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Abstract

This project aims to design and implement a general purpose educational data
acquisition card. The card is interconnected with computer through the popular Universal
Serial Bus (USB), which has become an important widely used tool in science and
technology. This card was intended to be used to control many applications which enable
users, including teachers and students, to perform a variety of experiments; four
applications have been implemented and tested which are: fan, heater, stepper motor, and

alarm system.

The microcontroller PIC18f4550 was used in building the data acquisition card
because of its capability to provide the entire necessary control signal for the applications

presented.

Visual C++ 2008 software was used as a tool for the graphical user interface, to

enable users to interact with the system in efficient manner.
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1.1 Preface

The Universal Serial Bus (USB) is a fast and flexible interface for connecting
devices to computers. Every new PC has at least a couple of USB ports. The interface
is versatile enough to use with standard peripherals like keyboards and disk drives as

well as more specialized devices.

USB is designed to be plug and play interface for almost all the standard
peripherals; in short, USB is very different from the legacy interfaces it is replacing. On
attaching to a PC through USB, a device must respond to a series of requests that

enable the PC to learn about the device and establish communications with it.

Developing a USB device and the software that communicates with it require
knowing something about how USB works and how the PC's operating system

implements the interface.

In addition, the right choice of Controller chip, device class, tools, and

techniques can go a long way in avoiding snags and simplifying what needs to be done.

To communicate with a USB peripheral, a PC needs two things: a device driver
that knows how to communicate with the PC's USB drivers, and an application that

knows how to talk to the device driver.

This project is based on building a data acquisition card that is completely
compatible with the Universal Serial Bus standards. The acquisition system
communicates and controls the signals for the applications supported by the system
which are: alarm, conditioning system (heater and fan), and stepper motor system, also

Visual C++ Express will be used as a tool to interface between the user and the

computer system.




Every USB peripheral must contain an intelligent controller. There are dozens
of controller chips designed for use in USB peripherals. This project uses PIC18F4550

microcontroller because of its ability to handle most of USB characteristics.

1.2 Project Importance

The importance of this project stems from its dependency on The USB
technology for acquiring data. The reason for choosing USB is that it is extremely
convenient for data acquisition for several reasons that will be discussed later in our
project, also since data acquisition cards play an important role in many projects, that is
a large number of projects depends on acquiring data, so we attempt to implement and
to make use of USB in order to facilitate the process of dealing with data acquisition

process.
This project aims to give both educators and students a deep understanding to

deal with USB data acquisition, through building an educational USB data acquisition

card.

1.3 Project Objectives

The main objectives of our project are:

1- To support users with important information and features about the USB

technology.

2- To design and implement a data acquisition card system that is capable to be remote

controlled with command messages that are sent through USB.




3- To design a USB 2.0 interface that can be generalized for various custom
applications, providing a platform that can be easily adapted for new applications

technology.

4- To use USB technology in order to communicate with and control various

applications.

5- To help both educators and students to become more familiar with USB DAQ.

6- To implement and design a friendly system that would be easily understood and
handheld by end user.
7- To provide the system with real applications, supported by a GUI that is easy to be

used and understood by students and end users.

1.4 Literature review

Literature review related to Universal Serial Bus Data Acquisition Card

'USB Data Acquisition Card’, this project was implemented on Oct, 2006 by Joe
Evans and Bernhard Mayr; they built a data acquisition module that is compatible with
the Universal Serial Bus standard. When the module is connected to a PC through a
normal USB-cable, it should be able to deliver any data it has acquired to the PC, using
AVR Atmega32 microcontroller.

'USB Tenki - Environmental Data Acquisition’, granted on January. 2008, by

Raphael Assenat .This is an electronic project to interface sensors to an USB port with




a multi channel data acquisition system for various types of sensors. It's been developed

to record temperature, humidity and atmospheric pressure.

‘Remote Sensor - Wireless Data Acquisition ', by Objective Development Software
GmbH. This is a wireless thermo- and hygrometer with an USB port on the receiver. It
can draw fancy diagrams of temperature and humidity for up to 16 wireless sensors.
The system utilizes an interrupt endpoint to indicate to the host when new data arrived,
demonstrating how AVR-USB handles a second endpoint. The receiver part is basically
a serial to USB converter with special processing for the wireless protocol such as data

integrity checks and data block buffering.

1.5 Requirements

1.5.1 User requirements:
> The system should provide a graphical User Interface (GUI) in order to help
users to interact with the system simply and easily.
> The GUI should provide the user with the results and their explanations.
» The GUI should provide the user with many options to help him to

communicate with the system in appropriate manner.

1.5.2 System requirements:

1.5.2.1 Functional requirements

> The DAQ system should be able to interpret signals detected by the sensors and

Input circuits.




»> The DAQ system should be able to handle all USB specifications to send the
acquired data to PC.

> The system should analyze the signals and provide the output results.

> The system should be able to control and communicate with the predetermined

applications.

1.5.2.2 Non- functional requirements

> Usability: the system must be easy to use.

> Speed: the interface shouldn't become bottlenecked because of slow
communications.

> Reliability: the system must be reliable under different circumstances and
conditions.

> Low cost: so users don't balk at the price.

> Performance: the system should work with good performance measurements.




1.6 Time Plan

The time plan and task description for first semester is shown in table (1.1)

Table (1.1) Time Plan (first semester)

Week

Task

Data gathering
& analyzing

Requirement
analysis

Studying
PIC18£4550

Studying USB

Studying
DAQ

Project Design

Documentation




The time plan and task description for second semester is shown in table (1.2)

Table (1.2) Time Plan (second semester)

1.7 Estimated cost:

The project needs both hardware equipments and software pro gramming that

n on the computer, so this section shows the estimated cost.




Table (1.3) Estimated Hardware Cost

‘Component |  Number of | Estimated
... | components |costNIS) =
PIC18F4550 1 20
Adapter 1 20
Transistor 2 6
Resistors 20 5
Led 10 S
Diode 5 5
Switch 1 5
Breadboard 5 /5]
Wires al 5
Buzzer 1 5
Crystal 1 5
opt coupler 2 6
Capacitor 1 2
Total 164

Table (1.4) Estimated software Cost Table

Component Estimated Cost (NIS)
Windows XP 1200
Visual C++ 2008 Express Free from Microsoft
MPLAB IDE program Free from lab

Total: 1200




1.8 Project Risks

The project may face some problems and risks that we have to declare in the
early time of the project designing and manipulation, and the project must avoid those
problems to work in its high efficiency, so when we find a risk we try to solve it

without effect on the total project as much as we can. The risks such as:

1. Illness or absence of a team member

2. Technology specifications change.

3. Unavailability of some project needed components under the pressure of
political environments.

4. Some of project components not work correctly, it will break the whole
system

5. Lack of experience in using lab Instruments.

6. Latency of some components arrival.

1.9 Project Road Map

The project consists of six chapters; each chapter describes a specific area of the

project the contents of each chapter are as follows:

Chapter One "Introduction"
This chapter gives a general idea about the project, explaining the project
importance, and main objectives; also it contains literature reviews of the studies

related to our project, besides it includes requirements, the time plan, road map, and the

total cost of the project.




Chapter Two "Theoretical Background"

This chapter gives a clear picture about the system theoretical background
related to the main features of USB technology, data acquisition system and basic

system components.

Chapter Three "Conceptual Design"

This chapter represents the system block diagram, flow charts, design options

for the system, and the interfacing of components with each others.

Chapter Four "Detailed system design"
This chapter represents system circuits and the detailed block diagrams that

describe the system process.

Chapter Five "Software System Design"
This chapter describes the software program, code and algorithms that describe

the system processes.

Chapter Six "System Implementation and Testing"

This chapter describes the actual project testing and implementation in details.

Chapter Seven "Conclusion and Future Work"
This chapter presents the conclusions, the future works and recommendations, it
lists results achieved and how this project could be improved in future, in addition of

some suggestions for the future system developing.

11
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2 THEORETICAL BACKGROUND
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Chapter Two

Theoretical Background

This chapter provides an illustrative background for the project related topics,

and components.

2.1 Universal Serial Bus (USB)

Universal Serial Bus (USB) is a set of connectivity specifications developed by
Intel in collaboration with industry leaders. USB allows high-speed, easy connection of
peripherals to a PC. When plugged in, everything configures automatically USB is
designed from the ground up to be easy for end users, with no user configuring required
in hardware or software.

USB can be considered as the most successful interconnect in the history of
computing, it has numerous advantages over older ways of connecting peripherals to
PCs, it is very different from the legacy interfaces it's replacing, below we list some of

the advantages that encourage us to go for USB technology in acquiring data.

2.2 Benefits of the Universal Serial Bus (USB) for Data Acquisition

USB provides users with a simple alternative for developing test and measurement

application, in fact employing USB features for data acquisition has great advantages

by offering the following services:




= Easy Installation

Ease of use was a key feature in the creation of the USB, many features included to
make USB devices easy to install. USB devices are true “plug-and-play”. There is no
setting of address lines, interrupts. You can simply connect your data acquisition
module to the USB port of your PC using a standard, low-cost cable. The host PC
automatically identifies the module when it is plugged in, and installs the software
necessary to operate it. Simply connect your sensors to the module and within minutes,

you're acquiring data: temperature, pressure, and sound - whatever you need.
= Less Noise Sensitivity from the PC

Since USB data acquisition modules are external to the computer this offers
performance benefits for noise-sensitive measurements. The USB cable is typically 1 to
5 meters long, the circuit is located further away from the computer's noisy
motherboard and power supplies, and closer to the sensors they will be measuring so

that it will give more precise measures.

= Cost Savings

Although USB is more complex than earlier interfaces, its components and cables

are inexpensive.

Many USB data acquisition modules include removable terminal blocks and connectors

that conveniently handle all user /O connections. This design is not only convenient,

but cost-effective, since you don't have to purchase optional screw terminal accessories.




=  Full and High-Speed Transfer Rates

Computers configured with USB 1.1 ports can transfer data to and from a USB data
acquisition module at up to 12Mbits/second - this full-speed rate is useful for data
streaming applications and supports data acquisition rates of up to 400 kHz. For high-
performance applications, your PC must have a high-speed USB2.0 port. With USB
2.0, you can transfer data between the PC and your USB data acquisition module at up
to 480Mbits/second.

= Portability

USB data acquisition modules are compact and portable. Because USB devices can
work directly with most laptops, even the most sophisticated data acquisition

applications come out of the lab and into the field

= Hot-Swappable

USB devices are designed to be installed or removed while the computer is
running. You need on y to plug the device in, use it, and then remove it when done.
= Expandability

Using low-cost expansion hubs and USB cables, you can connect up to 127 data

acquisition modules to a single USB port.




= Simple Power Connections

USB data acquisition modules can either be powered by the USB directly or from

an external power source.

2.3 Main components of USB system

A typical USB system consists of:

= One host

There is only one host in the USB system; its main function is to handle the whole
complexity of the USB protocol. The host controls the media access no one can access

the bus unless it got an approval required from the host.

The host controller serves both the USB and the host and has the same functionality in

every USB system [1].
Following are some of the host controller functions:

> Frame generation: The host controller is responsible to partition the USB time
into time units, in a way that each time unit is Imsec and is called a "frame".
The host controller issues, periodically, SOF (Start Of Frame) packet every
Imsec (after the transmission of the SOF the HC can transmit any other
transaction for the rest of the frame period). The SOF contains the current frame
number, which is maintained by the host controller.

» Data Processing: The host controller handles the requests for data to and from

the host.

» Protocol Engine: Handling the USB protocol level interface

> Error handling: The host controller handles errors such as:

1. Timeout: the function in the device is not responding.




2. CRC error.

3. Remote wakeup: The host controller is able to enter the USB into a

suspend state, and to detect a remote wakeup signaling on the bus.

= Hub

The hub provides an interconnect point, which enables many devices to connect to
a single USB port. The logical topology of the USB is a star structure; all the devices
are connected (logically) directly to the host. It is totally transparent to the device what
is its' hub tier (the number of hubs the data has to flow through). The hub is connected
to the USB host in the upstream direction (data flows up to the host) and is connected
to the USB device in the downstream direction (data flows down from the host to the

device) [1].
Here is the hubs' main functionality: \
The responsibility of detecting an attachment and detachment of devices

Handling the power management for devices that are bus-powered.

Bus error detection and recovery.

AT VAR e 7

Manage both full and low speed devices. When a device is attached to the
system the hub detects the speed, which the device operates in, and through the

whole communication on the bus prevents from full speed traffic to reach low

seed device and vice versa .

= Device

Everything in the USB system, which is not a host, is a device (including hubs). A

device provides one or more USB functions. Devices may be self powered (device




which supplies its own power), or bus powered devices (a device that gets its power
from the bus) [1].

There are three kinds of devices:
> Low-speed devices operate in 1.5Mbps.
»> Full-speed devices operate in 12Mbps
> High-speed devices operate in 480 Mbps

2.4 The USB Protocol

As we mentioned previously the USB host handles most of the complexity of
the USB protocol, which makes the peripherals design simple and low cost. Data flow

can be from host to device and from device to host.

USB transactions are done through packets. Each transaction is composed

usually from three phases:
1- Token phase - the host initiates token indicating the future transaction type.

2- Data phase - the actual data is transmitted through packet. The data direction

matches the direction indicated by the token that was transmitted previously.

3- Handshake phase - (optional) - handshake packet is sent, indicating the success or

failure of the transaction.

The USB uses a polling protocol. Whenever the host whishes to receive data
from the device it issues a token packet addressed to that specific device. If the device
has data to send it sends it after receiving the token and the host (if the handshake phase
is included on the transfer) will respond with handshake packet. It the device doesn't
have anything to send the host issues the token to the next device. If on the other hand,

the host whishes to send data to the device, it will send the appropriate token and data




packet following it. The device will response by a handshake packet (if exist). When

the host finishes transmitting data to that device; it issues a new token to the next one.

2.5 Transfer Basics

USB communications are divided into two categories, depending on whether
they're used in configuring and setting up the device, or in the applications that carry

out the device's purpose.

In configuration communications, the host learns about the device and prepares it
for exchanging data. Most of these communications take place when the host
enumerates the device on power up or attachment. Application communications occur
when the host exchanges data for use with applications. These are the communications
that performs the functions the device is designed for. For example, a data acquisition
card, the application communications are the sending of signals acquired to the host to

tell an application to display the result as specified in the user interface.

= Configuration Communications

During enumeration process (which will be discussed later), the device's firmware
responds to a series of standard requests from the host.
On PCs, Windows performs the enumeration, so there's no user programming involved.
However, to complete the enumeration, Windows must have two files available: an INF

file (that is a text file that you can usually adapt if needed from an example provided by




the driver's provider) identifies the filename and location of the device's driver, and the

device driver itself. The enumeration process is invisible to users [1].

= Application Communications

After the host has exchanged enumeration information with the device and a
device driver has been assigned and loaded, the application communications can be
fairly straightforward. At the host, applications can use standard Windows API
functions to read and write to the device. At the device, transferring data typically
requires placing data to send in the USB controller's transmit buffer, reading received
data from the receive buffer, and on completing a transfer, ensuring that the device is
ready for the next transfer.

