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Abstract

The project will be interested with designing a robotic car that will be
controlled by human voice. The car will recognize five Arabic words ( ¢l (Oray calal
«ad «ali) according to the frequency content of the detected word, we will build the
car using various electrical and mechanical domains such as digital signal

processing, analog circuit design, and interfacing the car with the controller.

The system as known consists of three main parts: input, processing, and
output. The project will start with microphone as input of the system that will be
converted to digital signals (through ADC). The processing part includes filtering the
digital signal, generating fingerprints, comparing generated fingerprints with
fingerprint templates, and generating control signals according to comparison results.

Finally applying these control signals to the car motors as output.
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Glossary

ADC, A/D: Analog to Digital Converter.

DAC: Digital to Analog Converter.

PIC: Peripheral Interface Controller.

Fingerprint: the final state of the input spoken words after digitizing and filtering
them.

WDT: Watchdog Timer

CPU: Central Processing Unit

RAM: Random Access Memory |

EEPROM/EPROM/PROM/ROM: Electrical Erasable Programmable Read Only
Memory

PC: Personal Computer

DC: Direct Current

PWM: Pulse Width Modulator

OpAmp: Operational Amplifier

MCLR: Master Clear. (a pin that exist on PIC18F4550)
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1.1 Overview

As we start the 21 century, we are living in the age of modern technology.
While all over the world life is mastered by computer and technology, Robots are

expected to do every task.

This project is an outlook to the future and we hope it will be a simple

participation in the field of voice recognition.

Voice recognition has reached a level of accuracy and ease of use that it is now
used and accepted by the general public. It is a valuable and essential tool for people,
especially people with physical disabilities who cannot type as well as for those with
learning disabilities. Using speech, it is now possible to dictate commands to control
the Windows desktop and applications search the web, send emails. We maintain a
client base of individuals, workers in government and private companies who are

able to work with the assistance of their voice recognition systems.

1.2 General Idea

The design of the project focuses on building a small-vocabulary (5 Arabic

words) voice command recognition system to be used in directing the movements of

a small “robotic car” in real time. This project task is to build a robust and accurate




system that is intelligent enough to recognize spoken arabic word commands and

operate with reasonable speed. The commands we will use are as follows:

o Ll (Forward)

o «als (Backward)

o i (Stop)
o _Lluw(Left)
o e (Right)

The project consists of two main parts: the software component which will be
built to carry out the actual speech recognition and the hardware component (Robotic

car) which is designed to carry out the spoken commands.

The system will use a microphone attached to a personal computer to obtain
voice samples for template creation and training. The system will process the training

input using algorithms written in MATLAB 7.

The proposed system needs a microphone, toy car, filtering circuit,
microcontroller that contains analog to digital circuit. The first step in the system is
for the user to speak a word into a microphone. The electrical signal from the
microphone is digitized by an "analog-to-digital (A/D) converter", and is stored in
memory. To determine the "meaning" of this voice input, the computer attempts to

match the input with a digitized voice sample, or template that is stored in the

EPROM. The program deals with the input template, and attempts to match this




template with the actual template, then transfers the accepted command into toy car

to be carried out.

The difficulty of this project is in using voice as an input to a computer
simulation lies in the fundamental differences between human speech and more
traditional forms of computer input; While computer programs are commonly
designed to produce a precise and well-defined response upon receiving the proper
input, the human voice and spoken words are anything but precise. Each human
voice is different, and identical words can have different meanings if spoken with

different inflections or in different contexts.

1.3 Project Objectives

This project accomplishes the following:

e Build a system that controls the movement of robotic car and accepts a

voice signal as control command in four directions probably.

e The ability of the voice recognition system to operate without physical
prompting (control should be achieved through voice alone, without
requiring the user to press keys or to issue a record command by pressing
some button. (i.e. .system, once started, must be completely hands-free).

e The ability to interpret and receive commands (discrete words) by voice

recognition systems.




e Speaker dependent system.

e The ability to carry out those commands quickly and physically (this relies
on the microcontroller’s ability to receive and interpret the commands

within the real time).

e The ability of the speech recognition system to gear towards the control of a

car.

1.4 Literature Review

There were several people who were interested in studying voice recognition

and building projects in this field . These projects are:

ROBOKART, by Adrian Aberdo, Jon Liao: This project was focused on building
a small-vocabulary (24-word) voice command recognition system to be used in
directing the movements of a small “robokart” in real time. It was built using a
Motorola 68HC11 microcontroller which was embedded on the CME119-EVBU

evaluation board. [1]

Cell Phone-Based Controller for a Toy Car , by Ahmad Hasasneh,Bashar
Jaradat, Sahar Quasmeh: This project was designed with a main control circuit to

navigate a toy car as an application by human voice for controlling the car remotely,

monitoring and sensing data using voice command, this was done through two cell




phones .One of them is any valid cell phone with a client, the other one was built

inside the toy car and connected to the control circuit that contains the whole chips
that the system needs. The heart of the system is the 8051 microcontroller. And the
program code which is designed to control the toy car was written in assembly

language. [2]

Voice Recognition Security System, Xiaowen Lu and Shihjia Lee: The function
of this speech recognition security system is to have a system that will only unlock

upon recognizing a voice password spoken by the administrator or password holder.

The key point of this project is how to design filters and how to implement
them. There were two major difficulties needed to be solved: the first difficulty was
to reduce the running time of each filter in order to get all the fingerprints before next
new sample comes, so they had to use the fixed-point algorithm. The second one was
to set the reasonable cutoff rate for each filter and to set the number of stages of the

filters. [3]

1.5 Team Work

The supervisor of our project is Eng. Khalid Daghameen. The team work
consists of Rami Mohsen and Abeer Abu Ghaith.




1.6 Time Planning

In this section the time schedule must be determined in specific way and

includes the related tasks of study and system analysis.

The time planning consists of two time estimation schedules; the first one

demonstrates what is done in the first semester and the second demonstrates the

expected scheduling time of the second semester.
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1.6 Project Schedule

The project was divided into the following stages:

Research speech recognition technologies and methodologies.

Acquire parts needed to build initial voice training set such that PC

microphone.

Compile the training set via MATLAB and incorporate the sounds into a

library which will be used as the starting point for template creation.

Acquire the toolboxes needed to perform signal processing and real-time

acquisition (Signal Processing Toolbox and Data Acquisition Toolbox).

Extract features from the sound library and use them to build the reference

template on which recognition will be based.

Create the actual software engine which will work in real-time, process new
inputs, compare them to the templates, and output commands through the

motors of the car.

Test the speech recognition engine.

Test the microphone-to- microcontroller interface.

Test the microcontroller-to-car motors interface.

Integrate the speech recognition engine with the microcontroller.

Test the final product.




1.8 Estimated Development Cost

The following table shows the main and necessary components that are needed

for the system. The prices are in US dollars.

Table 1.1 Estimated Development Cost

IC UNITS TOTAL
Microcontroller Chip 2 43%
Toy car 1 20%
Microphone 1 10$
Resisters 100 10%
LM324 2 5%
MATLAB student edition 1 10$
Wires and Cables - 308
Crystal 1 2%
Capacitors 10 3$
Transistors 12 5%
Invertors Chip A 5%
Connectors DB25 1 2%
H-bridge(MAX4427) 4 108
Printing - 100$
Computer Rents - 508
Internet - 708
TOTAL 380%
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1.9 Project Benefits

There are several benefits for the project as follow:

e This project will be very useful for people who can't use legs and hands.

e The speech recognition system is geared up towards the control of an

mstrument.

e Providing a fairly natural and intuitive way of controlling the simulation

while allowing the user's hands to remain free.

1.10 Project Risk Management

1.10.1 Hardware Risk

The most important hardware part in our project is the microcontroller. The

predicted risks are:

e Device failure: the microcontroller may crash because of high voltage supply

or other problems.

e The device operates differently than intended.

e Car doesn't react correctly due to a specific response due to many causes.
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e Improper readings of analog signal.
e Addition of noise from the outer environment.

e The car may become overloaded by the weight of system components.

1.10.2 Software Risk

There are two important software components to be used in our system. These
are C language of the PIC and MATLAB software for template generation and

training code. There may be some risks with the software such as:

e Difficulty of handling the noise cause of unknown reasons

e Problems that will appear during the analysis of the voice in MATLAB; to

determine the main frequencies spectrums for all spoken words.

e Disability of the car to match the nearest word to the spoken word; because of the

sickness of the person...

e Appearance of viruses in the program, which may lead to improper execution.
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1.10.3 Team Risk

e Absence of one or more of group members due to some reasons such as

occupations or illness.

1.10.4 Requirement Risks

o Several requirements may be affected by other requirements due to the high cost

of some components.

e Team fails to understand impact of requirements changes.

1.10.5 Project Risks

e Some requirements need changes may arise lately.
e Schedule not accurate.

e Budget not sufficient.

e Supervisor change.

e Latency of devices arrival.
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1.11 Report Contents

The documentation of this project is divided into seven chapters; each

chapter focused on the parts of the system as the following

Chapter one describes the general idea about the project and its
important , the general review of the system, project objective, project risk
management (hardware and software), system cost, scheduling time and report

scheduling.

The second chapter shows the theoretical subjects related to the main
ideas of the project, (hypothesis, hardware, and software) related to the
project, project integrity and theoretical background about project

components.

Chapter three demonstrates detailed project objectives, system design
options and justifies those that are chosen in the project, design realization
approach, project interaction with the surrounding environment and general

block diagram that shows how the system works.

Chapter four shows detailed description about the different project phases also

is included subsystem detailed design and overall system design.
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Chapter five handles the software related to our system, depicts flow charts
about system operation and illustrates different algorithms and techniques that will

be considered in writing the software.

Chapter six will manifest the implementation procedures to be acted so as to
integrate the project. Then, a sequence of procedural testing will be listed. The

testing comprises both software and hardware testing.

Chapter seven will list the problems that faced us in accomplishing the system
and how they were solved. Notes and Conclusions that will help readers are also

included. A future work is also proposed.
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Chapter Two

Theoretical Background

2.1 Introduction.
2.2 Theoretical Background of the Project.
2.3 Hypothesis, Hardware, and Software related to the Project.
2.3.1 Voice Capture Unit.
2.3.2 Voice Recognizer Unit.
2.3.3 Navigation Unit.
2.3.4 Programmer Unit.
2.4 Project Integrity.

2.5 Project Components.
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2.1 Introduction

This chapter discusses the main theoretical subjects which are needed to explain
the main ideas of this system. And will illustrate the hypothesis, hardware and
software related to the project. Also will argue the project integrity and demonstrate

the theoretical background of the project components.

2.2 Theoretical Background of the Project

There are some theories and truths that the project depends on while performing

it, some of these are:

e A person's vocal cords

A person's vocal cords cause air to vibrate and generate sound waves. These
waves travel through the air to the ear where the brain interprets the sounds. Words
consist of speech sounds, which are known as phonemes. They have characteristics

which allow humans to identify them. [4]
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Figure 2.1: Human Ear

e Frequency Range

The frequency range of sounds perceived by humans is nearly between 30 Hz
(hertz, cycles per second) and 20,000 Hz. Above 20 KHz we hear nothing. Human
hearing is not equally sensitive to all frequencies. At very high frequencies, a sound
must be louder to be perceived. The same is true at very low frequencies. The optimal
frequency is about 1000 Hz. A sound at 1000 Hz is more easily heard than another

sound with the same amount of energy at any other frequency. [5]

e Frequency Response:

The best microphones have a uniform frequency response, meaning that they
“hear” sounds equally well from a broad range of frequencies. For voice recognition,
the microphone should have a good frequency response throughout the normal human

hearing range.[5]
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e Sampling Process:

Sampling is the process of converting a signal (for example, a function of

continuous time) into a numeric sequence (a function of discrete time).

The theorem (Nyquist) states that:

“Exact reconstruction of a continuous-time base band signal from its samples is

possible if the signal is band limited and the sampling frequency is greater than
twice the signal bandwidth".[6]

e Voice Recognition

Voice recognition is the technology by which sounds, words or phrases spoken
by humans are converted into electrical signals, and these signals are transformed
into coding patterns that can be identified by a computer. Based on this

identification, the computer usually takes some action.[7]

e Framing

Framing involves separating the sample data into specific sizes. This also

involves preparing the sample boundaries for analysis (removing edge clicks, etc.)
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e Feature Analysis

The method of voice recognition where words and phrases are distinguished
from each other based on differences in certain characteristics of the sounds. These

characteristics include timing, frequency content. [8]

e Fourier Transform:

Since frequency is one of the important parts of information that is necessary to
accurately recognize sound, it is necessary to have a transformation that allows one
to break a signal into its frequency components. The Fourier transform of a signal is

the representation of the frequency of that signal.

e Template Matching :

Template matching is a form of pattern recognition, where each word or phrase
in an application is stored as a separate template. The input is then compared with the
stored templates and the template that most closely match to the incoming speech
pattern is identified as the recognized word or phrase. The selected template is called
the best match for the input. The input samples are compared with each of the
training sets and the one with the best match is the one with the least Euclidean

distance. [9]

e The Euclidean Distance (deucl)
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The Euclidean distance is the straight line distance between two points and is
derived from the Gaussian distribution. The Euclidean distance in a K dimensional

space is defined as

K
duer () = \] Y (k) —y(k)’

k=1
The squared of the Euclidean distance is often referred as the Mean squared
Error criterion. [10]

e Accuracy

The ability of a recognizer can be examined by measuring its accuracy — or how
well it recognizes utterances. This includes not only correctly identifying an utterance
but also identifying if the spoken utterance is not in its vocabulary. Good speech
recognition systems have an accuracy of 98% or more! The acceptable accuracy of a

system really depends on the application.[11]
e Factors Affecting Voice Recognition

There are many factors that affect voice recognition process such as:

21




1. Isolated Words

The system that operates single words at a time requires a pause

between saying each word.

2. Vocabulary Size

A vocabulary is the collection of words that the pattern-matching
algorithm "knows" and compares the input against. Larger vocabularies are more

likely to contain ambiguous words than small vocabularies.

3. Environment

The setting can have an effect on the recognition accuracy. Background noise
and changes in the microphone characteristics and loudness can all influence the

recognition process. The following points can influence the recognition process:

e Misspoken or misread prompted phrases.
e Extreme emotional states (e.g., stress or duress).
e Time varying (intra- or intersession) microphone placement.

e Poor or inconsistent room acoustics (e.g., multipath and noise).
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e Channel mismatch (e.g., using different microphones for enrollment

and verification).
e Sickness (e.g., head colds can alter the vocal tract).

e Aging (the vocal tract can drift away from models with age).

4. A Speaker Dependent

A speaker-dependent is a system that requires samples of speech from
individual speakers. It requires users to participate in training sessions that "teach" the
computer to recognize the user's voice. The computer then makes a voice profile that

matches the require training.

The different systems are classified according to the methodologies used to
attain these goals. There are speaker dependant systems with discrete or continuous
speech recognition and speaker independent systems with discrete or continuous
speech recognition as shown in figure 2.2. In this system we will use speaker

dependent and discrete word system. [4]
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Speaker Dependent

Figure 2.2 Methodologies of Speech System

2.3 Hypothesis, Hardware and Software related to the Project

The system aims to control a toy car by human voice recognition using

microphone according to this idea the system has these main units:

Voice Capture Unit.

Voice Recognizer Unit.

Navigation Unit.

Programmer Unit.
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2.3.1 Voice Capture Unit

In the voice capture unit, microphone substitutes for the ear drum.
Microphones just convert a real sound wave into an electrical audio signal. In
order to do so, they have a small, light material in them called the diaphragm.
When the sound vibrations through the air reach the diaphragm, they cause the
diaphragm to vibrate. This in turns will somehow cause an electrical current in
the microphone to vary, whereupon it is sent out to a mixer, preamplifier or

amplifier for use.

Figure 2.3 Microphone

Microphones are typically classified according to how the diaphragms produce

sound.

The first step for the user is to speak a word into a microphone, the microphone

include three stages as follow:
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e Low Pass Filter.
e Amplifier.

e High Pass Filter.

2.3.2 Voice Recognizer Unit

Voice recognizer unit performs three primary tasks as shown in Figure. 2.4.

Preprocessing: converts the spoken input into a form that the recognizer can
process (digital form). The system will use the analog to digital converter that

exits inside the microcontroller.

Recognition: identifies what has been said by comparing the input with the
built-in reference models. To accomplish these tasks the system needs to
perform feature extraction process that extracts the main information from the
signal by using Fourier transform. Fourier transform is used to determine the
frequency components of a particular signal. This procedure shows what high,
medium, and low sounds, and what volume of each, are combined to make a

complex sound like the human voice, and PIC to store the template in.

The recognition process includes using of much software that is necessary

to accomplish this process:
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o MATLAB software: MATLAB is used in this project as voice
analyzer program that will provide the project with the needed

template to be compared with input voice template.

o C program: The C program is used as voice recognizer program that
will do the matching algorithms and take the result of matching to

perform appropriate action to the car.

o MPLAB software: MPLAB is software that will debug the program,
insert appropriate files to the program, find errors and fixed them and
generate .HEX file that will be entered to microcontroller.

o WinPic800 software: It is the PIC18F4550 Programmer that will take
the .HEX file, read it and program the controller to be ready for

independent use.

e Communication: The task of the communication unit is to send the
recognized input from the PIC to the toy car to carry out the commands
through H-bridge.
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Figure 2.4: The Structure of Speech Recognition System

2.3.3 Navigation Unit

This unit includes the toy car that has the ability of moving in four directions

and H-Bridge circuit that interface between the PIC and toy car.

e The H-bridge & DC Motors

An H-bridge is an electronic circuit which enables DC electric motors to be run
forwards or backwards. These circuits are often used in robotics. H-bridges are

available as integrated circuits, or can be built from separate components.
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The H-Bridge is principally a configuration of 4 transistors that are arranged in
a specific manner to control the direction of the current through the motor. While we
are talking about DC motors, there is important note that : " Current flowing though a
motor is proportional to the output torque, while the angular velocity (rpm) of the

output shaft is proportional to the voltage across the motor windings".

2.3.4 Programmer Unit

The programmer unit is a step which includes building of the programmer

circuit for PIC18F4550 that can be transfer the assembly code to the controller

2.4 Project Integrity

This project can be applied in many positive sides, for instance, it can help
people with special needs to drive the cars and finish their works without any help

from others. So the project will make there life easier and more comfortable.

This project can provide the users with a large system of security, such as

preventing children from driving the car without their parents' knowledge.
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2.5 Project Components

2.5.1 Microphone

Microphone is transducer used to convert sound in the environment to an
analog signal. The microphone leads have polarity, meaning it mattered which side
was connected to ground and which was connected to Vcc, as shown in figure 2.5.
According to the microphone specification sheet, the standard operating voltage is 2

V. A voltage divider was used to take 2 V from the 5V source on the breadboard.

.' Aoy Term 1 / —i-\
@ B

- \_/ Term2 T Termi

Figure 2.5 Polarities of Microphone Leads

The first step in the system is to speak to a microphone. The microphone

consists of three main steps

e Low Pass Filter: A filter that passes low frequencies and attenuates high

frequencies.
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Figure 2.6 Low pass filter ( H(¢'") is the signal power)

o Amplifier: The signal that comes from the high pass filter will be
amplified by using an operational amplifier (op-amp).

e High pass filter: A filter that passes high frequencies and attenuates low

frequencies.

()

- 0 T

Figure 2.7: High Pass Filter ( H(") is the signal power)

Microphone Features and Specifications

A quality of microphone is a key of point when utilizing speech recognition. So

the most microphone features are:
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= Noise cancellation microphone.

= Microphone filters out background noise.

Its specifications:

Sensitivity: -67dB/uBar, -47dBV/pascal . 4B.

= Mic power source voltage: 1.5 V DC.

Impedance: 2000 Ohms.

Frequency response: 100-16,000 Hz.

2.5.2 Microcontroller (PIC 18F4550)

Microcontroller that represents the main brain that interface integrated

circuits in the system.

The system needs a special microcontroller that should have the capability of
storage, quick response and internal analog to digital converter with maximum
number of channels and bits number. As a result of researches, the team has found

the PIC18F4550 microcontroller chip that has all needed parts of a controller.
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The PIC18F4550 microcontroller chip provides an easy-to-use and low-cost
method to control several processes of the toy car. The built-in ports on the chip

are an integrity system to execute tasks.

