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CHAPTER 1 - INTRODUCTION

1.1- THE PLATFORM FOR LEARNING

This thesis presents the first work done to create a new educational program

based on a 'platform for learning' we call TekBots. A platform for learning is any

physical device that allow for student to experience new conceptual information in

a practical 'hands-on' fashion. TekBots is an innovative new approach to teaching

undergraduate engineering students, by using a platform for learning that is

integrated through out a four-year Electrical and Computer Engineering (ECE)

program. It is based on a simple robotic base that students build starting in their

freshman year and they continually upgraded it in nearly every course. It allows for

students to learn new information while still using their previous knowledge about

the systems and devices used in building the robot in other classes.

The TekBots curriculum is designed to address six program educational

objectives (PEO) that were found to be important in producing effective

undergraduate engineers, these six PEOs are depth, breadth, professionalism,

innovation, community, and troubleshooting [11]. To identify these attributes the

ECE department at OSU met with other educational institutions, industry

representatives, faculty, and students to gain a more complete pictures of what was

needed.

Depth The amount ofsubject specific knowledge
Breadth The amount of knowledge amount a wide range of subjects
Professionalism Ethics, technical writing, and technical communication
Innovation A fostered excitement of discovery and associated creativity
Community - Ability to lead, mentor, and/or contribute to the
development of future engineers and on engineering teams
Troubleshooting Ability to troubleshoot engineering problems
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In order to have TekBots reinforce these PEOs we decided on a series of

core values that would be used in all of the revisions and curriculum changes that

we were going to make. A core value is simply a philosophy that we help to while

designing the new coursework.

Personal Ownership Each student owns their own platform and
is satisfied in knowing and seeing what they have accomplished.
Curriculum Continuity The TekBots platform provides
continuity throughout the entire program. It ties all the topics
together.
Context The TekBots platform provides an application for many
of the concepts the students learn about in class.
Hands-on Learning Students see theory put into practice with
this hands-on approach.
Fun Factor Through fun, hands-on experiences students are
inspired to learn more.

1.2- ORGANIZATION

of this thesis is arranged as follows. Chapter

written for the Frontiers in Education Conference in November 2002. It details

some of the basic ideals and goals of the platform for learning approach the ECE

education.

Chapter 3 contains a full paper being submitted to IEEE Transactions on

Education. This paper details the TekBots philosophy and systems that have been

created to date and the associated evaluation results.

Chapter 4 concludes the thesis by describing future work.

The attached appendixes contain information about the existing lab work

and systems used for the first level of the TekBots coursework. Appendix A covers

the laboratory experiments from the freshman orientation course. Appendix B

covers the associated systems and circuits used in the freshman orientation,

Appendix C covers the Digital Logic course's lab work and Appendix D covers the

circuitry used.
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CHAPTER 2 - TEKBOTSTM: CREATING EXCITEMENT FOR
ENGINEERING THROUGH COMMUNITY, INNOVATION AND

TROUBLESHOOTING

Donald Heer, Roger Traylor and Tern S. Fiez'

Abstract Attracting, educating and retaining new engineering students is

a challenge. The creative aspirations and "can do" attitude spawned &v the space

race, Heathkits, and homemade crystal radios have been replaced with the passive

satisfaction of video games, cell phones and throwaway electronic appliances.

At Oregon State University we have made a fundamental change in our

presentation of electrical engineering to freshmen by using a robot platform we

call TekBots. We are emphasizing innovation, community building, and

troubleshooting. Our aim is to put the fun and excitement back into electrical

engineering and thus retain and inspire new students.

This ultimately will extend throughout the curriculum using the robot as a

platform for learning. Rather than a single point project, the robot becomes the

integration platform for learning and experimentation in almost every class for

four years.

Index terms Curriculum, Robot, Engineering Education, Innovation,

Troubleshooting

2.1 INTRODUCTION

Why would a student enter an engineering program? Engineering is a

difficult discipline that requires hard work and a significant commitment to

220 Owen Hall, Department of Electrical & Computer Engineering, Oregon State University, Corvallis, OR

97331, heer@ece.orst.edu, traylor(ecc.orst.cdu, tcrri@ece.orst.edu
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succeed. While in the long run the pay off is great, the short-term benefits and "fun

factor" sometimes elude undergraduate students. Historically, there was a "you can

do it" attitude that existed in the general population spawned by the space race,

Heathkits, and crystal radios [1]. This exposure to the tangible possibilities created

excitement for the engineering discipline. In recent years, however, this excitement

has waned while the demand for highly qualified, creative engineers has risen. With

this mismatch between the supply and demand, there is a need to create innovative

engineering programs that attract and retain the best and the brightest students.

At Oregon State University, we are addressing this need with a curriculum

based on what we call TekBots [2]. Beginning in the freshmen year, electrical

and computer engineering students build a robot that they use as a pla (form for

learning throughout their entire four-year curriculum. Using a common platform

throughout the curriculum helps to integrate the material from courses that before

seemed disjointed. Students add capabilities to their individual TekBots based on

the courses they are currently taking so that by the time they are seniors, their

TekBots may evolve into something as sophisticated as an internet-controlled

wireless robot. This hands-on approach enhances the educational experience by

creating excitement among the students for what they are learning and how they

may apply that knowledge. A critical part of this program is that every student has

their own individual TekBots platform that they customize as they progress through

the program.

The focus of this paper is the first course in Electrical & Computer

Engineering at Oregon State University (OSU), ECE 112. This is the first TekBots

course in the curriculum and it is the key to establishing many of the principles that

are emphasized throughout the following four years of the program.

To initially determine our key program values and outcomes, we surveyed

our constituents including our alumni, the employers of our students, our

graduating seniors and our faculty [3]. Like the ABET organization, our

constituents believe that the program educational outcomes of breadth, depth and



professionalism are vital to a successful engineering career. Additionally, our

constituents also identified the following program educational objectives (or key

attributes) as being important in good engineers.

Trouble-shooting Ability to troubleshoot engineering problems.
Community Ability to lead, mentor, and/or contribute to the

development of future engineers and on engineering teams.
Innovation A fostered excitement of discovery and associated

creativity.

Figure 1 summarizes the averaged responses from the industry, alumni, and

faculty that said the outcomes are very important. Our constituents rated ability to

trouble-shoot, recognition of community and innovative aptitude as high as or

higher than breadth, depth, and professionalism.

Fig. 1: Average (in percentage) of industry, faculty and alumni constituents that
rated the educational objective as very important.

Our goal is to use the development of the TekBots curriculum to enhance

our students' sense of community, ability to trouble-shoot, and innovation aptitude.

2.2 DEVELOPMENT OF ECE 112

Possibly, the most important course in any engineering program is the

freshman level orientation course. This course is the first exposure that a student

has to engineering at a university. As such it should be the most dynamic and

exciting course in the program, but it cannot be atypical of courses that the students

will take during their college careers. If the orientation is too "good" then the
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students will not be happy with their decisions as they continue in their college

careers.

From 1996 to 2000, ECE 112 at Oregon State University followed the

freshmen course developed by Carnegie Mellon University [4]. There are also

other examples in the literature of courses based on robots [6-10]. The initial

challenge was to determine if a course created for a very selective private school

could be adapted for a freshmen class of 200 - 250 students in a state university.

The student response was very positive to this hands-on experience. This

course has two components, a lecture portion and a lab portion. In the past,

beginning lectures covered Ohm's law, K.irchoff's Laws, and other basic concepts.

At the same time, the students started building their robots by constructing a zener

diode voltage regulator. There was not a definite connection between the lecture

and the lab. This made it difficult for the students to relate the theory they were

learning in class to the practical 'real world' systems that they were building in lab.

This is changed with the addition of TekBots to the curriculum. Instead of a

disjointed lab and lecture, the experiments are carefully designed to reinforce what

is being presented in the classroom. This helps students to connect theory to

practice.

2.3 - EVOLUTION OF THE TEKBOTS PLATFORM

Before describing the specific laboratories and their content, a brief

summary of the evolution of this class and the TekBots platform is given.

The robot platform is vital to how the course and laboratory inter-relate.

Early versions of the robot were based on the Graymark robot [5]. In the spring of

2000, an informal course was created that followed the orientation class. In this

class, students added a "layer" to the robot and then bread-boarded "whiskers",

Figure 2. Once completed, the robot would backup and turn when the whiskers

touches a wall or vertical surface. Approximately 50 students or one-fourth of the
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Table 1: Lecture and lab topics for ECE 112

Lecture Topics Lab Experience Lab Challenge

Week 1: Modify servo motors N/A
Concepts of Current, Soldering
Voltage Get dirty and greasy!
Schematic diagrams
Measuring voltage
and current
Week 2: Read schematics Explore other ways than electrical
Ohms law Apply Ohm's law to of controlling motion
Current and voltage robot movement
sources Proper use of DMM
The power equation
Week 3: Power calculations Create a PWM circuit to control
Kirchoff's Voltage Create models of motor speed
Law components
Testi
Week 4: Verifying KVL Explore why efficiency is
Kirchoff's Voltage Compute efficiency of important
Law motor speed control Look at how to improve power
Voltage dividers Dynamometers hill consumption
Kirchoff's Current climb

Week 5: Verify KCL Configuring motors and batteries
Kirchoff's Current Series/parallel for maximum efficiency
Law component
Resistor Networks configurations
Diodes and

Week 6: Transistors as switches Examine motor noise with
Test 2 and amplifiers transistor noise amplifier.
Digital logic Motor control with Examine motor noise changes with
principles transistors loading.
Designing with digital

Week 7: Make a light seeking Make a dark seeking robot
A/D and D/A robot (photovore) (photophobe).
conversion Make a speed-controlled
Comparators and photovore.

Weeks 8, 9 and 10: Assemble TekBots Customize/modify robot.
Discussion of vi .0 system Tune for specific behavior
TekBots circuits and
debugging

I ______________________________
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One other feature we exploit in the labs is taking students out of their

comfort level. In Lab 1, the first thing the students must do is take the servo motors

apart and modify them so that they are DC controlled rather than pulse width

modulator (PWM) controlled. This is very scary to many students who might feel

uncomfortable with their technical ability at this point. It gets the students over the

barner that they might do something "wrong".

2.5 ENHANCING TROUBLE-SHOOTING, COMMUNITY AND

11'NOVATION

Troubleshooting - Students quickly learn that simple mathematics and

theories though they may be 'perfect in a vacuum' behave differently when they are

applied in lab. The students get a large dose of troubleshooting during their lab

sessions simply from making and fixing small errors in design and implementation.

Ideally each student would be able to do this independently, but allowances are

made since the students are freshman.

A problem with only teaching students troubleshooting in this fashion is

that often the student does not 'learn' from their mistakes, and may make it again at

a later date, and a system of troubleshooting is not taught for solving later

problems. TekBots labs teach a systematic approach of troubleshooting to students.

Along with their own errors that they make, we intentionally build some 'errors'

into the labs. These 'instakes' (intentional mistakes) are then explained to the

students and within the lab a method is given for troubleshooting and how the

instake was found using the method. One example of a method that is taught is to

break a malfunctioning system into small pieces with input and output ports. Next

your start at the inputs and check each section of the system until you find where

the inputs stop being 'correct' finding your problem.
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First, innovation requires knowledge. For example, if a student has no

awareness that a technique exists then they cannot use it to solve their problem.

There must also be a reason to be innovative. If a student is given a particular task

to do and provided all the detail of how to do it, why should they even consider

another method? If a student learns some information and has a problem, they will

try to solve it. The more times they try this, the more times they will be successful

and the more they will be comfortable with their ability to innovate.

In the freshman orientation lab we make use of small projects to spur

student innovation. We assign simple projects to our students and give them a

completion deadline. The projects are intended to teach the

design/innovation/debug process, not just the material being covered in class. Built

into the project description itself is knowledge about the parts, tools, and concepts

that they might need for their design while at the same time students are not forced

to follow the solution given.

Another large and important method of sparking innovation is to challenge

students. Many students need to be challenged before they will complete or even

perform a task. Each of the labs has additional 'challenge' questions at the end of

the lab. These questions are used to get students to 'test out' their abilities. The

questions always relate to what they have learned from previous work. This is done

so that the students will have the background knowledge needed to invent a

solution to the challenge.

Figures 8 and 9 illustrate innovations by two of our freshmen. In Figure 8,

the student took his toy hovercraft and modified it to house the TekBots brains

making a hovering robot. In Figure 9, we see the student who created the

'Beaverbot'. The school fight song is currently being programmed into the

Beaverbot so that it will "sing" the fight song and synchronously dance to it.

U





16

Personal Ownership Each student owns their robot and is
satisfied in knowing and seeing what they have accomplished.
Curriculum Continuity The TekBots platform provides
continuity throughout the entire program. It ties all the topics
together.
Contextual Teaching The TekBots platform provides an
application for many of the concepts the students learn about in
class.
Hands-on Learning Students see theory into practice with this
hands-on approach.
Fun Factor Through fun hands-on experiences students are
inspired to learn more.

2.7 - CONCLUSION

The freshmen course in Electrical & Computer Engineering tightly couples

the TekBots laboratory to the lecture. Each student is provided with guided

experiments to help assimilate the lecture topics. Beyond the basic experiments

however are "challenge" experiments used to push the students and to spark

personal innovation. Upper class students serve as helpers in the lab rather than

graduate students. This reduces the social barrier between the instructors and the

students and promotes a "safe" learning community. This course re-institutes the

forgotten art of troubleshooting. Through challenge experiments, we bait students

into a problem of their own making resembling the real world where multiple

correct and incorrect answers exist.
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CHAPTER 3- A PLATFORM FOR LEARNING

Don Heer, Roger Traylor, and Tern S. Fiez

Abstract Outcomes based assessment has shown that introducing a

platform for learning based on a robot referred to as TekBotsTM into the first two

electrical and computer engineering courses enhances student's sense of

community, innovation capabilities and troubleshooting skills. At Oregon State

University, Electrical & Computer Engineering (ECE) students enhance their

fundamental understanding of ECE concepts as they construct and build upon their

individual robot (TekBots). They experience first-hand the fun associated with

engineering while gaining a sense of accomplishment. This platform will

eventually extend through the four year curriculum, so that rather than a single

point project, the robot serves as a platform that connects and integrates the

content from course to course.

3.1 - INTRODUCTION

The creative aspirations and "can do" attitude spawned by the space race,

Heathkits, and homemade crystal radios have been replaced with the passive

satisfaction of video games, cell phones and throwaway electronic appliances [1].

This presents challenges in attracting and retaining engineering students who often

lose interest in engineering because of the slow build up to the junior and senior-

level courses where they finally learn and apply discipline specific knowledge.

Additionally, the lack of the "fun factor" and the "you can do it" attitude is often

missing in current engineering curricula. Thus, to make engineering more
appealing to incoming freshmen, a major redesign of the engineering curriculum is

necessary.
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Any curriculum redesign will necessarily include the ABET 2000

outcomes based assessment [3]. For each department, these outcomes are

summarized as the program education objectives that describe the unique

characteristics of that program. The curriculum changes introduced here are

specifically designed to enhance the program education objectives defined by the

constituents of the Department of Electrical and Computer Engineering (ECE) at

Oregon State University (OSU) [11]. These are summarized in Table 1. Depth

and breadth of knowledge and professionalism are mainstays of any accredited

engineering program. In addition to these core objectives, our constituents

identified ability to troubleshoot hardware and software problems, demonstration of

innovative thinking, and actively participating in the professional community as

key objectives of our program [1, 12, 13, and 14].

A major challenge in curriculum redesign is bringing all of these aspects

into the program and, at the same time, tying together the extensive number of

discrete topics. At the NSF Engineering Education Innovators' Conference, Dr.

Bordogna's keynote address [14] identified a major challenge with the existing

structure of engineering education. With most curricula consisting of separate

(sometimes seemingly disconnected) courses, graduates may find it difficult to

make the connection between the various topics within the curriculum. As he

described:

". . .education appears to ignore the need for connections and for integration
which should be at the core of an engineering education..."

Our approach to integrating the curriculum is to use a plaforin for

learning [15]. Beginning in the freshman year, students build on the platfonn so

that subject areas become connected and students have a context for their learning

similar to what practicing engineers experience in their profession. As students

take courses throughout the program, they apply their knowledge to this platform
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so that it becomes a representation of what they have Icarned and how the various

topics they have learned are connected.