Most devices also require additional firmware support for handling errors and other

events [1].

2.5.1 Elements of a Transfer

®  Device Endpoints

All transmissions travel to or from a device endpoint. The specification defines a
device endpoint as "a uniquely addressable portion of a USB device that is the source
or sink of information in a communication flow between the host and device [6].

This suggests that an endpoint carries data in one direction only however, a
control endpoint is a special case that is bidirectional.

The data stored at an endpoint may be received data, or data waiting to transmit.

The host also has buffers for received data and for data ready to transmit, but the host




doesn't have endpoints but it serves as the starting point for communicating with the

device endpoints.

The unique address required for each endpoint consists of an endpoint number
(which may range from 0 to 15) and direction. The direction is from the host's perspective:
IN is toward the host and OUT is away from the host. An endpoint configured to do control

transfers must transfer data in both directions.

Every device must have Endpoint 0 configured as a control endpoint (bidirectional).

The other transfer types send data in one direction only.
Every transaction on the bus includes an endpoint number and a code that

indicates the direction of data flow and whether or not the transaction is initiating a

control transfer. The codes are IN, OUT, and Setup (see table 2.1)

Table (2.1) The Transactions Source and Content

Transaction | Source of | Types of transfers contents
Type data that use this
transaction type
IN Device all Generic data
ouT Host all Generic data
Setup host control A request

= Pipes: Connecting Endpoints to the Host

A USB pipe is a logical association between a device's endpoint and the host

controller's software.
tablishes pipes shortly after system power-up or

on from the device. If the device is

Before a transfer can occur the host es
device attachment, on requesting configuration informati

removed from the bus, the host removes the no-longer-needed pipes.




2.5.2 USB Transfer Types

Data transfer takes place between the memory buffer on the host computer and an
endpoint on the universal serial bus (USB) device. Data is organized into packets
before it is transferred. The transfer type that is used depends on the pipe on which the

transfer is being issued, which is determined by the USB device on your system. There

are four main types [11]:

1- Control Transfer:

Control transfers are bidirectional transfers that are used by the USB system software

mainly to query, configure, and issue certain generic commands to USB devices.
Control transfers typically take place between the host computer and the USB device's
endpoint 0.

A control transfer can have up to three stages.
1- Setup Stage where the request is sent consists of three packets.

> The setup token is sent first which contains the address and endpoint
number.

> The data packet is sent next and always has a packet identifier (PID) type of
data0 and includes a setup packet which details the type of request.

> The last packet is a handshake used for acknowledging successful receipt or
to indicate an error. If the function successfully receives the setup data
(CRC and PID etc OK) it responds with ACK, otherwise it ignores the data

and doesn’t send a handshake packet. Functions cannot issue a STALL or

NAK packet in response to a setup packet.
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Figure (2.1) Control Transfer Setup Stage [11]

2- Data Stage (optional): consists of one or multiple IN or OUT transfers. The
setup request indicates the amount of data to be transmitted in this stage. If it
exceeds the maximum packet size, data will be sent in multiple transfers each

being the maximum packet length except for the last packet.

The data stage has two different scenarios depending upon the direction of data

transfer.

> IN: When the host is ready to receive control data it issues an IN Token. If the
function receives the IN token with an error, then it ignores the packet. If the
token was received correctly, the device can either reply with a DATA packet
containing the control data to be sent, a STALL packet indicates the endpoint

has had a error or a NAK packet indicating to the host that the endpoint is

working, but temporary has no data to send.
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Figure (2.2) Control Transfer Data Stage [11]

» OUT: When the host needs to send the device a control data packet, it issues an
OUT token followed by a data packet containing the control data as the
payload. If any part of the OUT token or data packet is corrupt then the function
ignores the packet. If the function's endpoint buffer was empty and it has
clocked the data into the endpoint buffer it issues an ACK informing the host it
has successfully received the data. If the endpoint buffer is not empty due to
processing of the previous packet, then the function returns a NAK. However if

the endpoint has had a error and its halt bit has been set, it returns a STALL.

3- Status Stage reports the status of the overall request and this once again varies due

to direction of transfer. Status reporting is always performed by the function.

> 1IN: If the host sent IN token(s) during the data stage to receive data, then the
host must acknowledge the successful receipt of this data. This is done by the
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host sending an OUT token followed by a zero length data packet. The function
can now report its status in the handshaking stage. An ACK indicates the
function has completed the commang is now ready to accept another command.
If an error occurred during the processing of this command, then the function
will issue a STALL. However if the function is still processing, it returns a

NAK indicating to the host to repeat the status stage later.

Normal
SompELon DATAD
—Ir > b
g ZeroLength [—F| ACK  |—»
B —= STA| |[—m7 Key LHOSTI tunction
Still
Procezz g
—m{ NAK [ —

Figure (2.3) Control Transfer IN Status Stage [11]

> OUT: If the host sent OUT token(s) during the data stage to transmit data, the
function will acknowledge the successful receipt of data by sending a zero
length packet in response to an IN token. However if an error occurred, it
should issue a STALL or if it is still busy processing data, it should issue a

NAK asking the host to retry the status phase later.
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Figure (2.4) Control Transfer OUT Status Stage [11]




= Data Size

The maximum size of the data packet in the Data stage varies with the device's
speed. For low-speed devices, the maximum is 8 bytes. For full speed, the maximum
may be 8, 16, 32, or 64 bytes. For high speed, the maximum must be 64 bytes. These
bytes include only the information transferred in the data packet, excluding the PID and
CRC bits. ;

2- Interrupt transfer

Interrupt transfer is used for devices which send the data very discontinuous.
USB itself doesn’t support interrupts. The host polls the node devices periodically.
This type of transfer is typically used for devices that provide small amounts of data at

unpredictable times.
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# Emor

Token P acket .: Data Packet E Handshake Padket

Figure (2.5) Interrupt IN and Interrupt OUT transaction [11]

The above diagram shows the format of an Interrupt IN and Interrupt OUT

transaction.
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» IN: The host will Periodically pol] the interrupt endpoint. This rate of polling is

specified in the endpoint descriptor (which will be discussed later) each poll
will involve the host sending an IN Token.

If an interrupt has been queued by the device, the function will send a data

packet containing data relevant to the interrupt when it receives the IN Token.

Upon success the host will return an ACK. However if the data is corrupted, the
host will return no status. If an interrupt condition was not present, then the function

signals this state by sending a NAK. If an error has occurred on this endpoint, a STALL

is sent.

> OUT: the host issues OUT token followed by a data packet containing the
interrupt data. If any part of the OUT token or data packet is corrupted then the
function ignores the packet. If the function's endpoint buffer was empty buffer it
issues an ACK informing the host it has successfully received the data. If the
endpoint buffer is not empty, then the function returns an NAK. However if an

error occurred it returns a STALL.

= Data Size

For low-speed devices, the maximum packet size can be any value from 1 to 8
bytes. For full speed, the maximum can range from 1 to 64 bytes. For high speed, the

range is 1 to 1024 bytes. If the amount of data in a transfer won't fit in a single

transaction, the host uses multiple transactions to complete the transfer




3- Isochronous transfer

They are used for streaming data that is time-critical and error-tolerant or for real-time

applications that require a constant datq transfer rate. For isochronous transfers, timely
data delivery is much more important than perfectly accurate or complete data transfer.

The Disadvantage of this mode is that it doesn’t use error detection 2009 [12)

— IN — DATA X [—»
E Key l Host ]Func’tion
—»{ OUT “p| DATAX |—»
Token Packet f Data Packet

Figure (2.6) Isochronous IN and OUT transaction [11]

The above diagram shows the format of an Isochronous IN and OUT transaction.

= Data Size

For full-speed endpoints, the maximum packet size can range from 0 to 1023 data
bytes. High-speed endpoints can have a maximum packet size up to 1024 bytes. If the

amount of data won't fit in a single packet, the host completes the transfer in multiple

transactions.




4- Bulk transfer:

p s eridevices that have large amounts of data to transmit or
= end thatzequine, guaranteed delivery, but do not have any specific bandwidth or
latency requirements.

It is a fast and secure data transfer with CRC check. Very slow or greatly
delayed transfers can be acceptable for these types of device, as long as all of the data is

delivered eventually. Bulk transfers are only supported by full and hi gh speed devices.
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NAK  —

—( STALL [—
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L
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Figure (2.7) Bulk IN and OUT Transaction [11]

The above diagram shows the format of a bulk IN and OUT transaction.

> IN: When the host is ready to receive bulk data it issues an IN Token. If the
function receives the IN token with an error, it ignores the packet. If the token

was received correctly, the function can either reply with a DATA packet
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but temporary has no data to send.

» OUT: When the host wants to send the function a bulk data packet, it issues an

OUT token followed by a data Packet containing the bulk data, If any part of the
OUT token or data packet is corrupt then the function ignores the packet. If the
function's endpoint buffer was empty and it has clocked the data into the
endpoint buffer it issues an ACK informing the host it has successfully received
the data. If the endpoint buffer is not empty due to processing a previous packet,
then the function returns an NAK. However if the endpoint has had an error and

its halt bit has been set, it returns a STALL .

= Pata Size

A full-speed bulk transfer can have a maximum packet size of 8, 16, 32, or.64
bytes. For high speed, the maximum must be 512 bytes. During enumeration, the host
reads the maximum packet size for each bulk pipe from the device's descriptors. The
amount of data in a transfer may be less than, equal to, or greater than the maximum

size. If the amount of data won't fit in a single packet, the host completes the transfer

using multiple transactions.

2.6 USB Pipes:

While the device sends and receives data on a series of endpoints, the client

software transfers data through pipes. A pipe is a logical connection between the host

and endpoint(s). Pipes will also have a set of parameters associated with them such as

how much bandwidth is allocated to it, what transfer type it uses, a direction of data
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flow and maximum packet/buffer sizes. For example the defay]t pipe is a bi-directional
pipe made up of endpoint zero in and endpoint zero out with a co

ntrol transfer type
[11].

USB defines two types of pipes:

= Stream Pipes

|
Have no defined USB format that is you can send any type of data down a stream J
pipe and can retrieve the data out the other end. Data flows sequentially and has a pre- i
defined direction, either in or out. Stream pipes will support bulk, isochronous and |

interrupt transfer types. Stream pipes can either be controlled by the host or device.

= Message Pipes

Have a defined USB format. They are host controlled, which are initiated by a
request sent from the host. Data is then transferred in the desired direction, dictated
by the request. Therefore message pipes allow data to flow in both directions but

will only support control transfers.

2.7 USB Cables and Ports

" Two types of cables can be used with USB devices

> The Series A connector: used with high speed (12 Mbps) devices, and can be up

to 5 meters long.

> Series B cables: limited to 3 meters in length and are for use with low-speed

(1.5 Mbps) USB peripherals such as keyboards and mice.

3!
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The USB cable i i
g ca .le 1s 4 wire cables, figure [2.8], signaling on the bus is done by
signaling over two wires. There is a D, wire and a D. wire, in a way that if we want to

transmit 0 over the bus we wil] keep D, low and D. high and vice versa to transmit 1 we

high. The other two cables are Vbus (+5v) and GND .T o
deliver power to the device. Bits are sent into the bus LSB first

need to keep D._low and D,

USB Cable

Figure (2.8) USB Cable [13]

= Special signals in the bus:

> Reset signaling (REST): The host can reset the device. This is done by signaling
SEO (single ended zero - D, and D. are kept low) for more than 2.5 sec.

> Suspend signaling: the host can enter the device into a suspend mode, in which
the device won't respond to the USB traffic. A device will begin the transition to
a suspend mode whenever it will recognize an idle state on the bus for more
than 3msec, the device will actually be suspended no more than 10msec bus
inactivity. Recognizing signaling on its upstream ports will take the device out
from the suspend mode

> Resume signaling: A device, which in suspended state, will resume its operation
whenever it will recognize a K signaling (differential "0" for full speed devices
and differential "1" for low speed devices) on the bus. Whenever the host
wishes to wakeup the device it sends RESUME signaling for at least 20msec. A

device can also wakeup itself - we call that feature "remote wakeup capability",




the bus and resume its own activity [13]

2.8 USB Versions

Main USB version and their properties are shown below in table 2.2

Table 2.2 comparison between USB versions

busses (such as Fire
wire), not
compatible with
older peripherals

slower than PCI

Features
USB 1.1 Specs USB 2.0 Specs USB Y.0 Specs
Theoretical Max. | 1.5 Mbytes/sec 60 Mbytes/sec (480 USB 3.0 raises the
Transfer Rate (12Mbits/sec) Mbits/sec) data rate to 4.8
Gbps
Advantages low cost, ideal for | All the advantages of Unlike USB 2.0
portable  systems, | USB plus significantly WSR. 310 dosy Hot
hot swapping/plug | higher speeds making it continu(')usly oll
& play, up to 127 | compatible with high- thedsvioes thatpare
devices via 1 port speed peripherals such attached thereby
as data drives and reducing overhead
video cameras on the CPU.
Disadvantages slower than PCI Not compatible with Will be obvious
and other plug-in older peripherals, still | later

2.9 Enumeration of Devices

To communicate with a device, the host needs to learn about the device and assign

a device driver. Enumeration is the initial exchange of information that accomplishes

this. The process includes assigning an address to the device, reading data structures

from the device, assigning and loading a device driver, and selecting a configuration
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from the options presented in the retrieved data. This process allows the Host to
identify and to manage the device [ELB)e

= Device identification:

The Host sends standard device requests on the default control endpoint in order to
identify the device and then to load the appropriate driver. The device answers to each
request with the corresponding descriptor tables. The descriptor tables contain all the
information relating to the device: characteristics of the device and number and
characteristics of each configuration, interface and endpoint

The most common descriptors are:

= Device Descriptors

The device descriptor of a USB device represents the entire device. As a result a
USB device can only have one device descriptor. It specifies some basic, yet important
information about the device such as the supported USB version, maximum packet
size, vendor and product IDs and the number of possible configurations the device can

have [15].
= Configuration Descriptor

A USB device can have several different configurations although the majority of
devices are simple and only have one. The configuration descriptor specifies how the
device is powered, what the maximum power consumption is, the number of interfaces
it has. Therefore it is possible to have two configurations, one for when the device is
bus powered and another when it is mains powered. As this is a "header" to the

Interface descriptors, it is also feasible to have one configuration using a different

transfer mode to that of another configuration [15].




= Interface Descriptors

The interface descriptor could be seen as g header or grouping of the endpoints

into a functional group performing a single feature of the device [15].

=  Endpoint Descriptors

Endpoint descriptors are used to describe endpoints other than endpoint zero.
Endpoint zero is always assumed to be a control endpoint and is configured before any
descriptors are even requested. The host will use the information returned from these

descriptors to determine the bandwidth requirements of the bus [15].
= String Descriptors

String descriptors provide human readable information and are optional. If they are
not used, any string index fields of descriptors must be set to zero indicating there is no

string descriptor available [15].




