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Abstract 

5½]% O·°0=B7 * ][ % 7° &=%]ED * D& ][ O� =[ =D7 * E=D=·* � OF·O° %= =&FB* 7]° D* � &*7* 
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 PICl 8f4550 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. 
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Every USB peripheral must contain an intelligent controller. There are dozens 

of controller chips designed for use in USB peripherals. This project uses PICI 8F4550 

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. 

h 



hc 5° 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. 

dt 5° use USB technology in order to communicate with and control vanous 
applications. 

Sc 5° help both educators and students to become more familiar with USB DAQ. 

. c 5° implement and design a friendly system that would be easily understood and 
handheld by end user. 

' c 5° 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 

n>/ 2 f * 7* 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 

D° ·[ * � > / 2cB* ( � =e ]7 should be able to deliver any data it has acquired to the PC, using 
A VR Atmega32 microcontroller. 

n>/ 2 5=D¼] c : DX]·° D[ =D7* � Data Acquisition', granted on January. 2008, by 

Raphael Assenat .This is an electronic project to interface sensors to * D > / 2 O° ·7 with 
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a multi channel data acquisition system for various types of sensors. It's been developed 

to record temperature, humidity and atmospheric pressure. 

'Remote / =D%°· c ) ]·=� =%% Data AB­ F]%]7]° D ne( N 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 A VR-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 

► 5½= f A4 %N%7=[ should be able to interpret signals detected by the sensors and 
input circuits. 

s 
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► 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. 

mtStRtR ! ° Dc 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) 

c 5* ( � = »mtm~ 5][ = \ � * D »•]·%7 %=[ =%7=·~t 
~- ,-- .----- ~- ~ ,__;;__ r----C- 

Week 
1 2 3 4 5 6 ' 8 9 10 11 mR mh 14 15 16 • 
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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 programming that 

run on the computer, so this section shows the estimated cost. 
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Table (1.3) Estimated Hardware Cost 

® q qq; ® < PIC18F4550 . � 1 tm ;:•l. §t __ 

< Adap.ter ·� c_cm v _____;:;_;;;:;_ :..::;___:=..__~1·2....:.o_...::........:._...:_..: :.:...:.::...::_1 

***· W' WS 
¢° » WS 
0 ]* W]° x H 

<· 
< Switch 11 < 5 _ 

W%D**°*·* W% W' % 
M*' h 
< 2F88=· Wm WS 
0 B·N%7* � nWm WS 
< opt B° FO� =·WR W. 
< } * O* B]7° · Wm WR 

< Total 

Table (1.4) Estimated software Cost Table 

< Component < Estimated Cost (NIS) 

< Windows w\ < 1200 

< Visual C++ 2008 Express < Free from Microsoft 
ev e . 

< MPLAB IDE program · < Free from lab 
. -- . 

< < Total: 1200 
c 
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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 

Rt 5=B½D° � ° EN 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. 

ma 



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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Chapter Two 

Theoretical Background 

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

and components. 

Rtm >D]X=·%* � 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: 

mh 



• 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 %° FD& c M½* 7=X=· 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 VO connections. This design is not only convenient, 

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

14 



• 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 mR@( ]7%T%=B° D& c 7½]% 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. 

15 



• Simple Power Connections 

USB data acquisition modules can either be powered by the USB directly or from 
an external power source. 

Rth @* ]D 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 [l]. 

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 lmsec and is called * q•·*[ =qt 
The host controller issues, periodically, SOF (Start Of Frame) packet every 

lmsec (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. 

m. 



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. 
► 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 
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which supplies its own power) b d · · e ° · DF% O° M=·= &=X]B=% »* &=X]B= 7½* 7 E=7% ]7% O° M=· 
from the bus) [l]. 

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 

Rtd 5½= 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 7·*D%* B7]° D ]% B° [ O° %=& 

usually from three phases: 

mc 5° ¼=D O½* %= c 7½= host initiates token indicating the future transaction type. 

Rc f * 7* O½* %= c 7½= actual data is transmitted through packet. The data direction 

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

hc , * D&%½*¼= O½* %= c » ° O7]° D* � ~ c ½*D&%½* ¼= 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 
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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. 

RtS 5·* D%•=· 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 
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the driver's provider) identifies the filename and location of the device's driver and the 
n 

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

• 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 
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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 s 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 s 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 t e 
IN Device all Generic data 

OUT Host all Generic data 

Setu 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. 
Before a transfer can occur the host establishes pipes shortly after system power-up or 

· · fi ation information from the device. If the device is &=X]B= *77* B½[ =D7e ° D ·=­ F=%7]DE B° D7mEF· 
removed from the bus, the host removes the no-longer-needed pipes. 
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RtStR > / 2 Tran sf er 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]: 

mc } ° D7·° � 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. 

mc / =7FO 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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k]EF·= »Rtm~ } ° D7·° � Transfer Setup Stage [11] 

Rc f * 7* Stage (optional): consists of one or multiple <! or OUT transfers. The 

setup request indicates the amount of data to be transmitted in this stage. <• 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 <! Token. <• the 

function receives the <! token with an error, then it ignores the packet. <• the 

token was received correctly, the device can either reply with a DATA packet 

containing the control data to be sent, a ST ALL 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 / 7* E= Wmmx 

► 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. <• any part of the OUT token or data packet is corrupt then the function 

ignores the packet. <• 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 ST ALL. 

hc / 7* 7F% 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. 

► IN: <• 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 

Rd 

I 



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 command is now ready to accept another command. 

<• an error occurred during the processing of this command, then the function 

will issue a ST ALL. However if the function is still processing, it returns a 
NAK indicating to the host to repeat the status stage later. 

IN f A5As H 8° 7* * Dx m 1 x 
: ··° · H 9 1------~1--.., ey 
/ < 
« I e nccccccHecc tttt 

, ° %7 x W° ° =*°x 

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

► OUT: <• 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 ST ALL 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 Wmm~ 
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• 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. 

Rc <D7=··FO7 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. 

IN f A5AQ ACK Success 

STALL 
'---------. Data Error 

Znc[! ° <D7=··FO7 \ =D&]DE 

1........----~- <D 5° � =D :··° · 

! A9 

ACK <c Success 
! A9 k* ]� F·= 

/ 5ACC 

5° ¼=D \ * B¼=7 f *7* \ * B¼=7 

c ®5• 

, * D&%½* ¼= \ * B¼=7 

9 =N , ° %7 WWkFD=7F° 

k]EF·= »RtS~ <D7=··FO7 IN and Interrupt OUT transaction [11] 

h ~ t of an Interrupt IN and Interrupt OUT 5½= * ( ° X= &]* E·* [ %½° M% 7½= •° ·[ * 
transaction. 
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L <! b 5½= ½° %7 M]� � O=·]° &]B* � � N O° � � 7½= ]D7=··FO7 =D&O° ]D7t 5½]% ·* 7= °• O° � � ]DE ]% 
%O=B]•]=& ]D 7½= =D&O° ]D7 &=%B·]°7B »M½]B½ m 

<mO7° · »M½]B½ M]� � ( = &]%BF%%=& � * 7=·~ =* B½ O° � � 
will involve the host sending an IN Token. 

<• 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. <• an interrupt condition was not present, then the function 

signals this state by sending a NAK. <• an error has occurred on this endpoint, a ST ALL 
is sent. 

► OUT: the host issues OUT token followed by a data packet containing the 

interrupt data. <• any part of the OUT token or data packet is corrupted then the 

function ignores the packet. <• 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 ST ALL. 

• Data Size 

For low-speed devices, the maximum packet size can be any value from I to 8 

bytes. For full speed, the maximum can range from I to 64 bytes. For high speed, the 

range is I to I 024 bytes. <• the amount of data in a transfer won't fit in a single 

transaction, the host uses multiple transactions to complete the transfer 
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hc <%° B½·° D° F% transfer 

Isochronous transfers provide guaranteed amounts of bandwidth and latency. 

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

applications that require a constant data 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 [12J 

±»5 ½eZ­ 
n n 

5°¼=D \ * B¼=7 f *7* \ * B¼=7 

9=N , ° %7 WWk° °=°x 

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

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

% f *7* Size 

fr s 7° maRh &* 7* For full-speed endpoints, the maximum packet size can range om 

. imum acket size up to 1024 bytes. If the bytes. High-speed endpornts can have a max p . . 

. . 1 packet the host completes the 7·* D%•=· ]D [ F� 7]O� = amount of data won't •]7 ]D * srng e , 

transactions. 
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dc 2F�¼ transfer: 

Bulk transfers are for devices that have large amounts of data to transmit or 
receive and that require guaranteed delivery, but do not have any specific bandwidth or 
latency requirements. 

It is a fast and secure data transfer M]7½ } ¢ } B½=B¼t 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 high speed devices. 
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k]EF·= »Rt' ~ 2F� ¼ IN and OUT Transaction [11] 

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

. b lk data it issues an IN Token. <• the L <! b )½ =D 7½= ½° %7 ]% ·=* &N 7° ·=B=]X= F 
· . h it ignores the packet. <• the token . h IN token wit an error, •FDB7]° D ·=B=]X=% 7½=t e 

function can either reply with a DATA pac et was received correctly, the 
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containing the bulk data to be sent, or a stall packet indicating 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. 

► 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. <• any part of the 

OUT token or data packet is corrupt then the function ignores the packet. <• 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 *D ! A9 t , ° M=X=· if the endpoint has had an error and 
its halt bit has been set, it returns a ST ALL. 

• Data 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. 

Rt. > / 2 \ ]O=%b 

. d ta on a series of endpoints, the client )½ ]� = 7½= &=X]B= %=D&% *D& ·=B=]X=% <* 
· ·]X= is a logical connection between the host %° •7M* ·= 7·* D%•=·% &* 7* 7½·° FE½ O]O=%t A O]O= 

• ]=7=·% * %%° B]* 7=& M]7½ 7½=[ %FB½ * % and endpoint(s). Pipes will also have a set s param . . 
b ]%•=· 7 = ]7 F%=%e * &]·=B7]° D °• &* 7* ½° M [ FB½ ( * D&M]&7½ ]% * � � ° B* 7=& 7° ]7e M½* 7 7·* D% 7NO 
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•� ° M *D& [ *Q][ F[ O* B¼=7T(F••=· %]8=%t k° · =Q* [ O� = 7½= &=•* F� 7 O·= ](]& +L eN 
* O]O= ]% * Dc�] ·=B7]° D* 

pipe made up of endpoint zero in and endpoint zero out with a control transfer type 
[11]. 

USB defines two types of pipes: 

• Stream Pipes 

Have no &=•]D=& > / 2 •° ·[ * 7 that is you can send any type of data down a-stream 

pipe and can retrieve the data out the other end. Data flows sequentially and has a pre­ 

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. ' > / 2 } * ( � =% 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. 
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The USB cable is 4 wire cables fi . . t jt ± hSo mEF·= WRtyxe %]ED* � ]DE ° D 7½= ( F% ]% &° D= ( N 
%]ED*� ]DE ° X=· two wires. There is * f e M]·= and f t t t 

. a - M]·=e ]D * way 7½* 7 ]• M= want to 
transmit O over the bus we will keep D m d D hi . 

j ow *D zE½ and vice versa to transmit 1 we 
need to ¼==O f t � ° M and D high Th th 

t j t e o er two cables are U( F% »j SX~ *D& GND .To 
&=� ]X=· O° M=· to the device. Bits are sent into the bus LSB first. 
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ZTccux<~ 
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k]EF·= »Rty~ > / 2 Cable [13] 

• Special signals in the bus: 

► Reset signaling (REST): The host can reset the device. This is done by signaling 

SEO (single ended 8=·° c f e *D& f t 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 1 Omsec 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 "O" 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 ]7%=� • c M= call that feature "remote wakeup capability", 
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the bus and resume its own * B7]X]7N Wmhxt 

Rty > / 2 Versions 

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

5* ( � = RtR B° [ O* ·]%° D ( =7M==D > / 2 X=·%]° D% 

k=* 7F·=% W3/ 2 mtm Specs > / 2 Rta Specs > / 2 ta / O=B% 

Theoretical Max. 
Transfer Rate 

1.5 Mbytes/sec 
(12Mbits/sec) 

. a Mbytes/sec ( 480 
Mbits/sec) 

USB 3.0 raises the 
data rate to 4. 8 
Gbps 

Advantages low cost, ideal for 
portable systems, 
hot swapping/plug 
& play, up to 127 
devices via 1 port 

All the advantages of 
USB plus significantly 
higher speeds making it 
compatible with high­ 
speed peripherals such 
as data drives and 
video cameras 

Unlike USB 2.0, 
USB 3.0 does not 
continuously poll 
the devices that are 
attached, thereby 
reducing overhead 
on the CPU. 

