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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 (>&: ·Co:u a'·! 
ei5 eil5) 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. 

III 



5-# 53\le5ff s 3l cs3.al 0XS @ key4Ss1l,,y5yr 16.a5 6Sf Clo ?93-6le5y 
w.J-'-'I Ii.I ,4..Lli:&J I w~ wl.l-l_;.'.ill J)G.. cJ.A &.l~.J (w.! ,ub. '.JL,y, ,~ 'rlAl) ~JC w~ ~ 

jilJ.l....1I ~ ,4 y9JI wlJ~)'I ~ J.lo 4 JS.2i~IJ ~4~1 w'J4..,JI U¾-"~ o.J~I ~ 

.(microcontroller) ~IJ O.J~I ~ ..b.J.J o.Jil.l J.oc. .J ,~_,..JI 

y - -"-11,_j -11• .l'llo.l::,,, wb. .::. -11 ,~I ,w)G...l.JI -~ 1 · i~ · · .<-:. U;jll L.J~ .,;,- U-=>- • .J. . ~ .J . . - - .) Y _P.- (.)A (.)~ r 
i..r~ ~ .(Digital) ~JI i.s-11 (Analog) ~_,.JI cJ.A oj .. ~)'I JJ~ ~ ~ <.?11 ,c,_,hfi:!LJI u.o I~ 
(fingerprint) e::-.a 4:il).i.a.J (fingerprints) .JI ¥Jj ~ ~JI wl) ... ~)'I &fa. r~ <:?.ill ~I~ 

ell_;..:-~ ~I oJ ... ~j ~ I»1.J ,4...iJ.i.Jl 4 ::,fi ~ ~Li: ~I o) .. ~j ¥Jj ~ cJ.A.J templates 

.cl a9l Cle"2ty 53ll ls8 5\all 

IV 



Table of contents 

Abstract (English) ID 

Abstract (Arabic) IV 

Dedication V 

Acknowledgement VI 

Table of contents VII 

List of tables XI 

List of figures XI 

Glossary XIV 

Chapter One Introduction 1 

1.1 Overview 2 

1.2 General Idea 2 

1.3 Project Objectives 4 

1. 4 Literature Review. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

1.5 Team Work ~--·· 7 

1.6 Time Planning 7 

1.6.1 The First Time Planning 8 

1.6.2 The Second Time Planning 8 

1. 7 Project Schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

1. 8 Estimated Development Cost.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 0 
1.9 Project Benefits 11 

1.10 Project Risk Management 11 

1. IO. I Hardware Risk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

1.10.2 Software Risk. 12 

1.10.3 Team Risk..................................................................... 13 

1.10. 4 Requirement Risk 13 

VII 



1.10.5 Project Risk 13 

1. 11 Report Contents 14 

Chapter Two Theoretical Background 15 

2.1 Introduction... .. . .. . .. . .. . .. . .. . .. . .. . . . . .. . .. . .. . . . . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. .... .. .. . 17 

2.2 Theoretical Background of the Project... .. . . .. .. . . .. .. . .. . .. . . .. . .. . .. .. . .. . .. . .. . 17 

2.3 Hypothesis, Hardware and Software related to the project 24 

2. 3 .1 Voice Capture Unit.. 25 

2.3.2 Voice Recognizer Unit.............................................. 26 

2.3.3 Navigation Unit 28 

2.3.4 Programmer Unit 29 

2.4 Project Integrity 29 

2.5 Project Component 30 

2.5.1 Microphone......................................................... 30 

2.5.2 Microcontroller ( PIC 18F4550 )..... . .. . .. . ... ... ... ... .. . 32 

2.5.3 Digital To Analog Convector........................... 35 

2.5.4 PIC18F4550 Programmer. 36 

2.5.5 H-bridge _ 37 

2.5.5 Car 38 

Chapter Three Design Concepts 41 

3.1 Introduction 42 

3.2 Project Objectives 42 

3.3 Design Options 44 

3 .4 Design Realization Approach... . .. .. . .. . .. . .. . .. . .. . .. . .. . .. . . .. . .. .. . .. . .. . .. . .. . .. . ..45 

3.5 General Block Diagram 46 

3.5.1 Behaviors For the System .47 

VIII 



3.6 How Does System Works? 47 

3.6.1 Voice Input and Microphone 47 

3.6.2 Signal conditions · 48 

3.6.3 The PIC18F4550 Controller. .49 

3.6.4 Toy Car and Navigate Gear 53 

3.7 Project Interaction with Surrounding Environment 55 

Chapter Four Hardware System Design 57 

4.1 Introduction 58 

4.2 Final Detailed Design 58 

4.2.1 Microphone Circuit 60 

4.2.1.1 High Pass Filter. 60 

4.2.1.2 Amplifier 61 

4.2.1.3 Low Pass Filter. 61 

4.2.2 The Microcontroller (PIC18F4550) 62 

4.2.3 H-bridge Circuit 68 

4.2.4 The Car 68 

4.2.5 The Power Circuit 69 

4.2.5 PI Cl 8F4550 Programmer Circuit 71 

Chapter Five Software Design 73 

5.1 INTRODUCTION 74 

5.2 Software needed for the project 74 

5.2.1 MATLAB Software 74. 

5.2.2 "C" Software 75 

5.2.3 MPLAB Software 75 

5.2.4 WinPic800 Software 76 

IX 



5.3 Algorithms 77 

5.3.1 MATLAB Algorithms 77 

5.3.2 "C" Algorithms 84 

5.4 MATLAB Code Listing 88 

5.4.1 Drawing the Spectrum of Word Code 88 

5.4.2 Voice Input and Manipulation 88 

5.4.3 Find the Filters Coefficients 89 

Chapter Six System Implementation and Testing 93 

6.1 Introduction 94 

6.2 Microphone Circuit Testing 94 

6.3 Testing Piel 8F4550 Downloading Programs Testing 96 

6.4 H-Bridges Circuit Testing 98 

6.41 555Circuit with H-bridge Chip 98 

6.4.2 H-bridge Chip with PIC18F4550 102 

6.4.3 Building H-bridge Using Transistors 105 

6.5 AID Converter Testing 107 

6.6 Programmer Testing ll0 

6.6 Software Testing ll4 

6. 7 Testing the Who le System 115 

Chapter Seven Conclusion & Future Work 117 

7.1 Introduction 118 

7.2 Conclusions 118 

7.3 Problems 119 

7.3.1 HW Problems 120 

7.3.2 SW Problems 120 

7.4 Future Work 121 

X 



List of Tables 

Table 1.1: Estimated Development Cost I 0 

Table 1.2: Summaries of relationship between artificial and human systems 7 

Table 4.1: Pins Configuration 64 

Table 4.2: States of Transistors 66 

Table 6.1: Recognition Probabilities 114 

Table 6.2: Recognition Probabilities for IO trials 114 

Table 6.3: Recognition Probabilities for 20 trials 115 

List of Figures 

Figure 1. I: The First Time Planning 8 

Figure 1.2: The Second Time Planning 8 

Figure 2.1: Human Ear . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g • • • • • • 18 

Figure 2.2: Methodologies of Speech System 24 

Figure 2.3 :Microphone · 25 

Figure 2.4: The Structure of Speech Recognition System: 28 

Figure 2.5: Polarities of Microphone Leads 30 

Figure 2.6: Low Pass Filter. 31 

Figure 2. 7: High pass filter. 31 

Figure 2.8: PICI 8F4550 Microcontroller.. 33 

Figure 2.9: Analog-to-Digital(A/D) Converter Module 36 

Figure 2.10: The PIC18F4550 Programmer. 37 

Figure 2.11: H-bridge Circuit 38 

XI 



Figure 2.12: Toy Car Form 3 8 

Figure 3 .1: The General Block Diagram of the System .46 

Figure 3.2: Behavior of the System 47 

Figure 3.3: Signal Conditions Block Diagram .48 

Figure 3.4: Op-Amp Circuit to Improve the Microphone Signal. 49 

Figure 3.5 The PIC18F4550 Controller block diagram 50 

Figure 3.6: The Control Unit Block Diagram (software design block diagram)...... 51 
Figure 3.7: Toy Car and Navigate Gear Block Diagram 53 

Figure 3.8: PIC with H-bridge and Motors 54 

Figure 3.9: Sequence Diagram of System 56 

Figure 4.1: Schematic of the System 59 

Figure 4.2: Microphone Circuit 62 

Figure 4.3: PIC18F4550 with Oscillator and Reset.. 64 

Figure 4.4: H-bridge Circuit 66 

Figure 4.5: Block Diagram ofH-bridge Circuit 67 

Figure 4.6: PIC18F4550 with the H-bridge 68 

Figure 4.7: Car Motors 69 

Figure 4.8: Batteries in the Car 70 

Figure 4.9: Regulated voltage 70 

Figure 4.10: In-Circuit PIC Loader 71 

Figure 4.11: PIC Loader Schematic 72 

Figure 5 .1: WinPic800 Hardware setting 77 

Figure 5.2: MATLAB Flowchart to generate template 79 

Figure 5.3: Floating-Point Data is (re)-quantized on to the Integer 80 

Figure 5.4: The frequency spectrum for "=\".......--.................................,....83 
Fi 5.5 Th fr» % w 1gure .: e equency spectrum for 'i@",.....--.-------......-......%.....%......,,,,83 

Figure 5.6: "C" Flowchart to recognize spoken word (Training process, 

Classification process) 87 

Figure 5.7: "-Lal" command before manipulation process ..............................92 
Figure 5.8: ">al" command after manipulation process .................................92 

XII 



Figure 6.1: signal for forward command 95 

Figure 6.2: Microphone circuit with LM741 95 

Figure 6.3: Pin Numbering for Modular Connector. 96 

Figure 6.4: MPLAB ICD2 Connections to (figure 6.3) Target Board 97 

Figure 6.5: 555Ccircuit 98 

Figure 6.6: The Output of 555 Circuit 99 

Figure 6.7: H-bridge Circuit with 555 Circuit 99 

Figure 6.8: Forward State with unnegated PWM Signal.. 100 

Figure 6. 9: Backward State with un negated PWM Signal 100 

Figure 6.10: Backward States with negated PWM Signal 101 

Figure6. l l: H-bridge Circuit with Inverter 102 

Figure6.12: H-bridge Circuit with Car 102 

Figure 6.13: Motors and H-Bridges Testing 104 

Figure 6.14: PIC18F4550 with H-bridge 105 

Figure 6.15: ADC Testing Circuit - 110 

Figure 6.16: PIC18F4550 Programmer Indicators 110 

Figure 6.17 a: Success Message of Detect 18F4550 112 

Figure 6.17 b: Fail Message of Detect 18F4550 112 

Figure 6.18 a: Success Message of Reading 18F4550 113 

Figure 6.18 b: Success Message of Programming 18F4550 113 

Figure 6.19: The whole project testing car 114 

XIII 



Glossary 

ADC, AID: 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) 

XIV 



1 

Chapter One 

Introduction 

1.1 Overview. 

1.2 Main Idea of the Project. 

1.3 Project Objectives. 

I. 4 Literature Review. 

1.5 Team Work. 

I. 6 Time Plan. 

I. 7 Project Schedule. 

I. 8 Estimated Cost. 

1.9 Project Benefits. 

I. 10 Project Risk Management. 

I . 11 Report Contents. 



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

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

• =lal (Forward) 

• uh (Backward) 

• <ii(Stop) 

• ju(Left) 

• ~ (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 
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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: 

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

voice signal as control command in four directions probably. 

o 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). 

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

recognition systems. 
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• Speaker dependent system. 

• The ability to carry out those commands quickly and physically (this relies 

on the microcontroller's ability to receive and interpret the comman ds 

within the real time). 

• 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 Abordo, 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. [I] 

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 
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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. 
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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 micro controller-to-car motors interface. 

• Integrate the speech recognition engine with the microcontroller. 

• Test the final product. 
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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 48$ 

Toy car 1 20$ 

Microphone 1 10$ 

Resisters 100 10$ 

LM324 2 5$ 

MATLAB student edition 1 10$ 

Wires and Cables e 30$ 

Crystal 1 2$ 

Capacitors 10 3$ 

Transistors 12 5$ 

Invertors Chip 7 5$ 

Connectors DB25 1 2$ 

H-bridge(MAX4427) 4 10$ 

Printing - 100$ 

Computer Rents - 50$ 

Internet - 70$ 

TOTAL 380$ 
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1.9 Project Benefits 

There are several benefits for the project as follow: 

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

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

instrument. 

• 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: 

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

or other problems. 

• The device operates differently than intended. 

• Car doesn't react correctly due to a specific response due to many causes. 
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• Improper readings of analog signal. 

• Addition of noise from the outer environment. 

• 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: 

o Difficulty of handling the noise cause of unknown reasons 

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

determine the main frequencies spectrums for all spoken words. 

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

sickness of the person ... 

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

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

occupations or illness. 

1.10.4 Requirement Risks 

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

of some components. 

• Team fails to understand impact of requirements changes. 

1.10.5 Project Risks 

• Some requirements need changes may arise lately. 

• Schedule not accurate. 

• Budget not sufficient. 

• Supervisor change. 

• 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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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: 

• 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 

• 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] 

• 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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• 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] 

• 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] 

• Framing 

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

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

19 



• 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] 

• 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. 

• 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] 

• 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 
d.a(alls)= J @k)-y)) 

k=1 

The squared of the Euclidean distance is often referred as the Mean squared 

Error criterion. [10] 

• 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] 

• Factors Affecting Voice Recognition 

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

• Misspoken or misread prompted phrases. 

• Extreme emotional states (e.g., stress or duress). 

• Time varying (intra- or intersession) microphone placement. 

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

and verification). 

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

• 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 Independent 

Discrete Continuous 

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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• Low Pass Filter. 

• Amplifier. 

• 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. 

• 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. 

• The ff-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 Vee, 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. 

Term 2 ,, j 
1erm 

«A 
~ 

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 

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

frequencies. 
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Figure 2.6 Low pass filter (He/") is the signal power) 

• Amplifier: The signal that comes from the high pass filter will be 

amplified by using an operational amplifier (op-amp). 

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

frequencies. 

(l) 

-T 0 T 

Figure 2.7: High Pass Filter (He!") 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/µBar, -47dB V/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 PICI 8F4550 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: 

• CPU (central processing unit). 

• RAM (Random Access Memory). 

• EPROM/PROM/ROM (Erasable Programmable Read Only Memory). 

• 1/0 (input/output). 

• DAC \ ADC ports. 

• Interrupt controller. 

Figure 2.8: PIC 18F4550 Microcontroller 

The microcontroller has an included package of features. These main 

features are: 
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• DC- 48 MHz Operating Frequency, 

• 32768 (Bytes) Program Memory. 

• 16384 (Instructions) Program Memory. 

• 2048 (Bytes) Data Memory. 

• 256 (Bytes) Data EEPROM Memory. 

• 20 Interrupt Sources. 

• A, B, C, D, E I/O Ports. 

• 4 Timers. 

• 1 Capture/Compare/PWM Modules, 1 Enhanced Capture/Compare/PWM 

Modules. 

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

• 75 Instructions; 83 with Extended Instruction Set enabled. 