2.10 The Data Acquisition System

Data acquisition systems can be defined as a collection of software and
hardware  that connects you to the physical world. Acquired data are displayed,
analyzed, and stored on a computer and control can be developed using various general
purpose programming languages

A typical data acquisition system consists of these components:

= Data acquisition hardware

At the heart of any data acquisition system lies the data acquisition hardware. The
main function of this hardware is to convert analog signals to digital signals, and vice

versa
= Sensors and actuators (transducers)

Sensors and actuators can both be transducers. A transducer is a device that
converts input property or physical phenomenon of one form into output of another

form (mainly to its corresponding measurable electrical signal).

" Signal conditioning hardware

Sensor signals are often incompatible with data acquisition hardware. To overcome
this problem, the signal must be conditioned. Conditioning an input signal may be by

amplifying, it or by removing unwanted frequency components. Output signals may

need conditioning as well.

The computer
The computer provides a processor, a system clock, a bus to transfer data, memory,

and disk space to store data.
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= Software

Data acquisition software allows you to exchange information between the

computer and the hardware. For example, typical software allows you to configure the

sampling rate of your board, and acquire a predefined amount of data.

2.11 Hardware Components of the Project

2.11.3 Microcontroller

A microcontroller is an integrated chip that is often part of an embedded
system. The microcontroller consist of the Central Processing Unit (CPU), Random
Access Memory (RAM), Read Only Memory (ROM), Input/Output ports (I/O ports),
timers like a standard computer and other peripheral such as analog to digital (A/D)
converter and to analog (D/A) converter, they are much smaller and simplified so that

they can include all the functions required on a single chip.

= PIC 18f4550 microcontroller

This subsection provides a theoretical background about the PIC18F4550 by
mentioning .different tasks and features related to this microcontroller, that illustrate

the reasons for choosing this PIC to handle USB specifications in data acquisition in

this project [6].

=  Features of PIC18F4550 related to USB

> 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).
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> 1-Kbyte dual access RAM for USB.

» On-chip USB transceiver with on-chip voltage regulator.

> Interface for off-chip USB transceiver.

= Keatures of PIC18F4550 related to Data Acquisition

> 10-bit, up to 13-channels Analog-to-Digital Converter module

(A/D) with programmable acquisition time.

> Dual analog comparators with input multiplexing Special.
> Three external interrupts Four Timer modules (Timer0 to

Timer3)

2.11.1 Sensors

In order to sense and measure physical variables such as temperature, pressure,
flow and motion, it is necessary to use sensors (transducers) until to convert physical
variables into electrical signal and transmit these signals to a signal conditioning

device, so in our project we use the LM35 temperature to do this sense.

=  LM3S5 temperature sensor

The LM35 is a very standard part for measuring temperature. It is highly stable

and outputs a value proportional to temperature over a large scale [16].

= FKeatures:

> Calibrated directly in ° Celsius (Centigrade).




> Linear + 10.0mV/°C scale factor.

> 0.5°C accuracy guarantee able (at +25°C).

> Rated for full —55° to +150°C range.

> Low cost due to wafer-level trimming,

> Operates from 4 to 30 volts.

> Less than 60 pA current drain,

> Low self-heating, 0.08°C in still air.

> Nonlinearity only +1/4°C typical.

> Low impedance output, 0.1 W for 1 mA load.

2.11.2 Signal Conditioning:

Signal conditioning maximizes the accuracy of a system, allows sensors to
operate properly, and guarantees safety by many applications as amplifiers, filters the
sensor signal, bridge completion, and provides appropriate output signal which is

compatible and easy to capture with an analog input board.

= USB Connector

The USB Connector is a standard "type B" connector. You can plug any "A-to-B"
type cable into it, with other end (the flat connector) going to your computer. As we
mentioned there are four connections in a USB cable, two of which will supply power
to the board, while the other two are the communications lines D+ and D-. This is how
information is transferred between the host computer and the PIC18f4550 both when it

is being programmed, and while your firmware sends or receives data with the

computer if it is a Human Interface Device (HID) application.
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Chapter Three

Conceptual Design

3.1 Preface

This chapter illustrates the detailed project objectives, design options suggested ’
for the system, approaches and techniques to implement the system; also it includes a
general block diagram for the overall system that gives the user a detailed description
about the system components and architecture, in addition we will illustrate how the

system works and the way in which components are interact and interface with each

other and with the surroundings.

3.2 Detailed Project Objectives:

In chapter one, we have listed the general objectives of the system; here we list

more detailed objectives that will clarify the general goal of the project:

I- Designing a data Acquisition system that will be able to be controlled with the

command messages and signals that are sent through USB bus.

2- Designing a data Acquisition system that will be able to control many real

applications, digital and analogue applications will be implemented, designed, and

tested including: an alarm system, also a conditioning system (heater and cooler) that

will work according to the temperature value that is read from the sensor, and a stepper

motor, in order to make sense for users about the output from the system.
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3. Visual C++ software will be used as a graphical interface between the user and the
system to control its functionality and to enable users to practice the usage of USB

understand it efficiently and use it effectively, the interface should be flexible, and
, and easy

as possible to all end-users who need the system.

3.3 Design Options

3.3.1 Hardware Design Options

There are many issues that we must consider in order to build a functional
successful and reliable data acquisition card .There are many alternative options for
implementing the system; this section outlines some of the available options for the

user to design the system.

3.3.1.1 Computer Interface Options

=  Universal Serial Bus (USB)

USB is a peripheral bus standard that allows you to connect a variety of peripheral

devices to your computer.
Universal Serial Bus offers:

» Plug-and-play flexibility

» Automatic configuration of devices as Soon as they are connected

> Hot swapping (the connecting and disconnecting of devices while the computer

is on)

» Ability to have multiple devices run simultaneously on one computer, 1t ¢an

support up to 127 devices.
s: high speed at 430 Megabits per second, full

> USB supports three bus speed
and low speed at 1.5 Megabits per second.

Speed at 12 Megabits per second
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» Hi-Speed USB 2.0 uses a "Master-Slave" architecture in which the computer

handles all arbitration functions and dj
Ictates data flow to, from and betw
attached peripherals. i

s FireWire

FireWire is an implementation of the high-speed serial data bus defined by ’
IEEE Standard that can move large amounts of data between computers and peripheral

devices. It features simplified cabling, hot swapping, and transfer speeds of up to 400

megabits per second.

FireWire uses a "Peer-to-Peer" architecture in which the peripherals are
intelligent and can negotiate bus conflicts to determine which device can best control a
data transfer .FireWire speeds up the movement of multimedia data and large files and

enables the connection of digital consumer, directly to a personal computer.

Although FireWire external hard drive will provide good performance, but for
convenience and compatibility between multiple computers USB would probably be
the better choice (since practically every computer has a USB port), also people are

familiar with USB more than FireWire. So the main idea of our project is to use USB.

3.3.1.2 Control Unit Design Options

*  Field-Programmable Gate Array (FPGA)

A Field-Programmable Gate Array (FPGA) is a semiconductor device that can be

configured by the customer 0T designer after manufacturing hence the name "field-

Programmable", FPGAs can be used to implement &ny Setianction. that an

. PGA tain
application-speciﬁc integrated circuit (ASIC) could perform, JE: s contal
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programmable logic components called "logic blocks"

to perform complex combinational functions, or simple logic gates like AND eate and
XOR gate with memory elements, which may be simple flip-flops or more cgomp::e
blocks of memory as shown in Fig. 3.1 » FPGA has advantages such as:

» Ability to re-program in the field to fix bugs.

» They are available.

» Logic blocks can be configured

» Lower non-recurring engineering costs.

Figure (3.1) FPGA

But there are some disadvantages for FPGA such as:
> They are usually slower than their fixed application-specific integrated circuit
(ASIC) counterparts.
> They need draw more power.

> Generally achieve less functionality using a given amount of circuit complexity.

" Microprocessor

A microprocessor is a computer processor on a microchip . A miCroprocessor

is designed to perform arithmetic and logic operations that make use of small number-
holding areas called registers. A microprocessor is always reliant on external devices
r. T/O interfaces, serial interfaces. Typical microprocessor

like memory, clock oscillato .
comparing two numbers, and fetching numbers

Operations include adding, subtracting,

from one area to another.
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Figure (3.2) Microprocessor

The design process on microprocessor is much easjer compared to FPGA. But the
implementation with FPGA is faster and easier than microprocessor since the

computation in FPGA is distributed instead of only done by the processor.

=  Microcontroller:

A microcontroller is a computer on a single chip used to control electronic
devices. It is a type of microprocessor emphasizing self-sufficiency and cost-
effectiveness, in contrast to a general- purpose microprocessor. A typical
microcontroller contains all the memory and interfaces needed for a simple application,
where as a general purpose microprocessor requires additional chips to provide these
functions.

Here we list two options of microcontrollers that can be used to implement this

project: ATmega32 and PIC 18F4550.
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= ATmega32 :

The ATmega32 is a low power CMOS 8-bit microcontroller based on the AVR
enhanced RISC architecture, by executing powerful instructions in a single clock cycle
. the ATmega32 achieves throughputs approaching 1 MIPS per MHz allowing the

system designer to optimize power consumption versus processing speed[14]

1. On chip analog comparator.
2. 8-channel, 10-bit ADC.
3. Easy to build.

But the problem in choosing this PIC is the difficulty in programming because it
needs a special external component as interface to USB, since it is not compatible with

the USB so this component is not available and hard to programming

= PIC 18F4550:

This project uses PIC18F4550. Its main features were explained in
chapter two; we noticed that they are very suitable and compatible with USB,

the most important features which enthused us to choose PIC18F4550 are:

1. USB V2.0 Compliant

2. On-chip USB transceiver with on-chip voltage regulator.
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3.3.2 Software Design Options

Here we list two alternative choices for the software to be used for the
system, which are Visual C++, ang VB.NET, with some o e rete

3.3.2.1 Microsoft Visual Studio 2008 Express

The Microsoft Visual Studio 2008 Express Editions with SP1 are a free set of
tools that are simple, fun and easy to learn. Visual C++ 2008 Express Edition with SP1
is the development environment for creating native Windows applications that deliver

the highest quality rich user experiences, some important features are:

» An easy installation of the Windows Platform SDK_
» It has tools for developing and debugging C++ code.
> Free and small size.

> Allows creating Win32 and Win64 applications.

3.3.2.2 VB.NET

We have an alternative choice to make interface between the user and the
computer which is VB.NET ,it is considered as one of the most popular languages
for interfacing applications with PC ,the most important features related to it are:

> Fast.

> Familiar with application. ‘ i
In this project Visual C--+ attended to be used, as it is easy to use and it is free available

from Microsoft.
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3.4 Realization Approach

As we mentioned, the main goal of thig project is to design a USB 2.0 interface

that can be generalized for various applications, Providing a platform that can be easil
1y

adapted for users.

A general block diagram of the system is shown in figure (3.3) the block diagram
depicts the overall system architecture,

The design approach for the platform divides the implementation into three
primary elements: PIC18f4550 microcontroller, PC host, and applications part.

3.5 General Block diagram

Figure (3.3) is a general block diagram shows the main components of the
system includes (PC ,USB port , PIC18F4550 , and the applications part which could
be input or output circuits ), and how they can interact with each others in a

systematic way to achieve the main purpose of the system .

Application 1

lication 2
Application 3

Figure (3.3) General Block Diagram
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3.5.1 Detailed Block Diagram

T blockitiagten ini figure( 3.4) figures some detals about the system

which can follow the way the system works starting from sending user command by

GUI through USB port to the PIC microcontroller inorder to con

trol the functionality
of various applications which is built using suitable conditioni

ng and optocouplers
circuits .

)

®)

switch

r PICF4550 cond tiormng
i ceeut
O piocoupla 1 S
Yiud >
e chousts
Motcr

Heder

\4

Figure (3.4) Detailed Block Diagram
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3.6 The system work

The USB data acquisition card should be able to ¢
samples.

|
|
apture a fixed number of ‘
|
ince we aim to bui I ‘
Sin uild a trainer data acquisition, so the system must be 1
|

\

supported with a GUI that enable users to control the applications provided ,so a GUI

was built with Visual C++ Express Programming language , to enable the user to

activate a certain application from the group of the applications presented, The card
must be remote controlled with command messages which are sent through USB, at the
heart of this board lies the PIC18f4550 microcontroller which has a versatile and a ;
powerful 10-bit (13 channel ) analog to digital converter module , though this
microcontroller reduces the needed hardware efficiently , because it provides a subset
of the overall data acquisition components, having an ADC , and a multiplexer , the

built in ADQ incorporates in an interesting way for the function of the sample and hold.

At the applications side there are many circuits such as sensor ,fan ,heater, and
stepper motor, when one of them is activated via the GUI ,the command must be routed
through USB to DAQ card ,for example in case of activating input circuit such as
temperature sensor , The microcontroller should have enough FIFO memory to store all
the conditioned samples before sending, after capturing, the data should be sent back
to the client through the USB cable, the client software stores the measurements, and

Presents the result by activating the heater or fan according to the measured value and

the circuit works .
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Chapter Foyr
Detailed System design

4.1 Preface

This chapter describes the main hardware components that are used during

the building of the system , also it Tepresents block diagrams and general

schematic diagrams which illustrate how these components are related to each \

others.

4.2 Project Phases:

* Input Phase

USB data acquisition card should be able to capture a fixed number of samples and
passes the signals through USB cable to PC; this system has eight digital inputs and |
eight 10-bit analogue inputs, so both analogue and digital input circuits can be
supported, this project includes switches, and the LM35 temperature sensor- that is
used to capture temperature signals- as input circuits to the system, the command input
can be send from GUI.

Processing Phase
The signals that are captured from the input circuits pass through different stages
fobe Processed, these stages include:

AR o 1 o b
» Conditioning Circuits for amplifying and filtering sensors signals, by

using appropriate operational amplifiers.
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= Output Phase

> Signals are sent from the PIC18f4550 microcontroller through the

USB cable to PC | the GUI using Visual C++ software will enable the

user to control the functionality of the system and to choose the a

specific application to turn on or off
> Since this data acquisition card has eight digital outputs, and two 10-bit
analogue outputs, it can control many digital and analogue output

circuits; here we presented the fan circuit, motor, alarm, and heater as

examples of output applications.

4.3 Schematic design

This section illustrates a detailed schematic design for the major components
that make up this project as well as the interfacing schematic design for all of these

components.

The components are:

» PIC 18F4550 microcontroller.
LM35 Temperature Sensor.
Conditional circuit.

Alarm system.
Heater and fan
USB cable.

Stepper motor.

ULN2803.