In this paper, we describe a novel concept for bringing excitement into the

classroom, addressing the ABET 2000 outcomes and providing an integration

platform for the curriculum. Our goal is to use the development of a platform for

learning based on a robot we refer to as TekBots to enhance our students' depth and

breadth of knowledge, professionalism, sense of community, ability to trouble-

shoot, and innovation aptitude.

Table 2: Program education objectives for Oregon State Universities' Department
of Electrical & Computer Engineering.

Education Objective Description
Depth Ability to troubleshoot, identify, formulate, analyze and

solve electrical and computer engineering problems by
applying fundamental and advanced mathematical, scientific
and engineering knowledge and skills.

Breadth A broad base of understanding at a systems level as well as
at a component level through authentic engineering
experiences, including current issues in ECE as needed to
understand the impact of ECE solutions in a global and
societal context.

Professionalism To be prepared for the complex modem work environment
by building clear communication skills, responsible
teamwork skills, development of project management
capabilities, professional attitudes and understanding of
ethical issues.

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

Innovation The process by which technological ideas are generated,
developed and transformed into new business products,
processes, and services that are used to make a profit and
establish marketplace advantage.

Community The ability to lead, mentor, andlor contribute to the
development of future engineers and on engineering teams.
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3.2 KEY FEATURES OF THE PLATFORM FOR LEARNING

As we have developed the concept for the platform for learning, we found

there are several key concepts that we found to be useful when designing the

improved coursework. These 'core values' are integral to how we teach with

TekBots.

Ownership - Each student constructs and owns their individual
robot. The sense of ownership motivates them to do better and
learn more. Their robot can become an individual expression
of them that they can take with them whenever and where ever.

Continuity - The TekBots platform provides continuity throughout
the entire program. It ties all the topics together.

Context - The TekBots platform provides an application for many
of the concepts the students learn about in class

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

Hands-on Learning - Students see theory into practice with this
hands-on approach.

Beginning in the freshmen year, students build up a robot that then becomes

their personal platform for learning. Before describing two courses that have used

this approach, we first provide some insight into how this enhances the material

presented in both the lecture and laboratory. Figure 10 illustrates how the lecture,

traditional laboratory, and the TekBots course inter-relate. Fundamental subject

matter material is typically presented in the course lecture.

Often this is the first time students have seen the material and typically

some but not all of the material "sinks in." In laboratories, students experience

first-hand how the theory can be applied. With the TekBots platform, key learning

objectives such as troubleshooting, community, and innovation are interleaved into

the laboratory experience. By incorporating these learning objectives, students

gain a more sophisticated appreciation for the fundamental theory presented in the

lecture. l'his is represented by the arrows that circulate from the lab to TekBots

and back to the lecture. In essence, TekBots sits on top of the lecture-lab and adds

other key attributes to the student experience.
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,/ Design
Innovation

Community

Professionaljsrr TekBotsTM

Lab

Lecture

Fig. 10: TekBots platform for learning and the enhancement of the lecture and the
laboratory material.

At this point, it is important to make a key distinction between this

curriculum approach and a "robot class." Several universities have developed robot

classes to improve undergraduate education. Most universities that employ robots

do so only in a single class or a small number of courses where the emphasis is on

robotics [16, 4, 18, 9, and 20]. Very often in these classes students use shared

robots that must remain in the lab rather than personally building and owning their

robots. Finally, most courses using a platform of this type focused on upper

division courses.

The TekBots platform is intended to be a large scale multidisciplinary

platform that encompasses many areas of learning in engineering. It is a tool that

helps students keep information from various courses fresh in their minds. This is

achieved by keeping the platform flexible and expandable. For example the

foundation of the robot that is built in the freshman orientation course is the same

robot that a student will use in the sophomore, junior, and senior levels. This

continuous platform is used as a vehicle to connect previously learned knowledge

with new knowledge as it is being taught.
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3.3 TEKBOTS IN THE FRESHMEN ECE COURSE

3.3.1 Background

Possibly, the most important course in any engineering program is the

freshman level orientation course [4]. This course is the first exposure that a

student has to engineering at a university. As such it should be the most dynamic

and exciting course in the program, but it cannot be atypical of courses that the

students will take during their college careers. A mix of good technical exposure

along with applications that intrigue the students provides a carrot to things to

come.

From 1995 to 1999 the course 'Orientation to electrical and Computer

Engineering' (ECE1 12), was modeled after the freshmen course developed by

Carnegie Mellon University [4]. The students found the experience of constructing

their own Graymark robot educational and exciting [9]. To build on this

excitement for learning, in 2000 we introduced a new layer to the robot that

changed the programmed robot into a robot with whiskers that could sense and

react to its enviromnent intelligently, Figure 11. This elective follow-on class gave

the students additional experience with hands-on electronics and created a robot

that interacted with its environment by bumping into a wall and then backing up,

turning and moving forward again. Approximately 50 students or one-fourth of

the class voluntarily participated in this class because of their interest in doing more

with the robot base. The students that got this working were really excited about

what they accomplished. As a result, we extended this experience to all of our

freshmen the following year by adding a pre-designed PC board to the Graymark

robot. The platform for learning was an outgrowth of the layering idea
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reinforce what is being presented in the classroom. This level of integration is

necessary in order to allow for students to connect theory to practice.

Lecture Topic Lab Topic Lecture Topic Lab Topic

Etens,
I

Class introduction
Current Flow, Assemble BaseElectronsD Pickup Robot schematics toedng BasicsCurrent Flow as
Measurmentwater

Resistors,Electric Current
Assemble Voltage Ohms Law. 0MM UsageMeasurement

Schematics and Regulator (Zener Power, Makjng Measurements
Diode) Nodes/Loops/ Schematic DiagramsSymbols

Branches

Resistors, Ohms Assemble Clods
Kirchofra Voltage(invader Ring) I, Ohms Law In Practice

Models of MotorsPower Assemble Keyboard
Circuit Analysis,

Models 0f BatteriesNodes. Loops. end Memory Load
SPICE SimulationsBranches Sequencer

Kirctmofrs Voltage Reset Clit KirchofFs Current
Power and KVLLaw.

Address Counter Circuit Analysis. Power ConsumptionCircuit Analyse
Memory Circuit SPICE Simulations DynamornetarSPICE Simulations

Kirchoffs Current KCL ResistorAudIo Oscillator Diode Models. networksLED Circuit Transistors,Circuit Analysis
Motor Drive Circuit Transistor Models

Robots working
SPICE SImulatIons together

Diodes! Diode
1' and O in analog,Models

Final Test and Debug BJT as an amplifIer. Motor Control with BJTTransistors
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BJT Amplifier \\ / Get Parts for

('

Binary Logic,

Slme Cone. /
Photovora robof usingAnalysis

) / J

wisierect Robot CombInational Gates,
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BJT as a sMIth

Binary Logic \J / Memory Circuits. \Combinational RobotConstiuction
( Flip-Flops, ) Final robotAssembly

Gates / \ Special Topics I

Memory Flip-Flops
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(
Special Topics

)
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Fig. 12: a) The original freshman orientation lecture-lab connections and b) The
orientation lecture-lab connection after TekBots revisions
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The whiskered Graymark robot was then replaced by a new, rugged robot

base, Figure 13. The new base includes the servomotors, batteries, whisker circuitry

and the analog controller. The whiskers detect an impact with an object and the

robot responds by backing up and turning away from the point of impact before

going forward again. This was accomplished by having a simple resistor-capacitor

charging circuit for timing and controlling the motor using an 'H-bridge'. A

breadboard is also included on the base so that students can easily add features to

their TekBots.

Figure 13: A fully assembled freshman orientation TekBots robot.

3.3.2 - Course Description

The lab portion of the ECE 112 course is composed of seven labs, each

designed to reinforce some part of the lecture material for the students. The labs

start with simple circuits and progress into more complex and intriguing circuits.

All of these experiments are performed on the robot base. Doing this even at the

most basic level makes the lab experiences interesting and valuable to the students

since students like the robot and want to work with it.
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25Ooms

2500hm,

72V1

Fig. 14: Simple trimming circuit on the robot to introduce current and voltage
relationships

For example in the second laboratory, a 'sobriety test' is performed in the

lab. The students assemble a very simple circuit like the one in Figure 14. It

consists of the two servo motors that drive the robot each connected through a

potentiometer to the 7.2 volt battery supply on the TekBot. The resistance value in

each of these branches in the circuit determines how much current is supplied to

each servo motor and the voltage across it. Since the angular velocity of a motor is

related to the voltage across the motor, if one motor is given more voltage than the

other, the robot will turn.

With this simple circuit, students can explore the non-ideal nature of real

systems, examine energy conversion, and gain a fundamental understanding of

Ohm's law.

The student are asked to adjust the potentiometers on their TekBots so that

their robot travels in a straight line as far as possible (hence the 'sobriety test'). The

students must adjust their TekBots so that the voltage across the motors is the same

on both sides of the robot. Students next set the robot on the ground and see how

close they are to having the robot go perfectly straight. Quickly students see that

over longer distances, the robot will tend to turn to one side. This introduces them

to real-world problems with non-ideal systems. They arc encouraged to try and add

a small 'correction factor' to their calculations and measurements to make the robot

continue in a straight line just as is done for all 'real' systems.
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Fig. 15: The complete ECE1 12 analog robot system.

In later laboratories, students assemble their robot into its completed form.

Figure 15 shows the top-level system description of the completed freshman analog

robot. This simple robot functions by driving forwards until it contacts an object,

then it backs up, turns away, and then resumes its forward motion. The system is

divided into two separate printed circuit boards (PCB). The analog brain PCB

accepts the signal from the left and right switches and controls the motor control

board to operate the motors. The motor control PCB operates the two motors to run

forwards, in reverse, or to stop based on its inputs.

4+
) lOOK

Ramp Output1°
Switch SIgnal 1J j_°

2N700h,j, J'OUF

GND

"V
Contact

Fig. 16: Ramp Generator circuit and timing diagram.

We now begin a more thorough examination of the robot circuitry with a

look at the ramp generator circuitry. Figure 16 shows the schematic diagram for

this circuit and the associated timing diagram for its operation. When the robot



bumps into an object one of the two switches (right or left) closes driving the gate

of the FET to V+. This turns on the FET and allows the capacitor to discharge. This

makes the output 'Ramp Output' go to ground. Once the robot begins to reverse

and the switch opens, the PET turns off, and the capacitor begins to charge through

the resistor from V+. The charging capacitor is used as a simple timer allowing the

robot to react in a timed response. Each switch has a separate ramp generator so

that the robot reacts differently depending on which switch is triggered.

Lef

Rigfr

v+ v+

Left Motor
Direction

Right Motor
Direction

V,,2 V3 Both I Roth I One Both
Foiwerd Reverse

J

Reverse Forward

Fig. 17: Level comparator circuit and timing diagram.

The level comparator circuit shown in Figure 17 accepts the inputs from the

ramp generators and controls the motors using the motor current sequencer circuits.

The level comparators use four voltage references, one for each comparator, and

two comparators are connected to each switch. These references are used to set the

'time' that each motor (right or left) reverses when either the right or the left switch
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is triggered. For example if we look at the timing diagram if one of the switches is

triggered in Figure 17 we can see that before the switch is triggered both motors are

driving in the forward direction. When the switch is triggered, the voltage drops

below both VFl and VREF2, causing both motors to run in reverse. As the

capacitor charges and the voltage exceeds VFl one motor changes direction (to

forward) while the other remains in reverse. This causes the robot to turn. Then

once the voltage charges past YREF2 the other motor changes direction (to forward)

and the robot continues on its meny way.

Motor
hA

v+

GND

GNO

v+

GND

SwftthIng

Time

Fig. 18: Motor control sequencer circuit and timing diagram.

The signals from the level comparator sub-system drive the two motor

control sequencer circuits. These systems prevent the motor current drivers from

momentarily shorting the power supply to ground when changing directions. This

is done by using delayed feedback between the two cross-coupled NOR gates

shown in Figure 18. For example when the 'Motor Direction' signal changes from

ground to V+, 'Path A' immediately switches off. Then after the short delay

(switching time) caused by the delay element, 'Path B' switches to V+.
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Fig. 19: The motor current driver subsystems and examples.

The last sub-system is the motor current driver. There is one for each motor

on the robot (right and left) and they control the direction of current flow through

the motor and therefore the direction of rotation. In Figure 19 we see that the motor

current driver is composed of several transistors arranged in a classic 'H-bridge'

configuration. When Qi and Q4 are turned on, the current flows from left to right

in the motor, while if Q2 and Q3 are turned on it flows from right to left. This

current flow can be seen also in Figure 19. Q5, Q6, and the various resistors are

used to correctly bias the H-bridge transistors to work with the input signals 'Path

A' and 'Path B'.

As the students assemble this board, they learn some of the intricacies of the

system. Students are instructed that constructing the board starting with the outputs

and progressing towards the inputs is ideal since it is possible to verify each part is

working before continuing. At each major step along the way, students are asked

to use their DMMs to test certain points to ensure proper construction. If a student

finds an incorrect measurement, they must troubleshoot the problem with the aid of

their laboratory instructions and a teaching assistant. By taking these measurements

on the H-bridge transistors, the students learn about transistor biasing for switching.

An important aspect of many of the laboratories is the challenge problem

given at the end of the laboratory. These problems are designed to go well beyond

what they have learned in lab or lecture. It is also a key strategy to encouraging



innovation in the lab. A summary of the challenge problems by lab are given in

Table 3.

Table 3. Challenge problems given to the students to enhance innovation in
ECE112.

Lab Title
Robot Gymnastics

Ohm's Law in Practice

KVL: Friend or Foe?

Working Together Works

Transistors

Go Towards the Light

Speed and Accuracy Challenge: Set your TekBots
robot to make as many laps as possible without
straying from a defined circle in a minute.

Make a 'Resistor': Build a PWM from a 555 timer
chip that models a resistor in series with your motors.
Make a simple cruise control.

Exploring Power: Explore why power consumption is
important on cell phones, Martian rovers, and
vacuums.

All Powered Up: Explore the differences if any of
various series/parallel circuits made from motors and
batteries.

Can you Feel the Noise: Build a simple amplifier and
inspect the noise on your robot's motors. Find how to
reduce this noise.
Reverse Psychology: Can you make your light-loving
robot scared of the light?

To illustrate how the challenge problems are integrated with the lab,

consider laboratory #4; KVL, Friend or Foe. In this lab, students combine making

measurement to verify Kirchoffs voltage law (KVL) with a hill climb test and

power computation for their robots. This idea is extended by having the students

investigate the power consumption and ratings of various systems. Students go out

and find an electrical device that they find interesting ranging from consumer

devices, to industrial or research devices. The students are then asked to explain its

special power requirements and how to address them. This is done in an 'open
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ended' way that lets the students demonstrate understanding. For example students

are not required to have an exact solution. Students could say, in the case of a

cellular phone that since the phone uses batteries the power usage needs to be low

when not being used. When the phone is in use it would need to be able to transmit

efficiently for good reception, but not damage the phone's user.

These challenge problems encourage the students to be innovative and it is

further reinforced through careful application of a freshman-level design project.

This project is a 'photovore' design. Students design and build a simple robot that

would always moves toward the brightest light in its field of vision. The steps in

the design process of identifying the problem, brainstorming solutions, examining

resources, and implementing an electrical system are presented as part of this

experience. One solution to the design space is given to help the students in their

design Figure 20. However, the students are encouraged to try other possible

solutions at each step in the design process. Some examples of other design

solutions are construction of a light controlled pulse width modulation circuit for

the photovore. Another student designed the robot to look in every direction for the

brightest light source.

T

Fig. 20: The suggested photovore schematic.
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3.4 - EXTENSION OF TEKBOTS BEYOND THE FIRST COURSE

With the excitement generated with this first TekBots experience, we

extended the platform for learning to the freshman/sophomore level digital logic

course. This class already had good alignment between the laboratory (ECE 272)

and lecture (ECE 271) but lacked real application of the digital logic principles. As

such, only minor revisions were required to incorporate the platform for learning

into ECE 271 & ECE 272. New hardware was developed to include digital

concepts onto the TekBots. A complex logic device (cPLD), in this case a Lattice

Semiconductor mach4 series device, was chosen that had both extensive resources

(large number of product terms and input/output pins) and was relatively

inexpensive. To keep the hardware small for integration with the robot and yet keep

it versatile with numerous inputs and outputs, two printed circuit boards were

developed. The progranuning and cPLD are on one board and the inputs and

outputs on another with the two connected by cables. The design had to use simple

tools available free to students that can be used on their personal computer and the

boards are easily mounted onto the TekBots.

