
Wss < —P Reference
B Regulator : v (> MCLRVPP/RE3™
BOR Data 2 Timer3
HLVD EEPROM Timer0 Timer1 Time!

} v v v v v

ADC
ccP2 mssp [ |EUSART| | 1opi | [ US®

Comparator] CCP1

f MCLR isabled.
: i i T 4 is only available when the MCLR Resets are disa ; i
i ; gz%saugp‘esegx;g&: :rr;dt;:ls a\)llailable in select oscillator modes and when these pins are not being used as digital /0. Refer
3 an

to Section 2.0 “Oscillator Configurations” for additional information.
3: RB3is the alternate pin for CCP2 multiplexing.

Preliminary © 2004 Microchip Technology Inc.
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FIGURE 1-2: PIC18F4455/4550 (40/44-PIN) BLOCK DIAGRAM

e Pontr<21>] | = Dat Bus'so
Table Pointer<21>
3 PORTA
inc/dec logic T Data Latch I Lo
: L. X] RA2/AN2/VREF-/CVREF
Data Mem
pcLATU[PCLATH @ Kbyte:)ry D H RA3/AN3/VREF+
: RA4/TOCKI/C10UT/RCV
Address Latch : RAS/AN4/SS/HLVDIN/C20UT
S OSC2/CLKO/RAG
Program Counter 12
Data Address<12>
31 Level Stack | PORTB
Address Latch K RBO/AN12/INTO/FLTO/SDI/SDA
: RB1/AN10/INT1/SCK/SCL
""2’2,3""2",&""‘” STKPTR RB2/ANS/INT2/VMO
( ytes) @
N - RB3/AN9/CCP24)VPO
Data Latch . RB4/AN11/KBI0/CSSPP
: RB5/KBI1/PGM
- RB6/KBI2/PGC
RB7/KBI3/PGD
ROM Latch PORTC
Instruction Bus <16> ! RCO/T10SO/T13CKI
: RC1/T10SI/CCP24)/UOE
! RC2/CCP1/P1A
: RC4/D-VM
- RC5/D+NP
: RCB/TX/CK
lBStmgtiog State Machine b—e X]| RC7/RX/DT/SDO
ecode 1t
Control Control Signals
PORTD
Voo, Vss ——
nternal
Oscillator Power-up ! RDO/SPPO:RD4/SPP4
osci® [I—»{| Oxhat Timer 1. [X|RDS/SPPE/P1B
2) : : RD6/SPP6/P1C
0sc2f E’" INTRC ) Oscillator ] RD7/SPP7/P1D
T108! &_, Oscillator Start-up Timer
8 MHz Power-on
T10SO E‘—V Oscillator Reset
Watchdog
icPee® [Xle>|[single-Supply BT|mer -
Programming rown-ou PORTE
3]
Gy Mo\ ——— Reset REO/ANS/CK1SPP
icPORTSPIP—>{| Debugger Fail-Safe RE1/ANB/CK2SPP
: - Clock Monitor Band Gap i o—e | X| RE2/AN7/OESPP
icrsT® X Reference MCLRNPP/RE3M
woR» X+ USB Voltage g
Regulator
wes RKetH—m
EOR 2ata r1 Timer2 Timer3
HLVD gepROM| [ Timer0 | | Time

w3

ADC
EUSART 10-bit usB

Comparator ECCP1 cCcP2 i
ble when the MCLR Resets are disabled.

SR R enpitiploxed Wi G o a‘:Iaablllz in select oscillator modes and when these pins are not being used as digital I/0. Refer

il

: C1/CLKI and OSC2/CLKO are only.avaln el > e
5 gSSec/ﬁon 2.0 “Oscillator Configurations for addmonal. mlz:r;?ﬁu:;\s L
3: These pins are only available on 44-pin TQFP under certain 5

Packages Only)” for additional inform.ation'.
4: RB3is the altemate pin for CCP2 multiplexing.
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Trademark

Parani™ is a trademark of Sena Technologies, Inc.
Windows® is a registered trademark of Microsoft Corporation.
Ethemnet® is a registered trademark of XEROX Corporation.

Notice to Users

When a system fallure may cause serious consequences, protecting life and property against such
conseguences with a backup system or safety device is essential. The user agrees that protection
against consequences resulting from system failure is the user’s responsibility.

This device is not approved for life-support or medical systems.

Changes or modifications to this device not explicitly approved by Sena Technologies will void the
user’s authority to operate this device.

Precautions and Safety

Electricity

Use only the supplied AC adapter. Use of unauthorized power adapter is not recommended. Electrical
shock may result.

Do not kink or crease the power cable or place heavy objects on the power cable. Fire can result from
damaged power cables.

Do not handle power plug and adapter with wet hands. Electrical shock may result.

Immediately power off the product and unplug the AC adapter if smoke or odors emit from the product
and adapter. Fire can result from improper use.

Immediately power off the product and unplug the AC adapter if water or other liquids are present. Fire
can result from improper use.

Product :
Parani-ESD meets the RS-232 standards. Do not wire with non-standard products. Damage to your
products may result from improper use. _

Do not drop or subject the device to impact. Damage tq your products may result from improper use.
Keep away from harsh environments including humid, dusty, and smoky areas. Damage to your

products may result from improper use. : :
Do not use excessive force on the buttons or attempt to disassemble the device. Damage to your

products may result from improper use.
Do not place heavy objects on the product.

Damage to your products may result from improper use.

Technical Support

Sena Technologies, Inc.

210 Yangjae-dong, Seocho-gu
Seoul 137-130, Korea

Tel: (+82-2) 573-5422

Fax: (+82-2) 573-7710

E-Mail: support@sena.com

Website: http:/www.sena.com
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1. Introduction

1.1. Overview

Parani-ESD is a module device for wireless serial communication using Bluetooth technology that is

international a standard for short range wireless communicati i i i
other Bluetooth devices that support the Serial Port Profl_:lr;'canons. Parani-ESD can communicate with

Parani-ESD lineup has several models with different communication ranges from 30m (Parani-

ESP200/21 0) up to 100m (Parapi-ESD100/110) for use with various applications. The Parani-ESD
delivers better quality of communication than a standard RS232 cables.

Parani-ESD has a compa_ct design and can be placed conveniently into devices or equipment. Its
detachable antenna optimizes the quality and distance for wireless communications.

Parani-ESD supports FHSS (Frequency Hopping Spread Spectrum), which is a technique, native to
Bluetopth"that. allows the Parani-ESD minimize radio interference while decreasing the likelihood of
over-air hijacking. Parani-ESD also supports authentication and Bluetooth data encryption.

Parani-ESD can be configured and controlled by typical AT commands. Users can easily configure
Parani-ESD by using a terminal program such as HyperTerminal and can use Bluetooth wireless
communication without modifying user’s existing serial communication program. In addition to the
basic AT commands, Parani-ESD provides some expanded AT commands for various functions. User
friendly ParaniWizard and ParaniWIN are also provided for easy setup on Microsoft Windows.

1.2. Package Check List

1.2.1. Single/Bulk Unit Package

® Parani-ESD100/200
- Parani-ESD100/200 module
- on-board chip antenna

® Parani-ESD110/210
- Parani-ESD110/210 module
- Stub Antenna
- Antenna extension cable

1.2.2. Starter Kit

- Jig board
- Serial data cable
- DC Power Adapter

e ick Start Guide :
A hardcopy of Quick > tion SAW and User Guide

- CD-ROM including the Configu




1.3. Product Specification

Parani-ESD100/110

Parani-ESD200/210

§f§ﬁai Interface

Serial speeds 1200bps to 230400bps

Flow Control: None, Hardware RTS/CTS

2.54mm Header 2X6

| 2.54mm Header 1x4Xx2

Jetooth Interface.

Bluetooth v1.2 *

Protocol: REFECOMM, L2CAP, SDP

Profile: Serial Port Profile

Class 1

Class 2

Level: 18dBm

Level: Max. 4dBm

Parani-ESD100-Working distance:
Nominal 100m
Parani-ESD110-Working distance:

Parani-ESD200-Working distance:
Nominal 30m
Parani-ESD210-Working distance:

Default-Default Antenna 100m Default-Default Antenna 30m
Default-Dipole Antenna 150m Default-Dipole Antenna 50m
Dipole-Dipole Antenna 200m Dipole-Dipole Antenna  80m
Patch-Dipole Antenna  400m Patch-Dipole Antenna  150m
Patch—Patch Antenna  1000m Patch—Patch Antenna  300m

' ParelniWIN, ParaniWizard, Modem AT command set

ParaniUpdater

Fihn'wa'i'g-Update‘. o
Rower - -

Supply voltage: 3.3V DC

. - | Supply current:

Parani-ESD100/110 : minimum 300mA
Parani-ESD200/210 : minimum 150mA
Nominal power consumption

| Parani-ESD100 : 43mMA@9600bps, 61mA@115Kbps

Parani-ESD110 : 44mA@9600bps, 57mA@115Kbps
Parani-ESD200 : 33mA@9600bps, 40mA@115Kbps

; Parani-ESD210 : 31mA@9600bps, 39MA@1 15Kbps

Environmental e

Operating temperature: -10 ~ 55 °C

| storage temperature: -20 ~ 70 e

Humidity : 90% (Non-condensing)

Physical properties

Dimension
18 mm L (0.7 in.)
20 mmW (0.78 in.)
12 mm H (0.47 in.)

Parani-ESD100 Dimension
27.5mm L (1.08 in.)
30 mmW (1.18in.)
14 mm H (0.55 in.)

Parani-ESD110 Dimension
27.5mm L (1.08in.)
27.7 mm W (1.09 in.)
14 mm H (0.55in.)

Weight
29

Weight
5g

Approvals -

FCC(A), MIC, CE, SIG

3-year limited warranty

Warranty
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3. Configuration

3.1. Operation Modes

In addition to the serial port configurations, the Parani-ESD requires also includes some settings for

Bluetooth. For getting th i
e gmes.g e most out of Parani-ESD, user should understand the following Bluetooth

gl Blget?r?tg device can play a role as a master or slave. Master tries to connect itself to other
uetooth devices, and slave is waiting to be connected from other Bluetooth devices. A Bluetooth
connection is always made by a pair of master and slave devices. A slave can be in two modes,
Inquiry Scan or Page Scan mode. Inquiry Scan mode is waiting for a packet of inquiry from other
Bluetooth device and Page Scan mode is waiting for a packet of connection from other Bluetooth

device. Every Bluetooth device has its unique address, called BD (Bluetooth Device) address, which is
composed of 12 hexa-decimal numbers.

Parani-ESD has 4 operation modes as follows:

Table 3-1 The Parani-ESD Operation Modes

Mode

Description

Mode0

In this mode, there is no response when power on or software reset, and Parani-ESD is just
waiting for AT command input. Neither master nor slave is assigned to Parani-ESD in mode0.
User can change the configuration parameters of Parani-ESD in this mode.

Parani-ESD must be in Mode0, when it is directly controlled by AT commands.

The factory default is set to Mode0.

Mode1

Parani-ESD tries to connect the last connected Bluetooth device.

Parani-ESD in Mode1 is to be a master and tries to connect the last connected Bluetooth
device. Parani-ESD always stores the BD address of the Bluetooth device to which Parani-
ESD has connected last. When Parani-ESD is initially used or after hardware reset, there is no
BD address stored in Parani-ESD. In this case, Mode1 will not be able to work properly. The
mode change to Mode1 can be made after Parani-ESD succeeds to connect to one other
Bluetooth device. Once changed to Mode1, Parani-ESD will try to connect automatically the
last connected Bluetooth device whenever the unitis powered on or software reset.
Parani-ESD in Mode1 cannot be discovered or connected by other Bluetooth devices.

Mode2

Parani-ESD is waits for a connection from the last connected Bluetooth device.
Parani-ESD in Mode2 is to be a slave and waiting for the connection only from.the last ;
connected Bluetooth device. Just like Moded, if there is no BD address stored in Parani-ESD,
the mode change from other operation modes to Mode2 is not work properly. Once chgnged to
Mode2, Parani-ESD will wait for the cofrtmection frctam the last connected Bluetooth device

iti ed on or software reset.
‘é’vgre:rﬁ\fgsg?nupﬂnozjsegogﬁ;ot be discovered or connected to Bluetooth devices other than the

last connected device.