NZ N7 TN NG N N N
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4.3.1 PIC 18f4550 Microcontroller

The project uses PIC18f4550 ¢ cont i
rol the functions of m
the system .This

microcontroller is packed into a 40 pin packa Tl i i
re (4.1).

o 3 F
MCLR-;‘:PP{RES s 1 Pt 40 [ =— RB7KBIZPGD
AQ'.ANO =+ [li0 3¢ [] =— RB&'KBI2/PGC
’ RA1/ANT =—s[] 3 38 [ =— RBKBI1/PGM
RAZIAN2VREFCVREF ~— [] 4 37 [ = RB4:ANI1/KBIGCSSPP
_ BAS/ANGVREF+ -—n[] 5 36 [ ~—= RBIANSICCR2VPO
RA4TOCKICIOUTRCY — ] 6 35 [J =——= RE2AN&INT2AMO
RAs,fAN#SS:Hl:VDIttL’Czc‘UT v [0l . 34 [] ~— RBI/AN1CINT1/SCKSCL
REGANS/CKISPP ~—I & W o 33 [] = RBOAN12/INTOFLTOSDISDA
RE1/ANB/CK2SPP ~—=[] o 2 32 [} +— Voo
RE2/ANF/QESPP -—[J10 I = 31 [0 -——Vss
VoD —— ] 11 0 0 30 [ =—= RD7/SPF7:P1D
YSS —e[] 12 QL 2@ ] =— RD&SPP5/P1C
OSCICLKI ——= 13 @& o 28 [] =— RD5/SPP5/P1B
OSC2/CLKO/RAE ~——[7 14 27 [[] «— RD4/SPP4
RCOT10SOT13CKI —[] 15 26 [] =— RC7/RX/DT/SDO
RCIT10SICCPZNUCE ~——[ 15 25 [] =— RCHTX/CK |
RCG2/CCP1IPIA — [117 24 [ =— RCS/D+AVP |
VISR e E 18 23 j —s= RC4/D- VM
RDASPPO ——[] 10 22 []-+—» RD3/SPP3
RD1SPP1 — [ 20 21 [1 =— RD2:SPF2

Figure (4.1) PIC184550

The microcontroller receives any signal from the input circuits, for example
after the temperature sensor's signal is amplified, this signal is compared to a reference

¥ comparator’s microcontroller, if it is matched, then converted info a fraction which

s then represented as a coded digital number and sent to the computer, until using the

“nverted signal for controlling the alarm and heater circuits Figure (4.2) shows the

block diagram of PIC18£4550.
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Program
Memory

Original
Internal
Componcnts

Timer2

’ Timer0 Timerl

Comparator

Figure (4.2) Block diagram of PICF4550

4.3.2 LM35 Temperature Sensor:

Simply, the sensor is used to transmit the physical phenomena signal then
convert and generator this signal into a form suitable electronic signal. This project

uses LM35 temperature sensor [16]. i

LM35 Temperature Sensor has three pins as shown in figure (4.3):
1. Pin] is connected to supply voltage (+5).
2. Pin2 is connected to the ground.

3. Pin3 is a voltage output which connected with the input of conditional circuit.
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4.3.4 Stepper Motor

A stepper motor as the one shown in figure (4.5) is a permanent magnet or variable

reluctance dc motor that has the following performance characteristics:

1-Rotation in both directions

2-Precision angular incremental changes
3-Repetition of accurate motion or velocity profiles,
4- Capability for digital control.

5- A stepper motor can move in accurate angular increments known as steps in
response to the application of digital pulses to an electric drive circuit from a digital

controller.

Figure (4. 5) Stepper Motor

= ULN2803

The ULN2803APG / AFWG Series are high voltage, high current Darlington drivers
comprised of eight NPN Darlington pairs. All units feature integral clamp diodes for
switching inductive loads. Applications include relay, hammer, lamp and display

(LED) drivers. Figure (4.6) shows ULN2803 IC.
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Figure (4.3) LM35 Temperature

4.3.3 Conditioning Circuits

Sensor signals are often incompatible with data acquisition hardware. To
overcome this problem, the signals obtained from the sensors must be conditioned

Figure (4.4) displays the conditioning circuit for the sensor.

100K

o

vsen 50K

>-'——<:|m:

S

&

o

Figure (4.4) conditioning circuit
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4.3.4 Stepper Motor

A stepper motor as the one shown in figure (4.5) is a permanent magnet or variable

g t21ceidomotor that has the following performance characteristics:

1-Rotation in both directions

2-Precision angular incremental changes
3-Repetition of accurate motion or velocity profiles,
4- Capability for digital control.

5- A stepper motor can move in accurate angular increments known as steps in

response to the application of digital pulses to an electric drive circuit from a digital
controller [24].

Figure (4. 5) Stepper Motor

= ULN2803

The ULN2803APG / AFWG Series are high voltage, high current Darlington drivers
comprised of eight NPN Darlington pairs. All units feature integral clamp diodes for
switching inductive loads. Applications include relay, hammer, lamp and display

(LED) drivers. Figure (4.6) shows ULN2803 IC [23].
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F

Features

Output current (single output) 500 mA (Max.) .W
High sustaining voltage output 50 v (Min.) I“[ s
Output clamp diodes ey

Figure (4.6) ULN2803
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4.4 General Schematic Design for USR Board

Figure (4.7) shows the schema ic desi
gure (4.7) ' tic design for building USB board; this circuit is
general for all USB projects regardless of the type of the microcontroller used
| Y ed.

3
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R6 f | |
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Figure (4.7) Main USB Board
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= Major components of the circui:

e USB Connector
The USB Connector is a standard "type B" connector. There are four connections in a
USB cable; table (4.1) shows the internal structure and wires of USB cable.

Table (4.1) USB Cable

Pin | Name | Wire color Description
1 GND Black Ground
5ol e s Data —
3 D+ Green Data +
4 VCC Red +5V

e Power indicator

When USB power is applied, LED (D3) lights.

° Push button "Reset"
Pressing the Reset button is the equivalent to unplugging the USB cable and plugging it
back in, (which means that the computer recognize the plugged device again and

initialize its driver).
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e 20MHz Crystal oscillator

i vides a clock signal to the PIC, this frequency was chosen since it's the same as the
evaluation board from Microchip.

e USB state indicator

B i =indicatethe USB state, once the card is programmed and connected to the PC
one of the leds (D1, D2) flashes while the other remains off,

4.5 Ports Assignment

Table (4.2) shows the I/O ports on PIC18F4550 and how they are configured for this

project.

Table (4. 2) Summary of the I/O ports on PIC18F4550
RAO-RA7 8 bits for analog Input

RB0-RB7 8 bits for digital Input

RDO-RD7 8 bits for digital output

RC2 analog outputs (for PWMI)

RC4,RC5 Connected to USB D- ,D+ respectively
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4.6 Applications presented

4.6.1 Alarm system using simple buzzer

As the name implies, it is a simple circuit that has only a simple buzzer
connected with a transistor. This buzzer when triggered by PIC18F4550 gives a
special sound. The buzzer has two edges, one is connected to Vee (3V) and the
other is connected to a transistor .this circuit is connected to one of the digital

output bit of PORTB .The buzzer circuit is shown in figure (4.7).

BUZZER

P

2N2219 150 ohm
control(digital output pin)

Figure (4.7) Simple Buzzer Circuit

4.6.2 Heater circuit

This is output device, identified as one of the output digital port of the

microcontroller it is connected to one of the pins of PORTB; the heater is turned

on by the controller when the temperature reaches a set low

er limit.

Figure (4.8) shows the heater circuit:
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Figure (4.8) Heater Circuit

4.6.3 Fan circuit

This is another output device, identified as one of the analogue output
port of the microcontroller, it is connected to RC1 of the PIC; the fan is turned
on by the controller when the temperature reaches a set higher limit. Figure

(4.9) shows the fan circuit.

18 K FaN
Cartmi {a =l maime Lo

AN, —A\N\  — (T

< v
2H2219 THS
NS oplEmpl

Figure (4.9) Fan Circuit
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4.6.4 Stepper Motor Circuit

ds a 12V to work in proper
manner, so we've used an external adapter to supply voltage to the circuit, the four pins

(1,2, 3, 4) of the ULN2803 are connected to PORTD of the PIC.

+ Mrcx}otor +\inotor

Q
-

ut
ouTl Z IN1 f —< oDt

5 | 17 O IN2 =

e L<on2
8 oun 8 s H—a 1{':\
o0
GE ’ & g Mo
QUM Z IN7 F—O
o0uT 35 ;
o0UB _ INg 2—o
SRINIG S
oUB &

o

MOTOR STEFFER _ 8 18

Cantrml - autpnt

digital pins

o
o
o

feey
£

(mim)

Figure (4.10) Stepper Motor Circuit

4.7 Overall system schematic design

Figure (4.11) shows the overall system schematic design with all applications

that have been described, connected to the PIC18f4550 USB board, including switches
connected to the

Connected to the digital input port (PORTB), and the reset button
MCLR pin,
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Figure (4.11) The Overall System Design
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Chapter Five

Software System Design
5.1 Preface

This chapter describes the basic firmware used to program PIC18£4550. the
methods and libraries used to make the bindings between firmware and the GUI; al’s St

describes the overall system software and the development environment

5.2 USB Class Drivers

Windows supports several USB classes that the USB Device Working Group
(DWG) has defined such as Human Interface Device (HID), Communication Device
Class (CDC), Mass storage class (MSC), printing class and others, if a user wanted to
develop a driver for a new application that doesn’t match any of the predefined USB

classes, so he need to write what is called a custom class, for more information you can

read the "USB Complete "book.

Here we illustrate the HID class because it is the most popular one, the CDC
class, and Microchip General Purpose (Custom Class) USB Driver which we depend on

and make the needed modifications upon it for implementing this project
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5.2.1 Human Interface Devices (HID)

The HID class consists primarily of devices that are used by humans to contro]

the operation of computer systems. Typical examples of HID class devices include:

» Keyboards and pointing devices—for example, standard mouse devices,
trackballs, and joysticks.

> Front-panel controls—for example: knobs, switches, and buttons.

> Devices that may not require human interaction but provide data in a
similar format to HID class devices—for example, bar-code readers,

thermometers, or voltmeters.

322 USB Communications Device Class (USB-CDC)

Using a relatively simple driver information file (*.inf), the communications

device clasg (CDC) allows your device to talk to the host PC via a "virtual COM port".

. . 1 1
This means that your USB device appears to your PC application software as a seria
‘RS is is probably the
("R8232m) device, just like a physical COM port, but faster. This is probably

' - i ta transfer rate
*Mplest method to jmplement a fast USB connection. The maximur? da
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using USB CDC with a "virtual copnm port" is aboyt

. 1Mbit/sec. (This is g Windows
driver limitation, not a USB limitation.)

5.2.3 Microchip General Purpose (Custom Class) USB Driver

Microchip provides a general burpose Windows driver which can be uged by

Custom class USB device.
For USB applications that do not readily fit within the constraints of the

class options, Microchip general purpose driver may be used, so for the

Windows applications to interface with g

se other device

data acquisition

card we depend on the general driver and make the required modifications, to suite the

needed applications for our project.

5.3 USB libraries

Perhaps the most time intensive portion of this project was spent in choosing the
best USB library. There are several choices and each varied in stability, functionality,

and extensibility.

In general the chosen library should achieve the following:
i h
> It should be easy to use and few lines of client code should accomplish muc
i i d have C++
> It should be as platform independent as possible, and it shoul

bindings.

H ies whi n MPUSBAPI" Library
ere we discuss two alternative libraries which are the
sC

. i ious features
and "libusb-win_v, 2" library including their obvious fea
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isochronous transfer which is not supported using the "MPUSBAPI.DLL"

53.1 Libusb-win32

USB devices. It supports Lin
parwin/MacOS X.

Libusb-win32 has also the filter driver, which is not wo

rking for Vista and may
inux, Mac OS X, BSDs .
-platform projects; it also supports

cause problems. Libusb-win32 has the Counterpart libusb for I

and Solaris, so it has some advantages for crogs

library.

53.2 MPUSBAPI Library and DLL Source

The MPUSBAPILDLL file is a library which provides a number of functions
including the basic ones needed for reading and writing to a USB device. A list of the
functions available and the calling conventions for those functions is currently

documented in the form of inline comments in the source code for the DLL file.

This library works in conjunction with the USB device driver MCHUSB.SYS.

The DLL js compiled using Borland® C++ Builder™ 6 development environment, and

the source code is provided in the: : ;
“<in3talldirectory>\Microchip\USB\Utilities\MCHPUSB Custom Driver \Mpusbapi

Dll\Borland_C\Source” directory.

at were mentioned

; ionality th
A . ost of the needed functiona
Since this library achieves m s the use of Visual

also because of the availability of the B e et e in this project to
: s
(1 with Microchip's custom driver and DLL ,we attended to use 1t 10 proj

A and write from the USB[22].
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5.4 MPLAB IDE version 8.0

MPLAB Integrated Development Environment (IDE) is a free, inte ated
toolset for the development of embeddeq applications emplo P

microcontrollers. MPLAB IDE runs as a3 g Microchip's PIC and

. -bit application on MS Windows, it is easy
to use and includes a host of free software components for fast application
development. In this project we developed the firmware using MPLAB IDE versi

! . : TS10n
8.0; figure (5.1) gives simple view of MPLAR interface[6].

\ ush data acquisition - MPLABIIDE 8100 - usb'data acquisition:mew
Fle Edt View Pt;vwlzo:tﬂgger Progiammer Tools Configwe Window Help

DEL Y [Reease T SHBO O @ Checkoum: vatse |

/ZZSETENECELEUED K Siieax
#include <pl8cxxx.h> 3

finclude "system\typedefs.h" // Required
finclude "system\usblusb.h" // Required
#include "io_cfg.h" // Required

finclude "“system\usbl\usb_compile_time_ validation.h" // Optional
f#include "user\user.h" // Hodifisble

/** CONFIGURATION SETTINGS TEAEE

#pragma config CPUDIV = 0SCl_PLLZ
fpragma config USBDIV = 2
gpragma config FOSC = HSPLL_HS
gpragma config FCHEN = OFF
gpragma config IESO = OFF
fpragmna config PWRT = OFF
gpragna config BOR = ON

$pragma config BORV = 3
gnrama confic URRCRN = 114

I €

[

Figure (5.1) MPLAB IDE work space
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5.5 Microsoft Visual C++ 2008 Express

The Microsoft Visual Studio 2008 Express Editions with SP1 are a free set of
tools that are simple, fun and easy to learn. Visua] C++2008 Express Edition with SP1
js the development environment for Creating native Windows applications that deliver
the highest quality rich user experiences. This new version includes an easy installétion
of the Windows Platform SDK. It has tools for developing and debugging C++ code,
especially code written for the Microsoft Windows API, the DirectX API, and the

Microsoft .NET Framework. This program allows creating Win32 and Win64
applications[21].

This Microsoft Visual C++ (or Visual C++ 9.0) is available in two flavors, as a

part of Microsoft Visual Studio and as a standalone "Express Edition" product.

Advantages of Visual C++:

> Windows platform SDK.

» Game Creators Development kit.

> Library with samples.
> Small size.
>

Free from Microsoft.

The host application for this project was written in visual c++ Express

3.6 Enumeration about Devices

Enumeration is the initial exchange of information that ool

about the device and assign a device driver .The process includes assigning an address
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its configuration [1].

When a USB device is attached to a powered port, the following actions are taken:

1. The hub to which the USB device is now attached informs the host of the event via a

reply on its status change pipe At this point, the USB device is in the Powered state
and the port to which it is attached is disabled.