The microcontroller includes:

e CPU (central processing unit).

e RAM (Random Access Memory).

e EPROM/PROM/ROM (Erasable Programmable Read Only Memory).
e I/O (input/output).

e DAC\ ADC ports.

e Interrupt controller.

Figure 2.8: PIC 18F4550 Microcontroller

The microcontroller has an included package of features. These main

features are:
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e DC - 48 MHz Operating Frequency.

e 32768 (Bytes) Program Memory.

e 16384 (Instructions) Program Memory.

e 2048 (Bytes) Data Memory.

e 256 (Bytes) Data EEPROM Memory.

e 20 Interrupt Sources.

e A, B, C,D,EI/OPorts.

e 4 Timers.

e 1Capture/Compare/PWM Modules, 1 Enhanced Capture/Compare/PWM
Modules.

e 13 Input Channels 10-Bit Analog-to-Digital Module.

e 75 Instructions; 83 with Extended Instruction Set enabled.

Special PIC18F4550 Microcontroller Features

e C Compiler Optimized Architecture with optional Extended Instruction Set.
e 100,000 Erase/Write Cycle Enhanced Flash Program Memory typical.

e 1,000,000 Erase/Write Cycle Data EEPROM Memory typical.

e Flash/Data EEPROM Retention: > 40 years.

e Self-Programmable under Software Control.

e Priority Levels for Interrupts.

» Programmable Code Protection.

e Wide Operating Voltage Range (2.0V to 5.5V).
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2.5.3 Analog to Digital Converter

The microcontroller PIC 18F4550 has Analog-to-Digital (A/D) converter
module that has 10 inputs for the 28-pin devices and 13 for the 40/44-pin devices.
This module allows conversion of an analog input signal to a corresponding 10-bit

digital number.

The analog reference voltage is software selectable to either the device’s
positive and negative supply voltage (VDD and VSS) or the voltage level on the
RA3/AN3/VREF+ and RA2/AN2/VREF-/CVREF pins.

10-bit digital number can be read as integer number (N). N is converted to its

corresponding voltage value using the following equation

N= Vin
(Vref+ - Vref-)

precision :

Vref+ - Vref-
if N=1 dVin =

1024
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Figure 2.9: Analog-to-Digital (A/D) converter module

2.5.4 PIC18F4550 Programmer

Most of the programming devices (called programmers in PIC jargon) as well as
the programming environments, only work in Windows, leaving Mac users out-
played by Windows colleagues. Even though there exist several compiler options
(gputils, CCS) and at least one IDE (PICC lite) for Mac OS X. The availability of
programmers (device programmers) that are out-of-the-box compatible with Mac OS
X is inexistent. Needless to say that overall solutions that include the IDE for a high
level language (C, Pascal or Basic) with the programmer are also absent in Mac OS
X.

The PIC programmer in this project will program PIC Microcontroller devices
via PC parallel port in windows environment which supports different software such
as EPICWin, WinPic800, and P18 etc. There are two indicator LEDs on figure 2.10.

One for power supply and another for programming progress.
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Figure 2.10: The PIC18F4550 Programmer.

2.5.5 H-bridge

A very popular circuit for driving DC motors is called an H-bridge. It's called
that because it looks like the capital letter 'H' on classic schematics as shown in figure
2.11. The great ability of an H-bridge circuit is that the motor can be driven forward

or backward at any speed, optionally using a completely independent power source.
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Figure 2.11 H-bridge Circuit

2.5.6 Car

There are several types of toy cars that can be used in many applications. This
system needs only one type of toy cars that have the most popular features that the

system needs.

Figure 2.12: Toy Car Form.

e Car Features

1) 1:10 scale super —speed RC car
2) Full function: left, right, forward, backward, stop
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3) Charger and battery: 9V rechargeable Ni-Cd battery.
4) Frequency 27MHZ, 49MHZ or 35MHZ

5) 2 step speed lever can select "high" or "low" speeds.

e Car Motors

The toy car has the ability of moving in four directions. It consists of two main
DC motors of maximum 9V.These motors are used to obtain the required voltage of
each execution command. The first motor is used to control both Forward and
Backward directions, while the second is used to navigate both Right and Left

direction.

The right-angle and left-angle are fixed from the manufactured company and

they equal 45. So every command to the right-left, motor will rotate the car 45 degree.

e Toy Car Size and Weight

The toy car has a medium size that consists of the motors, battery and the whole
body. This indicates that the size is suitable to be an experimental surface for team

application.
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The car is nearly 1.2 Kg weight. It is tested to load up to 1.5 Kg, while keeping
the speed as it is. These data is comfort to build our own circuits that may not
weighted more than the maximum weight.

The dimensions of the toy car relative with its size. The tall of the car is 30 cm

while the width is 20 cm.

e Toy Car Battery

The toy car needs 9V DC batteries that must be connected to operate the car

motors and the microcontroller.
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Chapter Three

Design Concepts

3.1 Introduction.

3.2 Project Objectives.

3.3 Design Options.

3.4 Design Realization Approach.
3.5 General Block Diagram.

3.6 How Does System Works?

3.7 Project Interaction with Environment.
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3.1 Introduction

In this project there is a need to select a suitable car with acceptable size to
control its navigation. The team has to setup the required microphone and other
components that has the best specifications as mentioned in chapter 2, we wanted to
develop a voice recognition system that was flexible, but not necessarily speaker-
independent (for speaker-independence is a very hard thing to achieve). Since the
voice recognition system is geared towards the control of an instrument, we placed
particular importance on accuracy and robustness, envisioning that this system could
be one day incorporated into the hands-free control of certain devices and

instruments (microwave oven, car dash board, non-critical airplane flight controls).

On a personal level, we wanted a system that relied on our own ingenuity and
originality. We therefore used current voice recognition approaches as a starting
point for building a knowledge base, but we tried not to copy approaches that are
already known to work. In short, we wanted to come up with a voice recognition

system that was, for the most part.

3.2 Project Objectives

This project has many ideas and objectives that can be summarized as following:
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Build a car in wired technology based on microphone and PIC18F4550

microcontroller.

The ability of the system to recognize 5 spoken Arabic commands (Pl
Forward in English, <+\s Backward in English, o< Right in English, st Left
in English), and take the appropriate action according to the spoken word.

Recognition catch rate (RCR) of at least 50 percent (i.e. the spoken word
should appear in the “Recognized Word Buffer” for at least half the duration

that it was spoken).

Ability of the recognition system to operate without physical prompting
(control should be achieved through voice alone, without requiring the user to
press keys, signal an intent to speak, or to issue a record command by

pressing some button. System, once started, must be completely hands-free).

The ability to design a system that minimizes the probability of verification
errors. Thus, the underlying objective is to discriminate between the given

speaker and all others.

Ability to perform word-recognition within 1 second of when the person has

finished speaking (near real-time performance).

Ability to physically carry out those commands quickly (this relies on the
microcontroller’s ability to receive and interpret the serial commands within

1 second).

Total system lag from voice-input to car response of no more than 3 seconds
(it would be disastrous to say “—28 Stop in English,” but car responds too

slowly and plows into a wall).
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3.3 Design Options

From the strategies that were used in this project the strategy of replacing
chips and circuits with others in case of non availability or in case of damage. And

there are some of these alternate strategies that were used:

e We used microcontroller of type PIC18F4550 as a substitute of DSP

processor because of:

1. Lack of DSP processor in the local markets.
2. Non availability of programmers for DSP processor in our university.

3. Using the DSP processor needs too much time to learn , and the time
of the project is limited.

e Internal ADC of PIC18F4550 which is used to convert the analog signal that
comes from microphone to digital signal was used instead of building external

ADC for the following reasons :

1. To increase the response of the system so increasing the execution of
the commands.

2. To reduce the size of the final circuit of the system to make the car
load light.
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e Although H-bridge chip (MAX4427) increases the response and reduces the
size of the final circuit for the system, but H-bridge chip (MAX4427) doesn't
provide the car with enough current .So we built an equivalent H-bridge consists

of 4 transistors for each car motor instead of H-bridge chip (MAX4427).

3.4 Design Realization Approach

Design realization approach can be of three type's .Actual implementation,
modeling, and simulation. But our project will apply the modeling approach. A toy
car will be used as a model for a real car. Other approaches such as actual
implementation can be used in this project, but applying this project using this
approach will need more experience specially in mechanical engineering, also it will
cost more many, also applying it on the project will need more time than we have .So
using the model approach will be the more suitable and efficient choice for the
project. Besides of that, the project goal is to recognize spoken word rather than

studying the mechanical sides of the project.
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3.5 General Block Diagram

The system as whole consist of many subsystems that must explained (some
blocks will have a number written inside them. This indicates that the block is
composed of several sub-components which are not visible in that particular diagram
but which will be covered in more detail later on "How Does System work?"

section).

The general block diagram of this project shown as following:

Regulator of
H-bridge
LeftRight Left/Right |,
DC Motor H-bridge |,
Power Supply
Forward/Reverse
H-bridge o ¢
Regulator of
Microcontroller
Forward/Reverse v
DC-Motors
Microcontroller
Microphone

Figure 3.1The General Block Diagram of the System
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3.5.1 Behaviors for a the System

Behaviors of the system will go through several of steps; these steps are

shown as in figure 3.2

Control Unit
CU

Signal 3 Navigate Gear

Microphone {00 dition

Toy Car

Controller
Figure 3.2: Behavior of the System

3.6 How Does System Work?

3.6.1 Voice Input and Microphone

Initially, the acoustic sound pressure wave is transformed into a digital signal
suitable for voice processing. A microphone can be used to convert the acoustic
wave into an analog signal. This analog signal is conditioned with anti aliasing
filtering (and possibly additional filtering to compensate for any channel
impairments). The anti aliasing filter limits the bandwidth of the signal to
approximately the Nyquist rate (half the sampling rate) before sampling.
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3.6.2 Signal conditions

Any signal conditions that are associated with microphones actually consist

generally of three main parts that the following block diagram explains:

| . I
. High Pass : Low Pass
= == | Microphone _I_. Filter »  Amplifier ®  TFilter B '|' >

L TN et ihe e |

Signal Condtions Steps

Figure 3.3: Signal Conditions Block Diagram

The three stages for the microphone analog circuit are shown in more details in
figure 3.3. It will need high pass filter, an amplifier and a low pass filter. The first
stage, an RC high pass filter uses a C; capacitor and R; resistor. The cutoff frequency
is 1/(2n*R;*C;), which represent the lower limit of human spectrum (near 100 Hz).
This will also cut off the 60Hz surrounding noise. The next stage of the circuit is the
amplifier. The microphone has a built in amplifier but after checking through the
oscilloscope, the signal strength could be pretty low. The design of signal amplifier
signal to improve the peak to peak audio signal will be necessary. The op. Amps
must be in negative feed back loops and are inverting and thereby have a gain of —
R¢/Rin as show in figure 3.4.
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Figure 3.4: Op Amp Circuit to Improve the Microphone Signal.

The third stage of the circuit is an RC high pass filter uses a C, capacitor and
Rj; resistor. The cutoff frequency is 1/(2n*R3*C,), which represents the upper limit of

human spectrum (near 3000 Hz).

The system will choose the appropriate values in the three stages that help us to

enter the final and suitable signal to the next steps, see more details in chapter 4.

3.6.3 The PIC18F4550 Controller

There are two main parts in this step of the block diagram: analog to digital
converter and the other controlling unit. The reason for separate ADC from
microcontroller during explanation, refers to its importance in our project, see Figure
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Figure 3.5: The PIC18F4550 Controller block diagram

e Analog to Digital Converter

The conditioned analog signal that comes from the previous step is sampled to
form a digital signal by an analog-to digital (A/D) converter. Today’s A/D converters
for speech applications typically sample with 10 to 16 bits of resolution at 8000 to
20000 samples per second.

Over sampling is commonly used to allow a simpler analog anti aliasing filter
and to control the fidelity of the sampled signal precisely. In local speaker-
verification applications, the analog channel is simply the microphone, its cable, and

analog signal conditioning. Thus, the resulting digital signal can be very high quality.

e Control Unit

The control unit step starting indicates the software design beginning. Many of
steps and algorithms will be used in order to achieve our goal, the following block

diagram (Figure 3.6) show the software stages.
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Figure 3.6: The Control Unit block diagram (software design block diagram).

This approach consists of four steps: feature extraction, pattern matching,
making an accept/reject decision, and template. A block diagram of this procedure is
shown in Figure 3.6. Feature extraction maps each interval of speech to a
multidimensional feature space. (A speech interval typically spans 10 to 30 ms of the
speech waveform and is referred to as a frame of speech.) This sequence of feature
vectors x; is then compared to template by pattern matching. This results in a match
score z; for each vector or sequence of vectors. The match score measures the
similarity of the computed input feature vectors to models of the claimed speaker or
feature vector patterns for the claimed speaker. finally, a decision is made to either
accept or reject the claimant according to the match score or sequence of match

scores, which is a hypothesis-testing problem.

1) Feature Extraction

The speech signal can be represented by a sequence of feature vectors. The
selection of appropriate features and methods to estimate (extract or measure) them

are known as feature extraction.
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Traditionally, pattern-recognition paradigms are divided into three
components: feature extraction and selection, pattern matching, and classification.
Although this division is convenient from the perspective of designing system
components, these components are not independent. The false demarcation among
these components can lead to suboptimal designs because they all interact in real-

world systems.[5]

Since one of the project goal is to design a system that minimizes the
probability of verification errors. Thus, the underlying objective is to discriminate

between the given speaker and all others.

2) Pattern Matching and Template

The pattern-matching task involves computing a match score, which is a
measure of the similarity between the input feature vectors and some model.
Template models are constructed from the features extracted from the speech signal.
To enroll users into the system, a model of the voice, based on the extracted features,
is generated and stored (on the EEPROM). Then, to authenticate a user, the matching
algorithm compares/scores the incoming speech signal with the model of the claimed

user.

3) Decision

Having computed a match score between the input speech-feature vector and a

model of the claimed speaker’s voice, a verification decision is made whether to
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accept or reject the speaker or request another utterance. If a system rejects an
impostor, it doesn't move the car. If the system accepts a valid user, it makes a car

move according to his command.

3.6.4 Toy Car and Navigate Gear

The toy car turns start when the decision block for specific spoken word are
toggled to an accept state, this makesthe controlling unit send the word that matched

as electrical signal to the proper motors. See Figure 3.7

Left and Right
Motor
Forward and
Backward Motor

Figure 3.7: Toy Car and Navigate Gear block diagram

The main car motors probabilities are: Forward, backward, left, right, stop.

The combinations between these commands are acceptable within certain conditions.
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e DC-Motors and H-bridges

In order to establish proper motor control for the car, the use of an H-bridge

circuit is required.

The H-bridge circuit consists of a set of four transistors that are arranged in an
“H” orientation. This layout allows for current to flow bi-directionally through the
circuit thus allow controlling of the car direction additionally; logic inputs signals
can be used to determine which direction the motors are spinning. Depending on the
paired combination of logic 1’s and 0’s the motor shaft can turn left, turn right, and

brake. The H-bridges will act as interfaces between microcontroller and the motors.

Me —-————-’ Left
FD4 'b ¢ .&g‘ M- el Moter
PDS D ¢ & &
e s
PIC
M D Right
g : : \bd' M- D Motor
%’6 Ve ’ Yo B
P « i1

Figure 3.8 PIC with H-bridge and Motors
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3.7 Project Interaction with Surrounding Environment

The user interacts with system through microphone that speak to word, then

the analog signal convert into digital signal using the A\D converter that in the PIC.

Software in the PIC is performs the word recognition step, if word is matched
send appropriate action to the car. Otherwise, the system returns to get another

sample from capturing stage.
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Figure 3.9: Sequence Diagram of System
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Chapter Four

Hardware System Design

4.1 Introduction
4.2 Final Detailed Design.
4.2.1 Microphone Circuit.
4.2.2 Microcontroller (PIC18F4550).
4.2.3 H-bridge Circuit.
4.2.4 The Car.
4.2.5 The Power Circuit.
4.2.6 PIC18F4550 Programmer Circuit.
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4.1 Introduction

After explaining the theoretical background, the general block diagram of the
system, and how the system works, there is a need to view what is the design of this

system in more specific, powerful and more formal terms.

This chapter will explain in details the final detailed design, and final schematic
diagram for the system and subsystem schematic diagrams .Also besides to showing

all the control signals and the interface circuits in the system.

4.2 Final Detailed Design

The system consists of the following 5 main modules that assembled on a

single board as shown in figure 4.1:

e Microphone Circuit.

e PIC18F4550 Circuit.

e H-bridge Circuit.

e Car Motors and Power.

e PIC18F4550 Programmer Circuit
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4.2.1 Microphone Circuit

The signal conditions that related with microphone include three main steps:

4.2.1.1 High Pass Filter

When voice signal enters to this step, all frequencies that are less than the
frequency that is calculated by the following law are cut (which represent the low

limit of human spectrum nearly 400Hz).

1
2w R1C1

Where R1=400 |, C1=1uF

The capacitor shown in Figure 4.2 acts as a high pass filter to get rid of the DC
component of the signal. The capacitor that achieves that is 1 uF.
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4.2.1.2 Amplifier

When the high pass filter finished, signals becomes weakness so we need to
enlarge the signal using OP amplifier which increases the peak to peak of the audio

signal.

Amplifier circuits were used to move the microphone output to an amplitude of
approximately 5 volts. Inverting amplifier circuit included two resistors, R1 and R2,
wired in series, with a LM324 op-amp wired in parallel across R2. This circuit
provides a gain of R2/R1. We implemented amplifier with gains of 1000, where R1 =
1k, R2 = 100k, R3=1k and R4=10k.as shown in the figure 4.2.

4.2.1.3 Low Pass Filter

The final step of Microphone circuit is low passing filter .In this step; all
frequencies more than 1800Hz are cut which represent the upper limit of human

spectrum.

To prevent aliasing, a low-pass filter was implemented by grounding one of the

amplification circuits through a capacitor and a resistor as in Figure 4.2.

: Where R1=40K, C1=2.2nF
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Figure 4.2 Microphone Circuit

4.2.2 The Microcontroller (PIC18F4550)

Choosing this type of microprocessor was for the following reasons:

e 32768(bytes) Program memory. Which represent enough memory to perform
the project.

e 13 input channels 10 Bit Analog-to-Digital Module that convert analog
signal to digital signal.

e Auvailability of PIC programmer in the university.
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e Auvailability of MPLAB that used to programming PIC18F4550.

e Cheap

A Power on reset pulse is generated on chip, whenever VCC rise above a
certain threshold; this allows the device to start in the initialized state when the VCC
is adequate for operation. The MCLR pin provides a method for triggering an
external reset of the device, reset is generated by holding the pin low (pushing down

the switch) as shown in the figure 4.3.

A 20MHZ crystal is connected to the OSC1 &OSC2 pins to establish
oscillation as shown in the figure 4.3. Capacitor values required to produce
acceptable oscillator operation. Higher capacitance increases the stability of
oscillator, but also increases the start-up time. The PIC18F4550 device includes an
internal oscillator which generates two different clock signals; either can be used as
the microcontroller’s clock source. If the USB peripheral is not used, the internal
oscillator may eliminate the need for external oscillator circuits on the OSC1 and/or

OSC2 pins.
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Figure4.3 PIC18F4550 with Oscillator and Reset

The mapping between pins on the PIC18F4550 controller and the desired

modules is outlined in Table 4-1 below.

Table 4-1: Pins Configuration

SPECIFIC CONNECTION | PIC18F4520 PIN PIN CONFIGURATION
Direction of Left Motor REO Output
Direction of Right Motor REI1 Output
Amplified Voice Signal RAO Input

External Oscillator OSC1/0SC2 Input

Voltage Alimentation VDD/VSS Power
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USB Connector SD0/SDA/SCL Input
Reset Circuit MCLR

4.2.3 H-bridge Circuit

It would be comfortable if a motor could be attached directly to PIC18F4550
that controls the movement, but, the PIC18F4550 can't pass enough current or
voltage to spin a motor; also motors tend to be electrically noisy and can bring power

back into the control lines when the motor direction or speed is changed.

A very popular circuit for driving DC motors is called H-bridge. The great
ability of H-bridge circuit is that the motor can be driven forward or backward. Also

it connects the PIC18F4550 with car motors.