Programming Interface xl
(Buffering ICs) ) ç_+( 7-Segment Display x2

mach4 CPLD

DIP Swltchesx8

Push-button Switches x4

LEDs x8

Fig. 21: Simplified digital logic system schematic.

The digital system consists of a wide range of inputs and outputs. For

example DIP style switches, momentary contact switches, discrete LEDs, and a
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two-digit seven-segment display are incoiporated onto the boards as shown in

Figure 21. This was done to provide as much flexibility as possible in designing

the labs and experiments that would use the boards and allow for students to have a

generic tool for innovation. The programming interface for the system is a simple

JTAG programming device connected via a parallel port to a host computer. Since

one of the important things about TekBots is the reuse of previous courses material,

the digital logic board was intended to replace the analog control board from

ECEI 12. The final project in ECE272 was to program the digital logic board to

function like the analog board of ECE1 12. Figure 22 shows a picture of a robot

from the digital logic course with the digital logic board attached on the back of the

robot.

Fig. 22: The final TekBots platform from the digital logic course.

When TekBots was added to this course, each lab was revised to include the

platform and enhance the 'hands-on' aspect of the course while at the same time

adding the values that TekBots itself reinforces; innovation, community,

troubleshooting, design, and professionalism.
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The lab sequence was tightly tied to the learning in the lecture as illustrated

in Figure 23. The progression of the course is divided into two sections, the

combinational logic section and the sequential logic portion. Each section starts

with a 'gate level' introduction of the topic and builds from there. The lab follows

this same flow by having a simple 'Combinational Gates' lab and a 'Sequential

Gates' lab.

Lecture Topic Lab Topic

Number Systems,
Binary Algebra,

CAD tools
Software Tools,

Simple combinational
gates,

Hardware assembly

Logic gates,
DeMorgans Law,

Logic design,
Simple gates,Kamaugh Maps Stthng
Expressions,
Gate networlc
venficsition

Combinational
Modules,

Unique gates,
P and Loc

Ays ROy Pr*ct,
Combinational syslem

design

Sequential gates,
Ck>ched gates,

Transition tables

Sequential gates,
Transition tables

State madiries,
State diagrams,
State encodings

Troubieshooting.
State machines,
State diagrams

Counters,
Arithmetic
operations,

ROMs and RAMs,
FPGAs urnpe( robot design,

tate machine design

Fig. 23: The Lecture/Lab connection in the beginning digital design course.

As the students learn more about the combinational logic aspect of digital

systems, the lab difficulty is increased to include multiple levels of logic, and

dissection of 'real logic systems.' For example, we showed them a multiplexer gate



level logic schematic without telling them what it was and asked them to build the

truth table for it. Once the students understand the basics of logic design, a simple

design project is introduced that allows the students to transform their TekBots into

a remotely operated vehicle (ROy). This ROV was constructed from the TekBots

robot connected with a long tether to a remote control. The students were asked to

design a system that took in the inputs from the remote and translated them into

movements for the robots. The students were allowed wide latitude in what their

final gate diagram would be, but they were required to try and minimize the size of

the logic.

As the students learned more about sequential systems, we first have them

'repair' a broken state machine. We used a simple vending machine that would

dispense a soda and give change back at the same time. The students were given the

program and they had to step through the machine's operation and draw the

transition diagram. They then had to repair the logic. In the final project, students

designed a 'bumper robot.' This robot functioned identically to the analog robot

that students constructed in ECE1 12, but it used the digital controller that replaced

the analog controller.

3.5 - ASSESSMENT OF TEKBOTS

Student EvuaUons

P InteMews Qbsea

Class Suy d Eluaons

Industry Evaluations

Fig. 24: Types of evaluations used to assess ECE272 revisions.



37

Figure 24 shows the organized set of evaluations that were performed to

gauge the impact of the TekBots integration into ECE272. We felt that a single

method could not completely measure all of the effects of the changes so this multi-

faceted approach was used. The evaluations included student surveys, student

evaluations, lab assistant evaluations, industry surveys, active observers and

individual interviews.

A large scale survey was given to the ECE272 class both at the beginning

and end of the term. The survey was designed to measure whether innovation and

community were enhanced with the platform for learning. A unique aspect of the

digital design course is that there are both electrical and computer engineering

students and computer science students enrolled in the class. The computer science

students do not take the laboratory section of the course allowing for our

assessment to have a control group.

Another method that was used to observe student perspective was the

evaluation of the teaching assistants. This evaluation was used to gauge the

students' sense of how the teaching assistants contributed to building a community.

Students were asked to measure the amount of mentonng that they received from

their TAs and how it was given.

One of the most insightful evaluation methods used was a series of pilot

interviews with students. An impartial observer was asked to randomly pick a

representative sample of students and conducted short interviews with them. The

transcripts of these interviews have been invaluable in revising the course work to

its latest form. There was information in the interviews that was unobtainable by

any other method with students giving frank and complete opinions about their

experiences in the coursework. The majority of responses were good, with the

largest mentioned problem being that there was a large time commitment if the

student wanted to excel in the coursework.

In Table 4 the results of the large scale survey is summarized. The table is

based on the pre-survey and post-survey data on a student by student basis. The
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survey asked students questions to gather information about various important

aspects in innovation and community. The table is broken into five columns, the

aspects under survey, the 'score' from the first survey, the 'score' from the second

survey, the percent change between the scores, and the likelihood that the change

was not a random occunence and instead was a result of TekBots.

For innovation we wanted to explore if TekBots help the student come up

with more novel ideas, could see many different solutions, felt that they were

technically competent, enjoyed problems, and if they felt could make valuable

answers. The survey contained several questions about each of these areas. The

score for each section was created by tallying all of the questions for an area, with a

smaller score being better.

For innovation our survey statistically showed little change in many of

these areas except for the area of novel ideas. Here there was a 94.5% probability

that the improvement we saw (11.3 becoming 10.5) was due to TekBots.

Community was also surveyed by looking at the two categories of if

students felt they were mentored and if they felt they could mentor others. Under

both of these categories we saw with certainty that TekBots enhanced their

experience. Mentoring had a 2 point improvement while leadership had a 2.2 point

improvement. For scoring community, a larger score is 'better' than a smaller

score. Doing this helped us to see if students were just filling in the survey in a

pattern, or actually answering the questions truthfully.
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Table 4: Results from the ECE272 survey.
Subscales and scales Pre survey

score
Post survey
score

Percent
Change

Probability that
measured quality
changed from TekBots.

Mentoring 12.6 14.6 15.9% 99.87%
Leadership 13.7 15.9 16.1% 98.72%
Total Community 26.3 30.5 16.0% 99.8%

Novel Ideas 11.3 10.5 2.7% 94.57%
Many Solutions 10.5 10.8 1.5% 35.18%
Technical Competence 8.8 10 13.6% 84.66%
Likes Problems 9.8 10.3 5.1% 58.7%
Valuable Answers 8.7 9.7 11.4% 82.39%
Total Innovation 49.1 51.3 2.4% 50.49%

I

We can see in the data that there was a definite improvement in the

community aspects that we tested, both with students feeling like they were

mentored and feeling like they were able to mentor/lead others. While the overall

improvement in innovation was not shown with this survey, there is noticeable

improvement in the 'Novel ideas' section of the survey. Students who took

TekBots in the lab felt that they were producing more novel ideas and approaches

by the end of the course.

3.6 - CONCLUSION

The freshmen course in Electrical & Computer Engineering tightly couples

the TekBots laboratory to the lecture. Each student is provided with guided

experiments to help assimilate the lecture topics. Beyond the basic experiments

however are "challenge" experiments used to push the students and to spark

personal innovation. Upper class students serve as mentors in the lab rather than

graduate students. This reduces the social barrier between the instructors and the

students and promotes a "safe" learning community. This course re-institutes the

forgotten art of troubleshooting. Some troubleshooting skills are developed

through the use of carefully "broken" lab experiments. Through challenge
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experiments, we bait students into a problem of their own making resembling the

real world where multiple correct and incorrect answers exist allowing for students

to try out their wings where they can get extensive help from teaching assistants.
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CHAPTER 4- FUTURE WORK

Much work remains to be done in completely integrating TekBots into the

entire ECE program arid related departments. At present our efforts can be

partitioned into three separate pieces; Adoption, Adaptation, and Application.

4.1- ADOPTION

An important part of TekBots is that the program was designed not to

address problems that were only apparent to us at Oregon State University, but

instead to address problems that existed both at OSU and other engineering

schools. To allow this to happen we have been actively encouraging other

engineering schools to adopt at least in part the philosophy of TekBots in order to

improve their own programs.

4.2 - ADAPTION

Another key aspect that can be overlooked is that TekBots is a platform for

learning, not just a robot. What this means is that the philosophies and, in some

cases, systems are applicable not to just BCE but also other departments. We are

actively pursuing joint ventures with other departments both at OSU and with other

schools to try and assist engineering education in all fields.

The mechanical engineering department at OSU has recently adopted the

TekBots ECE1 12 platform for the system that they choose to learn from for their

freshman laboratory. This can be done since the teaching with the TekBots robot is

designed to be broad. It is as easy to discuss the electrical characteristics of a motor

as it is to discuss the attached gear box. A problem that was about wasted electrical

energy becomes a problem about wasted energy due to friction. Many other simple

examples of how the TekBots platform can be used in a multidisciplinary fashion

exist due to the nature of the platform.
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Our goal is to eventually see a platform that is applicable to many fields, not

just mechanical and electrical, but also programs such as chemical and industrial

engineering.

4.3 - APPLICATION

By far most of our energies are focused on the application of the TekBots

platform to electrical and computer engineering. Even with the adoption of the

platform into two of our courses we still have 80% of our course work to integrate

in the next 4 years. At present we are finishing up the designs and systems for two

more courses, Electrical Fundamentals and Computer Organization.

The Electrical Fundamentals course here at OSU is a three term sequence

conunonly taken in the sophomore year. The first course is basic DC analysis and

operational amplifiers and does not have a lab section. The second course deals

with AC analysis of circuits and components. This course with its attached lab is

nearly completed. The third course in the sequence deals with transient analysis of

circuits and is scheduled to be revised by early in 2003.

Our Computer organization course has been undergoing major revisions at

all levels. When we began to look at the course for integration with TekBots we

found that there were significant problems with the lecture sequencing itself. We

are in the process of revising the lecture and lab portions of the course to more

accurately teach students the course learning objectives and key attribute of the

program.

Even with this work progressing well there are still over 50 credits to be

revised in the next two years with an additional 20 credits in the next four years.
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APPENDIX A - ECEII2 LABS

This section includes each of the labs offered to students in the freshman orientation
(ECEI 12) course. For each lab there is a short section explaining the intent, learning objectives,
successes, and areas of improvement.

Lab 1: In this lab you will be assembling the mechanical base of your robot. In doing so
you will have the opportunity to make some modifications to your existing parts, allowing you to
get an inside look at what is on your robot as well as hook everything together and get it prepared
for next lab.

Learning Objectives
Basic Soldering Skills
Following Technical Directions
Basic Hand-Tool Usage

Successes:
The lab forces the student to do each of the learning objectives in order to complete it.
This ensured that student would complete all of the learning objectives.
To teach basic soldering we employed lab assistants to be able to give a 'live'
demonstration for the students, and to assist the students who needed more help.

Improvements:
Many of the students did not enjoy/were not ready to use the directions that were
given. The most common complaints were that the
uninteresting. This problem will be fixed by adding more pictures to the directions
allowing for students to 'see' what they should do, not just read it.



ECE 112 LAB 1 TEKBOT BASE ASSEMBLY

Purpose

The purpose of this lab is to assemble the base of your TekBots robot and to show that
parts for engineering systems can be found anywhere. Most hobbyist robots are created using off of
the shelf components, the same way industry makes most prototypes. Sometimes this means that a
designer make take parts designed for one application, and use them in a different application so
they can get a 'proof of concept' model. This usually requires some modification, as you will begin
to see as you work through the lab.

Lab Overview

During the course of this lab you will perform the following tasks:
Modify your servos for use as simple motors for your TekBots robot vi .0
Attach servos to base
Attach battery holders
Attach wheels and drag ball

Procedure

Servo Modifications
For this part of the lab, you will need your robot kit including batteries, a Phillips

screwdriver, a pair of diagonal cutters, a sharp knife, and a soldering iron with solder.

Note: All parts, unless otherwise mentioned, are important to the completion of your
TekBots robot. During the course of this lab and others, we will be removing parts, modifying them,
and putting them back together. It is imperative that these parts are not lost or thrown out. Please
keep all of your pieces.

1. Remove the servo from the packaging. Remove the mid-sized servo horn, and set
it aside. This will probably be attached to your servo with a Phillips head screw.

2. Remove the four screws that hold the back cover of the servo in place and set
them aside. Loosing these screws would be bad, really bad.

Gear Xousrj arid As8emby Mo1xwandControILopc
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Lab 2: In the world of electrical and computer engineering, Ohm's law has many useful
applications that can be applied to a wide variety of projects. Here we are going to work with Ohm's
law hands on and see it in action on our robots using a couple of variable resistors and a digital
multi-meter.

Learning Objectives:
Following technical directions.
Using a DMM to measure current and voltage.
Understanding current and voltage relationships.
Observing how current effects motor speed.
Relating voltage and current to physical motion
Observe non-idealities in real systems.

Successes:
This lab was one of the better labs that the students performed both in hitting learning
objectives and in spurring student interest and excitement. Students especially love the
humor in the lab, and the challenge of making their robot 'obey their command' and
run either a straight or circular path. Of particular note is that many students learned in
this lab that they should have followed direction in lab 1 better when their robots were
not as well constructed. This helped to have students see that previous learning and
quality of work would be important later.

Improvements:
The description of how to use a DMM needs to be revised and shortened. Many
students simply did not read the information and then struggled with performing the
lab.
The length of the lab was too long. Roughly half of the students did not complete the
lab in the time allotted. 'This will be revised in future labs.



ECE 112 LAB 2- ROBOT GYMNASTICS

Purpose
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This is the first lab that we will be doing that involves electricity! We want to be sure that
we learn our first few concepts about electricity. These include Digital Multi-meter (DMM)
experience, measuring current, measuring voltage, reading schematic diagrams, and understanding
schematic symbols.

A very key concept in electronics is Ohm's law. This law states a linear relationship
between current, voltage, and resistance. Current is a measure of how much electron flow past a
point in a circuit in a given unit of time. Voltage is the pressure pushing the electron through the
circuit. Resistance is a measure of the opposition to the flow of current in a circuit created by the
voltage difference in a circuit. The formula below is Ohm's law.:

V = IR where V = voltage, I = current, and R resistance

Therefore with the voltage held constant, increasing the resistance will decrease the
current, and decreasing the resistance will increase the current. On the extremes of this range, we
find that an infinite resistance results in zero current flow. If the resistance is reduced to zero, the
current is allowed to increase to the infinite, known as a short circuit.

Lab overview

During the course of this lab you will perform the following tasks:
Use the DMM to measure the voltage and the current
Explore the concepts of current, resistance, and motor speed by aligning the drive
systems of your robot to move in a straight line
Further explore the concepts of current, resistance, and motor speed by calculating the
resistance per wheel necessary to drive the robot in a small circle.

DMM Usage
A meter is a measuring instrument. An ammeter measures current through a wire, a

voltmeter measures the potential difference (voltage) between two points, and an ohmmeter
measures resistance across a component. A multimeter combines these functions, and possibly some
other ones as well, into a single instrument. Multimeters are designed and mass-produced for
electronics engineers. Even the simplest and cheapest types may include features that you are not
likely to use.

Before going in to detail about multimeters, it is important for you to have a clear idea of
how meters are connected into circuits. To measure current, the current in a circuit must travel
through the ammeter.

How would you have to change a circuit in order to use the ammeter? You must break the
circuit so that the current will go through the ammeter. All the current flowing in the circuit must
pass through the ammeter.