2. Now that the host knows the port to which the new device has been attached, the host
then waits for at least 100 ms to allow completion of an insertion process and for power
at the device to become stable. The host then issues a port enable and reset command to

that port.

3. The hub performs the required reset processing for that port. When the reset signal is
released, the port has been enabled. The USB device is now in the Default state and

can draw no more than 100 mA from VBUS.

4 The host assigns a unique address to the USB device, moving the device to the

Address state,

5 Before the USB device receives a unique address, its Default Control Pipe is still

accessible via the default address. The host reads the device descriptor to determine

What actua] maximum data payload size this USB device’s default pipe can usc.

. . d‘ Ch
6. The host reads the configuration information from the device by reading ea

1 i ber of configurations.
“onfiguration zero to n-1, where n 18 the num gu
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7. The host assigns a configuration value to the device

configured state. The USB devijce may now draw

view, it is now ready for use.

5.7 System Flowcharts

This section explains the function of the program to make the System: otk
properly. DAQ card has four parts (digital input, digital output, analog input, analog
output) each part has a flowchart and an algorithm to control the function of it.

At the beginning Windows should prompt the user for a driver when the device
first enumerates, Figure (5.2) shows the flowchart of installing driver of DAQ, this
process requires matching the numbers of VID (04D8) and PID (000C) with the

numbers correlated with data in the drivers install file mchpusb.inf .
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Downloaq firmware
the PIC

on

Plug PIC with ygp

No

recognized with

Falid Select Driver

I

Install driver that matches
witlh
(PID,VID)

Figure (5.2) Flowchart for
installing driver of DAQ
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=  Firmware Description

C €xecution of twq routines
"USBCheckBusSlatus" routine

monitoring the USR power signal, the
nJSBDriverService" routine is responsible for handling al] inte

the "USBCheckBusStatus" and "USBDriverService" The
used to enable and disable USB module by

Irupts and determining
the state of the device. Then "ProcessiO" routine starts execution, this routine is the

entry point into user routines .The "ProcessIO" includes a routine that is responsible
for flashing the USB status LEDs, to indicate the current state of the device called
"BlinkUSBStatus", now the firmware is ready to receive and send packet which contain
command and data that will be handled, the firmware calls "ServiceRequests" routine
that to execute "USBGenRead" function, this function is called to perform a USB
packet read then this packet (command and data) is handled with a switch st'atement
witha case for each defined command in the header of user (user.h), After reading az?d
handling the command, if anything needs to be sent back to the host, that happens in

"USBGenWrite " ;
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InitializeSystem

J—b USBCheckBusStatus > USBDriverService
USBTasks
ProcessIO
BlinkUSBStatus
|55 ¥
ServiceRequests
USBGenRead

handle command

USBGenWrite

rt
Figure (5.3) firmware Flowcha
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* MPUSBAPI Library

& PID

o MPUSBOpen — Returns the handle to -
the end i : :
A POt pipe with matching VIp &

o MPUSBRead — Returns content from the specified endpoint
o MPUSBWrite — Writes data to a specified endpoint
» MPUSBClose — Closes an opened handle to an endpoint

Figure (5. 4) displays the flowchart for "MPUSBAPI" library.
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Is librapy
andell=NT]],

Error loading
mpusbapi library

Get DLL version

l

Get number of device

l

USB open

1

USB write

l

USB read

USB close

End

—

Figure (5.4) Loading MPUSBAPI library Flowchart
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= Handling Commangs Process

equal digital input then the data wil] be evaluated

yalue by "USBGenlWrite" to be sent to the computer, else if the command is digita]

output 0 the bits of PORTD will be equal the data which is sent from computer, else if

the command is analog output then execute "serDCPW" function to enabe the

device that is joined with bit of PORTC ;otherwise if the command is analog input then
"setChanADC" function executed to know which bit of PORTA is enabled and read the
value of analog, then this value is converted into digital value that is read by

'read ADC" ,this value consists of 10 bits which reflects the resolution of the DAQ .
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Start

Send Ppacket ' from PC
command ,
kc:data)

Is yes

Packet, cammand=
! input? Packet data=PORT Ry,

5 s Is
PORTDbits=packet.data Packet.cammang=

! output,

No

yes :
SeDCPWMIQ; g
Of PORTCbits Packet,cammand=

log_outpu

Is
Packet.cammand= Saat)fmmpon %’aﬂ; b s 7

alog input,

Figure (5.5) Handling the command Flowchart
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= System Cases

> Digital Input Case

gray ]abel will appear.

Stary

Smwnmdﬁompc

SendRecivePacket, 0;
is true?

Read Acquired value from
PIC

green label on
GUI

Is the device on PPORTB
enabled?

Gray label on
GUI
End ///—J
Figure (5-6) Digital Input case Flowchart
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> Digital Output Case

(disabled) the device will be turned off,

Read value of signal from PIC

No
Is SendRecivePacket();

true?

Enable the device on
PORTD

Is checkBox on GUI
true ?

Disable
the device on PORTD

End

Figure (5. 7)Digital Output case flowchart
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»> Analog Input Case

Send command from PC

SendRecivePacket();
is true?

Read acquired value from PIC

v

Enable
the device on POTRA

progressBar on GUL is turned
on

Figure (5.8) Analog Input case Sflowchart
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» Analog Output Case

Send command  from PC

SendRecivePacket();
is true?

Enable
trackBar on GUI

No

Turned on device on PORTC

Figure (5.9 Analog Input case
flowchart
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= Temperature Sensor Function

Read ADC() from
temperature sensor

Temperature>28

\ 4
Enable Heater
Enable fan
A e |
End

Figure (5.1 0) sensor application flowchar?
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= Stepper motor functiop

of the motor ,it could be turned right | Jeft Or s

commands sent as the flowchart describes.

cases for the movement

topped »according to the

=

4

Send command from PC

Yes

Yes

PORTDbits3=0, | | PORTDbits2=, PORTDbits1=0, | | PORTDbitsI=1,
PORTDbits4=1, PORTDbits3=1, PORTDbits2=1 PORTDbits4=0,
v
PORTDbits2=0), PORTDbits3=0, PORTDbits4=0, | | PORTDbitsé=1,
PORTDSits1=1, '] PORTDbits2-1, ‘* PORTDbits3=1 PORTDbits1=0,
PORTDbits4=0 |«| PORTDbits3=0 PORTDbits2=0 |« PORTDbits1=0

Figure(5.11) Stepper Motor application flowchart
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58 Graphical User Interface

The GUI for the system was done by visual Ot

2008, as thig System is
. - an
ducational one 5o the graphical interface should provide

(o enable user to interact with the System, figure (5.12)

systen, it is provided with the capabilities that enable user to choose the application he

wants to activate, those applications were added to test the system functionality

[ USB Data Acqusition Card |

Choose Your Application
SEensor switch

application application
e A T

Figure ( 5.12) Main GUI form of the system

* General USB data acquisition GUI

card ,this window is

! data acquisition
Figure (5.13 ) displays the general da o in e G2

: S 0/0 Cal'd !
“MWated whep the yger presses the "USB data e

bar,digital input lables,
)it shows the analog input progress bars ,analog output trace

1 digity] output check
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¥ dac_form

Digital_output ANALOGUE INPUTS
0oDo S | ——— L DIGITAL INPUTS
O ::, L e— ———— ||
ol%l 2 B . i

L0 —————
on2
O
o ANALOGUE OUTPUTS
O oA — 5 -
oD4 .
=
. ]
006
!
oD7
= 7]

Figure (5.13) General USB data acquisition card form

> Buzzer application

Figure (5.14) displays the buzzer form that is activated when the user presses the
buzzer application button in figure (5. 12), it has turning on and off capabilities.

Buzzer_form

plication form

Figure (5.14) Buzzer 2P
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> Switch application

The form on figure (5.15) is for the switch application,

i thas 8 digital input
abels that are activated if the corresponding switch is o

B switc h_form

DIGITAL INPUTS

[s]

Figure (5.15) Switch application form

> Sensor application

;0 - . . .

fan o heater circuit.
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i senso r_form

L enable_sensor I

[jan_applicatioﬂ

[ﬂeter_applicatioﬂ

Figure (5.16) Sensor application form

> Fan Application
Figure (5.17) displays the window for fan application that is contained in

sensor application form, the user can turn it on or off, also he can control the speed of

fan by moving the trace bare.
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(= fan n_form

Turn on Fan

Turn off fan

control to speed of fan

\ioenary

.........................................................................................................................................................................

Figure (5.17) Fan application form

> Heater application

Figure (5.18) displays the heater application form, the user can turn it on or off,

also this window is activated by the "heater application” button on sensor application.

= heater form

Figure (5.18) Heater application form
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» Stepper motor application

The window in figure (5.19) displays the stepper mot

or form; it sho
sser oan turn the motor to the right or left as he Watlts. Ws that the

steppingmotor_form

Turn left

Turn right

Stop motor

Figure (5.19) Stepper motor form
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Chapter

6.1 Preface
6.2 Implementation.

6.3 Project Components Testing.
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Chapter Six

Implementatioy and Testj
ing

6,1 Preface

To avoid project delays, it’
S o,

LA yS, 1t’s critical to have clearly defined
use €S 0) neaq t :

I v ughout each phase of development. Thi ost strategies, and
implementation and i . This ch :
imp testing processes for the system, the e apter describes the

) TOCESS Wll] be a .
pplied to

hardware as well as software components of the syste
m.

that will be discussed later in this chapter

6.2 Implementation

We h : ;
PICIS: ¢ have implemented the overall project, including the USB board with the
4550 mi o
o 50 microcontroller, by first building the main USB circuit and ensuring that it
orks
properly through programming the PIC via PIKIT2 programmer, with a simple

test code !
, then downloading the major program code ,after that the circuits of the
nsured that the individual circuit

applicati :
ons were built in separate phases, and e
., until all circuits were

mb, ‘etei:
sual C++.

Worked
c well, the new circuit were added to the syste
Onne

cted to the board, and worked well via the GUI on Vi

This implementation process was done by using the following tools and

C

> Connectors and wires with different colors

> Four 10*2 cm bread boards:
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ioned j :
(chapter 4). ped in the design Chapter

» Wire grabber and wire cutter.

63 project components testing

This section describes the way by which each circuit and major component
nents

were tested including subsystem testing and the integrated system testj
ing

6.3.1 Subsystem testing

Individual tests were applied to the following circuits:
1- PIC18f4550

2- Buzzer circuit

3- Heater circuit

4- Fan circuit

5- Stepper motor circuit

> PIC18F4550 Testing

The PIC microcontroller was tested by validating its ability for downloading

i tion
Programs, for this purpose we have used the PIKIT 2 programmer for more informatio

6.2) shows the

thout th programmer you can visit the microchip website, figure (6-1)(

hc before and after testing respectively.
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Figure (6.1 ) PIC18F4450 Circuif ;vith PII;IT

Programmer before Testing

Figure (6.2) PIC18F4450 Circuit after Successful Test

> Buzzer Testing

transistor, one of the

itage (3V) from the
as a result the buzzer

(6.3)-

An alarm circuit has been built using 2 simple buzzer and 2
%dges of the simple buzzer was connected to the high vo

function generator, while the other is connected to the ground,

Was activated and the buzzer rang the circuit is shown in figure
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> Heater testing

The testing of the heater circuit shown in figure (6.4) was done using a lamp
which contains a simple heater, for the reason of unavailability of real heater during
testing; the lamp needs 220V, so an external power supply was used. Figure (6.5)
displays the circuit after successful test.

re test

Figure (6.4) Heater circuit befo
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Figure (6.5) Heater circuit after test

» Fan circuit

The circuit in figure (6.6) displays the fan circuit, we used a CPU fan for testing
this application, the function generator was fixed at 12 volt to run the fan, and it

worked successfully.

6) Fan Circuit Testing

Figure (6-
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» Stepper motor testing

2 ircuit in figure (6.7) displays a stepper motor, we us
- with 12 volt, the stepper motor needed four continuous py]ses to
it from the function generator, and it workeq fine "

*d an adaptor to supply the

o ok e e o s TS T i RS T o A
LISl R SR e

e R T e e e e L A o A o et g ok
........................................................

3 gure 6.7) Stepr Motor Circuit Testing

63.2 Integrated System Testing

1 1 (]
After the successful test of the hardware parts of the system, these circuits wert

i k with the
“mected to the USB board circuit, and tested again to ensure the proper wor e
: ands we
fware, these tests included verifying the GUL interface on C+, soﬂ;omt:rt i
, 0 : run
it by the user through the interface to activate the circuits, also this P
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B

7 CONCLUSION AND FUTURE woprg

— 

7.1 Preface

12 Conclusion.

13 Problems.

14 Future Work.
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Chapter Seyey

Conclusion ang Future Work

71 Preface

This chapter gi S _
S el 0 P project ,by representing the conclusi
: : o I an
and results achieved , in addition to the problems that we faced during the devel
opment

process, also 1t includes some recommendations for future, to whom who may need thi
; need this

project for later works.

7.2 Conclusion

Through evaluation process to the overall project, the following points have

been noticed:

> The USB data acquisition card has been run successfully, achieving the general

purpose of data acquisition.

> USB has many important benc the easy

fits in the acquisition process;

installation, portability, 1€ss noise sensitivity and other advantages:

: the digital
> All of the circuits of the application® h g the qigl

ave run successfully includin
and analogue applications.

1 Building a custom driver ig not as €asy proces
asics and functions.

s as expected; it needs a good

understanding of the USB P
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power supply is needed. ain applications an ext ]
erna

The USB Interface h :
. as been implementeq successfy
GUI on Visual C++ stully through developing th
g

which is '
considered a rich Programming |
anguage for

supporting windows applications.

has gained wide acceptance in the computer indust
ustry.

Good knowledge h
ge has been accepted about the PIC 18F4550 mic
rocontroller and

its functions.

7.3 Problems

Some of hardware and software problems appeared during the development of

the project here is an illustration of the main problems.

731 Hardware problems

» Latency of arrival of some components, which causes latency in completing

some circuits.

res were connected wrongly, for instance

In few cases we found that some Wi
swapping the high and low voltage to the circuit, which resulted in damaging

few components.
ccording

the PIKIT 2 programmer, a

Some times we faced problems in dealing
nections, SO W€ need to fix it or try

to hardware failer in some of 1tS pins or con
another one, each time we need to download the program o1 PIC 18£4550.
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» One of the limitations of the USB is that there j
re is

(SOOmA) which the USB port can Support, which 1 4 maximum current of

an

: Serl s that if
current for a certain application; you need to use ext you need more
em

al power supply.

» Some Of warming messages appeared recording to eITors in connecti h
: ' ons suc
nq USB device has malfunctioned and exceeded the power limits of it hub .
1ts hu

", but it
was resolved successfully after reconnection of the WIong connectio
ns.

73.2 Software Problems

» The most important problem was, the lack of experience and knowledge in
dealing with USB, since it was a new study field for us, so this required an
additional effort and time for developing a new application which needs

building of a custom driver that USB can recognize and use.

» Since there are several choices for choosing a USB library, that needed a lot of

time from us to study the libraries and choose the best from the available ones.