Special PIC18F4550 Microcontroller Features 

• C Compiler Optimized Architecture with optional Extended Instruction Set. 

• 100,000 Erase/Write Cycle Enhanced Flash Program Memory typical. 

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

• Flash/Data EEPROM Retention: > 40 years. 

• Self-Programmable under Software Control. 

• Priority Levels for Interrupts. 

• Programmable Code Protection. 

• 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 (AID) 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/AN2NREF-/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=------ 
(Vref+ - Vref-) 

Vin 

precision: 

ifN=l 

Vref+ Vref­ 

dVin = ------------------ 
1024 
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Figure 2.9: Analog-to-Digital (AID) converter module 
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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 Pl 8 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. 

• Car Features 

I) I : IO 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. 

• 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. 

• 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. 

• 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 

micro controller. 

• The ability of the system to recognize 5 spoken Arabic commands (e'·! 
Forward in English, <il Backward in English, :e Right in English, Ju 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 I 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 

I second). 

• Total system lag from voice-input to car response of no more than 3 seconds 

(it would be disastrous to say ei5 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: 

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

processor because of: 

I. 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. 

• 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 : 

I. 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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• 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 ofH-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 

' 
Left:Right Left.:Rigbt - 
DC Motor It-- H-bridge - 

Power Supply 

Forward/Reverse 
H- bridge 

Regulator of 
Micro controller 

' 

Forward Reverse 
DC-Motors 

l\1ici-oc ontro Iler 

l 
l\·ficropbone I 

Figure 3.1 The 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 

1 
re" Us } [?itawee Gee 

] Toy Car 
L j 

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 
a} Microphone I a Amplifier Filter . Filter I 

I 
...,.. 

I 

r-- -- ----------7 
I 
{·· 
I L ----- _J 

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/(21RC;), which represent the lower limit of human spectrum (near 100 Hz). 
This will also cut off the 60Hz surrounding noise. The next stage ofthe 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 - 

RR, 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 
R, resistor. The cutoff frequency is 1/(2nRsC;), 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 

3.5. 
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Figure 3.5: The PIC18F4550 Controller block diagram 

• 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 (AID) converter. Today's AID 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. 

• 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 IO 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 

Accept 

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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• DC-Motors and ff-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 O's the motor shaft can tum left, tum right, and 

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

PD4 as8 M• Left 
A­ Motor 

PDS es 
~ 

f » 
V- 

PIC 

M• Right PD6 ax$ M­ MoTor 
PDT es 

~ V• To Battery 
V- 

Figure 3.8 PIC with ff-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: 

• Microphone Circuit. 

• PICI 8F4550 Circuit. 

• H-bridge Circuit. 

• Car Motors and Power. 

• 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). 

I 
2r RICI 

Where RI= 400 , CI=IuF 

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 I 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, RI and R2, 

wired in series, with a LM324 op-amp wired in parallel across R2. This circuit 

provides a gain of R2/RI. We implemented amplifier with gains of 1000, where RI = 

lk, R2 = 100k, R3=lk 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 l 800Hz 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 Rl=40K, Cl=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: 

• 32768(bytes) Program memory. Which represent enough memory to perform 

the project. 

• 13 input channels IO Bit Analog-to-Digital Module that convert analog 

signal to digital signal. 

• Availability of PIC programmer in the university. 
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• Availability of MPLAB that used to programming PIC18F4550. 

• 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 OSCI &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 OSCI and/or 

OSC2 pins. 
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Figure4.3 PIC18F4550 with Oscillator and Reset 

The mappmg between pms 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 RE0 Output 

Direction of Right Motor REI Output 

Amplified Voice Signal RAO Input 

External Oscillator OSCI/OSC2 Input 

Voltage Alimentation VDDNSS 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 MOSFETs, 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 Bis 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 High Lower Lower Quadrant Description 
Side Side Left Right 
Left Right 
On Off Off On Motor goes Clockwise 
Orr On On Off Motor goes Counter-clockwise 

66 



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 tum the 

opposite direction. This causes the motor to rapidly stop spinning and is called 

"braking" on a lot ofH-bridge designs. 

POWER 

from 
micro controller sign Power electronics 

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. 
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DI 
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+ co 
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Re. lit#ur 
bog]IN Dtyp [3; 

GND 

VCC 

LT806CP c + c:l 
luF 

Regulator for PIC Regulator for H-brldge 

Figure 4.9: Regulated Voltage 
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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. 

+Fad :% 4 
. ,· ···; . I! . , J . ~. ,z,. . . . . . . l . 

A-e y. 
. ~f .· .·.· 
• _, ~·:: -:>·· 
::•· .-:> ... --1 ~ 
::{, -:···· ~ ~ 
, .;r-......, .•.· 

....._'\. . 
... 

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 

programmin g voltage (VPP). The main chips needed are 74LS07 is a TTL 

(Transistor-transistor logic) hex buffers/drivers, the programmin g voltage+ 12V, and 

generated by DC-to-DC converter (78L05 regulator) +SV and two BCSS7 transistors. 

The hardware settings for WinPic800 is compatible with Propic2, see figure 4.11. 
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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 

order of use. 

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 us 3d : .. : J' sec 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 recognizer 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 

b dd d · t 11 rs. MPLAB provides a comprehensive editor, project em e e rmcrocon ro e . 
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manager and design desktop for appli ati ·· 2plication development of embedded designs using 
Microchip PICmicro and dsPIC micro controllers. 

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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Figure 5-1 WinPicS00 Hardware setting. 

5.3 Algorithms 

The project has two main stages of algorithms that help the system to 

recognize the spoken word perfectly: 

5.3.1 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, 

1 6bit/sample, so we need to convert it into 4000samples/second, I Obits/sample. The 
whole analysis algorithm is figure 5.2. 
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Figure 5.2 MATLAB Flowchart to generate template 
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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, 1 o 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 WA V 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. 

F. 5 3 . Floating-Point Data is (re)-quantized on to the Integer 1gure .. •. 

h (. the quantization step size) is given by the The "height", Q, of eacl step 1.e. 
total input range divided by the number of (vertical) steps: 

Q=(a%a -,)/(2° - D) 

With the symbols defined as follows: 
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ao: quantization bit depth (i.e. "valid bits" d . use in the WAY file). 

Q: quantization step size, often called LSB . . . smce a change in input level of Q 
corresponds to a change in the LSB (Least s · · fi . . 1gnit1cant Bit) of binary coded output 

[xax ' x]: amplitude range of data sent to the t; 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: 

Y int = floor(x/Q) 

With the symbols defined as follows: 

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

Whereby the nominal floating-point 
c. 

1 
range maps on to the appropriate signed- 

integer range as follows: 

The range mapping for 10 bit quantization is given by: 

[-1 :+1] D> [-512: +511] 

Then ,the system will make shift of the scale by 512,s0 th · • · + e range mapping for 10 bit 
become 

[-1:+1] > [0 :1023] 

Because of voltage reference of microphone is 2.5Vthat 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 

drawing the frequency spectrum of the words in order to pick up the main frequency 

spectrum and ranges. Figure 5.4 and 5.5 shows the frequency spectrum for ('\ .. Lal", 

Front) and ("<±·", Stop) word respectively. 
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From the analysis of the fre quency spectrums th 
pass filter and high pass filte . d . ' e cutoff frequency of the low 

r 1s letermined as 400 Hz. 1 c 
Besides to get an accurate template fiv:filt Z, 1800 Hz respectively. Ive ters are specified, and they are: 

• Low Pass Filter with cutoff above 400H z. 
• Band Pass Filter I from 400Hz-900Hz 
• Band Pass Filter 2 from 900Hz-1400Hz 
• Band Pass Filter 3 from l 400Hz- 1800Hz 
% High Pass Filter with cutoff below 1.8KHz 

Here's MATLAB complete its tum when it knows the frequency range for each filter 

and generate their coefficients, this project used ChebychevII filter to perform this 

job. 

5.3.2 "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 t h · wo processes t at appear in the 
figure 5.6. 

• 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. 

• Classification Process 

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

ar d:.cc. f the most differences is the correlation calculation e some atterences; one o 

h · · the correlation is to detect the linear relationship process. From mathematics view, 

d X t o vectors if Y=aX+b, where a and b between two vectors. Suppose Y an are w ' 

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

. be f the spoken word for each stored words in 
After found the correlation num er O . 

. . orrelation ( which will be 5 correlation 
the template, then check the minimum © 
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numbers according to 5 words). The minimum doesn't necessary mean that the 

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... 
>> 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 

ify the ath where the .wav file exist... >> y=readwav('c:\front\front.wav'); %specit ep%' 
· the spoken word range ... >> ploty) % plot the signal to determine 

. h itains the real spoken word ... >> y2=y4950:26949); % is the range t at con 
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>> % y2 contains 22000 samples this n b . . . . um er is not randomly come 
>> % we need y2 contains 22000 sample be ti · ·· 

. . cause ront. wav has 22KHz sample rate. 
>> % 8KHz --> will give us --> 8000sample/sec 
>> %22KHz --> will give us --> 2? = 22000 sample/sec 
>> ploty2) % plot y2 to ensure from your signal cro ps ... 
>> Y=resample(y2,2,11,10); % resample audio file to 4000 ·le/s 10 bi samp e sec, nit per 
sample 

>> Yint=floor(Y/(1/511.5)); % solving the scaling problems h fr fl · . . .. c ange om oatmg 
point representation to Integer format 

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

5.4.3 Find the Filters Coefficients 

>> [Bl,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. 

>> [sos1,g 1]=tf2sos(B1, A1,'up','inf') 

sosl = 

0.0511 -0.0166 0.0511 1.0000 -1.4212 0.5181 
2.5183 -3.9278 2.5183 1.0000 -1.7096 0.8046 

gl= 
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0.0970 

>> [ sos2,g2 ]=tf2sos(B2,A2,'up' ,'inf) 

sos2 = 

0.2228 0.0090 0.2228 1.0000 -0.7780 0.7647 
2.2293 -3.8444 2.2293 1.0000 -1.2046 0.8011 

g2= 

0.2108 

>> [sos3,g3]=tf2sos(B3,A3,'up','inf) 

sos3 = 

0.3251 -0.1984 0.3251 1.0000 0.2044 0.7757 

1.4460 1.9706 1.4460 1.0000 0.6814 0.7896 

g3 = 

0.2227 

>> [sos4,g4 ]=tf2sos(B4,A4, 'up', 'inf) 

sos4 == 

90 



0.1272 0.1113 0.1272 1.0000 1.4059 0.7969 
6,2540 12.0986 6.2540 1.0000 1.6649 0.8525 

g4= 

0.1252 

>> [sos5,g 5]=tf2sos(B5,A4,'up', 'inf') 

sos5 = 

0.3047 0.4312 0.3047 1.0000 1.4059 0.7969 

2.2075 4.1629 2.2075 1.0000 1.6649 0.8525 

g5 = 

0.1252 
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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 AID Converter Testing. 

6.6 Programmer Testing 

6.7 Software Testing 

6.8 Testing the Whole System. 
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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 

th total gain is 1000. this is because the input Because there are two stages, e 
. . 00 · is necessary. In this circuit the voice is around 0-50mV.Therefore a 10 gan 

• al) if it was suitable and magnified resulted signal was checked (voltage of signa 
i6 the analysis of the signal through the 

enough to be inserted into the PIC, during . 
. e eak to peak for this signal is amplified 

oscilloscope to see the resulted signal, the p 
around 5V. As shown in figure 6.1 
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In this stage of testing, the LM741 has large offset that will affect on the signal 
h replacement of this chip with LM342 chip that has 4 op-amplifiers and auto so, t e . . 
t • better choice in this project. offset Is 

Figure 6.1 signal for forward command 

FILTER 

1. h LM741 _..,. • circm wit 
:. 6.2 [icrophone Figure ­ 
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6.3 Testing PIC18F4550 Download· p •ng rograms 

Testing the ability to download a p . rogram on the PICI8F4550 is done by 
connecting MPLAB ICD 2 to it with the mod l. . . u ar interface cable, a six conductor 
cable. The pm numbenng for the MPLAB ICD 2 . connector is shown in Figure 6.3. 

MPLAB®I CD 2 
Connetcr 

• • f'GD 
V- 3 a/s 

o\Oo~PGC \ /'\® we 
VPELF vss PC Bc:ar.l 

utor 1 Side \ 

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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A pplication 
PC Board 

-.d]/pr 
PICXXXX 

/gw_-'YY [vPact GD>]pg; 
'-.-.]pgr 
®as»so-pg»J Lgg MPLA,,.,r 21,rterl,ce Connector 

oa 

-·----~--1 

AVDoD 
AV SS 

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<pl 8f4550.h> 

Void main (void) 
{ 
int a; 
TRISA=0; 

While (I) 
{ 

For (a=0;a<I00;++a) 
PORTA=l; 

For (a=0;a<l00;++a) 
PORTA=0; 

} 
} 

97 



6.4 H-Bridge Circuit Testing 

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

6.4.1 ( 555) Circuit with ff-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. 

+ SV 

RA 
lk 

Cl CT 
.01uR "T>. 1uF 

Figure 6.5: 555Ccircuit 
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Figure 6.6:The Outp ut of 555 Circuit 

Figure6. 7 ff-bridge Circuit with 555 Circuit 

. In the checking process of the circuit the car move forward and the control of 

its speed is applied through the change potentiometer values in 555 circuit (when its 
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alues change, it will control th d 
V 1e uty cycle of the si 
the car was changed to the backward state Th gnal).but when the direction of 

hi t d . e wheel's were . . 
speed, t s re ume to the H-bridge its If · moving in unnoticeable 

el, which should b 
pWM signal when direction state ch e negated the input of 

· 1ange. Mean while th 
width of duty cycle) will be as in the foll . e car moves forward (the owing figure 6.8. 