Disadvantages slower than PCI 
and other plug-in 
busses (such as Fire 
wire), not 
compatible with 
older peripherals 

Not compatible with 
older peripherals, still 
slower than PCI 

Will be obvious 
later 

Rt- : DF[ =·* 7]° D of Devices 

T . 7 ]7½ * dev1·ce the host needs to learn about the device and assign ° B° [[ FDmB* = M] » 

bbb 7½ ••o 7]° D 7½* 7 * BB° [ O� ]%½=% * &=X]B= &·]X=·t : DF[ =·* 7]° D ]% 7½= ]D]7]* � =QB½* DE= °· ]D•° ·[ * 
d h d · reading data structures 7½]%t 5½= O·° B=%% ]DB� F&=% * %%]ED]DE *D *&&·=%% 7° 7½= &=X]B=e 

d. d • e driver and selecting a configuration •·° [ 7½= &=X]B=e * %%]ED]DE * D& � ° * &]DE * �=X]BB e 
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from the options presented in the retrieved data. This process allows the Host to 
identify and to manage the device [ 1]. 

• 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]. 
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■ Interface Descriptors 

The interface descriptor could be seen as a 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]. 
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Data acquisition systems can be d fi d · . 
=DmD=B * % * B° � � =B7]° D °• %° •7M* ·= * D& 

hardware that connects you to the physical Id A . 
M°·� *t B­ F]·=& &*7* * ·= &]%O� * N=&e 

analyzed, and stored on a computer and control ca b d 1 . . n e eve oped usmg vanous 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 

5½ · t 1 k a bus to transfer data memory = B° [ OF7=· O·° X]&=% * O·° B=%%° ·e * %N%7=[ Bm° B]te ° nh 

and disk space to store data. 
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• Software 

Data acquisition software allows you t h • . ° =QB½*DE= ]D•° ·[ * 7]° D ( =7M==D 7½= 
computer and the hardware. For example typical softw 11 fi , are a ows you to con gure the 
sampling rate of your board, and acquire a predefined amount of data. 

Rtmm , * ·&M* ·= Components of the Project 

Rtmmth @]B·° B° D7·° �� =· 

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 (VO ports), 

timers like a standard computer and other peripheral such as analog to digital (AID) 

converter and to analog (DI 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 PICl 8F4550 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 m 

this project [ 6]. 

• Features of PIC18F4550 related to USB 

► USB V2.0 Compliant. 
► Low Speed »mtS @(T%~ *D& Full Speed »mR @(T%~t 
► Supports Control, Interrupt, Isochronous and Bulk Transfers. 

► Supports up 7° hR =D&O° ]D7% (16 bidirectional). 
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L mc9( N7= &F* � access RAM •° · > / 2 t 

L s DcB½]O > / 2 7·*D%B=]X=· M]7½ ° DcB½]O X° � 7* E= ·=EF� * 7° ·t 
► Interface for °••cB½]O > / 2 7·* D%B=]X=·t 

• Features of PIC18F4550 related to Data Acquisition 

L mac( ]7e FO 7° mhcB½*DD=� % AD* � ° Ec7° cf ]E]7* � Converter module 
(AID) with programmable acquisition time. 

► Dual analog comparators with input multiplexing Special. 

► Three external interrupts Four Timer modules (Timer0 to 
Timer3) 

Rtmmtm / =D%° ·% 
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. 

• LM35 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]. 

• Features: 

► Calibrated directly in° Celsius (Centigrade). 
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L C]D=* · j mata[ UT\ } %B* � = •* B7° ·t 
L atS° } * BBF·* BN EF* ·*D7== *( � = »* 7 j RS} ~e 
L ¢ * 7=& •° · •F� � ccSS° 7° j mSa} ·* DE=t 
► Low cost due to wafer-level trimming. 

► Operates from 4 to 30 volts. 

► Less than 60 µA current drain. 

► Low self-heating, O.O8°C in still air. 

► Nonlinearity °D�N ± md° } 7NO]B* � t 
► Low impedance output, 0.1 W for I 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 *DN qAc7° c2q 

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+ *D& f ct 5½]% is how 

information is transferred between the host computer and 7½= \ <} my•dSSa ( ° 7½ 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 

htm \ ·=•* B= 

This chapter illustrates the detailed proie 7 ·(] · t 0B7 °( 0=B7]X=%e &=%]ED ° O7]° D% %FEE=%7=& 
for the system, approaches and techniques to implem t th • . en e system; * � %° ]7 ]DB� F&=% a 
E=D=·* � ( � ° B¼ &]* E·* [ •° · 7½= °X=·* � � %N%7=[ 7½* 7 E]X=% 7½= &= ·] � =& r ]= F%=· * �=7* ]� = &=%B·]O7]° D 

*( ° F7 7½= %N%7=[ B° [ O° D=D7% *D& * ·B½]7=B7F·=e ]D * &&]7]°D ]� � ]� � ½ , n ) = ) < m ustrate ow the 

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

other and with the surroundings. 

htR f =7* ]� =& 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: 

mc f =%]ED]DE a data Acquisition system that will be able to be controlled with the 

command messages and signals that are sent through USB bus. 

Rc f =%]ED]DE 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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ht U]%F* � C++ software will be used as a . . E·* O½]B* � ]D7=·•* B= ( 
system to control its functionality and 7° a=7M==D 7½= user and the o enable users to . 
understand it efficiently and use ]7 =••=B7]X=x t practice the usage of USB, 

e Y, the interface should b fl . 
* % O° %%]( � = 7° * � � =D&cF%=·% M½° D==& 7½= (= •�= Q]( � =e * D& =* %N e system. 

hth f =%]ED Options 

hthtm , * ·&M* ·= Design Options 

5½=·= *·= [ * DN ]%%F=% 7½*7 M= [ F%7 ]& S cons1 er in order to build a functional 

successful and reliable data acquisition card Th ' . . · ere are many alternative options for 
][ O� =[ =D7]DE 7½= %N%7=[ + 7½]% %=B7]° D ° F7� ]D=% %° [ = °• 7½= ·] � *( � nS = * X* ]� *� �= ° O7]° D% •° · 7½= 

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, it can 

support up 7° mR' &=X]B=%t ► USB supports three bus speeds: high speed at 480 Megabits per second, full 

Speed at 12 Megabits per second and low speed * 7 mtS @=E*( ]7% per second. 
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L , ]c/ O==& USB 2.0 uses a "Master Sl " . c �* X=n * ·B½]7=B7F· T½] b½ · · ·=]D M½]B� 7½= B° [ OF7=· 
½*D&� =% * � � *· ( ]7·* 7]° D •FDB7]° D% *D& &]B7*7= & . a es ata flow to, from and between the 
attached penpherals. 

■ 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 .Fire Wire 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 Fire Wire. So the main idea of our project is to use USB. 

3.3.1.2 Control Unit Design Options 

• Field-Programmable Gate A··* N »k\ u A~ 

A Field-Programmable Gate A··*N »k\ u A~ ]% a semiconductor device that can be 
. ft •b tu · hence the name "field- 

} ° D•]EF·=& ( N 7½= BF%7° [ =· ° · &=%]ED=· *•7=· [ * DF•* B7F·]DE 
d t •mplement any logical function that an 

O·° E·* [[ * ( � =qt k \ u A% B* D be use s 1 
. . . (ASIC) could O=·•° ·[ e k\ u A% B° D7* ]D 

* OO� ]B* 7]° Dc%O=B]•]B ]D7=E·* 7=& B]·BF]7 
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programmable logic components called "l . ° E]B ( � ° B¼%q C° · b 
to perform complex combinational •FD f . ' gic locks can be configured 

c ions, ° · %][ O� = � ° t t 
XOR gate with memory =� =[ =D7%e M½]B½ t gic gates hke AND gate and 

' c may ( = %][ O� = •� ] •� 
blocks of memory as shown ]D Fig. 3_1 FPG ip- ops or more complete 

. . , A has advantages such as· ► Ab1hty to re-program ]D the field t fi b · o x ugs. 
L 5½=N are available. 

► Lower non-recurring engineering costs. 

- 

O° 

' <, q ty tAz ½ • .,.,, H 
R¥ e n)) +b 
bn 

k]EF·= »htm~ k\ u A 

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 

like memory, clock oscillator, I/0 interfaces, serial interfaces. Typical microprocessor 

operations include adding, subtracting, comparing two numbers, and fetching numbers 

from one area to another. 
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k]EF·= »htR~ @]B·° O·° B=%%° · 

The design process on microprocessor is much easier compared to FPGA. But the 

implementation with FPGA is faster and easier than microprocessor since the 

computation ]D 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, ]D 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 b' · 
c(]7 [ ]B·° B° D7·° � � =· ( * %=& ° D 7½= AU¢ 

=D½*DB=& ¢ </ } * ·B½]7=B7F·=e ( N =Q=BF7]DE O° M=·•F� ]D%7·FB7] bt e 
s c 10ns m a smgle clock cycle 

7½= A5[ =E*h R * B½]=X=% throughputs approaching 1 MIPS MH 11 . , per z *]7°M]DE 7½= 
system designer to optimize power consumption versus processing speed[ 14]. 

I. On chip analog comparator. 

Rt ycB½* DD=� e mac( ]7 Af } t 
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 mam 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 PICI 8F4550 are: 

1. USB V2.0 Compliant 
2. On-chip USB transceiver with on-chip voltage regulator. 
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hthtR / ° •7M* ·= Design Options 

Here we list two alternative choices for the softw t b d 
are o e use for the 

system, which are Visual C++, *D& U2t! : 5e M]7½ some of their features. 

hthtRtm @]B·° %°•7 Visual / 7F&]° Raay : QO·=%% 

The Microsoft Visual / 7F&]° Raay : QO·=%% Editions M]7½ / \ < * ·= a free set of 

tools that are simple, •FD and easy to learn. Visual C++ 2008 Express Edition M]7½ / \ < 

is the development environment for creating native Windows applications that deliver 
the highest quality rich user experiences, some important features are: 

► AD easy installation of the Windows Platform SDK. 

► It has tools for developing and debugging C++ code. 

► k·== 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 
. d f the most popular languages computer which is VB.NET ,it is cons1dere as one s t 

t ½ %7 ][ O° ·7* D7 •=* 7F·=% related to it are: •° · ]D7=·•* B]DE *OO� ]B* 7]° D% M]7½ \ } e7½= [ ° %7 ] 

► Fast. 

k * [ ]� ]*· M]7½ *OO� ]B* 7]° Dt *S� *( 
btbt 7° F%= *D& ]7 ]% •·== *X*]�*� �= <D this project Visual C++ attended to be used, as it is easy a 

•·° [ @]B·° %° •7t 
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hed ¢ =* �]8 * 7]° D AOO·° * B½ 

As we mentioned, the main goal of 7½]% O·°0=B7 ]% t d . . 
3q 7° 7=%mED * > / 2 Rta ]D7=·•*B= 

that can be generalized for various applications providin m c. . 
' g a O�* 7•° ·[ 7½*7 can be easily 

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. 

htS u =D=·* � 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. 

f A4 

k]EF·= »hth~ u =D=·* � Block Diagram 
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5 1 Detailed Block Diagram 3 .. 

The block diagram ]D •]EF·=» htd~ •]EF·=% some details about the system 

which can follow the way the system M° ·¼% e%7*·7]DE •·° [ sending user command by 

GUI through USB port to the PIC microcontroller inorder to control the functionality 

of various applications which is built using suitable conditioning and optocouplers 
circuits . 

switch 

B°D&]7]°D]DE 
*bBF]7 

l Seruor 

A } f} 

B 
[J 

b »htd~ Detailed Block Diagram Figure • 

® ~lo·di bn� ]»Mt~r HHt 
~. Plflet;tin@ \n• rN7=B½mm]B >DmX=·Ht ,ty 

· •O]7Z 

-e-- 5½= C]O·7·N cHtm• cbc 
n tRh. d� ttc» ABB tttttt• t• tt Hc· t c 

......,;....:,~; · · · · · · · · · · · · · · .. CklliS. ···········••'"'' . 
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ht. 5½= %N%7=[ M°·¼ 

The USB data acquisition card should be bl 
a e to capture a fixed number of 

%*[ O� =%t 

Since we aim to build a trainer &* 7* * B­ F]%]7] 7½ man, so t e system must be 
%FOO° ·7=& M]7½ * u >< 7½* 7 =D* ( � = F%=·% 7° B° D7·° � 7½= *OO� ]B* 7]° ]&=& 

° D% O·° X]7= e%° * u >< 
was built with Visual C++ Express programming language t bl h 

e ta ena e t e 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 PIC my•dSSa [] B·° B° D7·° � � =· M½]B½ has a versatile and a 
powerful 10-bit (13 channel ) analog to digital converter [ ° &F� =e 7½° FE½ this 
microcontroller reduces the needed hardware =••]B]=D7� N e ( =B* F%= it provides a subset 

of the overall data acquisition components, having an Af } e * D& a [ F� 7]O� =Q=·e 7½= 
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 %=D%°·e 5½= 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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d f : 5A<Cf / J/ 5: @ f : / <u! 