To make a voltage measurement, the voltmeter is connected across the two points where
the measurement is to be made. Which measurement technique do you think will easier to make?
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Voltage measurements are used much more often than current measurements because the circuit
does not need to be broken.

An ohmmeter does not function with a circuit connected to a power supply. If you want to
measure the resistance of a particular component, you must take it out of the circuit altogether and
test it separately. Ohmmeters work by passing a small current through the component and measuring
the voltage produced. If you try this with the component connected into a circuit with a power
supply, the most likely result is that the meter will be damaged. Most multimeters have a fuse to
help protect against misuse.

Multimeters have their own positive and negative references marked by the "+" or "-" on
the meter. Therefore, if the "-'f terminal is connected to the more negative point when measuring
voltage, the meter reading will be positive. Otherwise the reading will be negative. Likewise, when
measuring current, the assumed current arrow (reference direction) for the current flow is from the
positive terminal through the meter to the negative terminal.

Your multimeter has a central knob has lots of positions. You must choose which one is
appropriate for the measurement you want to make. If the meter is switched to 20 V DC, for
example, then 20 V is the maximum voltage which can be measured, This is sometimes called 20 V
fsd, where fsd is short for full scale deflection.

For circuits with power supplies of up to 20 V, which includes all the circuits you are likely
to build, the 20 V DC voltage range is the most useful. Sometimes, you will want to measure
smaller voltages, and in this case, the 2 V or 200 mV ranges are used.

Important things to remember...

A voltmeter measures the potential difference between two points. Always remember the
following:

-A voltmeter is placed in parallel with a component to measure the voltage across that
component.

An ammeter measures the current flowing through a component. Always remember the
following:

-An ammeter is placed in series (in-line) with the component when measuring the current
through the component.

Warning:
The most common mistake when using a multimeter is not switching the test leads when

switching between current sensing and any other type of sensing (voltage, resistance). It is critical
that the test leads are in the proper jacks for the measurement you are making. Be sure the test leads
and rotary switch are in the correct position for the desired measurement. Never measure resistance
in a circuit when power is applied.

Detailed meter usage instructions:
-Voltage Measurements-
Plug the black test lead into the COM jack.
Plug the red test lead into the V jack.
Set the functionlrange switch to DC volts
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If you do not know the approximate voltage about to be measured, use the largest voltage
range available.

Connect the free ends of the red and black test leads ACROSS the device to the measured.
If the LCD displays either "1 ." or "-I .' with all other digits blank, the voltage is beyond the

selected range. Use the switch to select a larger range.
Once you know the approximate voltage across the device, and then use the switch to select

the lowest voltage range that will still accommodate the voltage across the device.

-Measuring current-
Plug the black test lead into the COM jack.
Plug the red test lead into either the 200 mA jack for small current measurements, or the 10

A jack for large current measurements. If you do not know the approximate current about to be
measured, use the 10 A jack.

Set the function/range switch to DC amperes.
Break open the circuit at the point where you want to measure the current by removing one

of the wires. Connect the free end of the red test lead to one place at which the wire was attached.
Connect the free end of the black test lead to the other place at which the wire was attached. If you
do not understand the difference between SERIES and PARALLEL, ask your TA.

Using the current meter incorrectly will blow the fuse or damage the meter.
Reapply the power to the circuit.
If the LCD displays either "l." or "-1.' with all other digits blank, the current is beyond the

selected range. Use the switch to select a larger range.
Once you know the approximate current through the device, and then use the switch to

select the lowest current range that will still accommodate the current through the device. Turn the
power off to the device before removing the meter from the circuit.

-Resistance Measurements-
Turn the power off.
Plug the black test lead into the COM jack.
Plug the red test lead into the V jack.
Set the function/range switch to ohms.
If you do not know the approximate resistance about to be measured, use the largest range

available.
Connect the free ends of the red and black test leads ACROSS the device to the measured.
If the LCD displays either "1." or "-1." with all other digits blank, the resistance is beyond

the selected range. Use the switch to select a larger range. Once you know the approximate
resistance of the device, and then use the switch to select the lowest range that will still
accommodate the resistance of the device.

Procedure

Measuring Voltage and Current

8. Install your batteries if you have not already done so. Be sure that the leads of the
batteries do not touch the base of your robot because they may short and damage
the batteries. Using the DMM, we will now measure the open circuit (supplied by
the batteries while not connected in a circuit) voltages across two batteries and
four batteries. Record your observations in Table 1 under V (Voltage source).

Assemble the circuit below. Use a book or your clamp at your station to elevate
the robot so that the motor can spin freely.
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9. Now that the circuit is assembled, you will take measurements of both current and
voltage to complete Table I. Since the DMM is already set up to measure voltage,
we will start by measuring VL, the voltage across the load in our case, the motor.
Insert your findings in Table 1.

10. Once you have taken the VL measurements, reverse the probe positions of the
DMM on the circuit. Note the voltage sign changes because the reference probe
has been changed so that it is at a higher potential than the positive probe.

Battery
J +

" (MI-

Motor

Measuring Voltage VL

L

Battery
J +

(MI -

1L4T]
Measuring Current

Motor

11. Once we have measured VL, we will need to measure TL, the current through the
load. In order to do this, you will need to break the circuit at the negative battery
terminal and insert the DMM in series with the motor. This is analogous to
breaking apart some plumbing and inserting a gauge to measure the flow of water
per unit of time (i.e. gallons per minute). Please connect the red probe to the motor
and the black probe to the batteries. This ordering is used because the convention
is that current flows into the positive lead of the meter and out of the black or
'common' lead. I f the current flows this way; we will read the current as a
positive value. Complete Table I for two cells by inserting your values for
current.

Number of Batteries Vs (Voltage Source) VL (Voltage Output) IL (Current)
Two Cells
Four_Cells

Table 1
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12. Now repeat these steps and finish filling in the table with a power supply of four
cells in series.

13. After taking the current measurement for the four cells, reverse order that the
probes are connected to the circuit. Notice that similar to the voltage
measurements, the sign of the current reverses.

Sobriety Test
This section will test how well you can make your robot roll in a straight line. For

this part of the lab, you will need your robot, your batteries, and the two 500 ohm V2 watt
potentiometers.

The first thing that you need to do is to solder two leads on to each of your
potentiometers. One to the center terminal, and the other to one of the side
terminals. It does not matter which side terminal you use. Be sure that the leads
are at least 3" long. Next step is to assemble the circuit below. Note that we need
to use two battery packs to get 6V. Make sure that both motors turn in the same
direction.

500ohms

Ml
5000hrns

(M

2. To make these connections it is recommended that you solder them together and
unsolder them when you are done. When soldering, be sure that the batteries are
not installed in the battery holders. Also be sure that your soldered connections do
not short to the metal base of your robot.

3. Once the circuit is built, install your batteries and set your robot on the floor.
Adjust the potentiometers (pots) until the robot runs in a straight line. A
potentiometer is simply a variable resistor. This means that by adjusting the pot,
you can adjust the speed of the motor. The speed is related to the voltage across
the motor. Use your watch to estimate the time it takes your robot to go 36 inches
(3 floor tiles). Show your TA

4. Repeat Steps 3&4 two more times. For each measurement use a different speed,
(be sure to tune the robot to go in a straight line) and input your data in the Table
below.

Trial Motor Time(seconds) Voltage
Number Number VM
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1 1

2

2 1

2
3 1

2

5. Plot your data for motor 1 from Table 2 in the graph below. In words please
describe the relationship between the speed of the motor, and the voltage dropped
across it.

Speed
(TiIesJSec)

0 Voltage

(500mVIdiv)

Going in Circles
1. Using what you have learned in class and this lab, you must now try to make your

robot follow a 2-foot (2 tiles) diameter circle. You are going to need your robot
with its pots, a DMM, and a calculator.

2. Calculate the ratio the velocity of each motor needed to keep your robot on the
circle, using the following equations. Place your calculations in Table 3 below.
We want our robot to travel in a clockwise direction; this means it will be turning
right.



W = roboiwidth
R1 =2fi

2 icR1R2=R1W
t

2,rR2v2=
t

:V =(2)!(22)=-L
R2

3. As we have seen, the speed of the motors is proportional to the voltage across the
motor. Calculate the voltages needed on each motor and place them in Table 3.
Remember, you can only have a voltage as high as 6 volts, since four batteries can
only produce 6 volts.

4. Place your robot on the bench so that the drive wheels are not in contact with the
table surface. Using the DMM to measure the voltage across the motors, adjust the
potentiometer until you have achieved the correct voltage for each.

5. Place your robot on the ground. It should now roughly follow the path of the
circle. The reason the robot slightly deviates from the assigned path is because of
friction on the wheels. We will learn more about this in the next lab. Fine-tune
your robots abilities to meet the desired circle by slowly adjusting the
potentiometers. Show your TA.

Table 3
Motor Speed (inches per second) Voltage VM
Right
Left

Challenges

The following sections are optional challenges.

Speed Challenge See how fast you can make your robot complete one lap of the circle,
while staying in the circle.

Accuracy Challenge - Test your accuracy by seeing how many laps your robot can
complete without straying from the circle.

What we have done in this section of the lab is to adjust for the small deviations in our
motors. We did this using electrical resistance, are there other methods that could be used to adjust?
How do cars adjust for differences in wheel speed? What is another way we could adjust the wheel
speed on our robot?
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Lab 3: Here you will be creating a model of your battery pack as well as a model of your
servo motor. Additionally you will be introduced to pulse with modulation (PWM) and see how it
can be used to vary the speed of a motor.

Learning Objectives
Measure electrical characteristics of components.
Construct linear models of components.
Explore circuits to mimic component models.

Successes:
This lab was intended again to build from the previous lab by extending the knowledge

learned. This was successful with some students even remarking that they should be the same lab.
The addition of the PWM circuit to the end of the lab gave many students a nudge towards

innovation since many constructed the circuit themselves.

Improvements:
This lab was slightly short with the majority of student completing it in under an hour.
Some students also remarked that modeling components did not seem to have any real

useful purpose. In future revisions of this lab, students will have the importance of modeling
explained to them.



ECE 112 LAB 3- TEKBOT POWER CHALLENGE

Purpose

The purpose of this lab is to explore the relationship between electricity and mechanical
force using a DMM. The key relationship between electricity and mechanical force is a phenomenon
known as electro-magnetism. To get a measure of this force, we can examine the 'power' used by
the motors, given by the equations:

General Form Substituting V = J * R Substituting I =V/R

P=12*R P=V2/R

Thus, given any two of the following, Voltage, Resistance, or Current, it is possible to
calculate the power in this circuit.

Lab Oveiview

During the course of this lab you will perform the following tasks:
Use the DMM to measure the voltage across and the current through a given circuit
Explore the concepts of Power, voltage, current, and what these concepts mean to the
mechanical world.
Explore concepts of EMF and torque using the above electrical concepts.
Further explorer the above concepts by creating a model of a motor.

Procedure

Heavy Load
For this part of the lab, you will need your TekBot, a DMM, and some weights.

1. Place a small amount of weight on your TekBot.
2. Using your DMM, measure the voltage and current as you did in Lab 2.
3. Calculate the power using one of the equations above.
4. Input your data in Table 1.
5. Repeat steps 1 through 4 three more times, increasing the weight each time. Look

at the speed of the robot as well, does the robot speed up, slow down, or remain at
the same speed as the weight on the robot increases?



Table 1
Weight Voltage Current Power

6. Using the data in Table 1, graph the power with respect to weight in Graph 1.

Graph 1

Power
(milhiwatts)
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Weight

(grams)

7. In the space below, describe the relationship seen in step 5. What is the shape of
the curve? Why did the power usage of the motors change when you increased the
weight? This power increase is due to something called 'Back Electro-Magnetic
Force' (Back EMF). As we learned in class, the motor works by have the
electricity running through it generates a magnetic force that causes the motor to
turn. The more work the motor has to do, the larger the magnetic field needs to be
to cause the motor to turn, so the more power that is drawn.
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Long Haul
For this part of the lab, you will need your TekBot, a DMM, some weights, and some

string.
1. Using the string, drag a small amount of weight behind your TekBot.
2. Measure the voltage and current using your DMM.
3. Calculate the power in the circuit.
4. Input your data in Table 2.
5. Repeat steps 1 through 4 three more times, increasing the weight each time. Using

the data in Table 2, graph the power with respect to weight in Graph 2.
Table 2

Weight Voltage Current Power

Power
(milliwatts)

Weight

(grams)

6. In the space below, describe the relationship seen in step 5.





If mechanical energy can be used to create electrical energy in the generator above, how
could electrical energy be used to create mechanical energy'?
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Lab 4: Kirchoffs voltage law (KVL) is one of the most fundamental laws in electronics. The
understanding of KVL leads to great enlightenment and happiness. In this lab we use KVL to
explore power, an important part of all electrical systems.

Learning Objectives
Kirchoff's Voltage Law.
Power calculations.
Useful work

Successes:
Many students felt this was one of the most enjoyable labs that they performed.
Excitement was generated by the slight competition of the bill climb, while not
overpowering the learning objectives.
Many students immediately noticed that the calculated power to climb the hill and the
observed power were different and drew the conclusion that friction was to blame.

Improvements:
Only minor revisions and improvements were need for this lab.



ECE1I2LAB4-V 1.1

Purpose
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The purpose of this lab is to observe Kirchoff's voltage laws in operation, and make some
measurements of power consumed and generated by our robots.

Lab Overview

During the course of this lab, we will:
Confirm Kirchoff's Voltage Law by actually summing the voltages around a ioop.
Measure the power consumed by all the circuit elements when a resistor is used to vary
the speed of a motor.
Compute the output horsepower of our robots motors.

Procedure

Confirming KVL and Examination of Motor Speed Control

Obtain a 22 ohm resistor (some resistors may be 20 ohm) to be supplied by your
lab TA. The 22 ohm resistor can be identified by the colored stripes on it. It
should be marked with colored stripes red, red, black followed by either gold or
silver. For the 20 ohm resistor the colors are red, black, black. Measure the
resistor with your DMM to get an accurate measurement of its actual resistance.
(The gold or silver band on the resistor indicates if the resistance is within 5% or
10% of the marked value.)

Record the resistance:

2. Connect both robot motors in parallel with the 22 ohm resistor and two battery
packs as shown below. We are using the resistor as a speed controller for the
motors. Remember, we want our robot to travel forwards, not spin in a circle, so
be sure to connect the motors so that they will both turn in the same direction.

Batteiy 1+

22ohm

6V (M)(M
Ml 1M2

3. While the motors are running and the wheels are spuming freely, measure the
voltage across each element in the circuit; the batteries, the resistor and the
motors. Record these values below:
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Voltage across the motors:
Voltage across the 22 ohm resistor:
Voltage across the battery pack:

4. Sum these voltages in a KVL loop just like we do in class. Note that the motors
are in parallel. The voltage across one of them will be the same as for both of
them. Show your KVL equation, the KVL circuit, and the results below. The sum
should nearly equal zero volts.

5. Now, open the circuit between the resistors and the battery pack and measure the
current flowing in the series circuit.

Record the current here:

6. Using P=IV or P=12R compute the power being dissipated by each passive
element. These passive elements include your resistor and motors. Consider the
motors in parallel as one component. Also compute the power generated by the
combined battery packs (6 volts total). Show your calculations below.

Power Dissipated by Resistor:

Power Dissipated by Motors:

7. Determine how much power we waste by using a resistor to regulate our motor
speed. For our purposes, we can defme waste as the amount of power wasted
divided by the amount of total power used by the circuit. The equation is shown
below.



Power Not Used by Motors%Waste = xl00%
Total Power Used

8. Compute the % of power wasted by your robot. Show your work and results
below.

Unloaded Motor Power
1. Now remove the 22 ohm resistor allowing the battery pack to be connected

directly to the motors as shown below.

Ba(teiy 1+

6V (M)(M
Ml 1M2

2. Using P=IV, compute the power being consumed by the motors with their motors
spinning freely. Consider the motors in parallel as one component. Show your
calculations below. Remember you need to take the required measurements in
order to calculate this number.

3. The motors are consuming power. Where is the power "going"?



Hill Climb Dynamometer or- Dunes Hill Drag strip
1. Take your robot to the weigh-in area and weigh it. Determine its weight in pounds

and in kg.