Mode3

Parani-ESD is waiting for the connection from any other Bluetooth devices. In Mode 3 the

Parani-ESD is discoverable and can be connected to by other Bluetooth devices.

13




3.2. Serial Ports

The applicable settings for serial ports are as follows

Table 3-2 The Parani-ESD Serial Port Settings
Serial Port Settings Values
Baud rate 1200, 2400, 4800, 19200, 38200, 57600, 115200, 230400
Data bite
Parity Even parity, Odd parity
Stop bit il 2
Hardware Flow Control No Use

The values in box are the factory default settings.
3.3 Data Bit

ParaniTESD supports only 8 data bit. In the case of 7 data bit and even/odd parity, use Parani-ESD 8
data bit and none parity. At this time, master and slave are Parani-SD, Parani-ESD or Parani-MSP
series. But 7 data bit and none parity is not support.

3.4 Hardware Flow Control

Parani-ESD plugged into its host system transmits data from host to the other side Bluetooth device.
This data is saved temporarily in the internal buffer of Parani-ESD and sent repeatedly until the
transmission is completed packet by packet. When the radio transmission condition is not good
enough to send data promptly, it can cause a transmission delay. If the host sends more data when the
buffer is full, buffer overflow will make Parani-ESD malfunction consequently. In order to prevent this
buffer overflow, Parani-ESD works as follows.

When using hardware flow control, Parani-ESD disables RTS so that it stops receiving any further
data from the host when the buffer becomes full. RTS will be re-enabled again to begin receiving data

from the host when the buffer has created more room for more data.

When hardware flow control is not being used, the Parani-ESD clears the buffer to secure room fpr the
next data when the buffer becomes full. This can mean a loss of data may occur. As the transmission

data becomes large, the possibility of data loss becomes greater.

For large data transmissions, the use of hardware flow control is highly recommended.

3.5 Software and Utility

This configuration software and utility for firmware update is included with the product, which also can
be downloaded from http:/www.sena.com

Table 3-3 Configuration Software

Software Purpose Operating System

ParaniWIN Configuration MS Windows 98SE or Higher
ParaniWizard Pairing Configuration MS Windows 98SE or Higher
ParaniUpdater Firmware Update MS Windows 98SE or Higher
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A.1.2. Parani-ESD200/210

Antenna
—ono| 1 s Jrxo <
= VDD 2 >7< TXD =
<DCD >:;< >e:>< RTS =
= RST >;< >5< CTS <«

Figure A-2 Pin Assignment of Parani-ESD200/210

Table A-2 Pin Assignment of Parani-ESD200/210

Pin # Signal Direction | Description Signal Level

1 GND - Power Ground Ground

2 VDD Input DC Input (3.0~3.3V) Power

3 DCD Output Bluetooth Connect Detect (Active Low) TTL

4 RST Input Reset (Active Low) TTL

5 CTS Input UART Clear to Send TTL

6 RTS Output UART Ready to Send TTL

7 TxD Output UART Data Output TTL

8 RxD Input UART Data Input TTL

A.1.3. DCD Signal (Status: Bluetooth Connect Detect)

Status of Bluetooth connection

low signal

A.1.4. RST Signal

RST signal will be used for setting the Parani

for at least 1 second for the reset to occur.
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will be delivered to Host PC via DCD line. Connection Module 2>

_ESD to factory defaults. RST should be on 0V status




4. Approval Information

4.1. FCC

4.1.1. FCC Compliance Statement

This device complies with part 15 of the FCC Rules. Operation is subject to the following two
conditions:

(1) This device may not cause harmful interference, and
(2) T_hls device must accept any interference received,
Including interference that may cause undesired operation

4.1.2. RF Exposure Statement

Thq equipment_comp!ies with FCC RF radiation exposure limits set forth for an uncontrolled
environment. This device and its antenna must not be co-located or operation in conjunction with
any other antenna or transmitter.

4.1.3. Do not
Any changes or modifications to the equipment not expressly approved by the party responsible for
compliance could void user’s authority to operate the equipment.

4.2. MIC

4.3. CE

4.4. SIG
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5. RF Information

5.1. Radio Frequency Range
2.402~2.480GHz

5.2. Number of Frequency Channel
79 channels

5.3. Transmission Method
FHSS(Frequency Hopping Spread Spectrum)

5.4. Modulation Method
GFSK(Gaussian-filtered Frequency Shift Keying)
5.5. Radio Output Power

Products Radio Output Power

Parani-ESD100 |+18dBm

Parani-ESD110 |+18dBm

Parani-ESD200 |+4dBm

Parani-ESD210 |+4dBm

5.6. Receiving Sensitivity

Products Receiving Sensitivity
Parani-ESD100 |-88dBm
Parani-ESD110 |-88dBm
Parani-ESD200 {-80dBm
Parani-ESD210 |-80dBm

5.7. Power Supply

Products Power Supply
Parani-ESD100 | DC3.3V
Parani-ESD110 |DC3.3V
Parani-ESD200 |DC3.3V
Parani-ESD210 |DC3.3V
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ESD RST*
MICOM RST* G
AN
RS R6 |
68K 115K =
A.2.2. Parani-ESD200/210
A.2.2.1. When TTL level of MICOM is 3.3V
MICOM PARANI-
MICRO-VDD DG 3.8 { voDESD1 Zeiti
MICOM-DCD ::III DCD
MICOM-TXD ::] RXD
MICOM-RXD : TXD
MICOM-RTS =:] CTS
MICOM-CTS :] RTS
MICOM-RST J RST
MICOM-GND) --I GND

A.2.2.2. When TTL level of MICOM is 3.3V and Hardware Flow Control is not used

MICOM

DC3.3V

MICRO-VDD

MICOM-TXD

MICOM-RXD

MICOM-RST

MICOM-GND,

—LrporEerere
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PARANI-

ESD100/110
VDD

bCh
RXD
TXD
CTS
RTS
RST
GND




A.2.2.3. When TTL level of MICOM is 5V

MICOM-RTS
MICOM-CTS
MICOM~RST
MICOM-GND

I
1:" v Gii:
Je

68K 115KQ

DE5_V DC3.3v PARANI-
MICOM o ESD100/110
MICRO-VDD [J—— —-5 VDD
MICOM-DCDJ«— 0CD
68KQ 115KQ
MICOM-TXD AXD
MICOM-RXD[J ™D

CTS

=}
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Appendix B: AT Commands

B.1. Terminology

B.1.1. AT Command

AT command set is a .in fact standard. lanquage. for controlling modems.. The AT command set was

developed by Haves and is recognized by vi
> y virtually all personal computer, modems. Parani-ESD
provides the extended AT command set to control and configure the serial parameters and Bluetooth

connection.

B.1.2. AT Response

Parani-ESD replies to AT commands with 4 kinds of message, ‘OK’, ‘ERROR’, ‘CONNECT’ and

‘DISCONNECT".

B.1.3. Operation Mode

Mode Description

Mode0 Waiting for AT commands

Mode1 Attempting to connect to the last connected Bluetooth device
Mode2 Waiting for a connection from the last connected Bluetooth device
Mode3 Waiting for the connection from another Bluetooth device

B.1.4. Operation Status

Status Description

Standby Waiting for AT commands
Pending Executing tasks

Connect Transmitting data

B.1.5. Security

Security

Description

Authentication | Pin Code (or Pass key)

Data encryption

Encryption




B.1.6. Symbols

The symbols are used for the description of command syntax as follows:

Symbols Meaning
-' Carriage return :;(50‘[33“ -
v Line feed OX0A
d Carriage return + Line feed
00112233445566 | Bluetooth device address
Norm One digit decimal number
To Timeout in seconds

B.2. Command Category

Command Category Index AT Commands
RESET 1 ATZ
2 AT&F
SERIAL PORT 3 AT
4 AT+UARTCONFIG,b,p,s,h
BLUETOOTH Information 5 AT+BTINFO?
6 AT+BTINQ?
7 AT+BTLAST?
8 AT+BTVER?
9 AT+BTRSSI,)n
Mode 10 AT+BTMODER
Status 11 ++
12 AT+SETESC,nn
13 ATO
14 AT+BTCANCEL
15 AT+BTSCAN
16 AT+BTSCAN,n,to
17 AT+BTSCAN112233445566,t0
Connection 18 ATD
19 ATD112233445566
20 ATA
21 ATA112233445566
22 ATH
i 23 AT+BTKEY=$string
Sectity 24 AT+BTSD?
25 AT+BTCSD
26 AT+BTFP,n
27 AT+BTSEC,a,e
: 28 AT+BTNAME=$string
Miscellaneous 29 AT+BTLPM,n
30 AT&V
S-REGISTER 31 ATSnn?
32 ATSnn=mm




B.3. Command Description

B.3.1. ATZ2-
Response “OK&
Purpose Software Reset
Description m:: Egrsn the s:r;e effects as Powercycling the unit.
mand disconnects any connected Bluetooth device, and stops ongoing tasks.
After rebooting, the status will be decided b i
Some AT ) ecided by the preset operation mode.
o commands require the ATZ command be run so that the commands can take
Reference AT&F, AT+BTCSD, AT+UARTCONFIG
B.3.2. AT&F
Response “OK%
Purpose Hardware reset
Description This has the same effect as initialization by pressing the factory reset button.
All parameters are initialized to factory defaults
Reference ATZ
B.3.3. AT
Response “OK%
Purpose Check the connection status with host equipment
Description Check if the connection to host equipment is operating normally. The serial parameters of
Parani-ESD must be same as those of host equipment. If not, the Parani-ESD w@ll not
respond or ‘ERROR’ message will appear or an abnormal sequence of strings will appear.
Reference AT+UARTCONFIG, ATZ, AT&F

B.3.4. AT+UARTCONFIG,Baudrate,Parity,Stopbit,wac*-'

Response “OK%
Purpose Set Serial parameters
Parameters Baudrate=1 200/2400/9600/14400/1 9200/38400/57600/115200/230400 (Default=9600)

Parity=N/E/O (Default=N)

Stopbit=1/2 (Default=1) b

Hw?c(Hardware Flow Control)=0/1 (Default=1)

i 2 factory defaultis 9600, N, 1.
ipti | parameters can be set or changed. The :

— 12 ?aizr:ﬁ:; the ATZ command must be used or Powercycle the unil.
Reference AT, ATZ, AT&F, ATS
Example AT+UARTCONFIF,9600,N,1




B.3.5. AT+BTINFO !
Response £112233445566,Devi
e : ev1ceName,Mode,Status,Auth,Encryp,FlowControl6
Purpose Display Bluetooth settings
Description The current i : 3
Oper atioinmglc;“:t%ogzr:z?ngtsaare displayed including BD address, Device name,
Control, The initial val n status, Authentication, Data Encryption, and Hardware Flow
Parani-.E80 4 I;:\ 3Vfa ue of Dev'lce name is ‘ESD100v1.1.3-445566'. ESD stands for
ARV or the version of firmware, and 445566 for the last 6 digits of BD
Mode=MODEO/MODE1/MODE2/MODE3
Status=STANDBY/PENDING/CONNECT
éuth=0/1 (/Authentication is not activated when 0)
ncrypt=0/1 (Encryption is not activat
FlowControl=HWFC/NoFC e eme)
Reference AT+BTNAME, AT+BTMODE, AT+BTSEC, ATS14?
Example 4000B530011FF,SENA,MODEO,PENDING,1,1,HWFC ¢
B.3.6. AT+BTINQ?!
Response 4112233445566,FriendlyName,CoD%
4112233445566, FriendlyName,CoD%
4112233445566,FriendlyName,CoD%
“OK%
Purpose Search Bluetooth devices nearby
Description The Bluetooth devices in Inquiry scan mode nearby are displayed with their BD addresses,
Device names, and Class of device.
Maximum 15 devices are scanned for 30 seconds. (Default 10 value in S-register 6)
Reference AT+BTSCAN, ATD, AT+BTINFO?
B.3.7. AT+BTLAST
Response £112233445566¢
Purpose Display the BD address of the last connected device
Description The Bluetooth device last connected to this Parani-ESD is displayed with its BD address.
Reference AT+BTSCAN, ATD, AT+BTINFO?, AT+BTINQ?
B.3.8. AT+BTVER?+
Response 4ESD100v1.1.3%
“OK&
‘| Purpose Display device firmware version
Description Display device firmware version
Reference AT+BTINFO?
B.3.9. AT+BTRSSI,n
Response ZOK%
R 20.255,0,0% (repeatedly)