80% 20% 

T 

Figure 6.8 Forward State with un negated PWM Signal 

And when the direction is reflected the width f d . ' 0 uty cycle becomes as in the 
following figure 6.9 

20% 

30% 

T 
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 putting inverter on the H-bridge 
entran · h .r. ll · ce when it moves backward ,so the duty cycle becomes as in t e 10 owmg 

figure 6.10 
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Figure 6.10 Backward States with negated PWM Signal 

. ·t ·th Inverter :. 36.11 H-bridge Circuit wi Figure».. L- 
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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 <p18f4550.h> 
#include <timers.h> 
include <pwm.h> 
#include "gamelmotors.h" 
pragma config FOSC = INTOSC HS 

#p
#pragma config WDT = OFF 
[agma config LVP = OFF 

"9d motors_init(void) 

OpenTimer2 ( 
TIMER_INT_OFF & 

II Timer2 configuration 
II No interrupt 

102 



T2_PS_1_1 & 
T2_POST_1_1 

); 
OpenPWMI (100); II Use of CCPI as PWM module at ~20kHz 
OpenPWM2 (100); II Use of CCP2 as PWM module at ~20kHz 
SetDCPWM1 (0); // Set 0% duty cycle to PWMI 
SetDCPWM2 (O); II Set 0% duty cycle to PWM2 
TRISCbits.TRISC2 =0; // Make RC2 (left pwm) an output 
TRISCbits.TRISCI = 0; II Make RCI (right pwm) an output 
TRISEbits. TRISEO = 0; II Make RE0 (right sign) an output 
TRISEbits.TRISEl =0; // Make REI (left sign) an output 
} 

I I Prescale 1 : 4 
II Don't use postscaler actually 

void motors_steering(unsigned int speed, char dir) 
{ 

if (dir ·'L ') 
{ 
PORTEbits.RE1 =0; 
SetDCPWM2 (speed); 
} 

If (dir ·'R') 
{ 
PORTEbits.RE1 =1; 
SetDCPWM2 (speed); 
} 

toid motors_moving(unsigned int speed,char dir) 
{ 

if (dir ·'B') 
{ 

PORTEbits.RE0 =0; 
SetDCPWMl (speed); 

} 
if ( dir=='F') 

{ 

PORTEbits.RE0 =I; 
SetDCPWMI (speed); 

} 
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} 

Void main() 
{ 
int i; 
motors_init(); 

TRlSA=0x00; 

while(l) 
{ 

motors_moving(1 00, 'B '); 
motors_ steenng( 90, 'L '); 

} 
} 

\'CC 

RESET .uo -- U 

__cO 
100 

MClPJVpr 'P.EJ 
P..AO.IANO 
P..AllANl 
P.A!'Ah"2 
RA3 AN3 
JU>'l'OCKI 
P.Af/A!<I vcc 
P.E0 A.'13 
P..£VA..'l6 
RE! AN7 0.IuF 

1l □ '"""' OSCl!CKI 
I4 OSC!:CtC01lA6 

P.C001O5O 

225F 

RClffiOSl'Ccr- 
RCl/CCPl ?..cJ. fO. 
'arb 
P.D0 ?.DJ 

- P.Dl PIC1SF45$0 zD: 

,..ro~.~ ... -,--r-----r---r---.svoc , 

,-,----.----.--~-- .svoc 
'7 j" 

% 

Figure 6.13: Motors and H-Bridges Testing 
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6.4.3 Building ff-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 
VCC 

u osc:cxouti 
1s COT10so ACS/D 

F.C111!0SICC?2 l} 
17 1.Cl'CC:'1 P.cl/0. 

Upf ..._i f--.-; \':1:1!:t !'-OJ 
L r ' fZ, +essso ir 

py 

5v L------, 

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

void motors_init(void) 
{ 

OpenTimer2( 
TIMER_INT_OFF & 
T2_PS_1_1 & 
T2_POST_1_1 

); 
TRISDbits. TRISD4 = 0; 
TRISDbits. TRISDS =0; 
TRISDbits. TRISD6 = 0; 
TRISDbits. TRISD7 =0; 
} 

II Timer2 configuration 
II No interrupt 
I I Prescale I: I 
II Don't use postscaler actually 

I I Make RD4 an output 
II Make RDS an output 
II Make RD6 an output 
I I Make RD7 an output 

void motors_steering(char dir) 
{ 

if (dir ·'R') 
{ 
PORTDbits.RD4 =0; 

PORTDbits.RD5 =I; 
} 

if (dir=='L') 
{ 
PORTDbits.RD4 =1; 

PORTDbits.RD5 =0; 
} 

if( dir=='S ') 
{ 
PORTDbits.RD4 =0; 
PORTDbits.RD5 =0; 

} 

toid motors_moving(char dir) 
{ 

if (dir ·'F') 
{ 
PORTDbits.RD6 =0; 

PORTDbits.RD7 =I; 
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} 
if ( dir=='B ') 
{ 
PORTDbits.RD6 =I· 

PORTDbits.RD7 =0· ' 
} ' 

if( dir=='S ') 
{ 
PORTDbits.RD6 =0: 
PORTDbits.RD7 =O: 3 

} 

} 

void main() 
{ 
inti; 
motors_init); 

while(1) 
{ 

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

motors_moving('F'); 
}} 

6.5 AID 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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1. When analog input was 5V, the digital output [11111111] was FFH. 

2. When analog input was 2.5V, the digital output [I 0000000] was 80H. 

3. When analog input was OV, the digital output [00000000] was OOH. 

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

• The Analog-to-Digital (AID) converter module has 13 inputs that allow 

conversion of an analog input signal to a corresponding 10-bit digital number. 

• 10-bit digital number can be read as integer number (N). 

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

equation: 

° N=------ 
(Vref+ - Vref-) 

Vin 

Where: 

0x000 < N < Ox3ff 0 <N<1023 
Vreff- =-2.5 Volt and Vref+ =2.5 Volt. 

precision: 
Vref+ - Vref­ 

if N=l dVin = ------------- 
1024 
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The following code used to test if the A\D c · · onverter m PIC18f4550 converts 
the analog signal to digital correctly. 

#include <pl8f4550.h> 
#include <adc.h> 

void main() 
{ 
inti; 
int N; 
ADCON1=0xO A; 
TRISB=O; 
// configure AID convertor 

Open.ADC(ADC_FOSC_64 &ADC_RIGHT_JUST &ADC_2 _TAD,ADC_CHO & 
ADC_INT_OFF & 
ADC_VREFPLUS_VDD & ADC_VREFMINUS_VSS,OxOD); 
//SetChanADC(ADC _ CH2); 
ConvertADC(); // Start conversion 

PORTB=O; 
while( BusyADC()=l ); // Wait for completion 
N = ReadADC(); // Read result 

for(i=0;i<100;+ +i) 
Nop(); 
if(N>I0 && N<100) 
PORTB=l; 
else if(N> I 00) 
PORTB=2: , 
CloseADC();// Disable AID 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. 
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Figure 6.17 a: Success Message of Detect 18F4550 
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After detecting of PIC18F4550 from WinPic800 successfully become the most 

important parts which are read the .HEX file and program it. The figures 6.18 a, b 
show these processes. 
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Figure 6.18 a: Success Message of Reading 18F4550 
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6.7 Software Testing 

Actually, the project have big proble d . . em uring testing. The team found that 
the template will change a lot even if his P • . ronuncation changes a little. So tried to 
record the same word for 20 times and get the a f h verage o t e templates. 

The result of recognition during the PC testm· · h ~ 11 · g 1s s own as 10 owmg: 
Table 6.1: Recognition Probabilities 

Words Number of Testing Recognition Probability 
e\l 1 50% 
e al5 1 60% 
ju 1 55% 

~ 1 70% 
e as 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 1 0 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 

e\sl 10 50% 

e al5 10 60% 

ju 10 70% 

10 100% 
~ 

e is 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 
1 50% 

c ala 1 60% 

1 55% 

1 70% 

1 65% 

This percentage of recognition in not good as voice recognizer system so. 1= 
needed for improve this probabilities is necessary, the project team de-i±; :: 

increase the trials to 10 and see what the differences that wilL appear,_ tb ==== ...s 

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

Words 

10 
10 



The result of after getting the avera;g f . 
ge o 10 trials still not enough the roiect 

team increase the number of trials until the s st . . . ' P J 
:.. system is reach to its maximum perfect 

values, from the practical issue the system . 
. was more accurate Just only if 20 trials 

used as shown in table 6.3 

Words 
Table 6.3: Recognition Probabil"ti ti . 11 1es (or 20 trials 

Number of Testing Recognition Probability 
20 80% 
20 80% 
20 75% 
20 100% 
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 

I thi · th t will be tested as a whole the assembling of the n ts section e system " 
subsystems could raises some problems that will be faced any designer. Actually 

· · h ome weakness that reflects to the these problems will appear if the design 1as S 
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. 

116 



7 

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 co l · 
. . nclusons that we got from performing 

and testing our project, also we will explain deteils th In e a1 t e goals that we have 
achieved from the project .And finally we will talk b t fu . auou; ture 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: 

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

them were applicable. 

• In 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 

d. h st d explained how the system works. (You can see this 1agram to the sys :em an 

in chapter 1, 2 and 3). 

. di id the system into modules (microphone • In this semester, we have Iiv1de 
. d l H-bridge module and car & power module) 

module rmcrocontroller mo ue, 
' 
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. we had built these subsystems d 
' an we checked that they were working 

correctly and achieved the aims. 

• To program the PIC18F4550, we have used the MPLAB ICE with MPLAB 
debugger and the programming device. 

• 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. 

• The subsystems were joined to each others on a single board and we test it, it 
works correctly. 

o The main goals of the project were to recognize five words (,±2,<il5 ,-Lal 
if,jbu) from the system, and this goal was performed successfully. 

• Templates were built for the five words using MATLAB and they stored in 

the program memory of the PIC. 

• The voice recognition program was written using C. 

• 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 

: % d several problems while working in. the projects tace 
Our project as any O er bl and SW problems. 

. arts HW pro ems These problems can be divided into two P 
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7.3.1 Hardware Problems 

e A problem was faced us in ki . . ma mg the voltage of th . . 
circuit appropriate. 2€ signal in microphone 

• The work was paused for thr ee weeks at least becau 
was destroyed completely d th ' se the PIC programmer 

. .an ere was no spare PIC . 
uruversity, and it was so h d . programmer in the 

ar to the urnversity to . 
programmer in the limited time. provide us with this 

• The H-bridge (LMD18200) chip that id prov1des the enough current to the car 
motors was not available in local k mar ets so we were forced to build it 
manually. 

7.3.2 Software Problems 

• We haven't any knowledge in using MATLAB, so we had learned it. 

• Our scientific background about voice recognition was limited. 

• It was hard to use the MATLAB in indicating the main frequency spectrum 

that needed in templates building. 

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

used a correlation to help the Euclidean distance in recognizing the words. 

• Recording the voice using MATLAB and changing the properties of the . wav 

file to be suitable to the internal ADC of the PIC18F4550 was so difficult. 
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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. 

. O 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 final template to be used in PICJ8F4550 
Micro controller Code 

#include <conio.h> 
#include <math.h> 
#include <stdio.h> 
#define NSAMPLES_PER_INTERVAL 500 
#define NSAMPLES 4000 
#define NDIM 40 
#define NWORDS 5 

int Buffer[NSAMPLES]; 
float word[NDIM]; 
float dic[NWORDS][NDIM]={ 
28.73 1697, 
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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30.779552, 
98.73 1445, 
23.801704, 
20.738886, 
20.704576, 
20.743683, 
28.733120, 
23.803177, 
20.740131, 
20.705616, 
20.744926, 
///////I/II//II //// 
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, 
22.311052, 
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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30,701450, 
90.740458, 
////////////// II Ill// 
28.731129, 
23.806149, 
20.7425 59, 
20.732464, 
20.746326, 
28.767147, 
25.331806, 
20.896290, 
21.932724, 
21.054085, 
28.780079, 
26.062557, 
21.177767, 
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 ' 11111111 Ill Ill Ill/Ill 
28.728233 , 
23.802544 

' 20.739546 
' 20.727024 
' 20.743114 , 

28.745340 
' 
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34.168457, 
30.768169, 
90.857685, 
30.774775, 
28.840431, 
26.344090, 
21.297783, 
21.953094, 
21.159582, 
28.890203, 
25.034172, 
21.061024, 
21.273497, 
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, 
20.740778, 
20.708618, 
20.745659, 
I ///Ill// I///// Ill/ 
28.731701, 
23.814907 

' 20.745893, 
20.831062, 
20.755859 

' 28.737976 
' 24.641148 
' 21.041561 
' 21.934521 
' 21.0853 16 
' 28.808460 
' 27.517452 
' 22.095715 
' 24.724064 

22.240616. 
' 
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28.838337, 
35.047195, 
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 initializeO; 
void get_sample); 
void analyze( int*, float* ); 
int lookup); 
float correlation(int x[NDIM], float y[NDIM]); 
int find_min(float a[NWORDS]); 
void control(int command); 
int float2fix (float a); 
float fix2float (int a); 

float filterl( float x ); 
float filter2( float x ); 
float filter3( float x ); 
float filter4( float x ), 
float filter5( float x ); 

FILE *spoken_in; 
FILE *spoken outfile; 

void main() 
{ 
clrscr(); 

int i, j; 



initialize); // open files 

int command =-1: . ' 

\evel routine) 
get_sample);// read in a d · ' wor sample (as fr sume caming is done by low 
//printf("%d\n",Buffer[O])· 
fclose(spoken_in); ' 
analyze( Buffer, word ); 

for(j=O; j <NDIM; j++ ) { 
fprintf(spoken_outfile, "%f\n", word[j] ); 

command = lookup); 
control( command ); 

getch); 
} 

/II//II//I/I//I II// I I//////////////////// I////I///II///II///II//II//II//IIIIIIII 
II 

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" ); 

} 

Ill/ II I//// Ill/// Ii I//////////// I! I// I/ II! I II/ I I////// I// Ill// I// I Ill /II /I/Ill I I 

void get_sample) 
{ 

inti; 
for(i=0; i < 4000; i++ ){ . 

fscanf( spoken_in, "%d\n", Buffer+i ); 
} 

} 

Ill/ II I Ill/ Ill/////////////// I II II I II// II/////// //////////////II/ I////////////// 

"id analyze( int sample, float fingerprint) 

inti, k, x; 
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k=0; 
for( i=0; i <NSAMPLES; i+= NSAMPLES p 

intj; ?ER_INTERVAL) { 
float yl=O.0f, y2==0.0f, y3==0.0f 4==0 Of _ 
float m· ' Y · ,y5=0.0f; 

' 

for( j=0; j <NSAMPLES_PER_INTERVAL; j++ ) { 
floaty - filterl( (float) sample[i+j] )· 
yl +=yy; ' 

} 
m = frexp(yl+l, &x); 
fingerprint[k++] =x+m; 

for(j=0; j < NSAMPLES_PER_INTERV AL; j++) { 
floaty= filter2( (float) sample[i+j] ); 
y2 += yy; 

} 
m = frexp(y2+1, &x); 
fingerprint[k++] = x+m; 

for( j=0; j < NSAMPLES_PER_INTERV AL; j++) { 
floaty= filter3( (float) sample[i+j] ); 
y3 += yy; 

} 
m = frexp(y3+1, &x); 
fingerprint[k++] = x+m; 

for( j=O; j < NSAMPLES _PER _INTERVAL; j++ ) { 
floaty= filter4( (float) sample[i+j] ); 
y4 += yy; 

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

:6 ( ·=o· J. < NSAMPLES PER_INTERVAL;j++) { or J , - [ .. 1) float y = filter5( (float) sample[i+)] ); 
y5 +=y*y; 

} 
m = frexp(y 5+1, &x); 
fingerprint[k++] = x+m; 

} 
} 

int 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(j=0; j<NDIM ; j++){ 
} tmp_array[j]=float2fix(dic[i][i]); 

®f,peg @nor oray, 
printt( '1:'¢ \t, differ: %f\r\n" ·diffe > } " " ·,differ[i]); 

result= find_min(differ); // cas . e. only one code has large coefficients 

return result; 
} 

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

inti; 
float meanxl =0,meanx2=0,meanxy=0,meany I =0,meany2=0; 
float re; 

for(i=O; i<NDIM ;i++){ 
meanxl =meanxl +fix2float(x[i]); 
meanx2=meanx2+fix2float(x[i])*fix2float(x[i]); 
meanyl =meanyl +y[i]; 
meany2=meany2+y[ i] *y[ i]; 
meanxy=meanxy +fix2float(x[i])y[i]; 