Weight in: kg; lbs (2.2kg = lib)

2. Reverse the batteries in their holders and take your robot to the hill climb ramp.
We are doing this so that the robot will 'push' the drag ball up the hill. Align its
wheels with the stripe at the bottom of the ramp and place the drag ball in the slot
facing uphill. With the robot running, release it, letting it climb up the ramp. With
the second hand on a watch, measure the amount of time it takes for the robot to
climb to the point at which its front wheel crosses the upper mark on the ramp.
The vertical climb is 24 inches. Record the time it took to make the vertical climb:

Time:

3. The power your robot expends in climbing the ramp is computed by the following
formulas. Watts and horsepower are both units used to express power.

Power(Watts) =
Height Climbed (Meters)

Time to Climb (Seconds)
x Weight of Robot (Kilograms)

Height Climbed (Feet)
Power(HP) = x Weight of Robot(Pounds)

Time to Climb (Seconds)

4. Show your calculations for both horsepower and for power in watts below:
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5. Was the motor output power in watts calculated from the hill climb close to the
number obtained when power was calculated from P I*V (part 2)? Try to
explain any differences.

Challenges

We have just explored the concepts of electrical power and useful work. Why is this
important? If we design a mars rover that will be sent on a five year mission, should we care about
how the motors are powered, and if they waste energy or not?

How could we improve our robots motors power consumption? Would different wheels
help? More voltage? Less? You may need to explore motors in more detail to answer this question.
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Lab 5: Kirchoff's Current Law (KCL) while similar to KVL can be used to compute things
that KVL can not. This makes it an important law to know as well. In this lab we will look at KCL
by revisiting previous lab circuits and taking current measurements. We also get to build a big,
mean, nasty, 4X4 robot.

Learning Objectives
Kirchoff's Current Law.
Reducing friction to improve 'useful work'.
Voltage and current polarity
Work calculations

Successes:
This lab was one of the first that forced student interaction. Many students had already
fonned small groups or teams, but this lab made every student pair off to complete the
lab.

The open ended challenge problem intrigued many of the students and most tried to
figure out the correct solution. It was not too difficult for the majority of students but
still allowed for some flexibility.

Improvements:
One of the largest issues with this lab was that we asked the students to build a circuit
from a previous lab. Many of the students complained that this was counter productive
and that they should have done this lab at the point they still had the circuit already
constructed. In future revisions the lab will explain why the chosen circuit is 'unique'
and 'desirable' for the lab.



72

ECE 112 LAB 5 WORKING TOGETHER CAN REALLY WORK!

Purpose

This lab is intended to reinforce the learning from your previous labs and to help you
understand Kirchoff's current law. We learned about Kirchoff's voltage law in the previous lab and
as we saw the sum of the voltage drops in a circuit must equal the voltage sources in a circuit. The
same concept applies to Kirchoff's current law (KCL). KCL states that the sum of currents entering
a point must equal the sum of currents leaving the same point in the circuit. Both of these laws rely
on the conservation of energy law in thermodynamics that states; 'Energy can neither be created nor
destroyed, only changed'. (Of course this is ignoring some recent developments in quantum physics,
but for our purposes this is still strictly true)

Lab overview

During the course of this lab you will perform the following tasks:
Use the DMM to measure the voltage and the current
Explore KCL and perform some simple calculations on data measured from a simple
circuit.

Examine again some of the simple circuits that we have used in previous labs.

Procedure

KCL? Kentucky Cooked Lizards? Kooky Class Logistics?
For this part of the lab you will need your robot, a DMM, the 500ohm potentiometers, and

your batteries.

We are going to re-examine the setup we used in lab two for robot gymnastics.
For your reference, the schematic that we setup is shown below. After you have
built the system, please set the robot to turn in approximately a 2 foot circle. Do
this by setting the voltage on one motor to three times the voltage across the other
motor. This should make the motor turn three times faster.
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500ohms

Ml M2

6V
I

500ohms

I.

I Ii
13 '.'

12

Node A

2. Now that the robot is performing its task, we want to examine the current entering
and exiting the node labeled 'A' on the diagram. Set the robot so that the wheels
are not touching the ground then continue. Please break the circuit and insert your
current meter to take the measurements of the currents shown in the diagram (Ii,
12, 13). Notice the direction of current flow. This is important, other wise your
KCL equation will not come out correctly. Place the 'black' lead of the current
meter on the 'downstream' side of the measurement point and the red lead to the
'upstream' side for making the measurements. Please be sure your meter is setup
correctly for the measurement first.

3. For this circuit, 13 = J + '2. If we are using 'conventional current flow' for these
measurements (positive currents flow into the node, and negative currents flow
out of the node) our equation becomes 0=11 +12-13.

4. Record your measurements below.
Ii___________________________________________

'2
13

5. Show your calculations below. If your measurements result in a small residual
current this is OK, but it should not exceed a few milliamps.
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6. Look at the ratios of the current through the right and left motors. How do they
compare to the ratios of the voltages across the right and left motors?

Climb the Mountain if you can.
Now lets make a 4x4. You will need to find another member of the class who has a

working robot.
I. First set both robots up to be traveling a full speed. Then flip the batteries around

in their holders on one of them. This will make that robot drive in reverse. Now
you should borrow a 'joiner' from your lab TA, and connect the robots together
like shown in the following figure.

2. This will turn your robots into a mean lean climbing machine. Once the robots are
connected, you will want to test their abilities. To do this, put them on the super-
mountain-that-is-really-tall-and-scary course at the front of the room. Be sure that
the robots have both motors turning at maximum power. While your robots are
climbing the hill be sure to record the time the ascent takes.

Time:

3. Using the equations below, calculate the power used to do useful work by the
robot in both watts and horsepower.



Power(Watts) =

Power(HP) =

Challenges

Height Climbed (Meters)

Time to Climb (Seconds)

Height Climbed (Feet)

Time to Climb (Seconds)

x Weight of Robot (Kilograms)

x Weight of Robot(Pounds)
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Below are two simple circuits that use four battery packs to power all four motors of your
4x4. Which one does this the best, and why? Give circuit reading to prove that one design is better
than the other.

M M

M1 M
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Lab 6: Meet the transistor, arguably the most important invention in electronics since
lightning. The transistor can be used to switch things off and on, to amplify signals, and many other
uses. We are going to explore the transistor used in several different and useful ways.

Learning Objectives
Transistors as switches
Transistors as amplifiers.
Motor noise.
Protoboardmg skills.

Successes:
This lab while it hit the learning objectives had very few highlights to mention. The
usage of transistors to control a motor as a switch was successful since many of the
students liked the idea of being able to use a 'small signal' to turn on a motor.

Improvements:
This lab will be completely rewritten for the next revision. Of special concern is that
the lab itself must help to enforce the basic concepts of a transistor amplifier and that
each experiment must be explained in detail while not becoming too long to
understand.
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BCE 112 LAB 6 CREATION OF THE CENTURY, TRANSISTORS

Purpose

The purpose of this lab is to explore the characteristics of transistors and gain experience
with an oscilloscope. Additionally we are going to explore the concepts of "noise" in respect to
electronic circuits. As you have learned in class, a transistor can be used in two different ways. First
we can use them as a switch and second as an amplifier.

Lab Overview

During the course of this lab you will perform the following tasks:
Use transistors to control your motors.
Use a transistor as an amplifier to amplify both DC and AC signals.
Use an Oscilloscope to measure the noise generated by a circuit and the gain due to a
transistor used as an amplifier.

Procedure

Power on, Baby.
For this part of your lab, you will need your TekBot, your transistors (2N3904), and a

DMM

1. Assemble circuit shown on your protoboard. Please be sure to observe the
connection diagram for the transistor. The E stands for emitter, the B for base, and
the C for the collector. Notice that we are using the 2N3904 NPN transistor that is
included in your kit. There should be two of them.

2. Connect the open end of the resistor to ground. This is like turning off the switch.
Now use the DMM to measure VCE and enter the value in the correct location in
the table below.



Ground (Off, or logic '0') +5V (On, or logic '1')

VCE

Transistor State

3. Now please connect the open end of the resistor to 6V. Now use your DMM to
measure the V( drop on the transistor and enter the value in the table.

4. Put this data in table also. Looking at these results, what state is the transistor in
for each value? Cut-off or forward active?

5. Now build another circuit just like this one on your protoboard to control your
other motor. Please be sure that your motors are running in the same direction.
Why would we want to use this transistor method of control rather than directly
driving the motors?

Pedal to the metal
We will now use a circuit similar to the circuit in the previous section to demonstrate how a

transistor can be used as an amplifier.

5V) Vout
Vin I

Moto

1. Modify the circuit from the previous section as shown for one of your motors.
2. Adjust the pot so that VCE> O.2V, the saturation voltage of the transistor. This will

make the transistor act as an amplifier.
3. Use the DMM to measure V0
4. Use the DMM to measure VIN

5. Adjust the pot so that the input V is slightly greater than before and repeat steps
3 and 4. Insert your data in table 2.
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Pot Position 1

(V1)

Pot Position

2(V7)

Delta V

(V,V1)

VOUT_______________________________
VIN______

L\V
6. Calculate the gain in the space below, using the following equation: 0 T

1N

Can you feel the noise?
We will now use the oscilloscope to measure the "noise" in a circuit.

1. Create the circuit below, where R1, R2, and R3, are 500 1, 10K , and 10K Q,
respectively, and C1 is small.
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scilloscope

2. Attach the oscilloscope across the transistor, and turn the circuit on.
3. Adjust the gain of this simple amplifier so that the output noise is approximately

.5V peak-to-peak. The gain is analogous to the amplification of the transistor and
is controlled by R3. Similarly, the DC Bias, controlled by R2, is the biasing
voltage. In the circuit above, there is some noise in the line due to the motor. Once
this noise is passed through the capacitor, the transistor is only able to receive
certain levels of the noise. This noise must be boosted in order for the transistor to
be sensitive enough, and thus a biasing voltage is added to the input voltage to
boost the input signal to levels that the transistor can handle



Oscilloscope Usage:
An Oscilloscope (scope) is a tool used to measure the voltage in

a system, by it performs this function by sampling the voltage very quickly,
and displaying these values graphically. What this means to us, is that the
scope can show us a rapidly changing voltage over a short time frame.

To perform this function, there are a few things that we need to
know. The first is the display of the scope. The scope displays the voltage on
the vertical axis, and the time on the horizontal axis. Both of the axes can be
scaled different degrees so that you can observe interesting behavior. For
example, the voltage range can be set at '5V/division'. This means that each
one of the little squares on the screen represents 5V. So a signal that swings
between 5v and 5v would cover 2 squares. The same thing can be done for
the time axis. In this case we may set the time scale to 5nS/division. This
means that each square represents 5 nanoseconds of time.

For the measurements that we want to take, follow these steps:
Turn on the scope, and be sure that your probe is attached to the

'Channel 1' input.
1. Set the scale of the Channel 1 input to 1 V/div.
2. Change the biasing of the Channel 1 input to 'AC'
3. Once you begin measuring, set the time scale to a value that gives

you interesting wavefonns. By interesting we mean waveforms that
can be drawn.

4. Sketch the output of the oscilloscope below. Be sure to mark accurate voltage
ranges on the graph.

Volts =

/div

Time = Idly
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5. Now, grab the wheel, and provide some resistance to the motion. Observe how the
waveform changes. Explain what occurs, and why.

Challenge

In the course of this lab, we made use of an electrical component known as a capacitor.
This simple device consists of two conducting plates separated by an insulator, thus giving them the
ability to store energy. Using the concepts of noise from the previous sections, can you come up
with a way to reduce the noise we are seeing across the motor using a capacitor? HINT: Notice how
the noise increases with loading, if you understand why this happens then one solution is obvious.



Lab 7: This lab is the pinnacle lab in this course. We are going to design our first simple
robot! We will use everything that we have learned to make a simple light seeking robot (photovore)
use a pair of photocells.

Learning Objectives
Schematic Drawing.
Simple Analog to Digital Conversion.
Resistor Networks.
Voltage and current measurement.
Transistors for motor control.

Successes:
This lab generated a huge amount of excitement about what the student were going to
build, and how they were going to build it.
Using two 'photocells' (light sensitive resistors), the students were told to construct a
robot that would always steer towards the brightest place in a room.
A large number of designs were presented. Each one unique and student owned.
Students tried many different things, some that even worked, ranging from the
suggested solution of a simple comparator circuit to more complex PWM circuits.

Improvements:
The largest problem with this lab was that many students complained about being
thrown off of a cliff. The lab assumed too much knowledge on the student part and did
not hold the students hands enough. This caused many students to waste lab time with
out any direction in their work. A design process will be presented in this lab after
revision.



ECE 112 LAB 7 GO TOWARDS THE LiGHT

Purpose

During this term you have learned many things about electronics. We have learned about
voltage, current, resistance, power, KVL, KCL, series resistance, parallel resistance, PWM,
transistors, and now recently comparators. In this lab we are going to combine all of this knowledge
into a larger project. This is the first lab that will allow you to design your own robot from nearly
the ground up.

Lab Overview

During the course of this lab you will perform the following tasks:
Examine a functional diagram of a systeim
From the functional diagram, construct an electronic system that performs the required
function.
Experiment with adjusting the system to perform different tasks.

Procedure

The Diagram
We are going to make a creature known as a 'photovore'. A photovore is a creature that

'eats light' (like a carnivore eats meat or herbivore eats plants). In this case we want to build a robot
that drives towards the brightest light that it can 'see'. The figure below shows one functional design
of this system.

Light Sensing

CdS Cells

Left Motor
-J Left MotorControl

Comparator

Right Motor
_j Right MotorControl

Comparator

6. You need to examine this design to create a schematic for the photovore. The
following sections will detail the systems that could be used for the robot. They
will not however give you an entire and complete schematic for the design. That is
up to you. You will need to demonstrate the robot to your TA, and turn in a neat
hand or computer drawn schematic of your design. There are many products



online that can draw circuit schematics; examples include Electronic Workbench,
SuperCad, Orcad, etc... You may also use a simple drawing program such as
paint or illustrator. YOU WILL BE DOCKED POINTS IF YOUR SCHEMATIC
IS NOT NEAT!!!

Sub-Circuits

Differential Light Sensor This simple circuit is a voltage divider using two cadmium
sulfide (CdS) photocells. These devices have a varying resistance based on the amount of light that
is applied to them. To see this set your DMM to resistance and measure the resistance of one of the
cells in the light and in the dark. If this circuit was to be aligned with one sensor on the right, and
the other on the left, then the voltage read from the middle of the two cells would be a function of
how bright the left side was compared to the right side. If the light source were directly in the
middle of the two cells, the voltage at point A would be one half of the supply voltage. If the light
source moved more to the left, then the voltage at point A would increase. If the light were to move
to the right, then the opposite would be true.

R2
VAVX R1+R2

Variable Switching Point Switch To create this circuit, again we are relying on our friend
the voltage divider. We combine a voltage divider with a comparator to create a system that allows
us to analyze an analog voltage to decide if the voltage is above or below a certain value. The circuit
below connects one of the inputs of the comparator (in this case the negative input) to the voltage
divider. To create this voltage divider we use a potentiometer (10K in this case) with the ends
connected to ground and the voltage supply, respectively. The center terminal (the wiper) can then
be adjusted to any voltage in the range OV to the supply voltage. For example if we set the wiper so
that there is half of the total resistance of the pot on each side of it, then the wiper will be at '/2 of the
supply voltage. If we apply a voltage greater than V2 of the supply to the other input of the
comparator, then the comparator will output logic 'I' (the supply voltage). If the input were less
than '/2 of the supply, the output would be OV. Maybe you could use this circuit to inspect the
voltage output of the differential light sensor?

IF

10K

s'ui1

Input Output

+<- ov

+>-



More Hints
How the system might work: Since we will most likely be using the voltage divider made

from photocells shown earlier, we need to examine how they can be used to make our robot turn
right, turn left, and go straight. This is a fairly simple and is explained below. If I know that when
the bright spot is to the lefi of my robot that the voltage at point a will be larger than normal, I know
I should turn in that direction, so the left motor should STOP turning allowing for the right motor to
turn the robot. The opposite is the same. If the right side is brighter then we know the voltage will

be less than normal, and that the right motor should turn off so that the left motor can turn us
towards the light. If the light is near the center, then the voltage will be near the middle of the
supply, and we should go forwards.