H-bridge can be implemented with various kinds of components (common
bipolar transistors, FET transistors, MOSFET transistors, power MOSFETSs, or even

chips).but in this system we used common power transistors.
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Figure 4.4 H-bridge Circuit

The control inputs A and B determine the flow of current in the circuit. If
Control input A is HIGH and Control input B is LOW, the path of the current will be
"Counterclockwise". But if Control input A is LOW and Control input B is HIGH

then the path of the current will be "clockwise" as shown in figure 4.4.

There are in fact only four useful states (the four quadrants) where the

transistors are turned on. As shown in below table 4.2

Table 4.2: States of Transistors

High Lower | Lower | Quadrant Description

High
Side Side Left Right
Left Right
On Off Off On Motor goes Clockwise
Off On On Off Motor goes Counter-clockwise
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On On Off Off Motor "brakes" and decelerates
Off Off On On Motor "brakes" and decelerates

The turning motor generates a voltage which tries to force the motor to turn the
opposite direction. This causes the motor to rapidly stop spinning and is called

"braking" on a lot of H-bridge designs.

POWER

- .

from 2
microcontroller _§'1.J“_.’ Powei electionics

Figure 4.5 Block Diagram of H-bridge Circuit

The motor speed depends on the average voltage. The power electronic block
_contains an H-bridge designed for motion control applications. The signal sign
controls the direction of the rotation as shown in figure 4.5.

Figure 4.6 shows the schematic diagram that demonstrates how the H-bridge

relates to the PIC and car motors.
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Figure 4.6 PIC18F4550 with the H-bridge

4.2.4 The Car

The system that is used in this car contains two motors, the first motor controls
the movement of the car forward or backward and the second motor used to control

the movement left or right as shown in figure 4.7.
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Figure 4.7 Car Motors

4.2.5 The Power Circuit

While analyzing the car composition we notice that the total voltage (9volt) is
divided into two parts, 4.5volt for motor of movement (forward and backward), and
5.5 volt for steering motor as shown in figure 4.8.but this partitions of voltage is not
efficient enough to this project ,so the system used 12V rechargeable battery.
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Figure 4.8 Batteries in the Car

The toy car is supplied by 12 V using rechargeable batteries, the system
divide the power supply into two parts. First one is used to provide the
microcontroller with 5volt through 7805 regulator, and the another part is provide the
car motor with 6V through 7806 regulator. The connection of the batteries and

regulator is shown in Figure (4-9) below.

Diode redressement 1N4004 Dioda redressement 1N4004
D1 D1
i 4
Vs Regulateur vce Vs Regulateur vce
I A N oUT 2 I 1_ 2 L N ouT A 1_
GND GND I
= L7805CP o L7806CP
Elicoi==c1 H e oo =——c1 + ¢a

-‘"mr 100nF T WeF T[lur 10mF [ 1uF

Regulator for PIC Regulator for H-bridge

Figure 4.9: Regulated Voltage

70




4.2.6 PIC18F4550 Programmer Circuit

This loader connects the PC printer port and works with WinPic800. The loader
gets DC supply from application board and provides +12V for high voltage

programming mode. We can use it for programming many PIC chips easily.

Figure 4.10 In-Circuit PIC Loader.

The In-circuit serial programming for PIC chips requires only three signals, i.e.
a bi-directional DATA line (PGD), a synchronize clock (PGC), and a +12V Flash
programming voltage (VPP). The main chips needed are 74LS07 is a TTL
(Transistor-transistor logic) hex buffers/drivers, the programming voltage +12V, and
generated by DC-to-DC converter (78L05 regulator) +5V and two BC557 transistors.
The hardware settings for WinPic800 is compatible with Propic2, see figure 4.11.
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Figure 4.11 PIC Loader Schematic.
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Chapter Five
Software System Design

5.1 Introduction

5.2 Software needed for the project.
5.2.1 MATLAB Software.
5.2.2 "C" Software.
5.2.3 MPLAB Software.
5.2.4 WinPic800 Software.

5.3 Algorithms.
5.3.1 MATLAB Algorithms.
5.3.2 "C" Algorithms.

5.4 MATLAB Code Listing.
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5.1 Introduction =

=

In chapter two of this documentation, the voice recognizer unit performs many
of tasks. Most of these tasks are actually belonging to the software side of this
project, the system needs intelligent software that accomplishes the project goals, and

so many of software will mention in this chapter and will explain according to the
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This chapter will explain in details all software needed in this project,
algorithms that used, and packages that used in Matlab.

5.2 Software needed for the project =

The software that are used in this project:

5.2.1 MATLAB Software

MATLAB is a very useful tool in order to understand the basic properties of
discrete signals and digital filters. In MATLAB it is easy to make calculations,

acquire to signals and plot them in both the time and frequency domain.
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In this project MATLAB is used as most important software which the project
begin, it has powerful abilities to analyze the voice including changes its properties,

get its spectrum, and performs many types of filters on it.

5.2.2 "C" Software

The MPLAB software supports high level language like "C". This language
will make the programming easier than using the assembly of PIC and getting more
done in a shorter time with a higher level language. Besides, there is no need to
worry about bank and page selection. The compiler holds your hand and relieves you

of certain responsibilities.

In this project the "C" language is used as system software that help in write
sophisticated algorithms related to this project such as voice reco gnizer algorithm,

and template generation algorithm.

5.2.3 MPLAB Software

MPLAB IDE is a software program that runs on a PC to develop applications
for Microchip microcontrollers. It is called an Integrated Development Environment,
or IDE, because it provides a single integrated “environment” to develop code for

embedded microcontrollers. MPLAB provides a comprehensive editor, project
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manager and design desktop for application development of embedded designs using
Microchip PICmicro and dsPIC microcontrollers,

The compiler of MPLAB should generate a HEX file and a COD file if the
program builds successfully. The COD file contains all the information necessary for
high-level debugging. The HEX file will be load in the programmer that builds in
this project. Thus the mission of the MPLAB is finished.

5.2.4 WinPic800 Software

There is much software that support PIC programmer such as EpicWin,
WinPic800, ProPIC18 etc. For each software can support different devices. For
example EpicWin support PIC12F, PIC16F and some PIC18F and can be run on all
windows. But, Winpic800 support PIC12F, PIC16F, PIC18F including dsPic (when
setting up hardware as ProPIC2) and ProPIC18 support PIC18F only and run on all

windows.

The WinPic800 supports PIC18F4550 controller that can load .HEX file in,
program, verify, and erase. To use this project with winPic800 the hardware setting

must be as the following picture.
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5.3 Algorithms

The project has two main stages of algorithms that help the system to
recognize the spoken word perfectly:

S.3.1 MATLAB Algorithms

Generally the human speech spectrum is less than 2000Hz. according to Nyquist

theory; the minimum sampling rate for speech should be 4000samples/second. Due to
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the system is voice-recognition system; it is very helpful to analyze the speaker's
voice before our actual design.

The system design is based on the recorder program installed in Windows XP
and FFT function in MATLAB. After we speak one word, the recorder program will
store the word in a .wav file. Notice this file is sampled at 22000 samples/second,
16bit/sample, so we need to convert it into 4000samples/second, 10bits/sample. The

whole analysis algorithm is figure 5.2.
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This algorithm start with recording .wav file format that has default properties

(22000 sample/sec, 16 bit/sample, PCM format ...), the properties must be change

according to the A\D inside the PIC18F4550 specifications and standard voice
spectrum of the human (4000 sample/sec, 10 bit/sample).

The problem that faced in this project is the scale of the wav file; the standard

wav file format is [-1:1] which means that it is treat with floating point
representation. So converting floating point to integer is necessary, When converting
from floating-point to fixed-point representation (e.g. for transmission over a digital
line, or for storage in a PCM format WAV file), the floating-point data is (re)-
quantized on to the integer range of the given fixed-point representation. For linear
PCM quantization, the original signal (considered continuous) is mapped on to a set

of evenly-spaced discrete values, or "steps", as depicted in the figure 5.3.

1 ﬂ‘*‘l_r; Y

Figure 5.3 : Floating-Point Data is (re)-quantized on to the Integer

The "height", Q, of each step (i.e. the quantization step size) is given by the

total input range divided by the number of (vertical) steps:

Q = (xmax = xmin)/(zw = 1)

With the symbols defined as follows:
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o: quantization bit depth (i.e. "valid bits" ysed in the WAV file)

Q: quantization step size, often called LSB since a change in input level of Q

corresponds to a change in the LSB (Least Significant Bit) of binary coded output

[Xmax : Xmin]: amplitude range of data sent to the quantizer.

According to convention, digital audio samples are mapped over the floating-

point range -1:1. Hence, the quantization step size becomes:

Q= 2/(2°-1) = 1/(2*"-1/2)

In the project, 10-bit quantization (of floating-point data over the range -

1:+1), will have a quantization step size of 1/511.5.

There are numerous approaches to performing the conversion from floating-
point to integer (e.g. algorithms based on rounding, truncation, etc). However, the
most natural method for creating a signed integer is to use the floor operation since

this directly maps the data on to the required range:
Yint = floor(x/Q)

With the symbols defined as follows:

X: (pre-quantized) floating-point sample (within nominal range:-1:+1)
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Y. signed integer representation of the (quantized) sample

Whereby the nominal floating-point range maps on to the appropriate signed-

integer range as follows:

[-1:+1] > [-2¢1. 12911

The range mapping for 10 bit quantization is given by:
[-1:+1] > [-512: +511]

Then ,the system will make shift of the scale by 512,50 the range mapping for 10 bit

become
[-1:+1] = [0 :1023]

Because of voltage reference of microphone is 2.5V that compensate 512.

The most important step is to find Fast Fourier Transform (FFT) which is an
efficient algorithm to compute the discrete Fourier transform (DFT) and its inverse.
The DFT is extremely important in the area of frequency (spectrum) analysis because

it takes a discrete signal in the time domain and transforms that signal into its

discrete frequency domain representation.

After finding the FFT of the spoken word become the following step which is

the words in order to pick up the main frequency

drawing the frequency spectrum of
("eu‘"’

spectrum and ranges. Figure 5.4 and 5.5 shows the frequency spectrum for

Front) and ("—", Stop) word respectively.
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Figure 5.5 The frequency spectrum for "-aa"
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liigmithe 'c?.naly51s eliths frequency Spectrums, the cutoff frequency of the low
pass filter and high pass filter is determined as 400 Hz, 1800 Hz respectively
Besides to get an accurate template five filters are specified, and they are:

o Low Pass Filter with cutoff above 400Hz,

o Band Pass Filter 1 from 400Hz-900Hz, '
o Band Pass Filter 2 from 900Hz-1400Hz,
o Band Pass Filter 3 from 1400Hz-1800Hz.

o High Pass Filter with cutoff below 1.8KHz.

Here's MATLAB complete its turn when it knows the frequency range for each filter
and generate their coefficients, this project used ChebycheviI filter to perform this
job.

S.3.2 "C" Algorithms

The C language is used in this project because of the complier of the MPLAB
is dealing with. The system that will recognize the spoken word should pass through

two processes before the matching occurs, these processes represent the brain of the

system; such as a baby that doesn't know any thing about the surrounding

environment the idea is that when the baby is growing up he starts learning through

what happing around him. When the baby has enough information about what he

wants to know he will be able to classify what he learn. This is the idea of this
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projeCt; the toy car just like a baby that needs to learn the words that want to

recognize, then develop its abilities to classify what it is learn

The system according to this is separated into two processes that appear in the

figure 5.6.

o Training Process

This process Is starting by getting 4000 samples that generated and manipulated
by MATLAB, these samples will passes through five filters that explained
previously, the filters will reduce the number of digitized sample from 4000 to 40,
after filter process done a number of times (in this project 20 times); we sum this

trials to calculate the average of them before store them as final template.

o C(lassification Process

The classification process is similar some way to the training process, but there

are some differences; one of the most differences is the correlation calculation

process. From mathematics view, the correlation is to detect the linear relationship
between two vectors. Suppose Y and X are two vectors, if Y=aX+b, where a and b

are constants, we say Y and X are closely correlated.

After found the correlation number of the spoken word for each stored words in

the template, then check the

orrelation

minimum correlation (which will be 5 ¢




o —

numbers according to 5 words). The minimum doesn't T T

spoken word is matched correctly; so determine a specific threshold value for each
stored word protect from these problems
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5.3 MATLAB Code Listing

5.4.1 Drawing the Spectrum of Word Code

>> y=readwav('c:\front\front. wav'); %specify the path where the front .wav file
exist...

>> plot(y);

>> y2=y(4950:26949); % is the range that contains the real spoken word. ..

P plot (y2)

>> Y=resample(y2,2,11,10); % resample audio file to 4000 sample/sec, 10 bit per
sample

>> Yint=floor (Y/(1/511.5)) ; % solving the scaling problems ... change
from floating point representation to Integer format

>> max (Yint)

>> x=fft(Yint,16000); % convert to frequency domain by FFT with n-points

>> Hs=spectrum.periodogram; % return a default periodogram spectrum object

>> psd(Hs,abs(x),'Fs',4 000);

5.4.2 Voice Input and Manipulation

") %specify the path where the .wav file exist...

>> y=readwav('c:\front\front. wav
>> plot(y) % plot the signal to determine the spoken word range...
is the range that contains the real spo

ken word...
>> y2=y(4950:26949); %
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>> % y2 contains 22000 samples ... this number is not randomly come

>> % we need y2 contains 22000 sample becayse front.wav has 22KHz sample rate
>> % 8KHz --> will give us --> 8000sample/sec |

>> %22KHz --> will give us --> 22 = 22009 sample/sec

>> plot(y2) % plot y2 to ensure from your signal Crops...

>> Y=resample(y2,2,11,10); % resample audio file to 4000 sample/sec, 10 bit per
sample

>> Yint=floor(Y/(1/511.5)); % solving the scaling problems ... change from floating
point representation to Integer format

>> ... % store Yint to a file to pass to "C" code step...

5.4.3 Find the Filters CoefTicients

>>[B1,Al]=cheby2(4,40,0.2,'Low"); %lowpass with cutoff above 400Hz

>> [B2,A2]=cheby2(2,20,[0.2 0.45]); %Bandpass from 400Hz-900Hz

>> [B3,A3]=cheby2(2,20,[0.45 0.7]); %Bandpass from 900Hz-1.4KHz

>> [B4,A4]=cheby2(2,20,[0.7 0.9]); %Bandpass from 1.4KHz-1.8KHz

>> [B5,A5]=cheby2(4,20,0.9, High"); %Highpass with cutoff below 1.8KHz.
>> [sosl,g1]=tf2sos(B1,Al,'up','inf)

sosl =

0.0511 -0.0166 0.0511 1.0000 -14212 0.5181
25183 -39278 2.5183 1.0000 -1.7096 0.8046

gl=




0.0970
>> [s0s2,82]=tf2s05(B2,A2,'up' "inf")
sos2 =

0.2228 0.0090 0.2228 1.0000 -0.7780 0.7647
22293 -3.8444 2.2293 1.0000 -1.2046 0.8011
82 =

0.2108
>> [s0s3,g3]|=tf2sos(B3,A3,'up’,"Inf")
sos3 =

03251 -0.1984 0.3251 1.0000 0.2044 0.7757
1.4460 1.9706 1.4460 1.0000 0.6814 0.7896
g =

0.2227

>> [sos4,g4]=tf2sos(B4,A4,'up’,'inf)

8084 =




- ﬁ

01272 01113 01272 1.0000 14059 ¢ 7960
62540 12.0986 6.2540 1.0000 16649 0855

g4 =

0.1252

>> [s0s5,g5]=tf2s0s(B5,A4,'up',"inf")

s0s5 =

03047 0.4312 0.3047 1.0000 1.4059 0.7969
22075 4.1629 22075 1.0000 1.6649 0.8525
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Chapter Six

System Implementation and Testing

6.1 Introduction.

6.2 Microphone Circuit Testing.

6.3 PIC18F4550 Downloading Programs Testing.
6.4 Motors and H-Bridges Testing.

6.5 A/D Converter Testing.

6.6 Programmer Testing

6.7 Software Testing

6.8 Testing the Whole System.




6.1 Introduction

In this chapter methods and ways which we follow will be explained in a check
process the subsystem separately and check System completely after gathering to

make sure that required aims can be achieved .Testing process is one of the main
steps in carrying out this project.

There are different kinds of testing which were carried out in this project (e.g.)
testing for HW part .There is another testing which was carried out at the level of
SW, but there are specific circuits its check include the HW part and the SW together
like the H-bridge circuit and the PIC circuit.

The implementation process is done synchronized with the testing operation,

because each implementation phase will take many times to ensure that are no errors.

6.2 The Microphone Circuit Testing

Because there are two stages, the total gain is 1000 .this is because the input

voice is around 0-50mV.Therefore a 1000 gain is necessary. In this circuit the
resulted signal was checked (voltage of signal) if it was suitable and magnified

. i ignal thro the
enough to be inserted into the PIC, during the analysis of tho sigul trough

oscilloscope to see the resulted signal, the peak to peak for

this signal is amplified

around 5V. As shown in figure 6.1




In this stage of testing, the LM74 has large offset tha
a

so, he replacement of this chip with LM342 chip that s 4
offset is better choice in this project.

will affect on the signal

op-amplifiers and auto

Figure 6.1 signal for forward command

95




6.3 Testing PIC18F4550 Downloading Programs

Testing the ability to download a program on the PIC18F4550 is done by
connecting MPLAB ICD 2 to it with the modular interface cable, a six conductor
cable. The pin numbering for the MPLAB ICD 2 connector is shown in Figure 6.3.

MPLAB®|CD 2
Connectcr

v 2 4/‘5
DD'—\%%L_PPG:
/1 3\\5 Target

YerAGLE \=s PC Beard

N
Bullor i Sids \

Figure 6.3: Pin Numbering for Modular Connector

Figure 6.4 shows the interconnections of the MPLAB ICD 2 to the modular

connector on the target board. There are six pins on the ICD connector, but only five

are used. The figure 6.4 also shows the wiring from the connector to the PIC micro

MCU device on the target PC board.
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MPLAB® uco 2 Interface
Connectorl

Figure 6.4: MPLAB ICD2 Connections to (figure 6.3) Target Board

The following testing code is used to flash LEDs ON and OFF on the output
ports (portA):

#include<p18f4550.h>

Void main (void)
{

int a;

TRISA=0;

While (1)
{
For (a=0;a<100;++a)
PORTA=I;

For (a=0;a<100;++a)
PORTA=0;
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6.4 H-Bridge Circuit Testing

To check the H-bridge circuit we check it in two ways:

6.4.1 (555) Circuit with H-bridge Chip

This test is based on establishing 555 circuit (Figure 6.5), which generate square
wave which represent PWM signal that generated from the PIC18F4550 as shown in
figure6.5, this signal will be the input of H-bridge chip (MAX4427) to control the
car's speed. To control the car's direction, the pin4 for the H-bridge do this job .When

its state VCC, it move back, however when it's grounded, it move forward .As at the

figure6.7.

O 457

wN\‘_.
an
a9
nHEag
g
|0

st o
1k
RL
101k I |

l ‘ 0luF T _1uF

—

Figure 6.5: 555Ccircuit
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In the checking process of
entiometer values in 555

its i -
Speed is applied through the change pot

99

.



it will
yalues changs, 1t wiT control the duty cycle of the signal) byt e the d
: T
{he car was changed to the backward state, The wheel's were moving i rection of
9 . . In .
speed, this returned to the H-bridge itself, which should be o f : ulllmotxceable
ated the input of

WM signal when direction state change. Mean while the car moves forward (th
rward (the

width of duty cycle) will be as in the following figure 6.8

80%  20%

)

Figure 6.8 Forward State with un negated PWM Signal

i

And when the direction is reflected, the width of duty cycle becomes as in the

following figure 6.9

20%

‘l 20% (e

il
Figure 6.9 Backward State with un negated PWM Signal

This is not enough to move the car backward, in order to solve this problem we

decided to make complement of duty cycle through
entrance when it moves backward ,so the duty cycle becomes a5

figure 6 10

putting inverter on the H-bridge
in the following
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Figure 6.10 Backward States with negated PWM Signal

Figure6.11 H-bridge Circuit with Inverter
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Figure6.12 H-bridge Circuit with Car

6.4.2 H-bridge Chip with PIC 18F4550

The second method in checking H-bridge is implemented by connecting them
to the PIC as shown in figure (6.13) and applying the following code to motivate the
motors backward, forward, left, right. We solve the complement problem by the SW.