4.1 Preface. 

4.2 Project Phases. 

4.3 Schematic design. 

4.4 General schematic design for USB board. 

4.5 Applications presented. 

4.6 Overall system schematic design. 
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Chapter Four 

Detailed system design 

dtm \ ·=•* B= 

This chapter describes the main hardware 
components that are used during 

7½= ( F]� &]DE °• 7½= %N%7=[ e * � %° ]7 ·=O·=%=D7% ( �BB¼ &] 
° BZ 7]* E·* [ % *D& E=D=·* � 

schematic diagrams which illustrate how 7½=%= B° [ O°· m7 1 nen s are re ated to each 
others. 

dtR \ ·°0=B7 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 

Th . h · t · n7r %/ through different stages = %]ED* � % 7½* 7 * ·= B* O7F·=& •·° [ 7½= ]DOF7 B]·BF]7% O* 
to be processed, these stages include: 

bd h� ]•N]7 & •]� 7=·]DE %=D%° ·n% %]ED* � %e ( N ► } ° D&]7]° D]DE } ]·BF]7% •° · amp 1 ng an 

using appropriate operational amplifiers. 
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L 5½= ]DOF7 %]ED* � % M]� � ( = O·° B=%%=& ( N \ <} my•dSS- ee 
mj [ ]B·° B° D7·° � � =· which includes built in circuits for acquiri . 

1 
. . ' 

bt <DE %]ED*� % ]DB� F&]DE Af } e 
multiplexers, sample and hold, etc ... 

1 Output Phase 

► Signals are sent from 7½= \ <} my•dSSa [ ]B·° B° D7·° � � =· 7½·° FE½ the 
USB cable to PC , the GUI using U]%F* � } jj %° •7M*· = 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 7M° mac( ]7 

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: 

L \ <} mykdSSa microcontroller. 

► C@hS 5=[ O=·* 7F·= Sensor. 

► Conditional circuit. 

► Alarm system. 

► Heater and fan 

► > / 2 B* ( � =t 
L Stepper motor. 

► >C! Ryaht 

Sh 



dthtm \ <} my•dSSa @]B·° B° D7·° � � =· 

The project uses PIC18f4SSO t . o control the fun t' 
[ ]B·° B° D7·° � � =· ]% O* B¼=& into a da O] ¼ c IOns of the system .This m pac age as h . s own [ Figure ( dtm ~t 
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Figure (4.1) PIC18f4550 

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 

by comparator's microcontroller, if it is matched, then converted into a fraction which 
is 7½=D ]� S h represented as a coded digital number and sent to the computer, unt1 usmg t e 

converted signal for controlling the alarm and heater circuits .Figure ( 4.2) shows the 

block ct· ]* E·* [ °• PI Cl 8£4550. 
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Program 
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} ° [ O°D=D7% 

5][ =·a 5][ =· m 5][ =·R 5][ =·h 
\s ¢ 

Data } \ \ meR mh (] 7 EEPROM Comparator 
AID 

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 LM3 5 temperature sensor [ 16]. 

C@hS 5=[ O=·* 7F·= Sensor has three pins as shown in figure (4.3): 

1. Pinl is connected to supply voltage ( +5). 

Rt \ ]DR ]% connected to the ground. 
3. Pin3 is a voltage output which connected with the input of conditional circuit. 
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dthtd / 7=OO=· @°7°· 

A stepper motor as the one shown in figure (4 5) · . • ts a permanent magnet or vanable 
·=� FB7*DB= &B [ ° 7° · 7½*7 ½*% 7½= •° � � ° M]DE O=·•° ·[ * B½+ tbttb B·m �*D B= B� ]*· * B7=·]%7]B%b 

I-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) %½° M% >C! Ryah <} t 
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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. 

maa 9 

dS 

l7 
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X ° F7 

:: 
. 

cS 

Figure »dtd~ B° D&]7]° D]DE circuit 
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dthtd / 7=OO=· Motor 

A stepper motor as the one shown in figure »dtS~ S 
· Is a permanent magnet or variable 

·=� FB7*DB= &B [ °7° · 7½*7 ½*% 7½= •° � � ° M]D% ec· E O=·•° ·[ *DB= B½*· * B7=·]%7]B%b 

I-Rotation in both directions 

2-Precision angular incremental changes 

3-Repetition of accurate motion or velocity profiles, 

4- Capability for digital control. 

Sc 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 

• >C! Ryah 

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) %½° M% >C! Ryah <} [23]. 
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• Features 

■ Output current (single ° F7OF7~ Saa [A (Max.) 

, ]E½ sustaining voltage ° F7OF7 Sa U (Min.) 

■ Output clamp diodes 
At-UFFIX 

LvAS5<} RA} Au : 
}A : : ' a' 

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

Figure ( 4. 7) shows the schematic design for building USB board; this circuit is 

general for all USB projects regardless of the type of the microcontroller used. 
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Figure ( 4. 7) Main USB Board 
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• Major components of the circuit: 

• USB Connector 

The USB Connector is a standard q7NO= 2q 
. connector. There are four connections in a 

> / 2 B* ( � =+ table ( 4.1) shows the internal tru . %7 ]B7F·= * D& M]·=% °• > / 2 B* ( � =t 

5* ( � = »dtm~ > / 2 } * ( � = 

Pin Name Wire color Description 

1 GND Black Ground 

2 D- White Data- 

h D+ Green Data+ 

4 vcc Red +5V 

• 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 

]D]7]* � ]8= ]7% &·]X=·~t 

. a 



o Ra@,8 } ·N%7* � oscillator 

Provides a clock signal to the PIC this frequency was h . . 
L B½° %=D %]DB= ]7n% 7½= %* [ = * % 7½= 

evaluation board from Microchip. 

• USB state indicator 

5° M � =&% ]D&]B*7= 7½= > / 2 %7* 7=e once the card is programmed and connected to the PC 

one of 7½= � =&% »f me f R~ flashes while the other remains off. 

4.5 Ports Assignment 

Table (4.2) shows the <Ta ports on PICl 8F4550 and how they are configured for this 

project. 

Table (4. 2) Summary of the 1/0 ports on PIC18F4550 

RA0-RA7 8 bits for analog Input 

RB0-RB7 8 bits for digital Input 

RD0-RD7 8 bits for digital output 

¢ } R analog outputs (for PWMl) 

¢ } Ae¢ } / Connected to USB f c ef j ·=%O=B7]X=� N 
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4.6 Applications presented 

dt. tm A� * ·[ 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 V cc (3V) and the 

other is connected to a 7·*D%]%7° · t7½]% B]·BF]7 is connected to one of the digital 
output bit of PORTB .The buzzer circuit is shown in figure (4.7). 

U} } jh 

N 2> ;; : ¢ 

mSa ° ½·· 
l B°D7·°� »&]E]7* � ° F7OF7 O]D~ 

Figure »dt'~ Simple Buzzer Circuit 

dt. tR , =* 7=· circuit 

&] ]7*� X°·7 °• 7½= . . device identified as one of the output Igt p 
5½]% ]% ° F7OF7 n f th . • \ s ¢ 52 + 7½= heater is turned 

. . ted to one o = O<D% ° n [] B·° B° D7·° � � =· ]7 ]% B° DD=B7 ·�][] 7 
tern erature reaches a set lower . on by the controller when the p 

b ]7+ 
Figure ( 4.8) shows the ½=*7=· Bm·BF7Ct 
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B°D7·°� »&]E]7*� °F7OF7vO]D~ mSa B½D 
ma9 

@s }h Ra 

5¢ <Af} 

°D 

Figure »dty~ , =* 7=· Circuit 

dt. th k* D circuit 

This is another output device, identified as one of the analogue output 

port of the microcontroller, it is connected to RCI 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. 

mm < FAN 

Rd RRm- 5! / 

k]EF·= »dt- ~ k* D Circuit 

. h 



de. td / 7=OO=· @°7°· } ]·BF]7 

The circuit in figure ( 4.10) represents another example of digital output port 

implementation, with four pins °• >C! Ryah m} are connected to •°F· digital output 

O]D% of the PIC Microcontroller, this DC stepper motor needs a 12V to work in proper 

manner, so we've F%=& *D external adapter to supply voltage to the circuit, the •°F· pins 

»meRehe 4) of the ULN2803 are connected 7° \ s ¢ 5f °• 7½= \ <} t 

+\motor j @°7° · 

> m 

@s 5s ¢ /s5: \ \ : ¢ HS.cccetttccccmy' s > 5< H <! m ½]cccccc­ 
»t~ <! R ,+ccccccce q 7· ­ E7NO <! he + 

EE <! d r--, s > mh ro <! S 
N <! . ' 

r---..., a >d S ] ! ' 
s > mS ::J 
s > 5. <! / 
%\ <! <. E 
s > my ° 

° O%_h hb 
s f dStS 

U"CI 

Figure »dtma~ / 7=OO=· Motor Circuit 

dt' Overall system schematic design 

t b ]7½ *� � applications 11 s stem schematic design WI 
Figure ( 4.11) shows the overa y SB b ard including switches 

d to the PIC18f4550 U s n 
that have been described, connecte t button connected to the 

t tt »\ s ¢ 52 ~e *D& the rese connected to the &]E]7*� ]DOF7 O° ·7 
@} C¢ O]Dt 

. d 



k]EF·= »dtmm~ 5½= Overall System Design 
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Chapter 

5 SOFTWARE SYSTEM DESIGN 

5.1 Preface 

5.2 USB Class Drivers 

5.3 USB Libraries. 

5.4 MPLAB IDE Version 8.0. 

StS @]B·° %° •7 U]%F* � } j j : QO·=%% Raay 

St. : DF[ =·* 7]° D about Devices. 

St' / N%7=[ Flowcharts. 

Sty u ·*O½]B* � User Interface. 

. . 



} ½* O7=· k]X= 

/ ° •7M* ·= / N%7=[ fe tb =%mE· 

Stm \ ·=•* B= 

This chapter describes the ( * %]B •]·[ M*· = h& 
. . e use to O·° E·* [ \ <} my£ dSSae 7½= 

methods * D& � ]( ·* ·]=% F%=& to make the bindings betw fi 
een rmware and the GUI· also it 

describes the overall system software and 7½= &=X=� ° O[ m7 · n =D+ =DX]·° D[ =D7t 

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 

} � * %% »} f } ~e @* %% 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 7½= q> / 2 } ° [ O� =7= "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. 

. ' 



SeRtm , F[ * D <D7=·•* B= f =X]B=% », <f ~ 

Human Interface Devices {HID) is a B� * %% °• > / 2 &=X] e t ·, 
. ices a gives structure to 

the data that will be transferred between the device and the host computer. During the 
=DF[ =·* 7]° D O·° B=%%e 7½= &=X]B= &=%B·]( =% 7½= ]D•° ·[ * 7]° D 7½* 7 ]7 B*D ·=B=]X= *D& %=D&e 

This allows a host computer to handle the data being received from 7½= > / 2 &=X]B= 
without requiring a specially designed device &·]X=· WRRxe 

5½= ,< f B� *%% consists primarily of devices that are used· by humans to B° D7·° � 
the operation of computer systems. 5NO]B*� =Q*[ O� =% °• 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 [ *N D° 7 ·=­ F]·= human interaction but provide data in a 

similar format to HID class devices-for example, bar-code readers, 

thermometers, or voltmeters. 

. . . D · Class »>/ 2c} f } ~ StRtR > / 2 } ° [ [ FD]B*7]° D% =X]B= 

. . fil (* . f) the communications t &·] r information = tmDe 
Using a relatively simple ve . "virtual COM port". 

