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CHAPTER 1 - INTRODUCTION 
 

This thesis presents the latest work done within the TekBots group at 

Oregon State University in Electrical Engineering and Computer Science (EECS).  

This is part of an ongoing effort to greatly improve the quality of engineering 

education [15 - 19].   

TekBotsTM is a group that was founded in 1999 after receiving funding from 

Tektronix for the purpose of developing an improved educational program for 

electrical and computer engineering students.  Through the work that TekBots’ has 

done, the concept of Platforms for LearningTM was born.  This concept has now 

become the cornerstone for all the work that is being done by the TekBots goup. 

 

A platform for learning can be any physical object that can be used to assist, 

reinforce, and accelerate the learning process through a practical, “hands-on” 

experience.  When such a platform is used across an entire curriculum, it not only 

aids in the learning experience in each individual class but it also provides 

integration between various classes. 

The platform that was chosen for the EECS program is a simple robotic 

base referred to as a “TekBot”.  These TekBots are used throughout the four-year 

curriculum in as many classes as possible.  For each individual class, students will 

receive a sub-platform that either adds directly to the TekBot or interacts with it in 

some fashion.  These sub-platforms provide the option for customization of the 

Platform for each individual class.  As students progress through their degree 

program, their TekBots grow in complexity in proportion to the knowledge that the 

students are gaining.  The TekBot becomes the embodiment of the knowledge that 

the students are gaining and visually shows how the theory from different courses 

complements each other.  
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In April of 1997 it was pointed out at an NSF Engineering Education 

Innovators conference that “… education appears to ignore the need for 

connections and for integration – which should be at the core of an engineering 

education.”  Platforms for LearningTM is the solution that TekBotsTM is using to 

overcome this problem of curriculum integration.  There are also six additional 

objectives that TekBotsTM is focusing on.  These objectives where decided upon 

after meeting with other educational institutions, industry representatives, faculty, 

and students to gain a better idea of what was still missing in the current 

educational program.  These six objectives are: depth, breadth, professionalism, 

innovation, community, and troubleshooting [6].  

 
Table 1: TekBotsTM educational objectives 

 

Depth Learning enough of the underlying concepts behind a particular 
subject that the topic as a whole is clearly understood.  

Breadth Learning about a wide range of subjects without really learning 
about the underlying concepts behind the subjects. 

Professionalism This would include: project/time management, documentation of 
work, quality work, and punctuality. 

Innovation The ability to come up with unique, clever solutions to problems 
rather than to replicate existing work. 

Community The ability to work with others, sharing responsibility in order to 
complete a project in a timely manner.    

Troubleshooting The ability to track down and pinpoint the source of a problem 
in a given project.   

 
 

In order to accomplish these educational objectives, TekBotsTM decided on 

a series of core features that a Platform for LearningTM should add to each 

TekBotsTM integrated course.  These include: personal ownership, curriculum 

continuity, context, hands-on learning, and fun factor. 
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Table 2: Features of a Platform for LearningTM 

 

Personal 
Ownership 

The students own the platforms.  Each student can personalize their 
platform as they please.  This also allows students to own their 
accomplishments. 

Curriculum 
Continuity 

The relationship or interaction between various courses is shown 
through the TekBot and the work that is done on it during each 
different course. 

Context Students see the theory that they learn about in class as it relates to 
all the other topics already covered and implemented on the TekBot. 

Hands-on 
Learning 

The platform or sub-platforms provide the application or 
implementation experience for much of the theory that the students 
learn about in class. 

Fun Factor The more students are motivated the more likely they are to study 
and learn outside of required study time. 

 
 

ORGANIZATION 

The remainder of this thesis is arranged as follows. Chapter 2 is a full paper 

written for the American Society for Engineering Education (ASEE) Conference in 

June 2004 [14]. It outlines the concepts behind a Platform for LearningTM within 

the context of a junior level ECE course, ECE375 - Computer Architecture and 

Assembly Language Programming.  This paper focuses on the hardware and how it 

is used within the course. 

Chapter 3 is a full paper that is to be submitted for publication.  It presents 

the latest work that has been done in integrating a Platform for LearningTM into 

three junior and senior level courses.  This paper also discusses the details of each 

course and how the Platforms for Learning are assisting and accelerating the 

learning process. 

Chapter 4 concludes the thesis by describing future work.  The attached 

appendixes are full sets of lab assignments for ECE473 and ECE352 and user 

manuals for the sub-platforms used in the three discussed courses.  
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CHAPTER 2 - TEKBOTSTM:  A CUSTOM 
MICROCONTROLLER SYSTEM USED AS A PLATFORM FOR 

LEARNING IN ECE 
 
 
Abstract - TekBots™ is a program that was started at Oregon State 

University in the Electrical and Computer Engineering Department to develop 

Platforms for Learning™.  The program is designed to assist, re-enforce and 

accelerate the learning process by integrating knowledge across many different 

courses.  For each course the TekBot platform is used to closely tie the course 

material to ‘real’ engineering hardware.  With these hands on materials, the 

students can attach a real meaning to many of the seemingly ambiguous topics 

learned in lecture.  The TekBots platform is composed of many different sub-

platforms that interact with each other to create working systems.  

The AVR microcontroller sub-platform consists of an embedded 8-bit 

microcontroller with features including; a liquid crystal display (LCD), analog-to-

digital conversion (ADC), pulse width modulation (PWM), infrared (IR) 

communications, and a serial port. This powerful sub-platform is introduced 

during the junior level Computer Architecture and Assembly Language 

Programming class, taken by electrical and computer-engineering students. 

The AVR sub-platform is reused in later classes as a building block to 

bigger systems. Examples of this are Signals and Systems where the AVR becomes 

a simple digital signal processor, microcomputer design using the AVR as the core 

of a student built system, and VLSI Design where the students interface a FPGA 

coprocessor to the AVR. 

2.1 - INTRODUCTION 

Teaching design and innovation to students is possibly one of the most 

critical challenges facing engineering education in the future [3 - 5]. Faculty are 

continually being asked to do more in less time, while at the same time the 
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prohibitive costs of ‘real’ lab experiences cause many institutions to remove 

physical labs from courses. Even where physical labs remain, the labs are doctored 

to use “pretty” or “fixed” numbers and experiments hiding the real design work 

from students. A solution developed at Oregon State University is Platforms for 

Learning™. 

TekBots™, a platform for learning created for electrical and computer 

engineering students, is designed to assist teaching many practical engineering 

skills that may often be left uncovered; innovation, design, knowledge integration, 

and the ‘real’ problems of ‘real’ systems.  With these hands on materials the 

students can attach a real meaning to many of the seemingly ambiguous topics 

presented in lecture.   

In the following section the paper will present a platform for learning as it 

has been developed at Oregon State University. TekBots and the AVR sub-

platform are then presented with in the scope of the first course they are used in the 

Computer Architecture and Assembly Programming course. The paper concludes 

with how the AVR sub-platform is to be extended through the curriculum and 

future work. 

 

2.2 - THE PLATFORM FOR LEARNING CONCEPT  

A Platform for Learning is a set of common, unifying objects or experiences 

that tie together the concepts introduced in various classes. The platform gives 

students a context for learning, a way to clearly observe relationships and 

dependencies between different materials. It provides a knowledge foundation that 

is expanded on through the curriculum. The active nature of the platform forces 

student to observe how real devices and systems differ from the standard perfect 

solutions commonly discussed in lecture; by being a common factor across 

different courses, the platform brings better continuity to the curriculum. The 

platform represents the application of the material taught in class, and how it relates 
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to what was learned in previous classes. It acts to expand and integrate the entire 

curriculum, as indicated by Figure 1.  

 

The ability for students to reference previous knowledge gained using that 

platform is key to how the platform can enable design experiences without a large 

increase in faculty workload and cost to students. Students reuse larger portions of 

the platform and only need to create ‘smaller’ designs.  

 

 
Figure 1:  A platform for learning expands the learning opportunities by providing 

context, knowledge integration, innovation and troubleshooting experiences.  It 

also created ownership, motivation, community, and course continuity. 

 
When working with the platform, students often need to choose one out of 

many solutions, in contrast to the end-of-chapter problems that usually have only 

one correct solution and rarely more than one way to find it. In this sense, the 

platform naturally puts students in the position of actual engineers. To solve these 

problems, students use many of the procedures and practices that they will need 

later in their professional careers. This emulation of engineering practice 

Platform
for Learning

Depth and Breadth

Hands-on Learning

Innovation
Knowledge Integration

Context

Lab

Lecture
CommunityOwnership

Motivation
Fun

Troubleshooting

Course
Continuity
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encourages students to use their imagination and teaches them to be innovators, 

rather than replicators only capable of performing exercises like ones they have 

already done.  

 

Since the platform is a real object, it comes with real constraints and 

imperfections that are often different from the ideal/theoretical problems. In order 

to overcome these problems, students need to learn how to effectively troubleshoot 

or problem-solve, an important engineering skill. In addition, students might turn to 

their classmates for help, as well as consult others that work with the same 

platform. All students share the same platform, which helps to build a learning 

community around it. Finally, students actually experience making something that 

works, rather than just learning about it in theory, returns the excitement back in 

the curriculum [10]. Even though it is often neglected, the fun-factor is extremely 

important in the development of future engineers. 

 

2.3 - SUB-PLATFORMS 

Every platform for learning is built from many smaller sub-platforms and 

temporary systems. The temporary systems are used in a single class or possibly 

two but are not designed to be reused to the extent of sub-platforms. Sub-platforms 

on the other hand are complete systems that embody knowledge a student has 

learned. For example when a student learns the details of transistor biasing and 

constructs a custom biased H-bridge for driving a motor; they build this system and 

integrate it into their platform. When the student learns about assembly 

programming and computer architecture they program a microcontroller sub-

platform that they can add to their platform. 

 

2.4 - TEKBOTS AND THE AVR SUB-PLATFORM IN USE 

The TekBots platform for learning is a simple robotic base that students 

control to perform many different tasks with a vast range of complexity. The 
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platform varies from a simple ‘charging capacitor’ timer control to digital state 

machine programmed in a microcontroller. The platform has been designed for 

ruggedness with great care being taken to produce a flexible design. The basic 

TekBot is shown in Figure 2 along with a Tekbot and the AVR sub-platform. 

 

  
 

Figure 2: Basic TekBot and an AVR equipped TekBot 

 
 
For the Computer Architecture and Assembly Language Programming class 

this platform is a custom Atmel AVR uController board designed at Oregon State 

University, Figure 2.  During this course students learn about the architecture and 

inner workings of a microcontroller. Every week the lecture is complemented by a 

lab that directly relates to the material covered in class.  For example when in class 

the students learn about micro-operations and the working structure of an AVR 

microcontroller, students learn about the assembly language instructions that 

performs the operations, during lab.  The classroom lecture provides the 

groundwork for the labs while in return the labs make the lecture material more 

concrete.   

 

The AVR board can also be used in more than one class.  If the Atmel AVR 

board is programmed appropriately it can perform the same function as some of the 

other boards from lower level classes that were designed with discrete components.  
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This helps students apply what they are learning in both their current class and their 

previous classes.  The evolution of the platform shows how a problem can be 

solved in more than one way. For example students are asked at the beginning of 

each class to construct a simple ‘bumper bot’ that can wander around a room. The 

functionality of this design is well understood by each student since they must 

create it several times in several classes. This allows them to focus on the new 

information of how they will implement the design. 

 

2.5 - THE COMPUTER ARCHITECTURE AND ASSEMBLY 
LANGUAGE PROGRAMMING COURSE 

At Oregon State University the Computer Architecture and Assembly 

programming course is commonly taken at the end of the sophomore or beginning 

of junior year. The course covers many fundamental concepts of computing and 

computer architecture, including; basic binary arithmetic, memory types, memory 

access types, instruction execution, Harvard and Von Neumann architectures, and 

instruction sets. 

Previous to the addition of TekBots the course relied on an 8051 

microcontroller simulation tools developed at Oregon State University. Students 

did not interact with real hardware except in the very last lab where a single system 

was available for the students to share and try their code on. 

However after TekBots platform was integrated many changes have been 

made, completely updating and revitalizing the course. 

 
Each Student owns their platform – Having a sense of ownership in this 

course has brought a new sense of worth to what the students are doing. Students 
now care if what they build doesn’t work because they own it. 

 
Real World Experience – Students are now using real hardware to see 

what is going on. With real hardware real problems can arise. Students have to 
understand that everything they do has an affect on other boards and systems. 
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Relevance – The restructuring and improvements helped to motivate the 
students to better understand the abstract materials in lecture. The new labs and 
Platform gave a reason to the theory. 

 
 

Table 3: The labs used in the Computer Architecture Course 
 

Lab #, Week # Lab Description 
Lab 0 Week 1  
 
TekBot Purchase and 
Assembly 

Students get the chance to buy their AVR boards 
and make sure that they work.  Students also buy 
and assemble a TekBot if they don’t already have 
one.   Those that do, make sure that they work 
correctly. 

Lab 1 Week 2  
 
Lab Introduction - Become 
familiar with the ATmega128, 
AVRStudio4, and 
PonyProg2000 

Students are provided with an assembly program 
that controls the TekBots to drive around a room 
while avoiding objects.  This allows the students 
to become familiar with the development tools 
without having to know much about writing an 
assembly program. 

Lab 2 Week 3  
 
C->Assembly->Machine 
Code->TekBot 
Grasp a handle on assembly 
language through a structured 
programming language. 

In this lab the students will write a C program that 
performs the same task as the assembly program 
from the previous lab.  The compiled code from 
both labs are compared to point out the efficiency 
of writing in assembly language.  Students also 
learn more about the TekBot and AVR hardware. 

Lab 3 Week 4 
 
Data Manipulation and LCD 
Display.  Learn to manipulate 
the data in order to write your 
name on the LCD Display 

In this lab students learn the difference between 
data and program memory.  How to read from 
program memory and how to manipulate data 
memory.  Also how to move data around using 
indirect addressing with the X, Y, and Z pointers.  
The students also learn how to set up the registers 
appropriately for SPI communication with the 
LCD display. 

Lab 4 Week 5 
 
Large Number Arithmetic 
Learn to manipulate numbers 
and data that are larger than 
the architect data path 

The AVR is an 8bit Microcontroller.  In this lab 
students learn how to manipulate larger than 8bit 
numbers using the ALU and arithmetic.  Learn 
about carry bits and overflow bits.  Also learn 
about functions and sub routines in assembly 
language.   
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Lab 5 Week 6  
 
Interrupted Whiskers 
Learn enable and use external 
interrupts for the BumpBot 

Students learn how and when interrupts can be 
used.  Learn about the stack and what happens 
when an interrupt occurs.  Also learns how to 
write interrupt service routines. 

Lab 6 Weeks 7 & 8  
 
Extremely Simple Computer 
(ESC) 
This lab will combine all you 
knowledge on AVR Assembly 
and Computer Organization to 
create an ESC Simulator in an 
AVR environment. 

This is the only lab where the AVR board is not 
used.  The students write a simple computer 
simulator that will execute a simple program 
written with a reduced set of instructions.  This 
simple computer is based on the AVR 
architecture.  Students run the program on a PC 
and use the debugger to verify that it is working 
correctly. 

Lab 7 Weeks 9 & 10 
 
ECE 375 Project 
Remotely Operated Vehicle 
Combine past knowledge and 
ingenuity to create this final 
group project. 

Students work in groups of two for this lab.  One 
AVR board is programmed to be a remote and 
another AVR board is used as a receiver on a 
TekBot.  All the knowledge gained through the 
quarter is needed to do this lab.  All the previous 
labs have sections of code that can be reused 
during this lab.   

  
 
Table 3 shows all of the labs used in the Computer Architecture and 

Assembly Programming course at Oregon State University. The labs begin by 

assuming that most students will have some basic programming experience in a 

higher-level language but no experience in assembly level programming. 

As students progress through the labs they design various programs to 

perform certain specific tasks. The program structure is not dictated giving students 

free reign to code as they see fit. 

For example in lab 4 students are asked to write a program that can perform 

the computation: (X + Y) 2, where X and Y are both 16-bit numbers.  This is 

difficult because the AVR is only an 8-bit device.  Many solutions exist and the 

students are not asked for any specific one.  Students are simply pointed towards 

the AVR datasheet and told to look at the ALU registers. 
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All of the labs are designed so that at the end students will have a small 

snippet of code that they can reuse for the final lab of the course. Students are 

helped to understand the importance of this engineering reuse to ‘rapidly develop’ a 

new design. In the final lab students use interrupts, SPI, Push Button input and the 

common stack and data pointers.  These are all things that they learnt to do in 

previous labs.  Therefore the code written during the previous labs can be reused 

during the final project.  The repetitive use of code encourages students to write 

clean and ordered code that can easily be transferred from one program to the next.   

 

2.6 - EVALUATION OF TEKBOTS INTRODUCTION IN 
COMPUTER ARCHITECTURE 

In the computer architecture course there was a lack of faculty ownership 

making it difficult to sell the idea to some of our key faculty.  After talking with the 

faculty, and after many weeks of sole searching within the TekBots team, we 

sought to develop a prototype hardware that would demonstrate to the faculty the 

possibilities for challenging the students beyond what they thought would be 

possible.  This was particularly important since the faculty didn’t feel the students 

could handle a very high level of sophistication.  A crude prototype of the hardware 

and a few examples of laboratories were developed to demonstrate to the faculty 

the potential of this approach.  While the first couple of minutes they were very 

skeptical, they quickly got excited about how this could change what they could 

teach and the experience for the students.  Once  the faculty had accepted the idea, 

work began on developing a meaningful pilot experience.   

The design of the TekBot experiences in class made the experiences 

progressively more complex.  An early laboratory involved the students developing 

C and assembly code that is downloaded to the TekBot that replicates the analog 

controller and PLD controller previously designed in other TekBots courses.  In 

this experiment, the microcontroller continually monitors the sensor outputs to 

determine if the TekBot has come in contact with a wall so that it controls the 
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TekBot to back up and turn before moving forward again.  Later in the term, 

students learn about interrupts in the lecture and modify their “bumper robot” so 

that it is interrupt driven rather than constantly monitor the sensor output.  The final 

project challenges the students to use infrared (IR) to design one TekBot to control 

the other TekBot. In this project, two students must work together to make a 

working project.   

Design became an important focus of this final lab.  The initial concerns 

about difficulty were addressed in the development of the labs that preceded the 

final design problem.  Students developed skills in working with the hardware and 

software while working on smaller design projects.  For example, they developed 

the code that would control the movement of the TekBot as a solution to a less 

complex problem.  The final design challenge combined that code with newer 

issues such as the IR communication.  In addition, students were provided with a 

skeleton code that provided direction but still forced them to interpret that code and 

search for resources in online documentation and class notes to accomplish the 

final goal.  We recognized the importance of manageable but challenging design 

problems in stimulating integration of theoretical knowledge. 

As we were contemplating the significance of this course, we came across a 

critical observation.  In our current curriculum, we do not encourage students to 

take this course until the end of the junior year.  However, as we explored what the 

content of this course should be and how it would fit in with the rest of the 

curriculum, we discovered that it was actually a foundational course in the context 

of the platform for learning.  As we look ahead to other junior courses such as 

signals and systems, electronics and electromagnetics, we discovered that the 

microcontroller will be a critical interface mechanism to, for example, add sensors 

so that real signals can be analyzed in signals and systems. 
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2.7 - CONCLUSION 

The introduction of the TekBots platform for learning into the computer 

architecture course at Oregon State University has been very successful. Students 

are now able to use their platforms to understand and try out new ideas and designs. 