#include <p184550.h>
#mclude <timers h>
nclude <pwm h>
#include " il
ragma config FOSC = INTOSC_HS
%gma config WDT = OFF
ragma config VP = OFF
\{101d motors_init(void)
. // Timer2 configuration
e // No interrupt
TIMER_INT_OFF &
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T2 PS 1 1&
T2 POST 1 1 // Prescale 1:4
% % S // Don’t use postscaler actually

OpenPWMLI (100); // Use of CCP1 as PWM module at ~20
OpenPWM2 (100); // Use of CCP2 as PWM module :t ~2011:II-{Iz

SetDCPWML (0); /1 Set 0% duty cycle to PWMI
SetDCPWM2 0); I/ Set 0% duty cycle to PWM2
TRISbecs.TRISCZ =0: /I Make RC2 (left pwm) an output
TRISCbits. TRISC1 = 0; /I Make RC1 (right pwm) an output

TRISEbits. TRISEO = 0; /I Make REO (right si
1 ght sign) an output
TRISEDbits. TRISE1 = 0; / Make RE1 (left sign) an output
}
void motors_steering(unsigned int speed, char dir)
{
if (dir="L")
{

PORTEDits. RE1 =0;
SetDCPWM2 (speed);
}

If (dir—="R")
{
PORTEDits.RE1 =1;
SetDCPWM2 (speed);

}
}

void motors moving(unsigned int speed,char dir)

{

if (dir—'B')
{

PORTEDbits.REO =0;
SetDCPWM1 (speed);

}
if (dir=="F")
{

PORTEDits.REO =1;
SetDCPWM]1 (speed);

}




}

Void main ()
{

int 1;
motors_init();

TRISA=0x00;

while(1)
{

motors_moving(100,B");
motors_steering(90,'L");

Figure 6.13:

Motors and H-Bridges Testing
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6.4.3 Building H-bridge Using Transistors

The car wheels were moving without any load during testl and test2 process,
when the car is putting on the ground, an important observation a raised that the car
can't move. The reason of this problem was that the H-bridge chip didn’t provide the
car with suitable current so two alternative solutions exist one is based on making

gain to the output current from H-bridge, another is build H-bridge through four
transistors.

The first solution is not practical since we need to add another transistor that
will gain the current. Instead of that, building H-bridge will be more efficient. As the
following figure 6.14

39

R3$
PADANO 285 !)!_“
RAVANL zms 37
PAYAN2 s —
PASANG 231 {-5
RALTOCKI 231 _;;
PASANS RBO —— e
REOANS ved _"—I—{
RELANG i
RELANT Vs 32 0.1sF
vad D7 1—3 =

RD6
V= 205 [
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05CITKI 7
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Vasy o
RDO 2
PDI picisrisco RO [ _,:'

Figure 6.14 PIC18F4550 with H-bridge
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The following code to motivate the motors backward, forward. left right

void motors_init(void)

OpenTimer2( /I Ti :
Timer2 configuration
le\/LstR_INT_OFF & // No interrupt
T2_PO—Slf1 & // Prescale 1:1
¢ o =101 // Don’t use postscaler actually
TRISDb%ts.TRISD4 =0 // Make RD4 an output
TRISDbits. TRISDS = 0; // Make RDS5 an output
TRISDbits. TRISD6 = 0; // Make RD6 an output
TRISDbits. TRISD7 = 0; // Make RD7 an output
}
void motors_steering(char dir)
if (dir="R")
{

PORTDbits.RD4 =0;
PORTDbits.RDS5 =1;
3
if (di=="L")
{
PORTDbits.RD4 =1;
PORTDbits.RD5 =0,

}

if(dir=="S")

{

PORTDbits.RD4 =0;
PORTDbits.RD5 =0;

3
} .
void motors_moving(char dir)
{

R—T")

{

PORTDbits.RD6 =0;
PORTDbits.RD7 =1;




}
if (dir=="B")
{
PORTDbits.RD6 =1
PORTDbits.RD7 =0;
}
if(dir=='S")
{
PORTDbits.RD6 =0:
PORTDbits.RD7 =0:

}
}
void main()
{
int 1;

motors_init();

while(1)
{

motors_moving('B");
motors_steering('S");
motors_moving('F');

1)

6.5 A/D Converter Testing

The ADC was tested by entering an analog input (potentiometer) entered at pin

(RAO) of PIC18F4550, and by connecting the digital outputs at PORTB to LED's.As

shown in figure 6.15.

Some of the test results were
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it ; 2
When analog input was SV, the digital output [11111111] was FFH.

2. When analog input was 2.5V, the digital output [10000000] was 80H.

3. When analog input was 0V, the digital output [00000000] was 00H.

PIC Reading Values were come from microphone circuit depending on the
following rules:

e The Analog-to-Digital (A/D) converter module has 13 inputs that allow

conversion of an analog input signal to a corresponding 10-bit digital number.
e 10-bit digital number can be read as integer number (N).

e N is converted to its corresponding voltage value using the following

equation:

210
N = Vin
(Vref+ - Vref-)

Where:
0x000 < N < 0x3ff 0<N <1023
Vreff- = -2.5 Volt and Vref+=2.5 Volt.

precision :
Vref+ - Vref-

if N=1 dVin=

1024




IS eoteinsedito test if the AD Converter in PIC184550 converts

the analog signal to digital correctly.

#include <p18f4550.h>
#include <adc.h>

void main()

{ .

int 1;

int N;

ADCONI1=0x0A;
TRISB=0;

// configure A/D convertor

OpenADC(ADC_FOSC_64 &ADC RIGHT JUST &ADC 2 _TAD,ADC_CHO &

ADC INT OFF &

ADC _VREFPLUS VDD & ADC_VREFMINUS_VSS,0x01);
//SetChanADC(ADC CH2);

ConvertADC(); // Start conversion

PORTB=0;
while( BusyADC()==1 ); // Wait for completion
N = ReadADC(); // Read result

for(i=0;1<100;++1)

Nop();

If(N>10 && N<100)

PORTB=I;

else if(N>100)

PORTB=2;

?loseADC();// Disable A/D converter
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Figure 6.15: ADC Testing Circuit

6.6 Programmer Testing

The testing of the programmer that builds in this project includes testing of

program load, read, program, verify, hardware and erase.

First of all and after finishing the programmer circuit, the team in this project

make sure that an indicators must be exists for all type of programmer testing

processes; these indicators include two LEDs (Red and Green) as shown in figure

6.16.
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Figure 6.16: PIC18F4550 Programmer Indicators

The detecting device is very important step to check if the programmer is
working probably, to ensure from that the detected message from WinPic800 must be
appeared telling the user what device is detected and the ID number of the device
(See the figure 5.17 a), if the detection of the device is not matched the UNKNOWN
message appears (See the figure 5.17 b). Anther thing that refer to the success of the
detection of the device is the LEDs indicators itself; the both of LEDs (Red and
Green) must be lighted to indicate that the detection is finished successfully.

111




i R T T

o & ﬂu,m‘@]

I PIC 18F | |£] & '

®

0x0000: FFFF ¥ | §§§°°‘°“ = o = ;

0X0008: FFFF 1D -> ox1202 T ~

0x0010: FFFF ‘ ...... cees =

0x0018: FFFF | | :

DX0020: FFFF } —mmm9m  — e |-

0x0028: FFFF ceessnsns . 7
0x0030: FFFF ceceacanns

0XD038: FEFF Clock -1 us T | R T.
0x0040: FFFF e e

Ox0048: FFFF IFFF FFFE FEFF EFFF TFTET FEEE LEEE ......:::::::::: :

0X0050: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFEFF ........... o

0x0058: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF ........ o s s laraie s

0x0060: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF .. .............. v

Har >Propic2 - LPT1 -

Figure 6.17 a: Success Message of Detect 18F4550
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Figure 6.17 b: Fail Message of Detect 18F4550
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After detecting of PIC18F4550 from WinPic800 successfully become the most

jmportant parts which are read the .HEX file ang program it. The figures 6.18 a, b
show these processes. g

‘Q Code Read - 18F4550 vad @
Reading Code ...: 1638 {
EF ‘ . 4 word e I e —
A1 | Reading ID .....: 4 word A R o~
: FFEF Reading Config. : 7 word L R =
: FEFF H | Reading Data ...: 256 byte Bl ...... *n.
OEOOD 1
0009 ere =2 g
50F5 Cancel l
o009
0009 CEE AT solie
p009 ¢ | Close this window when finished heo A
: FFF6 vetsdetes D) .So.. |
5364 E0OD7 0009 50F5 6EEE 0763 E2F8 0764 Sd....P.n..c...d E
: D7F9 C067 FFF6 C068 FFF?7 C069 FFF8 0100 ...g...h...i....
0765 OEOO0 5B66 D7BF 0012 CFD9 FFE6 CFE1 .e..lf.......... M|
Har »Propic2 - LPT1 F: 5504550 hex ;

Figure 6.18 a: Success Message of Reading 18F4550

Z- @ BR| % %o s (v B

Figure 6.18 b: Success Messag
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6.7 Software Testing

Actually, the project have big problem during testing. The team found that

the template will change a lot even if his Pronunciation changes a little. So tried to

record the same word for 20 times and get the average of the templates -

LU

The result of recognition during the PC testing is shown as following;

Table 6.1: Recognition Probabilities

Words Number of Testing Recognition Probability :
alal 1 50%
als 1 60% :
b 1 55%
e 1 70%
B 1 65%

This percentage of recognition in not good as voice recognizer system so, the
needed for improve this probabilities is necessary, the project team decided to

increase the trials to 10 and see what the differences that will appear, the result was

as the following:
Table 6.2: Recognition Probabilities for 10 trials

Words Number of Testing Recognition Probability
U 10 50%
ala 10 60%
Sl 10 70%
e 10 100%
i 10 80%
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6.7 Software Testing

Actually, the project have big problem during testing. The team found that

the template will change a lot even if his pronunciation changes a little. So tried to

record the same word for 20 times and get the average of the templates

The result of recognition during the PC testing is shown as following:

Table 6.1: Recognition Probabilities

Words Number of Testing Recognition Probability
Ll 1 50%
als 1 60%
Sl 1 55%
O 1 70%
Cad 1 65%

This percentage of recognition in not good as voice recognizer system so. 122

increase the trials to 10 and see what the differences that wiil appear, the seszz —as

as the following:
Table 6.2: Recognition Probabiiities for 10 trinis

Words Number of Testing | Recognition Provabiiity
10 ]

Ko
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O
ad




used as shown in table 6.3

Table 6.3: Recognition Probabilities for 20 trials

Words Number of Testing Recognition Probability
L 20 80%
als 20 80%
b 20 75%
O 20 100%
a8 20 90%

The system actually doesn't reach the 100% of recognition probability for all
words when we increase the number of trials; the reason for that returns to the
characteristics of the system that the team analyze, where the recognition probability

start to decrease when the number of trials exceeds 20 trials.

6.8 Testing the Whole System

In this section the system will be tested as a whole, the assembling of the
subsystems could raises some problems that will be faced any designer. Actually
these problems will appear if the design has some weakness that reflects to the

hardware. Figure 6.19 show the whole system of the project.
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Figure 6.19 The whole project testing car

After finishing all hardware connections of the system, it will an important
issue to apply some programs that ensure from these subsystems will work kindly
when they connected with each other. The testing code for ADC and H-bridge are

tested on the system as a whole and the results was within the project expects.

Both of H-bridge must be tested to a void any mistakes that could happened

during wrapping, simple testing code needed to ensure from that. The code must set

command to the car in four directions and stop to see that work well.

The microphone too is an important part that must tested. The testing part of

the microphone includes testing of its amplification circuit for the voice signal that
comes from it. The resulted signal is achieved the project needs and the peak to peak

signal is gained around 4V.
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Chapter Seven

Conclusions and

Future Works

7.1 Introduction.
7.2 Conclusions.
7.3 Problems
7.3.1 HW Problems.
7.3.2 SW Problems.
7.4 Future Work.
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7.1 Introduction

In this chapter we will present some conclusions that we got from performing

and testing our project, also we will explain in details the goals that we have

achieved from the project . And finally we will talk about future work that will help
us to develop our project.

7.2 Conclusions

Although many difficulties had faced us in our work, but we have passed them
successfully, on the other hand these difficulties increased our experience as
engineers and gave us the chance to apply what have learned in the previous years,

and so we have reached to the following:

e We proved that our methods in the project were executable, and many of

them were applicable.

e 1In the first semester, the team of the project put the aims of the project and

studied the theoretical part of the project (theories and laws), general block

diagram to the system and explained how the system works. (You can see this

in chapter 1, 2 and 3).

e In this semester, we have divide the system into modules (microphone

module. microcontroller module, H-br idge module and car & power mogule)
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correctly and achieved the aimg.

b
&
2

X 4

e To program the PIC18F4550, we have used the MPLAB ICE with MPLAB ;
debugger and the programming device

o The microcontroller can be programmed in many languages, but we have

used C language, and so all the programs in the systems were written in C.

o The subsystems were joined to each others on a single board and we test it, it

works correctly.

e The main goals of the project were to recognize five words (o <als U

F e WD,

<8 L) from the system, and this goal was performed successfully.

e Templates were built for the five words using MATLAB and they stored in
the program memory of the PIC.

e The voice recognition program was written using C.

o The project has not met our expectations fully, as we initially specified that
the system would be able to recognize five words perfectly, but we are more

than happy that it is able to recognize words by more than 80%-90%.

7.3 Problems

Our project as any other projects faced severell problems while working in.

d SW problems.
These problems can be divided into tWo parts HW problems an :
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7.3.1 Hardware Problems

=
bt
7

s

S~ pxoblem, was faced.us.in making the voltage of the signal in microphone
circuit appropriate. .

o The work was paused for three weeks at least, because the PIC programmer

Thels i W

was destroyed completely .and there was no spare PIC programmer in the

university, and it was so hard to the university to provide us with this

programmer in the limited time.

e The H-bridge (LMD18200) chip that provides the enough current to the car
motors was not available in local markets so we were forced to build it

manually.

7.3.2 Software Problems

e We haven’t any knowledge in using MATLAB, so we had learned it.

e Our scientific background about voice recognition was limited.

o Tt was hard to use the MATLAB in indicating the main frequency spectrum

that needed in templates building.

e Euclidean distance can't recognize the spoken words completely so, we have

help the Euclidean distance in recognizing the words.

used a correlation to

AB and changing the properties of the .wav

* Recording the voice using MATL |
C ofthe PIC18F4550 was so difficult.

file to be suitable to the internal AD
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7.4 Future Work

We can add some ideas that the students can work on in the future such that:

Develop system to be recognized sentences of speech rather than separated
spoken words.

Make the system user independent instead of dependency on the user in this

project.

Replace the build H-bridge with LMD18200 H-bridge chip that provide many

features that will develop robotic car.

Replace the PIC18F4550 with DSP that provides many features that will

develop robotic car.

Use wireless technology instead of wired microphone to make the car have

more mobility.

This technology can be applied on a real car to be controlled under human

voice.
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C Code for Generating Template (Training Code)

This code read 4000 sample from files that generated from MATLAB and
generate equivalent template. The number of trials for each word is 20, the algorithm

take the average of them and store the fing template to be used in PICIS8F4550
Microcontroller Code

£
1
s

1

Rl LN N N

#include <conio.h> ;
#include <math.h>
#include <stdio.h>

#define NSAMPLES PER INTERVAL 500
#define NSAMPLES 4000

#define NDIM 40

#define NWORDS 5

iz

int Buffer[NSAMPLES];
float word[NDIM];
float dicINWORDS][NDIM]={ _
28.731697,
23.806240,
20.743170,
20.729727, :
20.746929, |
28.744881,
25.084929,
21.103733,
22.558046,
21.043518,
28.933342,
26.885273,
21.959538,
23.883915,
21.716377,
28.796268,
27.978359,
22.364197,
25.513716,
22.400810,
28.842926,
27.068165,
21.975847,
23.866861,
21.658831,
28.775497,
23.888414,
20.776482,
20.809769,
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20.779552,
28.731445,
23.801704, ;
20.738886,
20.704576,
20.743683,
28.733120,
23.803177,
20.740131, |
20.705616,
20.744926,
TN
28.730694,
23.805521,
20.742664,
20.732788,

20.746441,
28.738544,
23.989052, :
20.831535, ;1
22.224514, i}
211071753,

28.791235,

27.701809,

21.999575,
24.949852, |
22311052,

28.796368,

27.500851,

21.774183,

24.109571,

21.862074,

28.782408,

24.250769,

20.852444,

21.571100,

20.860710,

28.756866,

23.841282,

20.768417,

20.861317,

20.777674,

28.739346,

23.809923,

20.745745,

20.713623,

20.750641,

28.728535,

23.798317,

20.735703,
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20.701450,
20.740458,
W
28.731129,
23.806149,
20.742559,
20.732464,
20.746326,
28.767147,
25.331806,
20.896290, |
21.932724, 2
21.054085,
28.780079,
26.062557, |
21.177767, A
22.934605,
21.273487,
28.824829,
28.132717,
22.422709, |
23.851662,
21.877268,

28.797853,

28.033220, :
22.454182, —
23.326935,

21.711346,

28.751104,

25.265984,

21.255527,

21.642654,

20.968977,

28.731586,

23.853800,

20.781469,

20.811054,

20.749832,

28.737186,

23.807840,

20.744469,

20.710148,

20.749212,

i

28.728233,

23.802544,

20.739546,

20.727024,

20743114,

s
1
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24_168457,
20.768169,
20.857685,
20.774775,
28.840431, -
26344090, "
21297783,
51953094,

51.159582, :
58890203,
25034172,
21.061024,
21273497,
20.928539, :
28.853207, "
25346708,

20.981083,

21.439224,

20.947149,
28.812363, :
24.179874, :
20.794943.

20.864792,

20.806000.