. talk to the host \ } via a &=X]B= B� *%% »} f } ~ * � � ° M% your device 7° ftware as a serial 
. . ears to yout \ } *OO� ]B* 7]° D %° t 

5½]% [ =*D% that your > / 2 &=X]B= *OO= 5½]% is probably the 
11 

• • al COM pert, but faster. »q¢/ RhRq~ &=X]B= 0F%7 � ]¼= * physic . um data transfer rate 
+ L> / 2 B° DD=B7]° Dt 5½= [ *Q][ / ][ O� =%7 [ =7½° & 7° ][ O� =[ =D7 * •*%7 

. y 



+DE > / 2 } f } M]7½ * qX]·7F* � } s @ O°·7q ]% * ( ° F7 m@( ]7% 
F%]DE (]7T%=Bt »5½]% ]% * ) ]D&° M% driver limitation, not * > / 2 � ][ ]7* 7]° Dt~ 

StRth @]B·° B½]O General Purpose (Custom } � * %%~ > / 2 f ·]X=· 

Microchip provides a general Purpose Windows driver which can be used by 

Windows applications to interface with a custom B� * %% > / 2 &=X]B=t 

For USB applications that do not readily fit within the constraints of these other device 

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

( =%7 > / 2 � ]( ·* ·Nt There are several choices and each varied in stability, functionality, 

and extensibility. 

. h Id achieve the following: In general the chosen library s ou 

%½ ]B½ . es of client code should accomp is mu L <7 should be easy to use and •=M � ]D t 

. dent as possible, and it should have C++ L <7 should be as O� * 7•° ·[ ]D&=O=D 
bindings. 

b q @\ > / 2A\ <q C]( ·*·N X= � ]( ·* ·]=% M½]B½ *· = 7½= Here we discuss two alternatlv 
" . . h · obvious features ® ® & q�]( F%( cM]DhRq � ]( ·* ·N ]DB� F&]DE 7½=]· 

. - 



Sthtm C]( F%( cM]DhR 

>%2 

C]( F%( cM]DhR ]% an ° O=Dc%° F·B= > / 2 � ]( · t 
*·N 7° O·° X]&= F%=· % 

devices. It supports Linux Rt. TRtdTRtR pace access to 
. . . , FreeBSD/OpenBSD/NetBSD, and 

f * ·M]DT@* Bs / wt 

Libusb-win32 ½*% * � %° 7½= filter driver whi h . . 
' c Is not working for Vista and 

cause problems. Libusb-win32 has the B° FD7=·O*·7 � ]( +( J:'. • may 
. . I F%7 •° · C]DFQe @* B OS we 2/ f % 

and Solans, %° ]7 ½*% some advantages for cross-pl t£ . . · · 
bt bt 7*77°·[ O·°0=B7%+ ]7 * � %° %FOO° ·7% 

. ~sochronous transfer M½]B½ ]% D° 7 supported using 7½= q@\ > / 2A\ <tf CCq � ]( ·*·Nt 

SthtR @\ > / 2A\ < Library and DLL Source 

The MPUSBAPI.DLL 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 •°·[ of inline comments in the source code for the DLL file. 

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

5½= f CC ]% compiled using Borland® C++ Builder™ 6 development environment, and 

the %° F·B= B° &= ]% provided in the: 
"<installdirectory>\Microchip\USB\Utilities\MCHPUSB Custom Driver \Mpusbapi\ 

f <� z2° ·� * D&v} z/ ° F·B=q &]·=B7° ·Nt 

· • mc t that were mentioned 
Since this library achieves most of the D==&=& •FDB7]° D*� N 

I d trates the use of Visual ,a so because of the availability of the examples that emons . . 
} j ebt C ]77= &=& 7° F%= ]7 ]D 7½]% O·°0=B7 7° M]7½ @]B·° B½]On% BF%7° [ &·]X=· *D& f C< eM= *77=D&= 

·=* B7 and Write from 7½= > / 2WRRxt 

' a 



Std @\ CA2 <f : version 8.0 

MPLAB Integrated Development Environment (IDE) is a free, integrated 

toolset for the development of embedded applications employing Microchip's PIC and 

microcontrollers. MPLAB IDE runs as a 32-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 version 

8.0; figure (5.1) gives simple X]=M °• @\ CA2 ]D7=·•* B=W. xt 

F%( &* 7* * B­ F]%]7]° D c @\ CA2 <f : Xytaa c F%( &* 7* * B­ F]%]7]° Dt[ =M t ~- Fie 

f ®» · 2�I I EEE� � E® � En� <<<I3E3� J W¢= � =* %= W] *% f; /½ ® =% = 

· . ~ interrupt.h ~ 
~ typedefs.h 
~ usb,h 

. ~ usb vB°[O]�= _tir 
Wx B%7-t½ 
~ usbcfg.h 
H F%(B7·�7·• t½ 
H F%(&=•%v=Os v( ] 
H F%(&=•%v%7&v&r

1 Wx F%7&·Xt½ 
~ usbdsc.h 

· ~ usbgen.h 
~ usbmmap.h 

3 °(0=B7 k]� =% 
. D C]( ·*·N k&=% 

:� D Linker Script 
!;: 1ef4550.1.r 

3 °½=· Fies 
< 

Checksum: Ox1135e 

/ **rr•rr********rrrrrrrrrrrrrr*rrrrrrrrrrrrrrrrrr• I T_ 5 ! } C > f : 
#include <pl8cxxx.h> 
#include "syste1>\typedefs.h" 
p]DB� F&= q%N%7=[ zF%( zF%( t½q 
#include "io_cfg.h 

·1 time validation.b" // Optional #include "systet1\usb\~sb_co1:1pi e_ - JI Uodifiable 
#inc.lude uuser\ user. h 

/**CON FIGURATION 

f·g CPUDIV _ OSCl_PLLZ pO·* E[ * B°D7R 
•O·* E[ % B°D•]E >/2f <U _ 2 
#pragi,a config FOSC _ HSPLL_HS 
•O·* E[F * B°D•]E k},9! _ OFF 
#pragi,a contig IISO _ OFF 
pO·* EF* B°D•]E \ >¢ 5 _ OFF 
#pragua contig BOR _ O!I 
•O·*E* B°D•]E 2s ¢U _ h 
•D·* [» * ···•]· >f ¢ »}9: b »<! 

// Required 
// Required 
// Required 

. (5 l) MPLAB IDE work space k]EF·= t 
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StS @]B·° %° •7 U]%F* � } jj Raay : QO·=%% 

The Microsoft Visual / 7F&]° Raay : QO·=%% Editions M]7½ / \ < *· = a free set of 
tools that are simple, fun. and easy to ieam. U]%F*� } jj Raay : QO·=%% Edition with SPI 

is the development environment for creating native Windows applications 7½* 7 &=� ]X=· 
the highest quality rich user experiences. This new version includes an easy installation 

of the Windows \ � *7•° ·[ / f 9 t <7 has tools for developing and &=( FEE]DE } jj B° &=e 
especially code M·]77=D •°· the Microsoft Windows API, the DirectX API, and the 

Microsoft .NET Framework. This program allows creating Win32 and Win64 
applications[2 l]. 

This Microsoft U]%F* � } jj »° · 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. 

. . written in visual c++ Express 5½= ½° %7 *OO� ]B* 7]° D •° · 7½]% O·°0=B7 M*% 

St. : DF[ =·*7]° D about Devices 

. . th t enables the host to learn be bt bto B½*DE= °•]D•° ·[ * 7]° D m*7t 
: DF[ =·* 7]° D ]% 7½= ]D]7]* � =QB ·' +&=% *%%]ED]DE *D * &&·=%% 

t ]B= &·]X=· t The process me u * ( ° F7 7½= &=X]B= *D& *%%]ED * &=X]B 
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to the device, reading data structures from the d . . . 
btee m=]B=e * %%]ED]DE * D& � ° * &]DE * &=X]B= 

driver, and selecting a configuration from the °7]t · 
. . p Ions O·=%=D7=& ]D 7½= retrieved data 

The device IS then configured and ready 7° 7·*D%•= & t · 
. s er *7* F%]DE * DN of the endpoints in ]7% B° D•]EF·* 7]° D [I]. 

When a USB device is attached to a powered port 7½= •° � � · t 
e a owmg act10ns are taken: 

I The hub to which the USB device is now * 77* B½=& ]D•° ·[ % 7½= h t f th · 
· ° %7°7 = =X=D7 X]* * 

reply on its status change pipe At this point, 7½= > / 2 &=X]B= 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 

d h d · d criptor to determine accessible via the default address. The host rea s t = =X]B= =% 

h ½] > / 2 device's default pipe can use. )½ * 7 * B7F* � [ * Q][ F[ &* 7* O* N� ° * & %]8= 7½]% 

. h & ]B= ( N reading each .t 5r ]D•° ·[ * 7]° D •·° [ 7½= C=X] · he host reads the configuration 
B ]•] · h umber of configurations. s f� ½]EF·* 7]° D 8=·° 7° Dc� e M½=·= D ]% 7½= D 

' h 



7 The host assigns a configuration value to the d . . . 
· �=X]B=t 5½= &=X]B= ]% D° M ]D 7½= Configured state. 5½= > / 2 &=X]B= may no d 

. . d . tBb M raw the amount of VBUS power 
&=%B·]( =& ]D ]7% &=%B·]O7° · •° · 7½= %=� =B7=& B° D•]EF·* 7]B e 

m° Dt ·· ° [ 7½= &=X]B=n% O° ]D7 °• view, it is now ready for use. 

St' System Flowcharts 

This section explains the function of the program to make the system work 

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. 

' d 



f ° MD� ° *& •]·[ M* ·= °D 
7½= \ <} 

Plug PJC M]7½ F%( 

! ° 

Fa/id Select Driver 

Install driver that matches 
M]7½ 

»\<f e U<f ~ 

k]EF·= »StR~ k � ° MB½* ·7 •°· 
]D%7*��] DE &·]X=· °• f A4 
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■ Firmware Description 

Figure (5.3) shows 7½= ° O=·*7] 
*7F° D °• finnware which starts with 

"/nitializeSystem << which is a centralize initialization routine all . d U 
L ·=­ F]·= n/2 

l•nitialization routines and user application initialization routine sh Id b 
ou e called from N D=Q7 q>/ 25* %¼%q •FDB7]° D ]% =Q=BF7=&e 7½* 7 � =* &% 7° 7½= ]7 u· 

m e execu 10n o 7M° ·° F7]D=% 
the "USBCheckBusStatus" and 

<< 

USE Driver Service << The 11r r0'BCI kB S . 
· F° ½=B¼ /F %/7* 7F%q ·° F7]D= 

used to enable and &]%* ( � = > / 2 [ ° &F� = by monitoring 7½= > / 2 O° M=· signal, the 
q>/ 2f ·]X=· / =·X]B=q ·° F7]D= ]% ·=%O° D%]( � = •° · ½* D&� ]DE * � � ]D7=··FO7% *D& &=7=·[ ]D]DE 

the state of the device. Then 
11
ProcesslO11 routine starts execution, this routine is the 

entry point into user routines .The 
11ProcesslO11 includes a routine that is responsible 

for flashing the USB status LEDs, to indicate the current state of the device called 

"BlinkUSBStatus ", now the finnware is ready to receive and send packet which contain 

command and data that will be handled, the firmware B* � � % q/ =·X]B= ¢ =­ F=%7%q ·° F7]D= 

that to execute 
II USBGenRead" function, this function is called to perform a USB 

packet read then this packet ( command and data) is handled with a switch statement 

with a case for each defined command in the header of F%=· »F%=·t½~e A•7=· reading and 

handling the command, if anything needs to be sent back to the host, that happens in 

"USBGen Write 11 
• 

' . 



lnitializeSystem 

USBTasks 
>/ 2} ½=B¼2F% / 7*7F% 

USBDriverService 

Process/O 

BlinkUSBStatus 

ServiceRequests 

USBGenRead 

handle command 

USBGenWrite 

­° MB½* ·7 k]EF·= »Sth~ •]·[ M* ·= 
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@\ > / 2A\ < C]( ·* ·N 

5½= q[ OF%( * O]t½q � ]( ·* ·N %FOO� ]=% 7½= •° � � ° M]DE %[ * � � %=7 °• B° [[ * D&% oM eSece 
]DB� F&= ]D 7½= U]%F* � } j j O·° E·*[ B° &= 7° ·=* & *D& M·]7= •·° [ > / \ M=[ Dut 
• @\ > / 2u =7f << U=·%]° D c ¢ =7F·D% the current user &=•]D= f CC X=·%]° D 

o @\ > / 2u =7f =X]B=} ° FD7c ¢ =7F·D% 7½= DF[ ( =· °• devices with a matching YID 
&PID 