Challenges

The following sections are optional challenges.
Now that you have built a system that will seek a bright spot in the room, can you make the

system move towards a dark place in the room? How?
Simply by adding a light to the back of your robot, you should be able to make other robots

follow it. How long can you make your Conga line?
Your circuit may work by turning the motors off and on with out speed control. Is there a

way that maybe we could speed control these motors instead and still get the same photovore
results?
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APPENDIX B - ECEII2 CIRCUITS
This section details the various circuits that were designed for the TekBots platform during

my involvement with the project. When applicable, credit for the designs is given to the primary
designers but every design was a collaboration at least in part of all the TekBots team members.

GENERAL INFORMATION

Each of these systems has a few points in common. For every system you will notice that
there is only a single ground connection. Each of these grounds is connected directly to the charger
systeni This was done so that we could avoid needing to have a ground line for each input or output
pm on the systems. Additionally we can avoid some 'ground loop' problems when we introduce
more power hungry modules.

All of the systems that are placed on a robot fit a single form factor allowing for students to
arrange any combination of boards they prefer on their robots. The exceptions are the charger,
sensor, and digital input/output boards.

In an attempt to keep costs down, the majority of the systems use simple .1" male and
female connectors to interface with each other. These connectors are inexpensive and widely used.
In a few cases terminal blocks are used to allow for quick prototyping.

These boards themselves are designed to work as complete systems. At present two
configurations exist.

Analog Robot
Charger Board
Motor Board
Analog Board
Sensor Board
Mechanical Base

Digital Robot
Charger Board
Motor Board
Digital Logic Board
Sensor Board
Mechanical base



We can see that someone can easily replace the analog board with the digital board to make
a new system with out changing the rest of the system. This 'layering' idea will be used extensively
in later courses to both reduce costs and give students a feeling of continuity in their coursework.



BASIC SENSOR CIRCUIT

The basic sensor system for the entry level TekBots is very simple consisting of only two
momentary switches and a simple zener diode voltage regulator. The two switches are configured so
that the outputs are ground when the switch is not pressed and about 5.6V when the switch is
pressed.
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MOTOR CONTROL CIRCUIT

The motor control board is a well designed system that uses simple logic gates to control
transistors that control the direction of two motors. The basic system can be broken into three parts;
voltage regulation, digital controls logic, and the transistor array.

For voltage regulation a simple zener diode regulator is used to provide the digital control
logic with about 5.6 volts while allowing the motors to be supplied with a higher voltage.

The digital control section is used to control the transistor to prevent students from
damaging their systems with excessive current. With the feed back setup between the two gates we
can see that if one gate has a logic output of '1' then the other gate must have an output of '0'. This
prevents all of the transistors in the transistor array of being turned on at once. The delay elements
in the feed back path help to account for the fast switching speed of the logic gates versus the
possibly slower switching speed of the transistor array.

The transistor array is configured in a common H-bridge setup that allows for current to
flow through a motor in two directions. This allows for the motor to turn in both directions, not just
a single one. With all H-bridge circuits we need to be careful of excess current flow from having all
transistors on at once. For our system this is controlled by the digital sections of the system.
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ANALOG CONTROL CIRCUIT

The analog control system is based on the charging time of an RC network at comparators
using adjustable switching voltages. When a signal is received at the input to one of the transistors,
it closes and drains the capacitor. This causes the comparator to trigger and changes the output state.
When the input signal returns to ground the capacitor begins to charge. Based on the where the
potentiometers are adjusted each comparator turns off at a different time allowing for a timed
response to the inputs. The comparators are connected to each other in two 'OR' gate fashions. This
is achievable since the comparators used are 'open-collector' devices.



I-
I:



CHARGER CIRCUIT

The charging system that has been designed allows for a wide range of input voltages to be
regulated then used to charge six NiCad cells. The circuit input allows for up to 50V either DC or
AC to be input, the bridge rectifier swizzles the voltages to be the correct polarity, and the large
input capacitor regulates it to a rough DC voltage. l'his voltage is regulated using the LM284ICT
device to regulate the output voltage used in charging the batteries. The output from the charger
system is current limited using a self resetting fuse.
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PHOTO VORE ROBOT CIRCUIT

The photovore circuit was designed to be very simple and allow for students to understand
the system easily. The two photocells used in the design are arranged in a voltage divider
configuration. This allows the cells to measure the amount of light in a room relative to each other
rather than independently of each other. The two potentiometers allow for the adjustment of the
sensitivity of the comparators that control the motors.
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APPENDIX C - ECE272 LABS
Lab I: A cPLD is a useful tool for digital design. It can be used to implement small state

machines and as a tool for logically 'gluing' digital systems together. This first lab details the
construction of a cPLD board and an associated Input'Output board.

Learning Objectives
Basic Soldering Skills
Following Technical Directions
Software tools.

Successes:
We had good success with hitting the learning objectives for this lab. The lab forces
the student to do each of these things in order to complete it. In order to teach basic
soldering we employed lab assistants to be able to give a 'live' demonstration for the
students, and to assist the students who needed more help.
The software tools were difficult for some students simply because of the
nomenclature used by the tools, but these problems were quickly solved and the
students did well.

Improvements:
When the software tools were presented, it was in a rather 'stale' fashion that
prevented many students from getting excited about them. This will be remedied in
later revisions.
A better explanation of the system that is being assembled was asked for by several

they could have a of the system. These
improvements are planned.



ECE 272 LAB 1 IN THE BEGINNING.

Purpose:

In this course we are going to be using a device known as a cPLD for performing digital
logic design tasks. A cPLD is a device that uses today's modem technologies to allow us to simply
'download' a logic design into the component. This is very handy, and greatly speeds up design
time since we no longer need to manually construct the circuits from individual gates. Additionally
the testing and troubleshooting features of this approach reduces the time-to-market of designs
greatly.

To use this cPLD we are going to need to have some tools at our disposal, the hardware for
the design and the software to make the design. This lab is intended to help use construct the
hardware from our kits so that in the next lab we can use the software to test some designs.

During this lab we will:

Construct the TekBot vl.5 cPLD Hardware (DLB).

Construct the Cables for the DLB.
Construct the Digital JO Board (DIOB).

Prelab:

There is no Prelab for this lab.

Procedure:

The Digital Logic Board (DLB)

You first need to double check that you have all of the components that are needed to
construct the DLB. These components are:

1 - DLB Printed Circuit Board
I 44pin PLCC Socket
1 RJ45 PCB Mount Connector
1 2Qpin IC Socket
I 8pm IC Socket
2 47Oohm Resistors
1 10K 6pm SIP Resistors
3 - luF Disc Capacitors
1 lOuf Electrolytic Capacitor
3 2N3904 NPN Transistors
3 - 10pm .1" Male Shrouded Headers
1 8 position .1" Terminal Block
1 - 2 position .1" Terminal Block
1 LM7805 Regulator (TO-92 package)
1 Mach4 32/32 PLCC cPLD

74HC244 Octal Buffer
11.0000 MHz Crystal Oscillator
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DB2S Hood
3 feet of solid conductor CAT-5
RJ45 Crimp Connector

1. Now that we have located the parts, the first step is to crimp the RJ-45 connector
onto the end of your three-foot piece of CAT-5. Simply take your cable and jack
to the TA and have them connect the connector to the cable. To do this the TA
will be using a 'crimping' tool.

2. Now that you have the RJ-45 connector in place you need to solder up the
connections to the DB25 connector. The diagram below shows which of the PJ-45
pins should be connected to each pin on the DB25 connector. Be careful, if you
copy another student's color codes for these wires they may not be correct for your
cable. Simple use a continuity meter to see which color wire is connected to which
pins on the RJ-45 connector.

3. When we are soldering these connections please be sure to not solder bridge any
connections. IF YOU DO SOLDER BRIDGE SOMETHING, IT IS POSSIBLE
TO DAMAGE THE PRINThR PORTS ON THE COMPUTERS. There is a
checking station in the lab, be sure to check your cable BEFORE you plug it into a
computer.

JTAG1 ISPENJI
I I MODE

II Ii I ISCLK
I ISDOUTI I III SDIN

250 00 0 0 00 OO 0
GND

VcCsense

p
JTAG I

SDJN ii

SDOUT

4. The last step is to put your DB25 hood onto your connector to protect it from
being damaged.

Ribbon Cables
Next we will assemble three 'ribbon cables' for interfacing our DIOB to our logic

board.
What you will need to make these cables is:
6 Crimp Headers and locking clips.
3 10" pieces of 10 conductor ribbon cable.

1. Cut 3 pieces of 10-conductor ribbon cable 10" long.











Post/ab Review:

The postlab review section of each lab details what you will need to turn in for the lab. This
will normally be a combination of a short report about what you have done in lab and a few short
questions to answer.

1. We are using a cPLD device for this course. Go online and search for devices
other than the mach4 chip. Turn it a list of at least five cPLDs other than the
mach4 chip with a link to information about each.

2. We have used several other ICs in our boards besides the mach4 chip. Search
online for descriptions of the following chips; 74HC14, 74HC244, and 74HC573.
Please turn in a short description of what each of these chips does. HINT: Search
for the 'datasheet' on each chip and read the 'overview'.

Errata:

LED Light Emitting Diode. A light emitting diode is a type of diode that when correctly
supplied with voltage and current emits light. Just like a standard diode a LED only allows current
to flow in one direction, from the ANODE to the CATHODE. On most LEDs the anode is
designated by the longer of the two leads from the package.

SIP Resistors Single Inline Package Resistors. A SIP resistor is a component that
contains several resistors together in a small package. These resistors all share a single common
lead. This makes it important to install a SIP in the correct direction otherwise the circuit will not be
what is expected.
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Lab 2: The basic building blocks of all digital systems are simple logic gates. These simple
gates can be combined to create more and more complex systems and functions. In this lab we will
explore some of these simple gates while at the same time learning about the Lattice design
software.

Learning Objectives
Combinational logic gates
Truth tables.
The software tools
Reading technical documents
Universal gates.

Successes:
This lab very effectively achieved the learning objective through a combination of two
things, repetition and adequate images. Students were shown in detailed steps how to
do an operation with the software tool, then asked to repeat the operations with slight
variations many times.
Students responded well to the open ended 'postlab' questions and returned many
different responses demonstrating innovation.

Improvements:
This lab was not very engaging for the students so many did not want to do the lab or
were resistant to it. Many did however express that the lab was a 'necessary evil' that
helped them learn the tools. In later revisions this lab will be 'spiced' up to prevent
student ambivalence.
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ECE 272 LAB 2 SIMPLE COMBINATIONAL SYSTEMS (SCS)

Purpose

The purpose of this lab is to gam an understanding of simple combinational systems by
examining the logic gates used to crcate these systems. We will make use of the digital 10 board
(DIOB) and digital logic board (DLB) constructed previously to gain an understanding of simple
logic gates.

During this lab we will.'

Examine the truth tables for the major logic gates.
Explore the relationship between logic functions and truth tables using our logic
boards and JO boards.

Prelab:

1. Please show your TA the truth tables for the following gates:
a. 2 input AND, 4 input AND
b. 3inputOR
c. 3inputXoR

2. Please draw the logic diagram of the following switching expressions:
a. (A+B)(B+C)
b. (A)(C)(B) + D
c. ((A)(B) + (B)(C) + (A)(C))(E)

3. Please write a switching expression for the following logic diagrams:

Procedure:

A

8

C

D

2-Input Logic Gates
When looking at digital logic design we can find that digital logic is based on a few simple

logic gates and circuits composed of these gates. We are now going to explore some of the 2-input
gates and their truth tables. For each one of the following gates you will need to do the following.

1. Turn in a neat Truth Table for each gate.
2. Show the gate operation to your TA and have them initial your lab.

Please test and verify the function of the following gates:
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2inputAND
2inputOR
2mputNAND
2 input NOR
2inputXOR
2 input XNOR
3 Input XOR

How do I test and verify a logic gate or system?

I. Test and verification of logic designs is a major area of study that many engineers
devote their careers to studying. Complete tests of a system are often very difficult
to perform since many systema have huge numbers of inputs and outputs. For our
purposes however we will only be testing simple logic gates.

2. Below is an example of a simple 2 input AND logic gate. Everyone should be
familiar with this gate so we will be using it for our example.

XY XANDY
00 0

01 0
10 0

11 1

3. Truth tables are arranged with inputs on one side and outputs on the other. The
input side should have every possible combination of inputs represented. Since we
have 2 input pins we should have 22 = 4 input combinations. The output side
should have the output for each possible input combination, but not necessarily a
unique output.

Using your hardware to verify the truth table
1. In order to use our digital logic boards to test the logic function of the desired 2-

input gates, we must learn how to program the cPLDs. To program the cPLDs we
will be using the ispDesignEXPERT software package to define the circuits we
wish to put in the cPLD and ispVM system to download the circuit into the chip.

Defining the Design

2. The first step is to open ispDesignEXPERT from the Lattice Semiconductor
menu. Once the program opens create a new project. You should choose a name
for the project that you can remember easily. Set the project type to
Schematic/VHDL. We recommend that you back your work up often either to
removable media or to your UNIX user account to avoid loss of your work if the
PC crashes. The new project will be created using a generic chip type. Double
click on the chip icon (it will show an ispLSI series chip) in the Sources in Project
list. In the Device Selector window, set the family to Mach 4, the device to M4-
32/32, and make sure that the specified package is 44PLCC. The program will
issue a warning recommending a newer chip (M4A5-32/32). We do not want to
use the newer chip (click No). A second pop-up window will ask you to confirm
the change. Click Yes.
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3 Now that you have created a new project and specified the chip we will be using,
create a new schematic as a source file that you can import into your new project.
Launch the schematic editor by choosing Schematic Editor from the Window
menu.

4. In order to have your logic gates interface with the outside world, you will need to
insert input and output JO pads in your schematic. An JO pad is the physical
connection between the logic design inside the chip and the pins around the
outside of the package. To place the pads, click on Symbol in the Add menu. The
10 pads are in the library 'GENERIC\IOPADS.LIB'. Choose 'G_INPUT' for an
input pad or 'G_OUTPUT' for an output pad. Place two input pads and one output
pad roughly as shown below. The menu will persist so that you can place all the
necessary 10 pads at once. When you are finished, close the menu. It is a
schematic convention that inputs are located either on the top or left-hand side of a
drawing and the outputs are located on the bottom or right-hand side of a drawing.
Please follow this convention in all schematics created for this class.

5. Now we can place a 2-input AND gate in the schematic. Again, click Symbol
from the Add menu. This gate can be found in the GENERIC\GATES.LJB'
library. The correct gate is 'G_2AND'.

6. Next, connect the gate to the JO pads with virtual wires. To draw wires click Wire
in the Add menu. Begin drawing a wire with a single click and end with a double
click. Right click to quit drawing a wire. Connect the gate as shown below.
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7. Now you need to name the nets. A 'net' is the CAD tool term for a wire or circuit
node. To name a net, select Net Name from the Add menu. Type in the net name
and press enter. Now click on the net you want to name. Name both of the input
nets and the output net.

8. In the next two steps, you will define the physical interconnects of the logic. First,
specify nets as input or output ports, where appropriate. To do this, select 110
Marker from the Add menu. A pop-up window appears asking for the type of port.
Select the appropriate type then click on the net name you want to make a port. To
successfully create a port, the net name must be in line with the wire. If the net
name is over or under the wire, the operation will fail. To put a net name inline
with a wire, click on the red endpoint of the wire while assigning a name. For this
lab, use only input and output ports.

9. The schematic is now complete. Save the schematic and then check it by clicking
Consistency Check in the DRC (Design Rule Checking) menu. If the Error Report
window shows no errors other than 'Design has no symbol', your schematic is
correct and you can continue with the design. Now you must import the schematic
into the project that you have created. Select Import from the Sources menu. Find
your schematic and click Open. Your schematic should appear in the Sources in
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Project window beneath the chip icon. The schematic must also be compiled.
Double click Compile Schematic in the Processes for Current Source window.

10. After all of your ports are defmed by importing the schematic, you must associate
each port on the schematic with a physical pin on your chip. Highlight the chip
icon in the Sources in Project window. Double click Constraint Editor in the
Processes for Current Source window. The Constraint Editor window will open
allowing you to specify pin location constraints. Click Location Assignment in the
Edit menu. The location assignment window shows pins left to assign in the
Signals box and available pins in the Assignment box. Constrain the input pins
first. Make sure that the Input button is checked in the filter section at the bottom
of the Signals box. Highlight one of the input pins in the Signals box. Choose an
10 pin from the list of available pins in the Assignment box. Click the Add button
at the bottom of the Location Assignment window to finalize the pin constraint.
For this design, use pins 24 and 25 for the inputs. Check the Output filter in the
Signals box and repeat the process for the output pin. Constrain the output to pin
43. Close the Constraint Editor window.