28.731918,
23.804096, :
20739159,

20.707567,

20.744026,

28733498,

23.803875,

20740778,

20708618,

20745659,

I

28731701,

23.814907,

20745893,

20.831062,

20755859,

28.737976,

24.641148,

21.041561,

21934521

21.085316,

28.808460,

27517452,

22095715,

24.724064,

22240616,
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28.838337,
25.047195,
21.145464,
22_485378,
21.219467,
28.797178,
24.115572,
20.820148,
21.117802,
20.855694,
28.729425,
23.810867,
20.736769,
20.714859,
20.741554,
28.738997,
23.809818,
20.746243,
20.711502,
20.751064,
28.731434,
23.801487,
20.738579,
20.704308,
20.743324 };

void initialize();

void get sample();

void analyze( int *, float * );

int lookup();

float correlation(int xQNDIM], float y[NDIM]);
int find_min(float afNWORDS]);

void control(int command);

int float2fix (float a);

float fix2float (int a);

float filter1( float x );
float filter2( float x );
float filter3( float x );
float filter4( float x );
float filter5( float x );

FILE *spoken_in;
FILE *spoken_outfile;

\{loid main()
clrser();

nt i, j;



initialize(); // open files

‘int command = -];

t le(); i '
get_sample();// read in a worq sample (assume framing is done by |
' y low
//prmtf("%d\n",Buffer[O])'
fclose(spoken_in); ,
analyze( Buffer, word )

evel routine)

for(j=0; j < NDIM; j++) {
: fprmtf(spoken_outﬁle,"%f\n",word[j] )z

command = lookup();
control( command );

getch();
}
T T )
Il
void initialize()
{
spoken_in = fopen( "d:\\right4k\\right12.txt", "r" ),
if (spoken_in == NULL)
printf("Cannot open input file.\n");
spoken_outfile = fopen( "c:\\spokentemp.txt", "w" );
}

U T

void get_Sample()
{
mnt i;
for(i=0; i < 4000; i++){ =
fscanf( spoken_in, "%d\n", Buffer+ti );
}
}

M

void analyze( int *sample, float *fingerprint )

int i, k, x;
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k= 0;
for( 1=0; 1< NSAMPLES; i+=N
o SAMPLES_PER_INTERVAL ) {

float y1=0.0f, y2=0.0f 3= e
e » ¥3=0.0f y4=0.0f, y5=0 of:

for(j=0; j < NSAMPLES p
float y = filter1( (flo
yASSyEy:

ER_INTERVAL; j++ ) {
at) sample[i+j] ):

}
m = frexp(y1+1, &x);
fingerprint[k++] = x+m;

for(j=0; j < NSAMPLES_PER_INTERVAL; )¢
float y = filter2( (float) sample[i+j] );
2=y

}

m = frexp(y2+1, &x);

fingerprint[k++] = x+m;

for(j=0; j < NSAMPLES_PER_INTERVAL; j++) {
float y = filter3( (float) sample[i+j] );
YPALS Y

}

m = frexp(y3+1, &x);

fingerprint[k++] = x+m;

for(j=0; j < NSAMPLES_PER_INTERVAL; j++) {
float y = filter4( (float) sample[i+j] );
Vi

m = frexp(y4+1, &x);
fingerprint[k++] = x+m;

for(j=0;j < NSAMPLES_PER_INTER\{AL; it et
float y = filter5( (float) sample[itj] );
S =37

}

m = frexp(y5+1, &x);

fingerprint[k-++] = x+m;

3
)
nt lookup()
{
int result, i, j,temp;

float differ]NWORDS];
int tmp_array[NDIM];
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for(i=0; i< NWORDS ; i++) {
differ[i]=0.0;

}
for(i=0 ; i< NWORDS ; i++){
for(7=0; j<NDIM ; j++){
; tmp_array[j]=float2fix(dic[i] j]):

differ[i]=correlation(tmp_arra
en : _array, word);
printf("1:%d \t, differ: %f\r\n“,i,differ[)i])'

result = find_min(differ); // case: only one code has large coefficients

return result;

}

float correlation(int x[NDIM], float y[NDIM])

e .
nt 1;
float meanx1=0,meanx2=0,meanxy=0,meany1=0,meany2=0;
float re;

for(i=0 ; i<NDIM ;i++){
meanx]=meanx1-+fix2float(x[i]);
meanx2=meanx2-+fix2float(x[i])*fix2float(x[1]);
meanyl=meanyl+y[i];
meany2=meany2+y[i]*y[i];
meanxy=meanxy-+fix2float(x[i])*y[il;

}
if( ((NDIM*meaan-meanxl*meanx1)==0) && (NDIM*meany2-
meany1*meany1)==0) )
re=0;

else{ '
re=(NDIM* meanxy-meanx1*meany 1)*(NDIM*meanxy-

meanx] *meany1)/(NDIM*meanx2-meanx1* meanx]1)/(NDIM*meany2-
meany1*meanyl);
re=1-re;
}
if(re < 0)
re= -re;
return re;
}

int find_min(float af]NWORDS])
{

float smallest;
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int 1;
int index;

index =0;
smallest = a[0];

for(i=1; iI<NWORDS ;i++)

if(a[i]<smallest)
smallest=a[i];
index = i;
}
}

return index;

}
VI

int float2fix (float a){

return ((int)((2)*256.0));

}

float fix2float (int a){

return ((float)((a)/256.0));

}

s

void control( int command )

{

switch(command) {

case 0:
case 1:
case 2:
case 3:

case 4:

}

#define A11 -1.4212f
#define A21 0.5181f
#define BO1 0.0511f
#define B11 -0.0166f

printf("You speek the FRONT word...");
break;
printf(" You speek the BACK word...");

break;
printf(" You speek the LEFT word...");

break;
printf(" You speek the RIGHT word...");

break;
printf("
break;

You speek the STOP word...");
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ygefine B21 0.0511f

fine Al12 -1.7096f
ﬁg:ﬁne A22 0.8046f
#define B02 2.5183f
#define B12 -3.9278f
#define B22 2. 5183f

#define G 0.0970f

float filter1( float x )

{ static float d0O1 =0.0;

static float d11 =0.0;
static float d02 = 0.0;
static float d12 =0.0;
float y1, y2, t0, t1;

/* first 2nd-order filter stage */
t0=x - A11*d01 - A21*d11;

yl =B01*t0 + B11*d01 + B21*d11;
dl1 =do1l;

do1 =10;

/* second 2nd-order filter stage */

tl =yl - A12*d02 - A22*d12;

y2 = B02*t1 + B12*d02 + B21*d12;
d12 = do2;

d02/=1t1:

return G*y2;
}

#undef A11
#undef A21
#undef BO1
#undef B11
#undef B21

#undef A12
#undef A22
#undef B02
#undef B12
#undef B22

#undef G

ek ok e sk ok ok

e

ek o ek
O

[ 3% e 3 e e s o s o s s e ke s ok s sk kKK

#define A11 -0.7780f
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#define A21 0.7647f
#define B01 0.2228f
efine B11 0.0090f

#defi
#define B2 012228 £

#define Al2 -1.2046f
4define A22 0.8011f
#define B02 2.2293f
#define B12 -3.8444f
#define B22 2.2293f

#define G 0.2108f

float filter2( float x )

{
static float d01 = 0.0;

static float d11 = 0.0;
static float d02 = 0.0;
static float d12 =0.0;
float y1, y2, t0, t1;

/* first 2nd-order filter stage */
t0=x- A11*d01 - A21*d11,

yl =B01*t0 + B11*d01 + B21*d11,
d11 =dol;

do1 =10;

/* second 2nd-order filter stage */

t1 =yl - A12*d02 - A22*d12;

y2 = B02*t1 + B12*d02 + B21*d12;
d12 = d02;

do2 =t1;

return G*y2;

#undef A11
#undef A21
#undef BO1
#undef B11
#undef B21

#undef A12
#undef A22
#undef B02
#undef B12
#undef B22

#undef G
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#define All 0.2044f
4define A21 0.7757f
4define BO1 0.3251f
4define B11 -0.1984f
4define B21 0.3251f

4define Al2 0.6814f
#define A22 0.7896f
#define BO2 1.4460f
#define B12 1.9706f
#define B22 1.4460f

4define G 0.2227f

float filter3( float x )

{ static float d0O1 =0.0;
static float d11 =0.0;
static float d02 = 0.0;
static float d12 = 0.0;
float y1, y2, t0, t1,;

/* first 2nd-order filter stage */
t0=x- A11*d01 - A21*dl11;

yl =B01*t0 + B11*d01 + B2I¥dL1:
dl1 =do1;

do1 = t0;

/* second 2nd-order filter stage */

tl =yl - A12*d02 - A22*d12;

y2 = B02*t]1 + B12*d02 + B21*d12;
d12 = do2;

do2 =tl;

\ return G*y2;

#undef A11
#undef A21
#undef BO1
#undef B11
#undef B21

e

#undef A12
#undef A22
#undef B0?2
#undef B12
#undef B22
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sdefine A1l 1.4059f
4define A21 0.7969f
#define BO1 Of12721
#define B11 0.1113f
#define B21 0.1272f

RN ‘!'.

#define A12 1.6649f
4define A22 0.8525f
#define B0O2 6.2540f
#define B12 12.0986f
#define B22 6.2540f

ARV

e AR e

#define G 0.1252f

float filter4( float x )

{
static float d01 =0.0;
static float d11 = 0.0,
static float d02 = 0.0;
static float d12 = 0.0;
float y1, y2, t0, t1;

/* first 2nd-order filter stage */
t0=x - A11*d01 - A21*d11;

yl =B01*t0 + B11*dol + B21*d11;
d11 = do1;

do1 =t0;

/* second 2nd-order filter stage */

tl =yl - A12*d02 - A225dI2;

y2 = B02*t1 + B12*d02 + B21*d12;
d12 = do2;

do2 =t1;

return G*y2;
}

#undef A11
#undef A21
#undef BO1
#undef B11
#undef B21

#undef A12
#undef A22
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#undef G

s ek e 3 ke ek e o e ke s oo
ok ***********************
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.2

e
E
1

#define All 1.4059f
#define A21 0.7969f
#define BO1 0.1272f
#define B11 0.1113f
#define B21 0.1272f

0 IR T 0 et S v L

#define A12 1.6649f
#define A22 0.8525f ;
#define B02 6.2540f
#define B12 12.0986f
#define B22 6.2540f

#define G 0.1252f

float filter4( float x )

{
static float dO1 = 0.0;
static float d11 = 0.0;
static float d02 = 0.0;
static float d12 =0.0;
float y1, y2, 0, t1;

/* first 2nd-order filter stage */
t0=x- A11*d01 - A21*d11,

yl = B01*t0 + B11*d01 + B21*d11;
di1 = dol;

do1 = t0;

/* second 2nd-order filter stage */

tl =yl - A12*d02 - A5 2;

y2 =B02*t1 + B12*d02 + B21*d12,;
d12 = do2;

doz =t1;

return G*y2;
}

#undef A11
#undef A21
#undef BO1
#undef B11
#undef B21

#undef A12
#undef A22
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gundef B02
#undef B12
gundef B22

#undef G

AT TR

e ok sfe 3 st ke sfe ke ok ok ok ok ke ok sk sk ok
PET L] ****************************
**********/ ******************* i
¥

#define A1l 1.4059f
#define A21 0.7969f

#define BO1 0.3047f
#define B11 0.4312f ‘
#define B21 0.3047f 7
#define A12 1.6649f

#define A22 0.8525f
#define B02 2.2075f
#define B12 4.1629f :
#define B22 2.2075f

#define G  0.1252f

float filter5( float x )
{ ,
static float d01 =0.0; g
static float d11 =0.0;
static float d02 =0.0;
static float d12 = 0.0;
float y1, y2, t0, t1;

/* first 2nd-order filter stage */
t0=x- A11*d01 - A21*d11;

yl =B01*t0 +B11*d01 + B21Ed1:
d11 = do1;

do1l =t0;

/* second 2nd-order filter stage */

tl =yl - A12*d02 - N2 5d12:

y2 = B02*t1 +B12*d02 + B21*d12;
d12 = do2;

doz =t1;

\ return G*y2,;

#undef A11
#undef A21
#undef BO1
#undef B11
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#undef Al2
gundef A22
#undef BO2
#undef B1 7
#undef B22

#undef G

PIC18F4550 Microcontroller Code

#include <math.h>

#include <p18f4550.h>

#include <adc.h>

#include <timers.h>///becarefull that the file will not copy probably
#pragma config FOSC = HS //must be external
#pragma config WDT = OFF

#pragma config LVP = OFF

#define NSAMPLES PER INTERVAL 500
#define NSAMPLES 4000

#define NDIM 40

#define NWORDS 5

#define IDLE 0

#define OK 1

#define COMPARE 2

#define float2fix(a) ((int)((a)*256.0))
#define fix2float(a) ((float)((a)/256.0))

int N;// sample value that get from ADC
float word[NDIM];

float y1, y2, t0, t1;

float ﬁ1t1=0.0,ﬁlt2=0.0,ﬁ1t3=0.0,ﬁ1t4=0.0,ﬁ1t5=0.0;
int counter = 500,state=IDLEptr=0;
#pragma romdata const_table

const rom float dic[N'WORDS][NDIM]={
28.731697,

23.806240,

20.743170,

20.729727,

20.746929,

28.744881,

25.084929,

21.103733,

22558046,

21.043518,
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8.933342’
73.883915,
21716377, :
28.796268,
27.978359,
22364197,
25.513716,
22.400810,
28.842926,
27.068165,
21.975847, :
23.866861, £
21.658831,
28.775497,

23.888414,

20.776482,

20.809769,

20.779552,

28.731445,

23.801704,

20.738886,

20.704576,

20.743683,

28.733120,

23.803177,

20.740131,

20.705616,

20.744926,

U end of "asl"spoken word template
28.730694,

23.805521,

20.742664, -
20.732788,

20.746441,

28.738544,

23.989052,

20.831535,

22.224514,

21.071753,

28.791235,

27.701809,

21.999575,

24.949852,

22311052,

28.796368,

27.500851,

21.774183,

24.109571,

TR
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28.782408, ;,
24.250769, &
28.756866,
23.841282,
20.768417,
20861317,
20.777674,
28.739346, >
23.809923,
20.745745, 2
20.713623, “
20.750641,
28.728535,
23.798317,
20.735703,
20.701450, %
20.740458,

I end of "<2ls"spoken word template
PEEIBILL29,

23.806149,

20.742559,

20.732464, _
20.746326, '
28.767147,

25.331806,

20.896290,

21.932724,

21.054085,

28.780079, ’
26.062557, -
21.177767,

22.934605,

21273487,

28.824829,

28.132717,

22.422709,

23.851662,

21.877268,

28.797853,

28.033220,

22454182,

23326935,

21.711346,

28.751104,

25265984,

21.255527,

s &R e S e
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28.731586,
23.853 800,
20.781469, &
20.811054,

20.749832,

28.737186,

23.807840,

20.744469,

20.710148,

20749212,

JIIHHITITTITITIT end of " sustspoken word template
28.728233,

23.802544,

20.739546,

20.727024,

20.743114, :
28.745340,
24.168457,
20.768169,
20.857685,
20.774775,
28.840431,
26.344090,
PIER97733,
21.953094,
21.159582,
28.890203,
25.034172,
21.061024,
21273497,
20.928539,
28.853207,
25.346708,
20.981083,
21.439224,
20.947149,
28.812363,
24.179874,
20.794943,
20.864792,
20.806000,
28.731918,
23.804096,
20.739159,
20.707567,
20.744026,
28.733498,
23.803875,

=TI

R RN

R IR
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20_74077 8,
20.745659, ,
/////////////////// end of "0 spoken wor d templato
28.731701,
20.745893,
20.831062,
20.755859,
28.737976,
24.641148,
21.041561,
21.934521,
21.085316,
28.808460,
PFS17452,
22.095715,
24.724064,
22.240616,
28.838337,
25.047195,
21.145464,
22.485378,
21.219467,
28.797178,
DRSS 2
20.8201438,
218117802,
20.855694,
28.729425,
23.810867,
20.736769,
20.714859,
20.741554,
28.738997,
23.809818,
20.746243,
20.711502,
20.751064,
28.731434,
23.801487,
20.738579,
20.704308,
20.743324 }:/// end of "—&"spoken Wor
#pragma romdata

d template

void high_isr(void);
Void initialize(void);
void analyze( int );
nt lookup(void);
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at correlation(int x[NDIM], flo
g:: ﬁnd_min(ﬂoat a[NWORDSD;at Y[NDIM]);
Joid control(int command);
void motors_steering(char dir); :
yoid motors_moving(char dir); &

float filter1( float x );
float filter2( float x ); »
float filter3( float x );
float filter4( float x );
float filter5( float x );

void main(void)

{

int x, k, j; float m;
/funsigned char command="0";
TRISAbits. TRISA1 =0;
TRISAbits. TRISA2 = 0;
TRISAbits. TRISA3 = 0;
TRISAbits. TRISA4 = 0;

s
PORTADits.RA1 = 1;
PORTADits.RA2 = 1;
PORTADits.RA3 =1,
PORTADbits.RA4 = 1;

W 2R

TRISEDbits. TRISEO = 1;
TRISBbits. TRISBO = 0; //TESTING LED (Green)
TRISBbits. TRISB1 = 0; /TESTING LED2 (Red)
PORTBbits. RB0=0;
PORTBbits. RB1=0;

control(4); //set default "—%"state...
ADCONO0=0x01;
ADCON1=0x0E;

initialize(); // open ADC ... to get samples with timing

INTCON=0b11100100;

while(1){
e ::nfrgl(vgﬁg)- 1 take appropriate action according matching
algorithm /] return to IDLE state
%";‘t.e:r}I?LE;O ) /// activate timer
riteT1mer >
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}
counter--;

analyze(N);//-=-n---.
ConvertADC(); // Start conversj
. > S10n :
while( Bus_yADC()=l ); Il Wait for completion :
N = ReadADC(); /I Read result ‘V
/l[Close ADC();// Disable A/D converter
}
else if(counter == 0){
counter=500; 2

m = frexp(filt1+1, &x):
word[ptr++]== x+m;
m = frexp(filt2+1, &x); 2
word[ptr++]=x+m;
m = frexp(filt3+1, &x);
word[ptr++]=x+m; -
m = frexp(filt4+1, &x);
word[ptr++]=x+m;
m = frexp(filt5+1, &x);
word[ptr++]=x+m;

PORTBDbits. RBO=!PORTBDbits.RBO; // appear 8 flashing led
if(ptr > NDIM){ ~

state = COMPARE;

ptr=0;

filt1=0;

filt2=0;

filt3=0;

filt4=0;

filt5=0;

} .
}

}
////////////////////////////////////////////////////////////////////////////////

3k
e stk e e ek s ek o ke ke o
/************************************************

ke ok ok ok

% i d at
* For PIC18 devices the high interrupt vector 1S fo};m

* 00000008h. The following code will ‘bra“d}’lto i’

5 high_interrupt_service_routine function to han
:/interrupts that occur at the high vector:
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ragma code high_vector=0x03
i interrupt_at_high_vector(void)

{

qsm GOTO high_isr _endasm

Lpragma code /* return to the default code section */

ypragma interrupt high_isr

void high._isr (void)
{ .
if(INTCONblts.TMROIF) { // Timer 0 .

ConvertADC(); // Start conversion
while( BusyADC()==1 ); // Wait for completion
N = ReadADC(); // Read result

INTCONbDits. TMROIF=0; / clear bit IRQ
WriteTimer0(0); // reinitializ TMRO 63536

if((PORTEDbits. RE0==0 )&& (state == IDLE)&& N<150){///determine if the
threshold exceeded...+150
state = OK
PORTBbits. RBO=!PORTBbits.RBO; // flash led when threshold exceeded

}

}

}
i

void initialize(void)

{

int 1j;

/I configure A/D convertor

/I ADC initilaize
OpenADC(ADC_FOSC_64 &
ADC_RIGHT_JUST &
ADE2 TADE

ADC_VREFMINUS_VSS , 0x0E);
/I configure Timer0 OURCE_INT &T0_PS_1_1 )
OpenTimer0( TIMER INT_ON &
NTCONbits. GIE = 1;
X’rlteTimerO(O);///

TO_16BIT &T0_S
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]
}

////////////////////////////////////////////////////////////////////////////////

void analyze( int sample)
float y;

y = filter1( (float) sample ).
filtl +=y*y; ’

y = filter2( (float) sample )

y = filter3( (float) sample );

y = filter4( (float) sample );
filt4 +=y*y;

y = filter5( (float) sample );
filt5 +=y*y;

}
int lookup(void)

{

int result;

int i, j,temp; ‘

float differ[NWORDS]; // array that stored correlation values that resulted by
matching process

int tmp_array[NDIM];

for(i=0; i< NWORDS ; i++H){
differ[i]=0.0;
}

for(i=0 ; i< NWORDS ; H—F){){
for(j=0; j<NDIM ; j++ B
; tgnp array[i]=ﬂoat2ﬁx(d1c[1]U]),
}

differ[i]=corre1ation(tmp_array, word);

}

result = find min(differ); // find the minimum correlation

return result;
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loat correlation(int XINDIMY], float y[NDIMY))
Lot
float meanx1 =0,meanx2=0,meanxy—

float re; O,meanyl=(),meany2=0;

for(i=0 ; i<NDIM ;i++){

meanx] =meanx1+ﬁx2ﬂoat(x[i]);
meanx2=meanx2-+fix2float(x[i])*fix2f]
meanyl=meany1+y[i];
meany2=meany2-+y[i]*y[i];
meanxy=meanxy-t+fix2float(x[i])*y[i]:

i}f( ((NDIM*meanx2-meanx1*meanx] )==0) && ((NDIM*
meany1*meany1)==0) )
re=0;
else{
re=(NDIM*meanxy-meanx1*meany1)*(NDIM* meanxy-
meanx1*meany1)/(NDIM* meanx2-meanx]*meanx1)/(NDIM*meany2-
meanyl*meanyl);

oat(x[i]);

meany2-

re=1-re;
}
if(re < 0)
re= -re;
return re;
}
int find_min(float af]NWORDS])
{
float smallest;
int i;
int index;
int re;
index =0;

smallest = a[0];

for(i=1; i<NWORDS ;i++)
{

if(a[i]<smallest)

smallest=a[i];
index = i
}
}

return re;
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}
///////////////////////////////////////

void motors_steering(char dir)

: if (dir==R") i
{ -
PORTADbits.RA1 =0; ' zs;-

PORTAbits.RA2 =1, :
/
if (dir=="L") ;

{
PORTADbits RAI =1;
PORT Abits. RA2 =0;

} _;...,
if{dir="S")

{
PORTAbits.RA1 =0;
PORTAbits.RA2 =0;