Purpose Test signal strength
Parameters nfOE Stop signal strength test
n=1: Start signal strength test
Description When Bluetooth connection i :
The signal strength Wiﬁcélgré ilss p?astzléhshed. Yyou can use this command in Standby status.
RSSI. If the LinkQuality is close % zsfspeatedw in order of Status, LinkQuality, Status,
standing. and RSSl is close to 0, the signal strength is in good
Example +++
AT+BTRSSI, 1
“OK%&
0,255,0,0
B.3.10. AT+BTMODE,n-
Response “OK%
EPurpose Set operation mode
Parameters n=0: MODEQO (Default)
n=1: MODE1
n=2: MODE2
=3: MODE3
Description When the operation status is ‘Pending’ currently, change the status to ‘Standby’ with
AT+BTCANCEL prior to this command.
To take effect the ATZ must be executed or Powercycle the unit
Reference AT+BTINFO?
Example AT+BTMODE,2
“OK%Z
ATZ
B.3.11. +++
Response LOK<
Purpose Convert the operation status of ‘Connect’ to ‘Standby’
Description In ‘Connect’ status, data from host is transmitted to the other side Bluetooth device, and
any AT command is not accepted but this command, which is not echoed on the screen.
When Parani-ESD encounters a character '+ from host, it stops the data transmission and
waits for next 2 characters. If the next 2 characters aren't both “+', it restart to transmit data
including the first ‘+' as well. If not, it converts the operation status to ‘Standby’.
If the data from host includes “+++', it will convert the operation status to 'St_andby‘. Notice
that Parani-ESD holds data transmission when it encounters ‘+', until receiving next
E:1'ei‘?acrﬁecg-scape sequence character by default, which is changeable by AT+SETESC.
Reference AT+SETESC, ATO, AT+BTCANCEL
B.3.12. AT+SETESC,nn+'
Response “OK%
Purpose Change the escape sequence character
Description Escape sequence character st to “+ by default is changeable.
The parameter nn must be a printable character.
Reference +++, ATO




Example AT+SETESC,42
B.3.13. ATO+
Response None
urpose ;
Purp Convert the operation status of ‘Standby’ to ‘Connect’
Description You can con ; ;
vert the operation status of Standby’ to ‘Connect’ ready to transmit data.
Reference +++, AT+SETESC
B.3.14. AT+BTCANCEL+
Response “OK%&
Purpose Terminate the curent executing task
Description This terminates a cgrrent executing task, such as Inquiry scan and Page scan, then
converts the operation status to ‘Standby’
Reference AT+BTSCAN, ATD, AT+BTINQ?
B.3.15. AT+BTSCAN«!
Response 2OK&
4CONNECT 112233445566%
Purpose Wait for inquiry and connection from other Bluetooth devices
Description This allows the inquiry and connection from the other Bluetooth devices. The operation
status will be in ‘Pending’ after this command. When connection is made and released, the
operation status is back to ‘Pending’. To convert the operation status to ‘Standby’
AT+BTCANCEL must be used.
This has the same effect as AT+BTSCAN,3,0.
When connection is made with other Bluetooth device, response will be ‘CONNECT’ with
its BD address.
Reference ATD, AT+BTINQ?, AT+BTCANCEL

B.3.16. AT+BTSCAN,n,to~'

Response

20K&

4CONNECT 112233445566%
or

2OK%

4ERROR%

Purpose

Wait for inquiry and connection from other Bluetooth devices for a given duration

Parameters

n=1: Allows Inquiry scan
n=2: Allows Page scan
n=3: Allows both of Inquiry scan and Page scan

to= Time duration in seconds

Description

For the given to, Parani-ESD is waiting for the inquiry and connection from other Bluetooth
: eter of to is 0, it will wait forever. , : o
S\elar\:nces},lrir:zgﬁ%ar:iasm made with other Bluetooth device, response will be'CONNECT" with
its Belg :ddress If there is no connection made within this time duration, response is

‘ERROR' and the operation status becomes to ‘Standby’.

ATD, AT+BTINQ?, AT+BTCANCEL

Reference

Example

AT+BTSCAN,2,30
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B.3.17. AT+BTSCAN112233445566 to-

Response “OK&
“CONNECT 1122334455664
or
“OK%
“4ERROR%
Purpose Wai i ;
p ait for connection by the Bluetooth device with given BD address
Parameters 112233445566=BD address
to= time duration in seconds
Description Parani-ESD will wait to be connected to i
by th i i
If the parameter of tois 0, it will wait forev)ér. RERERGD e it heipheen. B0 acese.
EVSZ% g?erlsrlseclz}l;)hn is rpade with the Bluetooth device, response will be ‘CONNECT’ with its
- If there is no connection made within this i i is* ;
and the operation status becomes to ‘Standbyl’. gt e . emonssi FRROR
Reference ATD, AT+BTINQ?, AT+BTCANCEL
Example AT+BTSCANO000B530011FF,30
B.3.18. ATD+
Response “OK&
4CONNECT 112233445566%
or
“OK%
4ERROR%
Purpose Connect to the last connected Bluetooth device
Description Parani-ESD saves the BD address of the Bluetooth device most recently connected to.
If it fails to make a connection, response will display an ‘ERROR'.
Reference AT+BTINQ?, AT+BTSCAN

B.3.19. ATD112233445566+

Response OKZ
4CONNECT 112233445566%
or
0KZ
4ERROR%
Purpose Connect to a specific Bluetooth device with a given BD address
Parameters 112233445566=BD address
i i i iven BD address. To
_ESD attempts to connect to the Bluetooth device wutl_w the given .
" F:g:: lsuccessful cF:)nnection, the Bluetooth device must be in Page scan mode. This
attempt continues for5 minutes. o -
If it fai?s to make connection, response Is ERROR'.
Reference AT+BTINQ?, AT+BTSCAN
Example ATD000B530011FF
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B.3.20. ATA+

Response OK%
Etart ACL Open%
“ACL Connect Success4
or
“ACL Connect Fail4

Purpose ACL connect to the last connected Bluetooth device

Description If it make connection, response will di :

€ ! , ill display an ‘ACL Connect Success', and if fail to

connection, display ‘ACL Connection Fail’. Must have reboot for new ACL connection.

B.3.21. ATA112233445566+

Response 2OK%
4Start ACL Open<
£ACL Connect Success%
or
4ACL Connect Fail¢
Purpose ACL connect to a specific Bluetooth device with a given BD address
Parameters 112233445566 = BD address
Description Parani-ESD attempts to ACL connect to the Bluetooth device with the given BD address. To
make successful ACL connection, the Bluetooth device must be in Page scan mode. Ifit
make connection, response will display an ‘ACL Connect Success’, and if fail to
connection, display ‘ACL Connection Fail'. Must have reboot for new ACL connection.
Example ATA000B530011FF
B.3.22. ATH+
Response “2OK%
4DISCONNECT%
Purpose Release the current connection
ipti The current Bluetooth connection will be disconnected. It takes about 30 seconds to detect
T an abnormal disconnection such as power off and moving out of service range.
Reference ATD, AT+BTSCAN

B.3.23. AT+BTKEY=$string+’

Response “OK%
Purpose Change pin code
Parameters $string= New pin code (Default=" 1234")
i i i i to 16 alpha-numeric characters. Based on this pin
T Eclmr:jgOsz::n?-étglggé;rgg]t:s{l:mi;iey whict?is used in actual authentication process
Reference AT+BTCSD, AT+BTFP, AT+BTSD?, AT+BTSEC, ATZ, AT&F
Example AT+BTKEY="apple”
B.3.24. AT+BTSD? +

Response 2412233445566%

“0K%




Purpose Display a list of Bluetooth devices sharing the same pin code

Description Once a ion i ;
its link k‘;;n;:ﬁg‘::t:dfgafﬁ With a pin code, Parani-ESD saves the Bluetooth device with
be made a utomatically \Xfithgugl?hwde. The_ connection to a device listed in Parani-ESD can
Holistins, e authentication process. The maximum number kept on

Rolorance AT+BTCSD, AT+BTFP, AT+BTKEY, AT+BTSEC, ATZ, AT&F

B.3.25. AT+BTCSD+

Response 20K&

Purpose Clear the list of Bluetooth devices sharing the same pin code

Description This clears the list of Bluetooth devices li i

es linked with the same key in flash A

effect the ATZ command must be used or Powercycle the unit. e

Reference AT+BTFP, AT+BTKEY, AT+BTSD?, AT+BTSEC, ATZ, AT&F

B.3.26. AT+BTFP,n<

Response 2OK%

Purpose Set generation of link key every time of connection

Parameters =0: Inactivate (Default)
n=1: Activate

Description If nis set to 1, Parani-ESD asks for the pin code every time a connection is made. This can
be used to increase security.

Reference AT+BTCSD, AT+BTKEY, AT+BTSD?, AT+BTSEC, ATD, ATZ, AT&F

B.3.27. AT+BTSEC,Authentication,Encryption+'

Response 20K%

Purpose Set authentication and data encryption

Parameters Authentication=0: Inactivate (Default)
Authentication=1: Activate
Encryption=0: Inactivate (Default)
Encryption=1: Activate

Description If the authentication is activated, the pin code must be set by AT+BTKEY cqmmand, Data
encryption cannot be used when authentication is not enabled, i.e. Authentication=0 and
Encryption=1 will not work properly.

Reference AT+BTCSD, AT+BTFP, AT+BTSD?, AT+BTSD?, ATZ, AT&F

- B.3.28. AT+BTNAME=$string’

Response OKZ

Purpose Change device name

Parameters $string= New device name (Default="ESDV1.1 .3-445566")

Description Parani-ESD can have a User friendly name for easy identification. The name allows up to
30 alpha-numeric characters.

Reference AT+BTINFO?, AT+BTINQ?

Example AT+BTNAME=" My—Parani-ESD"




B.3.29. AT+BTLPM,n-
Response “OK%
Purpose Set low power mode
Parameters n=0: Inactivate (Default)
n=1: Activate
Description During no data transmission i
, Parani-ESD can be i
takes a f > e in low power mode to save the power. It
a 1ew seconds to wake the Parani-ESD out of low power mode. ks
B.3.30. AT&V+
Response #80:m0;S1:m1; --Sn:mn%
“OK%
Purpose Display all the S-register
Description Qlalrgzx:gert;r:tare stored at S-register in flash memory. These values are sustained until
Reference ATS
B.3.31. ATSnn? «
Response waluee
“2OK%
Purpose Display a given S-register
Parameters nn= Address of S-register
Description A specific S-register will be displayed.
Reference AT&V
B.3.32. ATSnn=mm¢’
Response 4OK%
Purpose Change S-register value
Parameters nn= Address of S-register
mm= New value of S-register
Description Some S-registers are optimized for the overall performance and protected and cannot be
changed. When users try to change these S-registers, response Is ‘ERROR'.
For details of S-register, refer Appendix. B.
Reference AT&V
Example ATS10=0

B.4. Command Validity

Operation Status
AT Command
Standby Pending Connect
O
AT o




ATZ

AT&F

AT+BINQ?

ATD112233445566

ATD

ATA112233445566

ATA

AT+BTSCAN

AT+BTSCAN;,n,to

AT+BTSCAN112233445566,to

olojolojo|e|e|e@|O]O

AT+BTCANCEL

+++

AT+SETESC

ATO

ATH

AT+BTSEC,Auth,Encr

AT+BTLAST?

AT+BTMODEN

AT+BTNAME="Name”

AT+BTKEY="nnnn"

AT+BTINFO?

AT+BTLPM,n

AT+BTSD?

AT+BTCSD

AT+BTFP,n

AT+UARTCONFIG,b,p,s,h

AT+USEDIP?

AT+BTVER?

AT+BTRSSI,n

elololelelo|olejo|ole|e|O|o|je|e®|O

© Valid only when Paran
@ Valid only when Paran

i-ESD is not connected to other Bluetooth device.
i-ESD is connected to other Bluetooth device.