> During the first work , a warning message indicated that the "USB device is not

ed . after revising some of the configurations n main
2

recognized " has appear
ded in

0 o ccee
functions ,some of the modifications have been made ,so we su

eliminating the problem and the USB device became 1€C0 gnized.

14 Future work

for future work and

We recommend the following techniques and suggestions

d€Veloping process:
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The inclusion of additional capabilities such g digital /0 lines, counter/timers,

and encoders, can greatly increase the utility of g DAQ module,

As a training system more applications can be added to the system gq it will be
s

ful for students in lab, also it will be usefy] for other proj
use

ectsas a Support to
ake tests to make use of USB features.
m

nhancements could be made in order to use the system in special fields such as
Enhan

industry, security and automation.

ve the system by using wireless USB as a high quality technology.
[mpro
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MICROCHIP _ PIC18F2455/2550/4455/4550

T 2
28/40/44-Pin High-Perfor
Microcontrollers with

e ——

mance, Enhanced

Flash USB

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

Sireaming Parallel Port (SPP) for USB streaming
transfers (40/44-pin devices only)

Power-Managed Modes:

Run: CPU on, peripherals on

Idle: 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
Internal oscillator block:
- 8 user-selectable frequencies, from
31kHz 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:

S

High-current sink/source 25 mMA/25 mA

Three external interrupts

Four Timer modules (Timer0 to Timer3)

Upto2 Ca.pturelc‘lompare/PWM (CCP) modules:
- Capture is 16-bit, max. resolution 6.25 ns (T CY/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 12C™
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

pecial 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 Protectioq
Single-Supply 5V In-Circuit_SenaI i
Programming™ (ICSP™) via two pins

. In-Circuit Debug (ICD) via two pins

port (44-pin devices only)

i icated ICD/ICSP
Optional dedicate b 2.0V 105.5V)

Wide operating voltage rang

RIS wssP_ | | §
= Data Memory —"7 < | 8 | Timers
2gram Memory e 10-bit |CCPIECCP| gpp | Imaster| & | & | 8ie-bit
Device Flash |# Single-Word| SRAM EEPROM VO |aD (ch)| (PWM) SPI™ | j2c™ | & 8
(bytes) | Instructions | (bytes) (bytes) == ::"r’:::'\”; 62 g
- - e ] [o] =
o === 2| EERE L o R R T
= 24K 12288 20 — D 2/0 O S 1 [2| 12
Pl 18F2550( 32K 16384 pOABN (NS 35 | 13 | Yes | Y v R
C18F4455| 24K 12288 2048 | 256 e 11 Yes |
PIC18F4550[ 32K 16384 PhAH RSOt

: DS396328-page !
Preliminary

—

© .
2004 Microchip Technology Inc.
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piC1 8F2455/2550/4455/4550
—

28-Pin PDIP, SOIC

MCLRVPPIREZ—s[Jo1 "o
RAO/ANO~—[] 2 28/ 0> RB7/KBI3/PGD
RA1AN1 =— [ 3 271[1=— RegKaiZPGC
RA2/AN2/VREF-/CVReF =—s[] 4 26 J=— RB5/KBI1/PGM
RAJ/AN3NVReF+=—=[] 5 e 25{ 1= RBa/AN11/KBI0
RAUTOCKICIOUTRCV=—[] 6 98 a9 == RB3/ANI/CCP2(vpo
RAS/AN4/SS/HLVDIN/C20UT=—>[] 7 E N > By zgmzanmzvmo
o BEms 10/IN
vss—=[] 8 Qo o ded T1/SCK/SCL
osc1/cLKI—=[] 9 0O o0 J 2/INTO/FLTO/SDI/SDA
0SC2/CLKO/RA6=—[] 10 oo 7 L= Voo
RCO/T10SO/T13CKI~<—[] 11 b L~ Vs
RC1/T10Sl/CCP2M/UCE =— [ 12 & L~ Eg;ﬁxx//m/suo
RC2/CCP1=—>[]13 & 3‘_,:] espeliy /Sg
v
sosts Clls 15[ = RC4/D-VM

40-Pin PDIP

& 40 [J =— RB7/KBI3/PGD
39 [J =—» RB6/KBI2ZPGC
38 [J =— RBS/KBI1/PGM
37 [J =— RB4/AN11/KBIO/CSSPP
36 [ ~— RB3/ANg/CCP2(/VPO
35 [] ~— RB2ANB/INT2VMO
34 [ =— RB1/AN10/INT1/SCK/SCL
33 [] ~— RBO/AN12/INTO/FLTO/SDI/SDA

MCLR/VPP/RE3 —= []]

RAO/ANO <[]

RA1/AN1 <—[]
RA2/AN2/VREF-/CVREF <—[]
RA3/AN3/VREF+ <——]
RA4/TOCKI/C1OUT/RCV <=——[]
RA5/AN4/SS/HLVDIN/C20UT <—[]

NGB WN >

REO/ANS/CK1SPP <—[] e
RE1/AN6/CK2SPP <=—[] 9 ,3 § gi 5]«— les:
REZ/AN?/OE?/T:}; ___—HE 1? & © 30 [J =<— RD7/SPP7/P1D
e e T D T e RD6/SPP6/P1C
OSCi/CLKI —=[ 13 & 28 [] =<— RD5/SPP5/P1B
OSC2/CLKO/RA6 «——[ 14 27 [J «— RDA4/SPP4

26 [ ~— RCT/RX/DT/SDO

25 ] <— RCB/TXICK

24 [] =—> RC5/D+/VP

ol O 23 [] ~—» RCA4/D-VM
W 22 [ ~—» RD3/SPP3

RDO/SPPO <—+[] 2B OoRERD

RD1/SPP1 =—=[%°

=S5
(3]

RCO/T10SO/M13CKI <—[]
RC1/T108l/CCP2(WUOE <—[]
RC2/CCP1/P1A <=—[]

_
o N O

e
w0

N
o

Note 1:  RB3 s the alternate pin for CCP2 muliplexing

NS R
© 2004 Microchip Technology Inc-
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PIC1 8F2455/2550/4455I4550

10.0 VO PORTS

Depending ON the device selected ang features
enabled, there are up to five ports available. Some pins
of the /O ports are multiplexed with an alternate
unction from the pe.rlphera.l features on the device. In
genefaL when a peripheral is enabled, that pin may not
pe used as @ general purpose |/O pin.

Each port has three registers for its operation. These

registers are:

. TRIS register (data direction register)

. Port register (reads the levels on the pins of the
device)

. LAT register (output latch)

The Data Latch register (LATA) is useful for read-

modify-write operations on the value that the 1/O pins

are driving.

A simplified model of a generic 1/O port, without the

interfaces to other peripherals, is shown in Figure 10-1.

FIGURE 10-1: GENERIC I/O PORT
OPERATION
|
RD LAT \[\‘
Data
Bus D Q { )>_T_®
WR LAT 1/0 pin("
or Port t CK—\_
Data Latch
[ 30}
WR TRIS KL
TRIS Latch [j Input
Buffer
RD TRIS ‘ V:]
Q D
EN

RD Port {>¢h

Note 1:  1/O pins have diode protection to VoD and Vss.

10.1 PORTA, TRISA and LATA Registers

PORTA is an 8-bit wide, bidirectional port. The corre-
Sponding data direction register is TRISA. Setting @
TRISA bit (= 1) will make the corresponding PORTAPIN
an input (i.e., put the corresponding output driver = -T|
high-impedance mode). Clearing a TRISA bit (= o WIt
Make the corresponding PORTA pin an output (i-e- B
the contents of the output latch on the selected pin)-

Reading the p

' ORTA register read

. 7] . 0 S th

PIns; writing to it will write to the port latihStatus orhe

Th i .

maeppleDCziataReL:éch ng:ster (LATA) is also memory
5 -modify-wri i

wSalbter e le write operations on the LATA

PORTA, e the latched output value for

The RA4 pin is multi i

: ultiplexed with the Timer0
F:Iock |pput to become the RA4/T OCKI pin. The l;n:: ;:i
Is multiplexed with the main oscillator

; pin; it is enabled
as an oscillator or 1/0 pin by th : .
oscillator  in Pin by the selection of the main

Configuration Register 1H
: . . see
Section 25.1 Configuration Bits” for details). V\fhen

not used as a port pin, RA6 and i i
_ : its associated TR
and LAT bits are read as ‘o', °

RA4 is als.o multiplexed with the USB module; it serves
as a receiver input from an external USB transceiver.
For details on configuration of the USB module, see
Section 17.2 “USB Status and Control”.

Several PORTA pins are multiplexed with analog inputs,
the analog VREF+ and VREF- inputs and the comparator
voltage reference output. The operation of pins
RA3:RA0 and RA5 as A/D converter inputs is selected
by clearing/setting the control bits in the ADCON1
register (A/D Control Register 1).

Note:  On a Power-on Reset, RA5 and RA3:RAQ
are configured as analog inputs and read
as ‘0’. RA4 is configured as a digital input.

All other PORTA pins have TTL input levels and full
CMOS output drivers.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 10-1:  INITIALIZING PORTA

CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
CLRF LATA ; Alternate method
to clear output
data latches
MOVLW OFh ; configure A/D
MOVWF ADCON1 ; for digital inputs
MOVLW 07h ; Configure corTlparators
MOVWF  CMCON ; for digital input
MOVLW OCFh ; Value used to
; initialize data
: direction :

3:0> as inputs
F TRISA ; Set RA<
MOVW . RacSads H8 outputs

p—"

e

_—
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g 10-1: PORTA I/O SUMMARY
TA%’/ TRIS B
pin Function | getting | VO | VO Type V
escription
/ RAO 0 ouT Q -
RAO/ANO |__DIG | LATA<0> data oUIPUL: not aff
L IN TTL | PORTA<OS dopg e bY analog input.
ANO ! IN ANA_|AD — a llné)ut; disabled when analog input enabled
nnel 0 and ; -
on POR; does not aff Comparator C1- input. Defaul configuration
| rat b Four |- oic | > Hojsloufpt
RA1/ANT LATA<1> data output; not affected b i
1 IN TTL PORT : Y analog input.
A<1> data input; reads ‘o’ on POR
AN1 1t IN ANA  [AD -
Input channel 1 and Comparator C2- input Defaull i
on POR; does not affect digital output By e
RA2 0 ouT DIG -
RAZIANZ/ LATA<2> data output; not affected ——
VREF-ICVREF CVREF output enabled, cted by analog input. Disabled when
1 IN TTL | PORTA<2> data i ;
: input. Disabled when analog functi .
disabled when CVRer output enabled. : PIRRMERAT
2 1 i
Al ki A A/D input channel 2 and Comparator C2+ input. Default configuration
on POR; not affected by analog output.
VREF- 1 IN ANA | A/D and comparator voltage reference low input.
CVREF X ouT ANA ((;oTa;?al;gtor voltage reference output. Enabling this feature disables
igi ;
RA3/ANS/ RA3 0 ouT DIG | LATA<3> data output; not affected by analog input.
VREF+ 1 IN TTL PORTA<3> data input; disabled when analog input enabled.
AN3 1 IN ANA | A/D input channel 3 and Comparator C1+ input. Default configuration
on POR.
VREF+ 1 IN ANA | A/D and comparator voltage reference high input.
RA4/TOCKI/ RA4 0 ouT DIG LATA<4> data output; not affected by analog input.
C1OUT/RCV 1 IN ST PORTA<4> data input; disabled when analog input enabled.
TOCKI 1 IN STl TimerO clock input.
C10UT 0 ouT DIG Comparator 1 output; takes priority over port data.
RCV x IN TTL External USB transceiver RCV input.
RA5/AN4/SS/ RA5 0 ouT DIG |LATA<5> data output; not affected by analog input.
HLVDIN/C20UT 1 IN TGIHE PORTA<5> data input; disabled when analog input enabled.
AN4 9\ IN ANA | A/D input channel 4. Default configuration on POR.
SS 1 IN TTL | Slave select input for SSP (MSSP module).
HLVDIN 1 IN ANA | High/Low-Voltage Detect external trip point input.
C20UT 0 ouT DIG | Comparator 2 output; takes priority over port data. =
0SC2/CLKO/ RAG = ouT DIG LATA<6> data output. Available only in ECIO, ECPIO and INTI
RA6 modes; otherwise, reads as ‘0", =
: N TTL PORTA<6> data input. Avail’abyle only in ECIO, ECPIO and IN
modes; otherwise, reads as ‘0. /__-———d——T—‘
i HS modes).
T i feedback output connection (all XT and
0SC2 = ouT ANA | Main oscillator fee p ' — = EoPILand
—__D—IG’_ System cycle clock output (Fosc/4); available in EC,
CLKO x ouT INTCKO modes.
Digital Output, ST = Schmitt Buffer Input,

: i IG =
€dend: OQUT = Output, IN = Input, ANA = Analog signal, D

erridden for this option).
TTL = TTL Buffer Input, x = Don't care (TRIS bit does no

t affect port direction or is ov

04 Microchip Technology Inc.
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5 MMARY OF REGISTERS ASSOC]|
7TABLE 10-2:  SU ——— > ASSOCIATED wiTH PORTA\\\
. . ¥ Reset
e Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
= sl i Sl b age |
= =0 RA6(1) RA5 RA4 RA3 RA2 RA1 RAO 54
POR S| LATASY) |\ ATAS | LATAd | i LATA2 | LATAT | LaTAO | &
LATA — | TRISA6" | TRISAS | TRISAT | TRisa3 TRISA2 | TRISAT | TRISAO | &2
TR'SAN 1 TP e VCFG1 | VCFGO | PCFG3 | Porgs PCFG1 | PCFGO | 52
R e DRSO TOE cve | ow | on
B o YRR RGVRSS] I CVRY | BV SR oo =
BIRCO B PPBRST SEO0 PKTDIS USBEN | RESUME SUSPND — 55
UCON : — = unimplemented, read as ‘0'. Shaded cells are not useq by PORTA. .
e —R_As and its associated latch and data direction bits are enabled as I/0 pins based on oscillator
Note 1: configuration; otherwise, they are read as ‘o',
:
3 o
DS396328-page 113
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9 PORTB, TRISB and LATB
s Registers

/7B is an 8-bit Wi.de' bidirectiqnal port. The corre-

ding data direction register is TRISB. Setting a
spogB pit (= 1) will make the corresponding PORTR
T-Rlan input (L., put the correspgnding output driver in
pl?ﬂ himpedance mode). Clearing a TRISB bit (=0)
a_“ ,%ake the corresponding PORTB pin an output (i.c..
;’l‘mhe contents of the output latch on the selected pin).

The Data Latch register (LATB) is also memory
apped. Read-modify-write operations on the LATB
:zgistef read and write the latched output value for

PORTB.

gach of the PORTB pins has a weak internal pull-up. A
single control bit can tum on all the pull-ups. This is
performed by clearing bit RBPU (INTCON2<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

Note: On a Power-on Reset, RB4:RBO are
configured as analog inputs by default and
read as ‘0’; RB7:RB5 are configured as
digital inputs.

By programming the configuration bit,
PBADEN (CONFIG3H<1>), RB4:RBO will
altematively be configured as digital inputs

on POR.