• @\ > / 2s O=Dc ¢ =7F·D% the handle to the endpoint pipe with matching YID & 
PID 

• @\ > / 2¢ =* & ¢ =7F·D% content from the specified endpoint 

• 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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/ 7*·7 

C° * &f CC»~ 

Error loading 
,np_usbapi library 

N=% 

Get DLL version 

Get number of device 

USBopen 

>/ 2 M·]7= 

USBread 

USBclose 

End 

�bn7• '/l"'brary Flowchart ®q®EF·= »Std~ C° * &]DE @\ >/ 2A\< �] 
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, * D&� ]DE Commands process 

k]EF·= »StS~ shows how the command and data are h dl d •7 *D e , a er the user send a DD1*D& from computer to 7½= f A4 B*· & this command <% B° [ O*· =& · ]7e 
B° r ) ]7½ B*%=% °• 

n7 11 statement in the firmware which is downloaded on PIC so 'f th . 
%M<} cnn ½= B° [ [ * D& ]% < di!Iital input then the data will be evaluated from bits ° • \ s ¢ 52 ½+ 
equa ~ en wnte 7� ]% 

value ( N q>/ 2u =D) ·]7=q 7° be sent to the computer, else if the command is digital 

output so the bits °• \ s ¢ 5f will be equal the data which is sent from computer, else if 

the command is analog output then =Q=BF7= q%=f } \ ) @<q •FDB7]° D to enable the 
device that is joined with bit °• \ s ¢ 5} e° 7½=·M]%= ]• 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 

"readADC" ,this value consists of 10 bits which reflects the resolution of 7½= f A4 t 

ya 



/ 7*·7 

&ndpackt!tfrom PC 
»O*B¼=7tB°[ [* D& 

¼=7t&*7*~n 

SetDCPWMJO; 
Of PORTOlb 

convntADC fflUIAD C 

Figure (5.5) Handling the command Flowchart 
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• System Cases 

► Digital Input Case 

k]E»St. ~ %½° M% digital input B*%= e7½]% •� ° MB½*·7 shows what is happened when 
Q 

an! reads digital input X* � F=e ]• the device which is joined with one of th DA C 

e b"t ·s enabled the label on GUI on computer will 7F[ with a green color else a Os ¢ 52� ]7% m 

·* N � *( =� M]� � *OO=*· t 

/ =D& B°[[*D& •·°[ \ } 

Read AB­F]·=& X*�F = •·°[ 
PIC 

green label on 
GUI 

Gray label on 
GUI 

k� ° MB½* ·7 Digital Input case k]EF·= »St.~ 

yR 



► Digital Output Case 

Fig(5.7) shows digital output B* %=e 7½]% flowchart shows that when the user 
& } ommand by clicking ° D B½=B¼( ° Qe 7½=D checkbox is enabled (true) ,so the device sen 

which is connected to the bits of PORTO is 7F·D=& on , else if 7½= B½=B¼( ° Q ]% false 
(disabled) the device will be 7F·D=& off. 

Start 

¢ =*& X*�F = °• %]ED*� •·° [ \ <} 

Disable 
the device on PORTO 

Enable the device on 
PORTO 

bt »Se' ~f ]E]7* � s F7OF7 B* %= •� ° MB½* ·7 k]EF·= »Rt~ 

yh 



► Analog Input Case 

k]EF·= »Sty~ %½° M% the analog input case, in this flowchart we can see that the 
f Progress bare on GUI on computer changes according to the variations of the X*� F= ° 

7½at happens to the device connected to PORTA bits. X*� F= 

Start 

Send command from PC 

Read acquired value •·° [ \ <} 

Enable 
the device OD POTRA 

Bar OD GUI is turned progress 
OD 

t case flowchart Figure (5.8) AD* � °E <DOF 

yd 



► Analog Output Case 

k]EF·=»St- ~ %½° M% the flowchart of the analog output B*%=e M½=D the user 

the resolution of track Bar, then the resolution of the device that is connected B½*DE=% 

ORTC varies according to the changes of trace Bare . to \ 

Start 

Send command from PC 

Enable 
7·*B¼ 2*· °D GUI 

No 

5F·D=& °D device on PORTC 

b »St-~ Analog Input case k]EF·= B½*·7 
•� ° MB½* 

yS 



* 5=[ O=·* 7F·= Sensor Function 

The flowchart in •]EF·= »Stma~ &=[ ° D%7·*7=% the process of 7½= C@hS 

ture sensor •FDB7]°De *•7=· the sensor senses the temperature, so if it exceeds 7=[ O=·* 

y} 7½= fan circuit will be enabled, otherwise if it is below 20 °C the heater will be 
ed n between these two temperature values neither of them is enabled. 7F·D s n 

¢ =*& Af} »~ •·° [ 
temperature sensor 

yes 

Enable fan 
Enable Heater 

. . flowchart bt »Sema~ %=D%°· *OO� ]B* 7]° D k]EF·= »Rtt q~ 

y. 



% / 7=OO=· motor function 

5½= •� ° MB½*·7 ]D •]EF·= »Stmm~ &]%O� *N% 7½= E=D=·* � O·° B=%% ]D 
which the stepper motor works .There are three cases for the movement 

of the motor ,it could he 7F·D=& right , left, or %7° OO=& e*BB° ·&]DE 7° the 
commands sent as the flowchart describes. 

Start 

/=D & B°[[*D & •·° [ \} 

PORTDbits3=0, 
PORTDbits4=1, 

PORTDbits2=0, 
PORTDbits3=1, 

PORTDbitsl=O, 
PORTDb/Js2=1 

PORTDb/Jsl=I, 
PORTDbits4=0, 

\ s ¢ 5f (]7% d_ae PORTD/Jlls4=l, \s ¢ 5f (]7%h_ae 
PORTDbitsl=O, 

\ s ¢ 5f (]7% R_ae 
\ s ¢ 5f ( ]7%h_< PORTDbitsl=J, PORTDbits2=1, 

PORTDb/Jsl=O \s ¢ 5f ( ]7%R_a PORTDbits3=0 \ s ¢ 5f ( ]7%d_a 

7]c t•� ° MB½* ·7 @°7°· *OO� ]B* 7]° D Figure(5.l 1) stepper 

y' 



½]B* � > %=· Interface Sy u ·* O 

The GUI for the system was done by X]%F* � } jj Raaye *% this system is an 

. nal one so the graphical interface should provide an easy and •� =Q]( � = O� *7•° ·[ =� FB* 7m° 

bl user 7° interact with the system, •]EF·= »StmR~ %½° M% the main form for the 7° =D* 7 <© 

]7 ]% O·° X]&=& with the capabilities that enable user to choose the application he system, 1 
Cb. vate those applications were added to test the system functionality. wants to a , 

~ Form1 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · t 

WF% f *7* AB* F%]7]°D }* ·& 3 

} ½°° %= J° · AOO� ]B* 7]°D 

%=D%°· 
* OO� ]B*7]° D 

switch 
*OO� ]B* 7]°D 

2F88=· 
* OO�] B* 7]°D 

@°7°· 
* OO�]B* 7]°D 

······················ _ t 

. GUI form of the system Figure »StmR~ @* ]D 

• · F· n GUI ° u =D=·* � > / 2 &* 7* * B­ F]%]7]° 

. d this window is n ]7]° D B*· B e I &*7* * B­ Fm%7 »StmR 
k]EF·= »Stmh ~ displays the genera uisition card" button ]D figure ( . 

ee ep3/ 2&* 7* *B­ F *+B]7*� ]DOF7 � *( � =%e activated when the user presses the tput 7·*B= ( *· e&]E] 
. bars *D* � ° E ° F ht shows the analog input O·° E·=%% L 

]��� & &]E]7*� output check 

yy 



gl dac_form 

f ]E]7* � v° F7OF7 A! ACs u >: <! \ >5/ 
000 mA' W J DIGITAL INPUTS □ 3 3 
sf m <AS ®] J 3 ]°x 
□ <Ad » J J 

3 ° fx 
002 

□ f8x 
sfh A! ACs u >: s >5\ >5/ 

□ sA h W*x 
004 I ' ' < < < � < < 

□ ' I 

ODS 
]]x 

□
006 

[ii] 

□
007 

[%x 

□ W' x 

k]EF·= »Stmh~ u =D=·* � 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. 

F% * 88%· 7°[ :3 W*x 

H 
H 

[ dose 

k]EF·= »Stmd~ 2F88=· application form 

h- 



► Switch application 

The form on figure ( 5 .15) is for th . . . e switch application . 
*( =� % 7½*7 are * B7]X*7=& ]• 7½= corresponclin . . ' It has 8 digital input 

g %M]7B½ ]% ° Dt 

Ill %M]7B½v•°·H t c ccc · cccccc· · · · · c · · · · c ccHH vv 

DIGITAL INPUTS 
WfE x 
mmf m < 
lID2 r 
W]f%x 
Wj x 
Wf %x 
Wf %x 
W]X' x 

B�°%= 

k]EF·= »StmS~ / M]7B½ application form 

► Sensor application 

When the user chooses the sensor application button of •]EF·= »StmR~e 7½= 

sensor application window shown in •]EF·= »Stm. ~ *OO=*·%e it has options for activating 

fan or heater circuit. 

- a 



=D* ( � =v%=D%° · 

< k* Dv* OO�] B* 7]° D 

< ,=7=· * OO� ]B* 7]°D x 

d 
me 

j U= U*7 u!f 

k]EF·= »Stm.~ / =D%° · application form 

► Fan Application 

Figure (5.17) displays the window for fan application that is contained in 
sensor application form, the user can tum it on or off, also he can control the speed of 

fan by moving the trace bare. 

- m 



111 •*DD •°·[ c 
o : * EN 

W 5F·D ° D •* D x 

< 5F·D ° •• •* D x 

control to speed of fan 

Z < < ® < ] < < < m 

tttttttttttttttttt · · · · c 

k]EF·= »Stm'~ k* D * OO�] B* 7]° D •°·[ 

► Heater application 

Figure (5.18) displays the heater application form, the user can 7F·D it on or off, 

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

: « * 7B· 7°[ »R3S~w 

< 5F·D °•• ½=*7=· x 

< Tum on ½=*7=·vx 

W B�° %= x 

k]EF·= »Stmy~ , =* 7=· * OO�] B* 7]° D •° ·[ 

- R 



L / 7=OO=· motor application 

5½= M]D&° M in •]EF·= »Stm- ~ &]%O� *N% the stepper [ ° 7° · •° ·[ + ]7 shows that the 
tum the motor to the right or left as he wants. user can 

%7=OO]DEI °7° ·v7° ·» W3WE�•x 

5F·D � =•7 

5F·D ·]E½7 

< %7° O [ °7° · 

B�° %= 

k]EF·= »Stm- ~ / 7=OO=· motor form 
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Chapter 

6 IMPLEMENTATION AND TESTING 

6.1 Preface 

6.2 Implementation. 

. th \ ·°0=B7 } ° [ O° D=D7% 5=%7]DEt 
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Chapter Six 

Implementation and T . =%7]DE 

6.1 Preface 

To avoid project delays, it's critic 1 t h a o ave clearly defined 
use these strategies throughout each phase f &= ·7=%7 %7·* 7=E]=%e and 

°m �=X=� ° O[ ]7 5½] · · =D7e ]% B½* O7=· &= ]( 
implementation and testmg processes for the s escn es the 

N%7=[ e 7½= test process will be a 1 · d 
hardware as well as software components of th PP ie to e system. 

The implementation process will be done . d'f'.C'. . . usmg mm=·=D7 B° [ O° D=D7% and tools 
7½* 7 M]� � ( = &]%BF%%=& � * 7=· ]D 7½]% B½* O7=·t 

6.2 Implementation 

We have implemented the overall project, including the USB board with the 

\ <} my•dSSa [ ]B·° B° D7·° � � =·e by first building the main USB circuit and ensuring that it 

works properly through programming 7½= \ <} X]* PIKIT2 programmer, with a simple 

7=%7 B° &=e then downloading the major program code ,after that the circuits of the 

applications were built in separate phases, and ensured that the individual circuit 

Worked well, the new circuit were added to the system ' etc ... , until all circuits were 

connected to the board, and worked well via the GUI on U]%F* � } jj t 

This implementation process was done ( N using 7½= •° � � ° M]DE 7° ° � % *D& 

® [ O° D=D7% b 

L } ° DD=B7° ·% and wires with different colors 

L k° F· 10*2 cm bread boards. 