Appendix C: S-Register

S-registers contains 52 parameters f

: the P i-

values will be saved u or the Parani-ESD. These ar i

changed with ATS corr?rlrfaS: dﬁaé'gxae"; S;St?'; tl: executed. The value ?:fsg?zgisl?e?i:rr]\ tr:ae?c%rgs::g aﬂ:lg
of Parani-ESD. Thus it is not recommendg rs not shown below are set to maximize the performance

3 ed to change these S-regi
Change the value of S-register only in Standby status. Turn Pa-rr:,ﬁisEtng.oﬁ S

C.1. S1: Force to Reconnect (default 1)

s:i?, l;arani-ggg in Mode1 does not try to reconnect when disconnected.
S1=1, Parani- in Mode1 keeps trying to reconnect when disconnected.

C.2. S3: Stream UART Policy (default 0)

S3=0, the priority of UART streaming is throughput.
S3=1, the priority is latency, which minimizes the delay of d issi is i i

B < ifting Very smal data quickly, y ata transmission. This is useful in case of
When this value is 1, in order to minimize latency, Parani-ESD sends the recei i i

I Is 1, C lat : - eceived data immediately.

When th]s value is 0, the Parani-ESD maximizes throughput, the Parani-ESD stores received data fgr
a s:hort tlme_aqd §ends a large data packet. If the packet length is less than 100 bytes, having latency
being the priority is recommended. If the packet length is more than 100 bytes, having throughput as

the priority is recommended. Also, if you want to use high baudrate, throughput riority will be more
effective. Just for reference, the buffer length for receiving data is 2 Kbytes. i

C.3. S4: Enable Remote Name Query (default 1)

S4=0, Parani-ESD will query only the BD address. This speeds up the inquiry process.

S4=1, Parani-ESD will query the BD address, device name and class of device.

When this value is 1, Parani-ESD finds not only BD address but also friendly name. When this value is
0, Parani-ESD finds only BD address. When set to 0 this will make queries much faster. When using

the pairing button, finding friendly name will be omitted automatically.
C.4. S6: Enable Low Power Mode (default 0)

S6=0, deactivate Low Power Mode.

S6=1, activate Low Power Mode. . .
This value decides whether Parani-ESD works in Low Power Mode or not. When this value is 0,
Parani-ESD works only in active power mode. When Parani-ESD works in Low Power mode, delay in

transferring data may occur.
C.5. S10: Enable Response Message (default 1)

$10=0, Parani-ESD does not send response messages to the host system.

; tem.

$10=1. Parani-ESD sends response messages to host sys

This value decides whether Parani-ESD sends response messages such as OK, ERROR, CONNECT,
DISCONNECT or not. When this value is 0, Parani-ESD will not send any response messages. If the
response messages conflicts with your host programs or devices that is connected to Parani-ESD,

change this value to 0.

C.6. S11: Enable Escape (default 1)

sequence characters. The operation status of Connect
iizetheqparani-ESD skips the process of detecting escape

transmission can be had. L3l
r uence charactesr. Whenever it is needed, the Connect

S11=0, Parani-ESD does not allow es
cannot be changed to Standby. Si
sequence characters, more efficient

S11=1, Parani-ESD allows for the escape sed
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status can be changed to Standby.

C.7. $12: Clear Data Buffer When Disconnected (default 0)

$12=0, Parani-ESD does not clear the data b

$12=1, Parani-ESD clears the data buffer whuﬁrer received from host system when disconnected.

en disconnected.
C.8. S$13: Enable DCD Signal (default 1)

S13=0, DCD signal off
S$13=1, DCD signal on

C.9. S14: Enable DTR Transfer (Only ESD100/110, default 1)

S$14=0, DTR/DSR signal is transferred in a loop-back fashi
S14=1, DTR signal is transferred to DSR of rer?lotecde\zigl.on"

C.10. S15: Enable Disconnect by DTR (Only ESD100/110, default 0)

S15=0, DTR signal cannot release the connection.

S15=1, The Bluetooth connection can be released when DTR signal is off.

This value decides whether Bluetooth connection is released when DTR signal drops or not. If this
value is 1, you can use DTR signal in order to disconnect Bluetooth connection.

C.11. S22: Faster Connection (default 0)

S$22=0, none

S22=1, page scan
S22=2, inquiry scan
§22=3, page/inquiry scan

C.12. S23: Intercharacter Timeout Setting (default 0)

S23=0 : Not used

823=1:1x S26

$23=2:10 x §26

$23=3: 100 x S26

Connecting time is average 1.5sec faster than normal mode.

C.13. S24: Maximum Number of Inquiry Result (default 10)

The maximum number of inquiry list can be controlled. This value is up to 15.

C.14. S26: Intercharacter Timeout (default 0)

$23=1 x S26=50 : Timeout-> 50msec
$23=2 x S26=50 : Timeout-> 500msec

S23=3 x S26=3 : Timeout-> 300msec

Inter Character Time Out l * Optimal Value(S23 x S26)
50ms
100ms

200ms 340 .
nt every intercharacter timeou

t, they are sent separately by 10 bytes at

*When 10 bytes data are S€




the optimal value. If the interc

together and sent by 20, 30, 4 harater timeout

is , ;
0bytes or more. set below the optimal value, the data will be put

C.15. S28: Escape Sequence Character (default 43)

The decimal number of the ASCII
BN 1< 43, the ASCIl cada o ‘+,(j.ode of escape sequence character can be controlled. The initial

C.16. S31: Page Timeout (default 300)

This is the timeout in seconds to attem
the Parani-ESD will restart automatica
restarting

pt connection with the ATD comm is ti i
) 1 and. After this timeout expires,
lly. If this value is 0, Parani-ESD will attempt to connect wir:hout

C.17. S33: Inquiry Timeout (default 30)

This is the timeout in seconds to execute inquiry scan.

C.18. S37: Supervision Timeout (default 16000)

This is the timeout in 625usec to presume di i ich i initi
(16000 625psec=10sec) P e disconnection, which is set to 16000 initially.

The smaller the value peqomgs, the more quickly Parani-ESD can detect an abnormal disconnection.
But when the communication is suspended, it may be regarded as disconnection.

C.19. S45: IAC(Inquiry access code)

The reserved IAC addresses are 0x9E8B00 ~ Ox9E8B3F. The general inquiry IAC is Ox9E8B33. So
default value is 0xX9E8B33.

C.20. S46: BD Address of Last Connected Device

This saves the BD address of the Bluetooth device connected most recently.

C.21. SAT: Select Low Power Mode (default 0)

S47=0, Select Park Mode
S47=1, Select Sniff Mode
When this value is 0, Parani- '
delay in transferring data may occur. And if the value is
ESD works always low power mode but the data will be put together.

ESD works only in park mode. When Parani-ESD works in park mode,
1, Parani-ESD works in sniff mode. Parani-

C.22. S48: Low Power Max Interval (default 2048)

This is the max interval value to use low power mode, which is set to 2048 initially. (2048 x 625psec =

1280msec)

C.23. S49: Low Power Mi

al value to use low power mod

n Interval (default 800)

This is the min interv e, which is set to 800 initially. (800 x 625psec =
500msec)

When sniff mode, a sma
latency. For low power modes,
seconds

consumption, a large sniff interval increases

iff i increases power
Il sniff interval ff interval are from about 0.5 second to 1.28

typical values of the sni
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C.24. S50: Low Power Sniff Attempt (default 8)

This is the sniff attempt value, which is set to 8 initially. (8 x 0.625 psec = 5msec)

C.25. S51: Low Power Sniff Timeout (default 8)

This is the sniff timeout value, which is set to 8 initially. (8 x 0.625psec = 5msec)

The sniffing slave listens for traffic during the sniff slots determined by the sniff attempt parameter. If
no message addressed to the sniffing slave is received, the sniffing slave ceases listening for packets.
If a message with the sniffing slave’s

; active member address is received, it continues listening for
further sniff timeout slots after the sniff slot.

C.26. S52: Low Power Park Timeout (default 5)

This is the park timeout value, which is set to 5 initially. (5sec)

During no data transmission in park timeout, Parani-ESD can be in low power mode to save the power.
It takes a few seconds to wake the Parani-ESD out of low power mode.




Appendix D: Trouble Shooting

D.1. No Data Transmission

D.1.1. Device Settings

gg:g:: v“\:gzmg t{?\z Eggtderal:? of Parani-ESD matches that of its host equipment.
quipment of Parani-ESD uses Hardware Flow Control. Parani-ESD is initially

set to Use of Hardware Flow Control. If yo i
S 8 ur h
please disable the Hardware flow control gption t?;tPeaqrglrﬁ{/anto?ﬁcZ?w:r::idHardware T A

D.2. Data Loss or Malfunctioning

D.2.1. Hardware Flow Control

When transmitting large amounts of data with No Hardware Flow Control, Parani-ESD may clear the

data buffer unexpectedly. The possibility becomes greater as the RF transmission environment
becomes worse.

D.2.2. Response Message

AT response messages from the Parani-ESD may affect the host system unexpectedly. Do not use
Parani-ESD If your applications cannot allow for this wireless time delay.

D.3. Transmission Delay

D.3.1. RF Proceséing Delay

y for a Parani-ESD to complete a data transmission to the other

s i b duced and may enlarge as the RF transmission
ice. This time dela cannot be reduced an niss
e ) -ESD If your applications cannot allow for this time

environment becomes wWorse. Do not use Parani
delay.

D.3.2. RF Transmission Environment

If there are many Bluetooth devices working in @ small area and/or the RF commur)ication distance is
too great and/or there are some obstacles affecting RF performance, the Parani %[_EhSD repelats dthte
trangmission packet by packet due to interferences and/or low RF performance. This may ead to

increased data transmission time delays.
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ANALOG
4 DEVICES

e

Low QOst +2 g/+10 gDual Axis
IMEMS® Accelerometers
with Digital Output

ADXL202/ADXL210

FEATURES

2-Axis Acceleration Sensor on a Single IC Chip

Measures Static Acceleration as Well as Dynamic
Acceleration

puty Cycle Output with User Adjustable Period

Low Power <0.6 mA

Faster Response than Electrolytic, Mercury or Thermal
Tilt Sensors

Bandwidth Adjustment with a Single Capacitor Per Axis

5 mg Resolution at 60 Hz Bandwidth

+3 V to +5.25 V Single Supply Operation

1000 g Shock Survival

APPLICATIONS

2-Axis Tilt Sensing

Computer Peripherals

Inertial Navigation

Seismic Monitoring

Vehicle Security Systems

Battery Powered Motion Sensing

'(riENERAL DESCRIPTION

5 —he .ADXL202/ADXL210 are low cost, low power, complete
+2ax1.1 accelerometers with a measurement range of either

%2 ght10 g. The ADXI1.202/ADX1.210 can measure both dy-

namic acceleration (e.g., vibration) and static acceleration (e.g.,
gravity).

T!'xe outputs are digital signals whose duty cycles (ratio of pulse-
width to p.epod) are proportional to the acceleration in each of
th‘e 2 sensitive axes. These outputs may be measured directly
with a MiCroprocessor counter, requiring no A/D converter or
gl‘ue loglc. The output period is adjustable from 0.5 ms to 10 ms
via a single resistor (Rsgr). If a voltage output is desired, a
voltage output proportional to acceleration is available from the
Xrwr and Ygp 1 pins, or may be reconstructed by filtering the
duty cycle outputs.

The bandwidth of the ADXI1.202/ADX1.210 may be set from

0.01 Hz to 5 kHz via capacitors Cx and Cy. The typical noise
floor is 500 pg/NHz allowing signals below 5 mg to be resolved
for bandwidths below 60-Hz.

The ADXI.202/ADXI.210 is available in a hermetic 14-lead
Surface Mount CERPAK, specified over the 0°C to +70°C
commercial or —40°C to +85°C industrial temperature range.

FUNCTIONAL BLOCK DIAGRAM

+3.0V TO +5.25V
Cx '[ %

Voo Voo | XriLT SELF TEST

12
ADXL202/
ADXL210
X SENSOR Reus
32kQ A Xout _\
Coc —» |- DEMOD HAW—@ \U) oy c
L DUTY o
| cYCLEo Uil
MODULATOR N|®
OSCILLATOR (DCM) T
I ReLT E
320 Y out
)
f - DEMOD —(—
Y SENSOR

IMEMS is a registered trademark of Analog Devices, Inc.
REV. B

lr:fl?rt:nation furnished by Analog Devices is believed to be
\lsea ls. H°W°V°{, no responsibility is assumed nelos
whi'cﬂor for any infringements of patents or other n% g
other maY result from its use. No license is grante y
BrWise under any patent or patent rights of An

accurate and

nalog Devices for its
2 : f third parties
mplication or

alog Devices.