Four of the PORTB pins (RB7:RB4) have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur; any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison. The pins are compared with
the old value latched on the last read of PORTB. The
‘mismatch” outputs of RB7:RB4 are ORed together to
generate the RB Port Change Interrupt with Flag bit,
RBIF (INTCON<0>).

The interrupt-on-change can be used to wake the
device from Sleep. The user, in the Interrupt Service
Routine, can clear the interrupt in the following manner:

a) Any read or write of PORTB (except wit.h ’(h?
MOVFF (ANY), PORTB instruction). This will
end the mismatch condition.

Clear flag bit, RBIF.

Amisfnatch condition will continue to set flag b‘t RB";‘
eading PORTB will end the mismatch condition an

allow flag bit, RBIF, to be cleared.

b)

R

The i -
nterrupt On-change feature s recommended for

wake-u .

where gOOQTl;ay depression operation and operations

feature, Polji S only used for the interrupt-on-change
- "olling of PORTB is not recommended while

using the interrupt-on-change feature.

Pi
pér:isﬁhzglz and RB3, are multiplexed with the USB
and serve as the differential signal outputs

for an external USB tr, i
. ansceiver (TRIS configuration).
Refer to Section 17.2.2.2 “External Transceiver” fo)r

?dditional.infor(nation on configuring the USB module
Or operation with an external transceiver,

RB4.IS multiplexed with CSSPP, the chip select
fungtlon for the Streaming Parallel Port (SPP) -~ TRIS
setting. Details of its operation are discussed in
Section 18.0 “Streaming Parallel Port”.

EXAMPLE 10-2:  INITIALIZING PORTB
CLRF  PORTB

i Initialize PORTB by

; clearing output

; data latches

; Alternate method

; to clear output

; data latches

MOVLW OEh ; Set RB<4:0> as

MOVWF ADCON1 ; digital I/O pins

; (required if config bit
; PBADEN is set)

; Value used to

; initialize data

; direction

; Set RB<3:0> as inputs
; RB<5:4> as outputs

; RB<7:6> as inputs

CLRF LATB

MOVLW OCFh

MOVWF  TRISB

B SR
preliminary
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13.0 TIMERZ MODULE

The Timer2 module timer incorporates the following
features: ; :
g-bit imer and period registers (TMR2 ang PR2,
respecﬁve|)')
Readable and writable (both registers)
Software programmable prescaler (1:1, 1:4 ang
1:16)
Software programmable postscaler (1:1 through
1:16)
. Interrupt-on-TMR2 to PR2 match
. Optional use as the shift clock for the MSSP
module
The module is controlled through the T2CON register
(Register 13-1) which enables or disables the timer and
configures the prescaler and postscaler. Timer2 can be
shut off by clearing control bit, TMR20N (T2CON<2>),
to minimize power consumption.
A simplified block diagram of the module is shown in
Figure 13-1.

REGISTER 13-1:
U-0 RW-0  RM-0

PIC1 8F2455l2550/4455l4550

Timer2 Operation

In normay Operation, TMR2 is increme
Elacl; _clock (Fosc/4). A 2-bit counte
OCK input gives direct input divid ivi
: ; e-by-4 and -by-
16 prescale options. These are selec e et

. ted by the prescal
control bits, TZCKPS1:T2CKPSO (TZCON<1:F()J>). Theer

Pared to that of the period register,

ycle. When the two values match
the comparator generates a match signal as the timer

output. This signal also resets the value of TMR2 to 00h
on the next cycle and drives the output counter/
postscaler (see Section 13.2 “Timer2 Interrupt”)
The TMR2 and PR2 registers are
and writable. The TMR2 regist
device Reset, while the PR2 reg
Both the prescaler and postscal
on the following events:

* a write to the TMR2 register
* a write to the T2CON register

* any device Reset (Power-on Reset, MCLR Reset,
Watchdog Timer Reset or Brown-out Reset)

TMR2 is not cleared when T2CON is written.

nted from 00K on
rlprescaler on the

PR2, on each clock o

both directly readable
er is cleared on any
ister initializes at FFh.
er counters are cleared

T2CON: TIMER2 CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

| — |T20UTPS3|T20UTPS2] T20UTPS1 [T20UTPSO[ TMR2ON | T2CKPS1 | T2CKPSO

bit 7

bit 7 Unimplemented: Read as ‘0’

0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 = 1:16 Postscale
bit 2 TMR20ON: Timer2 On bit

1 = Timer2 is on

0 = Timer2 is off
bit1-0 T2CKPS1:T2CKPS

00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16

Legend:
R = Readable bit
-n = Value at POR

=

W= Writable bit
4 = Bit is set

e

bit 0

bit6-3 T20UTPS3:T20UTPS0: Timer2 Output Postscale Select bits

0: Timer2 Clock Prescale Select bits

it, read as ‘0’

= Unimplemented b
U = Unimp! « = Bit is unknown

‘0’ = Bit is cleared

DS39632B-page 135

@ .
2004 Microchip Technology Inc.

| -

preliminary

B



0IC18F2455/2550/4455455

7———'
2 Timer2 Interrupt
13.

erate an optional device interrupt,

iner2 S0 gi?p?jr;ignal (TMR2 to PR2 match) pro.

he ﬁme{z ut for the 4-bit output counter/postscaler.

vides the INpP! enerates the TMR2 match mtgrrupt ﬂag

his counter gd in TMR2IF (PIR1<1>). The interrupt is

ichis '§‘°22ning the TMR2 Match Interrupt Enable
;{;"?5’,12,% (PIE1<1>).

i . 1:16
tscale options (from 1:1 through
Arange o Lipl?: selected with the postscaler control
indu-srl;g)UcTPSS:TZOUTPSO (T2CON<6:3>).
bitsl

e el

133 TMR2 outpyt

The unscaled output of TMR2 is avai
the Ccp modules, where it is used a
Operations in PWM mode.

Timer2 can be 0
for the Mssp
Additiona| inform
“Master Synchr

lable primarily to
S a time base for

ptionally used as the shift clock source

module operating in SPI mode.
ation is provided in Section 19.0
onous Serial Port (MSSP) Module”.

. TIMER2 BLOCK DIAGRAM
J p| 111101:16 ——— > SetTMR2IF
T20UTPS3:T20UTPS0 % Postscaler
2 j _ TMR2 Output
T2CKPS1:T2CKPS0 e (o PWM or MSSP)
VReset Match =
11, 1:4, 1:16 e Comparator kK= PRz |
Foscl4 | Prescaler : *|:(>l* %a
8
7 P
Internal Data Bus <¥ 7
TIMER/COUNTER
E 13-1 REGISTERS ASSOCIATED WITH TIMER2 AS A e
- — i Bit 0 Values
5 Bit 4 Bit 3 Bit 2 Bit 1 on page
i Bit
Name Bit 7 Bit 6 = =
INTOIF RB
—_— RBIE TMROIF e =
DIE T INIOIE TMR2IF | T™
INTCON| GIE/GIEH | PEIE/GIEL | TMR = SSPIF CCP1IF LS -
1 DIF RCIF CCP1IE | TMR2I
PR1 | SPPIF A = TXIE SSPIE = [ Tvrap | TMRIP| 54
PEI [ sPPIE® | ADIE RC TXIP | SSPIP_| CCP1 ]
IPR1 | spPiP() | ADIP RCIP 2 ngcKPS1 e
TMR2 | Timer2 Register | 5 m T20UTPSO‘ TMR _”___J 52 |
(0]V]
T2CON —  |T20UTPS3|T2 |
e~ - Timer2 module.
i Lmeﬂ ELodiR gt ded cells are not used by the Ti
m = unimplemented, read as ‘0’. Shade

8-pin d
Note 1:  These bits are unimplemented on 28-p

o i its clear.
tain these bi
ices; always main
evices; a

‘/______:
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7—f —_—
0 UNIVERSAL SERIAL BUS can be interfaceq directly to
7. (USB) internal tr, i d

 cgction describes the details of the USB
This S |. Because of the very specific nature of the
periphel’a}-mowledge of USB is expected. Some
module, | USB information is provided in
high.'leve17 10 “Overview of USB” only for application
) refe;ence' Designers are encouraged to refer to
design ® | specification published by the USB Imple-
the ofﬁclaForum (USB-IF) for the latest information.
menters cification Revision 2.0 is the most current
usBiﬁscg:on at the time of publication of this document,
spec

174 Overview of the USB Peripheral

i ily contains a full
8FX455/X550 device family .
& g la(\;:d low-speed compatible USB Serial Interface
e e (SIE) that allows fast communications between
En)?TJSB host and the PIC® microcontroller. The SIE
an

FIGURE 17-1:

? 3.3V regulator is al
available to ower the j i v
able nternal i
S transceiver in 5V

Some Special hardware fe

mory in the
mempry Space (USB RAM) has been

Streaming Paralle| Port has b
the uninterrupted transfer of
such as isochronous data, to e

een provided to support
large volumes of data,
xternal memory buffers.

Figure 17-1 presents a general overview of the USB
peripheral and its features.

USB PERIPHERAL AND OPTIONS

PIC18FX455/X550 Family

----—-—--—---——__—1

1 Kbyte

USB RAM H

Note 1: This signal is only available if th

. uld be
2: The internal pull-up resistors sho

rwh
w enable the internal regulato

—»[X] CK2SPP
L= cssep
I+ oEsPP

sceiver is di s
e internal tl'a:led (UPUEN = 0) if external pull-u
disa

using an external 3.3V supply.
en

I ' External 3.3V
3.3V Regulator i = Vuss Be o
e 1 Optional
ﬂ po——o—P. | External
€ I Pull-ups_(z’ A
N 3 i
UESEN I L (Full (Low 1
I | Speed) Speed)!
UTRDIS i L -———- USB Bus
i
D+
USB Clock from the —[—lZ 2 .%}
Oscillator Module —-| ——1X
I External
(1-»X3 OE% Transceiver_ | 1on Bus
1) -—= :
<X vMl :
USB Control ‘____* I X Vp(nm : e D>
and |2 RCV” :" I
Configuration i VM 0(1 ________
u=g —+x vrot!)
SIE |
=X SPP7:SPPO
CK1SPP

—— <

sabled (UTRDIS = 1)-

p resistors aré used.

mam— 1
63
DS396328-page !
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PIC1
e 8F2455/2550l4455/455

CAPTURE/COMPARE/PWH
(CCP) MODULES

PIC18F2455/2550/4455/4550 devices all have two
cCP (Capture/ComQare/PWM) modules. Each module
tains @ 16-bit register, which can operate as 3 16-bit

splure register, @ 16-bit Co_mpare register or a PWM
Master/SIave Duty Cycle register.

n 28-pin devices, the two standgrd CCP modules (CCP1
. CCP2) operate as desgnbgd in this chapter. In
4o/4d-pin  devices, CCP1 _Is implemented as an
Enhanced CCP module, with standard Capture ang
Compare modes and Enha_nced PWM modes. The
ECCP implementation is discussed in Section 16.0
ugnhanced Capture/Compare/PWM (ECCP) Module”.

15.0

—

might refer to the cont i
rol register for C
CCP2 or ECCP1. ‘CCPXCON” is S:;d

throughout these sections to refer to the

module contro| register re
ardle:
the CCP module is a : e

implementation.

standard or Enhanced

REGISTER 15-1:  CCPXCON: STANDARD CCP CONTROL REGISTER

u-0 u-0 R/W-0 R/W-0
[ ) ) DCxB1 DCxB0
bit 7

RW-0  RW-0. RW-0 RW-0
CCPxM3 | CCPxM2 | CCPxM1[CCPxM0]
bit 0

bit 7-6  Unimplemented: Read as ‘0’

Note 1: These bits are not implemented on 28-pin devices and are read as ‘0’.
DCxB1:DCxB0: PWM Duty Cycle bit 1 and bit 0 for CCP Module x

Capture mode:
Unused.

Compare mode:
Unused.

PWM mode:
These bits are the two LSbs (bit 1 and bit 0) of the 10-bit PWM duty cycle. The eight MSbs
(DCx9:DCx2) of the duty cycle are found in CCPRxL.

CCPxM3:CCPxM0: CCP Module x Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCP module)

0001 = Reserved

0010 = Compare mode, toggle output on match

0011 = Reserved

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising gdge

0110 = Capture mode, every ::;r?;l:iggegg;

= de, evel
2323 = gzpr:::emn:ode: ini{i)e/ﬂize CCP pin low; on com
PIF bit is set)

1001 = gi)?npare mode: initialize CCP
(CCPIF bitis set)

1010 = Compare mod;—:: Sg 2

in reflects ;

1011 = gocgppell:e mode: trigger special even

CCP2 match (CCPIF bitis set)

11xx = PWM mode

bit 5-4

bit 3-0

(CCPIF bit is set)

pare match, force CCP pin high

pin high; on compare match, force CCP pin low

A
nerate software interrupt on compare match (CCPIF bit is se

t reset timer, start A/D conversion on

nimplemented bit, read as ‘0’
x = Bit is unknown

u=u

‘ Legend:
‘0" = Bitis cleared

R = Readable bit
-n = Value at POR

W = Writable bit
' = Bit is set

B
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LM35

general Description

; recision integrated-circuit temperature

e LM35 segzso‘:f{”;,& voltage is linearly proportional to the
o Whoﬁ rade) temperature. The LM35 thus has an
Celslo® (Cenvgr linear temperature sensors calibrated in
adva“‘,age othe user is not required to subtract a large
e as“a e from its output to obtain convenient Centi-
gonstant V? gThe LM35 does not require any external
grede sca Ir:'gu.'imming to provide typical accuracies of £14°C
P erature and £%4°C over a full -55 to +150°C
Vgl ter;,qprange. Low cost is assured by trimming and
1en_1per§‘Ufat the wafer level. The LM35's low output imped-
e r output, and precise inherent calibration make
?nce. h_n eato readeut or control circuitry especially easy. It
mterfaanged with single power supplies, or with plus and
F be: lies. As it draws only 60 pA from its supply, it hes
mmuls - zglf-heating, less than 0.1°C in still air. The LM35 is
Veryd(::operate over a —=55° to +150°C temperature range,
me the LM35C is rated for a —40° to.+1'.IO’C range (—1g
with improved accuracy). The LM35 series is available pack-

sen:

National SemiconductOr

preciSiO" Centigrade Temperature Sensors

November 2000

aged in hermeﬁc IO‘46 |{ ansisto P g i
I T acka es, wi "Ie ﬂle

LM35C L'V135CA and LIV'35D are i i
1 ) | “Ie

I i i also aVallable I

i stor package. The LM35
able in an 8-lead surface mount small outline

plastic TO-220 package.