- S 



L A� � I Cs * D& B° [ O° D=D7% 7½* 7 are [ t 
(chapter 4). enttoned in the design h c apter 

L ) ]·= grabber and M]·= BF77 er. 

6.3 project components testing 

This section describes the w b . * N ·N M½]B½ =* B½° tb 
d 

. 1 d' } circmt and . 
were teste me u mg subsystem testi · [ *0° · B° [ O° D=D7% 

ng and 7½= ]D7=E·*7=& %N%7=[ testing 

. thtm / F( %N%7=[ testing 

Individual tests were applied to th ~ 11 . . . = m°e ° M]DE B]·BF]7%b 
1- PIC18f4550 

Rc 2F88=· circuit 

hc , =*7=· circuit 

4- Fan circuit 

Sc / 7=OO=· motor circuit 

L \ <} mykdSSa 5=%7]DE 

The PIC microcontroller was tested by validating its ability for downloading 

programs, for this purpose we have used 7½= \ <9<5 R programmer for more information 
about th' · · · h <% O·° E·* [[ =· N° F B* D X]%]7 7½= [ ]B·° B½]O M=( %]7=e •]EF·= ». tm~e». tR~ %½°M% 7½K 

\ <} 2=D° re and after testing respectively. 

- . 



k]EF·= ». tm ~ PIC18F445 . - ·~-- 0 Circuit M]7½ \ <9<5R 
Programmer before Testing 

k]EF·= ». tR~ \ <} mykddSa } ]·BF]7 after Successful Test 

2 F88=· Testing 

AD * � *·[ B]·BF]7 has been built using a simple buzzer and a tranSistor, one of the 

edges of the simple buzzer was connected to the high X° � 7*E= »hU~ •·° [ the 

•FD=7] on generator, while the other is connected 7° the ground, as a result the buzzer 

was activated and the buzzer rang, the circuit ]% shown in figure (
6
.3). 

- ' 
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» % _ OE H . 

! O e 

Figure ». th~ 2F88=· testing 

L , =*7=· 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. 

• (6 4) Beater circuit before test 
Figure • 

- y 



Figure ». tS~ , =* 7=· circuit after test 

L k* D 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 6) Fan Circuit Testing k]EF·= ½» 
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N / 7=OO=· motor testing 

fbe circuit in figure ( 6. 7) displays a st · KOO=· [ ° 7° ·e we u 
cirCuit M]7½ 12 volt, the stepper motor needed£ . sedan adaptor to suppl th 

• ° F· B° D7]DF° nrJ e 

P
ulses from the function generator *D& ]7· -F% pulses to run ' 1 Worked fine ' we get the 

k]EF·= ». t'~ / 7=OO=· Motor Circuit Testing 

. ehtR <D7=E·*7=& / N%7=[ 5=%7]DE 

After the successful test of the hardware parts of the system, these circuits were 

connected to the USB board circuit, and tested again to ensure the proper work with the 
software, these tests included verifying the GUI interface on C++, so commands were 

sent by the user through the interface to activate the circuits, also this part was run 

· BB=%%•DF�� Nt 

maa 



»B½*O7=· 

7 CONCLUSION AND FUTURE WORK 

7.1 Preface 

7.2 Conclusion. 

7.3 Problems. 

7.4 Future Work. 

mam 



} ½* O7=· / =X=D 

Conclusion and k7 F: F·= ) ° ·¼ 

' tm \ ·=•* B= 

This chapter gives a holistic • X]=M ° D 7½= O·°0=B7 e( ° 
and results achieved, in addition to 7½= n·q representmg the conclusions 

e problems that we faced d . 
process, also it includes some reco d . unng the development 

· °[ [ =D&*7]° D% •° · •F7F·=e 7° M 
O·°0=B7 •° · � * 7=· M°·¼%t nr M½° [ M½° [ * N D==& 7½]% 

7.2 Conclusion 

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

been noticed· 

L 5½= USB data acquisition card has been run successfully, achieving the general 

purpose of data acquisition. 
L > / 2 ½* % many important benefits in the acquisition process, the easy 

]D%7* � � * 7]° De O° ·7*( ]� ]7Ne less noise sensitivity and other advantages. 
L A<< of the circuits of the applications have run successfully including the digital 

and analogue applications. 
2 F]� &]DE a custom driver is not as easy process as expected; it needs a good 

understanding of 7½= > / 2 ( * %]B% and functions. 



N s D= of the limitations of US . B ts that th 
provide is * ( ° F7 Saa[Ae M½] b½ e maximum cu ' tc means th rrent 7½* 7 > / 2 
power supply is needed. at for certain applic r could a mns an external 

► The USB Interface has bee . n implemented s 
GUI on Visual C++ which . . uccessfully through d m t t · <% B° D%]&=·=& * ·]B½ I© =� ° O]DE 7½= 

%FOO° ·7]DE M]D&° M% * OO� ]B* 7]° c½ programming m ° D%t �* DEF* E= •° · 

L 2=B* F%= of its low cost high d . . , ata-transfer rate, ease of 
has gamed wide acceptance in th . use, and •� =Q]( ]� ]7Ne > / 2 

e B° [ OF7=· ]D&F%7· n° 

L u ° ° & knowledge has been ace t d ry. =O·= about the PIC 18F 
]7% •FDB7]° D%t kdSSa [ ]B·° B° D7·° � � =· * D& 

7.3 Problems 

Some of hardw d ft 7½ t t are an so ware problems appeared during the development of 

= O·°0=B7 ½=·= is an illustration of the main problems. 

' thtm , * ·&M* ·= problems 

C* 7=DBN of arrival of some components, which causes latency in completing 

some circuits. ► <D few cases we found that some wires were connected wrongly, for instance 

swapping the high and ]ow voltage to the circuit, which resulted in damaging 

few components. 
/ ° [ = times we faced problems in dealing 7½= \ <9<5 R programmer, according 

®° ½* ·&M* ·= •*]�= ·] S•]7% O]D% ° · B° DD=B7]° D%e %° M= D==& 7° •]Q ]7 s < < 
•* ]� =· ]D %° [ = °�mr 

another one ½ 7] ·& to download the program ° D \ <} my•dSSat 
e =* B� 7][ = M= D== 

mah 



N s D= of the limitations of the USB . 
is that there is a . 

»Saa[A ~ M½]B½ 7½= > / 2 O° ·7 B* D %FO°· j+ [ * Q][ F[ BF··=D7 °• 
· hO°·7e M½]B½ [ =*D% 7½* 7 ­ 

current for a certam application· yo d if you need more 
' u nee to use ext l =·D* O° M=· supply. 

L / ° [ = of warning messages appeared · &+ =B°·&]DE to errors in conn . 
q* > / 2 &=X]B= has malfunctioned and d & RBB7]° D% %FB½ as =QB=== the O° M= � ]+ =· �][] 7% °• its hub " b t . 
was resolved successfully after reconnect· f h ' F m7 10n o t e wrong connections. 

7.3,2 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 *D 

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 , * warning message indicated that 7½= q> / 2 &=X]B= is not 

recognized " has appeared , after revising some of the configurations in main 

functions some of the modifications have been made ,so we succeeded in 
n 

eliminating the problem and the USB device became recognized. 

' d kF7F·= M°·¼ 

7]° D% •° · future work and 
We recommend the following techniques *D& %FEE=%7 

&=X=� ° ·L <DE O·° B=%%b 

mad 



~ The inclusion of additional capabilities such as dio-it 
1 
I/O 

1
. . 

· y�� *� �]D=%e B° FD7=·T7][ =·% 
and encoders, can greatly increase the utility of * f A4 [ ° &F� =t n 

L A% a training system more applications can be added to the system so it will be 

useful for students in lab, also it will be useful for other projects as a support to 
make tests to make F%= °• > / 2 •=*7F·=%t 

L : D½*DB=[ =D7% could be made in order to use the system in special fields such as 

industry, security and automation. 

L <[ O·°X= the system by using wireless USB as a high quality technology. 

maS 
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Appendix A 

Datasheets 



H 

MICROCHIP 

\ <} mykRdSSTRSSaTddSST 4550 
Data Sheet 

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

with nano Watt Technology 

= © RaE¢ « 
@]B·° B½+ B m\ 5=B½D° � ° EN <DBt 

f %h- . hRy 

O·=�] [ ]D* ·N 



C 

H 

@<} ¢ s } , <\ 
c \ <} m ykRdSSTRSSaTddSSTdSSa 
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Microcontrollers with nano Watt Technology 

% ·%* � %=·]* � 2F% k=*7F·=%b >D]X= 
>%2 UR ° } ° [ O� ]* D7 

C° M / O==& »mtS @( T%~ * D& kF� � / O==& »mR @( T%~ 
• ·7% B° D7·° � <D7=··FO7e <%° B½·° D° F% * D& 2F� ¼ • / FOO° n 

5·* D%•=·% m(]&]· B7]B *� ~ 
• / FOO° ·7% FO 7° hR =D&O° ]D7% »m. m <·=B <° D* 
• mc9( N7= &F* � * BB=%% ¢A @ •°· > / 2 t 
• s DcB½]O > / 2 7·* D%B=]X=· M]7½ ° DcB½]O X° � 7* E= 

·=EF� * 7° · t 
• <D7=·•* B= •°· ° ••cB½]O >/ 2 7·* D%B=]X=· t 
• / 7·=* [ ]DE \ * ·* �� =� \ ° ·7 »/ \ \ ~ •°· > / 2 %7·=* [ ]DE 

7·* D%•=·% »daTddcO]D &=X]B=% ° D� N~ 

Power-Managed Modes: 
• ¢ FDb } \ > ° De O=·]O½=·* � % ° D 
• <&� =b } \ > ° ••e O=·]O½=·* � % ° D 
• / � ==Ob } \ > ° ••e O=·]O½=·* � % ° •• t 
• <&� = [ ° &= BF··=D7% &° MD 7° Sty A 7NO]B* � 
• / � ==O [ ° &= BF··=D7% &° MD 7° atm A 7NO]B* � 
• 5][ =·m °%B]� � * 7° ·b mtm A 7NO]B* � e hR ¼, 8e RU 
• ) * 7B½&° E 5][ =·b Rtm µA 7NO]B* � 
• 5M° c/ O==& s %B]�� * 7° · / 7*·7cFO 

Flexible Oscillator Structure: 
• k° F· } ·N%7* � [ ° &=% ]DB� F&]DE , ]E½ \ ·=B]%]° D \ CC 

•°·> / 2 
• 5M° : Q7=·D* � } � ° B¼ [ ° &=%e FO 7° dy @, 8 
• <D7=·D* � ° %B]�� * 7° · ( � ° B¼b 
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c >%=·c7FD* ( � = 7° B° [ O=D%* 7= •°· •·=­ F=DBN D 
• / =B° D&* ·N ° %B]�� * 7° · F%]DE 5][ =·m I hR ¼, 8 & 
• f F* � ° %B]�� * 7° · ° O7]° D% * �� ° M [ ]B·° B° D7·° �� =· * D 

>/ 2 [ ° &F� = 7° ·FD * 7 &]••=·=D7 B�° B¼ %O==&% 
• k* ]� c/ * •= } � ° B¼ @° D]7° · 

c A� � °M% •° · %* •= %½F7&° MD ]• * DN B�° B¼ %7° O% 

Peripheral Highlights: 
• , ]E½cBF··=D7 %]D¼T%° F·B= RS [ ATRS [ A 
• 5½·== =Q7=·D* � ]D7=··FO7% 
• k° F· 5][ =· [ ° &F� =% »5][ =·a 7° 5][ =·h~ 
• > O 7° R } * O7F·=T} ° [ O* ·=T\ ) @ »} } \ ~ [ ° &F� =%b 

c } * O7F·= ]% m. c( ]7e [ * Qt ·=%° � F7]° D . tRS D% »5BJTm. ~ 
c } ° [ O* ·= ]% m.c( ]7e [ * Qt ·=%° � F7]° D maa D% »5BJ ~ 
c \ ) @ ° F7OF7b \ ) @ ·=%° � F7]° D ]% m 7° mac( ]7 