Reusing pieces from previous classes that are well understood by students speeds 

up the design process allowing student to create more complex and intriguing 

designs. 

The TekBots program plans to integrate another three courses in the next 

year and to revise several courses already in place to improve the teaching and lab 

experiences. The new courses include Signal and Systems, DSP, and VLSI Design 

courses. 
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CHAPTER 3 – EXTENDING A PLATFORM FOR LEARNING 
TO UPPER DIVISION COURSES 

 
Abstract – It is a well-known fact that retention of information is 

significantly improved when the information is received through many different 

senses and methods. Taking notes, for example, is much more effective than just 

listening to a lecture. Students in the School of Electrical Engineering and 

Computer Science (EECS) at Oregon State University (OSU) use a Platform for 

Learning™ in addition to standard lecture and lab to help cement the knowledge 

they gain in coursework. These Platforms for Learning™ allow students to do 

projects in a hands-on fashion that closely resembles real engineering problems.  

Platforms for Learning TM are used across the curriculum to tie together topics 

from class to class that may seem unrelated to students.  Cross curriculum 

integration together with teaching concepts like innovation, teamwork, and 

troubleshooting are the main focuses of a Platform for LearningTM.  EECS has 

successfully integrated a platform into several entry and mid-level engineering 

classes.  This paper describes how the Platform for learning has helped to enhance 

the educational experiences of juniors and senior in Electrical and Computer 

Engineering.  The paper also focuses on the platforms as they are used in the 

junior and senior level courses and their connections to earlier classes.  

 

3.1 - INTRODUCTION 

Listening to veteran engineers telling stories about when they where young, 

one really gets a feel for how much engineering as a whole has changed in the past 

several decades.  We are no longer in an age where most engineering problems can 

be solved with a few wires and some pliers.  With the advances in technology, it is 

becoming harder and harder to tinker with engineering without extensive 

foreknowledge.  This has led to very few freshman students who understand what 



 

 

17

engineering is about or who express interest in engineering as a field of study.  This 

lack of interest and/or experience in engineering has been noted by industry [22] 

and, as a result, many pre-college programs have been started to create awareness 

among future engineers [8].   

Pre-college programs may generate interest in engineering but the 

engineering curriculum is often a major determining factor in retaining engineering 

majors.  With a traditional engineering curriculum, much of the first several 

quarters are spent studying the important underlying concepts of engineering, the 

foreknowledge.  Because most students are expecting to experience engineering, 

i.e., building something, they are often discouraged during their first couple of 

terms [23-26].  Another problem inherent in traditional engineering curricula is that 

the primary focus is on conveying book knowledge [23-26].  The implementation 

of theory can be very different from textbook problems.  A typical engineering 

project relies on theory from many different topics, but with few opportunities to 

work on integrated projects, students rarely see the connections between various 

classes in the curriculum [3].  Without quality hands-on experiences, students 

graduate lacking valuable real world engineering skills needed in industry. 

To address these shortcomings, a new curriculum incorporating a Platform 

for LearningTM (PFL) has been developed [7].  The concept behind a PFL is to 

provide students with a physical object that serves as a platform for applying the 

theory learned in lectures.  In each course, the knowledge gained is used to interact 

with or build upon knowledge from previous courses.  This allows the students to 

experience and learn first hand how all the various subjects are related to each 

other.  With purposeful design of the curriculum implementing the PFL, students’ 

ability to work effectively as part of a team to develop innovative solutions to real 

engineering problems and to design and troubleshoot complex systems can be 

achieved before graduation [13]. 

This paper describes how a Platform for Learning has been used to 

significantly enhance the experience of students in Electrical and Computer 
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Engineering at Oregon State University.  Sections II and III present the 

fundamental characteristics of a Platform for Learning and the details of the 

platform.  With this background, Sections IV, V and VI describe the integration of 

TekBots into three ECE Junior and Senior level courses.  Assessment of these 

curricular changes is presented and descriptions of how the platform reinforces 

connections between subjects are given.  Finally, Section VII presents conclusions. 

 

3.2 - THE PLATFORMS FOR LEARNINGTM CONCEPT 

Over the past several years, the concept of a PFL has evolved and has been 

refined through many cycles of course implementation and assessment.  Course 

evaluations and outcome based assessment has been a major part of the 

development and integration process.  Although the core idea behind a PFL has not 

changed, the real meaning and value that a PFL adds to a curriculum is becoming 

clearer with each new cycle of implementation and assessment. 

A PFL can be any object that exposes the relationships between various 

subjects while at the same time helping to understand theory through real 

applications in individual courses.  The appropriate type of platform depends on the 

particular academic discipline and can vary from a piece of hardware for an 

engineering curriculum to something more abstract like a project or business plan 

for a business curriculum. 

Infusing a new course with a PFL enhances the educational experience for 

the students.  The PFL provides curriculum continuity and assists, re-enforces and 

accelerates the learning process for individual courses [1].  Some key features of a 

PFL are outlined in Table 4.  It is important to note that just arbitrarily selecting a 

platform and incorporating it into classes does not automatically enhance the 

classroom experience or reinforce the core values.  A concerted effort must be 

made when developing the curriculum to consciously take advantage of the 

attributes of the platform for learning. 
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Table 4: Aspects of a Platform for LearningTM that enhance a curriculum 

 

Platform for LearningTM 
Core values 

Description 

Ownership Each student has his or her own platform.  The 
platforms then become a show peace of the students’ 
accomplishments.   

Continuity  Through implementation of theory from various 
classes towards a common platform or project 
students see the connections between various courses. 

Context Students learn and come to understand theory through 
application and hands-on experience. 

Fun Through exciting hands-on experiences students are 
inspired to learn more. 

Hands-on Learning Implementation is often times a lot different than what 
it seems in theory. 

 
The platform used for the Electrical and Computer Engineering program at 

Oregon State University is a simple robotic base called a TekBotTM.  Initially, the 

TekBot is merely a metal frame with some motors and wheels.  As students 

progress from one class to the next, they will either build or receive pre-built sub-

platforms that are representative of the topics taught in that particular class.  These 

sub-platforms either mount directly on the TekBot to enhance its capabilities or 

interact with the TekBot in some fashion.  The TekBot is a flexible platform that 

can accommodate many classes in the ECE curriculum.  For other departments or 

programs of study the concept of a PFL still applies, provided an appropriate 

platform is used.  For example a Computer Science curriculum might use a palm 

pilot or an operating system as their platform. 

A sub-platform is a separate piece of hardware or software that becomes an 

add-on to the main platform or TekBot.  The TekBot together with all the sub-

platforms is what provides the curriculum integration.  A sub-platform is an 

academic building block.  It represents a particular set of knowledge that is gained 

in a course or series of courses.  It becomes a visual reminder to students of what 
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they have learned and allows them to easily implement that knowledge in various 

classes.  It is through the interaction of various sub-platforms on the TekBot that 

students can see how different academic topics from various courses tie together.   

 
The PFL implementation focuses on six major program educational areas or 

objectives.  These objectives, depth, breadth, professionalism, troubleshooting, 

innovation and community, originate from information gathered from faculty, staff, 

students, industry representatives and educational institutions [9] and are outlined 

in Table 5.  The majority of the program objectives are skill sets that cannot 

necessarily be taught [3-5,22] but instead must be gained through experience. 

 
Table 5: Educational Objectives in enhancing Engineering Education 
 

Educational Objectives Description 
Depth The core underlying concepts behind a particular topic.   
Breadth The basic concepts behind a wide range of topics. 
Professionalism Exhibiting good skills in communication, teamwork, 

project management, and ethical issues.  Having a 
courteous and generally businesslike manner in the 
workplace.  

Troubleshooting The process by which problems are identified, isolated, 
and repaired. 

Innovation The ability to create or design solutions or solve 
problems in a new or unique way. 

Community The ability to work together as one team where each 
member of the team still functions as an individual with 
its own responsibilities. 

 
A PFL greatly complements the learning experience for both the curriculum 

as a whole and within individual classes.   

The TekBotsTM philosophy is that labs can happen “any time, any where”.  

Traditionally, hardware used in most labs is the educational institution’s property.  

With a PFL that is owned by each individual student, the lab is in effect theirs to do 

with what they choose.  In addition to the platform that the students own, the 

software tools that are used are free. This allows the students to literally take the 
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lab wherever they go.  Advanced students now have the opportunity to experiment 

beyond the requirements of class while students that need more time to complete 

assignments can work at home at their own pace.  This also allows students to 

easily work ahead so that they can more efficiently use the scheduled lab time and 

the help that is available during that time.  Prior to students owning the lab 

hardware, they were limited to taking home only notes or paperwork done during 

the lab.  This meant that all the student’s accomplishments where reduced to lab 

write-ups, memories or maybe some pictures.  With the PFL students, actually own 

their accomplishments.  Now they can take everything home with them to show 

friends and family what they have learned.  It becomes an issue of pride and 

students feel like they actually earned something other than just a grade out of 

taking the class. 

3.2 - TEKBOTS 

The customized platform, called TekBots, is designed such that it can easily 

accommodate many different sub-platforms and subjects within the ECE 

curriculum.  Each separate sub-platform allows the TekBot to be used as a teaching 

tool in different courses and automatically creates connections with other subjects.  

 

 

 
Figure 3: TekBot with freshmen level sub-platform 
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As more courses were integrated with the TekBot, a course reorganization 

was needed to help with the curriculum continuity.  As often happens with projects, 

breadth of knowledge becomes very important.  Projects tend to use knowledge 

from many different subject areas.  With a project oriented focus, as with the 

TekBot, courses rely on each other in a different way than they do in a purely 

lecture based approach. 

Table 6 is a list of classes to date that have been integrated with the TekBot.  

The first course where student see the TekBot is in ECE112, Introduction to 

Electrical Engineering Concepts.  For many students this is the first experience they 

will have in building anything mechanical or electrical.  Concepts from ECE112 

are carried through to ECE202 where students continue the study of electrical 

fundamentals.  In Digital Logic Design, ECE272, the majority of the analog control 

circuitry on the TekBot is replaced with digital electronics.  This gives the students 

a good understanding of the difference between the digital and analog realm.  

During the students’ junior and senior years they take courses such as ECE375 and 

ECE473 where they learn more about computer architecture and how 

microcomputers can be used in large control systems.  Again the TekBot is used as 

a platform where students gain practical understanding of this theory.  Signals and 

Systems II is a course that teaches signal analysis theory.  With the help of a 

platform for learning this typically abstract course is now much more interesting to 

students.  

 

Table 6: Platform for LearningTM integrated courses 
 

Course Description 
ECE112 Introduction to Electrical Engineering Concepts 
ECE202 Electrical Fundamentals II 
ECE272 Digital Logic Design 
ECE375 Computer Architecture and Assembly Language Programming 
ECE352 Signals and Systems II 
ECE473 Microprocessor System Design 
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There are several sub-platforms to date that have been developed for 

TekBots as shown in Table 7.  These sub-platforms represent knowledge or skills 

that students gain during a particular course.  Even though the sub-platforms are 

introduced in specific courses, they are not limited to these courses.  The first sub-

platform that students work with is the Analog board in ECE112.  Students build 

the Analog board during lab and use portions of its circuitry for in-class 

calculations and problem-examples.  In ECE272 students apply theory such as 

using Karnaugh maps to design and minimize logic state machines, to implement 

the control algorithms for the TekBot on the Digital board.  Boards like the Motor 

controller are used throughout the curriculum as the interface between various 

control boards and the TekBot motors.  The AVR Microcontroller board is a 

general projects board that can be used separately, with the TekBot or even with 

other boards that plug into it such as the AVR daughter board.  The AVR daughter 

board provides prototyping areas for students.  Other devices like the USB camera 

are used simply as a data-gathering device with tools like MATLAB in order to do 

assignments on meaningful real world data. 



 

 

24

Table 7: TekBotsTM sub-platforms 

 

Sub-Platform Description 
Analog board A simple discrete component circuit that serves as the 

decision-making logic for the TekBot.  It monitors the 
TekBot’s touch sensors and signals the motor controller 
appropriately.  Introduced in ECE112 – Freshmen Orientation 

Digital board A simple digital logic board that contains pushbutton inputs, 
light emitting diode (LED) outputs and a complex 
programmable logic device (CPLD) that can be configured 
for multiple different functionalities.  Introduced in ECE272 
– Digital Logic Design 

Motor controller A discrete component circuit that serves as an H-bridge.  This 
board has two channels.  Each channel has two input signals 
that control the status of that output motor control.  This 
board drives two DC motors directly.  Introduced in ECE112 
– Freshmen Orientation 

AVR 
Microcontroller 
board 

A board with an Atmel ATmega128 microcontroller.  This 
board has pushbutton inputs, LED outputs, liquid crystal 
display (LCD) output, RS232 ports, infrared (IR) port, and all 
input/output from the micro controller is accessible.  
Introduced in ECE375 – Computer Architecture and 
Assembly Language Programming 

Microcontroller 
daughter board 

A prototyping area that conveniently fits on top of the AVR 
microcontroller board.  Introduced in ECE473 – 
Microprocessor System Design 

USB camera A camera that interfaces through USB directly to MATLAB.  
Introduced in ECE352 – Signals and Systems II 
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3.4 - TEKBOTSTM IN COMPUTER ARCHITECHTURE AND 
ASSEMBLY LANGUAGE PROGRAMMING (ECE375) 

a - Background 

Computer Architecture and Assembly Language Programming (ECE375) is 

an exciting course that introduces students to the basics of computer organization 

and the inner workings of microcomputers.  This course teaches both hardware and 

firmware concepts.  As students study different pieces of hardware such as 

encoders, multiplexers, and registers, they also look at computer architectures to 

see examples of how these hardware pieces are functionally used.  Students also 

learn about instruction sets, assembly language, and how the software interacts with 

the hardware.  By the end of the course, students should understand most aspects of 

how a computer is designed and how it works, including how programs are stored 

in memory, and how instructions are fetched, decoded and executed.  

Prior to incorporating the PFL, this course focused on the 8051 architecture.  

Due to the 8051’s popularity and relative simplicity many computer architecture 

courses at various institutions use the 8051 architecture to teach computer 

organization and assembly language programming. 

The laboratory assignments before the PFL integration mainly consisted of 

writing and simulating assembly code on a PC.  Although simulation is a very 

useful skill when writing and debugging assembly code, it can be very abstract and 

confusing to students, especially if the students never get the opportunity to go 

through the process of implementing assembly code on a real architecture.  With 

only “PC assembly” experience, students oftentimes do not see the connections 

between the material taught in class and its real world applications. 

The sub-platform for ECE375 directly supports the course material while 

also providing cross curriculum integration and teaching the program educational 

objectives outlined in Table 5.  With one of the TekBotsTM goals being educating 

work ready graduates, the 8051 architecture was updated with a more modern 
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architecture.  The Atmel AVR microcontroller architecture was chosen because it is 

also a simple architecture.  It has single cycle execution, and no special memory 

maps or restricted instructions.  There are also many free supporting tools 

available.  Moving away from the 8051 architecture, however, meant that the 

course material also had to be updated to accommodate the PFL. 

 

b - Course and Lab material 

ECE375 is currently in its fifth quarter using the PFL integration.  The 

transition from the 8051 to Atmel AVR architecture was accomplished with 

relatively little reworking of the course material.  The scope of the topics taught in 

the course is shown in Table 7.  

The ten weeks of the quarter are divided into five one-week labs and two 

two-week labs.  This leaves one week at the beginning of the quarter where 

students purchase their sub-platforms and make sure that everything is working and 

ready for the quarter.  The extra time ensures that students are not penalized for 

having a damaged or non-functional TekBot.  The microcontroller sub-platform is 

mounted onto the TekBot, as shown in Figure 4b, replacing some of the sub-

platforms used in previous courses.  The microcontroller sub-platform, Figure 4a, is 

an Atmel Atmega128 micro controller chip that has been interfaced to SRAM, 

input buttons, output LED’s, LCD, IR and RS232.  It also has a built-in power 

converter to run off of either batteries or a 12V power supply.  This sub-platform is 

ideal for both teaching computer architecture in ECE375 and for use in more 

advanced courses and projects. 
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Table 7: ECE375 Course & Lab Outline  
 

Course Material Lab Material 
Introduction 

• Assembly Language 
• Computer Organization 

TekBot assembly 
• Students get sub-platforms 
• Students assemble TekBots 

Digital Components 
• Decoders/Encoders 
• Multiplexers 
• Registers 
• Memory 

Introduction to AVR Development Tools 
• Compile and download pre-written asm 

code to TekBot 
 

Atmel’s AVR Microcontroller and Assembly 
Programming 

• AVR Microcontroller 
• System Software 
• Assembly Language 4.Programming 

Assembly vs. High level language 
• Write C program similar to last weeks 

asm code 

Memory Organization 
• Memory Hierarchy 
• Cache Memory 

Data Manipulation and the LCD 
• Write asm code that scrolls a name 

across the LCD 
Data Representation and Arithmetic 

• Number Systems 
• Addition/Subtraction 
• Multiplication 
• Division 

Large Number Arithmetic 
• Write asm code to compute (X+Y)2 

where X and Y at 16bit numbers 

I/O Organization 
• I/O Interface 
• Interrupts 
• DMA 

Simple Interrupts 
• Rewrite lab2's code to make use 

of interrupts 

Basic Computer Organization and Design 
• Processor Datapath 
• Instruction Set 
• Instruction Set Processing 

Extremely Simple Computer 
• Write in asm a simulator that can 

execute 8 basic asm instructions 

Course review Remote Operated Vehicle 
• Write asm code that makes use of the 

IR port on the mega128.2 board to 
create a remotely operated TekBot 

 

Throughout the quarter students receive several homework assignments in 

addition to the lab projects.  Both lab projects and homework assignments relate 

directly to the material that is being covered in the class.  The homework 

assignments are typically more theoretical in nature while the lab projects allow the 

students to gain hands-on experience. 
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Figure 4a: Microcontroller kit 

 

 
Figure 4b: TekBot with 

microcontroller sub-platform 
 

In lab one, students explore the tools and hardware that will be used 

throughout the quarter.  Because they have not yet learned a significant amount 

about microcomputers, lab one is used to familiarize them with the software 

development environment.  Students are given a fully functional assembly program 

that causes the TekBot to move around while avoiding obstructions.  This behavior 

of the TekBot is similar to the behavior students have seen in previous classes.  

Having a completed piece of assembly code allows the students to load the program 

into the development environment, compile and download it to the sub-platform 

without needing significant expertise in assembly language programming. 

 

The majority of the students who take ECE375 have already taken a C 

programming class.  It is very important for the students to understand why 

assembly language programming is both useful and sometimes even desired over 

using a high-level language.  Lab two deals with these issues and helps enforce the 

reasons for learning the assembly language.  For this lab, students are asked to 

write a C program that is functionally identical to the assembly program that was 

given to them during lab one.  Once the C program is completed and verified, the C 

compiled code is then compared to the assembly compiled code to see which one is 

more efficient. 
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As in lab two, it often happens that students are asked to re-implement a 

particular piece of functionality on the TekBot with a new set of tools and 

knowledge.  This familiarity with the TekBot’s functionality means that students 

spend less time dwelling on the problem statement and more time on the actual 

problem solution or implementation.  Having students re-implement particular 

functionalities with different tools also helps to show them that there are ways to 

solve a problem.  Many of the sub-platforms used in the different courses are 

simply different solutions to the same problem.  One example of this is the basic 

TekBot control logic.  The TekBot control logic is the module that gathers 

information from the TekBot touch switches to make the necessary decisions to 

control the motors in such a way that allows the TekBot to drive around while 

avoiding objects.  In the first course that students encounter the TekBot (ECE112) 

they build a simple analog circuit that interprets inputs from touch switches and 

then sends signals to the motor controller board to drive the motors accordingly.  