}
}
void motors_moving(char dir) g
{
if (dir—="B")
{

PORTAbits.RA3 =0,
PORT Abits. RA4 =1;
} :
if (dir=="F")
{
PORTADits.RA3 =1;
PORT Abits.RA4 =0;

3
if(dir=='8")
{
PORT Abits.RA3 =0;
PORT Abits.RA4 =0;

}

}
I
///////////////////'///////////////////////////////////////////////////////////
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voi

d control( int command )

/PORTBbits RBO=IPORTBbits RBo:
switch(command){

case 0

case 1:;

case 2:
case 3:

case 4:

}

#define Al1 -1.4212f
#define A21 0.5181f
#define BO1 0.0511f
#define B11 -0.0166f
#define B21 0.0511f

#define A12 -1.7096f
#define A22 0.8046f
#define B02 2.5183f
#define B12 -3.9278f
#define B22 2.5183f

#define G 0.0970f

float filter1( float x )

motors_moving('S’);
motors_steering('S');

mOtors_moving('E'):// " L
e 8(F);// "a

motors_moving('S"):
motors_steering('S"):

break;

motors_steering('L');// " b word is detected ...
break;

motors_steering('R');/ "osat" word is detected
break;

motors_moving('S');// "<& word is detected ...

motors_steering('S");
break;

overlay float d01 = 0.0;

overlay float d11 = 0.0;

overlay float d02 = 0.0;

overlay float d12 = 0.0; ;
/* first 2nd-order filter stage */
t0=x- A11*d01 - A21*dlL; A
y1 = BO1*t0 + B11*d01 + B21 dil;

dll =do1;
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motors_moving('B');// "als" word is detected ...
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do1 =10;

/* second 2nd-order filter stage */
£1=y1 - A12*d02 - A22%d]5.

y2 = B02*t1 +B12*d02 + B2 *q1-.
d12 = doz; ’
d02i="t1;

return G*y2;
}

sundef All 2
#undef A21
#undef BO1
#undef B11
#undef B21

A R )

#undef A12
#undef A22
#undef B02
#undef B12
#undef B22

#undef G

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

#define A11 -0.7780f
#define A21 0.7647f
#define BO1 0.2228f
#define B11 0.0090f
#define B21 0.2228f

#define A12 -1.2046f %
#define A22 0.8011f
#define B02 2.2293f
#define B12 -3.8444f
#define B22 2.2293f

#define G 0.2108f

f{'loat filter2( float x)

overlay float d01 = 0.0;

overlay float d11 = 0.0;

overlay float d02 = 0.0;

overlay float d12 = 0.0,
/* first 2nd-order filter stage &
t0=x- A11*d01 - A21*d11;
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] =B01*0 + B11*do
§11=d01; 1+B21*
dol = t0;

/* second 2nd-order filter stage */

£1 =yl - A12*d02 - A22%d]2:

y2 = BO2*t1 + B12*d02 + B2 ] *q1y.
d12 = doz; :
do2 =tl;

dl1;

return G*y2;

#undef All
#undef A21
#undef BO1
sundef B11
#undef B21

#undef A12
#undef A22
#undef B02
#undef B12
#undef B22

#undef G

s e ok e ke e s e ko ek sk e e e el e e ke e e ksl et ekl ekt ekt
sk o e sk ek ok /

#define A11 0.2044f
#define A21 0.7757f
#define BO1 0.3251f
#define B11 -0.1984f
#define B21 0.3251f

#define A12 0.6814f
#define A22 0.7896f
#define B02 1.4460f
#define B12 1.9706f
#define B22 1.4460f

#define G 0.2227f
f{loat filter3( float x )
Overlay float d01 = 0.0;

Overlay float d11 = 0.0;
Overlay float d02 = 0.0;
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ay float d12 = 0.0;
/* first 2nd-order filter stage */
£0=x - A11*d01 - A21*d1]-
g1 =BO1*t0 + BI1*d01 + B2 *qy .
d11 = dot; :
do1 = t0;
/* second 2nd-order filter stage */
t1 =yl - A12*d02 - A22%*d12-
y2 = BO2*t1 + B12*d02 + B21*4] 5.
oz, B21*d12;
do2="1l;

over. ]

return G*y2;
}

#undef All
#undef A21
#undef BO1
#undef B11
#undef B21

#undef A12
#undef A22
#undef B02
#undef B12
#undef B22

#undef G

/********************************************************************
okl ek o e ok /

#define A11 1.4059f
#define A21 0.7969f
#define BO1 0.1272f
#define B11 0.1113f
#define B21 0.1272f

#define A12 1.6649f
#define A22 0.8525f
#define B2 6.2540f
#define B12 12.0986f
#define B22 6.2540f
#define G 0.1252f

f{loat filter4( float x )

Overlay float d01 = 0.0;
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verlay float d11=0.0;
overlay float d02 =0.0;
overlay float d12=0.0;

/* first 2nd-order filter stage */
£0=x - A11*d01 - A21*d11-
yl = B01*t0 + B11*d0]1 + B,21*d11‘
d11 = dol; |
do1 = t0;
/* second 2nd-order filter stage */
t1 =yl - A12*d02 - A22*d12-
y2 = B02*t1 + B12*d02 + B2’1*d12'
d12 = doz; ’
do2 =tl;

return G*y2;
}

#undef A1l
#undef A21
#undef BO1
#undef B11
#undef B21

#undef A12
#undef A22
#undef B02
#undef B12
#undef B22

#undef G

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

ok ket ok ook ok /

#define A11 1.4059f
#define A21 0.7969f
#define BO1 0.3047f
#define B11 0.4312f
#define B21 0.3047f

#define A12 1.6649f
#define A22 0.8525f
#define B02 2.2075f
#define B12 4.1629f
#define B22 2.2075f

#define G 0.1252f

float filters( float x )
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o)

{

Jay float dol = 0.0,

gz::la;, float d11 = 0.0;

overlay float d02 = 0.0;

overlay ﬂoat d12 = 007
/* first 2nd-order filter stage */
t0=x - A11*d01 - A21*d11;
yl = BO1*t0 +B11*d01 + B21*d11-
d11 = doi; :
dol = t0;
/* second 2nd-order filter stage */
tl=yl - A12*d02 - A22*dl2;
y2 = B02*t1 + B12*d02 + B21*d12;
di2 =doz; ’
doz =tl,

return G*y2;
}

#undef A1l
#undef A21
#undef BO1
#undef B11
#undef B21

#undef A12
#undef A22
#undef B02
#undef B12
#undef B22

#undef G
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« Single-Supply 5V In-Ci

Programming™ (ICSP™) via two pins

o In-Circuit Debug (ICD) via two pins _ :
gpiional dedicated ICD/ICSP port (44-pin %e\é;\c;c)es only)
Wide Operating Voltage Range (2.0V to 5.

— F’ r__-F”r’_J_SSP E ‘g Timers

Program Memory Data Memory 10-Bit |CCP/ECCP| gpp Shi m;‘: é’ Ll
Device Flash ’;ingl&wom SRAM | EEPROM U0 | m (ch) jpr _——icj_"m‘ _g‘
\(bytes) Instructions | (bytes) ﬂ;?—%”ffié—;—z— :Z
FIC18F2455 [ 2ak 12288 2048 | 256 |24 1Mo [V [ Y | 2l 4B
PIC18F2550 | 30K 2048 Tﬁi’LT—F—L‘LJ—ST
P Cto e 16384 = s /—E [l e sl A el
4455 | 24K 12288 2048 _/j [ i

32K 16384 | 2048 | 256 | %

DS39632C-page 1

© 2005 1: eliminary
% Microchip Technology Inc. o




= N o
u:x'\.-Lr—]{:’PP/R?3 | 1] U 40 [ <— RB7/KBI3/PGD
I"i\?//:\i? «:—»E 2 39 [1 <— RB6/KBI2/PGC
3 RA1/AN1 <——[] 3 38 [ =—
RA2/AN2/VREF-/ICVREF <—=[] 4 37 [0 =-—> :gjﬁz:’(;%/csspp
2ok H/AS/ANSNHEF+ -—[]s 36 [1 <—> RB3/ANg/CCP2("VPO
\4/TOCKI/C1OUT/RCY <=—[] 6 35 [] <— RB2/ANS/INT2/VMO
RAS/AN4/SS/HLVDIN/C20UT <=—=[] 7 34 [ <—> RB1/AN10ANT1/SCK/SCL
‘ REO/ANS/CK1SPP <—[] 8 0o a3 [] =<— RBO/AN12INTO/FLTO/SDI/SDA
i RE1/AN6/CK2SPP <—[] 9 <19 <P Bje=—=\ "
i RE2/AN7/OESPP =—=[] 10 T 31 [] <—Vss
J Vop — [ 11 ®® 30 [1 =<— RD7/SPP7/P1D
\’ vss —[] 12 0o 29 [1 <— RD6/SPPE/P1C
OSC1/CLKI — [] 13 oo 28 [] =<—> RD5/SPP5/P1B
OSC2/CLKO/RA6 <——T 14 27 [1 <— RD4/SPP4
RCO/T10SO/T13CKI =—[] 15 26 [1 <— RC7/RX/DT/SDO
RC1/T10s/ccP2()/JUOE =——=[] 16 25 [1 <— RC6/TXICK
RC2/CCP1/P1A ~—[] 17 24 [1 <— RCSD+VP
VusB <—>[]118 23 [] =—> RC4/D-VM
RDO/SPPO =—=[] 19 22| Bl RIS
RD1/SPP1 =—[] 20 e i

Note 1.
* RB3isthe alternate pin for CCP2 multiplexing.

|
! © 2006 Microchip Technology Inc-

0339
6320_ '
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 pIC18F2455/2550/4455/45c 0

B

pin Diagrams

28-Pin PDIP, SOIC
MCLR/VFPP/RE3 [°\U\
SCUEE
RAO/ANO <[ 28[] < RB7/KBIa/PGD
RA1/AN1 =— E 3 27 ] - RBG’KBIZIPGC
RA2/AN2/VREF-/CVREF ~—» [ 4 26 % ~~ RBSKBIPGY
RA3/AN3/VREF+ <—s Os 25| ] <— Rpg
n o /AN11/KBI0
RA4/TOCKIC1OUT/RCV <— 6 DD 241 <= RBYANgICCRa(Iypg
RAS/ANA/SS/HLVDIN/C20UT ~—= [ NI 23] < RB2/ANBINT2VMO
Vss—=[8 § © :f ]~ RB1/AN10/NT1/SCK/SGL
-
OSC1/CLKI—=[]9 55 2 L] ~— RBOAN12INTOFLTO/S DS DA
OSC2/CLKO/RA6 =— [ 10 T L] ~— Voo
RCO/T10SO/T13CKI =—= [ 11 1907 +— ves
RC1/T10SIICCP2MUOE =—= [ 12 1811~ Rc7mxiDT/SDO
RC2/CCP1 =— [ 13 1700~ Resmxick
Vuss <[ 14 161] < RosD4vp
D20 - o L ISlElsce Rein v
i
|
|
‘ 40-Pin PDIP
o
MCLR/VPP/RE3 — [] 1 N 40 [1 <—> RB7/KBI3/PGD
RAO/ANO ~—=[] 2 39 [1 ~— RB6/KBI2/PGC
RA1/AN1 =—[] 3 38 [1 <= RBS/KBI1/PGM
RA2/AN2/VREF-ICVREF =—=[] 4 37 [1 =<— RB4/AN11/KBI0/CSSPP
RA3/AN3/VReF+ <=—[] 5 36 [1 <—— RB3/AN9/CCP2( VPO
RA4/TOCKI/C1OUT/RCY <—+[] 6 35[0 ~—> RBZ/ANBIINTZNMOK/SCL
rasmassYoCaOUT <ol e e
REO/ANS/CK1SPP <~—[] 8 0o
RE1/AN6/CK2SPP <~—[] 9 ‘5:’ ;1;’ gf 51 e z;’:
<~ 10 - —
RE2/AN7/OESPP [m 1 g AU LTS
‘\/,';2 __>E :2 00 29 [1 <— RD6/SPPE/P1C
== <—» RDS/SPPS/P1B
OSC1/CLKI —=[] 13 oo 28 % 234ISPP4
OSC2/CLKO/RA6 <———T] 14 272 St C S EIDTIED0
RCO/T10SO/T13CKI =——[] 15 26) [l
MOoE E 16 25 [] =— RC6/TXICK
RC1/T10SICCP2("/UOE =—> b RCS/D+IVP
RC2/CCP1/P1A —=[] 17 23 b RC4/D-VM
Vuss: +—#[EH1S <> RD3/SPP3
DO/SPPO <——[] 19 221 B
R 21 [] = RD2/SPP2
RD1/SPP1 =—>C]20 2]
Note 1: i i ultiplexing.
RB3 is the alternate pin for CCP2 multip

\

\ ”cmchip Technology Inc.
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1
|
|

P
IC18F 2455/2550/4455/4550

—
pin Diagrams (Continued)
w
I8
2
44-Pin TQFP (:'&,
- 0%
X o [N N7)
o™ -~ =
92300zp Fak
2 anpg GOO
t Q Q ‘Q nn Q or o
8338855888
Tiimmgggggg
RC7/RX/DT/SDO ~—s—rr{
RD4/SPP4 <—o [TT] 33 -~ e
RD5/SPP5/P1B g 32 T gggCRSﬂZ)/ICVpp(z)
RD6/SPP6/P1C < .:,:,::'I % ey Reormosoracki
RD7/SP e 30T . SoC2/CLKO/RAG
P7/P1D s PIC18F4455 OSC1/CLKI
Vss —=C11]6 290 -—o Vss
Vop —=r17 PIC18F4550 28m<~— v
RBO/AN12/INTO/FLTO/SDI/SDA <—>[TT]g 27l < REZAN7/OESPP
RB1/AN10/INT1/SCK/SCL <—srTT|g ggE ~—= RE1/ANG/OKoSEP
RB2/ANB/INT2VMO ~<—»TH{10 ~—= REO/ANS/GK.Sp
1 B L 24T < ZR1SPP
RB3/AN9/cCP2( v PO T 14 o e RAS/AN4/SS/HLVDIN/020UT
N T RA4/TOCKIC10UT/RCY
§§&§00m0£££
SoGEOoHZZE:
ER8E§550:08
SSsggeiiEys
Ssolsqc  £%
5E§$mmd §§
5] 92 T oS 5 =
993 )
2 o i
2z
-Pi a9
44-Pin QFN $ezours 538
RFIaaar Ggoo
£EQ006sys OCE
SWITOANro2d-S
[SHONGNaNaNaNa R NONONS]
CCCrrCccCc>CoCo
3295283565883
RC7/RX/DT/SDO <— |1 @ 33 —= OSC2/CLKO/RAG
32| <— OSC1/CLKI
RDA4/SPP4 <— |2 = o
RD5/SPP5/P1B <— |3 L ol
6/SPP6/P1C <— |4 o
237/SPP7IP1D <= I5 PIC18F4455 23} -— Woo
vss —> 16 PIC18F4550 7§ < RE2ANTIOESPP
oD z 261 <— RE1/ANG/CK2SPP
Vob ) 25 ~— REO/ANS/CK1SPP
RBO/AN12/INTO/FLTO/SDVSDA <—> |9 24| <—> RAS5/AN4/SS/HLVDIN/C20UT
RB1/AN10/INT1/SCK/SCL <—= |10 23| <—> RA4/TOCKVC1OUT/RCV
RB2/ANSINT2VMO <= 11 o cworoaggd
I 2 oo®es ihid
: goiz8olzze
S 8%§5533502
R smoopzoccliz
. ZxXXgF <
O 2F3RJ 29
0 <8maoo 2
g o= Zx
Z Nz <
L. q
(v}
o
2
ignated
o lexil .. | ICPORT Features (Des
Note 1: RB3 s the alternate pin for CCP2 mumplexm%t eumsianasHSes section 25.9 “Specia
2 Special ICPORTS features available in sele
N 03396320-9896 3

© 2006 p: liminary
006 Microchip Technology Inc. Pre




o SN54LS07 and SN74LS17 are
OL‘S olete and are no longer supplieq.

SN54LSg7 SN7.
> IN741.507, 57
WITH OPEN-¢ il Soaiers
COLLECT UFFERSIDRIVER
] D?s'gz E'_%'X?!‘TAGE OUTPUTg

0 - REVISED FEBRUARY 2004

# convert TTL Voltage Levels to Mos Levelg
High Sink-Current Capability SN54LS07 ,

0 ; B SN74Ls07, SN7. --J PACKAGE

o Input Clamping Diodes Simplify System 4LS1:T'6';%|DB, N, OR Ns PACKAGE
Design Ew)
open-Collector Driver for Indicator Lamps
and Relays

jescription/ordering information

These hex buffers/drivers feature high-voltage
open-collector outputs to interface with high-leve|
circuits or for driving high-current loads. They are

SN54LS07 and 40 mA for the SN74L.S07 and SN74L.517

These circuits are compatible with most TTL families. |n i

i impli i - Inputs are diode-
effects, which simplifies design. Typical power dissipation is 140 :v(\i/e
12 ns. s

clamped to minimize transmission-line
and average Propagation delay time is

ORDERING INFORMATION

TA PACKAGET ORDERABLE TOP-SIDE
PART NUMBER MARKING
PDIP - N Tube SN74LS07N SN74LS07N
| Tube SN74LS07D
; SOIC-D LS07
f 0°C to 70°C Tape and reel | SN74LS07DR
j SOP - NS Tape and reel | SN74LS07NSR 74LS07
| SSOP -DB | Tape and reel | SN74LS07DBR | LS07

} TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB
i design guidelines are available at www.ti.com/sc/package.

logic diagram (positive logic)

1A J_D__z 1Y

2A i—D—J 2y

. j__D__i ay

AR j___D__s ay

5 5A LDJ 2y
. 12 s

6A

Y

A iz f
tandard warranty, and use in critical applications o
bility, S

; ing availa this data sheet.
Please be aware that an important notice concern! g to appears at the end 2

isclai there
i nd disclaimers
Texas Instruments semiconductor products a e lnwrr::ﬁg
COPY;E‘, compliantto -.-PRHR;IS;' llp.m!n
:;gbucno" : mess o mym mﬂ:‘d all parameters.
ety

In otherwiso ¥
i S0t spegeagom© CUMIRL 28 o e i TEXAS o o :
JNSTRUMEN

Hing of gy wmyn- :lr::uﬂhﬂ [ g does not iy includo
TEXAS 75265
OST OFFICE BOX 655303 © DALLAS,
P




N74LS07, SN74LS17
gpSUL B SIDRIVERS

XB Y EN.COLLECTOR HIGH-

yﬁTH Elyss?-(r)zsv:seo FEBRUARY 2004 VOLTAGE OUTPUTS The SN54L807

SuLsozic'M Obsolete and arzn:osanLS" are
xl ematic (each gate) 2n9er supplieg,
| § ===
1
|
Vee
. 9 kQ
# 1kQ
|
I’ Input Output
|
|'

2kQ
GND

Resistor values shown are nominal.

 absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

LrplyvalagenVEe” 5. ... Y3RRY. R e e L 7V
| oot voltage, Vi (seeNote ) orz o sromeres S 7V
f Output voltage, V (see Notes 1 and 2):-SNSALBOT SNTAEBOT b vesrvesivs o s s 30V

SINTAL STt oot b s i 15V

Package thermal impedance, 6 JA-(seeiNote 3)xDipackage et i o 8 SEE 86°C/W
! PRipackage st cias. ok S Y 96°C/W
! Npackage S oloemmio s o v e 80°C/W
| NS package PR IR e i G a2 76°C/:N
- Storage temperature range, Tggy: 4. it SUDS. ol eV S0t S0 lle s e s e e ais -65°C to 150°C

| TSlresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and

finclona| Operation of the device at these or any other conditions beyond those indicated unfier “rgoo.n)mended operating conditions” is not
fmpl?' Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
" 1. All voltage values are with respect to GND.
2. This is the maximum voltage that should be applied to any output when it is |.;1 the off state.
3. The Package thermal impedance is calculated in accordance with JESD 51-7.

i XAS
2 I?ST‘-I];EUMENTS

5
TEXAS 7526
POST OFFICE BOX 655303 @ DALLAS,




| gN54LS07 and SN74Ls17 are SNS4L8075 SN74
e

LSo7 SN74Ls
longer Y 17
Theolete and are no longer supplieq. WITH OPEN'COLLECTOH H::;EHXVB(;JGZ%I}ES/DRIVERS
SDLS021G - ouT|
ommended operating conditiong (see Note 4) = MAYmgo-REWSEDFEBRUARYzoM
rec i
W{\
SN74LS17 UNIT
Supply voltage m
Vee High-level input voltage 4'75\55.25 TR
\\//’H Low-level input voltage 2 v
IL RIS s
VL —— 08| v
High-|eve' OUtpUt voltage \\'
VoH \30_ v
Low-level output current \30\15
B Operating free-air temperature M“O\‘m mA
N(;‘ 1€ 4: All unused inputs of the device mustWJ 7q b

: or GND tg €nsure prope i i e
Implications of Slow or Floating CMOS Inputs, literatyre Number SCBAOOZ, Per device operation, Refer to the T application report,

electrical characteristics over recommended Operating free-air temperature range (unless
otherwise noted)
F SN74LS07
PARAMETER TEST CONDITIONS? i ot
MIN MAX| WMIN max
Vik Vce = MIN, I=-12mA -15 -15] v
W\oz 0.25
loH ¥ce = MIN, ViH =2 SN74LS17, Vo = 15 v T
loL =16 mA 04 0.4
VoL Vce = MIN, ViL=08v loL = MAX§ 0.7 T
| Vee = MAX, Vi=7V 2(1) 2; r::\\
4 Vce = MAX, Vi=24Vv = -02| mA
IiL Vce = MAX, Vi=04V 14 14| mA
lccH Vee = MAX = 25| mA
__lccL Vce = MAX

: ting conditions.
For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating
0L = 30 mA for SN54 series parts and 40 mA for SN74 series parts.