• : D½* DB=& } * O7F·=T} ° [ O* ·=T\) @ »: } } \ ~ [ ° &F� =b 
c @F� 7]O� = ° F7OF7 [ ° &=% 
c / =� =B7*( � = O° � * ·]7N 
t \ ·° E·* [ [ * ( � = &=* & 7][ = 
c AF7°c/ ½F7&° MD * D& AF7° c¢ =%7*·7 

• : D½* DB=& > / A¢ 5 [ ° &F� =b 
c C<! ( F% %FOO° ·7 

• @* %7=· / NDB½·° D° F% / =·]* � \ ° ·7 »@/ / \ ~ [ ° &F� = 
%FOO° ·7]DE hcM]·= / \ <5n »* � � d [ ° &=%~ * D& <1} 5» 
@* %7=· * D& / � * X= [ ° &=% 

• mac( ]7e FO 7° mhcB½* DD=� % AD* � ° Ec7° cf ]E]7*� } ° DX=·7=· 
[ ° &F� = »ATf ~ M]7½ O·° E·* [ [ * ( � = * B­ F]%]7]° D 7][ = 

• f F* � * D* � ° E B° [ O* ·* 7°· % M]7½ ]DOF7 [ F� 7]O� =Q]DE 

/ O=B]* � @]B·° B° D7·° � � =· k=*7F·=%b 
• } B°[ O]� =· ° O7][ ]8=& * ·B½]7=B7F·= M]7½ ° O7]° D* � 

=Q7=D&=& ]D%7·FB7]° D %=7 
• maaeaaa =·* %=TM·]7= BNB� = : D½* DB=& k � * %½ 

O·° E·* [ [ =[ ° ·N 7NO]B* � s @ 
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pin Diagrams 

28-Pin PDIP, SOIC 

@} C¢U \ T¢ : h%OWee 7· 
¢A s TA! s j R 
¢A mTA! m • L h 

¢ARTA! R! ¢ : kcT} U¢ : kcc d 
¢AhTA! hTU¢: k d S 

¢Ad•·s } 9<T} ma>5T¢ } Ucc . 
¢ASTA! dT/ / T, CUf <! T} Rs >5cc ' 

U%% y 
s / } mT} C9<c - 

s / } RT} C9s T¢A.c 
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40-Pin PDIP 
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¢f aT/ \ \ a c RR 
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¢} ' T¢wTf 5T/ f s 
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c PIC 18 F2455/2550/4455/4550 
0 1/0 PORTS dat 

f O=D&]DE ° D 7½= &=X]B= %=� =B7=& * D& •=* 7F·=% 
=H* ( ]=&e 7½=·= * ·= FO 7° •]X= O° ·7% * X* ]� * ( � =t / ° [ = O]D% 
• 7½= mTa O° ·7% * ·= [ F� 7]O� =Q=& M]7½ * D * � 7=·D* 7= 
eeB° D •·° [ 7½= O=·]O½=·* � •=* 7F·=% ° D 7½= &=X]B=t <D 
E=D=·* � e M½=D * O=·]O½=·* � ]% =D* ( � =&e 7½* 7 O]D [ * N D° 7 
( = F%=& * % * E=D=·* � OF·O° %= mTa O]Dt 

: * B½ O° ·7 ½* % 7½·== ·=E]%7=·% •° · ]7% ° O=·* 7]° Dt 5½=%= 
·=E]%7=·% * ·=b 
e 5¢ </ ·=E]%7=· »&* 7* &]·=B7]° D ·=E]%7=·~ 
e \ ° ·7 ·=E]%7=· »·=* &% 7½= � =X=� % ° D 7½= O]D% ° • 7½= 

&=X]B=~ 
e CA5 ·=E]%7=· »° F7OF7 � * 7B½~ 

5½= f * 7* C* 7B½ ·=E]%7=· »CA5A~ ]% F%=•F� •°· ·=* &­ 
[ ° &]•NcM·]7= ° O=·* 7]° D% ° D 7½= X* � F= 7½* 7 7½= mTa O]D% 
* ·= &·]X]DEt 

A %][ O�] •]=& [ ° &=� ° • * E=D=·]B mTa O° ·7e M]7½° F7 7½= 
]D7=·•* B=% 7° ° 7½=· O=·]O½=·* � %e ]% %½° MD ]D k]EF·= macmt 

k<u >¢ : macmb GENERIC 1/0 PORT 
OPERATION 

¢ f CA5 

f * 7* 

2F% . x f 
) ¢ CA5 

°· \°·7 x Oc} 9v 
f * 7* C*7B½ 

¢ f 5¢ </ 

W~ »4 Z g 

)¢5¢</ x OB v 
5¢ </ C*7B½ <DOF7 

2F••=· 

¢ f \ ° ·7 

EN 

Note 1: mTa O]D% ½* X= &]° &= O·° 7=B7]° D 7° U° f * D& U%%t 

matm \ s ¢ 5A TRISA * D& CA5A ¢ =E]%7=·% 
n 

\ s ¢ 5A ]% * D yc( ]7 M]&= ( ]&]·=B7]° D* � O° ·7t 5½= B° ··=­ 
ttqe 5¢ </ At / =77]DE * / O° D&]DE &* 7* &]·=B7]° D ·=E]%7=· ]% ·· e 

5¢ </ A ( ]7 »_ m~ M]� � [ * ¼= 7½= B° ··=%O° D&]DE \ s ¢' \ 1 
a . . . 7OF7 &·]X=· ]D * < ]DOF7 »]t=te OF7 7½= B° ··=%O° D&]DE a>, e Tc E~ M]� � 
½]E½c][ O=&* DB= [ ° &=~t } � =* ·]DE * 5¢ </ A ( ]7ceeeN 
[ * ¼= 7½= B° ··=%O° D&]DE \ s ¢ 5A O]D * D ° F7OF7 (1.~-/ 
7½= B° D7=D7% ° • 7½= ° F7OF7 � * 7B½ ° D 7½= %=� =B7=& O]DNt 

¢ =* &]DE 7½= \ s ¢ 5A t 
O]D%+ M·]7]DE 7° ]7eeen® - z/ 7=· ·=* &% 7½= %7*7F% °• 7½= 

M]< M·]7= 7° 7½= O° ·7 � * 7B½e 

eeeE =·= o *% « = 
]%7 h&c[ °&]•NcM·]7= °O=·*7]° D% ° D 7½= CA5A 

·=E]%7=· ·=* & * D& M·]7= 7½ < 
\ s ¢ 5At I = = �* 7B½=& ° F7OF7 X* � F= •°· 

5½= ¢Ad O] · < · 
1 • D </ [ F�7]O� =Q=& M]7½ 7½= 5][ =·a [ ° &F� = 
Ta} ½ ]DOF7 7° ( =B°[ = 7½= ¢AdT5s } 9< O]Dt 5½= ¢A. O] 
% [ F� 7]O� =Q=& M]7½ 7½= [ * ]D °%B]� � * 7° · O]D+ ]7 ]% =D* ( � =& 
* % * D °%B]� � * 7° · ° · � Ts O]D ( N 7½= %=� =B7]° D ° • 7½= [ * ]D 
° %B]� � * 7° · ]· } ° D•]EF·* 7]° D ¢ =E]%7=· m , »%== 
Section 25.1 "Configuration Bits" •°· &=7*]� %~t ) ½=D 
D° 7 F%=& * % * O° ·7 O]De ¢A. * D& ]7% * %%° B]* 7=& 5¢ </ 
* D& CA5 ( ]7% * ·= ·=* & * % n°nt 
¢A d ]% * � %° [ F� 7]O� =Q=& M]7½ 7½= >/ 2 [ ° &F� =+ ]7 %=·X=% 
* % * ·=B=]X=· ]DOF7 •·° [ * D =Q7=·D* � > / 2 7·* D%B=]X=·t 
k° · &=7* ]� % ° D B° D•]EF·* 7]° D ° • 7½= > / 2 [ ° &F� =e %== 
Section m' tR q>/ 2 / 7*7F% and Control". 
/ =X=·* � \ s ¢ 5A O]D% * ·= [ F� 7]O� =Q=& M]7½ * D* � ° E ]DOF7%e 
7½= * D* � ° E U¢ : k j * D& VREF- ]DOF7% * D& 7½= B°[ O* ·* 7° · 
X° � 7* E= ·=•=·=DB= ° F7OF7t 5½= ° O=·* 7]° D ° • O]D% 
¢A hb¢ Aa * D& ¢A S * % A<f B° DX=·7=· ]DOF7% ]% %=� =B7=& 
( N B� =* ·]DET%=77]DE 7½= B° D7·° � ( ]7% ]D 7½= Af } s ! m 
·=E]%7=· »A<f } ° D7·° � ¢=E]%7=· m~t 

Note: s D * \ ° M=·c° D ¢ =%=7e ¢A S * D& ¢ Ahb¢A a 
* ·= B° D•]EF·=& * % * D* � ° E ]DOF7% * D& ·=* & 
* % ns nt ¢Ad ]% B° D•]EF·=& * % * &]E]7*� ]DOF7t 

A�� ° 7½=· \ s ¢ 5A O]D% ½* X= 55C ]DOF7 � =X=� % * D& •F�� 
} @s / ° F7OF7 &·]X=·%t 

5½= 5¢ </ A ·=E]%7=· B° D7·° � % 7½= &]·=B7]° D ° • 7½= ¢A 
O]D%e =X=D M½=D 7½=N * ·= ( =]DE F%=& * % * D* � ° E ]DOF7%t 
5½= F%=· [ F%7 =D%F·= 7½= ( ]7% ]D 7½= 5¢ </ A ·=E]%7=· * ·= 
[ * ]D7* ]D=& %=7 M½=D F%]DE 7½=[ * % * D* � ° E ]DOF7%t 

: wA@\ C: macmb INITIALIZING PORTA 
CLRF PORTA Initialize PORTA ( N 

clearing output 
data latches 

} C¢ k CA 5A Alternate method 
to clear output 
data latches 

@s UC) 0Fh } ° D•]EF·= ATf 
MOVWF Af } s ! m for digital inputs 

@s UC) a ' ½ Configure comparators 

@s U) k } @} s ! for digital input 

@s UC) s } k ½ value used to 
initialize data 
direction 

@s U) k 5¢</ A / =7 ¢A l hbaL * % inputs 
¢A l SbdL * % ° F7OF7% 

c c f / h- . hR2cO* E= mmm 
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2C: macmb \ s ¢ 5A <Ts / > @@A¢ J 

5A 
TRIS 

\ ]D kFDB7]° D Setting 1/0 1/0 Type 
Description * ° RAO 0 s > 5 f <u CA5Al s L &* 7* < 

1 IN 55 C \ s nsF7OF7+ D° 7 * ••=B7=& ( N * D* � ° E ]DOF7 
¢ 5Al s L &* 7* · 7· · · 

ANO 1 IN A! A A<f ]· n<DOF7+ &]%* ( � =& M½=D * D* � ° E ]DOF7 =D* ( � =& 
]DOF7 B½* DD=� s * D& } ° [O * ·* 7° · bt 

° D \ s ¢ + &° =% D° 7 * ••=B7 &°ee n}7c ]DOF7t f =•* F� 7 B° D•]EF·* 7]° D 

F] RA1 0 s > 5 f <u 
m * ° F7OF7t 

CA5Al mL &* 7* ° F7OF7+ D° 7 * ••=B7=& ( N * D* � ° E ]DOF7t 
1 IN 55 C \ s ¢ 5Al mL &* 7* ]DOF7+ ·=* &% n° n ° D \ s ¢t 

AN1 1 IN ANA A<f ]DOF7 B½* DD=� m * D& B t 
° D \ ° ¢ + * ° =% D° 7 *7. e qq\ ® qI 7° · BRc ]DOF7t f =•* F� 7 B° D•]EF·* 7]° D 

¢ AR s > 5 
· 7=B7 7]E]7*� ° F7OF7e 

* MR» 0 f <u 
H5Al RL &* 7* ° F7OF7+ D° 7 * ••=B7=& ( N * D* � ° E ]DOF7t f ]%* ( � =& M½=D 

U¢ : kc<} U¢ : k ¢ : k ° F7OF7 =D* ( � =&t 
1 IN 55 C \ s ¢ 5Al RL &* 7* ]DOF7t f ]%* ( � =& M½=D * D* � ° E •FDB7]° D% =D* ( � =&· 

&]%* ( � =& M½=D } U¢ : k ° F7OF7 =D* ( � =&t 
AN2 1 IN ANA A<f ]DOF7 B½* DD=� R * D& } ° [ O* ·* 7° · } Rj ]DOF7t f =•* F� 7 B° D•]EF·* 7]° D 