This allows the TekBot to roam around a room freely while avoiding objects.  In 

the next course, ECE272, students design and implement a control algorithm on a 

complex programmable logic device (CPLD) sub-platform that has the same 

functionality as the analog circuit from ECE112.  As mentioned, this functionality 

is again duplicated in ECE375.  Students are never explicitly told that a particular 

problem can be solved using theory from several different courses but through the 

TekBots, students experience this fact first hand. 

 

By the fourth week, students have learned enough about assembly language 

and the AVR architecture that they can write their first assembly program.  To link 

with the topics that have been covered in lecture, students are asked to write a 

program that accesses both program and data memory to perform data 

manipulation.  In order to help the students concentrate on the memory accessing, 

they are given an LCD driver that can be easily included in their code to display 

data on the LCD.  This driver displays any data located at a certain address in data 
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memory on the LCD.  The students hardcode their names into the program and then 

once the program is downloaded, it copies the name from program memory to data 

memory where the driver then would display the name on the LCD. 

Having the students do assignments that are fun and interesting is vital in 

order to keep them excited about learning.  Lab four is made more interesting by 

adding a small extra requirement.  When the name is displayed on the LCD, it 

needs to scroll across the LCD, similar to an advertising bulletin board.  After 

completing a lab where they have duplicated a piece of well known functionality as 

a scrolling display, students are satisfied that they have learned and accomplished 

something meaningful.  In the case of the name scrolling on the LCD, many 

students spend extra time making the software functionally identical to an industrial 

bulletin board by enabling multiple messages to scroll across the LCD on their own 

sub-platforms.  This illustrates that when the assignment is fun, the students are 

more likely to spend time working on the project outside the requirements of the 

assignment.   

 

Innovation is a valuable engineering skill that must be encouraged 

throughout the curriculum.  For this reason, all the labs and assignments are 

designed in such a way that students always have multiple options for completing 

the work.  In lab four for example, students are asked to use their knowledge about 

the AVR architecture and its registers and flags to do the following large number 

arithmetic: 

(X + Y) 2 

where X and Y are both 16-bit numbers.  This is relatively complicated because the 

AVR architecture is an 8-bit architecture. Mathematically there are many solutions 

that allow for the two 16-bit numbers to be broken down into smaller 8-bit numbers 

so that the computation can be done in an 8-bit architecture.  Students are given the 

problem and are then set free to explore a solution with the available tools.   
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Many of the labs are structured to model good project management 

practices.  One of these project management skills is the ability to take a big project 

and subdivide it into smaller, more manageable pieces.  A large project becomes 

much simpler when it is broken down into smaller sections of code that are written 

and tested before being assembled to form the final project.  The majority of the 

labs during the quarter all form part of the final project.  In lab five, students write 

code that make use of the microcontroller’s external interrupts.  In this lab they 

learn how to implement interrupt service routines without getting lost in the 

confusion of having to deal with some of the other features of the microcontroller.  

Then later in the final project where many of the microcontroller’s features are 

used, students can simply use the tested code previously written. 

 

Because the students are still learning to code and to work with the new 

hardware, they rarely get everything working on the first attempt.  Thus the 

partitioning of a larger project into smaller pieces is also helpful during the 

debugging or troubleshooting process.  With the help of trained TA’s, students will 

develop their troubleshooting skills in each lab. 

Through progress reports and lab write-ups, the students’ ability to 

troubleshoot can be somewhat monitored.  In earlier lab write-ups, students report 

problems and difficulties that they where encountering.  In later labs students report 

problem solving methods rather than reporting the problems.  This indicates that 

students are becoming more proficient at problem solving and understand the 

concept of troubleshooting.  The following quote from a lab report indicates the 

student understands that in order to find the problem, every aspect of the design 

should be tested and verified. 

“The tendency is to expect that the new or complex part of 
the program must be at fault when in reality it might be some very 
basic error.  For example, one of ours turned out to be an 
improperly formatted ID code.  Having seen it so many times it 
looked correct even when it wasn’t.” 
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The following quote shows that students have learned to first determine 

what the working pieces are and then to use those to find the non-working parts of 

the project.  

“But we found that in order to get things to work we had to 
comment out the majority of code and enter simple test statements 
to make sure each step was working.” 

“So, testing our code with a program that we wrote assisted 
us in finding a bug that may have been more difficult to locate had 
we been debugging by just viewing the code.” 
 
The last four weeks of the quarter are spent on two two-week projects.  

While very different in nature, both projects are similar in that their complexity 

requires students to work in teams and make extensive use of concepts learned 

previously.   

The first project is writing a simple computer architecture simulator.  This 

lab is theoretical in nature and is never actually implemented on the sub-platform.  

The functionality of the program is simply tested using the debugger in the 

software development environment.  Students are asked to write a simulator for a 

smaller set of instructions that are based on the AVR instruction set.  This lab, 

although not hands-on, is very valuable to help the students pull together 

everything they have learned about a computer architecture.  It also teaches them to 

use the tools available for debugging their software. 

The second project is hands-on in nature.  Here are some of the comments 

made by students recorded in the course assessment documentation: 

“Ultimately I think this was one of the most beneficial 
labs/classes in terms of gaining both conceptual knowledge and 
actual hands-on skills.” 

“This was a great culmination lab and allowed practice of 
everything throughout the class.  It really brought the labs and the 
lectures together seamlessly.  I enjoyed and learned a lot more 
about functions and subroutines.” 

 
For the final lab project students are asked to build a remotely operated 

TekBot using two microcontroller sub-platforms.  One sub-platform is mounted on 
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the TekBot and controls it while the other sub-platform serves as the control device 

or remote control.  The two sub-platforms communicate over a built-in infrared 

port.  Students are given a communication protocol to implement that would allow 

the remote to send specific control instructions to the TekBot. 

Because students need to use two sub-platforms for the solution to the final 

lab project, they must form teams and work together.  Half of the team is 

responsible for writing the remote control code while the other half writes the code 

that interprets the remote and makes the TekBot move.  The students work together 

very closely to define who is responsible for what code.  There are also multiple 

other decisions to make such as what information to send across the IR.  If the team 

members are not working together, the two separate halves won’t work together 

either. Students are encouraged to divide the workload according to each 

individual’s strengths and weaknesses.  Clear communication and a good 

understanding of what each members tasks are, is key to being able to efficiently 

and successfully complete assignments.  This allows the students to build their 

teamwork and community skills. 

c - Course Assessment 

Since ECE375 has been integrated with the PFL, the course has gone 

through several cycles of evaluation and refinement.  In the spring of 2003, 

multiple types of course assessment were performed.  Educational researchers 

observed the behavior and listened to the interaction between students during lab 

sessions.  With permission, the same students’ work was photocopied for 

evaluation and comparison to the observations during the lab sessions.  Finally, at 

the end of the quarter these students were also asked to fill out a survey.  This 

survey gathered information regarding the effectiveness of how the PFL assists 

students in learning the course material and in teaching the additional engineering 

skills that educate work ready graduates. 
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The purpose of this course assessment is to confirm that the aspects of a 

PFL, as outlined in Table 4, do indeed enhance the quality of an engineering 

education.  The assessment also helps to confirm that a PFL is indeed assisting in 

achieving the program educational objectives outlined in Table 5. 

The class of seventy students was divided into three different lab sessions.   

From each lab session five students were observed and their work recorded.  With 

six lab assignments for the quarter and five students per lab session, there were 

roughly ninety written lab assignments and project write-ups recorded. 

After reviewing the lab write-ups for direct or indirect references relating to 

the topics in Table 4 and Table 5, it was noted that there was primarily reference to 

only six of these topics.  The table below shows the percentage of references per 

topic broken down by lab section.  The table also shows the total percentage or 

references per topic for the entire quarter.  For example from the lab two write-ups, 

out of all the references made to the PFL, 13% were to learning theory through 

application, 8% where about cross curriculum continuity, 8% innovation, 18% 

design issues, 40% about troubleshooting and 13% about community. 

 

Table 8: Percentage of references made in lab write-ups to PFL advantages 
 

LAB # Theory 
through 
application 

Cross 
curriculum 
continuity 

Innovation Design Trouble-
shooting 

Community 

2 13 8 8 18 40 13 
3 23 15 8 0 38 16 
4 56 0 4 4 20 16 
5 45 39 0 0 12 4 
6 35 5 0 15 30 15 
7 27 9 0 9 36 19 
All  34 18 3 8 26 11 

 
As seen from the data in Table 8, most of the references in the lab write-ups 

were to either Cross curriculum continuity, or Troubleshooting, or Theory through 

application.  In order to rate the success of a PFL in these three topics, they are 
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individually further divided into multiple levels that indicate how students are 

learning. 

Cross curriculum continuity is divided into two levels.  Level 1 indicates 

that students only focus on the material at hand to solve problems and at level 2 

students recognize and draw on knowledge gained during previous experiences and 

courses.  

Troubleshooting is divided into three levels.  Level 1 is achieved when 

students realize that something is not working and they immediately ask a lab 

friend or a TA to fix the problem.  Level 2 students try to solve the problem 

themselves but by randomly changing things in order to hopefully find the problem.  

Finally, at level 3 students systematically track the problem down by verifying 

what portions of the project are working and then using those portions to test 

others.  

Theory through application is divided into three levels as well.  Level 1 

represents when students perform the hands-on routines simply for the sake of 

getting the labs done.  In Level 1, students are either not learning anything or they 

are unaware that they are learning any thing.  Level 2 corresponds to when students 

report they are gaining valuable knowledge by doing their lab assignments.  Level 

3 is achieved when students acknowledge that they are learning through hands-on 

experience and recognize the connections to the theory learned in class and other 

areas of engineering. 

The table below shows the percentages of reported cases within each topic 

and which level they are classified in.  
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Table 9: Percentage of references made in lab write-ups to PFL advantages broken 
down according defined levels 

 

 Cross Curriculum 
continuity 

Troubleshooting Theory through 
application 

Level 1 14 9 6 
Level 2 86 35 59 
Level 3 Not defined 56 35 

 
 

One purpose of a platform for learning is to provide a context for learning 

engineering content.  The data in Table 8 indicates that instruction materials 

developed for this course enhance the context since students most frequently made 

statements regarding theory through application.  Most of the references in that 

category are level 2, Table 9.  This would suggest that students are aware of what 

they are learning.  However, the frequency of level three references indicates that 

they are still having difficulty connecting what they learn in the lab with lecture 

content.  This is a pattern consistent with what we have observed in other labs 

associated with the platform for learning curriculum.  This is also consistent with 

current research on transfer of knowledge.  Students find it difficult to transfer 

complex knowledge from one context (lab) to another context (lecture) unless the 

connections between the two are made explicit. 

The next most frequent reference in student lab reports was that of 

troubleshooting.  Again, this is an area of emphasis within a platform for learning.  

In this case the references are frequent in early labs and drop off by lab 5.  The 

references then pick up again by labs 6 and 7.  Further detailed analysis of specific 

references indicates that there is a shift in type of troubleshooting that students are 

performing.  In labs 1 to 3 students most frequently mention problems associated 

with the functioning of the software and hardware.  These problems are what one 

might expect as the students learn how to program the micro controller and how to 

link it to other hardware.  In labs 6 and 7 the initial focus on getting hardware and 
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software to work has shifted to a more systems-based analysis of problems.  

Students have mastered the hardware and software and are now experiencing 

problems associated with complex interactions linked to design problems 

introduced in later labs.  The problems associated with design issues also explain 

the frequency of level 3 troubleshooting, Table 9.  As students begin to solve 

problems related to their designs they rely less on random attempts at 

troubleshooting and shift to a more systematic approach. 

 

The shift in the type of troubleshooting taking place is also reflected in a 

shift of references to theory through application, Table 8.  As students begin to 

master the hardware and software they are able to focus their attention on 

understanding concepts related to micro controllers.  This points out the importance 

of making sure that hardware and software are relatively easy to master.   

 

Generally, cross-curriculum continuity is referenced less frequently than 

other areas in the student lab work.  One exception is in lab 5.  In this lab students 

were asked to compare three different approaches used to solve a design problem.  

Answering this question forced students to consider previous experiences in lab 

thus increasing the frequency.  Even with generally low frequencies of cross-

curriculum continuity references, they were still consistently high level.  Students 

frequently referenced connections to knowledge gained beyond the current lab.  

Students were connecting what they did in lab to what they have learned in other 

labs or other courses. 

 

3.5 - TEKBOTSTM IN MICROPROCESSOR SYSTEM DESIGN 
(ECE473) 

Microprocessor System Design, ECE473, is currently the highest-level 

course that is integrated with a PFL.  This course is directly linked to ECE375 by 

using the AVR sub-platform as the main microprocessor system for the course.  In 
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ECE473, students receive a daughter board that fits on top of the AVR sub-

platform.  This daughter board allows the students to build their own circuits on a 

platform that easily interfaces with the AVR sub-platform.  The physical 

connection between the AVR sub-platform and the ECE473 daughter board 

visually shows the relationship between ECE375 and ECE473.  The circuits that 

are built on the daughter board are built with discrete components, similar to the 

circuits that students built in earlier courses such as ECE112, ECE202 and 

ECE272.  Again, this experience links these different courses and shows the 

relationship between the topics taught in the courses. 

In ECE473, as in ECE375, the labs are structured in such a way that the lab 

assignments all lead up to a final project.  The more experience students have in 

practicing skills that would allow them to be better professional engineers, the more 

work-ready they are upon graduation.  Because the labs in ECE473 require a lot of 

discrete component soldering, students also get a significant amount of practice 

with skills such as prototyping and troubleshooting. 
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Table 10: ECE473 Lab Outline 
 

Lab # Lab Description 
Lab 1 Students mount the sub-platforms on the TekBots and make sure every 

thing is in working condition.  
Lab 2 Students build a two digit multiplexed 7-segment display and 4-bit DIP 

switch on daughter board. Then program the microcontroller (uC) to read 
the DIP switch and depending on its setting, either encode the 8 
pushbutton switches to a two digit hex code that is displayed on the 7-
segment display or the switch Ref Des is displayed on the 7-segment 
display. 

Lab 3 Students build an audio buffer onto the Daughter Board and write software 
which will make a loudspeaker attached to the buffer play a 1 KHz tone 

Lab 4 The idea is to emulate a miniature piano by playing a C scale 
(CDEFGABC) using the eight pushbuttons on the uC board. The proper 
tone will be generated as long as the button is depressed. 

Lab 5 In this lab there are two goals. The first goal is to write stopwatch timer 
code. The second part of the lab is to build an audio band frequency 
counter circuit with a microphone as an input. Software is also written to 
display the frequency of the microphone’s input on the LCD display. 

Lab 6 In this lab an SPI, Serial Peripheral Interface, is added to digitally control 
the level (volume) of the audio buffer amplifier, from lab three, as well as 
control the level of the microphone amplifier circuit, from lab five. 

Lab 7 In this lab, a peak detector and automatic gain control circuit is built.  The 
LCD then displays the frequency and “loudness” of the audio that is 
picked up by the microphone. 

Lab 8 In this lab, using two AVR boards, a network analyzer is created. This 
analyzer is used to plot the amplitude versus frequency response of an LC 
network. 

 
In ECE473, lab one is again used to distribute the new sub-platforms and to 

make sure every TekBot is in working order with the AVR sub-platform mounted 

and ready for the quarter. 

As mentioned, the lab assignments for ECE473 are very hands-on.  They 

involve a lot of hand assembly, soldering and hand wiring of individual 

components.  In class, students learn in great detail the features of the AVR 

microcontroller while in lab they implement those features.  In lab two, students are 

asked to build the circuitry that interfaces a 7-segment display with the AVR.  
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Students are given a circuit diagram and a picture of one possible solution for 

building the circuit on the daughter board. 

 
Figure 5: 7-Segment circuit implementation 

 

 
Figure 6: Example of a 7-Segment circuit 

                    

  
For many students, this experience of building circuits on a proto-board is 

their first and it can be a bit intimidating.  When soldering in components on a 

printed circuit board (PCB), each component has its specific place.  In a 

prototyping setting, as found in ECE473, there are almost no limitations as to 

where parts are placed.  It depends entirely on the students and how they would like 

their circuits to look.  Although the placement of parts affect a lot of things like 

how long the connecting wires are, how many wires are needed or how clean or 
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messy the wires might look, ultimately if the connections are done correctly 

appearance is not very important.  As students gain more experience at prototyping, 

they realize that careful placement of parts can make a circuit much easier to wire 

up and much easier to debug if something goes wrong.  This concept is very similar 

to a well thought out circuit diagram.  When drawing circuits on paper or 

prototyping them, it makes sense to keep it as clean as possible so that the 

functionality is easily visible.  Notice in Figure 5 and 6 that the part placement is 

almost identical between the circuit diagram and the implementation. 

 

One factor common in engineering is that applications almost always 

demand some interface with disciplines outside of engineering.  For example, 

building medical equipment requires an extensive knowledge of the human 

biology.  Another example is the design of a control circuit for space shuttle rockets 

where knowledge of physics and projectile theory are necessary.  In industry, 

forming design teams that include both engineers and specialists from the other 

disciplines typically solves these problems.  Lab four gives the students insight into 

how electrical engineering interfaces with other disciplines.  Students are asked to 

write code for the AVR that uses the audio amplifier and the loud speaker to make 

a mini piano.  The AVR has eight input buttons that can be used as the eight notes 

for one octave on a piano.  For this application, knowledge of sound and music is 

needed to produce a C scale (CDEFGABC).  Students need to know each note’s 

frequency so that they can correctly produce the signal that drives the loudspeaker.  

At the end of the lab, students are also asked to play a short song on their mini 

pianos. 

 

Lab five is divided into two sections.  The first is writing code that turns the 

AVR into a simple stopwatch while the second involves building more circuitry 

and writing code that enables the AVR sub-platform to serve as a frequency 

counter.  The reason for dividing the lab into two sections is again to help students 
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see the advantage of taking bigger projects and breaking them down into smaller 

more manageable pieces.  For the frequency counter to work, students need to 

know how the AVR’s externally triggered timers work.  By writing a simple 

stopwatch program, the students can experiment and figure out how the timers 

work without having to deal with any of the other complications involved with the 

frequency counter and the hardware associated with it as seen in Figure 7.  From 

the left of the circuit the audio is picked up by the microphone and turned into an 

electrical signal.  From the microphone the signal goes through a resistor capacitor 

network that is designed as a bandpass filter with center frequency at around 

3.3KHz.  Op-amp A is configured as a simple amplifier while Op-amp B is 

configured as a Schmitt Trigger, turning the signal into a square wave.  The square 

wave is then connected to the external timer interrupt at PD6. 