Switching characteristics, Vee =5V, Ta = 25°C (see Figure 1)

P MAX | UNIT
FROM TO TEST CONDITIONS MIN  TY
PARAMETER —
(INPUT) (OUTPUT) = %
=15pF 9 30
PLH A v R =110, CL=15p 1
PHL

N ———

i EXAS 3
INQST‘]I;UMENSES 75285

o DA
pOST OFFICE BOX 855303




SN74LS07, SN74LS17

| L5077
| ﬁrég‘suFFERSInnlvens
pEN-COLLECTOR HIGH
W’]omq MAY 1990 = REVISED FEBRUARY 2004 VOLTAGE OUTP UTS The s
ot e SN54L.g
PARAMET Obsolete 07 and s
and 74LS
ER MEASUREMENT are no longer ;z:;lei
Test
Point Vce Vee
n
nd
from 0"_:_2:: er Test
et (see Note B) RL (see N uL (see Note B)
cL From Output = ote A) T~
(see Note A) Under Test PZ?:“
c =
(see Note Al; I g
LOAD CIRCUIT = S2
0R 2-STATE TOTEM-POLE O LOAD ci
; UTPUTS FOR opsn-coueggg:: z
OUTPUTS o LOAD CIRCUIT
High-Level 4 R 3-STATE OUTPUTS
Pulse 3V 13V Timing
¢ | Input 13V 2
| b Zg i ey 0
| — by =0V,
Low-Level £ o tsy ——py | th
Pulse 4 13V Dat |
i ma"
P ’ 13v
V?,IE',I'AGE WAVEFORMS o
LSE DURATIONS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES
Output
Control
bt - GlAnE - N 3V (low-level 1.3V
13V 13V enabling) I
I | w tpzL M [— B [t
tPLH —— le—pf Lz
In-Phase | [ | tPHL | I |1
Output [ S Voi Waveform 1 | 5] i
(see Note D) | 13V I 13V (see N::‘(:’srg | 13V I el vo. 49
| VoL ' P
[ | | oL
PHL —¢—b) | t
Ot Phage | HI tPLH pzH |K— —> :4— tm:,z
—— Vo
Output [ VoH Waveform 2 I == VoH -0.5V
(see No 13V (see Notes C 13V
te D) 13V dD) A5V
an o
e VO
PO WAVEFDRMS VOLTAGE WAVEFORMS
NOTES; A GATION DELAY TIMES ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

C .
L includes probe and jig capacitance.

B. :
All diodes are 1N3064 or equivalent.

C. Way
ef ;
Wavefgn": : is for an output with internal conditions suc
2 is for an output with internal conditions s

81

and S2 are closed for tp| H, tPHL. IPHZ, and tPLZ:
utputs have been ¢
having the following charac
th one input transition per measu

Pha i ;
. irfe :elatmnshups between inputs and o
The g: pulses are supplied by generators
tputs are measured one at a time, Wi

®@mmo

Figure 1. Load Circuits and

except when disabled by the output control.

that the output is high, except when disabled by the output control.
losed for tpzH: S11s closed and S2 is open for tpz| -
hosen arbitrarily for these examples.

teristics: PRR £ 1MHz, 20 ~ 50Q, tr<1.5ns, tf<2.6 ns.
rement.

h that the output is low,

uch
31 is openand S2is cl

Voltage Waveforms




BC556; BC557
PNP general purpose transistors

1999 Apr 15

P
| Loduct specification
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. semwcnductors
P

ol

oNP general purpose transistors

BC556; BCss7
(EATURES PINNING

ent (max. 100 mA)

Product Specification

ot 65V)
|, ow voltage (max. 55 ¥ DESCRIPTION
APPLICATIONS
, Gen eral purpose switching and amplification.
DEscRIPTION ;
P transistor in @ TO-92; SOT54 plastic package. £ e 0 3
"o\ complements: BC546 and BC547. —— . ‘<
——
i i 1
Fig.1  Simplified outline (TO-92; SOT54)
and symbol.

LIMITING VALUES
haccordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voltage open emitter

BC556 7 il B
| BC557 > LB
Vego collector-emitter voltage open base e v

BC556 e _45 Vv

BC557 s v
Veso emitter-base voltage open collector : 100 A
k collector current (DC) = -200 mA
o peak collector current K -200 mA
IBM\ peak base current — z 500 mwW
P total power dissipation Tamb < 25 65 +150 °C
If‘g\ storage temperature = 150 :C
T]\ junction temperature e e G5 +150 ©
“”’b\ operating ambient temperature s elas =

1999 Apr & 2




‘ opilps Semiconductors

Specification
PNP general purpose transistors
sl BC556; BCs57
HERMAL CHARACTERISTICS

omBoL | ' PARAMETER
thermal resistance from junction to ambient

Rinj-a

Note
1. Transistor mounted on an FR4 printed-circyit board.

cHARAcTERISTICS
T.= 25 °C unless otherwise specified.
j
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | m
lcso collector cut-off current le=0;Veg=—30V - y o AL
. = - -15 |[nA
: le = 0; Vg =-30 V; T = 150 °C - T =T
et emitter cut-off.current lc=0;Veg=—5V : T 2100 |oA
heg DC current gain lc=-2mA; Ve =-5V:
BC556 see Figs 2, 3 and 4 125 |- 475
BC557 125 .|~ 800
BC556A 125 |- 250
BC556B; BC557B 220 |- 475
BC557C 420 |- 800
VeEsat collector-emitter saturation lc=-10mA; Ig =-05 mA - -60 (=300 [mV
voltage Ic =100 mA; I = -5 mA - -180 |-650 [mV
VBEsat base-emitter saturation voltage |Ic =-10 mA; Iz = -0.5 mA; note 1 - -750 |- mV
Ic =100 mA; Iz = -5 mA; note 1 - -930 |- mV
Vee base-emitter voltage lc = -2 mA; Vce =-5V; note 2 800 8300 | iV
Ic = —10 mA; Vce = -5 V; note 2 - - —820 |mV
: i = s 3 F
Ce collector capacitance lg =ie=0; Veg =-10V; f= 1 MHz :130 gF
Ce emitter capacitance lo =50V DA [ 1 MH,\ZAH ;00 - MHz
lj transition frequency lo =—~10mA; Vee =5 V5 f = 102 kQ_Z 5 0 ldB
F noise figure 6 = =200} Vorp g Vi s =@
f=1 kHz; B =200 Hz
Notes

- Veesa decreases by about —1.7 mV/K with increasing temperature.
2 Vge decreases by about —2 mV/K with increasing temperature.




emiconductors

philips S

B s Product specificaj
Specification

pNP general purpose transistorg

P BC556; BCss7

l 300 [_f Tr‘ T
| r\
] I 'FrfrrrrNFrrrﬂfH;f
hFE BRI e e o e L] V] |
200 BB T e - ol 0 [FL
| [ ——t—) T IREE
| T~ V, =
219 11 T B .
TN
\
— \\
100 *——————\§_____;=\‘__—____
LT | \
‘ 0
= = e ol Ic (mA) =10
BC556A.
Fig.2 DC current gain; typical values.
)
MBH727
400
g hrE
i B Vcg=-5V
| 300 il
\\
\\
\\
200 \
\
100 — | i
_J _f j__’J_J_J—JJ—J 1Jo3
: i R JJw 102 jgmA)
-10-2 101 -1
8Cssen; BC557g,
:. typical values.
Fig.3 DC current gain; typical =

%99 Apr 4 :




miconductors

philips S€

& o Product specificas
Pecification

PNP general purpose transistors

B — BC556; BCss7

‘ 600 r‘r‘rrwﬁwrwrw\

hee

500 I e b

400 1

200 — T T Tttt

|
[
|
I 300 B B et [
I
|
|
|

100 o WUIBESEE [l e 1 1

0 JJ]

-102 -10-1 -1 )

BCS57C.

Fig.4 DC current gain; typical values.




iips semiconductors
I

e

PP general purpose transistorg :
{ g ik BC556: BC557
PACKAGE OUTLINE

plastic sln_g"l_e-ended leaded (through hole) Package; 3 |eags
1

|

SOT54
i
eaie WLEGE i)
= *“:'*-—I—-‘c
g e S
<—d > r“A :
| It
b
1 g
1
@2 =
D___ 5 o gl et ! (?———__'____‘ E
| l
— ”—-—j—-—-_l
: il
1
E <“—L1—>I
5mm
(l) By I |2|5| yuspipd]
scale

D
MENSIONS (mm are the original dimensions)

UNiT g " X z
- 048 | 0.66 | 045 | 4.8
040 | 0.56 | 0.40 | 44
i o
i inal imegularities.
= . of plastic and termind
€rmina| dimensions within this zone are uncontrolled to allow for flow of p —— e
= IEC JEDEC —
= TO-92 ‘EE’ @
1999 Apr 15 :

.



BD243, Bpyy3
243, A, BD24
NPN SILICON POWER mgﬁ's?sn%gg

JUNE 1973 . REVISED MARCH 1997

© 1997, Power Innovations Limited, yk

capyflght

pesigned for Complementary Use with the

. BD244 Series
| 65 W at 25°C Case Temperature T0-220 PACKAGE

0 (TOP viEW)

o GA Continuous Collector Current

B
o 10 A Peak Collector Current c Q:: :
A 1

, o Customer-Specified Selections Available E O
| Q: 3
4
{

Pin 2isin electrical contact with the mounting base.
MDTRACA
absolute maximum ratings at 25°C case temperature (unless otherw

ise noted)

T RATING —
| swsoL VALUE UNIT
BD243 Vil 55
Collector-emitter voltage (Rgg = 100 Q) BD243A 70
BD243B Veer 6 v
| Eoasc | s
BD243 45
Collector-emitter voltage (Ic = 30 mA) BD243A v 60 v
BD243B CEQ 80
BD243C 100
Emitter-base voltage Veso 5 ]
Continuous collector current I 6 A
Peak collector current (see Note 1) lom 10 A
Continuous base current Is 3 A
Continuous device dissipation at (or below) 25°C case temperature (see Note 2) Piot 65 w
Continuous device dissipation at (or below) 25°C free air temperature (see Note 3) Piot 2 w
Unclamped inductive load energy (see Note 4) #Lic* 62.5 s
Operating junction temperature range L o i +1:g 2
Storage temperature range Tstg il t2°5;1 °C
Lead temperature 3.2 mm from case for 10 seconds LI

NOTES: 1. This value applies for t, < 0.3 ms, duty cycle < 10%. ;
2. Derate linearly to 150°C case temperature at the rate of Ofié W(N ?‘;C
3. Derate linearly to 150°C free air temperature at the rate of 16 m T 3 s AR
4. This rating is I?)Ias,ed on the capability of the transistor to operate safely in a circuit of: L =20 mH, I(on) BE
VBE(f) =0, Rg =0.1Q, Vg =20 V.
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13 BD243A, BD243B, BD243¢
| 532 ' |cON POWER TRANSISTORS
N

ER
pARANEY TEST CONDITIONS
EOEarms:
B TYP | MAX ] uniT |
Collector-emitter # D243 et | WG
down voltage lc= 30mA ls=0 BD243a 4 =
VigRICEO  break (see Note 5 i ¢o
BDz43B 80 v
LT, e Vee= 55V Var =0 = 43C 100
Collector-emitter Vee= 70V V=0 243 \\0\4_\
lces  cut-off current Vee= 90V VEree 23243/\ ¥
= 438 i
Vee=115Vv Vge =0 e 04 mA
Collector cut-off Vee= 30V lg=0 BD2335a e 0.4
IcE0  cument Vee= 60V lg=0 BD243p, 23A o7 e
Emitter cut-off /243C it mA
Veg= 5V le=0 B e e |2 TS
k80 cumrent c 1 A
Forward current Vece= 4V Ic=03A
M transfer ratio Vee= 4V Ic= 3A (see Notes 5 and 6) ?0
Collector-emitter ks P ix 5
Vee(sat)  saturation voltage 3 c= 6A (see Notes 5 and 6) 1k »
Base-emitter ol
VeE  yoltage Vee= 4V lg=tiBA (see Notes 5 and 6) 2 v
Small signal forward
Veg= 10V = =
M curent transfer ratio CE lc=05A f=1kHz 20
Small signal forward
\/ = 10V ln=0. =
L —— transfer ratio CE g FhoA f=1MHz 3
NOTES: 5. These parameters must be measured using pulse techniques, tp = 300 ps, duty cycle < 2%.
6. These parameters must be measured using voltage-sensing contacts, separate from the curmrent carrying contacts.
thermal characteristics
PARAMETER MIN | TYP | MAX| UNIT
Ruc  Junction to case thermal resistance ;~29§ gm
Rua  Junction to free air thermal resistance :

resistive-load-switching characteristics at 25°C case temperature

IN TYP MAX UNIT
Pr— TEST CONDITIONS T 4 i —
- Z01A :
'n__Tum-on time lc=1A la(om =01 A IB(Son s, dc<2% ] i
bt Tum-off time Vi =39V R =20Q 220 e

t " meters.
Voltage and current values shown are nominal; exact values vary slightly with transistor para

P
"0BDuct |NFORMATION
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JUNE 1973 . REVISED MARCH 1997

TYPICAL CHARACTERISTICS
TYPICAL DC CURRENT Gagy
Vs

COLLECTOR EM
“EMITT
COLLECTOR CURRENT ERVSSATURATION VOLTAGE
— TCS633AH BASE cu
1000 V=4V NEE EE:E Sl T ikl TCS633AE
T,=25°C 1 e o 2 1 2 o e =EREE L = 300 ma]
{, w3008, duty:aycle <2k — 1111 g — 11T o i 1 :‘ §
] || 18 LAIRET S — - L [T Ef:;, |:= Ye
- S T T = sa
: 5 100 = EE-—:_:%—“;E g 1.0 4 L] _/_Z’/ £ Ea H
£ —S C = SEsin SRS S
2 R
u "N
£ 10 = g N
= K T
E -1
l? 4 g
>§
1:0 0-01
01 1-0 10 0-001 0-01 01 10 10
I¢ - Collector Current - A Iy - Base Current - A
Figure 1. Figure 2.
BASE-EMITTER VOLTAGE
vs
COLLECTOR CURRENT _
1‘2 T
V=4V
T.=25°C /
5 T /
: /
g /
= 10
>
£
T 09
u
s a/
1] -
@ o8
o
> b L] ]
07 A
]
] 10
0-6 1-0
01

]. - Collector Current-A
C

Figure 3.
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, 02434, BD243B, BD243
| Bgﬁ4siLlC°N POWER TRANSISTORs
L

7 REVISED MARCH 1997
1973

CNE

MAX
IMUm SAFE OPERATING REGIONS

MAXIMUM Forw

SAFE RD-BIAS
A Bt OPERATING AREA
== SAS633AD
"\:: ‘(p=300 ps,d=0.1=10%E
L“;: 4= 1ms,d=0.1=qqy
—] %= 10ms,d= 012 19
; A=10%H
tt 10 ==== .z DC Operation )
& ——r HHH — H
: B : E:EEEEEE
5 R o e —HH
5 Rk ]
3 L LT
€ 1o ==Ll |
8 —_——=== —— =
H ———— =
3 1 1 —
(&) B W o \:_- —
= TN
01 UL || =
FoD24s SS—=sHHHiE———
BD243A ‘~: ‘= my T
BD243B
BD243C
el LI
o 10 100 1000

Ve - Collector-Emitter Voltage -V

Figure 4.
LSRR

THERMAL INFORMATION

MAXIMUM POWER DISSIPATION

Vs
CASE TEMPERATURE TIS633AB
80
z 70
:
£ 60 \
o
[7]
5 50 B
Y
o 40 \
o
£
g 30 B
E
: Lk [
i Bi
oZ [ e
10
0 125 150
oo = 50 gsg 41

-°C
T, - Case Temperature

Figure 5.
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BD243, gp
"  BD243p pp,
N'SILICON powgp n:gﬁ's?snrzc‘)‘gg

J
UNE 1973 . REVISED MARCH 1997

MECHANICAL paTp

10220

3.pin plastic flange-mount package

; This single-in-line package consists of g ci

compound. The compound will withstang ki
e ; | 4 .

characteristics will remain stable when Operatedgi,:err:i1 p}? rature with no deformation

cleaning or processing when used in soldered assembls hUm|d|ty Conditions, e

‘ 10220
j ‘ An_
5 3,96 104 L, r—
| i Wiy 295 0
see Note B :
|
|
| 15,90
| 14,55
see Note C -
= [ 35
4 o -
r
L A ‘J!
141
— 12,7
i p 1,70
0,97 il 1.07
0,61 HE
@ ®J@u
= 0,64
2,34 e 024
| 5,28 2.90
458 2,40
i
(] VERSION 2
VERSION 1
| JLLIMETERS
| ALL LINEAR DIMENSIONS IN M -

with the mounting tab.
o package version.

. Norgs;
,3 S:A. The centre pin is in electrical contact
| ht according fo package version.

G Mounting tab corner profile according t
-+ Typical fixing hole centre stand off heig
ersion 1, 18.0 mm. Version 2, 17.6 mm.

Power )
{ |NNOVAT|0NS
5

P
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BD244, p,
:  BD244p, gp,
NP SILICO POWER nﬁﬁ's?snrzc;‘gg

© 1997, Power Innovations Limited, Uk

copyright

pesigned for Complementary Use With the

0 pD243 Series
at 25°C Case Temperature T0-220 PACKAG
o 65W (TOP viEW) 2
o GA continuous Collector Current
B
o 10A Peak Collector Current C Q:: ;
g customer-Specified Selections Availab|e E Q:: Q
3

Pin 2 is in electrical contact with the mounting base

MDTRACA
absolute maximum ratings at 25°C case temperatyre (unless otherwise noted)
e LA RATING = e i A N
A Gigs .. | . SyMEOL VALUE | uNIT |
BD244 \T\
Collector-emitter voltage (Rge = 100 Q) BD244A v 70
BD244B CER .90 v
BD244C 115
W\ -45 R
Collector-emitter voltage (I = -30 mA) BD244A v -60
BD244B CEo .80 V.
BD244C -100
Emitter-base voltage Vego 5 V]
Continuous collector current Ic 6 A
Peak collector current (see Note 1) Icm -10 A
Continuous base current Is -3 A
Continuous device dissipation at (or below) 25°C case temperature (see Note 2) Ptot 65 w
Continuous device dissipation at (or below) 25°C free air temperature (see Note 3) Piot 2 w
Undlamped inductive load energy (see Note 4) %Ll 6255 TJ
Operating junction temperature range Tj o il gc
Storage temperature range Tstg e t205(+) Lt g
Lead temperature 3.2 mm from case for 10 seconds LI

NOTES: 1. This value applies for t, < 0.3 ms, duty cycle < 10%. :
2. Derate linearly to 150°C case temperature at the rate of 0.52 W/ C.C
2. Derate linearly to 150°C free air temperature at the rate of 16 mW/feI).' in a circuit of: L = 20 mH, Ig(gny = 04 A, Rgg =100

This rating is based on the capability of the transistor to operate sa
VBE(@fy = 0, Rg = 0.1 Q, Vg = -20 V.

oy PUCT JNFORMATION
; onform to spec
Production proc

i nce
fications In accorda 1

OmMatiop : I
Yith the ;2.? ~ curent as of puplication date. Products ¢ essing does N0t
Mecessary - Of Power Innovations standard warranty-

rily i
Y include testing of all parameters.