Ii. Almost done! Compile all the necessary dependency files by highlighting the chip
icon in the Sources for Project list and double clicking on the following in the
Processes for Current Source window:

a. Fit Design
b. Pre-Fit Equations
c. Signal Cross Reference
d. Fitter Report

12. Make sure the reports generated at each stage do not indicate any errors.
If no errors are shown in any of the reports, double click JEDEC File. The JEDEC
file compiled in this stage is the file used to configure the internal logic of your
Mach 4 chip.

Downloading the Design

1. The first step is to connect your Digital Logic Board to the PC parallel port.

Power up the Digital Logic Board to prepare the chip to be programmed.
2. Launch the ispVM System from the Lattice Semiconductor menu. Create a new

device chain by clicking on New in the File menu. Add your device by selecting
Add Device from the Edit menu. In the Device Information window, you will

specify the target device and the source code to be downloaded.
3. Click the Select button in the Device Information window. Specify the Device

Family as Mach4, the Device as M4-32/32, and the Package as 44-pin PLCC.
Click the Browse button in the Data File section of the Device Information
window. Find the JEDEC file that you compiled previously. JEDEC files have
the extension jed. Open the JEDEC file.

4. Click the GO icon in the toolbar to download your JEDEC file into the cPLD.
5. Verify that the JEDEC file was successfully downloaded. The software will

indicate whether or not it was able to verify a successful download.
6. Verifying the Truth Tables
7. Use your DIOB and digital logic board to verify the truth table for each gate. Use

the switches on your DIOB to supply input values to your single-gate test setup
and an LED to verify the output. Verify the truth tables for the gates given above.
As you verify each gate, show the TA and get their signature.

2 input AND

TA Signature
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2 input OR
TA Signature
2 input NAND
TA Signature
2 input NOR
TA Signature
2 input XOR
TA Signature
2 input XNOR
TA Signature
3 input XOR
TA Signature

Postlab/Review:

Please turn in a short report about what you have done in this lab. This report needs to
include the following:

1. Prelab
2. TA signatures from lab.
3. A short (1/2 page) description of what you did and problems you may have

encountered.
4. The questions from the Postlab section.

5. Please reduce the following equations using both mathematical methods and
Kamaugh maps.

a. (A)(B)+(B)
b. ((B) (D))(A) + (A')(B) + (A')(D)
c. ((AD)(BD') + (AD')(BD))(C) + (D')(A')(B')(C')

Challenges:

The challenge below may be completed for extra credit. It is intended to help to
expand your understanding of simple logic gates and may not be as straight forwards as it appears at
first glance.

It is possible to realize any circuit in a variety of ways. Can you design systems that have
truth tables identical to the gates above using only AND and OR gates? How about only NAND
gates? How about only NOR gates. Try it and show your TA.
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Lab 3: In this lab we are going to design a remotely operated vehicle (ROV) that conforms
to some specific criteria. We will be showing a design process and how this process applies to our
design.

Learning Objectives
Logic minimization.
Design methodology.
Design issues.
Student Innovation.

Successes:
Students loved this lab since it was one of the first times they were allowed to
completely take ownership of a design. In previous design labs, students were hand led
through a pre-made design, while in this lab they were only given basic constraints.
The design method that is presented was made generic enough that some students were
able to apply it to other design problems. One student was designing a system for
remotely turning lights off and on in their dorm room. They used the presented method
to design their system.

Improvements:
This lab will have only minor revisions made to it to correct errors in the text and
constraints.
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ECE 272 LAB 3 REMOTE OPERATED VEHICLE (ROV)

Purpose:

When someone if given a project one of the most difficult tasks is to get started on the
design process. This lab is intended to show you how a design process might work. We begin with
an objective that we would like to meet. Then we explore our limiting factors and constraints so that
the solution that we want to try will be possible. The last step is to actualize or design by designing
the final hardware and implementing it.

The design process presented in this lab is not the only process available, it is simply one
method of taking a problem and starting to solve it.

During this lab we will:

Apply what you have learned to your Tekl3ot by making a 'remote' control for it to
turn your TekBot into a tethered ROy.

Prelab:

I. Perform simple Karnaugh Map reductions on the following equations:
a. AB+BA
b. AB+AA+BB+A'B'
c.

2. Two more recent ROVs have been the Cassini and the Sojourner from NASA.
Check the internet for the following information about both of these machines:

a. What was the main microprocessor used?
b. What was/is the ROVs mission?
c. How are communications accomplished?
d. List three tasks the ROV can perform.
e. Which of these ROVs is more interesting to you? Why?

Procedure:

Remote Operated Vehicle
One of the most technically challenging aspects of robotics and control design are systems

to be used in remote operated vehicles (ROVs) These systems need to be able to work in remote
locations under sometimes extreme conditions and perform for long periods of time. One of the first
steps in doing this is to effectively control the device so that it does not waste valuable energy, and
does not damage itself.

In order for this control to occur we can do one of two things, the first is to add local
control of our ROy. This meams to add intelligence to the robot itself so that it can think with out
external control. This intelligence is commonly simple, similar to an insect's brain with only simple
functions like obstacle avoidance. However more advanced systems have significant onboard
processing and intelligence. We will explore this much more in our final project. Another method is
to have a remote control that allows the ROV to be directed from a different location, essentially
moving the brains away from the body. We are going to design this second system.
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To begin this project we start by inspecting our problem so that we have a very good
understanding of what needs to be done. This first step is critical because if we don't completely
understand the problem any solutions that we might come up with will not work completely.

We need to design a tool that can be mounted with a small camera to remotely explore
environments up to 10 feet away. This device should be able to navigate very tight
spaces and move in any direction not blocked by an obstacle.

This simple description is just the first step. Now that we know what the objective our design will
accomplish is we need to perform some initial brainstorming. This brainstorming should be wide
reaching. You should try to think of a solution, spend a minute or two on it, and if it seems good
write it down and move to another idea. These ideas should fulfill the objective in as many different
ways as possible. They may not even be possible, or you may not know how to do them, they are
just some ideas.

Now that we have brainstormed for a little bit, we can begin to incorporate the constrains
of our available resources and design issues into our brainstorming to further reduce the number of
possible answers. For this design we have a few constrains.

The base of the ROV should be your TekBot.
The 'brain' for the control system should be your Digital Control Board
You should use your Digital JO Board for the switches to control the robot.
One of the issues in designing a ROV control system is how the operator will be able
to interface to the robot. In our case an astronaut will be controlling the device from
inside of their suit, with a switch in the ends of their right fmgertips, but only the
middle, ring and pinky fmgers (So they can use the other fingers to pick things up).
This means you only have three push button switches to use for your control.
Your ROV needs to be able to perform the following seven commands: stop, forward,
backward, swing left, swing right, spin left, and spin right.

I (4

01_Jo
9_Jo 9_Jo 9_10

90
oJo

Forwaid Backward Swing Swing Spin Left Spin flight

Left Right

The robot will be working up to 10 feet away from the astronaut.

After we look at these constraints we begin to see that maybe some of the ideas we had will
not work. Now we can begin to reduce to an idea that can work.

One of these ideas that may have come up is to make a wired-remote robot that uses only three
switches to control its motion. We are going to assume that this is the best solution and use it for the
rest of this lab.
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Once you have an idea that has passed most of the constraints, it is time to look at how it
can work for all of the constraints. In our example, we want to use three switches to control up to six
different motions. How can we do this, or even can we do this?

If we think about it for a bit we should be able to get an idea of how to do this, it may not be perfect
at first, so don't be afraid to ask around to see what others think about it.

Looking at how the binary number system works we can see that there is something that could be
very useful to us to solve this problem. Let's examine a three digit binary number. Now we know
that there are eight possible combinations in a three digit binary number since each digit has two
possible states. If we assume that we only have three push buttons that can either be off or on we
can se that this makes eight possible combinations as well. So we can easily represent eight different
commands with the same three buttons.

Now that we have decided on a design, we can actually pick the parameters that we want to
make our design meet our desired goals, within our constraints. This means we get to actually pick
how we want to design as long as we can still meet the constraints. For our example we only have
one goal.

The design needs to be simple.

In most projects, these goals are more concrete and useful, for example you may want a
design to be especially small if your device is to go into space where cargo costs are large. Your
design might need to be redundant, so that if a cosmic ray destroys a piece of the silicon inside, it
can still function. These goals can sometimes be made constraints if they are important enough.

One of the last steps for this project is to look at exactly how the control we are building
will interact with the rest of these systems. To do this, we look at what 'signals' are used to
interface. For this design, since the operator will be in complete control, we only need to make a
simple combinational system. Many of these following steps reflect that we are only using a simple
combination system and might not be applicable to other designs.

The first step is to list all of your possible inputs, and then all of your possible
outputs.
o INPUTS: Stop, Forward, Backward, Swing Left, Swing Right, Spin Left, and

Spin Right.

o OUTPUTS: Left Motor Off, Left Motor Forward, Left Motor Reverse, Right
Motor Off, Right Motor Forward, and Right Motor Reverse.

2. From here we make an 'action' table. This table allows us to put down in paper
what is in our heads for reference. This table shows what the device should do.
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Input Action

Left Motor Right Motor

Stop Off Off

Forward Forward Forward
Backward Backward Backward

Swing Left Off Forward
Swing Right Forward Off
Spin Left Backward Forward
Spin right Forward Backward

3. Now we need to nup this 'action table' into the electronic world by creating the
corresponding logic. We need to create a truth table for the systern However in
order to create this table we first need to look at the inputs required by our motors
in order to function.

Input 1 Input2 Result
o 0 Off

0 1 Forward
1 0 Reverse
1 1 Off

4. From this we construct our truth table, and since our primary concern is
simplicity, we will 'encode' our functions in order, from '000' to '110' where
each bit represents the state of one of the buttons.

Action Button Left Motor Right Motor
A B C Inputi Input2 Inputi Input2

Stop 0 0 0 0 0 0 0
Forward 0 0 1 0 1 0 1

Backward 0 1 0 1 0 1 0
Swing Left 0 1 1 0 0 0 1

Swing Right 1 0 0 0 1 0 0

Spin Left 1 0 1 1 0 0 1

Spin Right 1 1 0 0 1 1 0

Not Used 1 1 1 0 0 0 0

5. So from here we can create the following SOP equations.

Left Motor
o Inputi = A'BC' + AB'C

Input2 A'B'C + AB'C' + ABC'
Right Motor

o Input I = A'BC' + ABC'
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o Input2 = A'B'C + A'BC + AB'C

6. Please enter these functions into the Lattice tools and download them to your
robot for testing. You should be able to house all of the equations into the same
schematic. You may use any pin outs you would like, but the following are
suggested with the accompanying wiring diagram.

cPLD Pins:
2- Button 1

3- Button 2
4-Button 3

6-Righflnputl
7 Right input 2
8- Left input 1

9- Left inpul2

7. For the long tether from the JO board to your robot use a length of CAT-5. All of
these connectors are the screw type terminal blocks.

8. Test your robot and show it to your TA.

TA Signature:

Again from the top.
1. Now that we have stepped through a design it is your turn to make a digital system

that fits our needs. We are going to assume the same requirements that we had in
the previous example, but with on additional requirement. We must have the
absolute smallest design possible.

2. Take the previous example and reduce it as much as possible. Download your new
design to your robot and show your TA.

TA Signature:

And Again.
1. Another less obvious method for reducing the number of gates is to rearrange how

the actions are encoded to the binary inputs. By doing this we can minimize the
logic of the design.

2. Try three different configurations of the binary encoding. Using Karnaugh maps
reduce each of them to a minimal form. Enter each into your robot and show your
TA.

TA Signature:

TA Signature:



122

TA Signature:

Post/ab:

Report: Your report for this lab needs to include the following.
1. Prelab
2. TA signature and neat schematic of POS example
3. TA signature and neat schematic of the reduced example
4. TA signatures and neat schematics of three other encodings.
5. A one-page summary of what you have done including the problems you

encountered, the new things you learned, and how what you learned is applicable.

Postlab Questions
1. Explain a method for encoding the actions in binary inputs that will result in a

near minimal solution for this design. You can look online as well as use what you
have learned in class to back up your method. This should take some serious
thought and work to accomplish. You may not be able to find a solution that will
always give you the minimum solution. You should be able to find a method that
gives you a nearly minimum solution most of the time.

Challenges:

Reduced Bandwidth.
Now that you have made the robot work with only three signal wires from the Digital JO

board to your robot, can you make it work with fewer? What about two signal wires? How about
one signal wire? Show your robot to your TA.

Hint: With two signal wires, you may need to use two Digital Control Boards as
multiplexers. You can then use another line as a 'signal' line. This is synchronous serial
communication.

Hint: With a single signal wire think about the 8N1 standard used for serial
communications. Serial communications occur with only a single data line flowing in each
direction.
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Lab 4: Most modem control systems make use of sequential logic to control how the
system functions. The basic building blocks of these systems are sequential gates. In this lab
students can work with various sequential gates to improve their understanding of these important
devices.

Learning Objectives
Types of sequential gates.
Software tools.
Transition tables.
Clocked circuits.

Successes:
This lab effectively showed students many aspects to sequential logic and the gates are

used. This is vital for later labs that involve state machines that the students must work with.

Improvements:
This largest problem with this lab is its temporal placement in the class flow. Students have

just completed an enjoyable design lab where they are allowed to flex their brain, and then they
must perform a cut-and-dry lab that does not even slightly compare to the previous lab.

Many students complained that this lab was to low of a level. In later revisions, the lab may
be made more difficult, and the reasons behind doing it made more obvious.
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Purpose:
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This lab is your first introduction to sequential logic design. We know from previous
experience that a combinational system is one whose outputs depend on the system's current inputs.
A sequential system's outputs depend not only on the current inputs, but also on the sequence of
past inputs. This is to say that the system has some memory. Latches and flip-flops are the basic
memory elements in digital logic. These types of gates are called 'bistable' elements since digital
analysis shows that each element has only two stable states. With out these devices, modem digital
design would not exist. It is important that we familiarize ourselves with the various types of latches
and flip-flops and understand how they work.

During this lab you will:

Use combinational gates with feedback to construct a basic latch
Inspect the operation of two types of latches and draw their transition tables
Inspect the operation of two types of flip-flops and draw their transition tables
What you will need:
Digital 10 Board (DIOB)
Digital Logic Board (DLB)
Ribbon Cable

Prelab:

I. Go online and locate logic diagrams for three types of latches. Draw these latches.
2. Located the gate level drawing of a JK Flip Flop. This is not the symbol of a JK

FF but the actual configuration of gates that's creates a 1K FF. Draw this logic
diagram neatly.

Procedure:

Working with transition tables

A transition table is similar to a truth table for combinational gates, but it includes
information about the current outputs of the system as well as the future outputs of the system. Let's
look at an example of a transition table. A transition table is divided into three sections: the present
inputs, the present outputs, and the next out-puts. For many bistable elements, one of the inputs will
be a clock signal. Bistable elements can be either level-sensitive, or edge-triggered. A level-sensitive
element can change state at any time the clock signal is high or low depending on the design. An
edge-triggered element can change state only during a transition of the clock signal. This difference
gives rise to a fundamental difference in transition tables for various elements.
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A level-sensitive transition table for a gate with no clock is shown below. Note that when
both inputs are low, the element holds its previous value. By asserting the inputs in various
combinations, the output can be forced to a desired value.

S R Present Q Next Q
o 0 0 0
o 0 1 1

o i x 0
1 0 X 1

I
lll x 0

This is the transition table for the S-R latch. Not all level-sensitive gates lack a clock
signal.

Now look at an edge-triggered transition table for a gate with a clock signal. Note
that the output changes to match the input only at the instant when the clock signal transitions from
low to high. This is called a rising edge-triggered (RE) gate.

D Clock Present Q Next Q
0 Rising Edge 0 X
I Rising Edge 1 X
x 0 0 0
x 0 1 1

X 1 0 0
X 1 1 1

This is the transition table for a rising edge triggered D flip-flop. Not all edge-triggered
elements trigger on the rising edge.