 
Figure 7: Audio frequency counter circuit 

 
Although each student is expected to hand in his or her own lab write ups 

and build their own circuits, there are plenty of opportunities for teamwork.  In the 

first couple of lab assignments, each student has the same hardware and is doing 

the same work, therefore they can set checkpoints with each other to compare notes 
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or discuss problems.  During the last couple of lab assignments, the projects 

become much larger and students are told to work in groups and to divide the 

workload according to the skills of the individual team members.  This gives the 

students experience with team management and helps their ability to logically 

divide the project up into sections that can be worked on in parallel. 

 

3.6 - TEKBOTSTM IN SIGNALS AND SYSTEMS (ECE352)  

Signals and Systems II was taught as a partially integrated PFL course this 

previous spring quarter.  During this course students learn about topics such as 

Convolution, Fourier -, Laplace -, Z transforms, and feedback and control theory.  

These are all mathematical data manipulation techniques, which makes them hard 

to visualize.  While the final platform is still in development, the temporary 

solution was simply to provide the students with hardware and lab assignments that 

simulate real world projects using the theory from the Signals and Systems course.  

The laboratories are summarized in Table 11. 

  

Table 11: ECE352 Lab Outline 
 

Lab # Lab Description 
Lab 1 During this lab students become familiar with MATLAB and how to use 

its help functions.  They also get to test out the TekBotsTM usb_cam using 
MATLAB.  Lastly they revisit the concept of convolution and write a user 
defined function in MATLAB involving convolution. 

Lab 2 For this lab students look at the effect of low pass filters on signals that 
contain a high and low frequency component.  They also use Fourier 
Transforms to look at the effects of different sampling rates and sampling 
window sizes on the frequency compositions of signals. 

Lab 3 In this lab students use the camera together with MATLAB’s imaging 
toolbox to create a change counter.  They take a picture with the camera 
and then use MATLAB to process the image to find and count the change. 

Lab 4 The scenario is described as follows:  A surveillance tape, linked to a 
criminal offence has been found but the camera lens was smashed so only 
the sound is good.  Because the camera was on the outside of a building 
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and the wind was blowing fairly strong it sounds like there is only noise on 
the tape.  The students’ task is to use MATLAB to process the recording to 
see if the noise can be cleaned up in order to hear any vital information on 
the tape. 

Lab 5 
 

When plain speech audio is recorded and needs to be transmitted over a 
channel with limited bandwidth it is often necessary to either compress or 
encode the audio data to meet the bandwidth specs.  In this lab students 
look at how Linear Predictive Coding works and how it can be used to 
compress speech audio. 

 

One of the labs that is most successful in making the course more 

interesting and applicable to reality is lab three.  In order to provide the students 

with real data, a small USB camera was developed that interfaces directly to 

MATLAB.  This allows students to pull raw picture data straight into MATLAB.  

In lab three students were asked to design and implement a system that takes 

pictures of coins lying on a table and then calculates the monetary value of the 

coins.  In this project students use filtering techniques to distinguish between 

different coin sizes.  There are also basic rules; one being the largest coin will 

always be a quarter.  In the picture, as seen in Figure 8, the result is $1.19. 

 

 
 

Figure 8: Coins on a gray table 
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Another example is lab four where the lab assignment resembles a forensics 

crime investigation.  The picture is painted as follows: a surveillance camera has 

recorded a crime outside of a warehouse.  Unfortunately the camera lens was 

smashed in and a strong wind introduced a lot of noise to the audio recording.  

After listening to the audio, it was obvious that the suspects voice was almost 

completely lost in the noise by the wind.  The students’ job is to design a filter that 

clears out most of the noise so that the suspects voice can be heard.  The students 

were then given a sound recording of Donald Duck’s voice partially blocked out by 

wind noise.  Throughout the quarter students have seen many different filters.  For 

this project they select one and adapt it to the appropriate frequency range.  By 

adding multiple of the same filters the noise can then be filtered out.  

 

At the end of the quarter students were asked to fill out a course assessment 

questionnaire.  Roughly 18% of the class completed the questionnaire.  The survey 

was designed to compare and contrast the students understanding of topics before 

and after the course.  It also gathered information regarding the effectiveness of the 

labs.  Some of the data is shown in the Tables 12-14. 

 

Table 12: ECE352 MATLAB survey data 
 

Ability to use MATLAB Very High High Medium Low  Very Low 
Before ECE352 14 0 43 29 14 
After ECE352 14 44 14 14 14 

 

From the data it appears that people who didn’t know a lot about MATLAB 

going into the course also didn’t learn much about MATLAB during the course.  

However students that were slightly comfortable with MATLB were able to 

increase their knowledge of the program. 

Students were asked to rate what percentage of the understanding that they 

gained of particular topics was due to lecture, and what percentage was due to the 
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lab.  They also had to rate the difficulty of the labs and what their interest level was 

for each individual lab. 

 

Table 13: ECE352 Lab difficulty data 
 

Lab # Too Difficult Difficult Medium Easy  Too Easy 
Lab 1 29 29 29 13 0 
Lab 2 0 14 43 43 0 
Lab 3 14 43 29 14 0 
Lab 4 14 29 43 14 0 
Lab 5 71 29 0 0 0 

 

Table 14: ECE352 Lab interest data 
 

Lab # Very High High Medium Low  Very Low 
Lab 1 0 29 71 0 0 
Lab 2 0 57 43 0 0 
Lab 3 29 43 14 0 0 
Lab 4 14 86 0 0 0 
Lab 5 14 43 43 0 0 

 

Although only the first half of the lab assignments scored very high 

regarding helping the students understand the curriculum material, the data did 

show another interesting fact.  In the last half of the lab assignments, students 

indicated a very high level of interest even though they also scored the labs as 

being moderate to very difficult. 

 

Overall the current lab assignments were successful and with small 

modifications can be used again in future quarters. 
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3.7 - CONCLUSION 

A Platform for LearningTM has been integrated into several courses 

throughout the Electrical and Computer Engineering curriculum at Oregon State 

University.  This TekBotsTM based platform is made up of several sub-platforms.  

Each of the sub-platforms is designed to help teach specific topics or course 

material.  The sub-platforms then become an embodiment of knowledge that 

students have acquired.  The relationship and interactions of all the various sub-

platforms with each other show how the different topics from the different courses 

relate and compliment each other. 

TekBotsTM as a Platform for LearningTM also provides the necessary hands-

on experience needed to encourage skills like professionalism, teamwork, design, 

innovation, and troubleshooting. 

At Oregon State University the results of a Platforms for Learning implementation 

are already visible.  The quality and complexity of the senior projects have 

drastically improved because of the practical experience that students experience 

throughout their college career.  They also now have multiple pieces of hardware 

that have been developed over a course of four years that are available to them for 

their senior projects. 
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CHAPTER 4 – FUTURE AND CURRENT WORK 
 

Over the past several years the concept of a Platform for Learning (PFL) 

has evolved from merely an idea to a successful reality.  Within the school of 

Electrical and Computer Engineering (ECE) at Oregon State University (OSU) 

many courses are already making use of the advantages that a Platform for 

Learning has to offer.  These courses, listed in Table 6, are showing remarkable 

progress and are forming the groundwork for things to come. 

The TekBots group is currently focusing its attention in several main areas.  

These areas are discussed in the following three sections. 

 

4.1 - REFINING CURRENT PFL COURSES 

Many of the classes that are currently being taught as PFL integrated 

courses, have been in development for the past several years.  Each quarter that the 

courses are being taught, assessments and evaluations help to define what, how and 

if the PFL is successful in teaching the core academic and professional skills that 

are needed to train work ready engineering graduates.  TekBots is currently making 

a big effort to finalize some of the initially integrated courses.  This means that the 

courses are very close to ideal and that the lab materials can be combined into a 

complete package where the student will then receive a kit each quarter that 

contains all the hardware and lab material or manuals that they will need for a 

particular course. 

A new Signals and Systems II lab (ECE352) was introduced and included 

its first quarter of a PFL.  Future work would include further refinements on the lab 

assignments to better fit with the overall objectives of the course curriculum.  
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4.2 - DEVELOPING NEW PFL COURSES 

There are several new developments currently in progress.  These inculde 

developing a DSP sub-platform for the signal analysis and communication courses, 

and an FPGA sub-platform for the upper devision computer engineering courses. 

For the DSP sub-platform to be ideal, it must be configurable both in a low 

level programming language as well as in a high-level development environment 

such as MATLAB.  The reason for this is to allow classes like ECE352 that only 

focus on specific mathematical techniques to be able to use the sub-platform 

without the students needing knowledge of how to write C-language DSP code.  On 

the flip side, more advanced DSP courses should also be able to take advantage of 

all the features of a DSP core through low level programming such as assembly or 

C-language. 

The FPGA sub-platform would be a very powerful tool in most of the junior 

and senior level computer engineering courses and even senior projects.  Hardware 

descriptive language (HDL), computer architecture, and systems level design are 

but a few of the topics that can be taught in conjunction with the FPGA sub-

platform.  Because of its high reconfigurability an FPGA platform is ideal as a 

basis in almost any senior project. 

 

4.3 - PARTNERSHIPS AND COLLABORATION 

As the Platforms for LearningTM concepts is starting to become better 

known, many other educational institutions have expressed interest in what the 

TekBotsTM group is doing.  For the PFL concept to be successful in changing 

engineering education, it is important for other institutions to get involved.  There 

are so many areas and courses where PFL are applicable that it would take a very 

long time for just one group to develop all the supporting hardware and materials to 

support a PFL integration across the entire curriculum.  The University of Nebraska 

is currently adopting some of the PFL development into their curriculum and is 
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planning on assisting in further development of the PFL in the analog electronics 

area.  Texas A&M has also been using some of the material developed for teaching 

Engineering Orientation and Fundamentals of Electronics. 
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APPENDIX A – ECE473 LAB ASSIGNMENTS 

 

This appendix contains all the lab material that students received winter 

quarter of 2004.  The lab material is a series of documents that cover eight different 

lab assignments.  All the lab assignments form part of one big design problem.  The 

lab assignment documents where designed such that they demonstrate professional 

project management and good design practice. 
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Lab 1 – Mega128.1 Board System Assembly 
 
Objectives 

• Purchase TekBot, �C Board, Daughter Board & Parts. 
• Review C programming. 
• Learn downloading and compiling to the AVR Board using AVRGCC. 
• Review soldering techniques and prototyping. 

 
Procedure 
Getting Started with AVRGCC 

1. In this lab you will be compiling and downloading to the Mega128.1 
Board using AVRGCC.  You will not be using Code Vision since it has a 
limited amount of code space which will very quickly become a problem.   
 
To get started with AVRGCC, open a DOS window.  This can be done by 
clicking Start >> Programs >> Accessories >> Command Prompt or by 
clicking Start >> Run and typing command in the text space.  When the 
DOS window appears, start up a bash shell by typing sh at the prompt.   

 

   
Figure A.1.1: Accessing Command Prompt 

 
Create a working directory (e.g. z:/school/ece/473/Lab1).  Change 
directories to your new working directory (e.g. cd z:/school/ece/473/Lab1).  
Download the test file (demo.c) as well as the make file (Makefile) from the 
class website into your working directory. 

 
2. Connect to the ENGR server via ssh.  To do this click Start >> 
Programs >> SSH Secure Shell >> Secure Shell Client.  Select Quick 
Connect and connect to one of the ENGR servers such as flop, cod, or eel 
by typing, for example flop.engr.orst.edu under the Host Name field.  
Input your user name in the correct field and select Connect.  Enter your 
password and select OK.  Once you are connected, hit enter first before you 
do anything else.  This should connect you to server you selected as your 
host. 
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Figure A.1.2: Connecting to ENGR 

 
Now that you are connected you can use a program such as Emacs to edit 
and write your code.  To start Emacs, simply type emacs at the command 
prompt and hit enter.  This initial start will give you some simple 
commands that operate within Emacs.  To get a more complete list of 
commands, once in Emacs, type Ctrl-x then Ctrl-h.  This will give a list of 
all the executable commands in the program.  Keep in mind that aside from 
highlighting text for the purposes of cutting, copying and pasting, the mouse 
will be useless.  Load demo.c; type Ctrl-x then Ctrl-f and find it in your 
directory.  Try to understand what the program does.  It is also possible to 
load a file from the prompt by typing emacs <file name>. 
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Figure A.1.3: Using Emacs 

 
Load Makefile.  Copy the following line: avrdude.exe –p ATMEGA128 –c 
stk200 –U flash:w:$(PRG).hex and paste it under the heading all: 
$(PRG).elf lst text eeprom.  Be sure to keep spacing unchanged.  This 
includes a tab before you paste the above line.  Try to understand what the 
make file does.  Verify that the program name in the make file is the same 
as the program which you are trying to compile; in this example, demo. 

 
Table A.1.1: Some helpful Keyboard commands 

 
Command 1 Command 2 Function

Ctrl - x Ctrl - c Save Buffers - Kill Emacs
Ctrl - x Ctrl - s Save Buffers
Ctrl - x Ctrl - f Find File
Ctrl - g Quit  

 
3. Connect the Mega128.1 board to the parallel port on the back of 
your PC.  Turn the board on and verify that the power light is on.  Once this 
is done, you are now ready to compile the code using AVRGCC.  If your 
make file has been correctly modified and is contained in the same directory 
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as the file you are going to compile then, at the DOS command prompt, 
type make.  Verify that the program functions as desired. 

 
Soldering the Daughter Board 

1. The Daughter Board is designed to maximize access to many of the 
features on the Mega128.1 board.  Its shape allows you to still access the 
power input and switch, IR, parallel port, and external interrupt buttons as 
well as their corresponding LEDs.  Additionally, the board is designed to 
maintain access to ports A through F as well as the memory port, G, and the 
LCD port.  Ports A through F are mapped out to adjacent pins as seen in the 
Port Map on the Daughter Board, while G’s port and the LCD’s port 
mapping are indicated by a silkscreen outline. 
 
2. The first step in preparing the Daughter Board will be to solder male 
headers onto ports A, B, C and F.  The Daughter Board is not easy to 
remove from the Mega128.1 Board once they are connected together.  
Therefore, the fewer the number of connections between the two, the better.  

 

 
Figure A.1.4: Soldering Male Headers on IO Ports 

 
3. The second step is to solder the male header for the LCD.   
 

 
Figure A.1.5: Soldering Male Header on LCD Port 
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4. Now the female header can be augmented.  Be sure to put all 
headers in the correct location.  If the board is oriented correctly, the female 
header will be on the top side of the board, above where the male headers 
come through the board; as indicated by silkscreen.  

 

 
Figure A.1.6: Placement of Female Header 

 

 
Figure A.1.7: Placement of Female Header 

 
5. If done correctly, the Daughter Board should look as it does in the 
images below.   

 

 
Figure A.1.8: Bottom of Daughter Board 
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Figure A.1.9: Top of Daughter Board 

 
Verify that the board has been soldered correctly. 
 
6. Mount the Daughter Board onto the �C Board as seen in the images 
below.  You should now download the test program again and verify that 
that the system still functions correctly. 

 

 
Figure A.1.10: Daughter Board placed on Mega128.1 Board 
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Post Lab 
 For this lab you will submit a one page write-up which describes what 
demo.c and Makefile do; this should include a brief description of any sub files 
included in demo.c and Makefile.  The summary should also include a description 
of any troubleshooting that took place as well as an explanation of the suspected 
origin of the problem if you failed to get the system to operate correctly. 
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Lab 2 – Interfacing to the Mega128.1 Board 
 
Idea 
 In this lab you will build a two digit multiplexed LED display and a 4-bit 
DIP switch on the Daughter Board.  You will also program the �C board to read in 
the pushbuttons from the AVR Board and convert their present state to a two digit 
hex value which will be displayed on the seven segment displays when the DIP 
switch is ‘off’.  When the DIP switch is ‘on’, the seven segment displays will show 
the reference designator of the particular pushbutton being pressed.  
 
Objectives 

• Review C programming and compiling. 
• Learn how to address ports as well as pins on ports. 
• Increase prototyping skills. 
• Learn how to interface �C board to peripherals.   
• Understand I/O pin drive and input levels. 
• Understand how to save �C pins in a design by using multiplexed displays. 

 
Procedure 
Adding the Parts 

1. Augment the Daughter Board with seven segment display.  The 
display will be attached to the board via sockets.  Cut the strip of sockets 
that came in your kit so you have two 1 x 5 headers.  Once these headers are 
on the bottom of the display, you can solder the LEDs to the board.  
 

  
Figure A.2.1: Sockets Attached to Seven Segment Display 

 
A good location for the seven segment display and current limiting resistors 
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is near Port A, as seen in the image below, since this is the port which will 
interface with the LEDs.  You should also note that some parts will not fit 
under the LCD screen, such as the seven segment display, and some 
through-hole parts may conflict with a part on the AVR board. 

 

 
Figure A.2.2: Suggested Location of Display on Board  

 
2. You can now add current limiting resistors and 2N7000 FETs as 
described in the schematic below.  It is fairly easy to solder these parts to 
the board if you connect the lead of the part to the socket of the 
corresponding pin on the bottom side of the board.   

 

 
Figure A.2.3: Resistors Connected to Sockets on Bottom of Daughter Board 

 
There should be seven current limiting resistors (the decimal place will not 
be utilized).  You can perform a similar process for the 2N7000 FETs.  
Solder the drain to the socket of the corresponding pin in the same manner 
as the resistors.  Then, solder the source directly to the ground plane.  The 
gate will eventually be connected to Port C.   
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Figure A.2.4: Soldering of Drain and Source for 2N7000 

 

 
Figure A.2.5: Placement of Current Limiting Resistors 

 
3. After the seven segment display has been properly placed, you can 
now place the DIP switches and current limiting resistors on the Daughter 
Board.  A good location for these parts is near Port C since this is the port 
which they will interact with.  An example can be seen in the image below. 

 

 
Figure A.2.6: Placement of DIP Switches 
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By using a severed lead from a resistor, for example, you can easily solder 
pins one through four of the DIP switches to ground simply by laying the 
severed lead such that it is touching the other leads; then start soldering it to 
the ground plane.  You can connect the resistors to the switches the same 
way you connected the resistors to the seven segment display.  It is not 
necessary to connect switch four as indicated in the figures since this switch 
connects to PINC.7 which doesn’t function the same as the other pins in 
Port C. 
 

 
Figure A.2.7: Soldering DIP Switches and Resistors 

 
4. Once you have soldered the parts into their location, you need to 
connect the parts to the proper port.  This will be done with the ribbon cable 
provided in the kit.  Peel apart and strip enough leads to make all the 
connections delineated in the schematic. 

 

 
Figure A.2.8: DIP Switches Connected to Port C 
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Figure A.2.9: LEDs Connected to Port A and C 

 
5. The hardware is now complete.  Connect your Daughter Board to 
the AVR Board. 

 
Writing the Software 

1. Using the skeleton code as a guideline, write a program that will 
interpret the binary inputs of the pushbuttons and display them as a hex 
value on the LEDs when the DIP switches are in the ‘off’ position.  For 
example, if buttons S9, S7, S4, S3 and S2 are being pressed (translating to 
10100111), the seven segment display ‘A7’. 
 
When the DIP switches are in the ‘on’ position, the LEDs should display 
the reference designator of the particular button being pushed.  For 
example, if the least significant button is pressed, the seven segment display 
will read ‘S2’, since this is the reference designator on the least significant 
button.  Be sure to test all of the DIP Switches to make sure they function 
properly.   
 