} 
if( ((NDIM*meanx2-meanxl *meanxl)==0) && ((NDIM*meany2- 

meanyl *meanyl)==0)) 
re=0; 

else{ 
re=(NDIM*meanxy-meanxl *meanyl)*(NDIM*meanxy- 

meanx l meany l )/(NDIM meanx2-meanx l meanxl )/(NDIMmeany2­ 
meanyl *meanyl); 

re=l-re; 
} 

if(re < 0) 
re= -re; 

return re; 

} 

int find min(float a[N WORDS]) 
{ = 

float smallest· ' 
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int i; 
int index, 

index =O; 
smallest= a[0]; 

for(i=l; i<NWORDS ;i++) 
{ 
if( a[i]<smallest) 
{ 

smallest=a[i]; 
index= i; 

} 
} 

return index; 
} 
///////II /J //II// I //////////////////I 
int float2fix (float a) { 
return ((int)((a)*256.0)); 
} 

float fix2float (int a) { 
return ((float)((a)/256.0)); 
} 

I///////////////////I////////////////// 

void control( int command ) 
{ 

switch( command) { 
case 0: printf("You speek the FRONT word ... "); 

break; 
case 1: printf("You speek the BACK word ... "); 

break; 
case 2: printf("You speek the LEFT word ... "); 

break; 
case 3: printf("You speek the RIGHT word ... "); 

break; 
case 4: printf("You speek the STOP word ... "); 

break; 
} 

} 

#define A1 1 -1.,4212f 
#define A21 0.5181f 
#define BO1 0.0511f 
#define B11 -0.0166f 
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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 filter I ( float x ) 
{ 

static float d0I = 0.0; 
static float dl I = 0.0; 
static float d02 = 0.0; 
static float dl2 = 0.0; 
float yl, y2, tO, tl; 

/* first 2nd-order filter stage * / 
tO = x - All *d0l - A21 *dll · ' yl = B0I *tO + Bll *d0l + B21 *dll · 
dll=d0I· ' 

' d0l = t0; 
/* second 2nd-order filter stage*/ 
tl = yl - A12d02 - A22d12; 
y2 = B02*tl + Bl2*d02 + B21 *dl2; 
dl2 =d02: ' d02 =tl ' 
return G*y2; 

} 

#undef All 
#undef A21 
#undefB0l 
#undef B11 
#undef B21 

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

#undef G 
. ************************** 

/* *********** kkkkkkkkkkekkkekkkkkkekekkekezkekkkek · 

**********/ 

#define A1 I -0.7780f 
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define A21 0.7647f 
define BO1 0.2228f 
#define B 11 0. 0090f 
define B21 0.2228f 

#define A12 -1.2046f 
#define A22 0.801 lf 
#define B02 2.2293f 
#define B12 -3.8444f 
#define B22 2.2293f 

#define G 0.2108f 

float filter2( float x ) 
{ 

static float dOl =0.0; 
static float dl 1 =0.0; 
static float d02 =0.0; 
static float d12 =0.0; 
float yl, y2, to, tl; 

/* first 2nd-order filter stage * / 
tO = x - All *dOl - A21 *dll · ' yl = BOl *tO + Bll *dOl + B21 *dll; 
dll =dOl; 
dOl =tO; 
/* second 2nd-order filter stage * I 
t1 = yl - Al2*d02 - A22*dl2; 
y2 = B02*tl + B12*d02 + B21 *d12; 
dl2 =d02; 
d02 =tl · , 

} 
return G*y2; 

#undef All 
#undef A21 
#undef BO1 
#undefBl 1 
#undefB21 

#undef A12 
#undef A22 
#undefB02 
#undef B12 
#undef B22 

#undef G 
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sg k ke 3ke 3k ke ke k ak sk ke j¢ k¢ ke kt ke ke sf fe sk ke kt ke sf se se 
[ <Ok okkskkoksfeksksfse 
,geek·kkkkk66[ fl0kokokkskokokkskstoke st sf se ************** 

#define Al 1 0.2044f 
#define A21 0.7757f 
#define BO1 0.3251f 
#define Bll -0.1984f 
#define B21 0.3251f 

#define A12 0.6814f 
#define A22 0.7896f 
#define B02 1.4460f 
#define B 12 1. 9706f 
#define B22 1.4460f 

#define G 0.2227f 

float filter3 ( float x ) 
{ 

static float dOl = 0.0; 
static float dl 1 =0.0; 
static float d02 = 0.0; 
static float d12 = 0.0; 
float yl, y2, tO, tl; 

/* first 2nd-order filter stage * / 
tO = x - All *dOl - A21 *dll · , 
yl = BOI *tO + Bll *dOl + B21 *dll; 
dll=dOI· , 
dOl =tO· , 
/* second 2nd-order filter stage * / 
t1 = yl - A12d02 - A22d12; 
y2 = B02*tl + B12*d02 + B21 *dl2; 
dl2 =d02: , 
d02 =tl , 

} 
return G*y2; 

#undef Al I 
#undef A21 
#undefBOI 
#undefBll 
#undef B21 

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

/***************************** k k k zk sf 3k ke ft k fe sf sf ,geke3k 36k6/ lkkskkskksksksfsfesk sksksfeakofok ate op k k kkk k 

#define Al1 l.4059f 
#define A21 0.7969f 
#define BO1 0.1272f 
#define Bl 1 O. 1113f 
#define B21 0.1272f 

#define A12 l.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 dOl = 0.0; 
static float dl I = 0.0; 
static float d02 =0.0; 
static float dl2 =0.0; 
float yl, y2, tO, tl; 

/* first 2nd-order filter stage / 
t0 = x - All *dOl - A21 *dll · , 
yl = BOI *tO + Bll *dOl + B21 *dll; 
dll = dOI · , 
dOl =tO· , 
/* second 2nd-order filter stage*/ 
tl = yl - Al2*d02 - A22*dl2; 
y2 = B02*tl + Bl2*d02 + B21 *dl2; 
dl2 =d02: , 
d02 =tl · , 

} 
return G*y2; 

#undef Al I 
#undef A21 
#undef BO1 
#undef BI1 
#undef B21 

#undef A12 
#undef A22 
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#ndef G 

/*************************** *********** ekes kk66/ <86kkk ks k kskskk skate st k tape ************* 

#define Al I l.4059f 
#define A21 0.7969f 
#define BOI 0.1272f 
#define BI I O. ll 13f 
#define B21 0.1272f 

#define Al2 l.6649f 
#define A22 0.8525f 
#define B02 6.2540f 
#define Bl2 12.0986f 
#define B22 6.2540f 

#define G 0.1252f 

float filter4( float x) 
{ 

static float dOI =0.0; 
static float dl I =0.0; 
static float d02 =0.0; 
static float dl2 =0.0; 
float yl, y2, tO, tl; 

/* first 2nd-order filter stage*/ 
tO = x - A11d01 - A21 *dll · , 
yl = BOI *tO + Bll *dOI + B21 *dll; 
dll=dOI· , 
dOI =tO: , 
/* second 2nd-order filter stage*/ 
tl = yl - AI2*d02 - A22*dl2; 
y2 = B02*tl + BI2*d02 + B21d12; 
dl2 =d02: , 
d02 =tl · , 

} 
return Gy2; 

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

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

#undef G 

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

#define Al I l.4059f 
#define A21 0.7969f 
#define B0I 0.3047f 
#define Bl I 0.4312f 
#define B21 0.3047f 

#define A12 l.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 d0l =0.0; 
static float dl 1 =0.0; 
static float d02 =0.0; 
static float dl2 =0.0; 
float yl, y2, tO, tl; 

/* first 2nd-order filter stage / 
tO = x- Al 1 *d0l - A21 *dl l; 
yl = B0l *tO + Bll *d0l + B21 *dll; 
dll = d0l · , 
d0l =t0· , 
/* second 2nd-order filter stage / 
tl = yl - Al2*d02 - A22*d12; 
y2 = B02*tl + B12d02 + B21 *dl2; 
d12 =d02: , 
d02 =tl · , 

} 
return G*y2; 

#undef A11 
#undef A21 
#undef BO1 
#undef BL1 
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ndef B21 

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

#undef G 

PIC18F4550 Microcontroller Code 

#include <math.h> 
#include <pl8f4550.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 L VP = OFF 
#define NSAMPLES_PER_INTERV AL 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 yl, y2, tO, tl; 
float filt1=0.0,f1lt2=0.0,filt3=0.0,filt4=0.0,f1lt5=0.0; 
int counter = 500,state=IDLE,ptr=O; 
#pragma romdata const table 
const rom float dic[N WORDS][NDIM]={ 
28.731697 , 
23.806240 , 
20.743 170 
20.729727 , 
20.746929 
28.744881. , 
25.084929 
21.103733 , 
22.558046 , 
21.043518 , 
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958,933342, 
36,885273, 
j1,959538, 
33.883915, 
31.716377, 
38.796268, 
37,978359, 
22.364197, 
25,513716, 
22.400810, 
28.842926, 
27.068165, 
21.975847, 
23.866861, 
21.658831, 
28.775497, 
23.888414, 
20.776482, 
20.809769, 
20.779552, 
28.731445, 
23.801704, 
20.738886, 
20.704576, 
20.743683, 
28.733120, 
23.803177, 
20.740131, 
20.705616, 
20.744926, 
/////////////////// end of" rl.Gl"spoken word template 
28.730694, 
23.805521, 
20.742664, 
20.732788, 
20.746441 , 
28.738544 , 
23.989052 , 
20.831535 
22.2245 14. , 
21.071753 , 
28.791235 
27.70 1809, , 
21.999575 , 
24.949852 , 
22.311052 , 
28.796368 
27.500851 
21.774183, 
24.109571, 

' 
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a1.862074, 
jg,782408, 
4,250769, 
20.852444, 
1.571100, 
20.860710, 
38,756866, 
23.841282, 
20.768417, 
20.8613 17, 
20.777674, 
28.739346, 
23.809923, 
20.745745, 
20.713623, 
20.750641, 
28.728535, 
23.798317, 
20.735703, 
20.701450, 
20.740458, 
///////////////////// end of "~"spoken word template 
28.731129, 
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, 
21.273487, 
28.824829, 
28.132717 , 
22.422709 

' 23.851662 , 
21.877268 

' 28.797853 
28.033220. 

' 22.454182 
23,326935, 

' 21.711346 
28.75 1104 
25.265984. 

' 21.255527 
' 
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31,642654, 
30,968977, 
38,73 1586, 
33.853800, 
30.781469, 
30.811054, 
zo.749832, 
38.737186, 
23.807840, 
30,744469, 
20.710148, 
20.749212, 
j((lllllHlHIIlIlIlIII end of "3e"spoken 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, 
21.297783, 
21.953094, 
21.159582, 
28.890203, 
25.034172, 
21.061024, 
21.273497, 
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, 
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9,740778, 
y9,708618, 
30.745659, 
yllllIlIllIIIII end of "&»" spoken word template 
8.73 1701, 
33.8 14907, 
20.745893, 
20.83 1062, 
20.755859, 
28.737976, 
24.641148, 
21.041561, 
21.934521, 
21.085316, 
28.808460, 
27.517452, 
22.095715, 
24.724064, 
22.240616, 
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, late 

20,743324 };/// end of "<±@"spoken word temp 
#pragma romdata 

void high_isr(void); 
void initialize(void); 
void analyze( int ); 
int lookup(void); 
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+oat correlation(int x[NDIM], floaty[NDII \ 
rt find_min(float a[NWORDS]); IM]); 
void control(int command); 
void motors_steering(char dir); 
void motors_moving(char dir); 

float filterl ( 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; 
//unsigned char command='0'· 
TRISAbits. TRISAl = 0· ' 

' TRISAbits. TRISA2 =0; 
TRISAbits. TRISA3 =0; 
TRISAbits. TRISA4 = 0; 

/II/II/III////II///////// 
PORTAbits.RAl = l; 
PORTAbits.RA2 =l; 
PORTAbits.RA3 = l; 
PORTAbits.RA4 = l; 

TRISEbits. TRI SEO = 1; 
TRISBbits.TRISB0 = 0; ///TESTING LED (Green) 
TRISBbits.TRISBl =O; ///TESTING LED2 (Red) 
PORTBbits.RB0=0; 
PORTBbits.RBl=0; 

control(4); //set default "< ±·"state... 
ADCON0=0x0l; 
ADCONl =0x0E; 

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

INTCON=Ob1 1 100100; 

while(l){ 

if{state == COMPARE){ ·riate action according matching 
control( lookup) ); /// take approp 

algorithm /// return to IDLE state 
state=IDLE; /// activate timer 
WriteTimer0(0); 
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} 
else if(state == OK &&c 

counter--: ounter> 0){ , 
analyze(N);//------. 
Convert ADC); // Start cc : 
while( BusyADC()- onvers10n =l);//W­ 

N = ReadADC( .' ait for completion 
IctoseADCO;// Di,,,],""®ad res 
} e ND converter 

else if( counter == 0) { 
counter=500· , 

m = frexp(filtl + 1, &x); 
word[ptr++]== x+m: 
m=frexp(filt2+1, &x); 
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; 

PORTBbits. RBO=IPORTBbi if(ptr > NDIM){ . ' nits.RBO;// appear 8 flashing led 

state = COMP ARE· , 
ptr=O; 
filtl=O· , 
filt2=0: , 
filt3=0· , 
filt4=0: , 
filt5=0: , 
} 
} 

} 

} 

lllllllllllll/l!!///////////ll//l//ll//ll/l!l/llllllll!IIIIIIIIIIIIIIIIIIIIIIIII 

I******************************************************************** 
**********! 
I* 
: For PICI 8 devices the high interrupt vector is found at 
_00000008h. The following code will branch to the 
high_interrupt_service routine function to handle 
'interrupts that occur at the high vector. 
I 
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ragma code high_vector=0x08 
,,a aterrupt_af' high_vector(voia) 

{ asm GOTO high_isr _endasm 

~ragma code/* return to the default code section *I 

#pragma interrupt high_ isr 

void high_isr (void) 

imNTCONbits. TMROIF) { // Timer 0 .. 