Latches, the basic memory block
Latches are the most basic building blocks of sequential logic. Latches use combinational

logic with feedback to create a gate that can store a value for periods of time. In this section of the
lab we are going to create a latch from combinational gates and then determine its transition table.
We will analyze a second latch using the library model included with the Design Expert software.
The two latches to be analyzed are the S-R latch and the D latch.

First, you must construct a S-R latch using 2 NOR gates (Library:
\GENERIC\GATES.LIB G_2NOR). The following instructions will assume that
you successfully completed lab 2, and you have a basic understanding of the
Design Expert software. Create a new project, as before, and specify the correct
Mach4 device. Create a schematic similar to the one shown below. Don't forget
input and output pads or LfO markers. Run a consistency check on your schematic
from the DRC menu. Remember that the schematic has no symbol error is
acceptable. When you are done creating the schematic, import it into your project.
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Assign the following pin attributes (Double click Constraint Editor, then click Loc button):
S Pin 2
R Pin 3
QPin26
QBARPm27

2. Compile your design, and write the JEDEC file to your cPLD device. You can use
the push button switches to supply input values to the latch and use the LEDs to
read the output values of the latch. Note that QBAR gives the negation of Q in all
states except when S and R are both high. In this state, Q and QBAR are both
low. Can you convince yourself that this response is correct?

3. Demonstrate the successful operation of the S-R latch to your TA, and create a
neat transition table.

TA signature

4. For the D latch, use the predefined latch in the library \GENERIC\REGS.LIB. Use
the gate G_LATCH. This symbol defines a single output (no QBAR output) latch
with one data input and one clock input. Create a schematic similar to the one
below. Don't forget to add input and output pads and 110 markers. Also, don't
forget to run a consistency check (from the DRC menu). As before, the no symbol
for this schematic error is OK.
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Assign the following pin attributes (Double click Constraint Editor, then click Loc button):
D Pin 2
CLK Pin 3
Q- Pin 26

5. Compile your design, and write the JEDEC file to your cPLD device. You can use
the push button switches to supply the input value to the latch as well as the clock
signal. Use the LED to read the output value of the latch.

6. Demonstrate the successful operation of the D latch to your TA, and create a neat
transition table.

TA signature

Edge-triggered gates

Flip-flops are an improvement upon basic latches. It can be a great advantage in digital
design to control the movement of data with a clock. Flip-flops, like latches, are bistable elements.
In this section of the lab, we are going to determine the transition tables of two different types of
flip-flops and verify their behavior. We will use the library models to analyze the JK flip-flop and
the D flip-flop.
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Create a new project being sure to specify the correct Mach4 device. Create a
schematic as shown below. Use the library model of a JK flip-flop
(\GENERIC\REGS.LIB GJK). Check the schematic for consistency and then
import the schematic into your current project.

Assign the following pin attributes (Double click Constraint Editor, the click Loc button):
JPin 16
KPin 17
CLK Pin 2
QPin26

2. Compile your design, and write the JEDEC file to your cPLD device. You can use
the DIP switches to supply the input values J and K. The push button switch will
serve as the clock. Use the LED to read the output value of the flip-flop.

3. Demonstrate the successful operation of the .1K flip-flop to your TA, and create a
neat transition table.

TA signature
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4. Create a new project being sw-c to specify the correct Mach4 device. Create a
schematic as shown below. Use the library model of a D flip-flop
(\GENERIC\REGS.LIB G_D). Check the schematic for consistency and then
import the schematic into your current project.

Assign the following pin attributes (Double click Constraint Editor, the click Loc button):
DPin 16
CLK - Pin 2
QPin26

5. Compile your design, and write the JEDEC file to your cPLD device. You can use
the DiP switches to supply the input value D. The push button switch will serve as
the clock. Use the LED to read the output value of the flip-flop.

6. Demonstrate the successful operation of the D flip-flop to your TA, and create a
neat transition table.

TA signature

Postlab:

For this lab report please turn in the following:
1. Prelab
2. TA signature and neat transition table for a S-R Latch.
3. TA signature and neat transition table for a D-type Latch.
4. TA signature and neat transition table for a D Flip Flop.
5. TA signature and neat transition table for a ilK Flip Flop.
6. A 1/2 page report detailing the advantages and disadvantages of clocked flip-flops

versus non-clocked latches.
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Postlab Questions

1. Please fill out the missing values in the table based on the image below. What
does this simple logic design do?

JT

Cycle 0 1 2 34 5 6 7 8 9 10

IN 1 0 0 10 0 1 1 1 0 1

OUT0 L __________________________

Challenges:

One of the many uses of memory elements in digital circuits is to regulate the passage of
data or control signals through the data path. An element that is very desirable is a D flip-flop with
an enable input. The D flip-flop holds its current output until both the enable signal is high and the
clock transitions from low to high. This allows us to regulate when the flip-flop will accept new
data.

Can you figure out how to build a D flip-flop with enable out of a regular D flip-flop and
combinational gates?

At first glance it may seem like a good idea to use an AND gate to combine the enable signal and
the clock signal. This method of control is called "gating the clock" and is considered to be
extremely poor design practice. Gating the clock can lead to timing violation problems in larger
circuits. This occurs because the clock signal experiences some delay through the AND gate that
other clock signals in the circuit do not experience. The clock signals at different points in the
system are no longer synchronous. Consider using a multiplexer with the simple D flip-flop. Show
your TA your design.

Can you figure out how to use the digital switch to accomplish our goal?

What if you want to have a D flip-flop with enable and synchronous reset? This gate
functions just like the D flip-flop with enable but a second control signal allows us to reset the
output of the flip-flop to a low state when the reset signal is asserted and the clock transitions from
low to high. Show your TA.
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Lab 5: In this lab we will examine one of many methods for troubleshooting a
malfunctioning device. We will look at an input-output method of troubleshooting by examining a
broken state machine with our hardware.

Learning Objectives
State diagrams.
Mealy and Moore machines.
Troubleshooting methodology

Successes:
Many students expressed thanks for having been made to do this lab. Most felt that the
process of troubleshooting shown was very important and that they could use the
methodology every day.
The design itself was novel and students seemed to enjoy the concept as well.

Improvements:
When this lab is revised, time will need to be invested in finding ways to have
different broken systems, each one with a different error. This needs to be done to
prevent students from easily getting the correct answer without doing the lab.
There should be some small state machine design to be implemented in this lab to
prepare students for the following lab with a little practice designing state machines.
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Purpose:
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Now that you have looked at the common forms of sequential 'gates' we are going to use
them to troubleshoot a simple system. Our system is going to be a simple state machine of a vending
machine. The design has some error in it and we will find it.

During this lab we will:

Analyze an existing design for functionality.
Create a truth table from an existing design.
Troubleshoot and repair the design.
Place this design into your cPLD and test it using the DIOB.

Prelab:

1. The logic diagram for a simple four-state state machine is shown below. Using
this please construct a neat state diagram of the system.

2. You are baking a cake. Please make a six state model of the cake making process.
You should include important steps and there should be at least five 'input
signals'. Draw your state diagram neatly and turn it in.
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Procedure:

Free Soda for everyone!!!
You are a technician for TekBot's Soda Company (TB Soda Co.). One of the products that

your company manufactures is a specialized soda dispenser that can be installed nearly anywhere
and uses an environmentally sound energy system, a hamster in a hamster wheel.

Recently several of your company's newest model soda dispensers have been
malfunctioning by dispensing soda without charging customers and as usual the designers of the
system claim it is the technician fault for installing it wrong. You know better of course. What you
need to do is figure out what is wrong with the vending machines and repair the problem so that
hopefully you can get a big raise.

What is to be done:
1. Download the 'vending machine' logic into your system and simulate it.
2. Construct a model (transition table) from the machine.
3. Generate a state diagram.
4. Fix the design
5. Retest the design with your DIOB.

Inspecting a system
The first step in troubleshooting any design is to isolate the problem to the actual cause of

the problem. There are many methods to do this but one of the easiest and most widely used is the
input/output method.

The input output method relies on a simple idea; if a working system is fed garbage then
the working system will output garbage, sometime summarized as 'garbage in, garbage out'.
Bearing this in mind, then we should always inspect a problem starting with the inputs first.

1. First file the it a The
project you want to use is called 'vendingi'

2. Since we are inspecting an electrical system the first step is to check the power to
our system. This is by far the most basic input and if it is 'garbage' then for
certain the output of a system will be garbage. Our system should be supplied with
between 7V and 9V. This voltage should then be regulated down to 5V on both
the DLB and the DIOB. Check that these voltages are stable.

3. Now we need to be sure that we have connected our system together correctly. If
this is not correct, then there is no possible way it could work. The 7segment
displays should show the amount of moneys deposited into the machine at the
present moment. The LEDs will display two important signals, 'vend soda' and
'return coins'. Our system is very simple, and if the purchaser deposits too much
money it will return all of the money without vending a soda. If the person
deposits the correct amount (30 cents) then a soda is dispensed
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4. Assuming that the voltages and wiring is correct we can now move on to the
system itself. The first step is to examine the inputs to the system and how the
affect the system from its 'initial state'. We do not want to turn the machine on
and randomly begin pressing buttons to make the system do stuff and try to figure
it out because in complex systems it is nearly impossible, to do this.

ED ED

5. So the first step is to press the 'reset' button to put the system into its initial
starting state. At this state, the DIOB should display '00' on the 7-segment
displays. Now to begin constructing your state diagram use the image below and
correctly draw the arcs and signals used to interconnect the states. It is
recommended to try all possible combinations of inputs from each state before
trying all input to the next state. For example, we should try checking the
transitions from state '00' for each of the possible inputs. Try 'nickel 1', 'dime
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= 1' and both as '0' independently. Be sure to note not only the new state, but also
the new outputs.

6. Now that you have traced through the state machine and have a better
understanding of how it works as it is, we need to try to locate the problem. Since
the design is broken in such a way that it gives free soda, we should be paying
attention to the outputs of the machine. Is our machine returning money when it
should not be assuming a soda should cost 30 cents? Is this a state transition
problem, or an output problem?

7. Now we can see from our drawing that the state machine works correctly because
when we insert a 'dime' into the machine that 10 cents is added to the count, and
when we add a 'nickel' 5 cents is added to the count. This means that our problem
lies with how the outputs are generated.

8. Since this is a Moore machine we know that the output relies only on the state so
we can assume that since or inputs create the correct state transitions and that the
states transition correctly that the problem is in the logic used to generate the
'return coins' signal.

Congratulations, we have isolated the problem to the logic between the states and the
outputs. Now we simply need to recreate the correct logic and put it into the circuit.

Fix the design and download it to your board. Show your TA.

TA Signature:

Postlab:

For this lab your lab report needs to contain the following sections:
1. Prelab Question
2. TA signature, neat state diagram, and logic drawing of the broken vending

machine.
3. A '/2 page summary of what problems you had with the lab and how your fixed

them as well as another problem you have had recently that the method of
troubleshooting we just learned could have helped to fix. This problem does not
need to be an electronic problem, it could be school related (math, registering for
classes, etc.) or even life related (fight with a friend, fixing your car, etc.).

Postlab Questions.
1. Now that you have done some troubleshooting we can see that sometimes

problems can be very hard to solve. Look up two types of problems a disaster that
resulted in loss of life and an incorrect design that resulted in a loss of equipment.
For both of the problems describe what went wrong and how troubleshooting
could have fixed the problem.

Challenge:

The system described above is very simple. For example it lacks a very important input that
many real systems have, a 'cancel sale' button. Please add to this design a method for allowing a
customer to have their money returned to them at any point of the sale. Show this new design to
your TA.
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Lab 6: This lab is the construction of a simple autonomous robot that can detect when it
hits an object then responds by backing away from the object and turning away. Other than the most
basic requirements, the entire design is up to the student.

Learning Objectives
Logic minimization.
Design methodology.
Design issues.
Student Innovation.
Clock Division

Successes:
Similar to lab 3 students loved this lab since it was the first time they were allowed to
completely take ownership of a design. In this lab there were only very broad
constraints given that students had to adhere to.

Improvements:
This lab will have only minor revisions made to it to correct errors in the text and
possibly add more unique functionality to the robot.
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Purpose:
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You have spent this term improving your knowledge of basic digital design. You have
learned about combinational logic and simple gates that can be combined into other combinational
logic blocks. You have also learned about sequential systems that is the basis of control for all
digital systems in existence today, from simple toys to microprocessors.

In this lab you are going to combine all of your knowledge to make a smart robot. You
robot will be able respond with intelligent behavior to its sensory inputs.

During this lab we will:

Analyze the functional description of a system and create a digital system to achieve
the goal.
Place this system into your cPLD and verify its function.
Troubleshoot your design.

Prelab:

You have been working with your digital logic boards now for many weeks and
have had some experience with how they work as well as how well they work.
Please write a paragraph about the best and the worst aspects of the boards and the
labs you have done. Should we use the same boards and labs (with revisions) for
next year?

Procedure:

This is a multi-week design lab. Below are listed the requirements as well as the constraints
that you have for your design. Some tips are listed below as well if you need them.

Requirement:
You need to construct a device that can navigate through a confined space autonomously.

The space is a flat level surface with various obstacles placed about it.

Constraints:
The device needs to consist mechanically of:
Your DLB
Your TekBot Base
Your Whisker Boards
Your DLB has a 1.0 MHz clock attached to pin 11. You need to use this input pin as
your clock line for your state machine(s). However the frequency may likely be too
fast, so you will need to create a 'clock divider' in your logic to reduce the frequency
before your state machine actually uses it.
Your design must fit into the mach4 chip that you were supplied. This means that you
will need to use your skills in digital logic to insure that you are designing a minimal
gate count system.

Comments:



You need to make the clock divisor as small as possible. Since you have a limited space
inside of the mach4 chip for logic, and you have a limited number of registers as well you cannot be
wasteful. Try to think about what happens when you use a 'toggle' flip-flop. You can learn more
about these by doing a search on the web.

You are going to need to slightly modify your whiskers so that they can be used for this
project. Your TA's can help you with this.

Here is a rough step-by-step process you might use. Reading lab 3 again will help.
Brainstorm ideas.
Remove ideas that don't fit constraints.
Choose a likely system.
Define Inputs to the system and outputs from the system.
Names
Values
Function
Split system into smaller pieces if needed.
Create designs for systems pieces.
Implement.
Troubleshoot.
Evaluate.

Postlab:

For this lab your lab report needs to contain the following sections:
1. Prelab Question
2. A copy of all of the logic minimization steps you used to get to your final design.

This can include switching expression reduction, Karnaugh maps, etc...
3. TA signature, neat state diagram, and logic drawing of your final design.
4. A 1/2 page summary of what problems you had with the lab and how you fixed

them.
5. A 1 page report detailing all of the steps that you took to create the design. This

should include initial brainstorming through to design entry into the schematic
capture tool.

Challenge:

The simple robotic system that you have built can normally find its way out of a problem
situation, but not always. The challenge for this lab is to build a more intelligent system that can not
only backup and turn to avoid obstacles, but can also 'remember' what it has done. For example if
the left whisker is triggered on a robot then the robot should backup and turn right. If the next time a
whisker is hit the whisker is the left one, then the robot should backup and turn twice as far to the
right. Having the right whisker triggered would reset this behavior.

Please create a system that does this and show your TA the working robot and your design.
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APPENDIX D - ECE272 CIRCUITS

DIGITAL LOGIC CIRCUIT

The digital logic circuit is essentially a board with a programmable logic device and the
required programming interface to program it. The device is programmed via a JTAG interface from
a host PCs parallel port. A buffering chip is used to interface with the PC. Also an 'AND' gate with
one inverting input is built from simple transistors. The programmable logic device also has a 1
MHz oscillator connected to it and all of its ports are available for external usage.
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DIGITAL INPUT/OUTPUT CIRCUIT

The digital inputloutput system was designed to allow for each student to have a set of
inputs and outputs that could be used to interface to any system. It consists to several buffered
inputs and outputs. For outputs we have four de-bounced switches, and 8 DIP switches. For inputs
we have eight discrete LEDS, and a two digit 7 segment display. For ease of use, the 8 dipswitches
are also connected to LED indicators so that it is easy to see which switches are on and which are
off.
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