2. Demonstrate the working program to the TA. 

TA Signature: _________________________ 
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Schematics 
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Figure A.2.10: Schematic for Interfacing Seven Segment Display with AVR Board 

 

                  Pin 1

Pin 10

 
Figure A.2.11: Pin Layouts 
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Figure A.2.12: Schematic for Interfacing Port C with the DIP Switches 

 
Post Lab 
 You should submit a short (one page) summary which details the steps 
taken in this lab and why they were taken.  You should also include copies of any 
code that you wrote as part of the post lab.  In the event that you failed to get the 
lab to operate properly, please include your troubleshooting steps as well as an 
educated guess as to what the problem with your design, either software or 
hardware, might be. 
 
Extra Credit 

1. Using one of the unused DIP switches, make the LEDs in the seven 
segment display brighten and/or dim. (10%) 

 
TA Signature: _________________________ 

 
2. Program the board to convert the 8-bit pushbutton switches to a 
radix ten instead of hex (99-0). (15%) 

 
TA Signature:_________________________ 
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Lab 3 – Tone Generation with Software Loops 
 
Idea 
 In this lab you will build an audio buffer onto the Daughter Board and write 
software which will make a loudspeaker attached to the buffer play a 1 KHz tone.  
 
Objectives 

• Review C programming and compiling.  
• Increase prototyping skills. 
• Learn how to interface �C board to peripherals.   

 
Procedure 
Adding the Parts 

1. The first step is to augment the Daughter Board with the 10k 
potentiometer.  If you bend the leads out slightly, you can make the pot fit 
nicely into the holes of the Daughter Board.   

 

 
Figure A.3.1: Modify the Potentiometer 

 

 
Figure A.3.2: Suggested Location and Orientation for Pot 
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2. Once you have added the potentiometer, you can now mount the 
main portion of the audio buffer.  Aside from the pot, the buffer will consist 
of four transistors, two resistors, two capacitors and a loudspeaker.  To 
begin with, we will prototype two of the transistors.  With one PNP 
(2N4403) and one NPN (2N4401), bend the leads as shown in the figure 
below.  When bending the leads on these parts you will have room for zero 
errors, so make sure you bend the leads to the desired position the first time, 
because a second try may result in a broken lead. 

 

 
Figure A.3.3: PNP Transistor with Bent Leads 

 
Place the transistors in the board such that the emitters are touching and the 
collectors go through the board, as seen in the image below and solder the 
collectors to their respective pins.  Connect the collector of the PNP 
transistor to the ground plane, but not the collector of the NPN (this will 
later be connected to VCC).  A suggested location for this is slightly below 
the Port Map on the Daughter Board. 
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Figure A.3.4: Orientation and Placement of 2N4401 and 2N4403 Respectively 

 
Once the collectors have been soldered, you can connect the two emitters 
and cut the excess leads. 
 

 
Figure A.3.5: Soldering of Emitters on NPN and PNP 

 
3. Connect the base of your newly soldered PNP transistor to the 
ground plane via a 1K resistor.  Additionally, you need to connect the base 
of the NPN transistor to the collector via a 1K resistor.  
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Figure A.3.6: Soldering 2N4403 Base to Ground via 1K Resistor 

 
4. You are now ready to solder the remaining two transistors.  Mount 
the transistors in the same ‘upside down’ fashion as the first two transistors 
by bending and soldering the leads as seen in the images below.  Be sure to 
consult the schematic below as well to make sure you are soldering the 
leads correctly.  The collector of the NPN is connected to ground while the 
collector of the PNP is connected to VCC.    
 

 
Figure A.3.7: Placement and Soldering of Second 2N4401 
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Figure A.3.8: Final Soldering of all Transistors 

 
5. Most of the difficult soldering is done now.  You now need to 
connect capacitors.  The ceramic capacitor needs to be connected between 
washer of the potentiometer and the soldered bases of the transistors 
soldered in step 4.  Assuming you have used the same parts placements 
described in the lab documents, you will needs to use a piece of  

 

 
Figure A.3.9: Soldering and Placement of 0.1�F Ceramic Capacitor to Pot 

 
You now need to solder the 100�F electrolytic capacitor.  The positive lead 
needs to be connected to the emitters of the transistors soldered in step 2.  
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The negative lead will be connected to the speaker, which will be soldered 
in the next step.   
 

 
Figure A.3.10: Soldering 100�F Electrolytic Capacitor to Audio Buffer 

 
6. Almost done.  The final step is to solder the speaker.  Find two 
severed leads and bend the ends of them at a 90° angle.  Once this is done, 
solder the newly bent ends onto the speaker.   

 

  
Figure A.3.11: Soldering Leads to Speaker 

 
Connect the lead indicated by the red dot on the backside of the speaker to 
the negative lead of the electrolytic capacitor from step 5.  The other lead 
should be soldered to the ground plane.  There should be room to place the 
speaker underneath the LCD screen near the seven segment display from 
lab 2.   
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Figure A.3.12: Placement of Speaker 

 
Writing the Software 

1. Once the hardware has been completed you now need to open up your 
Knoppix – AVR work environment and transfer your working directory 
over, just as in the previous lab.  Open up a shell and transfer over the 
correct directory.  To do this type scp –r 
yourname@eel.engr.orst.edu:ece473 ~/, where ece473 was the 
directory created in the first lab, and the ~/ at the end of the commands 
indicates your home directory in the Linux environment. 

 
2. Write a program which will generate a 1KHz signal from the speaker.  

How would you generate a 3.3KHz signal? 5KHz? 
 

3. Demonstrate the working program to the TA. 
 

4. Save. 
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Schematics 
 

2N4403

2N4403

2N4401

2N4401

1K

1K

10K

100uF

+5V

PC2

0.1uF

 
Figure A.3.13: Schematic for Audio Buffer 

 

                   
Figure A.3.11: Pin Layout of Transistors 

 
Post Lab 
 In the event that you failed to get the lab to operate properly, please include 
your troubleshooting steps as well as an educated guess as to what the problem 
with your design, either software or hardware, might be.  Please include a copy of 
any code used for the lab. 
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Lab 4 – Using Timers and Counters 
 
Idea 
 In this lab there will be no hardware.  The idea is to emulate a miniature 
piano by playing a C scale (CDEFGABC) using the eight pushbuttons on your �C 
board.  The proper tone will be generated as long as the button is depressed.  
Generating a tone by depressing multiple buttons simultaneously (playing chords) 
is not necessary. 
 
Objectives 

• Review C programming and compiling.  
• Learn how to timer and counter loops. 

 
Procedure 
Writing the Software 

1. Load up your environment and transfer your work directory.   
   

2. Using the 8-bit timer/counter 0 (TC0) write a program which waits for a 
button to be pushed then appropriately loads the registers for TC0 to 
generate the correct tone.  Use OC0, compare output zero, pin as the output. 
   

3. Demonstrate the working program to the TA by playing a song of at least 
25 notes minimum.  The song can be done in any key using sharps and flats, 
however this is not necessary. 

 
4. Save. 

 
Post Lab 
 In the event that you failed to get the lab to operate properly, please include 
your troubleshooting steps as well as an educated guess as to what the problem 
with your design, either software or hardware, might be.  Please include a copy of 
any code used for the lab. 
 
Extra Credit 

1. Add sharps and flats to your scale, for one octave, by using adjacent 
buttons. (10%) 
 

2. Add sharps and flats to your scale, for two octaves.  When the pushbuttons 
corresponding to E and F are played, since there is essentially no E# or Fb, 
the scale is played an octave below the default.  When the pushbuttons 
corresponding to B and C are pressed, since there is essentially no B# or 
Cb, the scale is played an octave above the default. (15%) 
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Lab 5 – Timer & Counter Applications Using Interrupts 
 
Idea 
 In this lab you will have two goals.  The first goal is to write code which 
will work as a stopwatch timer.  The second part of the lab will be to solder an 
audio band frequency counter circuit with a microphone as an input.  From there 
you will write a program which will display the frequency of the microphone’s 
input on the LCD display.   
 
Objectives 

• Review C programming and compiling.  
• Increase prototyping skills. 
• Learn how to interface �C board to peripherals. 
• Learn how to use timers and counters on the AVR Board.   

 
Procedure 
Adding the Parts 

1. Please note that the images used for this lab are for the wiring of a 
different frequency counter circuit and not for the one illustrated in the 
attached schematic.  The images are used simply to give you an idea of 
parts placement.  The first step in this lab will be to modify the TS925IN IC 
chip so that it is easier to prototype with.  Using a pair of needle-nose pliers, 
bend the all of the leads on the chip (except pin 13) 90º such that they are 
now parallel to the surface of the Daughter Board.  Be careful!!!  You may 
only get one opportunity to bend the leads.  As can be seen in the image, pin 
13 is not altered.  

 

 
Figure A.5.1: OpAmp IC with Bent Leads 

 
Once you have successfully bent the leads to the chip, you can clip off the 
smaller portion of the leads since these will prove to be cumbersome when 
mounting the IC.  An example of this can be seen in Figure 2.   
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Figure A.5.2: Severing Small Portions of Leads 

 
It may be beneficial to you to put small amounts of solder on the remaining 
leads of the IC to make it easier to mount parts onto them in the near future. 

 
2. Once you have finished modifying the chip, you can now place it on 
the board.  The suggested location for the chip is near port F in the lower 
right portion of your board.  Connect the chip to the Daughter Board by 
soldering pin 13 to the ground plane.   

 

 
Figure A.5.3: PNP Transistor with Bent Leads 

 
3. You are now ready to do a lot of soldering.  Perhaps the best method 
is to select one of the OpAmps in the schematic and begin working from 
that point.  You should keep in mind that you will be using this chip again 
for lab 7, so use your space wisely.  A schematic is provided below as well 
as some images that may help with placement.  Remember that these 
images are for a similar, but not identical circuit.  You can also refer to the 
data sheet for the chip which is linked on the lab website.   
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Figure A.5.4: Audio Band Frequency Counter Circuit 

 

 
Figure A.5.5: Audio Band Frequency Counter Circuit 

 
On the schematic you should note that p_gnd refers phantom ground which 
is pin 8 on the chip.  Also, you should remember to connect the correct pin 
to VCC in order to get the circuit to function properly.   
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Writing the Software 
1. The first program you will write will be for a stopwatch timer.  The 

stopwatch should have start, stop and reset buttons.  It must also have a 
resolution of 10mS and a maximum displayed time of 12 hours, 59 
minutes, 59 seconds.  The stopwatch’s time will be displayed on the 
LCD screen of your AVR board. 

     
2. The second program to write will use the microphone as an input.  The 

audio from the microphone will be amplified with the opamp circuit and 
applied to a comparator.  The comparator output will drive a counter 
input in the �C.  Display the frequency on the LCD screen.  Set the 
frequency to update on one second intervals. 

   
3. Demonstrate the working program to the TA at the start of the next lab. 

 
4. Save. 

 
Schematic 
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Figure A.5.6: Schematic for Frequency Counter 
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Post Lab 
 Go through the schematic provided in the lab and give a description of what 
is happening in the circuit.  Why is the schematic designed the way it is?  In the 
event that you failed to get the lab to operate properly, please turn in a description 
of your troubleshooting steps as well as an educated guess as to what the problem 
with your design, either software or hardware, might be.  Please include a copy of 
any code used for the lab. 
 
Extra Credit 

1. Extend the functionality of the audio band frequency counter to 
include a simultaneous period measurement reading on the LCD.  (10%) 
 
2. Make an alarm feature on the stopwatch. (10%) 
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Lab 6 – Using the Serial Peripheral Interface (SPI) 
 
Idea 
 In this lab an SPI, Serial Peripheral Interface will be added which will 
digitally control the level (volume) of the audio buffer amplifier, from lab three, as 
well as control the level of the microphone amplifier circuit, from lab five.    
 
Objectives 

• Review C programming and compiling.  
• Increase prototyping skills. 
• Learn how to interface �C board to peripherals. 
• Learn how to use an SPI.   

 
Procedure 
Adding the Parts 

1. This lab consists of very few parts.  Only a 5.1K resistor, a 0.1µF 
capacitor and the MCP42010 digital potentiometer IC chip will be added.  It 
might be beneficial to modify the IC first, just as in the previous lab.  
However, this time you will not bend or cut the tenth or fourth lead since 
these will both be grounded.  A suggested location for this part is between 
the speaker and volume potentiometer.  This should be an easily accessible 
location.   
 
2. You should follow the schematic closely.  It is not as extensive as it 
looks.  If you have any questions about the schematic, you should consult 
your TA since you will be altering previously made circuitry.  You do not 
want to lose existing functionality.  Also note, if you want to keep your 
previously soldered circuitry for future use, you can use jumpers and male 
header to select between the old circuit and the new circuit.  Jumpers are not 
included in the kit, but could prove useful. 
  

Writing the Software 
1. Write a program which demonstrates that your new potentiometer 

circuit functions correctly.  One possibility is to modify an existing 
program, such as the program that plays a musical scale.  You could 
chose to use the pushbuttons on the AVR board to increase or decrease 
the volume coming from the speaker.  It is also possible to make a 
simple circuit which will play a tone, such as 1KHz and decrease or 
increase the volume based on some combination of the DIP switches. 

 
2. Demonstrate the working program to the TA at the start of lab in two 

weeks. 
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3. Save. 
 

Schematic 
 

From Lab 3

From Lab 5

0.1uF

VCC

5.1K

VCC

1

2

3

4

5

6

7

8

9

10

11

12

13

14

PB1

PB2

PF2

MCP42010

PB7

NC

-

+

A

+

-

C

2N4403

2N4403

2N4401

2N4401

1K

1K

100uF

+5V

+
0.1uF

 
Figure A.6.1: Schematic for SPI 
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Post Lab 
 Go through the schematic provided in the lab and give a description of what 
is happening in the circuit.  Why is the schematic designed the way it is?  In the 
event that you failed to get the lab to operate properly, please turn in a description 
of your troubleshooting steps as well as an educated guess as to what the problem 
with your design, either software or hardware, might be.  Please include a copy of 
any code used for the lab. 
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Lab 7 – UART and A/D Conversion 
 
Idea  

In this lab, you will extend the functionality of previous labs by using the 
serial UART on the AVR board.  You will need two AVR boards.  One board will 
generate a tone on the speaker and display information that it receives over the IR, 
on its LCD.  The other board will take amplitude and frequency readings of the 
tone and transmit them across the IR link.  The SPI controllable variable resistor 
from lab six controls the peak detector’s (amplitude detecting circuitry) gain.  The 
amplitude reading is done using the onboard A/D converter for the AVR board 
  
 
Objectives 

• Review C programming and compiling.  
• Increase prototyping skills. 
• Learn how to interface �C board to peripherals. 
• Learn how to use the A/D converter on the AVR Board.   

 
Procedure 
Adding the Parts 

1. Again, there are only a handful of parts to add in this lab.  Follow 
the schematic closely.    

 
Writing the Software 

1. Write a program, which extends the functionality of the previous lab by 
adding a facility to measure the relative loudness of a 3.3 KHz audio 
signal.  This signal is received at the microphone then goes through the 
peak detector and is connected to the AVR A/D converter on PINF.0.  
The A/D converter reading together  should then be transmitted via the 
IR link and UART to your partner’s uC board. The second AVR board 
then displays the first board's A/D converter reading as received by its 
IR receiver and UART on its LCD display.  Develop your own protocol 
for the frequency and amplitude 

 
2. Demonstrate the working program to the TA at the start of the next lab. 

 
3. Save. 
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Schematic 
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Figure A.7.6: Schematic for Lab 7 

 
Post Lab 
 Go through the schematic provided in the lab and give a description of what 
is happening in the circuit.  Why is the schematic designed the way it is?  What is 
the significance of using PF0?  In the event that you failed to get the lab to operate 
properly, please turn in a description of your troubleshooting steps as well as an 
educated guess as to what the problem with your design, either software or 
hardware, might be.  Please include a copy of any code used for the lab. 
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Lab 8 – Frequency Response with MATLAB 
 
Idea 
 In this lab, using two AVR boards, you will create a network analyzer.  This 
analyzer will be used to plot the amplitude versus frequency response of an LC 
network.  
 
Objectives 

• Learn how to interface �C board to MATLAB via the serial port. 
• Learn how to use the A/D converter on the AVR Board. 
• Learn to synchronize two AVR boards. 
• Learn to drive a speaker with a sine wave.   

 
Procedure 
Disclaimer 

1. Before you start, read the lab carefully.  This is a two person lab.  
Find someone to work with and share ideas with.  You will need two 
functioning boards to successfully complete this lab. 
 
2. You will first be altering the circuit that drives the speaker on the tx 
board.   
 
3. You will then write software which will alter the automatically 
adjust the gain of the rx board as it interprets the signal received.  You will 
run this software on your board and produce results in MATLAB.   
 
4. You will then modify some of the hardware that already exists on 
the rx board.  You will then run the software again and compare the 
difference between the software runs.     

 
Adding the Parts the First Time 

1. The first step in this lab is to add the resistor – resistor network to 
drive the speaker on the tx board.  Currently the speaker is being driven by 
pulse width modulation.  By adding the resistor – resistor network, the 
speaker will now be driven by a sinusoidal output from the resistor – 
resistor network.  These changes will be made in the location on the board 
currently occupied by the seven-segment display that was installed in lab 
two.  Remove the seven-segment display and replace it with the resistor – 
resistor network delineated in Figure 2.  Take your time. 
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Writing the Software the First Time 
1. For the tx board, write a program which will sweep the audible frequency 

range with the speaker being driven by your new resistor – resistor network.  
For example you can choose to increment from 500 Hz to 18 KHz in set 
increments (~5Hz).  The frequency being produced can be displayed on the 
LCD screen for troubleshooting purposes.  The tx board will increment 
frequencies when it receives a signal from the rx board telling it to do so. 
 

2. For the rx board, write a program which will listen to the frequencies being 
produced by the tx board.  The rx board will here a particular frequency 
being produced and ratchet its microphone gain until it is at a value of 2.5 
Volts.  The rx and tx board should perform this step ten times and obtain an 
average amplitude response for accuracy purposes.  Once the average has 
been obtained for that particular frequency, the rx board will send an 
“increment bit” to the tx board via IR to tell the tx board to increment to the 
next frequency.  If, for example, the range of 500 Hz to 18 KHz is used with 

frequency increments of 5 Hz that would be 3500010
5

)50018( =×−
Hz

HzKHz
 

total readings that need to be made.  Once/as the data is received, the rx 
board will need to transmit the information to a computer via the DB9 serial 
port on the AVR board.  The frequency being received and/or the amplitude 
can be displayed on the LCD screen for troubleshooting purposes. 

 
3. Once the data is at the computer, you should use MATLAB to display the 

frequency response of your circuit (e.g. frequency v. amplitude).  
MATLAB's serial interface works as follows:  After the channel to the port 
has been opened, you can freely write to the port any number of bytes.  Any 
data coming in through the serial channel is automatically stored in a buffer.  
You can read from this buffer at any time as long as it is not empty.  Even 
though the buffer holds more than 512 bytes you can only read a maximum 
of 512 bytes from the buffer at a time.  The variable s.BytesAvailable holds 
the number of bytes that can be read from the buffer.  If there is more than 
512 bytes in the buffer s.BytesAvailable will only show 512.  After the 
serial channel is open you need to write at least one byte to the port before 
reading from it.  Useful MATLAB code is included on the website for this 
lab.  You are welcome to use this or try to write your own. 
 