ConvertADC(); // Start conversion 
while( BusyADC()==l ); II Wait for completion 

N=ReadADC); // Read result 

INTCONbits. TMROIF=O; // clear bit IRQ 
WriteTimerO(O); II reinitializ TMR0 63536 

if((PORTEbits.REO==0 )&& (state== IDLE)&& N<150){llldetermine if the 
threshold exceeded ... + 150 

state= OK; 
PORTBbits.RBO=!PORTBbits.RB0; II flash led when threshold exceeded 
} 

} 
} 
IIIIIIIII///I//I I/I I// 

void initialize(void) 
{ 

int i,j; 
I I configure AID convertor 
II ADC initilaize 

OpenADC(ADC_FOSC_64 & 
ADC_RIGHT_JUST & 
ADC 2 TAD, 
AD©CHO & US VDD & 
ADC INT OFF & ADC_VREFPL 

ADC_VREFMINUS _VSS, 0xOE); 

II configure TimerO BIT &TO soURCE_INT &T0_PS_l_l ); 
OpenTimerO( TIJ.\1ER_INT_ON &TO_l6 - 
INTCONbits. GIE = I; 
Write T imer0(O);/// 
[ > 
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/ 
} 

///////////////III I// I /////////I I// II II// !Ill/////////////////////////////////// 

void analyze(_int sample) 
{ 

floaty; 

Y = filter!( (float) sample)· 
filt1 +==yy; " 

Y = filter2( (float) sample ); 
filt2 +=yy; " 

Y = filter3( (float) sample)· 
filt3 +=yy; ° 

Y = filter4( (float) sample ); 
filt4 +=yy; 

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

} 
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++){ 
differ[i]=0.0; 

} 

for(i=0 ; i< NWORDS; i++){ 
for(j=0; j<NDIM ; j++){ . . . 

tmp_array[j]=float2fix(dic[i][jl); 

differ[i]=correlation(tmp_array, word); 
} result = find_min(differ); // find the minimum correlation 

} 
return result; 
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oat correlation(int x[NDIM], float y[NDIM] 
{ 

inti; 
float meanxl =0,meanx2=0,meanxy=O,meany1=0. .,_ 
float re; y' omeany2=0; 

for(i=0; i<NDIM ;i+ +) { 
meanxl=meanx I +fix2float(x[i]); 
meanx2=meanx2+ fix2float(x[i]) fix2float(x[i]); 
meany I=meany l+y[i]; 
meany2=meany2+y[ i] *y[ i]; 
meanxy=meanxy +fix2float(x[i])y[ i]; 

} 
if( ((NDIMmeanx2-meanx l *meanxl)==O) && ((NDIM*meany2- 

meany lmeany l)==0) ) 
re=0; 

else{ 
re=(NDIM*meanxy-meanxl *meanyl)*(NDIM*meanxy­ 

meanxl *meanyl )/(NDIM*meanx2-meanxl *meanxl )/(NDIM*meany2- 
meany l *meanyl); 

re=l-re; 
} 

if(re <0) 
re= -re; 

return re; 

} 

int find_min(float a[NWORDS]) 
{ 
float smallest; 
inti; 
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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} 

////////////////I/I// I/////// II/ Ill !Ill 

void motors_steering(char dir) 
{ 

if ( dir=='R ') 
{ 
PORTAbits.RAI =0· 

PORT Abits.RA2 =1; 
} , 

if ( dir=='L ') 
{ 
PORTAbits.RAI =I· , 

PORT Abits.RA2 =0: , 
} 

if(dir- ·'S') 
{ 
PORT Abits.RA1 =0: , 
PORTAbits.RA2 =0· , 

} 

} 

void motors_moving(char dir) 
{ 

if ( dir=='B' ) 
{ 
PORT Abits.RA3 =0; 

PORTAbits.RA4 =I; 
} 
if ( dir=='F') 
{ 
PORT Abits.RA3 =1; 

PORT Abits.RA4 =0; 
. } 
if(dir=='S') 
{ 
PORT Abits.RA3 =0; 
PORT Abits.RA4 =0; 

} 

} 

////////////l//ll/il/////ll/ll/l/l/l/l/l/l/l/l/l////////l/////////////////////// 
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id control( int command ) vOI 

jipoRTBbits. RBO=IPORTB bits. RBO; 
switch( command) { 

case O: motors_moving('S'); 
motors_ steering('S '); 

b ak motors_moving('F');// "rkl11 word is detected ... re: ; 
case 1: motors_moving('S'); 

motors_ steering('S '); 
motors_moving('B');// "<±ls" word is detected ... 

break; 
case 2: motors_steering('L');// "3\e" word is detected ... 

break; 
case 3: motors_steering('R');// "u»" word is detected. 

break; 
case 4: 

break; 

motors_moving('S');//"<±@" word is detected 
motors_ steering('S '); 

} 

} 

#define Al 1 -l.4212f 
#define A21 0.518lf 
#define B0l 0.05llf 
#define Bll -0.0166f 
#define B21 0.05llf 

#define Al 2-1.7096f 
#define A22 0.8046f 
#define B02 2. 5183 f 
#define B12 -3.9278f 
#define B22 2. 5183 f 

#define G 0.0970f 

float filterl( float x) 
{ 

overlay float d0l =0.0; 
overlay float dl 1 =0.0; 
overlay float d02 = 0.0; 
overlay float dl2 =0.0; / 

/ first 2nd-order filter stage 
to=x- A11+do1 -A21d\,,a1; 
yl =B0l*t0 +Bll*d0l +B , 
dll = d0l; 
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d01 =tO; 
/ second 2nd-order filter stage*/ 
tI = yl - Al2*d02 - A22*dl2· 
y2 = BO2t1 + B12d02 + B21d12. 
dl2 = d02; ' 
d02 =tl; 

return G*y2; 

#undef Al 1 
#undef A21 
#undef BO1 
#undef B11 
#undef B21 

#undef A12 
#undef A22 
#undefB02 
#undefB12 
#undefB22 

#undefG 

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

#define All -0.7780f 
#define A2 l O. 7 64 7f 
#define BOl 0.2228f 
#define Bl 1 0.0090f 
#define B21 0.2228f 

#define Al2 -l.2046f 
#define A22 0.801 lf 
#define B02 2.2293f 
#define Bl2 -3.8444f 
#define B22 2.2293f 

#define G 0.2108f 

float filter2( float x) 
{ 

overlay float dO1 = 0.0; 
overlay float dl 1 = 0. O; 
overlay float d02 = 0.0; 
overlay float d12 = 0.0; 

/* first 2nd-order filter stage*/ 
t0=x- A11d01 - A21dll; 
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y1=BO1tO+BIIdOl + B21dl1. 
d11=dol; ° 
d0l == tO; 
/* second 2nd-order filter stage / 
tl=yl- A12d02 - A22d12: 
y2 = BO2t1 + BI2d02 + B21d12: 
d12=d02; 
d02 =tl; 

return G*y2; 

#undef Al 1 
#undef A21 
#undef BO1 
#undef B1 1 
#undefB21 

#undef Al2 
#undef A22 
#undefB02 
#undefB12 
#undefB22 

#undefG 

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

#define Al 1 0.2044f 
#define A21 0.7757f 
#define B0l 0.3251f 
#define Bll -0. l 984f 
#define B21 0.3251f 

#define Al2 0.6814f 
#define A22 0. 7896f 
#define B02 1. 4460f 
#define B12 1.9706f 
#define B22 1.4460f 

#define G 0.2227f 

float filter3( float x) 
{ 

overlay float d0l == 0.0; 
overlay float dl 1 == 0.0; 
overlay float d02 = 0.0; 
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overlay float d12 =0.0; 
/ first 2nd-order filter stage * / 
t0 = x - All *d0I - A21 *dll · 
y1 = B01tO + BI1dO1 + B21d11. 
dll = d0l; , 
d0l = tO; 
/* second 2nd-order filter stage*/ 
tl=yl - Al2*d02 - A22*dl2· 
y2 = B02t1 + B12d02 + B21d12: 
dl2 =d02; > 

d02 = tl; 

return G*y2; 
} 

#undef A1 
#undef A21 
#undefB0l 
#undefBl 1 
#undefB21 

#undef A12 
#undef A22 
#undefB02 
#undefB12 
#undefB22 

#undefG 

!******************************************************************** 
**********/ 

#define All 1.4059f 
#define A21 0. 7969f 
#define B0I 0.1272f 
#defineBll 0.1113f 
#define B21 0.1272f 

#define Al 2 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 ) { . 

overlay float d0I = 0.0; 
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,erlay float dl1 =0.0; 
,yerlay float d02 =0.0; 
overlay float d12 = 0.0; 

/ first 2nd-order filter stage / 
t0 = x - All *d0l -A21 *dll · 
y1= B01t0 + BI1dO1 + B21d11: 
dll = d0l; , 
d0l = to; 
/* second 2nd-order filter stage*/ 
tl = yl - Al2*d02 -A22d12: 
y2 = B02t1 + B12d02 + B21d12: 
dl2 = d02; · ' 
d02 =tl; 

return G*y2; 

#undef Al 1 
#undef A21 
#undefB0l 
#undefBl 1 
#undefB21 

#undef Al2 
#undef A22 
#undefB02 
#undefB12 
#undefB22 

#undefG 

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

#define Al 1 l.4059f 
#define A21 0.7969f 
#define BO 1 0.3047f 
#define Bl 1 0.4312f 
#define B21 0.3047f 

#define A12 l.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) 
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overlay float dO1 = 0.0; 
erlay float d11 = 0.0; 
,arlay float d02 =0.0; 
,ertay float d12 =0.0; 

/ first 2nd-order filter stage * / 
tO= x - A 11 * d0 1 - A21 * d 1 1 · , 
yl = B0l *tO + Bll *d0l + B21 *dll; 
dll =dOl; 
d0l =tO; 
/* second 2nd-order filter stage * / 
tl = yl - A12*d02 -A22d12; 
y2 = B02*tl + B12*d02 + B21d12; 
d12 = d02; 
d02 =tl; 

return G*y2; 

#undef A1 1 
#undef A21 
#undefB0l 
#undefBl 1 
#undefB21 

#undef A12 
#undef A22 
#undefB02 
#undefB12 
#undefB22 

#undefG 
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MICROCHIP PIC18F245S/25S0/4455/4550 
=- 28/40/44-Pin, High-Performance, Enhanced Flash 

USB Microcontrollers with nanoWatt Technology' 
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2
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·f ,i ransceiver with on-chip votage • On-Chip 

Regulator ff-Chip USB Transceiver 
·et@° ","_'j For (srPP) tor use streaming 
·S®"""qsyw-poi devices only) transre 

Power-Managed Modes: 
CPU on peripherals on • Run: '» 

, Idle: CPU off, peripherals on 
• Sleep: CPU off, peripherals off ical 
• Idle mode currents down to 5.8 µA typ ical 
• Sleep mode currents down to O.1 µA typ 2V 
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, Two-Speed Oscillator Start-up 

Flexible Oscillator Structure: .. 
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, Internal Oscillator Block: : 31kHz 
-8 user-selectable frequencies, from 

to 8 MHz f ency drift User-tunabte to compensate/ ;"",,, 
• Secondary Oscillator using Tim_er1 toiler and 
• Dual Oscillator options allow microcon,, 

USB module to run at different clock spee 
• Fail-Safe Clock Monitor: . lock stops 

- Allows for safe shutdown if any c 

Program Memory Data Memory 
1/0 Device 

i# Single-Word SRAM EEPROM Flash 
(bytes) (bytes) (bytes) Instructions 

24K 12288 2048 
32K 16384 2048 

12288 2048 

Peripheral Highlights: 
• High-Current Sink/Source: 25 mA/25 mA 
• Three External Interrupts 
• Four Timer modules (limerQ to Timer3) 
• Up to 2 Capture/Compare/PWM (CCP) modules: 

- Capture is 16-bit, max. resolution 5.2 ns (TcY/16) 
- Compare is 16-bit, max. resolution 83.3 ns (Tcy) 
- PWM output: PWM resolution is 1 to 10-bit 

• Enhanced Capture/Compare/PWM (ECCP) module: 
- Multiple output modes 
- Selectable polarity 
- Programmable dead time 
- Auto-shutdown and auto-restart 

• Enhanced USART module: 
- LIN bus support 

• Master Synchronous Serial Port (MSSP) module 
supporting 3-wire SPI (all 4 modes) and I C 
Master and Slave modes 

• 10-bit, up to 13-channel Analog-to-Digital Converter 
module (A/D) with Programmable Acquisition Time 

• Dual Analog Comparators with Input Multiplexing 

Special Microcontroller Features: . 
• C Compiler Optimized Architecture with optional 

Extended Instruction Set h d Flash 
• 100,000 Erase/Write Cycle Enhance 

Program Me9,,,{"",,a, oats ssPow 1 000 000 Erase» 'ri • ' , I 
Memory typica M Retention: > 40 years 

• Flash/Data EEPRO der Software Control 
• Self-Programmable un ts 

. L Is for Jnterrup . 
e Priority .eve cle Hardware Multipher 
• 8 x 8 Single-Cy Timer (WDT): 
• Extended Watchdog ·oc1 from 41 ms to 131s 

mable pen 
• Program Code Protection 
Programmable V In-Circuit Serial . 

• single-SuP,,,,spw) ia two pins 
Programming CD) via two pins :. ily) 

• In-Circuit Debug (I D/ICSP port (44-pin devices on 
• oonaids@dos",",';% race (zov to s.s) 
s Wide Operating' @ 

wsse E f ras 
11 8/16-Bit cP] [waster] g $ -Bit CCP/EC SPP SPI 12C™ ... o ca] @iii 

y 2 
y 2 

© 
2
005 Microchip Technology Inc. 



/4550 

RCTI:XIDTIS DO 
1 4]' RC6rxIcK 
' LJ _,,_ RCS/D+NP 6[]<- cu-v 

in PDIP 

0 

RA3/AN3NREF+ ..,___... 
RA4/T0CKI/C10UT/RCV -<>---<>­ 

RA5/AN4/SS/HLVDIN/C20UT <>--<> 
RE0/AN5/CK1 SPP <>---<> 
RE1/AN6/CK2SPP ...,_-,.. 
RE2/AN7/OESPP ...,____... 

v□□- 
\/SS 

OSC1/CLKI -­ 
OSC2/CLKO/RA6 - 

RC0/T10SO/T13CKI -­ 
RC1IT 1OSI/CCP2®)/UOE = " 

RC2/CCP1/P1A - 
/USB 

RD0/SPP0 - 
RD1/SPP1 - 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

ll) 0 
ll) ll) 
o::r ll) 
o::r o::r u.. u.. 
co co ,.. ,.. 
00 a 

26 
25 
24 
23 
22 
21 

..,__ RB7/KBl3/PGD 
- AB6/KBl2/PGC 
-- ABS/KBl1/PGM 
- RB4/AN11/KBI0/CSSPP 
• RB3/AN9/CCP2®)NPO 
- RB2/ANBnNT2NMO 
- RB1/AN10/INT1/SCK/SCL 
- RB0/AN12/INT0/FLT0/SDI/SDA 
s \/DD 
«VSS 
- RD7/SPP7/P1D 
-- RD6/SPP61P1C 
-- RDS/SPPSIP1B 
- RD4/SPP4 
- RC7/RX/DT/SDO 
-- RC6/TX/CK 
-- RCSID+NP 
-- RC4/D-NM 
-- RD3/SPP3 
-- RD2/SPP2 

Note 1- 
• RB3 Is the alternate pin for CCP2 multiplexing- 

2006 Microchip Technology Inc. 

Preliminary 



p1c18F2455/2550/445S/45So 
~ 

pin Diagrams 

28-Pln PDIP, SOIC 

MCLRNPP/RE3- 
RA0/AN0 - 
RA1/ANT » 