° D \ s ¢ + D° 7 * ••=B7=& ( N * D* � ° E ° F7OF7t 
U¢ : k ­ 1 IN ANA A<f * D& B° [ O* ·* 7° · X° � 7* E= ·=•=·=DB= � ° M ]DOF7t 
} U¢ : k X s > 5 ANA } ° [ O* ·* 7° · X° � 7* E= ·=•=·=DB= ° F7OF7t : D* ( � ]DE 7½]% •=* 7F·= &]%* ( � =% 

&]E]7*� mTat 

¢A hTA! hT ¢ Ah 0 s > 5 f <u CA5Al hL &* 7* ° F7OF7+ D° 7 * ••=B7=& ( N * D* � ° E ]DOF7t 
U¢ : k j 1 IN 55 C \ s ¢ 5Al hL &* 7* ]DOF7+ &]%* ( � =& M½=D * D* � ° E ]DOF7 =D* ( � =&t 

AN3 1 IN A! A A<f ]DOF7 B½* DD=� h * D& } ° [ O* ·* 7° · } mj ]DOF7t f =•* F�7 B° D•]EF·* 7]° D 
° D \ s ¢ t 

U¢ : k j 1 IN ANA A<f * D& B° [ O* ·* 7° · X° � 7* E= ·=•=·=DB= ½]E½ ]DOF7t 

¢A dT5a} 9 <T RA4 0 s > 5 f <u CA5Al dL &* 7* ° F7OF7+ D° 7 * ••=B7=& ( N * D* � ° E ]DOF7t 
} ms >5<¢ } U 1 <! / 5 \ s ¢ 5Al dL &* 7* ]DOF7+ &]%* ( � =& M½=D * D* � ° E ]DOF7 =D* ( � =&t 

5s } 9 r 1 <! / 5 5][ =·s B�° B¼ ]DOF7t 

} ms >5 0 s > 5 f <u } ° [ O* ·* 7° · m ° F7OF7+ 7* ¼=% O·]° ·]7N ° X=· O° ·7 &* 7* t 

¢ } U w <! 55 C : Q7=·D* � > / 2 7·* D%B=]X=· ¢ } U ]DOF7t 

¢A STA! dT/ / T ¢ AS 0 s > 5 f <u CA5Al SL &* 7* ° F7OF7+ D° 7 * ••=B7=& ( N * D* � ° E ]DOF7t 

, CUf <! T} Rs > 5 1 <! 55 C \ s ¢ 5Al SL &* 7* ]DOF7+ &]%* ( � =& M½=D * D* � ° E ]DOF7 =D* ( � =&t 

AN4 1 <! A! A A<f ]DOF7 B½* DD=� dt f =•* F� 7 B° D•]EF·* 7]° D ° D \ s ¢t 

- <! 55 C / � * X= %=� =B7 ]DOF7 •°· / / \ »@/ / \ [ ° &F� =~t ss 1 

, CUf <! 1 <! A! A , ]E½TCt° McU° � 7* E= f =7=B7 =Q7=·D* � 7·]O O° ]D7 ]DOF7t 

} Rs > 5 0 s > 5 f <u } ° [ O* ·* 7° · R ° F7OF7+ 7* ¼=% O·]° ·]7N ° X=· O° ·7 &* 7* t 
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Appendix B

Source code 



·User 
pICDEM_FS_DEMO_H 

·fndef rcoEM_FS_DEMO_H 

!define P D E s *1'************'·•·•·•···•·,.,, CL u nnnnnnnR,<**********"-"-"-"-"-"-• ±,J"system\typedefs." rs++s#+szszzzz»,,in . 0 NS,.,.,.,.,.,.,.,.,.,,. NIT I nnnnnnnnn,<n******"-"-"-"-"-"-"- FI Rnnnnnn**"-"-"-"-"-"-'"- +# F_,, s USB Demo Version / #±±s±±ss:sax±a±y
~t p~CDE MINOR_VERSION OxOO / /Demo Version 1. 00 
'aef]"°J0RVERSION 0xO1
efi , y R E S+±+±s±ease»slag4gag...

J C %%%%3x4849849839-944-4,,,4,,4,4,g, pJtt S ~ uni on DATA_PACKET . . 
ypede

{ byte[USBGEN_EP_SIZE]; //For byte access 
byted -word [USBGEN_EP _SIZE/2] ; //For Word access (USBGEN_EP_SIZE msut be even)wor - 
struct · 
{ enum //PROTOCOLO 

{

} ; 

}CMD; 
byte 1 en; 

READ_VERSION = OxOO, OUTPUT_DIGITAL_BIT = Oxll, INPUT_DIGITAL_BIT = Oxl3, 
OUTPUT . ..ANALOGE = _Oxl4, 
INPUT_ANALOGE = OxlS, 
RESET = OxFF, 

struct 
{

?'"??as yr ya],_oar.ouvoe;
byte state_output_digital,

//output_digital_bit

} ; 

struct 
{

unsigned :8; .. 7· b"t number_input; byte input_digita_'] - .
byte state_input_digital,

} ;
struct / /output_ana log 
{

//input_digital_bit 

unsigned :8; number_output; 
byte output_ana]oge.bY;;,' ,ajoge;

byte value_ou P,{analoget;
byte value_outpu - 

} ; 
struct
{ ; /i.nput_ana 7 og 

unsigned :8; . ber input; byte" input_analoge_ny"",;
byte vale]inpuan?]C][{}a1oget; 42..42-,

byte va 1 ue_ 1 n - . .,_.,.*********** n n n n n 1:;1h:t:C~Er c p R o T o T y p E s .
va;~ Userrnit(voi d); 

Processro(voi d); 
ea; +
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user 

y CL U D E S
( ! de <p18CXXX. h> 
,inclU de <portb. h> 
tine 1 u de <pwm.h>
i}", <iers .h>
1inC de <adc. h> 
1jncl1U de "system\ typedefs. h" aclU
,,-\de "system\usb\usb.h"

fit©
d "io cfg. h"

""EE ·&er\aser."{inc
t* V A R I A B L E S 
'raga udata
kjte counter ;

oATA...PACKET dataPacket; 

/** p R I V A T E P R O T O T Y P E S 

*************************~******************************/ 

void Bl i nkUSBStatus (void) ; 
void servi ceRequests (void) ; 

/** o E C L A R A T I O N S *************************************************·k/
#pragma code
void userini t (vo, d) 
{ 

iniLprots(); //initalization for prots as input and outpt 
dac(); II initalization fat timer ,PWM,openADC 

}//end userini t 

void Processro(voi d) 
{ 

#if defined(USE_BLINK_USB_STATUS) 
BlinkUSBStatus(); 

#endi f 

/l user App 7 i cation USB tasks ) I I (UCON bi ts susPND==l)) return; 
lf((usb_devi ce_state < CONFIGURED_STATE . 

Servi ceRequests () ; 

}//end Processro 
vo; d s . { erv, ceRequests (void) 

~Ord R; • f(dataPacket))) 
{f(USBGenRead((byte*)&dataPacket,57zeo 

counter = o ·
switch(dataPacket.CMD) 
{

case READ_VERSION:
MINOR_VERSION ;

dataPacket.pyt©{&{ iiovEiisroN;
dataPacket._byte 
counter=0x04;

break· ' t digital!=0)
case OUTPUT_DIGITAL}}7,,taPacket.state_output-
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user 
. · dataPacket.state ou . 

(dataracket. output_d, 91 tal_bi t nu b - tput_d, gi tal==l · 
at'' { 'mberoutput) "

case O: 
. LATDO=dataPacket.state output d .. bits. ' --'lg1tal:

~ . break·' 
'case 1:

·ts LATDl=dataPacket. state_output digit 1rv' 6, ®;reak; 
case 2: 

robitS. LATD2=dataPacket. state_output_di gi ta 1 ; 
lA break· I 

case 3: 

mbits.LATD3=dataPacket.state_output_digita 7 ; 
LA break; 

case 4: 

LATDbits. LATD4=dataPacket. state_output_di gi tal; 
· break; 

case 5: 

LATDbits. LATD5=dataPacket. state_output_di gi ta l ; 
. break; 

case 6: 

LATDbits. LATD6=dataPacket. state_output_di gi tal; 
break; 
case 7: 

LATDbits. LATD7=dataPacket. state_output_di gi ta l; 
break; 

}
counter= OxOl; 
break;

break; 

case INPUT_DIGITAL.]];-chdataPacket.input_digital_bit_numberinput)
{ · case 0: 

®taacket.stateinput_digital=PoRrbits;""j.,
case 1:

dat · RBl · @Packet.state_i nput_di gi ta ]=PORTBbi tS break; 
case 2: 

dataPa k . TB bi ts.RB2;Cket.state_input_digital=POR break;
case 3:

taac, ·rBbits.RB3;Cket.state_input_digital=POR' break;
case 4: 

®ta,, Bbits,RB+;
cket.state_input_digital=PORT break,. 

case 5.

page 2 



ket. state_ i nput_di gi ta l ==PORTBbi tuser 
aPa- -S,RBS:breake

I 
case 6· 

ket,state_input_digital==PORTBbit . aP@ S.RB6;
u break· 

I 
case 7: 

cket.state_input_digital==PORTBbits RB?· tad b,
} reak; 

counter=Ox03; 
break; 

case OUTPUT....ANALOGE: 
w=(dataPacket.value output a 1 - - na age H) •

R=R<<8· ' n

R=RldataPacket.value_output_analoge_L; 

if(dataPacket. output_ana loge_bytenumber_output==0)
SetDCPWMl(R); 

else 
}

break; 

case INPUT....ANALOGE: 

{
break; 
}
counter=OxOl; 

switch(dataPacket.input_analoge_number_input) 
{ .

case 0: 
SetchanADC(ADC_CHO); 
break; 
case 1:
setchanADC(ADC_CHl); 
break; 
case 2: 
setchanADC(ADC_CH2); 
break; 
case 3: 
setchanADC(ADC_CH3); 
break; 
case 4: 
setchanADC(ADC_CH4) ;
break; 
case 5: 
setchanADC(ADC_CHS); 
break; 
case 6: setchanADCADC_CH6) ;
break; 
case_7: [7):
setchanADC(ADC_CH , 
break; 

} // start conversion . conyertADCQ5 45: // wait for completion 

ilf"""#Q'iaaa res"},,cegasaoo3 ;w-®;';iee.valueinu-""#,ii-iioxbo+;
data ket value_,npu - data®a-,4:counter=0X' ·

break; 

case RESET: Page 3 



Reset(); 
break; 

user 

default: 
break;

}//end switch 0
{'f(counter != O)
{ if(! mUSBGenTxIsBusy))

USBGenWrite((byte)&dataP: :}//end if -@Packet,counter);
jy/end if

d servi ceRequests }//en 

,44##±''#'#33±3333333# 3# 3¢ 3¢ 38 3- 38#33-gs,

;} g\inkusBStatus(void) """""F#±##+:z
yol

{ static word led_count=O;

if(led_count == 0) l ed_count = lOOOQu; 
led_count--; 

#define mLED_Both_off() 
#define mLED_Both_on () 
#define mLED_Only1onO
define mLED_onl y_2_on () 

if(UCoNbits. SUSPND == 1)
{

if(led_count==O) 
{

}
else 
{

mLED1Togg 7 e () ;
mLED_2 = mLED_l; 

}//end if 

{mLED_l_off();mLED_2_off();} 
{mLED_l_On();mLED_2_0n();} 
{mLED_LOn();mLED_2_off();} 
{mLED_l_Off();mLED_2_Qn();} 

// Both blink at the same time 

if(usb_device_state 
{

mLED_Both_off (); 
}
else if(usb_device_state == ATTACHED_STATE)
{ . . 

mLED_Both_On O ;

__ DETACHED_STATE) 

}
else if(usb device_state == 
{ - 

mLED_Only_l_On(); 
}
else if(usb device state== { - - 

mLED_Only_2_0n(); 
}
©lse if(usb_device_state

if(led count== 0) 
{ - 

mLED_l_Toggl eO; 
mLED_2_off O; 

}//end if }
$/Se if(usb_device_state

if(led count==O) { - . 

POWERED.:...STATE) 

DEFAULT_STATE)

=ADDRESS_STATE)

_. CONFIGURED_STATE)
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mLED_LToggle O ; 
mLED_2 = !mLED l· //end if - '

end if( .. - ) 
i f ( UCON bi ts.. 5U5-PN8' ... )

use.r

// Alernat± iin
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