4. Demonstrate the working program to the TA.  Do not forget to print out 
your plot(s). 
 

5. Save. 
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Adding the Parts the Second Time 
1. The filter that comes off the positive lead of the microphone, on the 
rx board, (currently comprised of a 5.1k resistor, a 1k resistor and a 10�F 
capacitor) is a broadband filter. This will be replaced with the hardware 
described in the schematic shown in Figure 1.  The specific function of this 
new filter is something you will discuss in the post lab.  Replacing this 
hardware will require reorienting the 5.1k resistor and the 10�F capacitor.  
The network is being placed here because the positive lead of the 
microphone is the drain off of the FET contained within the microphone 
package.   
 
2. Replace the broadband filter with the new LC network as delineated 
in the schematic shown in Figure 1 

   
 
Writing the Software the Second Time 

1. The hard stuff should now be done.  You now need to run the 
program that you have previously written for the new LC network.  The 
program should make the same adjustments to the gain as it did to produce 
the flat response for the broadband filter. 
   
2. Plot the information again in MATLAB.  If you plot the difference 
between this new plot and the flat-line plot from the first part of the lab, you 
should see the frequency response to the new LC circuit. 

 
3. Demonstrate the working program to the TA along with the 
frequency response to the new LC network.  Do not forget to print out your 
plot(s). 
 
4. Save. 
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Schematics 
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Figure A.8.1: Filters for Lab 8 
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Figure A.8.2: R-R Network for Lab 8 

 
Post Lab 
 This post lab will be different than previous post labs; it will not be 
submitted via email.  The post lab should include the following: 

• A brief description of this lab.     
• Answers to the following questions: 

o What is the frequency response of the new LC network? 
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o Why do you need to write at least one byte to the port before 
reading from it, after the serial channel is opened?  
o Based on the plots, what can be said about the speaker used?  

• Printout of the frequency response for the broadband circuit with 
the automatic gain adjustment implemented. 
• Printout of the frequency response for the LC network circuit 
with the automatic gain adjusts from the broadband implemented.   
• Printout of the difference between the two previous plots. 
• A description of troubleshooting steps. 
• Code (including the MATLAB code if different than provided). 
• Comments on changes that can be made to the individual labs or 
about the lab as a whole to better a student’s experience in this class. 
• Thanks!  Have a nice Spring Break! 
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 APPENDIX B – ECE352 LAB ASSIGNMENTS 

 

There are five two-week labs for ECE352.  This is the first lab course work 

that has been developed for Signals and Systems, ECE352.  Lab 1 and Lab 3 make 

use of the TekBotsTM usb_cam.1 sub-platform.  All other labs are purely MATLAB 

based. 
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Lab 1 – MATLAB, usb_cam, Convolution  

Idea 

 During this lab you will become familiar with MATLAB and how to use its 
help function.  You will also get to test out the TekBotsTM usb_cam using MATLAB.  
Lastly you will also revisit the concept of convolution and write a user defined 
function in MATLAB involving convolution.  
 
Objectives 

• Review MATLAB concepts.  
• Test the TekBotsTM usb_cam device. 
• Write custom convolution function for MATLAB. 

 
Procedure 
MATLAB concepts 

  In order to use MATLAB efficiently there are two important functions that 
you need to know about.  The first one is “help”.  By typing “help” at the command 
prompt in MATLAB, you will see a list of functions that is categorized by topic.  
Typing “help <topic>” will list functions within the specified topic.  Typing, “help 
<function>” will display information on the functions themselves.  Try typing, “help 
help”.  The second important function is “lookfor”.  This function will go through all 
the description text of all the different functions in MATLAB and list the functions 
that contain a word that you specify.  For example, “lookfor multiply” will display a 
list of all the function that has something to do with the multiplication of two 
variables. 
 

• Spend some time looking at the help info for the following functions: 
pi, plot, stem, cos, axis  

• Look for functions that would allow you to do: e(x), x2 or √
 

1. Create a 2.5Sec plot of a sine wave with amplitude of 5 and frequency 
of 2Hz, Figure1.A.  Remember that this is a discrete representation of a sine 
wave.  Look at the difference between plotting the sine wave with 200, 25, 10 
and 5 data points in one period.  
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Figure B.1.1.A – Sine Ware 

 

  
Figure B.1.1.B – Sampling 

 
2. Use the stem function to graph one period of the same sine wave with 
25 data points per period, Figure1.B.  How can the plot function be used to see 
the discrete data points as the stem function shows them?  
3. Modify your equations from 1) in order to have the sine wave’s 
amplitude decay from 5V at 0Sec to roughly 1V at 2.5Sec.  Also show the 
discrete plot, Figure1.C. 

 

 
Figure B.1.1.C – wave decay 
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TekBotsTM usb_cam 
There are several different MATLAB functions that have been developed for 

the TekBots usb_cam.  “getpic” is the function that will be used during this lab.  Refer 
to Sections 4.1 and 4.2 of the usb_cam User Guide for instructions on how to use the 
usb_cam with MATLAB. 
 

• Review the cam datasheet: usb_cam.pdf. 
• Look for functions that would allow you to display and save a RGB 
image. Also, use “help” or “lookfor” to find information on how to write your 
own MATLAB functions. 

 
Figure B.1.2 – primary colors 

 
4. Use the TekBots usb_cam to read a picture into MATLAB.  An image 
consists of a 2x2 matrix of pixels.  Each pixel has three bytes of information 
(Red, Green, Blue).  From the picture that you took, build another bigger 
image that consists of 4 sub images.  The first image should be a gray scale of 
the original, while the other three are the Red, Green and Blue separated out 
into individual images, Figure2.  Write a function called separateRGB() that 
will build this new image and return it as a variable.  Below is how your 
function could be used. 
Example: In MATLAB 

• RGB = getpic;   // usb_cam function 
• BigIM = separate(RGB); // your custom function 
• Image(BigIM);  // MATLAB function 

 
Convolution 

 Recall that the convolution sum expresses the output of a discrete-time system 
in terms of the input and the impulse response of the system. 
 

• Look for functions that would allow you to do convolutions. 
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5. Write a MATLAB function called show_convolution(signal1, 
signal2).  The function should take as input; two discrete time waveforms of 
any size, compute the convolution and plot both the input waveforms and 
the resulting convolution.  The three plots should be displayed on the same 
window, one above the other, and have the same axis scale as shown in 
Figure3 below.   

 

 
Figure B.1.3 - Convolution 

 

Post Lab  
Write a paragraph summarizing what you have learned in this Lab.  Also 

include a copy of all MATLAB code written and a copy of all the plots and images 
created.  Turn in you lab results to your Lab TA at the beginning of the next Lab 
session. 
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Lab 2 – Sampling, Filters and FFTs  
 
Idea 
 For this lab you are going look at the effect that a low pass filter has on a 
signal that contains a high and low frequency component.  Also you are going to 
use Fourier Transforms to look at the effect that different sampling rates and 
sampling window sizes have on the frequency composition of signals. 
 
Objectives 

• Deriving an impulse response from a circuit 
• Effects of Sampling Rate 
• Effects of Sampling window size 
• Fourier Transforms 

 
Procedure 

For this lab you are going to construct a signal, x(t), from two cosine waves 
of different frequencies.  Then you will derive the impulse response from the low 
pass filter shown in Figure 1.  Find the output signal, y(t), of this filter for an input 
x(t) by convolving x(t) with the impulse response of the filter.  Now you will use a 
Fourier Transform to look at the frequency composition of x(t) and y(t) for 
different sample rates and sample window sizes.   

 
Figure B.2.1 – Filter Circuit 

 
Construct input signal x(t) 

1. In MATLAB construct a signal that consists of two cosine waves.  The first 
wave should have a frequency of 100 Hz and the second a frequency of 10 
KHz.  Sample this signal at double Nyquist rate and with a window size of 
5 of the low frequency periods.  Figure 2. 

 
Circuit Output through Convolution 

2. Derive the impulse response h(t) for the low pass filter circuit shown in 
Figure 1.  In MATLAB, sample h(t) with the same frequency and window 
size as the signal you constructed, x(t).  Using convolution and the impulse 
response, find the output, y(t), to the filter given x(t) is the input signal.  
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Notice that the high frequency component should almost all be gone. Figure 
2. 

 
Figure B.2.2 – Signal Modulation 

 
Fourier Transforms 

A Fourier Transform gives you information of the frequency composition of 
a signal.  You are now going to look at the effect of the low pas filter, using FFTs.   
 

3. In MATLAB find the function that does a Fourier Transform.  Do the 
Fourier Transform on both the input signal, x(t), and the output signal, y(t).  
Plot these transforms as shown below. 
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Figure B.2.3 – FFT Plot 

 
You can use your mouse to zoom in on the plot.  Look at which frequencies 

are present.  Is this what you are expecting?  Also pay attention to the x axis of this 
plot.  You will have to construct a vector for the x axis.  You are no longer in the 
time domain so instead of plotting the magnitude against time, you are plotting the 
magnitude against frequency.   
 
 
Sample Rate and Window Size 

Now that you have everything set up to produce the two plots shown in 
Figure1 and Figure 2, start playing around with the sample rate and the sample 
window size.   
 

4. The sample rate:  Rerun your code for a couple of different sample rates.  
Start at double Nyquist rate and then decrease the sample rate.  At what 
point do you start getting strange frequencies in you plots?   

5. Sample window size:  Change the sample window size so that you are no 
longer sampling exactly at an inter number of the low frequency period.  
How does this effect the FFT plots for x(t) and y(t)?  (Zoom in on the plot 
to see the effect) 

 
 

Post Lab  
Write a paragraph summarizing what you have learned in this Lab concerning 
filters, sample rates and sample window sizes.   Also include a copy of all 
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MATLAB code written and a copy of all the plots and images created.  Turn in you 
lab results to your Lab TA at the beginning of the next Lab session. 
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Lab 3 – Image processing  
 
Idea  

In this lab you are going to use the camera together with MATLAB’s 
imaging toolbox to create a change counter.  You will take a picture with the 
camera and then use MATLAB to process the image to find and count the change. 
 
Objectives 

• Image processing techniques 
• More MATLAB 

 
Procedure 
The concept is fairly easy; when taking a picture of some coins, the picture can be 
converted to a black and white image.  The black represents the background and the 
white is the coins.  The coins in the image can then be labeled and the area of each 
coin can be calculated.  With normalizing the areas of all the coins and then using 
simple ratios between the different areas, we can distinguish between quarters, 
dimes, nickels and pennies.  In this lab you will go through these steps to build 
your change counter.  
  
Taking the picture of the coins 

 
1. Take a couple of pictures of some change arranged on a table.   

 
To prevent unnecessary difficulties with all the different exceptions with 

building a change counter we are going to specify a couple of guidelines for taking 
the pictures: 

• Each picture may only contain quarters, dimes, nickels and pennies.   
• Each picture must contain at least one quarter.  
• The coins may not overlap or touch each other.  
• Lay the coins on a surface that would provide a good contrast with the 

coins. 
• Make sure you have good lighting when taking the picture. 

  
Finding the coins with MATLAB 

The hardest part of this project is to accurately change a color picture of the 
coins, Figure 1, into a black and white picture where the coins are white and the 
rest is black, Figure 2.  (Recall that in an image, black is represented with zeros and 
white with ones.  The assumption is made that background data defaults to zeros 
while ones represent objects in the foreground) 
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Figure B.3.1 - color coins 

 

 
Figure B.3.2 – BW coins 

 
Note, when first taking the picture and converting it to black and white, you 

will see that the coins are actually black and the rest is white.  This is simply due to 
the fact that the coins are darker than the white background.   
 
Some of the problems that you will encounter are: 

• When taking a picture, due to reflection, some sections on coins will 
appear just as light as the background.  When converting to a black and 
white image, the coins will not be solid objects.  Figure 3.  This could cause 
inaccurate area calculations of the coins. 
• Due to inadequate lighting while taking a picture, the corners of 
your image might appear darker than the coins.  In the black and white 
image, these corners will also show up as foreground objects and might be 
interpreted as coins.  Figure 4.   

 

  
Figure B.3.3 - no filter 



 

 

105

 
Figures B.3.4 – with filter 

 
2. Figure 2 shows a picture that has been properly converted to a black and 

white image.  This was done by using a combination of MATLAB 
functions like: RGB2Gray, im2bw, imfilter, and imfill.  Write some 
MATLAB code that would convert a color image of coins to a black and 
white image as described above. 

 
Labeling coins and finding areas 

In order to distinguish between the different foreground objects in the 
picture, each object (coin) needs to be labeled.  bwlabel does this.  After the coins 
are labeled you need to figure out how to single out a coin in order to calculate its 
area.  bwarea is a function that returns the area of all the objects in the foreground.   
 

3. Using bwlabel, bwarea or any other MATLAB functions, write some 
code that will process a black and white image and return to a variable 
an array of areas.  The array will be the same size as the number of 
coins in the picture.  Each element in the array will contain the area of 
its corresponding coin. 

 
 
Ratios between coins 

When taking a picture of coins, the size of the coins in the picture depends 
on the distance the camera is from the coins when taking the picture.  Thus the only 
thing that remains constant in all the different pictures is the coin size ratios. 
 

4. Use this fact and the array of areas to determine what coins are present 
in the image.  Write some code that will then calculate the value of the 
change in the picture.  

Post Lab 
Write a paragraph summarizing what you have learned in this Lab 

concerning image processing.   Also include a copy of all MATLAB code written 
and a copy of all the plots and images created.  Turn in you lab results to your Lab 
TA at the beginning of the next Lab session. 
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Lab 4 – Filter design  
 
Idea 
 You work for a forensics investigative company as part of their technical 
team.  A surveillance tape, linked to the current case, has been found but the 
camera lens was smashed so only the sound is good.  Because the camera was on 
the outside of a building and the wind was blowing fairly strong it sounds like there 
is only noise on the tape.  Your task now, is to use MATLAB to process the 
recording to see if you can clean up some of the noise and find any vital 
information on the tape. 
 
Objectives 

• Analysis of signal spectrum 
• Signal separation through filtering 
• Bode plots 

 
Procedure 
First you will need to look at the signal and determine at what frequencies the 
signal and noise are.  Then you can design a filter that will get rid of the noise 
signal.  Remember, the human ear can only hear up to about 20KHz.  Also, the 
human voice when speaking is typically no higher than 5KHz.  So, if the noise is 
above 5KHz you can filter it out without loosing the data you recorded.  
  
Getting the sound data into MATLAB 

 To get the recording into your computer you played it back through the 
mic_in jack on your sound card and recorded it with Windows sound recorder.  The 
data is now stored as a *.wav file.   
 

1. In MATLAB, find functions that will read, play, record *.wav files. 
 

Make sure that you are able to read in and play back the recorded data 
before continuing.  Look at things like sample rate, and how the sample rate affects 
what you hear when playing back the data.  Try plotting the data to see what it 
looks like.  Is this what you would expect? Explain! 
  
Look at frequency spectrum 

To find out if the noise can be filtered out you will need to look at the 
frequency distribution of the data.   
 

2. Do an FFT on the data and plot the results as amplitude vs. frequency. 
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What frequencies are present?  What frequencies can you safely say are 
connected to the noise?  Is there anything in the frequency range for the human 
voice?  Is this what you are expecting? Explain!  

 
Designing a filter 

When designing filters, bode diagrams could be useful.  Every transfer 
function has a corresponding bode diagram.  Remember the low pass filter from 
lab2?  Its circuit is shown in the figure below. 

 

 
Figure B.4.1 – Filter Circuit 

 
   The cutoff frequency is set by the values of R and C.  If this one filter is not 
sufficient, multiple of the same filters can be cascaded for better results.  Bode 
diagrams show the magnitude and phase response of a transfer function.  In other 
words it shows the gain for different input signal frequencies.  When the gain is 
greater than one for a particular frequency, the signal will be amplified.  When the 
gain is less than one for a different frequency, the signal will be filtered out to the 
extent of the gain. 
 

3. Design a transfer function that will filter out the frequencies that 
correspond to the noise in your data. 

 
4. Enter the transfer function into MATLAB and verify that the bode 

diagram is what you intended it to be.  
 
 Look in your textbook at bode plots to try and understand them better.  The 
bode() function in MATLAB requires your transfer function to be in a state space 
model format.  The following lines can be used to create this model.  
>>[A,B,C,D] = tf2ss(Num,Den); 
>>sys = ss(A,B,C,D); 
Where Num is a matrix containing the coefficients of the numerator of your 
transfer function and Den is a matrix containing the coefficients of the denominator 
of your transfer function.  
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Applying the filter to your data 

Now that you have your filter designed it is time to run your recorded data 
through it.  MATLAB has a lot of functions that would allow you to do this.  One 
of them is lsim.  This function takes as input a state space model, input signal and 
input time vector.  The output is of the same dimensions as the input signal.  Read 
the help on lsim for more information   
 

5. Use lsim to find the output by running your recorded data through your 
newly designed transfer function.  

  
Interpreting your results 

There are several ways to look at the results.  You can look at the FFT of 
your output signal and see if the high frequencies are gone.  You could plot your 
output signal and compare it to the input signal.  You could also play the output 
signal and hear if the noise is gone.  If the noise is still there you might want to 
redesign you filter transfer function.   
 
Post Lab  

Write a paragraph summarizing what you have learned in this Lab.  Also 
include a copy of all MATLAB code written and a copy of all the plots and images 
created.  Turn in your lab results to your Lab TA at the beginning Lab in two 
weeks. 
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Lab 5 – Linear Predictive Coding  
 
Idea 
 When plain speech audio is recorded and needs to be transmitted over a 
channel with limited bandwidth it is often necessary to either compress or encode 
the audio data to meet the bandwidth specs.  In this lab you will look at how Linear 
Predictive Coding works and how it can be used to compress speech audio.  
 
Objectives 

• Speech encoding 
• Speech synthesis 

 
Read the LPC.pdf document for background information on  
Linear Predictive Coding 

 
Procedure 

There are two major steps involved in this lab.  In real life the first step 
would represent the side where the audio is recorded and encoded for transmission.  
The second step would represent the receiving side where that data is used to 
regenerate the audio through synthesis.  In this lab you will be doing both the 
encoding/transmitting and receiving/synthesis parts.  When you are done, you 
should have at least 4 separate MATLAB files.  Two of these, the main file and the 
levinson function, are given to you.  The LPC coding function and the Synthesis 
function are the files that you have to write. Below is an overview list of steps for 
this lab. 
  

1. Read the *.wav file into MATLAB and pass the data to the LPC 
coding function 
2. The LPC coding function will do the following: 

a. Divide the data into 30mSec frames 
b. For every frame, find the data necessary to reproduce the 
audio  

(voiced/unvoiced, gain, pitch, filter coefficients) 
c. The LPC coding function will return these data vectors 

3. Pass the data from the LPC coding function to the Synthesis 
function 
4. The Synthesis function will do the following: 

a. Regenerate each frame from the given data 
b. Reconnect all the frames 
c. The Synthesis function will return the reconstructed audio  

5. Play the original audio 
6. Play the synthesized audio 
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The above list of steps is already coded in the main MATLAB file.  The 

parts that you need to do are the functions for step 2 and step 4.  Please look at all 
the given code and instructions carefully before starting this lab.  
  