Alg) = (T1/T2 - 0.5)/12.5%
0g=50% DUTY CYCLE
T2 = Rger/125MQ

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999
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;ADXLZUZ/ADXL21 U—SPEG I FI CATI 0 Ns (Tn = Ty to Tugg, Ty = +25°C for J Grade only, Voo = +5 V.
i' O . '

/ = & 3
& = 125 kQ, Acceleration = 0 g, unless otherwise noted)
purameter___ Conditions VD XL202/QCIAQC ADXL210JQC/AQC
SENSORINPUT Each Axis Typ Max | Min Typ _Max | Units
Measurement Range i
Nonlinearity Best Fit Straight Line 2 2 18 +10 g
; t Error? 0.2
Alignmen 0.2 % of FS
Alignment Brror 3 X Sensor to Y Sensor = 1 Degrees
Transverse Sensitvity +0.01 +0.01 Degrees
— +2
SENSITIVITY Each Axis =2 -
Duty Cycle per & T1/T2 @ +25°C 10
Sensitivity, Analog Output At Pins X, Yemr 125 15 | 32 40 48 %lg
Temperature Drift* A from +25°C o 100 mV/g
e g +0.5 9
7ERO g BIAS LEVEL Each Axis adic )
0 g Duty Cycle T1/T2
ool Offset 25 50 95 42 50 58 %
0 g Duty Cycle vs. Supply ?20 t2 g
0 g Offset vs. Temperature? A from +25°C ' S0 1.0 4.0 %V
2.0 2.0 mg/°C
NOISE PERFORMANCE
ise Densif +25°
Noise @ +25°C 500 1000 500 1000 | peNHz
FREQUENCY RESPONSE
3dB Bandm'dth Dutyt Cycle Output 500 500 Hz
3dB Bandwidth At Pins Xgn, YT 5 5 kHz
Sensor Resonant Frequency 10 o e
FILTER
RF."‘T Tolerance 3 32 kQ Nominal +15 +15 %
Minimum Capacitance At Xprer, YeLr 1000 1000 pF
SELF TEST
Duty Cycle Change Self-Test “0” to “1” 10 10 %
DUTY CYCLE OUTPUT STAGE
T 125 MQ/Rsgr 125 MQ/Rsgr
Fggr Tolerance Reer = 125 kQ 0.7 1.3 0.7 1.3 kHz
Output High Voltage 1=25pA Vs —200 mV Vs —200 mV mV
Output Low Voltage I1=25pA 200 200 mV
T2 Drift vs. Temperature 35 35 ppm/°C
Rise/Fall Time ? 200 200 ns
POWER SUPPLY
Operating Voltage Range 3.0 525 | 2.7 5.25 v
Specified Performance 4.75 5.25 4.75 J 5.25 v
Quiescent Supply Current 0.6 1.0 160 C O.i 0.3 4 3
Turn-On Time® To 99% 160 Cryrr + 0.3 pt + 0. ms
TEMPE
IfATURE RANGE A +70 0 +70 oG
Operating Range JQC +85 | —40 +85 @,
Specified Performance AQC L_ﬁ’——
FOTBS
For all combinations of offset and sensitivity variation. , S
*Alignment error is specified as the angle between Lt‘xc true and indic?;chd ac):‘: :::;l:;ilglzfors
‘s;:l;"ﬁvm-e B the alg.cbraic N of‘t.hc alxgx!mcn;rmditilinidaclfn[ +25°C to its worst case value at Typy t0 Tyax-
oi ? e r:::/'s\jg‘ Hemee e par?rmtm' c; ;.111 the bandwidth of the part.
ise density Hz) is the average noise at any frequency = et i cycling.
‘C"“-T.' in UF. Addition of filter capacitor will increase tum on tme: Please sce the ;\p;:hca;z;l[:ilm on power
Al min and max specifications are guaranteed. Typical specifications are not testec @ 4
ecifications subject to change without notice.
REV. B
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ADXL202/ADXL210

ABSOLUTE MAXIMUM RATINGS*
Acceleration (Any Axis, Unpowered for 0.5 ms)

Acceleration (Any Axis, Powered for 0.5 ms) .. ... 1(5)83 g
+VS ...................................... g
Output Short Circuit Duration ~03Vto+7.0V
(Any Pin to IO O ) R :
Operating Temperature ............ ..., _55°C 'tinf ;gglté
EEesilsmperature .. .. ............ ., -65°C to +150°C

#Sresses above those listed under Absolute Maximum Rati
e e o T i, s e e
the device at these or any other conditions above those indicated in the : eration of
sections of this specification is not implied. Exposure to absolute mmdmpuano'nal
conditions for extended periods may affect device reliability. um rating

Drops onto hard surfaces can cause shocks of greater than 1000 ¢
and exceed the absolute maximum rating of the device. Care
should be exercised in handling to avoid damage.

PIN FUNCTION DESCRIPTIONS

PIN CONFIGURATION

——
Nc[T]e
vip [2| ADXL202/
ST E ADXL210

TOP VIEW
com E (Not to Scale)
T2 E

Ax
NC E

com[7] Ay<—-1

NC = NO CONNECT

E Voo
73] Voo
1__2] XLt
E YeLr
[10] Xour

El Your

8| NC

Flgu.re 1 shows the response of the ADXI.202 to the Earth’s
gravitational field. The output values shown are nominal. They
are presented to show the user what type of response to expect
from each of the output pins due to changes in orientation with
respect to the Earth. The ADX1.210 reacts similarly with out-
put changes appropriate to its scale.

Pin Name Description TYPICAL OUTPUT AT PIN:
1 NC No Connect izz?ﬁ e S
2 Vrp Test Point, Do Not Connect
3 ST Self Test
4 COM Common
5 T2 Connect Rggr to Set T2 Period
6 NC NO ConneCt T;T‘S:TAL,S'AOWQT PIN: 1 = TYPICAL OUTPUT AT PIN:
7 CoM Common sesiopCicis gy
8 NC N Gouneey s : | sz
9 Your Y Axis Duty Cycle Output
10 XouT X Axis Duty Cycle Output
11 Yror Connect Capacitor for Y Filter
12 XFLT Connect Capacitor for X Filter ’
13 Vpp 43V to +5.25 V, Connect to 14 TYPICAL OUTPUT AT PIN: v
14 Vpp +3 V to +5.25 V, Connect to 13 So373% DUTY OYCLE
Razanv
EARTH'S SURFACE
EREERGEICHARACTERISTICS . JTTTT7 77777777777 777777 77777777 77777777
Package 854 O5c Device Weight Figure 1. ADXL202/ADXL210 Nominal Response Due to
14-Lead CERPAK | 110°C/W 30°C/W | 5 Grams Gravity
ORDERING GUIDE
g Temperature Package Package
Model Range Range Description Option
0°C to +70°C 14-Lead CERPAK | QC-14

AD);%S;L%CC s _40°C 1o +85°C | 14-Lead CERPAK | QC-14

ADXL21 o e 0°C to +70°C 14-Lead CERPAK | QC-14

:BXUA e R _40°C 1o +85°C | 14-Lead CERPAK | QC-14

el

CUUTION ic charges as high as 4000 V readily

ESD (electrostatic discharge) sensitive device. Flcctr:szair::j S ehaiee gitiout AEveition.
accumulate on the human body and test cqulpm‘en : o ermanent
Although the ADX1.202/ADX1.210 features proprietary ESD Rro;:s(:}ll(;?gzlsr.c;;g;fire, proper
damage may occur on devices subjected to high energy elecm‘:l stau; ok o
ESD precautions are recommended to avoid performance GeETd

WARNING!

S s

ESD SENSITIVE DEVICE

e

REV. B




\OHL202/ADXL210
ICAL CHARACTERISTICS (@ 1295,

=1
25 kD, Vyp = 45 V. unless otherwise noted)

106 ] —

4% |

B

3%

»
£

-
£
~

®

CHANGE IN SENSITIVITY
2
2

PERIOD NORMALIZED TO 1 AT 25°C
-

0.98 L
2%
096
3%
0.94
45 30 -15 0 15 30 45 60 75 90 —4%
TEMPERATURE - °C =40 25 85

TEMPERATURE ~°C

Figure 2. Normalized DCM Period (12) vs. Temperature Figure 5. Typical X Axis Sensitivity Drift Due to

Temperature

0.8

0.6 g
; 04 .
E L~ CpaLr=0.01pF

FLT LU

; 02 2 '/_
= (7]
TS g .
o 02 1 /
g /
ﬁ 04 /

-0.6 0
= [) 0.4 0.8 1.2 1.4

!_“-30_20 40 0 10 20 30 40 50 60 70 80 90
TEMPERATURE -°C

Figure 3. Typical Zero g Offset vs. Temperature

FREQUENCY —ms

Figure 6. Typical Turn-On Time

20
07 =
/‘/" L
& = Vs=5VDC | 16 ——1—1 =
(7]
// e I:‘J 2
fo5 = 3
' 22|11
E , | —— vs=3.5VDC N — =
g o4 S ema i | 8 10 41111
3 Q
3 S ol
o3 S R g B
: e
oz e Sompm = ®
= Jge=— e e
0% 5 17g 0.06g 029g 0.52g 0.75g
By | L ) 087g —0.64g —04lg 0179 O
YN 20 40 g ey 1% gIDUTY CYCLE OUTPUT
e Figure 7. Typical Zero g Distribution at +25°C

Figure 4. Typical Supply Current Vs- Temperaturé
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b : ADXL202/ADXL210
| - N AN z
150 = T
| S o B ) C i ~
§1 1 3 —————— 12 Bwl::o?;ﬂ ey
6 1 ‘ | |
g &l E 10 CriLr = 0.047pF
5 o L ull BW = 100Hz
w 2 8 [& 8
. i
| | |
% 3 § S V CeiLt = 047TpF ———
BW=
Al A it
: | RS
S 4 2 \
03 115 117 119 122 124 126 128 131 133 135 137 0
DUTY CYCLE OUTPUT - % per g i 1 4 16 64
NUMBER OF AVERAGE SAMPLES

iqgure 8. Typical Sensitivi
d 7 YRargiRt 2026 Figure 10. Typical Noise at Digital Outputs

4

- -
o ~N

O S

N s O

@
% OF PARTS
o
=)

i

>

—_——
TOTAL RMS NOISE —mg

\ ¥

~n
N

o875

0625

—0375|
0.875
1a25)
1.375

0 o 8 Ese
0.01pF 0.047pF 0.1pF 0.47pF g8 Sese
500Hz 100Hz oG 50Hz 10Hz . T AT 3 S e o

BANDWIDTH DEGREES OF MISALIGNMENT

Figure 9. Typical Noise at Xe1 Output Figure 11. Rotational Die Alignment
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pIL202/ADKL210

m;mr] JONS
Dl Length of the “on” portion of the cycle
1 Length of the total cycle. '
Ratio of the “on” time (T1) of the cycle to the total

e (T2). Defined as T
CAYBXSZI)() as T1/T2 for the ADXI 202/

Time period of the “on” pulse. Defi
the ADX202/ADXI210. e

puy Cyele

pulsewidth

[EORY OF OPERATION
The ADxLZOZ/ADXLZlO are complete dual axis acceleration
peasurement systems on a smgle monolithic IC. They contain a
jysilicon surface-micromachined sensor and signal condition-
ing dircuitry to implement an open loop acceleration measure-
. pent architecture. For each axis, an output circuit converts the
aalog signal to a duty cycle modulated (DCM) digital signal
hat can be decoded with a counter/timer port on a micropro-
cessor. The ADXI1.202/ADXI.210 are capable of measuring
poth positive and negative accelerations to a maximum level of
1y gor£10 g The accelerometer measures static acceleration
forces such as gravity, allowing it to be used as a tilt sensor.