RA2/AN2NREF-/CVREF - 
AA3/AN31VREF+ - 

RA4/T0CKI/C1OUT/Rcv-­ 
RA5/AN4/SS/HLVDIN/C2OUT-­ 

VSS s 
OSC1/CLKI = 

OSC2/CLKO/RA6 .,.__ 
RC0/T1OSO/T13CKI - 

RC1/T10S1/CCP2(1l1UQE -­ 
RC2/CCPt + 

VUSB 

0 
1 
2 --. RB7/KB131PGD 

--. RB6/KBI21PGC 
--. RBS/KBI11PGM 
--. RB4/AN11/KBJO 
+ RB3/AN9ICCP2(®hypo 
--. RB2/AN8RNT2NMO 
--. RB1/AN10RNT1/SCK/SCL 
- RBO/AN12nNTO/FLTO/SDI/SDA 
~ Voe 
4 /SS 
- RC7/RXIDT/SDO 
- RC6/TXICK 

14 ..__ RCS/D+NP 
.._ _::15:'.]--J ..__ RC4/D-NM 

ll) 0 
ll) ll) 
..,. ll) 
u i 
LL LL 
(II) (II) ,.. ,.. 
oo a 

40-Pin PDIP 

0 

2 
3 
4 

RA3/AN3NREF+ - 5 
RA4/T0CKI/C1OUT/RCV - 6 

RA5/AN4/SS/HLVDIN/C2OUT - 7 
REO/ANS/CK1SPP • 8 
RE1/AN6/CK2SPP + r 

10 
/DD 
/SS 

OSC1/CLKI - 
OSC2/CLKO/RA6 - 

RC0/T10SO/T13CKI -­ 
AC1/T10SI/CCP2(1ltUOE - 

RC2/CCP1/P1A ___. 
/JSB 

RD0/SPP0 - 
RD1/SPP1 -- 

It) 0 
ll) It) 
..,. It) .,, .,, 
IL IL 
110 110 ,... ,... 
00 
E 

- RB7/KBl3/PGD 
- RB6/KBl2/PGC 
- RB5/KBl1/PGM 
- RB4/AN11/KBJ0/CSSPP 
• RB3/AN9/CCP2!l/yPO 
- RB2/ANBRNT2/VMO 
- RB1/AN10nNT1/SCK/SCL 
- RB0/AN12nNT0/FLT0/SDI/SDA 
/DD 
-\/SS 
-- RD7/SPP7/P1D 
- RD6/SPP6/P1C 
-- RDS/SPP5/P1B 
- RD4/SPP4 

26 + RCTIRXIDTISDO 
25 -- RCS/TX/CK 
24 -- RCS/D+NP 
23 -- RC4/D-NM 
22 -- RD3/SPP3 
21 -- RD2/SPP2 

Note 1: RB3 is 1he alternate pin for CCP2 multiplexing. 

DSs95 32C-page 2 Preliminary 
@ 2006 Microchip Technology Inc. 



--- ms (Continued) pin Diagra 
PIC18F245S/2550/4455/45SO 

44-Pln TQFP 

RC7/RX/DT/SDO --- 
AD4/SPP4--.. 

ADS/SPPS/P1B --. 
AD6/SPP6/P1C ,..__. 
RD7/SPP7/P1D --.. 

Vss -- /DD 
/FLTO/SDI/SDA -­ RBO/AN12/~{ilNT1/SCK/SCL 

RB1/A B2/AN8/INT2/VMO 
A (1lNPO RB3/AN9/CCP2 

3 
3 
3 
3 

PIC18F4455 2 
PIC18F4550 

cy e @gygggy 

44-Pin QFN 

+ NC/iCRST?)jcv?) 
- RCO/T10SO/T13CKI 
_ OSC2/CLKO/RA6 
- OSC1/CLKI 
--- Vss 
- Voe 
- RE2/AN7/0ESPP 
-.. RE1/AN6/CK2SPP 
- REO/AN5/CK1SPP 
_ RAS/AN4/SS/HLVDIN/C20lJT 
- RA41TOCKI/C10UT/RCV 

jg - 
=> !:. (.) 

"'"' s± 
~~ ~ azyrg Es O<'.<:Q.o.o.o. o __ ?36&t2.55 '--:;;:C")('l,f...- (1.)00 0 

13l3ooo~~$a:a: a: mm 1 !11: sssssas®"]_- 3g®° 
0 - 1. 31 -vss :gg2;' fl?=fg RD B __.. 3 29 

RDS/SPPS/P1 - 4 PIC18F4455 " - vo, N71<JESeP 
RD6/SPPG/PlC _.. 5 PIC,8F4550 27 - ~:ft:N6/CK2SP~ 

RD7/SPP7/~~ - j ~ :::: REWANSIC~/;DIN/C2M 

Voe - - RA5/AN4KISI/Cl0UT/RCV VDD - : : _. RA41TOC FLTO/SDI/SDA :=: 10o-g 
RBO/AN12/l~{ghNT1/SCK/SC~ _.. 11 "'..,. "'"' ~ ~ ~"'"'"' 

RB<IARB2/ANMNT2NM :- I I I I t !! H 
' .>gg385#% oQ#7pt<<S % g?ifs;6> ? ilg#g;@ 
;:- o:::iiiiiic:a:a:"'~ 
~ om ~~,a: ~ - 5¥55]1 5? o ~lllmmo za: ~ ;::a;a:a:::;; ~ 
z z <( 
~ ~ a: <'l ID 
~ a: 

Note 1: 
2: 

(Designated PORT Features 9 •special re Section 25, . 9 s see P2 muHiplexm . lrcumstance . in for CC In select c AB3 is the alternate p res available 
Special IC PORT~ f~~a~~re Information. Packages Only) 

© 2006 Microchip Technology Inc. 



LsgT and SN74Ls+z a% SN54LS07, SN74LS07, SN7Lg;} 
1s,ff?l'do ohgsr siiisa. WITH OPEN-coLLi±er,, ,,}f] BFFiii'skiri's 
ob•• '' HIGH-VOLTAGE OUTPUTS 

SDLso21c-- MAY too pahn -,vent TTL Voltage Levels to Mos Levels - SEDFEBRUARY2004 

o ntCa abilt, __SN54Lsoz...ucxac­ % ah Sink-GuT®®P® ®tsor,sis.ooi o is case 
1 Input Clamping Dioles 1mplify Systern (Top VIEW) 

Design 1A 1 
o Open-Collector Driver for Indicator Larnps 

1
y 

2 and Relays 2A 
3 

2Y 4 ·ption/ordering information 
3
A 

5 
{scrn 3, 

Th se hex buffers/drivers feature high-voltage 
6 en-collector outputs to interface With high-level GND 
7 opeuits or for driving high-current loads. They are --- 

:\~0 characterized for use as buffers for driving TTL inputs. The 'LS07 devices have a rated output voltage of 
30 V, and the SN74LS17 has a rated output voltage of 15 V. The maximum sink current is 30 mA for the SN54LS07 and 40 mA for the SN74LS07 a·nd SN74LS17. 

These circuits are compatible with most TTL families. Inputs are diode-clamped to minimize transmission-line 
effects, which simplifies design. Typical power dissipation is 140 mW, and average propagation delay time is 12 ns. 

14, Vcr 
13 6A 
12 6Y 
11 5A 

SY 
4A 

0°C to 70C 

ORDERING INFORMATION 

PACKAGEt ORDERABLE TOP-SIDE 
PART NUMBER MARKING 

PDIP-N Tube SN74LS07N SN74LS07N 
Tube SN74LS07D 

LS07 
SOIC-D 

Tape and reel SN74LS07DR 

SOP -NS Tape and reel SN74LS07NSR 74LS07 

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB 
design guidelines are available at www.li.com/sc/package. 

SSOP- DB Tape and reel SN74LS07DBR LS07 

logic diagram (positive logic) 

D> 
2 

1A 1Y 

3 

D> 
4 

2Y 2A 

D> 
6 5 3Y 3A 

9 

D> 
8 

4Y 4A 

D> 
10 

5Y 11 
5A 

D> 
12 

6Y 13 
6A 

A . critical applications of warranty, and use in 
. ·1ability, standard d of this data sheet. erning avant at the en 

. rtant notice cone . thereto appears ted Please be aware that an iPV ,sna disclaimers U 2u, eras jisiiients icon®' '®mos stamens ssmcorator#rode.@rs'iciijij; .lfl" 
gg; ? @» a a g jgjg,gg 
{f@& gzaiisris it Ho" "5" ,"$"j, "s of iii-\,, "/on procs'ssig foes not neces "" 1xAg,,,% INSTRUME TEXAS 75265 

3 e DALLAS, 
POST OFFICE BOX 65530 

On products 6PP ,,a o in othst r; ,,iinanities. untSS ot111rwts• t nteffllll ly incWI ,-cttsiltdoHIIO 
, 1 



sot SN74LS07, SN74LS17 sti:/EiispivEas 
HfX sUf N-COLLECTOR HIGH-VOLTAGE 

EF"""=r-rs. loo} bsoilier»",,g!Sy7Ls+zae 
atic (each gate) e no longer supplied. aie 

9 kQ 

Input 

5 kQ 

2 k2 

Vcc 
1 kQ 

Output 

2 kn 

GND 

Resistor values shown are nominal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)l 
Supply voltage, V cc 7 v 
Input voltage, v, (see Note 1) 7 V 
Output voltage, Vo (see Notes 1 and 2): SN54LS07, SN74LS07 30V 

SN74LS17 15 V 
Package thermal impedance, 0j (see Note 3): D package 86°C/W DB package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96C/W 

N package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80C/W 
NS package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76°C/W 

.-65C to 150°C Storage temperature range,Tstg • • • • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
's an d e to the device These are stress ratings only, and esses beyond those listed under "absolute maximum ratings" may cause permaner 1amag • · ded operating conditions· is not 
functional operation of the device at these or any other conditions beyond those indicated under "recommen 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. NOTES· 

· 1. All voltage values are with respect to GND. . . . th off state 2· This is the maximum voltage that should be applied to any output when it is m 0 • 

3. The package thermal impedance is calculated in accordance with JESD 51-7. 

@ ng,rs 
INsTRUMI, TEXAS 75265 

55303 • DAL , POST OFFICE BOX 6 



sN54LS07 and SN74LS17 are 
,,see and are no longer suppiiaa, SN54LS07 SN 

WITH ' 74LS07, SN74LS17 OPEN-couco ,,{5.5yrF=isiiiiiis 
nmended operating conditions (see Ns, [sos&gh!/OLTAGE ojrpjrs 

recO! lo e 4) REVISED FEBRUARY 264 

Supply voltage 
High-level input voltage 

Low-level input voltage 

SN54Lsoz SN74Lsoz 
SN74LS17 

MAX UNIT 

High-level output voltage 'LS07 
VOH 

SN74LS17 Low-level output current v 
o_ is Operating free-air temperature 30 

5.5 4.75 5 5.25 V 2 
V 0.8 

0.8 V 30 
30 

A . : -55 40 mA NOTE 4. All unused inputs of the devrce must be held at Ve GN 125 o 
70 · · · fSI Fl · C or D to ensure ·¢ Implications o ow or oating CMOS Inputs literature b e proper device operation R fi t 

numler SCBA004. · e er O the Tl application report, 
electrical characteristics over recommended . 
otherwise noted) operating free-air temperature range (unless ~ 

PARAMETER TEST CONDITIONS? SN54LS07 SN74LS07 
SN74LS17 UNIT MIN MAX MIN MAX VI Vee MIN, y =12 mA 

-1.5 -1.5 V JOH Vee= MIN, Vjy =2 V 'LS07, VoH = 30 V 
0.25 0.25 SN74LS17, VoH = 15 V 

0.25 mA 
Vo Vee= MIN, V1L = 0.8 V 

loL = 16 mA 
0.4 0.4 Jo =MAxS 0.7 0.7 V 

11 Vee= MAX, Vy=7 V 
1 1 mA JIH Vee= MAX, Vy= 2.4 V 

20 20 µA hi Vee= MAX, Vy=0.4 V -0.2 -0.2 mA 'CCH Vee= MAX 
14 14 mA 'Cc Vee= MAX 
45 45 mA 
.. FFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

§10L = 30 mA for SN54 series parts and 40 mA for SN74 series parts. 

switching characteristics, Vee= 5 V, TA = 25C (see Figure 1) 
PARAMETER 

\PLH 

FROM 
(INPUT) 

TO 
(OUTPUT) 

TEST CONDITIONS MIN TYP MAX UNIT 

A y CL =15 pF 
6 10 

19 30 
ns 

? 1ex,g,,s 
INSTR~ALLAS, TEXAS 75265 

POST OFFICE BOX 65530 
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SN74LS07,SN74LS17 
54LS07, S/DRIVERS 

s~" auFFNERCOLLECTOR HIGH-VOLTAGE OUTPUTS The SN54LS07 and SN74LS17 are 
~ ... oPE • . REVISED FEBRUARY 2004 obsolete and are no longer supplied. ili""__,,,,_,,___"" """"""" ,1~,.,- PARAMETER MEASUREMENT INFORMATION 

output From t 
under Tes 

CL 
(see Note A) I 

LOAD CIRCUIT 
TOTEM-POLE OUTPUTS FOR2-5TATE 

High-Level 
Pulse 

Low-Level 
Pulse 

NOTES: A. 
B. 
C. 