The LPC coding function 

 As mentioned above the LPC coding function will take the speech audio 
signal and divide it info 30mSec frames.  These frames start every 20mSec.  Thus 
each frame overlaps with the previous and next frame.  Shown in the figure below: 
 

 
Figure B.5.1: Audio signal to separate frames 

 
After the frames have been separated, the LPC function will take every 

frame and extract the necessary information from it.  This is the voiced/unvoiced, 
gain, pitch, and filter coefficients information.   

To determine if the frame is voiced or unvoiced you need to find out if the 
frame has a dominant frequency.  If it does, the frame is voiced.  If there is no 
dominant frequency the frame is unvoiced.  If the frame is voiced you can find the 
pitch.  The pitch of an unvoiced frame is simply 0.  The pitch of a voiced frame is 
in fact the dominant frequency in that frame.  One way of finding the pitch is to 
cross correlate the frame.  This will strengthen the dominant frequency components 
and cancel out most of the weaker ones.  If the 2 biggest data point magnitudes are 
within a 100 times of each other, it means that there is some repetition and the 
distance between these two data points is the pitch. 

The gain and the filter coefficients are found using Levinson’s method.  
This code is already written for you.  After downloading this function to your 
working directory you can do a “help levinson” to find out how to use the function.  
 After finding these variables for all the frames the function will pass them 
back to the main file as seen below: 
[Coeff, pitch, G] = proclpc(inspeech, Fs, Order); 

• Coeff is a matrix of size (number of coefficients x number of 
frames) containing the filter coefficients to all the frames 
• Pitch is a vector of size (number of frames) containing the pitch 
information to all the frames 
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• G is a vector of size (number of frames) containing the gain 
information to all the frames 
• Inspeech is the input data 
• Fs is the sample frequency of the input data 
• Order is the order of the approximation filter  

  
The Synthesis function 

The synthesis part is fairly easy compared to the coding function.  Fist for 
each frame you need to create an initial signal to run through the filter.  This initial 
signal is also of length 30mSec.  Using the information from the variable passed 
into the synthesis function you will be able to synthesize each frame.  After you 
have synthesized the frames you can put them together to form the synthesized 
speech signal. 

The initial 30mSec signal in created based on the pitch information.  
Remember that if the pitch is zero, the frame is unvoiced.  This means the 30mSec 
signal needs to be composed with white noise.  (look at the MATLAB function 
randn)  If the pitch is not zero, you need to create a 30mSec signal with pulses at 
the pitch frequency.  (look at the MATLAB function pulstran) 

Now that you have the initial signals all you have left to do is to filter them 
using the gain and filter coefficients and then connect them together.  (look at the 
MATLAB function filter)   

Putting the frames back together is also done in a special way.  This is 
where the reason for having the frames overlap becomes clear.  Because each frame 
has its own pitch, gain and filter, if we simply put them text to each other after 
synthesizing them all, it would sound very choppy.  By making them overlap, you 
can smooth the transition from one frame to the next.  The figure below shows how 
the frames are connected.  The amplitude of the tip and tail of each frame’s data is 
scaled and then simply added. 
 

 
Figure B.5.2: Addition of separate frames into final audio signal 
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Interpreting your results 

There are several ways to look at the results but for the sake of simplicity 
we will rely on the human ear.  In the main function the input speech audio and the 
synthesized speech audio is played back to back.  You can listen to these playbacks 
and judge accordingly if your coding and synthesis functions are working.  
 
Post Lab  

Write a paragraph summarizing what you have learned in this Lab.  Also 
include a copy of all MATLAB code written and a copy of all the plots and images 
created.  Turn in your lab results to your Lab TA at the beginning Lab in three 
weeks. 
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APPENDIX C – mega128.1 User Guide 
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INTRODUCTION 
 

The mega128.1 board was developed within the TekBots group at the 
Electrical and Computer Engineering department at Oregon State University.  The 
mega128.1 board is intended to be used as a tool for learning assembly, C 
programming, and microcontroller architecture.  Besides a tool for learning, it also 
provides a stable platform for the development of other projects requiring a 
microcontroller. 
 

1.1 FEATURES 
• ATmega128 AVR 8-Bit RISC Microcontroller 
• 32Kbyte External RAM 
• (ISP) In System Programming via PC Parallel port 
• RS-232 Port 
• IR Transmitter and Receiver 
• 8 Push Buttons 
• 8 LEDs for General Use 
• All AVR I/O Ports Easily Accessible through Pin Header Connectors 
• AVR External Memory Expansion Easily Accessible through Pin Header Connectors 
• Power Supply for 6 – 15V DC 

 
 

GETTING STARTED 
 

Each component in the microcontroller kit is functionally tested before it is 
packaged.  The mega128.1 board is packaged with the test program still in program 
memory.  This test program is explained in more detail in section 2.3.3 
 

2.1 KIT CONTENTS 
Each AVR Kit is shipped with the following components packaged in static 

sensitive bags.   
• mega128.1 Board 
• 2x16 character LCD 
• DB25 Programming Dongle 
• 10 Pin Ribbon Cable  

 

SYSTEM REQUIREMENTS 
Although development can be done on older versions of hardware and 

software, the following is suggested as minimum requirements. 
• 486 processor 
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• 16MB RAM 
• 12MB free hard disc space (Software Tools) 
• Windows 95 or higher 
• Parallel Port (LPT) 
• 6-15V DC Power supply, 200mA 

 

2.3 QUICK START 

2.3.1 POWER 
The mega128.1 board uses either an 8.7V battery pack (Not included) or a 6-

15V DC power supply (Not included) as a power source.   LED L3 indicates when 
power is applied to the board and the switch, S10, is in the on position.  Care should 
be taken not to connect both the battery connection and the wall wart simultaneously.  
The 6-15V DC Power Supply can be either with a negative or positive center 
connector.  A full bridge rectifier ensures the right polarities.  The battery pack 
however is direction sensitive with GND on pin one and V+ on pin two as shown in 
Figure below.  For details on supplying power to daughter boards from the mega128.1 
board, refer to section 3.12 of this document.   
 

 
Figure C.2.1: Battery Connector 

 

2.3.2 DEFAULT JUMPER SETTINGS 
The board is shipped with Jumpers 13, 12, 21, 17, 16, and 14 bridged as the 

default setting.  This enables IR TXD, IR RXD, LCD, Ext Mem, UART0 TXD, and 
UART0 RXD.  More detailed description on the jumper functions are given in section 
3.8. 

2.3.3 POWER ON TEST 
As mentioned, each mega128.1 board is delivered with the test program still in 

program memory.  On power up, this program will execute.  In order, the test program 
tests the I/O lines, LCD Display, Button inputs and LEDs, UART1 (IR transmit and 
IR receive), UART0 (RS232 transmit and receive), and the External SRAM.  
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Following is a brief explanation of how to interpret the test output with the default 
jumper settings in place. 

• I/O Lines 
To test the I/O Ports, all the lines on every port are pulled high, stepping 

through from LSB to MSB.  This is done twice.  LEDs 4 through 11 are connected to 
port B.  If nothing else is connected to any of the other ports, this part of the test will 
only be visible on L4 through L11.  Note that by default the jumper to enable the IR 
transmitter is in place so the IR transmit LED, L12, will come on whenever the line is 
pulled low.  (IR transmit is active low.) 

• LCD Display 
After stepping through all the bits on the I/O ports twice, the LCD is tested by 

simply writing the text “***-LCD_ Test-***” on both the top and bottom rows of the 
LCD. 

• Push Buttons 
For every button that is pushed the corresponding LED (L4 through L11) is 

switched on.  The LCD displays the text, “Test pushbuttons”.  The Push Buttons are 
also active low.  Remember that Jumper 12 and 13 are still enabling the IR.  This 
means that both the push buttons and the IR lines are connected to port D.  Pushing 
button S5 will thus also cause the IR to transmit.  The IR receiver is close enough to 
the transmitter that it actually receives at this point, causing PD2 to go low.  This 
appears as a button being pushed and L6 goes on in addition to L7.  To prevent this, 
disable IR receive by removing jumper, J12.  To go to the next test, push buttons S2 
and S9 need to be pushed simultaneously.  The LCD will briefly display the text 
“Switch Test Done”. 

• IR 
While testing IR RXD and TXD the LCD displays the text “IR Tx/Rx Test” 

and “Tx & L4 blink”.  During the IR test, L12 (the IR TXD indicator) and L4 should 
blink in time with each other. 

• External RAM 
The last test is the RAM test.  The LCD will display the text “Ram Test_” 

while the LED’s on port D (L4 through L11) are repeatedly being switched on from 
LSB to MSB.  It will appear that the LSBs are always on while the MSBs are flashing 
quickly.  If there are LEDs connected to port A and port G, the activity on those ports 
will also be visible. 
 

After all tests have been completed, L6 is on and the LCD displays the text, 
“RAM Test Success”.  In newer versions, “TekBots Rock!”  The code that tests 
UART0/RS232 is currently commented out.  Also to test UART0, a loop back 
connector must be in place on the DB9 connector. 
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2.3.4 ISP CONNECTION 
At the end of the 10 Pin ribbon cable, there are two female headers.  Both 

headers are notched to prevent them from being connected backwards.  Connect the 
one end of the ribbon cable to J22 on the mega128.1 board, and the other end to J1 on 
the DB25 dongle.  Note that J1 on the dongle board does not have a notched shroud 
but the notch is clearly indicated on the silkscreen. 

Lastly connect the DB25 dongle to the parallel port of the computer.  In most 
cases this would be LPT1. 
 

 
          Figure C.2.2: ISP Connector J22 

 
         Figure C.2.3: DB25 Dongle

 
 

2.3.5 PROGRAMMING ATMEGA128 
AVR Studio is a software development package created by Atmel.  AVR 

Studio 4.0 does not support parallel In System Programming.  Packages that do 
support parallel ISP and that have been tested with the mega128.1 board are 
PonyProg2000 and CodeVision 1.23.8c 

CodeVision can be used to write and build a program, and to program the AVR 
on the mega128.1 board.  PonyProg2000 is only used for programming the AVR.  
Both programs are freely available for download at the following URL’s: 

PonyProg2000 - http://www.lancos.com/prog.html 
CodeVision 1.23.8c - http://www.hpinfotech.ro/html/download.htm 
A detailed explanation on Using PonyProg2000 can be found in: “AVR 

Starters Guide, by David Zier”, section 3.2 and 3.3.  For a detailed explanation on 
using CodeVision refer to Section 5 of this document.   
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HARDWARE DESCRIPTION 

 
Figure C.3.1: mega128 Board Layout 

 

3.1 GENERAL PURPOSE LED’S 
There are 8 LEDs on the mega128.1 board, L4 through L11, that are connected 

to port B and are driven directly by the AVR.  These are high efficiency LEDs that 
only take 2mA to drive to full brightness.  Thus always having them connected to port 
B does not load the port significantly.  
 

 
Figure C.3.2: LED Active High 
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3.2 GENERAL PURPOSE SWITCHES 
There are 8 PushButton Switches on the mega128.1 board.  These switches, S2 

through S9, are connected to port D.  An external 10K resistor is used to pull the port 
pin high.  When the PushButton is pressed, the port pin is pulled low through a 470Ω 
resistor.  This was done to prevent directly grounding a pin that may be configured to 
force a logic high. 
 

 
Figure C.3.3: Read Button Active Low 

 
 

3.3 PORT CONNECTORS 
All the AVR ports are accessible through female headers.  Female connectors 

were chosen so that it is both cheap and easy for the user to make custom connections 
to the mega128.1 board.  The header pin out is identical for ports A through F.  The 
legend on the lower right side of the mega128.1 board serves as a quick reference port 
map.  Port G is not consistent with the other ports.  It is mapped to a 4pin header and 
consists of the external memory control lines.  The figures below show the mapping to 
the port headers.  All ports are aligned on 0.1" centers, allowing for protoboards to be 
mounted directly on top of the board.  The battery connector is the only connector that 
is not on the 0.1" grid. 
 
 

 
Figure C.3.4: Port A through Port F 

 

 
 
 
 
 

 
Figure C.3.5: Port G
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3.4 RS-232 INTERFACE 
The mega128.1 board has one DB9 connector, J25, for serial communication.  

There are 2 UART’s on the ATmega128 chip that can be used for serial 
communication.  To select between the two, jumpers J14, J16, J15 and J19 are used.  
J14 and J16 enable UART0 while J15 and J19 enable UART1.  The figure below 
shows the diagram of the RS232 level conversion circuit. 
 

 
Figure C.3.6: RS-232 Interface 

 

3.5 IR TRANSMITTER / RECEIVER 
The IR Transmitter and Receiver is set up to utilize UART1.  UART1 is 

connected to the IR through jumpers J13 and J12.  The IR transmission is modulated 
at 38Khz by ANDing the signal with a local oscillator.  Changing the value of resistor 
R37 changes the frequency of this oscillator.  The IR LED is “on” in the mark state 
and “off” in the space state.  LED L12 allows the user to see when the IR LED is 
being driven.  .  The figures below show the circuitry of the IR Transmitter and 
Receiver 
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Figure C.3.7: IR Transmitter 

 
 

The PNA4612 has an internal 38KHz filter to prevent false triggering from 
other light sources.  With the IR transmitter on ground the pair is able to communicate 
easily over 5 meters when properly aimed.  

 
Figure C.3.8: IR Receiver 

 

3.6 PARALLEL ISP 
The In System Programming is done via a parallel port.  The interface is the 

same as the Kanda STK200/300 interface.  An analog MUX is used to conserve the 
pins used on the ATmega128 chip.  When programming the board, L2 is illuminated 
and the analog Multiplexer connects the AVR pins to the ISP header.  When not 
programming, the analog MUX allows the AVR’s I/O pins to revert to normal usage.  
The figure below shows the circuit diagram. 
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Figure C.3.9: ISP Circuit 

 

3.7 LCD 
The LCD is mounted on top of the mega128.1 board and interfaces to it 

through a 14 pin header connection.  The LCD uses the SPI port together with bit 3 of 
port F.  The LCD works independent of the microcontroller’s clock speed to conserve 
I/O pins.  The figure below shows the circuit diagram. 
 

 
Figure C.3.10: LCD Control Circuit 
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3.8 JUMPER SETTINGS 
There are several jumpers that enable various functions on the mega128.1 

board.  The default jumper settings are listed in Section 2.3.2 of this document.  The 
jumpers are mapped as shown in the figure below.  
 

 
Figure C.3.11: Jumper Map 

 
Jumpers J12 and J16 are both connected to UART1 RXD.  Also, jumpers J13 

and J19 are both connected to UART1 TXD.  Thus connecting J13 and J19 will enable 
the IR and RS232 transmitter.  When transmitting from UART1, the IR and RS232 
transmitter will be active.  When connecting J12 and J16, both the IR receiver and 
RS232 receive are on the UART1 RXD line.  This could cause unwanted results when 
receiving from UART1.  J18 and J20 are unused.  The user can wire them up directly 
for any user-defined functions.  
 

3.9 INDICATOR LEDS 
There are three LEDs on the mega128.1 board that are dedicated to indicate 

that specific functions are active.  L3 is a greed LED and indicates that there is power 
connected to the board and that switch S10 is in the “on” position.  Yellow LED L2 
indicates that the In System Programming port is active.  L12 is a red LED and 
indicates that the IR is transmitting. 
 

Table C.3.1: Indicator LEDs 
 

Reference # Color Function 
L3 Green Board powered 
L2 Yellow ISP active 

L12 Red IR TXD active 
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3.10 RESET PUSHBUTTON 
Pushing PushButton S1 resets the ATmega128 microcontroller.  This reset is 

OR’ed with the In System Programming chip reset.  The ATmega128 reset is active 
low.  The figure below shows the reset circuitry.  
 

 
Figure C.3.12: ATmega128 Reset Circuit 

 

3.11 POWER SUPPLY 
J23 is a coax connector that is used for connecting a power supply to the 

mega128.1 board.  J1 is for connecting a battery pack to the mega128.1 board.  The 
pinout for J1 is shown in Figure 2.1.  The voltage regulator that is used on the board is 
a low dropout regulator.  The regulator is internally protected against reversed polarity 
and momentary input spikes.  The regulator can source up to 1A.  The figure below 
shows the power supply circuit. 

 

 
Figure C.3.13: Power Supply 
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3.12 EXPANSION POSSIBILITIES 

• Memory Mapping 
Ports A and C give the user access to the data and address lines.  Port G gives 

access to WR_N, RD_N, and ALE lines.  This provides the freedom to map additional 
external circuitry to memory.  Memory block 0x0460 through 0x7fff is unallocated.  
External SRAM resides in the block 0x8000 – 0xFFFF.   

• Power Consumption 
When powering external circuitry from the mega128.1 board the limiting 

factor is the heat dissipation of the voltage regulator.  The TO-263 package with one 
square inch of copper area (allocated on layer 1) will safely dissipate about 2.75W 
with an ambient temperature of 25 C°.  See Figure 4 of the LM2940 data sheet.  To 
calculate if external circuitry can be powered from the mega128.1 board, do the 
following: 

2.75 � (Vin - 5) * (Iavr + I daughter) 
Where: Vin is the input voltage to the board 

          Iavr is the current consumption of the AVR board 
          Idaughter is the current consumption of the daughter board 

          5 is the regulator output voltage 
To increase the amount of current that the external circuitry is allowed to draw, 

the IR portion of the mega128.1 board can be disabled.  Refer to “Jumper Settings” in 
section 3.8 of this document. 

• SPI Port 
The Serial Peripheral Interface allows for high-speed synchronous data transfer 

between the Atmeag128 and peripheral devises or other AVR devises.  The table 
below shows the SPI mapped to port B. 
 

Table C.3.2: SPI Port Map 
 

SPI Function Port B Pin # 
SS_N PB0 
SCK PB1 

MOSI PB2 
MISO PB3 

 

• Analog Interface (A/D) 
The ATmega128 is also equipped with an Analog to Digital Converter.  The 

ADC is connected to an 8 channel Analog Multiplexer which allows 8 single-ended 
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voltage inputs constructed form the pins of port F.  Each channel has a resolution of 10 
bits. 

• ProtoBoard Connections 
All port connectors are aligned on 0.1" centers, allowing for protoboards to be 

mounted directly on top.  The ports are all female connectors.  This makes it both easy 
and cheap to build custom connectors to plug into the ports. 
 



 

 

130

MEGA128.1 SPECIFICATIONS 

4.1 DIMENSIONS 
Board and LCD mounting holes have an inner diameter of 0.116".  All other 

holes have an inner diameter of 0.046" and are centered on a 0.1" grid.  Dimensions 
are given in inches. 

 
Figure C.4.1: Board Dimensions & Placement 

 

4.2 VOLTAGE INPUT 
The voltage regulator used on the mega128.1 board is a 5V, 1A Low Dropout 

Voltage Regulator.  This allows for voltage input ranges from 6V up to 15V. 
 

4.3 CURRENT CONSUMPTION 
40mA with IR disabled 
140mA with IR LED at near 100% duty cycle 
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4.4 MEMORY SPACE 
Internal - 4K Bytes 
External - 32K Bytes 

 

4.5 E2 PROM 
4K Bytes 

 

4.6 OPERATION TEMPERATURE 
0ºC to 70ºC 

 

4.7 BOARD MATERIAL 
The mega128.1 board is a four-layer board.  Material used is FR4. 
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CODEVISION 1.23.8C 
This section gives a detailed explanation on using CodeVision 1.23.8c.  This 

explanation is aimed at the mega128.1 board and might not apply to other AVR 
boards. 