41, BD244A, BD244B, BD244¢

SED MARCH 1997
sl
aracteristics at 25°C ¢
glectr jcal ch ase temperatyre
ARAMETER
P TEST CONDITIONS
T
| ollector-emitter 3 BD2a3 m TYP M\Ax
| C lc= -30 mA Rt | UNIT
own voltage i lg=0 BD 25 S M0l
| |V@gricEQ breakd B 2444
B[ (see Note 5) BD244p -60
] Vee= 55V e BD244C 1?0 v
‘ Collector-emitter Vee= -70V Voo a0 BD244 T SR SN
.| les  cutoff current Vee= -90V Voot BD244A L7 A
“ Vee=-115V Vo lh BD244p '2-4 o
, Collector cut-off Yoe= 30V 5=0 BD244C '0-:
[ X il BD244/244A T P
? Emitter cut-off TSR BD244B1244¢ ~0'7 mA
| 0 cument - lc=0 (T e |
! Forward current Vee= 4V lo=03A -1 mA
‘ ME  transfer ratio Veg= -4V lc= 3A (see Notes 5 ang 6) 20
" Collector-emitter ; " 15
Vee(sa)  saturation voltage 8 = lg=56'A (see Notes 5 and 6) !
Base-emitter R R Rrsel . v
Ve yoltage CE lg=16A (see Notes 5 and 6) o
Small signal forward e e
| M cument transfer ratio ge - lc=-0.5A f=1kHz 20
t . Smallsignal forward ' "
L — CE Ic=-05A f=1MHz 3
NOTES: 5. These parameters must be measured using pulse techniques, t, = 300 ps, duty cycle < 2%.
6. These parameters must be measured using voltage-sensing contacts, separate from the cumrent carrying contacts.
thermal characteristics
PARAMETER MIN | TYP | MAX| UNIT
Ruc  Junction to case thermal resistance 192 | *CWwW
| | Rua  Junction to free air thermal resistance 625 | ‘Cw
| H H - - - -
i esistive-load-switching characteristics at 25°C case temperature
( PARAMETER TEST CONDITIONS f MINCI TYP | MAK:] ORI
| = ] s
!; Tum-on time lc=-1A Ig(on) = -0.1A Ig(of = 0.1 A ¥ 013 ::s
- Lt Tum-off time VeE(ofy =3.7 V R_=20Q tp =20 pis, do <2%

t 3
Voltage ang current values shown are nominal; exact values vary slightly with transistor parameters.

P
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BD244, gy
PP SILICON poye 02448, B2gqc

WER TRANSISTORS

JUNE 1973 _

TYPICAL CHARACTERISTICS
TYPICAL DC CURRENT GAlN
Vs

COLLECTOR EMI
“EMITTER saTy
COLLECTOR CURRENT ve TATIONVOLTAGE
e T_cssw\n BASE CURRENT
100 Fyge=-4v ——+ > " EEEEEEE@ =T Lo
T alie — - R S L tEéEr'c--m mA
t,= 300 ps, duty cycle < 2% ———1 1T} S - HH— T ‘—;;rlc= 1A
—1————1 || g 7 EEmER T ;gf:;,rlc= 3A
c 1+ ) ol 9% )
E 54 S i) g A
3 100 ——— £ 10 —1— LA L :_ L
2 ~— FR =S ==
8 G —H TN
- ] 2T ——H [ TN
0 E — - L]
0 E AL T T Qi
y 5 & SUI Y
‘:l 10 E -0‘1 :: st
3 — —HH S
o Blinag R
I:.; == EEER k ":———-—- i
>o T — - { 1]
1-0 -0-01
-0 -1-0 -10 -0:001 -0-01 -0-1 -1-0 -10
I - Collector Current - A Iy - Base Current - A
Figure 1. Figure 2.
BASE-EMITTER VOLTAGE
vs
COLLECTOR CURRENT _
-4-2 ,
Vc:-: =-4vV /
T.=25°C
-1 [
=
: /
] /
-°- '1'0
>
g
T -09
u
o /
@ _gg /
g ’ | L]
> N Pl Sl
-0-7 A
-~
= -0
-0-6 -1-0
-0-1

1.. - Collector Current-A
c

Figure 3.
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502448, BD244B, BD244C
Bﬁé‘é,’ucou POWER TRANSISTORS
P

973 - REVISED MARCH 1997
NE !

MAXIMUM SAFE OPERATING REGIONS

MAXIMUM g

| c)RWARD-BIAS
| e SAFE OPERATING AREA
| E = SAS634AD
][ ;\:: tp =300 Hs,d=01= 10%
| e ®= 1ms,d=0.1=4qy,
| t= 10ms,d=o_1=1o%
; ‘f -10 DC Operation
| e =
| 5 ————HH EEEEEEEE
| £ 3 O
| o B -
‘ g -0 ———rr —
| 2 e H . —
3 ISR o ot —
3 oIS I
| ue 4 O 0 1 Hil|
——— BD244 T ———+—
1 BD244A ———Hpi—
BD244B T -
— BD244C R B ERELY
e L1
-1-0 -10 -100 -1000
Ve - Collector-Emitter Voltage -V
Figure 4.
e e e R —
THERMAL INFORMATION
é MAXIMUM POWER DISSIPATION
| Vs
[ CASE TEMPERATURE TIS633AB
|
80

70

gl
S TN
R

ot - Maximum Power Dissipation - W

30 N

20 ’,—"%/
10 | o [ |

0 75 100 125 150

0 25 50

-°C
T.- Case Temperature

Figure 5.
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BD244,
} PNP SILICO p44A' BD244g, BD244¢
|
|
1

2
OWER TRANSISTQRS

JUNE 1973 . REVISED MARCH 1997

MECHANICAL DATA

.pin plastic flange-mount package
} (s -in-line package consist ircui
‘ This single-in : S of a circyit mount
; comppund- -The gompoupd will withstang Soldering teme;e:) ntua Iea.d frame anq enca
characteristics will remain stable when o alure with no de

‘ ; Perated in hj idi ieformation, ang circui
‘ cleaning or processing when used in soldereq assemb:f:h humld'ty senditions. Lead A L

: S require ng additional
A

Psulateq Within g plastic

| Tl
; 0 [
| 4,20
, 3,96 1,32 r‘-
3,71 \ na Lt
see Note B
ey ]
14,55
see Note C 6,1
O BRETS
A \FJ
v 4!
14,1
12,7
1,70 2
0,97 f > 1,07 l
0,61
ONO) @J J
0,64
2,74 P
| ¢ ) 41
2,34 -
528 i o
4,88 ;

VERSION 2

IMETERS
ALL LINEAR DIMENSIONS IN MILL MDXXBE

VERSION 1

with the mounting tab.
kage version.
ording to pac

OTES: 4, The centre pin is in electrical contact

. Mounting tab corner profile according to pac

C. Typical fixing hole centre stand off height acc
Version 1, 18.0 mm. Version 2, 17.6 mm.

kage version.

Power )
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P
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L
LM224 - (320

LOW POWER QuUAD OPERATIONAL AMpL

IFIERS

———

4 WIDE GAIN BANDWIDTH : 1.3MHz

. INPUT COMMON-MODE VOLTAGE RANGE \
INCLUDES GROUND

’ LARGE VOLTAGE GAIN : 100dB o

s VERY LOW SUPPLY CURRENT/AMPL] : 375uA w

s LOW INPUT BIAS CURRENT : 20nA

s LOW INPUT OFFSET VOLTAGE : 5mV max.

e

(for more accurate appliications, use the equivalent parts Dl::1 ’ ng

LM124A-LM224A-LM324A which feature 3mV max) (Plastic Package Plastic Mi
» LOW INPUT OFFSET CURRENT : 2nA Rt ENE g
« WIDE POWER SUPPLY RANGE :

SINGLE SUPPLY : +3V TO +30V

DUAL SUPPLIES : +1.5V TO £15V

P
TSSOP14

(Thin Shrink Small Outline Package)

DESCRIPTION ORDER CODES

These circuits consist of four independent, high Part Temperature Package

gain, internally frequency compensated operational Number Range Nl ip

amplifiers . They operate from a single powersupply LM124 55°C, +125°C x| e [ s
over awide range of voltages. Operation from split LM224 40°C, +105°C Ll nilets
@ power supplies is also possible and the low power Linazh 0°C. +70°C 5 ) =

supply current drain is independent of the magni- T -

tude of the power supply voltage. Example : LM

PIN CONNECTIONS (top view)

P—

Output 4

Output 1 1 I:

Inverting Input 4
Inverting Input 1 2 |___
Non-inverting Input 4
Non-inverting Input 1 3 E

Yee o4 E

vcce

1 Non-inverting Input 3
1 Non-inverting Input 2 5 &

Inverting Input 3

Inverting Input2 6 E
Qutput 3

e e
June 1999 ///




124 - LM224 - LM324

/
EMATIC DIAGRAM (1/4 LM124) \

sCH

cc

|
|
I Inverting
l

input
| Non-inverting
input &
|
l
| r/
Qm Q12
|
| Q8 Q9
| SOpA
; 4 7 774 4 ;7 4 %77 GND
|
I
|
?
ABSOLUTE MAXIMUM RATINGS
|_Symbol _ Padarnater LM124 [ ymz24 | Lmsp4 | Unit
Vee Supply Voltage oior 92 .
Vi Input Voltage S e e :
L 0 SO
Vig Differential Input Voltage - (*) ___:_32_—____:;’3_2________*_3_2_,_ \\/N
P — - 0 500 m
tot Power Dissipation g gﬂg;: 500 280 2400 5 o i
X | e S e
3 it — - Infinite i gl
I\ put Short-circuit Duration - (note 1) 50 mA
in BT
= Input Current — (note 6) e ] 0to +70 ___3:——
~——2cper | Operating Free Air Temperature Range 65t0 +150 | °C
BRG]

— sty | Storage Temperature Range

214 //




—M124 - LM2og . 34

ed)
o R A
324
5“1 Unit
-‘\1
mV
“\4
nA
0
00
\'\
nA
150
300
Vimv
i
dB
10
mA
0.7 1.2
1.5 3
| 08 1.2
et 3
\'
Vee -1.5
0 Vee -2
dB
7 80
60
| mA
| 20 40 70
10 20 mA
12 50 A
3/14




TRICAL CHARACTERISTICS

ELEC = Ground, Vo = 2
veo' = ¥5: Vee. » 10 = 1AV, Tarih =425% (ifioes otherwi :
feggaeny 'se specified)
P
gymbol arameter %%Lmu . SRRl
V- | Input Offset Voltage (note 3) —Min._ | Typ. [ way | Unit
s Tamb = +2 C B ot |
LM324 2 5 mV
Tmin. £ Tamb £ Tmax. 2
LM324 4
| Input Offset Current T R T
o Tamb = +25 C T
Tmin. € Tamb < Tmax. 2 30
s Input Bias Current (note 2) 100
: Tamb = +25°C B
Tmin. £ Tamb < Tmax. 20 :13(5]'8
Avd Large Signal Voltage Gain
(Vec" = +15V, RL = 2kQ, Vo = 1.4V to 11.4v) Vimv
Tamb = +25°C 50 b
Tmin. £ Tamb < Tmax. 25
SVR Supply Voltage Rejection Ratio (Rg < 10kQ)
(Vec = 5V to %0 ) dB
Tamp = +25°C 65 110
Tmin. £ Tamb < Tmax. 65
lcc Supply Current, all Amp, no load =
Tamb = +25°C Vee = +5V 0.7 1.2
Vce = +30V 15 3
in. € Tamb € Tmax- Vce = +5V 08 1.2
Tmin. amb max NCo =t Bol 94 :
Viem Input Common Mode Voltage Range \%
(Vce = +30V) - (note 4) 5 e
Tamb - +25 C 0 Vcc .2.
Tmin. € Tamb £ Tmax. =
CMR Common-mode Rejection Ratio (Rs < 10kQ2)
70 80
Tamb = +25°C 60
Tmin. € Tamb < Tmax =
I Output Current Source (Vig = +1V) a0 20
o Q/cc = +15V, Vo = +2V 20
Isink Output Sink Current (Vig = -1V) 10 20 mA
" Vee = +15V, Vo = +2V 12 50 pA
Vee = #15V, Vo = +0.2V
|
|
1
3/14




4 - LM224 - LM324

{
i
l
|
:
!

yatzd - LUZZ
/ P
arameter
gymbol LM124
———144 - LM224 . e
/VOH-, High Level Output VOIW\\J%T\‘tL\M?’L Uni
(Vce = +30V) o —1Yp. | | Max. | nit
Tamb = +25°C RL = 2k =V
Tmin. < Tam% < Tmax. 26 X
Tamb = +25°C RL= 10kQ 26 27
Tmin- € Tamb < Tmax. 27
(Vcc = +5V, R = 2kQ) 27 A
Tamb = +25°C
Tmln. S Tamb S Tmax. 3.5
VoL Low Level Output Voltage (RL = 10k0) \3~\
Tamb =+25C e |
Tmin. € Tamb < Tmax. 5 20 mv
SR Slew Rate15V 7 &, 2 L 20
Vce = , Vi=0.5t0 3V, R_ = 2k =
ity in) L Q, CL = 100pF, Vius
GBP Gain Bandwidth Product L
Vee = 30V, f = 100kHz, Vin = 10mV MHz
RL = 2kQ, C. = 100pF X
THD Total Harmonic Distortion 3
f= 1kHz, Av = 20dB, Ry = 2k, Vo = 2V,, %
CL = 100pF, Vcc = 30V 0.015
en Equivalent Input Noise Voltage : v
f= 1kHz, Rs = 100Q, Ve = 30V B
40 VHz
DVio Input Offset Voltage Drift 7 30 nvree
Dlio Input Offset Current Drift 10 200 pA/°C
Vo1/Vo2 | Channel Separation (note 5
) dB
1kHz < f < 20kHz 120

Notes : 1. Short-circuits from the output to Vcc can cause excessive heating if Vcc > 15V. The maximum output current
is approximately 40mA independent of the magnitude of Vcc. Destructive dissipation can result from simulta-
neous short-circuit on all amplifiers.

2. The direction of the input current is out of the IC. This current is essentially constant, independent of the state
of the output so no loading change exists on the input lines.

3.V, = 1.4V, Rs = 0, 5V < V(:(:+ <30V,0 < Vi < Vcc+ -1.5v

4. The input common-mode voltage of either input signal voltage s
than 0.3V. The upper end of the common-mode voltage range is
to +32V without damage. Sei el ; 2

5. Due to the proximity ogf external components insure that coupling is not originating via Z‘rreaays::p:lc#ig?l(: g:_
tween these external parts. This typically can be detected as this type of capacitance in
quences.

6. This input current only exists when the voltage at any of 3
collector-base junction of the input PNP transislor‘becomlng forward
odes clamps. In addition to this diode action, there IS also NPN”earSSI o
action can cause the output voltages of the ?P_?jm'p:nt?ug;ai?ve ervee
overdrive) for the time duration than an input is driv : e igher than -0.3V.
This is ngt destructive and normal output will set up again for input voltage Righe

hould not be allowed to go negative by more
Vee' - 1.5V, but either or both inputs can go

i is dri i is due to the
e input leads is driven negative. Itis du _
fek % biased and thereby acting as mpql di-
tic action on the IC chip. this transistor
oltage level (orto ground for a large

4114 //




ﬂ L7800

SERIES
POSITIVE VOLTAGE REGULATORS

oUTPUT CURRENT TO 1.5A
" QUTPUT VOLTAGES OF 5;5.2; 6; 8; 8.5; 9;
10: 12; 15; 18; 24V
THERMAL OVERLOAD PROTECTION
SHORT CIRCUIT PROTECTION

oUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7800 series of three-terminal positive

regulators is available in_ TO-220, TO-220FP, TO-220 TO-220FP
70-220FM, TO-3 and D?PAK packages and T0-220FM

several fixed output voltages, making it useful in a
wide range of applications. These regulators can
provide local on-card regulation, eliminating the
distribution problems associated with single point
regulation. Each type employs internal current
limting, thermal shut-down and safe area
protection, making it essentially indestructible. If
adequate heat sinking is provided, they can
deliver over 1A output current. Although designed

e o

2
primarily as fixed voltage regulators, these DIRAL 10:2
devices can be used with external components to
obtain adjustable voltage and currents.
Figure 1: Schematic Diagram
SERES L
INFUT Amss
10 ELEMENT
ol Lo I
GENERATOR
|
)
ERROR -
STARTING REFEHENCE AFPLIFER k———-—""‘
L__—— pROTECTION
GND
5-2008
/w

November 2004




!
|

T Absolute Maximum Ratings

Tabl
gymbol Parameter P
| ——[DC Input Voltage for Vo=5to 18y Valye U\
e
¥ | for Vo= 20, 24v 35 ——
/Io"ﬂ Output Current -4\0 v
/P”" power Dissipation Internally Limiteq —
0
T Storage Temperature Range Internally Limiteg I
sig e
Operating Junction Temperature | for L7800 -65 to 150 T
Top  |Range for L7800C —— SSIOER =
Maximum Ratings are those values beyond which d LD by
psolute Maxi amage to the device m _\\
Aovmplied. 4y oceur. Functional operation under these condition is
Table 2: Thermal Data
Parameter 2 S (7 e L= b
D'PAK | TO-220 |T0-220FP | T0-220rm | To.3 Unit
Thermal Resistance Junction-case Max 3 5 5 5
Thermal Resistance Junction-ambient 6 : —Cﬂ
Rinj-amb | Max 2.5 50 60 60 35 °C/W
Figure 2: Schematic Diagram
R4 R18 R8 R9 R13
Qs Q9 D2
__-;@s
2 H R a1
Q14 an R21
; R12
R17 R11
——Qourt
R20
—
[
I57]

234




onnection Diagram (top view)

rigure 3: ©
e | OUTM‘
e e BROUND B oL
ey
INPUT Sl
CS05710 INPUT
TO-220 (Any Type) Cs05700
TO-220FP/T0-220F
\
L OUTPUT 2 outeur
GND m
—1 INPUT =
£
PC11920 a3 s
D2PAK (Any Type) e
Table 3: Order Codes
—
npE | T0-220 | TO-220 | TO-220 | D?PAK D?PAK <
(AType) | (CType) | (EType) |(aType) ()| (G RR) RRURE s e el e
ol L7805T
L7805C | L7805CV | L7805C-V | L7805CV1 | L7805CD2T | L7805C-D2TR | L7805CP | L7805CF | L7805CT
L7852C | L7852CV L7852CD2T L7852CP | L7852CF | L7852CT
L7806 L7806T
L7806C | L7806CV | L7806C-V L7806CD2T L7806CP | L7806CF | L7806CT
L7808 L7808T
L7808C | L7808CV | L7808C-V L7808CD2T L7808CP | L7808CF L7gg§g
L7885C | L7885CV L7885CD2T L7885CP _L@ﬁ% _l%m_
L7809C | L7809CV | L7809C-V i7809CD2T] . . [L7E0SCP | LTS
L7810C | L7810CV {7a900D2T| . oo LBIeR e
L7812 e e
L7812CF | L7812CT
LL781ZC L7812CV | L7812C-V _LZQZC,DZ_T_/%L/ L7815T
7815 I
78 | 7giscp | L7815CF | LT1SCT
~/815C | L7815CV | L7815C-V [C7eieChRTlL o == el
L7818 e cT
Ustac | Ti7eece [ LysteCF | L°F
—[018C | L7818CV DELCE Al e | L7820T
Lm& L ——nrp |l L7820CE L7820CT
L782 ] [7820cP | L7820CT | —
0C | L7820CV [C7B20GBEEIE == e [ErsetT
= | [78zacF | L7824CT
782a¢ | B T
[824C | L78240V [L7eZACREIlE s

(*) Avai g
JAvailable in Tape & Reel with the suffix "-TR".
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