Test 
point Vee 

Vee 

(see Note B) 

I 
LOAD CIRCUIT 

FOR OPEN-COLLECTOR OUTPUTS LOAD CIRCUIT 
FOR 3-STATE OUTPUTS 

1.3 V 

I I 
I ty D] 
[ ­ 
1.3V 

1.3V 

1.3 V 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

R; 
From Output Test 
Under Test ---..-,_ Point 

c, 
(see Note A) 

Vee ~ 
{±! J Point 

From Output 
Under Test - ~,.-...-,.-,..,..._..,. 

r----av Timing / 
Input /!~.av ov 
L, -4 , 
tsu i◄ ►i I 

I --3V Data 
Input O V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

---3V 

"_» e" .4% 
I 

tpL-kt- -} l- -}- tpPL 
I I 

1 
1---voH In-Phase [pp,_ 

Output I 
(see Note D) --,-~ 

tPHL. 't p 
Out-of-Phase ---

7 
I 

Output 
(see Note D) 

1.3 V I 
VoL I 

} tL H I 
VOH 

1.3V 

(see Note B) 

Je 

Output~£_
3
V Control 1.3V 1.3 V 

(low-level j v 
enabling) I 

--.i -+j 1◄-tPLZ tpzL I i+- I I 

I ~II =1.5V 
Waveform 1 I VOL + 0.5 V 
~~~c --~ 

and D) I I 
I i.- ~ 14-tPHZ 

tPzHj ~'-- VoH -osv 
[ ---VgH h 

Waveform 2___F.3 y ·=1.5V (see Notes C 

and D) RMS 
VOLTAGE WAVEFO -STATE OUTPUTS 

ND DISABLE TIMES, 3 ENABLE A 
VOLTAGE WAVEFORMS 

PROPAGATION DELAY TIMES d' bled by lho ,~p,t ro"';"'-, 
.. citance. . except when 1sa, by the output con ro . Cl iaci,de, p,obe and J•g capa I t 1h t lhe o,tp,t " I~, ept whe, '"'"' d S2 ;, opoo ""tpZL, A dotes are iNsosa or ev""",, ,,,axons sw",",,,, Gs his,,,,, '5Si l acid ai 

gm saasuw"""%.air"";f.Gr"Cr£,,,4sa «cease favetom 2 is tor an outut" ",JandtPZ ,jseno abitt" ","4 ii. zo 
D. S1 and S2 are closed for tpLH, tpHL, d outputs have been ·ng characterisUcs. ent 

inputs an th tollow1 asurem · E. Phase relationships between I raters having e transition per me 
I. d by gene · put F. All input pulses are supp ,e at a time, wilhOOO m Wavefonns 

G The outputs are measured one and Voltage 
1 Load Circuits Figure • 

xg,,, 
INS~RUMEN EJ<AS75265 

e DALLAS, T 655303 POST OFFICE BOX 



BC556; BC557 
PNP general purpose transistors 

Product specification 
Supersedes data of 1997 Mar 27 

P, 'lips Se: ·••ltond uctors 

1999 Apr 15 

PHILIPS 



semiconductors 

7......... " Product specification MP general purpose transistors 

""©" r AURES PINNING 
rent (max. 1 00 mA) 

LOW cu PIN 
' voltage {max. 65 V). 
, LOW 1 

2 
APPLICATIONS 

ral purpose switching and amplification ,Gener' 

DESCRIPTION 
p transistor in a TO-92; SOT54 plastic package. 
pN complements: BC546 and BC547. 

emitter 

3 
base 
collector 

MAX281 

3 

' 1 
Fig.1 Simplified outline (TO-92; SOT54) 

and symbol. LIMITING VALUES 
In accordance with the Absolute Maximum Rating.System {IEC 134). 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 
Voso collector-base voltage open emitter 

BC556 - -80 V 
BC557 - -50 V 

Veo collector-emitter voltage open base 

BC556 - -65 V 
- -45 V ~ BC557 

V lo open collector 5 
emitter-base voltage 

100 mA 
~ collector current {DC) 200 mA 
ku peak collector current 200 mA b 

kn peak base current 500 mW ,-..;;;__ a Tamb <25 ·C - 
r-,:.:.__ total power dissipation 65 +150 ·C , 

storage temperature 150 ·C ~ 
l r::1-- junction temperature 65 +150 ·C 
l operating ambient temperature 

®9A,, , 2 

DESCRIPTION 



. . semiconductors ..5.== I Product specification pNP genera purpose transistors 

22... fw THERMAL CHARACTERISTICS 

SYMBOL . PARAMETER 

i tao&an.sinus },g"is [«us, a ] ~ note 1 UNIT 
Note 250 KN 
{ Transistor mounted on an FR4 printed-circuit board. 

CHARACTERISTICS 
r,= 25 C unless otherwise specified. 

SYMBOL PARAMETER 
CONDITIONS 

collector cut-off current MIN. TYP. MAX. 
lcso lg = 0; Vcs = 30V 

UNIT 

l± = 0; Vos = 
1 15 nA 

30 V; T,= 150 ·C 
leso emitter cut-off current 4 µA lo 0; Vas = 5V 
hre DC current gain le = 2 mA; Vo± = 

100 nA 
5V; 

BC556 see Figs 2, 3 and 4 
BC557 

125 - 475 

BC556A 
125 - 800 
125 - 250 

BC5568; BC5578 220 475 - 
BC557C 420 800 

VcEsat collector-emitter saturation le - -10 mA; ls =-0.5 mA - -60 -300 mV 
voltage le =-100 mA; ls = 5mA 180 650 mV 

Vassat base-emitter saturation voltage le= -10 mA; 18 = -0.5 mA; note 1 - -750 - mV 
le= -100 mA; lg =-5 mA; note 1 930 mV 

Ve base-emitter voltage le= -2 mA; VcE = -5 V; note 2 -600 -650 -750 mV 
le= -10 mA; VcE = -5 V; note 2 - - -820 mV 

c, collector capacitance IE = ie = 0; V ce =--10 V; f=1 MHz e 3 - pF 

9 emitter capacitance le = ic = 0; VEB = -0.5 V; f = 1 MHz - 10 - pF 

_!r transition frequency le= -10 mA; VcE =-5 V; f= 100 MHz 100 - - MHz 
F noise figure le= -200 µA; VcE = -5 V; Rs= 2 k2; - 2 10 dB 

~ f - 1 kHz; B= 200 Hz 

Notes 
1· VsEsat decreases by about-1.7 mV/K with increasing temperature. 
2· VBE decreases by about -2 mV/K with increasing temperature. 

'999 A,r +s 3 



miconductors ts Se phill 
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Product specification 

300 

hrE 

200 

10T 

. I I I 

.------ 

i----- 

,--- 

VcE=-5 v 
,- 

T, [ I 
[ 

" 
' 

[s, 

Iy 00 ~ 

I ' 

l l J 
J J 

10? 
lc(mA) 1 

l l l LLI 
10 

0 
1 

03 

BC556A. 

Fig.2 DC current gain; typical values. 

I I I I I 11 I 

I 

VcE = ·5 V 

......... 
........__r, 

[ ,, 

I\ 

0 

\ 
' r--- 00 

t-- r-- ' -r- - -~ 
'''''; I 1 _j2 Jc(mA) _.__._--- -10 l I [Ll l J 

-1 
0 l 

1 

400 

300 

20 

10 ? -10 

BC556B; Bcss7a, 

·cal values. in; typI 
DC current gar , Fig.3 

4 
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600 

hFg 

500 

40 

30 

2 

0 
A6-2 

II I 

I 
I I I 

I 

,...-- 
. i 

f--- 

' 
- 

[ 'cE =-5 V 

,--- 

r--... · 
,--- 

\ 
~ 

0 - 
[ 

I--- 

" 
' 

0 - 

\ 

..-- 

\ 
00 ,--- 

\ 100 ~ 

I I I I 
I I I 

4? lg (mA) 1 

I ' 
10 

I I I 

1 

I 

-1 10 

BC557C. 

F. 4 DC current gain; typical values. Ig. 
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t© 1997, Power lnnovattons Limited, UK 
copyrlgh 

, Designed f~r Complementary Use With th 
gD244 Series 1e 

o 65W at 25°C Case Temperature 

o 6 A Continuous Collector Current 

o 10 A Peak Collector Current 

, customer-Specified Selections Available 

BD243, BD243 uii sic oii 5%2,2239, spzgc 
R TRANSISTORS 

JUNE 1973- REVISED MARCH 1997 

T0-220 PACKAGE 
(TOP VIEW) 

Bc< I 
Cc I 
Ec 

2 

3 0 
Pin 2 is in electrical contact with the mounting base. 

absolute maximum ratings at 25°C case temperature (unless oth 
MDT RACA 

so 
RATING erwise noted) 

SYMBOL VALUE UNIT 
BD243 55 

collector-emitter voltage (RsE = 100 .Q) BD243A 70 
BD243B Vczr 

90 V 
BD243C 115 
BD243 45 

Collector-emitter voltage (le= 30 mA) BD243A 60 
BD243B Vceo 

80 V 
8O243C 100 Emitter-base voltage 

VE=so 5 V 
Continuous collector current le 6 A 
Peak collector current (see Note 1) lc 10 A 
Continuous base current ls 3 A 
Continuous device dissipation at (or below) 25°C case temperature (see Note 2) Pe 65 w 
Continuous device dissipation at (or below) 25°C free air temperature (see Note 3) Pe 2 w 
Undamped inductive load energy (see Note 4) ½Llc2 62.5 mJ 
Operating junction temperature range T .65 to +150 ·C 
Storage temperature range Teig .65 to +150 ·C 

Lead temperature 3.2 mm from case for 10 seconds T 250 ·c 

NOTES: 1. This value applies for t, < 0.3 ms, duty cycle ~ 10%. 
0 2. Oerate linearly to 150°C case temperature at the rate of 0.52 WI C. 

3. Oerate linearly to 150C free air temperature at the rate of 16 mW/C. . t f· L =20 mH 1 = o 4 A Rse = 1 00 2, 
4. This rating is based on the capability of the transistor to operate safely in a circull o · - ' B(on) · ' 

VBE(off):: 0, Rs= 0.12, Vcc = 20 V. 

RoDucr +uFoRMATIO_,,,«aace 
'mato,:. form to specific , 

With the s current as of publication date. Products con °; fon processing does no 
necessar~r".'s or Power Innovations standard warranty. Pro uc 1 

y include testing or all parameters. 

Power (f iifovniis Jd? 
1 



BD243A, BD243B, 8D243C 
9D24s3iucoN POWER TRANSISTORS 
jPt! 

REVISED MARCH 1997 e 1973 
J 1 1 characteristics at 25°C case tem 1ectr ca Perature e 

PARAMETER 
TEST CONDITIONS L.--- MIN TYP MAX Collector-emitter B0243 UNIT lo = 30 mA 45 

VRcEO breakdown voltage 
(see Note 5) 

ls = 0 BD243A 
60 BD243B 
80 V ---- Vcz ° 55 V Vse =0 BD243C 
100 Collector-emitter Vo: 70 V Vse -o BD243 

cut-off current Vce = BD243A 0.4 lcES 90 V Vs± =0 
BD243B 0.4 Vee= 115 V Vse = 0 0.4 mA 

i--- Collector cut-off VcE ° 30 V ls = 0 BD243C 
B0243/243A 0.4 lcro current Vce ° 60 V ls = 0 0.7 

l..--- Emitter cut-off BD243B/243C 
0.7 mA 

leso Vea - 5V le = 0 current 
Forward current Vee - 1 mA i--- 4V le = 0.3A 

hrg transfer ratio Vee= 4V le = 3A (see Notes 5 and 6) 30 
i.--- Collector-emitter 15 

VcE(sat) saturation voltage 
lg = 1A le = 6A (see Notes 5 and 6) 1.5 V ,-..-- Base-emitter 

Vse VcE 4V le = 6A (see Notes 5 and 6) voltage 2 V ~ Small signal forward 
h, current transfer ratio Vee= 10 V le= 0.5A f = 1 kHz 20 

[al 
Small signal forward 

Vos = 10 V le= 0.5A current transfer ratio f = 1 MHz 3 

NOTES: 5. These parameters must be measured usmg pulse techniques, t, = 300 JJS, duty cycles; 2%. 
6. These parameters must be measured using voltage-sensing contacts, separate from the current carrying contacts. 

thermal characteristics 

PARAMETER MIN TYP MAX UNIT 

Rgc Junction to case thermal resistance 1.92 ·c/W 
RoJA Junction to free air thermal resistance 62.5 "CW 

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

PARAMETER TEST CONDITIONS t 

ton Tum-on lime le = 1 A ls(on) = 0.1 A 
I
ott Tum-off lime Vae(off) = -3.7 V R=202 

ls(off) = -0.1 A 
t, = 20 JJS, de$ 2% 

MIN TYP MAX UNIT 

0.3 µs 
1 µs 

1 
Voltage and current values shown are nominal; exact values vary slightly wilh transislor parameters. 

INFORMATION 



8D243, 8D243A, 8D2438, 8D243C 
NPN SILICON POWER TRANSISTORS 

TYPICAL CHARACTER1ST16 > 
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JUNE 1973 - REVISED MARCH 1997 
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sD243A, 8D2438, BD243C 
#;icoii PowrR riRiisisions pl 
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B0243, BD243A, 8D243B, BD243C NPN siLicoi oiii iii'sisroiis 

MECHANICAL DATA JUNE 1973- REVISED MARCH 1997 

ro-220 ·c flange-mount package 
I PlaS

t
, · t f ·jt 

3P' ,%in-line package consists of a circuit mounted on a lead frame and encapsulated wthnaG,,,, 
This sin ",,,, compound will withstand soldering temperature With no deformation, and circuit performance 
compoU ill remain stable when operated in high humidity conditions. Leads require no additional 

teristics 
charac essing when used in soldered assembly. ning or proc clea 

ro220 

3,96 
o ;-4 :, 10,0 

I 

0,97 
0,61 

4,701 ~ ~ r 1,23 

15,90 
14 55 

14,1 
12,7 

©tr®@ 
2,74 
2,34 

5,28 
4,88 

l 
2,90 
2,40 

.%, .L 0,41 

VERSION 1 

ONS IN MILLIMETERS ALL LINEAR DIMENSI 

ting tab. _,,,,»Gain me mounti 
- . I contact wot e veralon. eraloo. NOTES: A. The centre pin Is in eleclnca ccordiog to packaQ ·o to package v 

B. Mounting tab corner profile a d off height according 
. 1 entre stan C. Typical fixing hoe c . 

2 
17 .6 mm. 

Version 1, 18.0mm. Version ' 

MDXXBE 

RoDucr TIO N INFORMA 



© 1997, power Innovations Limited, UK 
coy9! 

% Designed for Complementary Use with the 
BD243 Series 

o 65 W at 25°C Case Temperature 

o 6 A continuous Collector Current 

, 10 A Peak Collector Current 

, customer-Specified Selections Available 

BD244, BD244 PP siiicoii io;2?Ag, spzuc 
R TRANSISTORS 

JUNE 1973- REVISED MARCH 1997 

T0-220 PACKAGE 
(TOP VIEW) 

Bc< I 
C c.=.=--:..-:..-:..-:..-=:-:::,__ l 
Ec< I 2 3 0 

Pin 2 is in electrical contact with the m ti 
oun mg base. 

absolute maximum ratings at 25°C case temperature (unless oth 
MDT RACA 

..- RATING erwise noted) 

- SYMBOL VALUE UNIT 
8D244 

-55 
collector-emitter voltage (RsE = 100 Q) 80244A 

-70 
8D2448 Vcer 

-90 V 
BD244C -11 5 
8D244 -45 

Collector-emitter voltage (le= -30 mA) 80244A -60 
8D2448 Vceo 

-80 V 

8D244C -100 
Emitter-base voltage 

V=so -5 V 
Continuous collector current 

le -6 A 
Peak collector current (see Note 1) lc -10 A 
Continuous base current ls -3 A 
Continuous device dissipation at (or below) 25°C case temperature (see Note 2) Pe 65 w 
Continuous device dissipation at (or below) 25°C free air temperature (see Note 3) Pa 2 w 
Undamped inductive load energy (see Note 4) Le 62.5 mJ 
Operating junction temperature range T -65 to +150 ·c 
Storage temperature range Tao -65 to +150 ·c 
Lead temperature 3.2 mm from case for 10 seconds T 250 ·c 

NOTES: 1. This value applies for t, < 0.3 ms, duty cycle < 10%. 