D is also avail-
package and a

Features

| Calibrated directly in * Celsius (Centigrade)
| Linear + 10.0 mV/'C scale factor
® 0.5°C accuracy guaranteeable (at +25°C)

B Rated for full -55° to +150°C range

= Suitable for remote applications

B Low cost due to wafer-level trimming

m Operates from 4 to 30 volts

B Less than 60 pA current drain

B Low self-heating, 0.08°C in still air

= Nonlinearity only +%4C typical

= Low impedance output, 0.1 Q for 1 mA load

Typical Applications

+Vs
{4V 70 20V)

LM35

A

OUTPUT
™ 0 mV+10.0 mV/°C

DS005516-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

= N

0| :
" Natong Semiconductor Corporation ~ DS005516

A

sjosuag ainjesadwa] apesbiua) uoisiodld SENT

+Vs

LM35 | Vour

l R1

_VS
DS0055164
== A
Choose Ry = -Vg/50 A
V our=+1,500 mV at +150 c
= +250 mV at +25'C
= -550 mV at -55'C

- B or
FIGURE 2. Full-Range Centigradé Temperature Sens

www.national.com
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Connection Diagrams

TO-46
Metal Can Package*

BOTTOM VIEW
DS005516-1

+Case is connected to negative pin (GND)
Order Number LM35H, LM35AH, LM35CH, LM35CAH or
LM35DH
See NS Package Number HO3H

TO-92
Plastic Package

+Vs Vour GND

BOTTOM VIEW
DS005516-2
Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number Z03A

'W-nali()naLCOm

g S0
mall Outline Molded Package

\_/

Vour {1 B~ +vg

NC.—2 7=Ne

NC.—3 6=N.C

GND— 4 S=N.C.

DSo
N.C. = No Connection g
Top View

Order Number LM35DM

See NS Package Number MogA

TO-220
Plastic Package*

O

LM
3501

+Vs Vour

DS005516-24

*Tab is connected to the negative pin (GND).

Note: The LM35DT pinout is different than the discontinued LM35DP.
Order Number LM35DT

See NS Package Number TAO3F
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@ MOTOR

igh Voltage,
Oftzlcll:lg-ent Darlington
T,Ignsistor Arrays

ington connected transistors in this
 eight N:r\jfo?ianr::r?acing between low logic level digit
a,;,ideallysult‘(a)s or PMOS/NMOS) and the higher :
5 TTL cM f lamps, relays, printer hammers or other si
rements O mputer, industrial, and consumer applica
rangé i’i gﬁecfof outputs and free wheeling clamp di

n

family of arrays
al circuitry (such
current/voltage
milar loads for a
tions. All devices

odes for transient
feaure OP°

suppfessi0£é803 is designed to be compatible with standard TTL families
The UL

ULN2804 is optimized for 6 to 15 volt high level CMOS or PMOS.
e the

UM RATINGS (Ta = 25°C and rating apply to any one device in the
IM _
mge unless otherwise noted.)
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ULN2803 uLN2gg,

|CAL CHARACTERISTICS (Tp = 25¢c, unless othenw:
gcTR - Otherwisg noted)
R Characteristic =~ ————
: S [
1Leakage current (Figure 1) yhol Min T\

WP v, Ta = +70°C) All Types lcex \\p& Unit
(VO = 50 VI TA =+25 C) All TypeS = r——]
fOR v, Ta=+70°C, VI =6.0V) ULN2802 % E 100 =
xg= 50V, TA=+70°C. VI =1.0V) ULN2804 2 Y 50

~-Emiter Saturation Voltage (Figure 2) TS L o S | ggg

col]|9 -350 mA, IB = 500 pA) All Types VCE(sat) L\,\\
LE: 200mA, I = 350 KA) All Types 5 1.1 v
c=100mA 1B~ 250 pA) All Types = 095 =

_ On Condition (Figure 4) T R b [ 0.85 :
tcurrent On — ] 1.1

'% ={7V) ULN2802 li(on) e
E 385V) ULN2803 7 0.82 1.25 i
Nj=50V) ULN2804 v 0.93 135
M= 12V) ULN2804 = 0.35 05

oput Voltage — On Condition (Figure 5) 7 E 1.0 145
o =20V, Ic = 300 mA) ULN2802 \on) v
NVoE=20V. Ic =200 mA) ULN2803 B = 13
NVeg =20V, Ic =250 mA) ULN2803 & & 24
(VoE =20 V. Ic = 300 mA) ULN2803 2 3 2.7

£=20V,Ic = 125 mA) ULN2804 & Z 3.0
£=20V,Ic =200 mA) ULN2804 b 3 5.0

VCE=20V,Ic =275 mA) ULN2804 B i 0
Veg =20V, Ic = 350 mA) ULN2804 3 2 o

input Current — Off Condition (Figure 3) All Types | 50 F
{lo =500 kA, TA = +70°C) off o i

DC Current Gain (Figure 2) ULN2801 hgg 1000 s i =
Vee=20V, Ic = 350 mA)

Input Capacitance Ci - 15 25 pF

Tum-On Delay Time ton - 0.25 1.0 us
(50% E| to 50% EQ)

Tum-Off Delay Time toff - 0.25 1.0 us
(50% E; to 50% EQ)

Clamp Diode Leakage Current (Figure 6) Ta =+25°C IR 3 o 138 i
(VR=50V) Tp = +70°C

; 2 : 2.0 v

Clamp Diode Forward Voltage (Figure 7) N -

(IF=350 mA) [k
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TYPICAL CHARACTERISTIC CURVES _ Thizios

°C,u :
Output CharaCteristics nless otherwise noted

Figure 8. Output Current versus
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Figure 9, Output Current versus

] Input Current
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OUTLINE DIMENSIONS
_——— A SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUE ¢ NOTES:
1. POSITIONAL TOLERANCE OF LEADS (D),
SHALL BE WITHIN 025 (0.010) AT MAXIMUM
MATERIAL CONDITION, IN RELATION T0
SEATING PLANE AND EACH OTHER.
2. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL
3. DIMENSION B DOES NOT INCLUDE MOLD
FLASH.
= R R .
MILUMETERS | INCHES
L L DI MIN T WAX | WiN | max |
Al 22 | 2324 | 0875 | 0915
B | 610 | 660 | 0240 | 0260
C | 35 | 457 | 0.140 | 0180
D | 036 | 0560014 | 002
F | 127 (178 | 0050 | 0.070
G 254 BSC 0100BSC |
H | 102 [ 152 | 0040 | 0060
M >J J | 020 [ 030 | 0.008 | 0012
K[ 29 | 343 [ 0115 [ 0135
L 1.62BSC 0.300 BSC
M oo 15°] oo 150
N | 051 ] 102 | 0.020 | 0.040
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User
EM_FS_DEMO_H
£ p1CD
i rcoonrs-oevo.y
; e
¥ I
4md”

Vo o o g
S FEEER AR A AR ki,

L U D E & RN Y e e v,
Se93y5tem\typedefs.h

R R RN R Y v,
TRuLYy

N T THO N S *a&dkddsdarrpps.,

RN Yt tu

/{*D E F FS USB Demo VEFS‘iOn */ """""-\'-\*:-*e.--:--:.-e.--:‘-.u..u.,.,.“

¢ PICOEY(OR_VERSION  0x00 Dot e Qg BED s e ey
‘Mpﬂg miJOR_VERSION 0x01 Sl Tk
#de‘] B L VI S U ')
'S T R U @ T URES """"""““"'"**‘k*;‘:*;’;*g_—a.a.a..a_..__.,-
/tpedef: union DATA_PACKET
1

NRRR Nt

re _byte[USBGEN_EP_SIZEl; //For b

by : yte access
word _word[USBGEN_EP_SIZE/2];//For word access (USBGEN_EP_STZE msut be even)
struct ;
{ enumm //PROTQCOLO
{ READ_VERSION = 0x00,
OUTPUT_DIGITAL_BIT = Qx11.
INPUT_DIGITAL_BIT = 0x13,
OUTPUT_ANALOGE = 0x14,
INPUT_ANALOGE = 0x15,
RESET = OXFF,
}CMD;
byte len;
struct //output_digital_bit
unsigned :8; : 3
bytegoutput_digita17b1t_number_output,
byte state_output_digital;
struct //input_digital_bit
{
unsigned :8; : : ;
byte input_digital_bit_number_input;
) byte state_input_digital;
struct //output_analog
{
unsigned :8; utput;
byte 0utput_ana1oge_byte—numb$gag H?
byte va1ue_outPUt—a”a1oge’L;
) byte value_output_anaioge—
;UHct //input_analog
unsigned :8; At
yte input_ana]oge_numberﬁf”p
yte va]ue_input_an%1oge— ﬁa1099—L;
i byte value_input—2 P T T
} D, . e J_J.J--::;’::’:***'-‘:'k-!:—k-l:f.i*"""”“
/t-*ATAprCKET; e FEHEERIEE
R ELIc pROTOTY

Wig pSr TNt (void)
FoCessIo(void) ;

i
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Vo da e S Mo S
WEDEE - SBEEETTE ERE R e w by,

W%

C
- HHEEL L dgeg
e <plBCXXX
;mdud <p0rtﬁ-h> .
in -
f' C-lude <g.ime"r1‘5 .h>
Al <adc.n> .
wde.gystem\typedEFS'h"

nsystem\usb\usb.h"

, "jo_cfg.h"
nnc}‘dg: myser\user.h"

nnnnn

A R I A B L E S FEr sttt h e sdnhtonsnsas

ma udata
ﬁ%ggcounter )

nnnnnnnnnnnnn

DATA_PACKET dataPacket;

/*,: pRIV AT ER PR REO SO Y‘P E S %% de e b e e e ke e e s 2 20 2o e e 20 e e e e e e e e g e e

................. HEEEREES [

woid B1inkusBstatus (void) ;

wid servicerRequests (void);

F*DE CRIRA R ASTFIT- 00N S *****ﬁ*********ﬁ****ﬁ******ﬁ**********************/
fragna code X
wid UserInit(void)

{

init_prots(); //initalization for prots as input and outpt
fcO; // initalization fot timer ,PwM,openADC

W Userinit

¥MdProcessIO(void)

#if defined(USE_BLINK_USB_STATUS)
BlinkusBstatus(Q);

#endif
/] User i ion USB tasks ; e B
if((usb ﬁﬁ@lliﬁﬁliﬂe > CONFIGURED_STATE) | | (UCONDi s . SUSPND 1))

servicerequests() ;

H/end ProcessIo

voi ; :
{mdSemnceRequests(vo1d)

word R:

) ; datapacket)))
}fQBBGenRead((byte*)&dataPaC

ket, s1 Ze0f(

?w1tch(dataPacket.CMD)

case READ_VERSION:

dataPacket._byte[g%
datapacket._bytel

counter=0x04;
break;

INOR_VERSION;
VAJOR_VERSION;

nn

digita1!=0)

o ut ut

case OUTPUT_DIGITAL—B$¥tdataPacket-State—o P
' page

‘




d

| W

LATDb] ts.

LATDD tS .

[ATDDI tS .

LATDD1 tS .

case 0:

_LATDO=dataPacket.state_outpyt digital-

LaTDl=dataPacket.

LATD2=dataPacket.

counter
break;

case INPUT—DIGITAL_BITEtch(dataPacket.input_digita]_bit_numbenjnput)

LATD3=dataPacket.

LATD4=dataPacket.

LATDS=dataPacket.

LATD6=dataPacket.

LATD7=dataPacket.

break;
Case 1:

state_output_digita1'

break:
case 2:

state_output_digita];

break;

case 3:

state_output_digita1;

break;
. case 4:

state_output_digital;

break;
case 5:

state_output_digital;

break;
case 6:

state_output_digital;

break;
case 7:

state_output_digital;

0x01;

break;

ket.state_input_digital=POR break;
. _ s its.RBL;
aPacket.s‘cate_1npu‘c_d191'Ca]=Pom—Bb1tsbreak'

(Y i
taP-?l(:ket.state_input_digitahPORTBbﬂ

break;

SwWi

{

case O:

case 1:

7

case 2

5.RB2

)
break;
case 3:

_RB3;

Atap 5 iIiES
aCket.state_input_dimta1=PORTBb break;

case

R_B4;

atap i tS
acket~State_input_d-ig-ita] :PORTBb1 break; 5

casé
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e

t

praPack®

counter=0x03;
break;

case OUTPUT_ANALOGE:
w=(dataPacket.value_out

else

break;

case INPUT_ANALOGE:

break;

Case RESET:

Pmmet-State—i”p”t~d19ita1=P0RTBb1 User

ts.RBS;
break;

: o Case 6:
ﬂmﬂet'State‘1nDUt‘d1g1ta1=P0RTBbits RB6

break;

1 ¢ Case 7:
t'State—7”pUt—d191ta1=P0RTBb1ts S

} break;

R=R<<8;

PUt_analoge_H);

R=R
]dataPacket.va1ue_output_ana1oge L

ﬁ@mzPacket.output_ana1oge_byte_number output==0)
{ — ==

}

break;

counter=0x01;

SetDCPWML(R);

switch(dataPacket.input_analoge_number_input)

{

case O:

SetChanADC (ADC_CHO) ;

break;

case 1:

SsetChanADC(ADC_CH1);

break;
case 2

setChanADC(ADC_CH2) ;

break;
case 3

<etChanADC(ADC_CH3) ;

break;

case 4:
SetChanADC(ADC_CH4);

break;
cas

break;

& 5%
SetChanADC(ADC_CHS);

case 6:
setChanADC(ADC_CHG);

break;

case 7: ;
SetChanADC(ADC_CH7),

break;

} .
onvertADCO //-St?rwait o5

ead result
1nput_ana109—
: t_analog—

t conversion :
r completion

H=(R>>8) &0x0003;
L=R&0OX00FF;



rReset(); uUser
break;

default:
break;
//end switch()
f(counter =)

e

i

PR

if(!mUSBGENTXIsBusy())

‘UsBGenwrite((byte*
y//end iF yte )&dataPacket,COUHter);

}//end if
wdServiceRequests

Wl

i3 e da 0y
-4 Ja S
/ B R R A
NN R R R RRRE R S Dt dede 2o 2w
RRRRRE L%

degﬁnkUSBStatus(void)
{ static word led_count=0;

if(led_count == 0)Ted_count = 10000u;

led_count--;

#define mLED_Both_Off() {mLED_1_off(); :

#define mLED_Both_on() {mLED_lZOn(§3$TE§D§262€§g%’}
#define mLED_Only_1_on() {mLED_1_on() ;mLED_2_0ff():}

#define mLED_Only_2_on() {mLED_1_off();mLED_2_0n():}

if(UCONbits.SUSPND == 1)
if(led_count==0)
mLED_1_Toggle(Q);

mLEDE2 = mLEERAL: // Both blink at the same time
}//end if

glse

{

}f(usb_device_state —— DETACHED_STATE)

mLED_Both_off(Q);

else if(usb_device_state == ATTACHED_STATE)

mLED_Both_on() ;

%158 if(usb_device_state == POWERED_STATE)
mLED_Only_1_0nQ);

%156 if(usb_device_state = DEFAULT_STATE)

mLED_Only_2_0nQ);

; . 8 ES S_STATE)
%]SE if(usb_device_state ==-ADDR

}f(1ed_count == 0)

mLED_1_ToggleQ:
mLED_2_ofFQ5

}//end if
} CONFIGURED,STATE)
?]Se if(usb_device_staté ==

}f(1ed_count==03

\
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