The sensor is 2 surface micromachined polysilicon structure

puilt on top of the silicon wafer. Polysilicon springs suspend the
sructure over the surface of the wafer and provide a resistance
against acceleration forces. Deflection of the structure is mea-
qred using a differential capacitor that consists of independent
fixed plates and central plates attached to the moving mass. The
fixed plates are driven by 180° out of phase square waves. An
acceleration will deflect the beam and unbalance the differential
capacitor, resulting in an output square wave whose amplitude
is proportional to acceleration. Phase sensitive demodulation
techniques are then used to rectify the signal and determine the
direction of the acceleration.

The output of the demodulator
(DCM) stage through a 32 KQ resistor. At this point a pin is
avalable on each channel to allow the user to set the signal
E)andwidth of the device by adding a capacitor. This filtering
improves measurement resolution and helps prevent aliasing.

drives a duty cycle modulator

After being low-pass filtered, the analog signal is converted to a
duty cycle modulated signal by the DCM stage- A single resistor
sets the period for a complete cycle (T2), which can be set be-
tween 0.5 ms and 10 ms (see Figure 12). AOg acceleration
produces a nominally 50% duty cycle. The acceleration signal
¢an be determined by measuring the length of the T1 and T2
pulses with a counter/timer or with a polling loop using 2 low
C0st microcontroller.

?inanak)g output voltage can be obtai

siml from the Xgpr and Ygit pin, OF
gnal through an RC filter to reconstruct

B“ ADX1202/ADX1.210 will operate with supply v
%253.0 V or as high as 5.25 V.

by passing the duty cycle
the dc value.
oltages as

p——n—1
T

Alg) = (TA/T2 - 0.5)/12.5%
0g=50% DUTY CYCLE
T2(s) = Rger{@)125M2

Figure 12. Typical Output DUty Cycle

ned either by buffering the

=

ggPLICATIONS
For‘:,n?; SUPPLY DECOUPLING
ety daepclt))l‘llczitlons a single 0.1 WF capacitor, Cpc, will ad-
iy ki lp thhe accele:rometer from signal and noise on
R ap Y. Hlowever, in some cases, especially where digital
§ microcontrollers share the same power supply, digi-
bl

tal noi
AD)?LS.; ;’3 g\‘f supply may cause interference on the ADX1.202/
i oftplit. This is often observed as a slowly undulating
o necde:‘) ;al%eoagtz )gmr anl? Yerr. If additional decou-
! x or smaller) resistor or ferrite bead:
ol e be
Y be inserted in the ADXI.202/ADX1.210’s supply lin: .

l%}l::eS(IiGN PROCEDURE FOR THE ADXL202/ADXL210

- esign proced.ure for using the ADX1.202/ADX1.210 with a

ﬁE:tey cycle output involves selecting a duty cycle period and a
cati1' capacitor. A proper design will take into account the appli-
ation Tequirements for bandwidth, signal resolution and acqui-
sition time, as discussed in the following sections.

Vbp

'fhe ADXLZOZ/ADXLZ‘ 10 have two power supply (Vpp) Pins:
3 and 14. These two pins should be connected directly together.
COM

The ADXI.202/ADX1.210 have two commons, Pins 4 and 7.

These two pins should be connected directly together and Pin 7
grounded.

V1p

This pin is to be left open; make no connections of any kind to
this pin.

Decoupling Capacitor Cpc

A 0.1 pF capacitor is recommended from Vpp to COM for
power supply decoupling.

ST

The ST pin controls the self-test feature. When this pin is set to
an electrostatic force is exerted on the beam of the acceler-
ometer. The resulting movement of the beam allows the user to
test if the accelerometer is functional. The typical change in
output will be 10% at the duty cycle outputs (corresponding to
800 mg). This pin may be left open circuit or connected to
common in normal use.

Duty Cycle Decoding

The ADXL202/ADXL210’s digital output is a duty cycle modu-
lator. Acceleration is proportional to the ratio T1/T2. The

nominal output of the ADX1202 is:
0 g = 50% Duty Cycle
Scale factor is 12.5% Duty Cycle Change per g
] output of the ADXI.210 is:
0 g=50% Duty Cycle
Scale factor is 4% Duty Cycle Change per £

s are affected by the initial tolerance of the
offset error and sensitivity error.

Vbbs

The nomina

These nominal value
device including Zero &
to be
dated to acco
low process). S

measured for every measurement cycle.
unt for changes due to tempera-
ince the T2 time period is
ndY channels, it is necessary only to mea-

it on one channel of the ADX1.202/ADXL210. Decoding
s?grzrlithms for various microcontrollers have been developed.
a

Consult the appropriate Application Note.

T2 does not have
It need only be up
ture, (a relatively s
shared by both X @
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L B ADXL202/ADXL210
I 3 £~\5

Voo Voo
B W 5 XpLy SELF TEST
3
X SENSOR ADXL202
Rey | ADXL210
32kQ
C —-
oo| DEMOD 1 xour )
DUTY c ‘ 4y |
OSCILLATOR CYCLE o l: :| Il
MODULATOR u Ul
Rewr bh # »
2kQ A(g) = (T1/T2 - 0.5)/112.5%
T DEMOD Lvour 5 0g=50% DUTY CYCLE
Y SENSOR el
4 U D
com YeLr 2%

. ol

Figure 13. Block Diagram

etting the Bandwidth Using Cx and Cy

The ADXL.202/ADX1.210 have provisions for bandlimiting the Table IL. Resistor Values to Set T2
Xerr and Ygrr pins. Capacitors must be added at these pins to W) R
implement low-pass filtering for antialiasing and noise reduc- =
tion. The equation for the 3 dB bandwidth is: 1 ms 125 kQ
: 2 ms 250 kQ
i 1 5 ms 625 kQ
247 3 7 (32 KX C(x, ) 10 ms 1.25 MQ

Note that the Rggr should always be included, even if only an

L F = 5WF analog output is desired. Use an Regr value between 500 kQ
or, more simply, © -3 Cix,v) and 2 MQ when taking the output from X or Yet: The
Rggr resistor should be place close to the T2 Pin to minimize
The tolerance of the internal resistor (Rer), can vary as much parasitic capacitance at this e

25 £25% of its nominal value of 32 k€; so the bandwidth will y 4
5 A . £1000 pF for C Selecting the Right Accelerometer
i ecoordingly. A m it capacitancaie E ol For most tilt sensing applications the ADX1202 is the most

R appropriate accelerometer. Its higher sensitivity (12.5%lg allows
s o X the user to use a lower speed counter for PWM decoding while
Table 1. Filter Capacitor Selection, Gy and(Cx maintaining high resolution. The ADX1.210 should be used in
Capacitor applications where accelerations of greater than+2 gare expected.
pendvidts Yeus MICROCOMPUTER INTERFACES ¥
10 Hz 0.47 uF The ADX1.202/ADXL210 were specifically designed to work
50 Hz 0.10 uF with low cost microcontrollers. Specific code sets, reference
100 Hz 0.05 pF designs, and application notes are available from the factory.
200 Hz 0.027 uF This section will outline a general design grocedurc and discuss
500 Hz 0'01 uE the various trade-offs that need to be considered.
5 kHz 0.001 pF The designer should have some idea of the required perfor-
; mance of the system in terms of:
s =DM Period with Reor nnels by 2 Resolution: the smallest signal change that needs to be detected.

The period of the DGM output is set for both cha

single resistor from Rggy to ground. The equation for the period Bandwidth: the highest frequency that needs to be detected.

isition Time: the time that will be available to acquire the

- Acqu
signal on each axis. = :
-——-—-—-(Q) irements will help to determine the accelerometer
i f;?MQ g:;;:vgsgili;e speed of the microcontroller clock and the

iti = T2 period.
Al12 : : tition rate to aP length of the A
L R CYCIC' r?eZigned Folop=tats 22 When selecting 2 microcontroller it is helpful to have a counter

g;‘:ymm:ltely 1 kHz, or 1 ms. The dcvict:1 :)sms :mer port available. The migrocontroller shou/ld have plr(())visions
cycle periods between 0.5 ms and . Gm £ port % bration. o the ADXL202 =
?r ; y accurate accelerometers, they have a wide tolerance for
ighl

~7-
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. The casiest way to null this offset is with a calibra-
gl s.avc 4 on the microcontroller or by a user calibratig
i ctof he case where the offset is calibrated during manu-n
08 b oo several options, including external EEPROM
ﬁﬁmw“ﬂ ollers with “one-time programmable” features,

E-OFFS FOR SELECTING FILTER
STICS: THE NOISE/BW TRADE-OFF
erometer pandwidth selected will determine the mea-
£ solution (smalle§t detectable _acceleration). Filtering
ysed to lower the noise floor and improve the resolution
“uthe sccelerometer: Resolution is dependent on both the ana-
105‘ it abandWidth at X and Yerr and on the speed of the
6" aroller counter.

g output of the AD?(LZOZ/ADXLZIO has a typical
idth of 5 kHz, much higher than the duty cycle stage is
Heof converting. The user must ﬁl-ter the signal at this

intto limit aliasing errors. To minimize DCM errors the
mlogbdeidm should bf: less than 1/10 the DCM frequency.

Anﬂosbandwidtb may be increased to up to 1/2 the DCM

ﬁequchYin many applications. This will result in greater dy-

JamiC eCTor generated at the DCM.

IO
Thes

The analog pandwidth may be further decreased to reduce noise
and improve resolution. The ADXI.202/ADX1.210 noise has

e characteristics of white Gaussian noise that contributes

qually at all frequencies and is described in terms of jig per root
fiz i., the noise is proportional to the squareroot of the band-
sidth of the accelerometer. It is recommended that the user limit
tmdwidth to the lowest frequency needed by the application, to
nagimize the resolution and dynamic range of the accelerometer.

Vith the single pole roll-off characteristic, the typical noise of
e ADKL 202/ADXI 210 is determined by the following equation:

Noise (rms)=(500 weg/VHz )x (JBWx 15 )

At100 Hz the noise will be:

Noee (rms):(SOO we/\Hz )x ( 100 x (1.5)):6.12 e

Ofien the peak value of the noise is desired. Peak-to-peak noise
tn only be estimated by statistical methods. Table I is useful
brestimating the probabilities of exceeding yarious peak values,
gien the rms value.

Table III. Estimation of Peak-to-Peak Noise

9, of Time that Noise
Nominal Peak-to-Peak | Will Exceed Nominal
Value Peak-to-Peak Value
2.0 X rms 32%
4.0 x Ims 4.6%
6.0 X rms 0.27%
= Oxmms foioosiee e tees

The i g
p“fk“"jPEak noise value will give the best estimate of T
Aty in 3 single measurement.

Table Iv gives typical nojse

for various Cx and Cy Value:. utput of the ADX1.202/ADX1.210

Tabl, i
eIV. Filter Capacitor Selection, Cx and Cy

i Iéeak-to-l’eak Noise
et stimate 95%
th | Cx, Cy | rms Noise Probability (:ms X 4)
10
o II}Z 047 yF | 1.9 mg 7.6 mg
o 0.10 WF | 43 mg 17.2 mg
Do 0.05 uF | 6.1 mg 24.4 mg
BT 0.027 yF | 8.7 mg 35.8 mg
0.01 yuF | 13.7 mg 54.8 mg

CHOOSING T2 AND COUNTER UEN
FRE 3
TRADE-OFFS G e =
%e noise level is one determinant of accelerometer resolution.
e second relates to the measurement resolution of the
counter when decoding the duty cycle output.

The ADXI.202/ADX1.210’s duty cycle converter has a resolu-
tion of approximately 14 bits; better resolution than the acceler-
ometer itself. The actual resolution of the acceleration signal is,
however, limited by the time resolution of the counting devices
used to decode the duty cycle. The faster the counter clock, the
higher the resolution of the duty cycle and the shorter the T2
period can be for a given resolution. The following table shows
some of the trade-offs. It is important to note that this is the
resolution due to the microprocessors’s counter. It is probable
that the accelerometer’s noise floor may set the lower limit on
the resolution, as discussed in the previous section.