2. Derate linearly to 150C case temperature at the rate of 0.52 W/°C. 

3. De rate linearly to 150°C free air temperature at the rate of 16 mW/C. .
1 
f· L = 20 mH 1 = -0.4 A, Rae = 1 00 2, 

4. This rating is based on the capability of the transistor to operate safely in a clrcui O • • B(on) 

VBE(off) = 0, Rs= 0.12, Vcc = -20 V. 

PRo N 
lnr0 ..... 1. b U C T I N f O R M A T I O •fications in accordance "ation · ~ to spec, 1 t 
~'Ith lhe te 18 current as of publication date. Products con orm 

1
. n processing does no 

ne rms or p t Produc 10 cessaril . ower Innovations standard warranty. 
Y includ t . e testing of all parameters. 

Power ff 
INNOVATIONS 1~ 

1 



BD244A, 8D2448, BD244C 
sP244siucoN POWER TRANSISTORS l? 

REVISED MARCH 1997 e 1913 
J I characteristics at 25°C case temp t ctrlcal era ure e 

PARAMETER 
TEST CONDITIONS - 

~ 
BD244 

MIN TYP MAX Collector-emitter UNIT 
breakdown voltage 

le = -30 mA le= 0 BD244A -45 
Vs)CEO (see Note 5) -60 BD244B 

BD244¢ -80 V [ Vcc -55 V Vs± =0 -100 
Collector-emitter Vee - -70 V Vs± =0 

BD244 
BD244A -0.4 lcES cut-off current Vce = -90 V Vs± =0 
BD244B -0.4 Vee= -115 V Vse = 0 mA 
BD244C -0.4 ~ollector cut-off VcE -30 V ls = 0 
BD244/244A -0.4 

lcro current Vee - -60 V Is - 0 -0.7 Emitter cut-off BD244B/244C 
-0.7 mA Ves F -5 V lso current le - 0 

Forward current Vee - -4V -1 mA ~ le - -0.3 A 
h;e transfer ratio Vo = -4 V lo = -3 A (see Notes 5 and 6) 30 

Collector-emitter 15 ~ 
ls = -1 A VcE(sat) saturation voltage le - -6 A (see Notes 5 and 6) -1.5 V ~ Base-emitter 

Vee Vee - -4 V le - -6 A (see Notes 5 and 6) voltage -2 V 
Small signal forward 

Vo: = -10 V le =-0.5 A ho current transfer ratio f = 1 kHz 20 

lhtel 
Small signal forward 

Vo F -10 V le= -0.5A f=1MHz current transfer ratio 3 

NOTES: 5. These parameters must be measured using pulse techniques, t, = 300 µs, duty cycles 2%. 
6. These parameters must be measured using voltage-sensing contacts, separate from the current carrying contacts. 

thermal characteristics 

PARAMETER MIN TYP MAX UNIT 

RoJc Junction to case thermal resistance 1.92 ·cm 
RoJA Junction to free air thermal resistance 62.5 ·CW 

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

PARAMETER TEST CONDITIONS t 

l» Tur-on time le= -1 A ls(on)"' -0.1 A 
toff Tum-off time Vse(off) "'3.7 V RL "'20 n 

le(off) = 0.1 A 
t,=20 s, dc S 2% 

MIN TYP MAX UNIT 

0.3 µs 
s 

'y It 1- htl ·th transistor parameters. 0 age and current values shown are nominal; exact values vary slig! 'y wt 

INFORMATION 



B0244, BD244A, B0244B, BD244C 
PNP SILICON POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

4000 

JUNE 1973 - REVISED MARCH 1997 
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BD244A, BD244B, BD244¢ 
sD244siucoN POWER TRANSISTORS 
NP 

REVISED MARCH 1997 e i93; 
;,,,e 
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8D244, BD244A, 8D2448 BD244C 
PIMP siLicoi Poi riiaiisisic;& 

ro-2& ,,, flange-mount package 
3
.plo plaSIIC .· -line package consists of a circuit mounted on a lead frame and encapsulated Within a plastic 

This single •~he compound will withstand soldering temperature with no deformation, and Circuit performance 
compou

nd

_. will remain stable when operated in high humidity conditions. Leads require no additional steristics I d bl charac essing when used m soldere asseml ly asamig rP''®®" ° """"" """""""" 

MECHANICAL DATA 

r0220 

JUNE 1973 - REVISED MARCH 1997 

3,96 
a s7 
see Note B 

0,97 
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VERSION 1 
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e mounting tab. 
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B. Mounting tab corner profiletand off height accor 
C. Typical fixing hole centre f 

2 
17.6 mm. 

Version 1, 18.0 mm. Vers on , 

MDX XBE 

TIO N TV F ORM A 



57. oe ri lows6s....,z- aa4 -iiisii 
LOW POWER QUAD OPERATIONAL AMPLIFIERS 

' WIDE GAIN BANDWIDTH : 1.3MHz 
• INPUT COMMON-MODE VOLTAGE RANGE 
'jNCLUDES GROUND 
, LARGE VOLTAGE GAIN : 100dB 
% VERY LOW SUPPLY CURRENT/AMPU : 375A 
% LOW INPUT BIAS CURRENT : 20nA 
% LOW INPUT OFFSET VOLTAGE : 5mV max. 

(for more accurate applications, use the equivalent parts 
LM124A-LM224A-LM324A which feature 3mV max) 

• LOW INPUT OFFSET CURRENT : 2nA 
% WIDE POWER SUPPLY RANGE: 
SINGLE SUPPLY: +3V TO +30V 
DUAL SUPPLIES: ±1.5V TO ±15V 

DESCRIPTION 
These circuits consist of four independent, high 
gain, internally frequency compensated operational 
amplifiers. They operate from a single power supply 
over a wide range of voltages. Operation from split 
power supplies is·also possible and the low power 
supply current drain is independent of the magni­ 
tude of the power supply voltage. 

PIN CONNECTIONS (top view) 

N 
DIP14 

(Plastic Package) 

D 
SO14 

(Plastic Micro package) 

p 
TSSOP14 

(Thin Shrink Small Outline Package) 

ORDER CODES 

Part 
Number 

Temperature 
Range 

Packa e 
N D P 

LM124 
LM224 

-55°C, +126°C 
40°C, +105°C 

LM324 0C, +70C 

• • • . . . 
• • • 

Example : LM224N 

14 Output 4 
Output I I 

13 Inve rting Input 4 
Inverting Input I 2 

12 Non-inverting Input 4 
Non-inverting Input I 3 

11 Vcc cc 4 
Non-inverting Input 3 1 0 

Non-inverting Input 2 5 
9 Inverting Input 3 

Inverting Input 2 6 
8 Output 3 

Output 2 7 

1/14 
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nt24 -LAMZZ4-LMMO24 
scHEMATIC DIAGRAM (1/4 LM124) 

6µA 

Inverting 
input 

Non-inverting 
input 

cc 

ABSOLUTE MAXIMUM RATINGS 
g 

_Symbol Parameter 
I I 

Ve 
LM124 LM224 LM324 Unit 

~ 
Supply Voltage 

+16 or 32 V 

Input Voltage 
-0.3 to +32 V 

Ve Differential Input Voltage - (*) 
+32 +32 +32 V 

Pen Power Dissipation 
500 500 mW 

N Suffix 500 

!--- D Suffix - 400 400 mW 

r--=_ Output Short-circuit Duration - (note 1) 
Infinite 

ho Input Current 
50 50 50 mA 

~ 
(note 6) 

Operating Free Air Temperature Range 
-55 to +125 -40 to +105 0 to +70 c 

' T storage Temperature Range 
-65 to +150 -65 to +150 -65 to +150 ·C 

2/14 



LM124- LM224 - LM324 - 
·cifiled) 

+.M324 
Unit ax. 
mV 

9 

nA 
30 
100 

nA 
150 
300 

0 

dB 

110 

0.7 1.2 
1.5 3 
0.8 1.2 
1.5 3 

0 
0 

70 80 
60 

20 40 

20 
50 



u_ uusa 
CTRICAL CHARACTERISTICS 

ELF"_,,5y, vcc = Ground, Vo = 1.4V, Tans = +25¢( Vc - Uni C ess otherwise specified) 
symbol Parameter 

LM124- LM224-Lu324 - 
~ Input Offset Voltage (note 3) Min. Ty, Unit V% Tamb =F +25°C Max. 

LM324 2 5 mV 
T min. $ Tamb < T max. 

LM324 7 
7 ,__ Input Offset Current 9 lo Tam = +25°C 

T min. $ Tan < T max. 2 30 
nA 

,_. 
he Input Bias Current (note 2) 100 

Tam = +25°C nA Tin. < Tans < Trax. 20 150 

Ava Large Signal Voltage Gain 300 
(Vc& = +15V, R = 2k2, Vo = 1.4V to 11.4V) V/mV 

Tamb = +25 C 50 100 T min. < T amb $ T max. 25 
SVR Supply Voltage Rejection Ratio (Rs < 10kQ) 

dB (Vee = 5V to 30V} 
Tams = +25C 65 110 T min. < T amb :::; T max. 65 

Ice Supply Current, all Amp, no load mA Tamb = +25°C Vee= +5V 0.7 1.2 
Vee= +30V 1.5 3 

T min. < T amb < T max- Vee= +5V 0.8 1.2 
Vee= +30V 1.5 3 

Vier Input Common Mode Voltage Range V 
(Vee= +30V} - (note 4) 

Tam = +25°C 0 Vee -1.5 
T min. < T amb < T max. 0 Vcc -2 

CMR Common-mode Rejection Ratio (Rs < 10k2) dB 
Tam = +25°C 70 80 
T min. < T amb < T max 60 

l source Output Current Source (Vid = +1V} mA 

Vcc = +15V, V% = +2V 20 40 70 

lsink Output Sink Current (Va = -1V) 10 20 mA 
Vcc = +15V, V, = +2V 12 50 µA 
Vee= +15V, Vo= +0.2V 
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ELECTRICAL CHARACTERISTICS (continued) 

symbol Parameter 
LM124- LM 

i...--:-:- High Level Output Voltage · 1224-LM324 os, 

Vo Min. Tvn Unit (Vcc_= +30V) · Max. 
Tams +25°C R, = 2kQ - V - T min- ~ T amb ~ T max, 26 
Tamb = +25°C R, = 10kQ 26 27 
T min, ~ T amb ~ T max. 27 28 (Vee = +5V, R = 2kQ) 27 
Tamb = +25°C 
Tn. < Tars < Tax» 3.5 - Low Level Output Voltage (RL = 10kQ) 3 

Vo Tamb - +25 C 
T min.~ Tamb ~ T max. 5 20 mV 

- SR Slew Rate 20 
Vcc 15V,Vy=0.5 to 3V, RL = 2k2, CL = 100pF V/µs unity gain) ' 

GBP Gain Bandwidth Product 0.4 
Vee = 30V, f = 100kHz, Vin = 10mV MHz 
R = 2k2, CL = 100pF 

1.3 
THD Total Harmonic Distortion 

f = 1kHz, Av= 20d8, RL = 2kQ, Vo= 2V % 
CL= 100pF, Vcc = 30V P 0.015 

en Equivalent Input Noise Voltage 
f = 1kHz, R, = 1002, Vcc = 30V nV 

40 Hz 
DV% Input Offset Voltage Drift 7 30 µVf'C 
Dlo 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 Vee can cause excessive heating if Vee> 15V. The maximum output current 
is approximately 40mA independent of the magnitude of Vee. 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, R, =02,5V <Vce' <30V,0 <Ve <Vee'-1.5v . 
4. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more 
than 0.3V. The upper end of the common-mode voltage range is Vcc - 1.5V, but either or both inputs can go 
to +32V without damage. . . . . . 1 a capacitance be- 

5. Due to the proximity of external components insure that coupling is not originating ©[,,,s at higher fre­ 
tween these external parts. This typically can be detected as this type of capacitance in 
qu-:m~es. . . t leads is driven negative. II is due to the 

6. This input current only exists when the voltag_e at any of .the inpu d b'ased and thereby acting as input di­ 
collector-base junction of the input PNP transistor _becoming forwar T I action on the IC chip. this transistor 
odes clamps. In addition to this diode action, there is also NiNthar~si 1iollage level (or to ground for a large 
action can cause the output voltages of the Op-amps to go to e cc 
overdrive) for the time duration than an input is driven neg@,y voltage higher than -0.3V. 
This is not destructive and normal output will set up again or 1 
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---- SERIES 

- POSITIVE VOLTAGER=Gu iULATORS ---- 
1 

OUTPUT CURRENT TO 1.5A 
OUTPUT VOLTAGES OF 5;5.2; 6; 8; 8.5; 9; 

" 4o; 12; 15; 18; 24v 
, THERMAL OVERLOAD PROTECTION 
, SHORT CIRCUIT PROTECTION 

1 
OUTPUT TRANSITION SOA PROTECTION 

DESCRIPTION 
The L7800 series of three-terminal positive 
regulators is available in 

2 
TO-220, TO-220FP, 

T0-220FM, TO-3 and D PAK packages and 
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 
limiting, 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 
primarily as fixed voltage regulators, these 
devices can be used with external components to 
obtain adjustable voltage and currents. 

T0-3 

Figure 1: Schematic Diagram 
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1, Absolute Maximum Ratings 
rable · 
symbol Parameter 

DC Input Voltage for Vo= 5 to 18V 
Vy for Vo= 20, 24V 

lo 
output Current 

Po Power Dissipation 

To 
Storage Temperature Range 

Operating Junction Temperature for L7800 
To Range for L7800C 

Vau%, 
Unit 

35 
40 

Internally Limited 
Internally Limited 

V 

-65 to 150 
-55 to 150 

·c 

I I Maximum Ratings are those values beyond which damage to the d . 
AbsolU e levicemay occur Funclio I . 
not implied. . na operation under these condition is 

o to 150 ·C 

Table 2: Thermal Data 

symbol Parameter TO-220 TO-220FP TO-220FM 
Thermal Resistance Junction-case Max Rihj-case 

TO-3 Unit 
3 5 5 

Thermal Resistance Junction-ambient 
Rthj-amb Max 

5 4 CW 
62.5 50 60 60 35 ·cm 

Figure 2: Schematic Diagram 
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gy Connection Diagram (top view) 

rgure ' ., 
0 

OUTPUT 

GROUND 

INPUT 
0 

CS05710 

TO-220 (Any Type) CS05700 

TO-220FP/TO-220FM 

GND 
OUTPUT 

INPUT 
PCl 1920 

D2PAK (Any Type) TO-3 

Table 3: Order Codes 

TYPE TO-220 TO-220 TO-220 D?PAK D®PAK 

(A Type) (C Type) (E Type) (A Type)(*) (C Type) TO-220FP T0-220FM T0-3 
{T & R) 

L7805 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 L7808CT 

L7885C L7885CV L7885CD2T L7885CP L7885CF L7885CT 

L7809C L7809CV L7809C-V L7809CD2T L7809CP L7809CF L7809CT 

L7810C L7810CV L7810CD2T L7810CP 

_ L7812 
L7812T 

L7812C 
L7812CP L7812CF L7812CT 

L7812CV L7812C-V L7812CD2T L7815T 
L7815 L7815CF L7815CT 

£7815c 
L7815CP 

L7815CV L7815C-V L7815CD2T L7818T 

L7818 L7818CF L7818CT 

[781ac L7818CV L7818CD2T 
L7818CP L7820T 

L7820 L7820CF L7820CT 
~ L7820CP 
[szoc L7820CV L7820CD2T 

L7824T 

~ 
L7824CF L7824CT 

L7824¢ L7824CD2T 
L7824CP 

L7824CV . 
( )Available in Tape & Reel with the suffix "-TR" . 

OUTPUT 

GROUND 

INPUT 

OltD 
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