5.1 CREATING A NEW PROJECT 
After opening the CodeVision Integrated Development Environment (IDE), 

select from the File menu option, New.  In the Create New File popup window, select 
Project and click OK.  You now have the option to use the CodeWizardAVR or to 
manually set up the project.  For this discussion we will click on No in order to set the 
project up manually. 

The next window will allow you to specify the project name and folder path.  
After saving the project, the Project Configuration window will pop up.  This window 
has three tabs, shown in the figure below.  Under the Files tab, there is the option to 
add and remove files to and from the project. 
 

 
Figure C.5.1: Adding Source Files to Project 

 
The next tab is the C Compiler.  This page is for AVR specific settings.  The 

figure below shows the settings for the mega128.1 board. 
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Figure C.5.2: mega128.1Spesific Compiler Settings 

 
Lastly, the third tab is for After Make instructions.  To program the chip 

automatically after Make, check the “Program the Chip” option.  Do not change the 
fuse bits unless you know what you are doing.  They can put the AVR in an unusable 
state that cannot be recovered from.  The figure below shows a proper setup of the 
third tab page. 
 

 
Figure C.5.3: Settings for After Make 
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After clicking OK, CodeVision should open up the source files that were added 
to the project.  If no files were added a new source file should be created.  To do this, 
click on New under the File menu option.  In the popup window select Source and 
click OK.  The new, empty source file should now be added under the project 
navigator.  The figure below shows a project called “test” with a new file created, 
called “untitled.c”. 

 

 
Figure C.5.4: Project “test” with new Source File 

 
This new file needs to be saved.  Under the File menu option click on Save As.  

Specify the name and folder in the new popup window and click Save.   To add this 
file to the project, click on Configure under the Project menu option.  This opens the 
window shown in Figure 5.1.  After adding the source file to the project, the Navigator 
should show the source file under the project.  The figure below shows a project called 
test with the new source file that is called test.c. 
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Figure C.5.5: Project “test” with Source File “test.c” 

 
  

To Compile the source code press F9 or click on Compile under the Project 
menu option.  An information window will pop up showing compile info and errors.  
If there are no errors the next step is run Make.  Again under the Project menu, click 
on Make or press shift + F9.  If there are no errors during the make process a window 
will pop up that allows you to program the chip.  Make sure that the mega128.1 board 
is powered and then click on Program.   
 

5.2 LOADING *.HEX FILES 
When the software development has been done on a different IDE that does not 

have parallel programming capabilities, CodeVision can be used to program the AVR 
from a hex file.  The Chip Programmer is used for this purpose.  To open the Chip 
Programmer press shift + F4 or click on Chip Programmer under the Tools menu 
option.  The figure below shows the Chip Programmer window. 
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Figure C.5.6: CodeVision Chip Programmer 

 
To load the hex file, click on Load FLASH under the File menu option.  

Navigate to the file and click Open.  To clear the AVR click on Erase Chip under the 
Program menu option.  Lastly to program the AVR with the hex file, click on FLASH 
under the Program menu option.  The ATmega128 should now be programmed. 
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APPENDIX D – usb_io.1 User Guide 
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INTRODUCTION 
The TekBots™ usb_io.1 board design originated from the need for a USB 

JTAG programmer.  By working with the prototype boards it was however 
immediately obvious that this design was flexible enough to serve as a generic USB 
IO platform.  The usb_io.1 board makes it very easy to add USB capability to any 
embedded system. 

1.1 FEATURES 
USB availability – Most if not all new PC’s are sold without a parallel 

or serial port but do have USB onboard, therefore it is important to have 
embedded systems be USB enabled. 

 
Plug and Play – Although the USB device needs to be installed upon 

first use, thereafter it can simply be plugged in and used.  Because it is 
a USB device it’s not even necessary to shut the computer down when 
adding or removing the device.  

 
No external power – The usb_io.1 board draws its power from the 

USB host. 
 
Reconfigurable CPLD – JTAG programmable Xilinx xc9636xl CPLD 

with 36 macro cells and 800 usable gates.  
 
USB enabled 8051 – The Cypress an2131 chip is an easy to 

program 8051 core with added USB functionality. 
 
I/O availability – All unused I/O’s from both the CPLD and the 

an2131 are accessible through headers that are placed on a 
convenient 0.1” grid.   

 
Free Development Tools – All the development tools for both the 

CPLD and the an2131 are available on the web for free. 
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GETTING STARTED 

3.1 REQUIREMENTS FOR DEVELOPMENT 
• PC with Microsoft Windows 2000 or later 
• USB port on computer 
• usb_io.1 board 
• Xilinx ISE WebPack – for the xc9536xl CPLD  
• Cypress an2131 software development kit 
• Window Driver Development Kit 
• C++ development software 

3.2 QUICK START 
There are four areas of programming needed in order to use the usb_io.1 board 

with a PC.  The first is the CPLD, a re-programmable logic device.  Secondly, the 
an2131 is an 8051 core with built in USB controller.  Then thirdly, on the PC side 
there is the USB drivers and lastly the application software that uses the drivers to 
communicate to the usb_io.1 board. 

Tools used for these various parts of software development: 
• CPLD – Xilinx ISE WebPack (Package is used for code development, complier 

and download manager) 
• an2131 – Keil uVision2 (code development and compiler.)  Cypress EZ-USB 

Control Panel (development interface and download manager from PC to 8051 
core.) 

• USB drivers – Windows Driver Development Kit 
• PC application software – any C++ programming environment 

3.2.1 CPLD 
The xc9536xl is a Xilinx CPLD.  It is fully supported by the free ISE WebPack 

software that is available for download from the Xilinx web site.  The xc9536xl is a 
JTAG device.  It can be programmed using the ISE WebPack software and a Xilinx 
JTAG programming cable.  There are also many other JTAG programmers and cables 
available on the market.   

The xc9536xl has three clock input lines and 28 general-purpose I/O lines.  Its 
I/O pins are 5V tolerant, accepting 5V, 3.3V and 2.5V signals.  There are 36 
macrocells with 800 usable gates available.  Input clock speeds of up to 178MHz are 
acceptable. 

3.2.2 an2131 
All the software mentioned above that is needed for development with the 

an2131 is included in the Cypress an2131 software development kit and available for 
download from the Cypress web site.  The Kit also includes many examples and 
tutorials. 
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3.2.3 USB Drivers 
Creating drivers for the an2131 for custom projects is fairly easy to do using 

the Windows Driver Development Kit.  In the Cypress an2131 software development 
kit there is the EZLoader application note that gives step-by-step examples of how to 
create custom drivers for your projects. 

3.2.4 PC Application Software 
There are a lot more software packages available for developing the PC side 

application software.  Most of the examples in the Cypress an2131 software 
development kit use Visual C++ 6.0 or Visual Basic 6.0.   
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HARDWARE DESCRIPTION 

3.0 SCHEMATIC DESCRIPTION 
The schematic of the usb_io.1 board is found in Sub Appendix B.  
 

3.1 Power 
The usb_io.1 board is powered directly from the USB port.  The USB 

specification states that the total number of devices on a bus may not draw more than 
500mA.  Thus the usb_io.1 board is limited to draw less than 500mA.  U2 (lm3940) is 
a 1A low dropout regulator that provides 3.3V from the USB’s 5V.  C1 is a low ESR 
capacitor.  The biggest current consuming components are listed below. 

 
24LC00 - 500uA typical 
xc9536xl  - 40mA Max 
an2131 - 50mA with 8051 running 
 
Thus the Max current consumption for the usb_io.1 board should never exceed 

100mA.  This is well below the allotted 500mA from the USB port.  Please keep in 
mind that each additional I/O port used could consume additional power.  It is thus up 
to the user to insure that the total current drawn from the USB port never exceeds 
500mA. 
 

 
Figure D.2: On-board voltage regulator 

 

3.2 USB Transient Suppressor 
Any cabled I/O can be subjected to electrical noise transients or electro static 

discharge (ESD) from various sources.  Transient suppressor U3 (sn65220) protects 
the USB lines from any of these conditions.   



 

 

 

144

 
Figure D.3: Transient suppressor for USB communication 

 

3.3 EEPROM 
An 8K Bit Serial EEPROM is connected to the EZ-USB chip via the I2C bus.   

This memory is used to store the USB Product ID, Vendor ID, and Device ID.  When 
the first byte of the EEPROM contents is zero, the EZ-USB default PID, VID and DID 
are used.  By replacing the 8K bit with a larger 8K Byte EEPROM (24LC64-I/ST is 
pin compatible) it could be used to store the 8051-firmware code and boot load the 
EZ-USB chip.   
    Additional I2C devices can easily be added to the I2C bus as long as the addresses of 
these devices are not 00002 or 00012.  The I2C bus lines, SCL and SDA, are routed to 
connector J4.  No additional pull-up resistors are needed for additional I2C devices.  

 

 
Figure D.4: EEPROM circuit 

 
 

3.4.1 CPLD info 
To increase flexibility of the usb_io.1 board, a Xilinx CPLD was added.  The 

XC9536XL itself is JTAG programmable.  It has three clock input lines and 28 
general-purpose I/O lines.  Its I/O pins are 5V tolerant, accepting 5V, 3.3V and 2.5V 
signals.  There are 36 macrocells with 800 usable gates available. 

Clock 1 is connected to the EZ-USB clk24 output.  The JTAG lines (TCK, 
TDI, TMS and TDO) are connected to J7. 
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Figure D.5.1: CPLD programming lines 

 

3.4.2 CPLD – EZ USB interface 
The EZ-USB fast transfer mode is a mode where the data from the USB bus is 

passed straight through to the 8051’s databus.  To utilize the EZ-USB fast transfer 
mode, the databus along with the FWR and FRD lines are connected to the CPLD.  
FWR and FRD are the read and write strobes for the data to and from the databus.  
Processing data in the CPLD is desirable because it is faster and it takes the workload 
away from the 8051.  The mentioned connections are shown in the figures below. 

 
 

 

 
Figure D.5.2: Bulk transfer Read/Write 

 
 
 
 
 
 
 
 
 
 

   
            Figure D.5.3: Databus 
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Additional connections can be made between the CPLD I/O and the EZ-USB 

chip I/O by placing a jumper in desired position between header J2 and J3.  See 
component placement Figure 8 in Appendix A. 

 

3.4.3 CPLD I/O 
All of the I/O lines from the CPLD are accessible through various headers.  J2 

is a single inline female header that connects to 8 I/O lines.  J6 is a 2x5 notched and 
shrouded male header that connects to 10 I/O lines.   All these I/O lines are general 
purpose I/O’s.  For more information on the CPLD I/O’s, see the xc9536xl dataheet on 
the Xilinx web site.  The figures below show the CPLD I/O pinouts to the various 
headers.  

 
Figure D.6.1: male header 

 

 
Figure D.6.2: female header 

 

3.5 EZ-USB I/O 
There are three headers on the usb_io.1 board that provide access to some of 

the EZ-USB chip’s I/O lines.  Header J3 was placed side by side to header J2 so that 
additional connections could be made through jumpers between the EZ-USB chip and 
the CPLD.  The pinout from the EZ-USB I/O to the headers are shown in the figures 
below.  The accessibility of the I/O’s make it very easy to use the usb_io.1 board to 
add USB capability to other embedded systems.   
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Figure D.7.1: 8051 I/O PinOut 

 

 
Figure D.7.2: 8051 I/O, I2C PinOut 
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 SUB-APPENDIX A - USB_IO.1 BOARD INFORMATION 

 

 
Figure D.8: Component Placement 

 

 
Figure D.9: Pin Numbers 
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Figure D.10: Board Dimensions (in) 
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SUB APPENDIX B - USB_IO.1 SCHEMATIC 

 
 

Figure D.11: usb_io.1 schematic
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APPENDIX E – usb_cam.1 User Guide 
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INTRODUCTION 
 
The TekBotTM usb_cam is a USB camera complete with Windows drivers and 

supporting MATLAB functions.  The usb_cam was developed within the TekBots 
group at the Electrical and Computer Engineering department at Oregon State 
University.  The usb_cam consists of two boards, the usb_io.1 board and the 
usb_cam.1 board.  (See the USB IO User Guide for more information on the usb_io.1 
board.)  The usb_cam.0 board is merely an adapter board that connects an Agilent 
2700-4000 camera to the usb_io.1 board. 

 

1.1 FEATURES 
• USB compatible device 
• Windows 98/2000/XP drivers included 
• MATLAB compatible 
• 60x80 pixel images 
• 1 frame per second 
• LED status indicators 
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GETTING STARTED 
 

Each component in the usb_cam kit is functionally tested before it is packaged.  
The usb_cam is completely configured before it is distributed.  In order to get the 
usb_cam working on your PC, the Windows drivers need to be installed and the 
MATLAB tools placed in your MATLAB working directory. 

 

2.1 KIT CONTENTS 
Each usb_cam Kit is shipped with the following components packaged in static 

sensitive bags.   
• usb_jtag1.1 board  
• usb_cam1_0 board 
• 2700-4000 model imager 
• 15ft USB extension cable 

 

2.2 SYSTEM REQUIREMENTS 
The drivers for the usb_cam at this time have only been developed for 

Windows 98, 2000 and XP.  The MATLAB functions have been developed and tested 
under MATLAB 6.0.  The usb_cam will work with any PC with the following: 

• USB1.0 / USB2.0 port  
• Windows 98/2000/XP 
• MATLAB 6.0 

 

2.3 QUICK START 

2.3.1 WINDOWS DRIVERS 
Download the drivers from the TekBots Web Site and store them in a 

temporary folder on your PC.  There are three files: a1700v1_1.inf, a1700v1_1.sys 
and ezusb.sys.  After downloading the drivers, connect the usb_cam by plugging it 
into the USB port and follow the onscreen instructions. Section 3.2 gives more 
detailed instructions for installing the Windows drivers. 

2.3.2 MATLAB FUNCTIONS 
Download the MATLAB functions from the TekBots web site and place them 

in your MATLAB working directory.  There are two files: getRGB.dll and getpic.m.  
These files could also be placed in a different folder as long as the MATLAB path is 
set appropriately.  To use the getpic.m function see Section 4.2 

2.3.3 POWER UP 
The power up sequence is as follow: After the device is plugged in, Windows 

will initially treat it as a generic USB device.  First Windows will ask it to identify 
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itself.  The usb_cam then sends Windows a Product ID and a Device ID.  Windows 
will then match those ID’s to the drivers that where installed.  If the drivers where not 
installed, Windows will then prompt the user for driver information.  The usb_cam has 
two drivers.  The first is a firmware download driver while the second is a 
communications driver. 

 

• Firmware download driver 
The Cypress chip on the usb_jtag1.1 board is an 8051 with built-in 

USB protocol circuitry.  The 8051 firmware can be downloaded in a number of 
different ways.  The two most useful ways is boot loading from an EEPROM 
or downloading it over USB.  For the usb_cam it is downloaded over USB.  
When the usb_cam is first connected to the PC it identifies itself as a usb_cam 
with no firmware.  The a1700v1_1.sys driver with firmware is then 
downloaded after which the 8051 disconnects and reconnects to the USB port. 

 

• Communications driver 
After the firmware driver has configured the 8051 on the usb_cam, the 

8051 will disconnect from the USB port and reconnect as a uab_cam with 
firmware.  At this point the communications driver is loaded to specify the 
protocols needed to talk to the usb_cam. 

 

• Startup success 
The usb_cam has 8 LEDs for error report.  If an error should occur 

during the startup process a value of 0x99 will be displayed on the LEDs.  If 
the camera initialized correctly a value of 0x80 will be displayed on the LEDs.  
Allow at least eight seconds for the usb_cam to start up successfully after 
connecting the usb_cam to the PC. 
 

2.3.4 CABLE CONNECTIONS 
Be sure that the cables are plugged in securely.  A plug that is not connected 

securely could disconnect momentarily, resetting the 8051 without having Windows 
realize that the device has been reset.  This could cause MATLAB to hang.  If this 
happens: 

• Close MATLAB 
• Disconnect the usb_cam 
• Wait at least 8 sec 
• Reconnect usb_cam 
• Start MATLAB 
The reason MATLAB needs to be closed is because the *.dll will keep the 

USB channel active and not allow the usb_cam to reconnect correctly.  
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WINDOWS DRIVERS 

3.1 DOWNLOAD DRIVERS 
The drivers are available on the TekBots web site.  There are three files that 

are needed:  a1700v1_1.inf, a1700v1_1.sys and ezusb.sys.  The *.inf file is a table that 
associates device ID’s with specific system files.  With the usb_cam, the a17v1_1.sys 
is the firmware download driver while the ezusb.sys is the USB communications 
driver.  Place these files in a folder on your PC.  For this example I assume the files 
are in C:/temp 

3.2 CONNECT USB_CAM TO PC 
After the usb_cam has been connected to the PC, Windows will start up the 

“add device wizard.”   Select the “Install from a list or specific location” option, 
Figure 3.1, and click on Next. 

 

 
Figure E.3.1 – Hardware wizard 

 
In the next window, Figure 3.2, select the first option to search for the driver.  

Also check the second box in order to specify the location of the drivers.  Then 
Browse to the folder where you saved the three files that where downloaded from the 
TekBots web site.  In this example it is the C:/temp folder.  Click Next.  Windows will 
now display a warning screen stating that the driver you are installing is not Microsoft 
certified, Figure 3.3.  Click Continuo Anyway.  You will now see Windows 
transferring the driver files and completing the settings.  After the files have been set 
up, click finish.  If all went well the first driver is now installed and you should see the 
LEDs on the usb_cam displaying the value 0x80. 



 

 

158

 
Windows will now go through to same process to install the second driver.  

Because you have already specified where the files are located you should only have 
to click next all the way through.  Figure 3.4 

 

 
 

Figure E.3.2 – Brows for driver 
 

 
 

Figure E.3.3 – Driver caution 
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Figure E.3.4 – USB Driver 
 

If the wizard found the EZUSB (ezusb.sys) you can click next.  If not, you will 
need to specify the location as done for the first driver. 

 

MATLAB FUNCTIONS 
 
Once the Windows drivers have been installed it is easy to start using the 

MATLAB functions.  Simply download them from the TekBots web site and place 
them in your MATLAB working directory.  You can now start using the usb_cam in 
MATLAB. 

4.1 BEFORE STARTING MATLAB 
Make sure that the usb_cam is plugged in and that the drivers have loaded 

successfully before starting MATLAB.  If the usb_cam makes MATLAB hang, refer 
to section 2.3.4 

4.2 USAGE INFORMATION 
The getRGB.dll is a MATLAB mex file that communicates with the usb_cam 

Windows drivers.  The getpic.m function uses the gerRGB.dll to talk to the usb_cam 
and get an image.   

 
>> RGB = getpic; 
 
This command will return to the RGB variable an image matrix.  RGB will 

have dimensions 60x80x3 and will be of type uint8 (unsigned integer, 8 bits).  The 
image is a 2x2 matrix of pixels where each pixel has one byte one data for each of the 
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three primary colors (red, green and blue).  A bitmap version of the image will also be 
stored straight to your current folder as p60x80.bmp. 

 

 

USB_CAM BOARD SPECIFICATIONS 

 
Figure E.5.1 – usb_cam.1Component Outline 

 

 
Figure E.5.2 – usb_cam.1 Pin Numbers 
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Figure E.5.3 – usb_cam.1 Board Dimensions (in) 

 
 

 