Table V. Trade-Offs Between Microcontroller Counter Rate,
T2 Period and Resolution of Duty Cycle Modulator

__——_‘—_—‘ ADXL.202/| Counter-
ADX1.210 | Clock Counts
Rser | Sample Rate per T2 | Counts Resolution
T2 (ms) E)_ Rate (MHz) |Cycle |perg (mg)
1.0 124 | 1000 2.0 2000 250 4.0
1.0 124 | 1000 1.0 1000 125 8.0
1.0 124 1000 0.5 500 62.5 16.0
5.0 625 | 200 2.0 10000 |1250 0.8
5.0 625 | 200 1.0 5000 625 1.6
5.0 625 | 200 0.5 2500 312.5 (3.2
16 0 1250 100 2.0 20000 | 2500 0.:
100 |1250|100 1.0 ;gggo ggo <1>.6

: 0| 100 0.5 ¢
10.0 125

REV. B
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TEGIES FOR USING THE DUTY CY
STR  MICROCONTROLLERS B OLRUT
Jication notes outlining various strategies for usin

e output with low cost microcontrollers are availagl?’;: £
the factory- 5

USING THE ADXL202/ADX1L210 AS A DUAL AXIS TILT
ENSOR 0

One of the most popular applications of the ADXI 202/ADXI 210

e measurement. An acce}erometer uses the force of gravi

g5 an input vector to determine orientation of an object in spt:ce

An accelerometer is most sensitive to tilt when its sensitive axis
is perp dicular to the force of gravity, i.e., parallel to the
carth’s surface. At this orientation its sensitivity to changes in
gl is highest. When the accelerometer is oriented on axis to
gravitys j.e., nearits +1 gor—1g reading, the change in output
acceleration per degree of tilt is negligible. When the accelerom-
o pcrpendicular to gravity, its output will change nearly
17.5 mg per degree of tilt, but at 45° degrees it is changing only
at 12.2 mg per degree and resolution declines. The following
wable illustrates the changes in the X and Y axes as the device is
tilted £90° through gravity.

+90°
mimimimii
Y/
s v |w
X
oo ond
-90°
X OUTPUT Y OUTPUT (9)

XAXIS A PER APER

ORIENTATION DEGREE OF DEGREE OF
TOHORIZON (°) | X OUTPUT (g) | TILT (mg) Y OUTPUT (g) | TILT (mg)

-90 -1.000 -0.2 0.000 17.5

-15 -0.966 4.4 0.259 16.9

-60 -0.866 8.6 0.500 15.2

-45 -0.707 12.2 0.707 12.4

=30 -0.500 15.0 0.866 8.9

-15 ~0.259 16.8 0.966 47

0 0.000 17.5 1.000 0.2

15 0.259 16.9 0.966 4.4

30 0.500 15.2 0.866 -8.6

45 0.707 12.4 0.707 -12.2

60 0.866 8.9 0.500 -15.0

5 0.966 4.7 0.259 -16.8

90 1.000 0.2 0.000 -17.5

Figure 14, How the X and Y Axes Respond to Changes I
Tilt

REV. B

ﬁ

ADXL202/ADXL210

A DUAL AXIS T
ILT SENSOR:
%CE;ERAn TILT SENSOR: CONVERTING
Paraelxllel % Ecelm“,‘e‘“ is oriented so both its X and Y axes are
sensor with & earth’s surface it can be used as a two axis tilt
theYadcal a roll and a pitch axis. Once the output signal from
erometer has been converted to an acceleration that

varies between —1 it i 3
Becetons gand +1 g, the output tilt in degrees is calcu-

Pitch = ASIN (A¥/1 g)
Roll = ASIN (Ay/1 g)

Be ;
sure to account for overranges. It is possible for the acceler-

5 :
1rlnet:ers to output a signal greater than 1 g due to vibration,
shock or other accelerations.

MEASURING 360° OF TILT

;1: is possible to measure a full 360° of orientation through grav-
ity by using two accelerometers oriented perpendicular to one
another (see Figure 15). When one sensor is reading a maxi-
mum change in output per degree, the other is at its minimum.

360° OF TILT 19

Figure 15. Using a Two-Axis Accelerometer to Measure
360° of Tilt

-9



\DNL202/ADXL210

smGTHE ANALOG OUTPUT
U : ADmoZ/ADXI_.ZIO was specifically designed for use with
s disiml outputs, but has provisions to provide analog outputls

gs well:
Duty Cycle Filtering

gnalog output can be reconstructed by filtering the duty

« outpUt. This _tcchmque requires only passive components
ey cyele period (T2) should be set o 1 ms, An RC filer
siha3 dB point at least a factor of 10 less than the duty cycle

ency is connected to the duty cycle output. The filter resis-

o should be no less than 100 kQ'to prevent loading of the
output Stage- The analog output slgfxal will be ratiometric to the
supply voltage- The advantage of this method is an output scale
factor of approximately double the analog output. Its disadvan-
yage is that the frequency response will be lower than when

using the XL Ts Ygr output.

DAY Yrr Output

The second method is to use the analog output present at the
X 2nd YrLT pin. Unfortunately, these pins have a 32 kQ
output impedance and are not designed to drive a load directly.
An op amp follower may be required to buffer this pin. The
sdvantage of this method is that the full 5 kHz bandwidth of the
accelerometer is available to the user. A capacitor still must be
added at this point for filtering. The duty cycle converter should
be kept running by using Rsgr <10 MQ. Note that the acceler-
ometer offset and sensitivity are ratiometric to the supply volt-
age. The offset and sensitivity are nominally:

0 Offset = Vpp/2 25Vat+5V
ADXL202 Sensitivity = (60 mV x Vs)/g 300 mV/g at +5 V, Vpp
ADXIL.210 Sensitivity = (20 mV x Vs)lg 100 mV/gat +5V, Vpp

USING THE ADXL202/ADXL210 IN VERY LOW POWER
APPLICATIONS

An application note outlining low power strategies for the
ADXI202/ADX1.210 is available. Some key points are pre-
sented here. Tt is possible to reduce the ADXIL202/ADX1210’s
average current from 0.6 mA to less than 20 PA by using the
following techniques:

1. Power Cycle the accelerometer.
2. Run the accelerometer at a Lower Voltage, (Down to 3 V).

Power Cycling with an External A/D

Depending on the value of the XpwT capacitor, the ADXL.ZOZ{
ADXI.210 is capable of turning on and giving 3 g°°_d reading In
1.6 ms. Most microcontroller based A/Ds can acquire a reading
in another 25 is. Thus it is possible to turn on the ADX1.202/
ADXI210 and take a reading in <2 ms. If we assume fhats
20 Hz sample rate is sufficient, the total current required to
take 20 samples is 2 ms X 20 samples/s X 0.6 mA = 24 pA aver-
4ge current. Running the part at 3 V will reduce the supply
Qurrent from 0.6 mA to 0.4 mA, bringing the averase GurEent
down to 16 pA.

The A/D should read the analog output of the ADXL’QZ/-S
ADX1210 at the Xeny and Yeor pins-: A buffer amp! ;32; i
fecommended, and may be required in any case to amp B

y 4 _bi 0-bit
nzlog output to give enough resolution With a2 g-bit to 1
Converter,

P ;
ow;:egl);i!lng When Using the Digital Output
F pultv;'t 15 to run the microcontroller at a higher clock
g n;to shutdown 'between readings, allowing the
Rl }g‘xta output. In this approach the ADX1.202/
et should be set at its fastest sample rate (T2 = 0.5 ms),
Hz filter at Xgr 1 and Yy . The concept is to ac-

quire a reading as quickly as possible and then shut down the
ADXI.202/ADX1.210 and the msm'croconlrto CIS

0 and th until the nex
sample is needed. : : - t

In either of the above approaches, the ADXIL.202/ADX1.210
can be turned on and off directly using a digital port pin on the
microcontroller to power the accelerometer without additional
components. The port should be used to switch the common
pin of the accelerometer so the port pin is “pulling down.”

CAL.H?!:{ATING THE ADXL202/ADXL210

The initial value of the offset and scale factor for the ADXI.202/
ADXI.210 will require calibration for applications such as tilt
measurement. The ADXI 202/ADXI.210 architecture has been
designed so that these calibrations take place in the software of
the microcontroller used to decode the duty cycle signal. Cali-
bration factors can be stored in EEPROM or determined at
turn-on and saved in dynamic memory.

For low g applications, the force of gravity is the most stable,
accurate and convenient acceleration reference available. A
reading of the 0 g point can be determined by orientating the
device parallel to the earth’s surface and then reading the output.
A more accurate calibration method is to make a measurements
at+1 gand -1 g. The sensitivity can be determined by the two
measurements.
To calibrate, the accelerometer’s measurement axis is pointed
directly at the earth. The 1 g reading is saved and the sensor is
turned 180° to measure -1 g. Using the two readings, the sensi-
tivity is:
Let A = Accelerometer output with axis orientedto +1 g
Let B = Accelerometer output with axis oriented to—1 g then:
Sensitivity = [A—Bl/2g
For example, if the +1 g reading (A) is 55% duty cycle and the
—1 greading (B) is 32% duty cycle, then:
Sensitivity = [55% — 32%]/2 g = 11.5%lg

These equations apply whether the output is analog, or duty
cycle.
Application notes outlining algorithms for calculating accelera-
tion from duty cycle and automated calibration routines are

available from the factory.

REV. B
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ADXL202/ADXL210
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OUTLINE DIMENSIONS

Dimensiong shown in inches ang (mm).

14-Lead CERPAK
(QC-14)
0.291 (7.391) 0.419 (10.643)
0.285 (7.239) 0.394 (10.008)
A
PIN 1 - 0300 (7.62)-}

0.195 (4.953) 0.345 (8.763)

0.115 (2.921) “ 0290 (7.356)"
0.020 (0.508) | | [o2155481) |
0.004 (0-2’3 0.119 (3.023) )

= 8
> il »f f § 0°
0.050 0.020 (0.508) 0.0125 (0.318) 0.050 (1.270)
SEATING

sl 0.016 (0.406)
1.2 330 0.009 (0.229) 0.016 (0
PLANE (Bs;’:) 0.013 (0.330) (

-11-
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Appendix B: Source code of PIC program




#include<p1 8f4550.h>

#include<adc.h>
#include<usart.h>
#include<delays.h>
#include <timers.h>

#pragma config WDT = OFF
#pragma config LVP = OFF
#pragma config DEBUG = OFF
#pragma config PWRT = OFF
#pragma config FOSC = XT _XT

#pragma config ICPRT = OFF

#pragma config BOR = OFF

#pragma config CPUDIV = OSC1_PLL2
#pragma config PLLDIV = 1 %
#ipragma config VREGEN = OFF
#ipragma config XINST = OFF

float DutyCycleX (int period);
float DutyCycleY (int period);
int Period (void);

int round (float x);

void readings(void);

void send(const rom char *data);

void send(const rom char *data)

{
char c;
while ((c = *datat+))
while (PIRlbits.TXIF == () //busy
TXREé = ¢;//send
}
}

void main(void)




char temp1[8];
char temp2[26];
char C;

int i

int Zero_Before =1 ;

int DutyCyclePeriod;

int LeftPressCounter = 0;

char byte=0xAA;
int TolRight = 5;
int TolLeft = -5;
int TolDown = 35;
int TolUP = -3; ,
float DutyX,DutyY;
int number = 0;
int result;
char ch;

TRISD = 0b11111111;
TRISA = 0;
PORTA = 0;

ADCON1= 0b10000000;

OpenUSART (USART_TX INT_OFF &
USART RX_INT_OFF &
USART ASYNCH_MODE &
USART EIGHT BIT &
USART CONT RX &

USART BRGH_HIGH, 25);

OpenTimer0( TIMER_INT_OFF &
To_8BIT &
To_SOURCE_INT &

TO PS_1.4)

TRISC = 0b11000000;
RCSTAbits.SPEN = 1;




getsUSART(temp 1,6);

él‘.send("AT+BTSCAN\r..);

getsUSART(temp1,6);
if(temp1[2] !="0)
{
send("ERROR\r");
¢ =RCREG;
¢ = RCREG;
RCSTAbits.CREN = 0;
RCSTADits.CREN = 1;
goto Al; :
}
/Ar\nok\r\n

getsUSART (temp2,24); //wait for connection

DutyCyclePeriod = Périod();

while(1)
i

byte = 0x00;

if(PORTDbits.RD7 || PORTDDbits.RD6 ||

mouse MOVE or scroll

IeftPressCounter ~ 30) //Enable for

{ eX (DutyCyclePeriod);

DutyX = DutyCycl
DutyY = DutyCycl

if round(DutyX) ~

byt

e (DutyCyclePeriod);

124 + TolRight) // Right

o = byte | 0600101000




}
else if (round(DutyX) <= 124 + TolLeft) //
Left
byte = byte | 0b0010000( -
}

if (round(DutyY) > 1
{ ) > 149 + TolDown) /98 // DOWN

byte = byte | 0b00010000 ;

else if (round(DutyY) < 149 + TolUP) //105 //up

byte = byte | 0600010100 ;

)

if(PORTDbits.RDS) // Left

{ byte = byte | 0b00000010 ;
LeftPressCounter++;

}

else
LeftPressCounter = 0;

if(PORTDbits.RD4) /| Right
byte = byte | 0b00000001 3

) : // Scroll

if(PORTDblts.RD6)

{ 0000 ;

byte = byte | 000100




3
Delay IKTCYx(3);
if (byte = 0x00)
{
1{f(Zero_Before == 0) // Previous byte wasn't zero
while(BusyUSART());
WriteUSART (byte);
Zero_Before =1 ;
3

else // Byte isn't zero

while (BusyUSART());
WriteUSART(byte);
Zero Before=0;
¥
CloseUSART();
}

float DutyCycleX (int period)
{ char ch;
int Ton, Tsum,i=1;
Tsum = 0;

for(i=1;i<=5;it")

{
while (PORTDbits.RDO);
if('PORTDbits.RDO)

{




while ('PORTDbits RD0);
TMROL = 0x00; :

while(PORTDbits.RD0);
Ton = ReadTimer(Q() ;
Tsum += Ton;

}
return Tsum/(5%1.0);
}

float DutyCycleY (int period) -
{ charch;
int Ton, Tsum,i=1;
Tsum = 0;

for(i=1;1<=5;i++)

{
while (PORTDbits.RD1);
if(lPORTDbits.RD1)

{

while (!PORTDbits.RD 1)
TMROL = 0x00;

while(PORTDbits.RDl);
Ton = ReadTimer0() ;
Tsum += Ton;

}
return Tsum/(5%1.0);

int Period (void)
{
// Calculate the p
int period;
if(PORTDbits.RDO)
while(PORTDbits.RDO);

eriod of Xout and Yout




while('PORTDbits.RD0);

TMROL=0x00;

while(PORTDbits.RD0);

while(!PORTDbits.RD0);
period=TMROL;
return period;

int round (float x)

}

return (int)(x+0.5);




Appendix C: Source code of PC program




Imports System.IO.Ports
Tmports System

Tmports System.Threading

public Class Eglove
Dim com port As String =
- e = "
Dim Acceleration As DoubleCom5
pim Speed As Double 5

0.05

Dim WithEvents serialPortl As Serialp t
or

System.IO.Ports.SerialPo
3 1
StopBits.One) t (com_port,

New
9600, Parity.None, 8,

Private Declare Sub.mouse ev i
e n
ByVal dwFlags As Int32, nt Lib "user32.dll" (

ByVal dx As Int32,

ByVal
ByVal
ByVal
)

dy As Int32,
cButtons As Int32,
dwExtraInfo As Int32

Private Declare Function SetCursorPos Lib "user32.dll" (

ByVal X As Int32, _
ByVal Y As Int32 _

)y As Boolean

Public Const MOUSEEVENTF_LEFTDOWN = &H2
Public Const MOUSEEVENTF_LEFTUP = &H4
Public Const MOUSEEVENTF_MIDDLEDOWN = §H20
Public Const MOUSEEVENTF_MIDDLEUP = &H40
Public Const MOUSEEVENTF_RIGHTDOWN = &HS8
Public Const MOUSEEVENTF_RIGHTUP = g&H10
Public Const MOUSEEVENTF MOVE = &H16
Public Left Down As Boolean

Public

Right Down AS Boolean

Public Middle_ Down As Boolean

Dim AccelerationX AS Double = 1.0
Dim AccelerationY AS Double = 1.0
Dim AccelEnable As Boolean = False

k (ByVal sender As

i i St MenuItem Clic
private Sub ExitTool p e

System.Object, Byval e As System.EventArgs)
EXitToolStripMenuItem.Click
serialPortl.Close()

End
End Sub
i der As
Private Sub HideToolStripMenuItem_Cl1;?(izzziezen
System.Object, Byval € As System.EventArg
HideToolStripMenuItem.Cllck
Me.Hide
e “visible = True

Me.NotifyIconl
End Sub




BT

private Sub AboutTo

: OlStri '

gystem.Object, ByVal e as Sy;sMenuItem Click(

apoutToolStripMenultem.Click em.EventArgs)
MsgBox ("Glove Progra

project 2007/2008") 0"

ByVal send
er
Handles i

& vb
CEGE & VDbCrLf & "Graduation
End Sub

Private Sub CheckBoxl
Checkedc
pyval e As System. = hanged
$ it v B R Hentlese ey
e.CheckBoxl.CheckState eckBox1.CheckedChanged

Me.GroupBoxl.Enabled = TrEEGCkState'CheCked fhen

B
(ByVal sender As System.Object,

Else

Me .GroupBox1l.
End If Bosled i Fal se

End Sub

Private Sub ComboBoxl Selec

: el tedIndexC

System.Object, ByVal e As System.EventAthTGZd(ByVal sender As
ComboBox1.SelectedIndexChanged g andles

com port = Me.ComboBoxl.SelectedItem.ToString

End Sub

private Sub Buttonl Click(ByVal sender As j
a4 System.Ob
System.EventArgs) Handles Buttonl.Click i e
CheckForIllegalCrossThreadCalls = False

serialPortl.PortName = com port

Try
If serialPortl.IsOpen = False Then serialPortl.Open()

Catch ex As Exception
MsgBox(ex.Message & "open")

End Try

Left Down = False
Right Down = False

ILiE Me.CheckBoxl.CheckState = CheckState.Checked Then

Acceleration = 0,05 ar Me.TrackBarl.Value / 100
Speed = 5 ar Me.TrackBarZ.Value 2]

AccelEnable = True

Else
AccelEnable = False

End If
Me.Buttonl.Enabled = False

Me-ComboBoxl.Enabled = False

End Sub
(Byval sender AS System.Object, Byval e

Private Sub TrackBar
As System.EventArgs
Acceleration =

ckBarl.Scroll
xBarl.value /53000

End Sub




private Sub port Data
o Receiv
stenm.IO. i o
| Sy I0 Por?s.SerlalDataR
serlalportl.DataRecelved €CelvedEven

Dim readbyte As Byte
Dim i, J, num As Integer

For i = 1 To serial
Portl.Byte
S . . ST
readbyte = serlalPortl.ReadgiiZ?;)
bl =

Nex

End Sub

Private Function IntegerToBits_S(ByVal num As Integer) As String

1L
nteger.Parse(readbyte.ToString())

Dim str As String

=

str = IntegerToBits 8 (num)

Dim chArray As Char ()
chArray = New Char(8) {}
chArray = str.ToCharArray()

Dim temp As Char

e 4 = 0 1o 3
temp = chArray(j)
chArray(j) = chArray(7 - J)
chArray(7 - j) = temp

Next

MouseOperation (chArray)

Dim temp, i As Integer
Dim bits As Integexr ()
bits = New Integer(8) {}
Dim nl As Integer

E‘ori=0T°7

Nex

i:
nl

=

pits(i) = O

= 128

temp = num

While (i >= 0)

ILiE (temp.Equals(nl)) Then
oiEs () = il ;
i om0 " preak the 1o0p
> nl) Then

Elself (temp
paesi = L

temp = temp - Bt
End If
T

End While




Dim str As String
str = un
i=71
While (i >= 0)
str = str . .
Rl & bltS(l).ToString()
End While

Return str

End Function

private Sub MouseOperation(ByVal chArray As Char())
ar

Dim %X, y As Integer
Dim i As Integer

If AccelEnable = False Then
AccelerationX = 2
AccelerationY = 2

End If

10T (chArray(O).ToString.Equals("l")) Then
ISR gh Er GERElcal
If Right Down = False Then
mouse_event(MOUSEEVENTF_RIGHTDOWN, Q105
Right Down = True
End If

Else
' » Right not
If Right Down = True Then

mouse_event(MOUSEEVENTF_RIGHTUP, 0500,

Right Down = False
End If

End If

101 (chArray(l).ToString.Equals("l")) Then

v nm Left Click L
1f Left Down = False Then
mouge event(MOUSEEVENTF_LEFTDOWN, 0, 0,

Left Down = True

End If
Else 4
v n peft not o
Down = True o
- L:ng{s'e event(MOUSEEVENTF__LEFTUP, o, ;
Left Down = False
End If

0, 0)

0)

0 )




——""""-.llllIIIllllllllllllllll‘llllll

If (chArray(6).Tos
. tring.
Ve 8 e ha o e % Equals("l")) ghen
If Middle Down = False Th
mouse_event(MOUSEEVEN?g

Middle Down = _MIDDLEDOWN, 0o

ENGEMREE e rie
Else
U Sereellll weie W
If Middle Down = True Then
mouse_event (MOUSEEVEN
Middle Down = False et 0 0, iy
End If
End If

If (chArray(4) .ToString.Equals("1")) Then
If (chArray(2).ToString.Equals("1")) Then

1 n Up "

For i = 1 To round(AccelerationY)
X = Windows.Forms.Cursor.Position.X
y = Windows.Forms.Cursor.Position.Y
SetCursorPos(x, y - 1)

Next

If (AccelerationY < Speed And AccelEnable) Then
AccelerationY = AccelerationY + Acceleration

End If

Else
\} n d0wn "
For i = 1 To round(AccelerationY)
X = Windows.Forms.Cursor.Pos;t}on.X
Yy = Windows.Forms.Cursor.P031tlon.Y

getCursorPos (%X, ¥ + 1)

Next
ALIE (AccelerationY < Speed And AccelEnable) Thgn
AccelerationY = AccelerationY + Acceleration
End If
End If
Else ' £
AcceleratlonY = ¢
End If

quals(nlﬂ)) Then

.ToString-E 11")) Then

1LiE (chArray(5) (3),ToString.EqualS(

If (chArray
v " right
1 e

(AccelerationX)

moE At =




Else
(I left“
I3ee ot = il a1
X = Wingois*inund(Accelerationx)
el . ms.Curso iti
v =W r.Posit 4
Next e
If (Acce i
(Acceiziiﬁigﬁi f Speed And AccelEnable) Then
Sdbie = AccelerationX + Acceleration
End If
Else
AccelerationX = 1.0
End If

End Sub
private Function round(ByVal num As Doubl
: =
Dim numl As Double ) As Integer
numl = num + 0.5
Return CInt (numl)
End Function

Private Sub TrackBar2 Scroll (ByVal sender As System.Object,
As System.EventArgs) Handles TrackBar2.Scroll
Speed = 5 + Me.TrackBar2.Value * 3
End Sub

Private Sub NotifyIconl_Click(ByVal sender As Object, ByVal
System.EventArgs) Handles NotifyIconl.Click
Me.NotifyIconl.Visible = False

Me . Show ()
WindowState = FormWindowState.Normal

End Sub

Private Sub HelpMeToolStripMenuItem_Click(ByVal sender As
System.Object, ByVal e As System.EventArgs) Handles

HelpMeToolStri MenuItem.Click ; :
d Messangox.Show(“To use program, please do the following

steps:" & vbCrLf & vbCrLf & _ ' el
"] . Determine connection port e vDCELE &2

button to start mouse work"
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.
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vbCrLf & vbCrLf & gram to +ray go to file —> Hide or us

"Po miimize the Pro £ic
Keyboard shortcut erlal & ;ZSEL 1
npo show help 9° B

Ctrl+F1" & vbCrLf & _
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End Sub

private Sub ButtonZ_Click(ByVal

Sender As §

m.EventArgs) Handles Button2.Click

systef. If Me.CheckBoxl.CheckState = ©
Acceleration =

heckState
0.05 + Me.T

Speed = 5 + Me.TrackBar2.Value * 8
AccelEnable = True
Else
AccelEnable = False
End If

End Sub

End ClaSS

ystem.Object, ByVal e As

.Checked Then

rackBarl.Value / 100




